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FOREWORD

The Environmental Protection Agency was created because of increasing
public and government concern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled
land are tragic testimony to the deterioration of our natural environment.
The complexity of that environment and the interplay between its components
require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem solution
and it involves defining the problem, measuring its impact, and searching for
solutions. The Municipal Environmental Research Laboratory develops new and
improved technology and systems for the prevention, treatment, and management
of wastewater and solid and hazardous waste pollutant discharges from
municipal and community sources, for the preservation and treatment of public
drinking water supplies, and to minimize the adverse economic, social, health,
and aesthetic effects of pollution. This publication is one of the products
of that research; a most vital communications link between the researcher and
the user community.

As part of these activities, this report was prepared to make available
to the sanitary engineering community a full year of operating and measured
performance data for wastewater stabilization lagoon coliform die-away and the
effects of chlorination on lagoon effluent quality.

Francis T. Mayo, Director
Municipal Environmental Research
Laboratory
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ABSTRACT

Chlorine disinfection of waste stabilization lagoon effluents has been
and is being considered a solution to bacterial removal prior to discharge to
receiving waters. To evaluate the amenability of algae-laden lagoon effluent
to chlorine disinfection, chlorination test facilities were constructed at the
Logan, Utah, wastewater lagoons. An investigation was conducted at these
facilities on primary and secondary, as well as filtered and unfiltered, lagoon
effluents between August 1, 1975, and August 24, 1976. The filtered effluent
was obtained by passing lagoon effluent through an intermittent sand filter
prior to chlorination.

The results of this study indicate that, in all cases, adequate disinfec-
tion was obtajined with combined chlorine residual within a contact period of
60 minutes or less. Filtered effluent was found to exert less chlorine demand
than unfiltered effluent. It was also determined that temperature, sulfide,
and total chemical oxygen demand influence the chlorine dose necessary to
achieve a specified level of disinfection. Suspended solids and soluble chemi-
cal oxygen demand were found to be slightly altered as a result of chlorination.

A mathematical model was developed to represent the effects of chlorination
of lagoon effluents. This model was used to predict the chlorine dosages neces-
sary to achieve adequate disinfection for varying effluent characteristics. A
series of design curves were constructed from the model for use in selecting the
optimal chlorine dosages necessary for achieving prescribed levels of disinfec-
tion.

A second objective of the study was to evaluate the performance of the
Logan multi-cell lagoon system in removing coliform bacteria by natural means
without the need for disinfection. Both total and fecal coliform removal in
the lagoon system was related to hydraulic residence time. A coliform die-away
coefficient for summer months and winter months of 0.5 and 0.03 respectively
was determined.

A comparison was made between the membrane filter and Most Probable Number
techniques for enumerating coliform bacteria in each cell of the lagoon system.
Both techniques appear to show the same trends. Variations in results when
analyzing a common sample appear to be equal for both the total and fecal MPN
and the MF techniques. However, the absolute numerical value obtained from the
two techniques may differ substantially.

This report was submitted in fulfillment of Contract No., 68-03-2151 by
Utah State University, Logan, Utah 84322, under the sponsorship of the U.S.
Environmental Protection Agency. This report covers the period August 1975
to August 1976, and work was completed as of September 1976,
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SECTION 1

INTRODUCTION

NATURE OF PROBLEM

Waste stabilization lagoons have been used for many years to provide
adequate treatment of domestic wastes. Since lagoons require very little
operator control and maintenance for successful performance, they have been
particularly popular among small and rural communities, where land is rela-
tively inexpensive. However, since passage of the Federal Water Pollution
Control Act Amendments of 1972, more stringent discharge standards have been
placed on effluent from publicly-owned waste treatment works. The federal
secondary effluent standards for waste stabilization ponds, which must be met
by 1977, state that the five-day biochemical oxygen demand (BOD5) shall not
exceed an arithmetic mean value of 30 mg/l for effluent samples collected in
a period of 30 consecutive days and that effluent suspended solids shall not
deteriorate receiving stream quality. No specific effluent suspended solids
or fecal coliform bacteria concentration has been established. However ef-
fluent suspended solids concentration in general should not exceed an arithmetic
mean value of 30 mg/l for effluent samples collected in a period of 30 con-
secutive days. In addition, the geometric mean of fecal coliform bacteria in
the effluent should not exceed 200 per 100 ml for samples collected over
seven consecutive days.

Many states have even more stringent requirements than the Federal
Government. The State of Utah, for example, has a 1977 effluent standard of
25 mg/1 for BOD5 and SS, along with the geometric mean fecal coliform bacteria
limit of 200 per 100 ml in samples collected over 30 consecutive days. By
1980, the Utah standards are to become more stringent and will restrict the
arithmetic mean concentration of BODg; and SS to 10 mg/l for effluent samples
collected over a period of 30 consecutive days. For total and fecal coliform
bacteria, the geometric means shall not exceed 200 per 100 ml and 20 per 100
ml, respectively, on effluent samples collected over 30 consecutive days.

There are serious doubts about the ability of most existing waste
stabilization lagoons to meet these more stringent requirements. Possible
alternatives include improving lagoon efficiency by complete redesign or by
adding a disinfection process to final lagoon effluent. Redesign of lagoon
systems is generally considered economically impractical. Therefore, dis-
infection appears .to be a promising approach to ensure that lagoon effluents
meet the new standards. Because chlorine has been used successfully for many
years as a water and wastewater disinfectant and because of its widespread
availability and low cost, it is the most obvious choice as a disinfectant.



However, there are many unanswered questions concerning the effects of
chlorination of effluents from waste stabilization lagoons

There is little known concerning the effects of chlorine on algal cells.
Recent studies have indicated that concentrations of chlorine necessary to
achieve sufficient disinfection may cause the lysis of algal cells, resulting
in a release of dissolved organic material to the treated effluent. This in
turn may cause the biochemical oxygen demand of the effluent to increase, and
thus, defeat one of the purposes of waste stabilization lagoons. Another
problem with chlorination is the toxicity imparted to aquatic organisms by
inorganic and organic chloramines formed by the reaction of chlorine with
ammonia and nitrogenous organic compounds. Discharge of these compounds to
receiving waters must be minimized if the ecological balance of the stream is
to be preserved. 1In addition to these problems, there are serious questions
concerning the design, operation, and maintenance of lagoon effluent chlorina-
tion facilities. Also, there is a lack of information concerning the degree
of coliform die-away or physical removal which occurs within the lagoon system.
It is possible lagoon systems may be designed in such a manner that lagoon
effluent disinfection may not be necessary.

These questions must be answered if regulatory agencies, consulting
engineers, and public officials are to have sufficient information to assist
them in selecting the most desirable method of upgrading waste stabilization
lagoon effluents. Therefore, this study was undertaken with the primary pur-
pose of obtaining data from a field scale investigation under a variety of
operating conditions and using this data to develop a procedure for optimizing
chlorination of lagoon effluents. In addition, the lagoon hydraulic residence

time required to achieve a degree of coliform removal equivalent to disinfection
was investigated.

OBJECTIVES

General

The general objective of this investigation was two fold: (1) to deter-
mine the amenability of algae-laden lagoon effluent to chlorine disinfection,
and (2) to evaluate the natural die-away or removal of bacteria in a well-
designed, multi-cell lagoon system to establish whether or not the need exists
for lagoon effluent disinfection. A mathematical model was developed to assist
in predicting a range of chlorine dose necessary to achieve maximum chlorine
disinfection efficiency with a minimum of adverse effects on the overall
quality of the lagoon effluent.

Specific

To accomplish the above general objectives the following specific ob-
jectives were achieved in connection with a 190 m3/day (50,000 gpd) chlorination
facility located at a seven cell municipal waste stabilization lagoon system:

®

1. Compile, review, and evaluate the literature pertaining to disinfection
of lagoon effluents.



10.

11.

12.

13.

Design and construct field scale facilities for providing efficient
and effective chlorination of waste stabilization lagoon effluent.

Evaluate the performance of the chlorination facility by collecting
data at varying chlorine dosages and contact times and under varying
seasonal conditions.

Determine the effects of algae on the chlorination process by com-
paring direct chlorination of primary and/or secondary lagoon effluent
with "polished" primary and/or secondary effluent which has been
filtered through intermittent sand filters before chlorination.

Determine the chlorine residual concentrations required to reduce
bacterial populations to an acceptable level for the waste stabiliza-
tion lagoon effluent.

Determine the effects of volatile suspended solids, ammonia, and
temperature on chlorine residual.

Determine the effects of chlorination on lagoon effluent soluble
chemical oxygen demand under field chlorination practices.

Conduct laboratory investigations for the purpose of determining

basic relationships which describe the effects of chlorine on chemical
oxygen demand, suspended solids, and other water quality parameters

of lagoon effluent.

Use the data obtained from field and laboratory studies as well as
from literature review to develop a model for predicting performance
of the lagoon effluent disinfection process.

Compare the model performance with actual field data.

Use the model to prepare design curves for chlorination of algae laden
waters to determine the chlorine dose required for various levels of
disinfection.

Determine the lagoon hydraulic residence time required to achieve
coliform die-away equivalent to disinfection.

Compare the Most Probable Number and Membrane Filter techniques for
enumeration of total and fecal coliform bacteria in waste stabiliza-
tion lagoon systems.



SECTION 2

CONCLUSIONS

The following conclusions concerning the chlorination of waste stabiliza-
tion lagoon effluent, the removal of coliform bacteria by a waste stabilization
lagoon system and the compatibility of the Most Probable Number method and the
Membrane Filter method for the enumeration of coliform bacteria in a waste
stabilization lagoon system are based on the results of this study.

1.

The rate of chlorine disinfection was determined to be a function of
chlorine dose and bacterial concentrations.

Results indicate increased coliform reduction with increasing chlorine
contact times in both the filtered and unfiltered lagoon effluent.
Similar results are found in the literature.

Greater total and fecal coliform reductions can be obtained with
higher concentrations of total chlorine residual in both the filtered

and unfiltered lagoon effluent at chlorine contact times of 35
minutes or less.

Filtration of algae laden lagoon effluent improves chlorination ef-
ficiency by reducing chlorine demand and, therefore, reducing the
chlorine dose which must be applied to achieve the desired dis-
infection result. The reduction in bacterial numbers as a result
of filtration also improves chlorination efficiency.

Reduction of total and fecal coliform concentrations can be accom-
plished at lower total chlorine residual levels if the lagoon ef-
fluent is filtered through an intermittent sand filter prior to
chlorine injection. Filtered lagoon effluent required an average

of 42 percent less total chlorine residual than unfiltered lagoon
effluent to reduce total coliform bacteria to the same level. An
average of 23 percent less total chlorine residual is needed in fil-
tered lagoon effluent to attain the same fecal coliform organism
reduction as unfiltered lagoon effluent.

In almost all cases, adequate disinfection was obtained with com-
bined chlorine residuals between 0.5 and 1.0 mg/l after a contact
period of approximately 50 minutes. This indicates that disinfection

can be achieved without discharging excessive concentrations to toxic
chlorine residuals into receiving waters. ’



10.

11.

12.

13.

Because of reduced solids and subsequent improvements in effluent
quality in the filtered lagoon effluent, the titrable chlorine
residual is less likely to be the less bactericidal organic chloramine
forms reported in the literature. The chlorine residual remaining in
the filtered lagoon effluent consequently is more effective in de-
stroying microorganisms and therefore less residual is required to
produce desired coliform reduction levels.

Filtered lagoon effluent was found to exert a lower chlorine demand
than unfiltered effluent. The difference in chlorine demand between
filtered and unfiltered effluent was dependent upon the applied
chlorine dose. Approximately 50 percent of the applied chlorine
dosage is taken up by materials that create a chlorine demand in both
the filtered and unfiltered lagoon effluent. This was attributed to
reductions of total chemical oxygen demand and suspended solids.

With this observation, the rate of exertion of chlorine demand was
determined to be directly related to chlorine dose and total chemical
oxygen demand.

No apparent difference in chlorine demand can be attained with
chlorine contact times that vary from 17 to 50 minutes for either
the filtered or unfiltered lagoon effluent.

The field data presented in this report are inconclusive on the effect
of volatile suspended solids on chlorine demand. However, the data
did indicate no increase in chlorine demand with increasing quantities
of volatile suspended solids for either the filtered or unfiltered
lagoon effluent.

Both disinfection efficiency and the exertion of chlorine demand were
found to be temperature dependent. The chlorine residual necessary
to effect a given coliform reduction increased as temperature
decreased.

Greater chlorine dosages were required to obtain similar concen-
trations of total chlorine residual at lower temperatures for un-
filtered lagoon effluent. Results show that 83 percent more applied
chlorine is needed to disinfect unfiltered lagoon effluent at
temperatures less than 5°C than is required to disinfect unfiltered
lagoon effluent at temperatures greater than 15°C. Results of this
kind were not observed with filtered lagoon effluent. Explanations
as to why these temperature relationships were not seen in the
filtered lagoon effluent could not be found.

Increasing the total applied chlorine dose did not effect a corre-
sponding increase in soluble chemical oxygen demand in the treated
effluent, except possibly when sufficient chlorine was added to
result in a free chlorine residual (breakpoint chlorination). Even
then, the soluble COD increases were only apparent in the unfiltered
lagoon effluent. Thus, chlorination of algae-laden lagoon effluent
will not create a substantial organic burden to the receiving stream
due to algal lysis.
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15.

16.

17.

18.

19.

20.

21.

In the field data, reductions in suspended solids as a result of
chemical reaction with chlorine were found to be of limited impor-
tance in comparison with reductions in suspended solids resulting
from settling within the chlorine contact chamber. Suspended solids
were found to beﬂreduced by 10-50 percent due to settling.

Although plug flow reactors are ideal for disinfection, they also
have disadvantages because of problems associated with the ac-
cumulation and removal of solids.

Breakpoint chlorination for waste stabilization lagoon effluent is
affected by concentrations of organic nitrogen as well as NH,-N.
The breakpoint is highly variable and reflects quality and quantity
changes in effluent characteristics. The reactions to describe
breakpoint chlorination for water were found to be insufficient in
explaining breakpoint chlorination for wastewater.

Under laboratory conditions, chlorination of lagoon effluent resulted
in an increase in turbidity and a decrease in suspended solids.

These changes were dependent upon the composition and concentration
of suspended solids and resulted from the breakdown of suspended
particles.

Sulfide, produced as a result of anaerobic conditions existing in
the lagoons during the winter months, exerts a significant chlorine
demand. For sulfide concentrations of 1.0-1.8 mg/l, a chlorine dose
of 6 to 7 mg/l was required to produce the same chlorine residual as
a chlorine dose of about 1 mg/l for conditions of no sulfide.

Breakpoint chlorination was determined to be rarely, if ever, neces-
sary in disinfecting waste stabilization lagoon effluent. For this
study, free chlorine residual was observed in less than 6 percent of
the data and in almost all of these cases, total and fecal coliform
concentrations were reduced to less than 2/100 ml within 18 minutes.
Free chlorine residuals were observed during algae blooms when
ammonia occurs in low concentrations. However, mean coliform levels
were also found to be low during algae blooms, indicating that even
when the concentration of ammonia is sufficiently low to allow the
breakpoint reaction, disinfection can be achieved in less than 50
minutes contact time without the use of free chlorine residual.

A steady state representation of breakpoint chlorination was found
to be as adequate as a dynamic kinetic representation. However,
neither approach was found to be truly satisfactory in explaining
the complex reactions associated with breakpoint chlorination for
waste stabilization lagoon effluent.

The mathematical model which was prepared to describe the disinfection
of waste stabilization lagoon effluent was found to predict results
which compare favorably with observed data for cases in which break- *

point chlorination does not apply. 1In comparing the predicted with
the observed combined chlorine residual needed for a given coliform

.6
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23.

24,

25.

26.

27.

28.

29.

reduction, 65 percent of the data sets produced correlation coef-
ficients of significance at the 95 percent confidence level. For
total and fecal coliforms, 81 percent of the data sets were signifi-
cant at the 95 percent confidence level.

The results of this study indicate that, contrary to current opinions,
adequate bacterial removal in waste stabilization ponds can be
achieved with relatively low doses of applied chlorine during most

of the year.

The performance of the lagoon system with respect to organic material,
nutrients, and bacteria varied on a seasonal basis.

The summer period of lagoon coliform die-away or removal rate was
approximately 16 times greater than the winter coliform die-away or
removal rate.

Both the Most Probable Number (MPN) and Membrane Filter (MF) tech-
niques for measuring total and fecal coliform bacteria appear to
contain approximately the same amount of inherent variation.

The absolute numerical values of total and fecal coliform bacteria
obtained by employing the Most Probable Number (MPN) and Membrane
Filter (MF) techniques may differ substantially.

Both the Most Probable Number (MPN) and the Membrane Filter (MF)
techniques identify similar trends in relative concentrations of
total and fecal coliform bacteria through the lagoon system.

Disagreements between the absolute values of total and fecal coliform
concentrations obtained using the Most Probable Number (MPN) and
Membrane Filter (MF) techniques cannot be explained by either sea-
sonal variations or the suspended solids concentrations of the sample.

Inherent variations in the Most Probable Number (MPN) and Membrane
Filter (MF) techniques for measuring total and fecal coliform
bacteria appear to be equivalent, and thus one technique does not
appear to be more reliable than the other.



SECTION 3

RECOMMENDAT IONS

Studies should be conducted to learn more about the chemical reactions
and kinetics involved in breakpoint chlorination for wastewater high in
nitrogenous materials such as waste stabilization lagoon effluent.

Studies are needed to improve the design of chlorine contact chambers with
regard to minimizing the accumulation of solids. Although plug flow re-
actors are ideal for disinfection, they may also have limitations, depend-

ing on their design, because of problems associated with the accumulation
and removal of solids.

Continued research is needed to determine other methods, besides inter-
mittent sand filtration, for enhancing chlorination efficiency.

The effects of varying particle sizes for the intermittent sand filters
with regards to improving chlorination efficiency should be determined as

an aid in selecting appropriate sized sand for optimal improvement in
efficiency.

Additional laboratory and field studies need to be conducted to determine
more quantitatively and qualitatively the effects of chlorine on sulfide,

suspended solids, chemical oxygen demand, and other lagoon effluent
constituents.

Considering the variability of chlorination practice for lagoon effluent,
economical studies should be conducted to determine the costs of chlori-
nation compared with other alternatives.

Laboratory followed by field experimentation on the effects of specific
chlorine residual species (monochloramine, dichloramine, hypochlorite ion,
and hypochlorous acid) upon soluble chemical oxygen demand is needed.

The effects of volatile suspended solids upon these specific species of

chlorine residual would also be of interest for additional chlorine demand
information.

Adaptations of the chlorine breakpoint curve should be evaluated where
total organic nitrogen is of influence.

Studies should be undertaken which will indicate, specifically, if
volatile suspended solids reductions seen during chlorination ;ractices

are the results of chlorination or the results of settling within the
chlorine contact chambers.



10. Total and fecal coliform bacteria standards should be correlated with the
technique (MPN or MF) employed to measure the bacterial concentrationms.



SECTION 4

LITERATURE REVIEW

PERFORMANCE CHARACTERISTICS OF
WASTE STABILIZATION LAGOONS

In investigating the effects of chlorination on waste stabilization
lagoon effluent, it is necessary to gain a basic understanding of lagoon per-
formance. Lagoons have been constructed following a wide variety of design
parameters. Because of this, there is a large variance in the degree of
treatment that can be expected from a lagoon system. Echelberger et al.
(1971) found an effective reduction of fecal coliforms of only 90 percent,
while Shindala and Mahloch (1974) described a reduction of both total and
fecal coliforms in excess of 99 percent in multiple cell lagoon systems.

There are several reasons for differences in the degree of bacterial
reduction among lagoon systems. Probably the most important single factor is
the number and configuration of lagoon cells. Marais (1974) found that a
multiple cell system is considerably more efficient than a single pond. It
was also determined by Joshi, Parhad, and Rao (1973) that the reduction of
Salmonellae 1is a function of the number and interconnection of lagoon cells.
These factors were determined to be more important than detention time in
producing effective bacterial reduction. However, Franzmathes (1970) indicated
that careful control of detention time is of considerable importance for good
lagoon performance. Another factor which may be of some importance in re-
moving bacteria is the composition of the algae population. Although it has
been shown that individual species have little effect on the die—-off rate of
enteric bacteria, it has also been shown by Burkhead (1973) that more rapid
die-off rates occur when mixed cultures of algae are present.

The usual means of determining the effectiveness of a lagoon system is by
measuring the reduction of fecal coliforms. However, the reduction of indicator
organisms does not necessarily mean a corresponding reduction of pathogenic
organisms. For example, it has been found by Davis and Gloyna (1972) that
some Salmonellae actually grow quite well in algal laden lagoon waters. 1In
spite of this shortcoming, Sobsey and Cooper (1973) have suggested that algal-
bacterial systems are much more effective in reducing viruses than a bacterial

system would be with no algae. There are a number of theories which attempt
to describe the role of algae in reducing numbers of bacteria and viruses

Several of these are discussed by Parhad and Rao (1974) and include the ideas
that algae produce anti-bacterial and other toxic substances, deplete the
nutrients which would other wise be available for bacteria, produce a high pH,"
and cause microbial antagonism. Algal growth also establishes high oxida- ’
tion-reduction potentials which adversely affect bacteria and viruses. The

10



high pH produced by algae is especially important in controlling bacterial
populations. For example, Escherichia coli cannot survive above a pH of 9.2.
However, it is not uncommon for algae to produce pH values as high as 10.0
in a stabilization pond (Metcalf and Eddy, 1972).

Temperature also is an important factor in lagoon performance. It has
been shown by Post (1970) that the disappearance of bacteria in stabilization
ponds is directly related to water temperature. The water temperature is
actually a function of air temperature and light intensity. As temperature
increases, the rate of bacterial reduction also increases. 1In developing a
relationship derived from the Arrhenius equation, Marais (1974) has pointed
out that the rate of bacterial decay at a particular temperature, Ky, varies
with temperature according to the following equation.

B T-20°C
Kp = Ky 8 e ¢ 9

In this equation, O is a constant equal to 1.19 and Ks0s the decay constant at
20°C, is 2.6.

Other factors, such as the aerobic-anaerobic nature of a lagoon, also
influence bacterial removal efficiencies. An important concept, emphasized
in the literature, is the idea that the degree of reduction of bacteria is
highly variable from lagoon to lagoon, and even from season to season within
the same lagoon. This suggests the need for a disinfection process to be
used on lagoon effluent to ensure compliance with tightening water quality
standards.

GENERAL PRINCIPLES OF CHLORINATION

Chlorination is the most widely accepted approach to disinfection of
stabilization pond effluent. In determining the effects of chlorine on algal
laden waters, it is necessary to review basic principles of chlorination.

Most chlorination is accomplished by use of chlorine gas or by a hypochlorite,
such as Ca(OCl)z. When chlorine gas is used, the gas hydrolyzes in water to
form hypochlorous acid (HOCl). In a pure water system, the reaction is as
follows:

Cl, + H,0 THOCL + HN + C1™ . . . e e (2)
Hypochlorous acid dissociates to form OCl and H+:

gocl T HT +0C1T . . . . . . . ..., (3)
When Ca(0OCl), is used, 0Cl is formed:

ca(oc1), ~ cat 42001 .. L L L LW

The O0Cl forms the same equilibrium conditions with HOCl as described by
Equation 3. Chlorine in the form of HOCl and OCl™ is known as free chlorine.



To achieve efficient disinfection, itis generally desirable to have most
of the free chlorine in the form of HOCl. According to Butterfield (1943),
and more recently reinforced by Poduska and Hershey (1972) and Culp (1974),
HOCl is much more effective as a disinfectant than OC1~, Laubusch (1962)
suggests that the reason for this is that OCl™ has more difficulty in pene-
trating bacterial cell walls because of its negative charge. Estimates indi-
cate that for most bacteria, HOCl may be as much as 200 times more effective
as a disinfectant than OCl~. Scarpino et al. (1974) has found exception to
this generalization and points out that OC1™ is more effective than HOCL
against some animal viruses. Hypochlorous acid (HOC1) predominates at pH less
than 5.0. As the pH increases, the equilibrium shifts towards the formation
of 0C1~. 1In the pH range of 5.0-7.5, HOC1l still accounts for 50 percent or
more of the free chlorine. Above pH 7.5, 0Cl™ is the predominant form.

In many waters, particularly wastewaters, various chemical components
react with free chlorine to form compounds which are ineffective as dis-
infectants (Snow, 1952). That is, the rates of reactions between chlorine
and these components are faster than the rate at which chlorine attacks and
kills bacteria and viruses. As pointed out by Sawyer (1960) Fe't, Mott, N0, ,
and S~ are common reducing agents which readily neutralize chlorine to the
harmless chloride ion. A typical reaction is as follows.

HZS + 4Cl + 4H 0 - HZSO4 + 8HCL O &)

Organic compounds with unsaturated carbon linkages also react readily with
chlorine. For example,

Ccl cl
[
—C=C- + Cl, > =C-C— . .« « .« « .+ o+ e ... (8
1 2 [
HH H H

Chloro-substitution reactions may also occur.

Ammonia reacts with free chlorine, but the compounds formed are not
entirely ineffective in killing bacteria and viruses. In fact, chloramines,
as these compounds are known, are very important in disinfection because of
their persistence in water and wastewater. Free chlorine is considerably more
effective as a disinfectant than are chloramines. Butterfield and Wattie
(1946) and Culp (1974) have pointed out that chloramines are only about 1/25th
as effective in killing bacteria. Also, chloramines require a contact period
of 60-144 times longer than the same concentration of free chlorine to produce
the same kill. Chloramines are fairly stable and can continue to provide
disinfection activity for some time after application. The common forms of
chloramines, or combined chlorine as they are called, are monochloramine,

dichloramine, and nitrogen trichloride. The reactions for their formation
are as follows.

NH3 + HOCl Z NH2c1 + H,0

A ¢
N #

NH2C1 + HOCl « NHCl2 + H20 S €

NHCl2 + HOC1 Z NCl3 + HZO T T T )
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Moore (1951) and Culp (1974) indicate that monochloramine predominates
above pH 8.5, while dichloramine predominates in the range of pH 4.5 to pH
8.5. Below pH 4.5, nitrogen trichloride is the predominant form. The rates
at which chloramines are formed are extremely rapid and are generally con-
sidered to follow second order reaction kinetics. For example, the reaction
rate for monochloramine formation can be expressed by the following equation.

dc

= - A ¢ 0
it KCN . . . . . (10)

In this equation, dC/dt is the rate of decrease of HOCl or NH5 per unit time,
K, is a rate constant, C is the concentration of hypochlorous acid in moles/1
and N is the concentration of ammonia in moles/l. The rates of reactions are
very much pH and temperature dependent as pointed out by Weil and Morris (1949)
and Moore (1951). Jolley (1973) gave K, for monochloramine formation a value
of 6.11 x 106 1l/mole-sec at 259C. At this rate, monochloramine formation is
99 percent complete within one minute. The value of Ky for dichloramine
formation was 3.4 x 102 1/mole-sec at 25°C. Nitrogen trichloride is formed
more slowly than either monochloramine or dichloramine. The rate of formation
of chloramines, particularly monochloramine, is faster, in fact, than the rate
of inactivation of many types of bacteria. Culp (1974), however, has shown
that chlorine:does inactivate some viruses at an even faster rate than chlor-
amine formatdion.

Chlorine can be used as a treatment step to drive off undesirable ammonia.
This is known as breakpoint chlorination. In this process, chlorine is added
until all the chlorine has reacted with ammonia to form combined chlorine
(chloramines). With the addition of more chlorine, the ammonia is converted
to nitrogen gas and driven off while chlorine is reduced to chloride ion. Any
additional chlorine beyond the '"breakpoint" is maintained in solution as free
chlorine residual. The mechanisms involved in breakpoint chlorination are
fairly complex, but the overall reaction may be represented as follows.

2NH3 + 3HOC1 +-N2-f + 3HC1 + 3H20 B e )

The weight ratio between chlorine and ammonia (C12:NH3-N) required to
reach breakpoint has been found to vary between 7.6:1, by Stasiuk, Hetling,
and Shuster (1974), and 10:1 by Culp (1974). Laubusch (1962) has pointed out
that, theoretically, maximum chloramine formation occurs when the initial
molar Cl,y:NH3-N ratio is 1:1. Breakpoint occurs when that ratio is 2:1.
Because of the large doses of chlorine required, particularly in the treat-
ment of wastewater, breakpoint chlorination is seldom employed. When it is
used, chlorine dosages greater than necessary to reach the breakpoint are
common, thereby leaving an excess chlorine residual in the effluent.

In wastewater chlorination, the ideal breakpoint curve is seldom achieved.
This is because of the high concentrations of organic nitrogen generally contained in
wastewater. Although the mechanisms involved in breakpoint chlorination are fairly
well defined for water-ammonia systems (Morris and Wei, 1969, Wei, 1972; and
Wei and Morris, 1974), little is known about the mechanisms of breakpoint
chlorination reactions in water containing large concentrations of organic
nitrogen. A comparison between the ideal breakpoint curve expected in drinking
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water chlorination and a typical wastewater breakpoint curve is shown in
Figure 1.

There are several ways of evaluating the effectiveness of chlorine as a
disinfectant. The most obvious approach is to determine bacterial counts be-
fore and after chlorination. Since it is generally quite difficult to enumer-
ate pathogenic bacteria and viruses, the indicator organisms of total and
fecal coliforms are usually used to measure the effectiveness of disinfection.
Fecal coliforms are particularly useful in indicating the possible presence of
enteric pathogens. Although coliforms are extremely useful, an absence of
coliforms does not necessarily guarantee the absence of pathogenic organisms.
For example, Durham and Wolf (1973) have pointed out that viruses are not
necessarily affected by chlorine in the same way as coliforms. Nevertheless,
coliform counts are frequently used as a standard method of measuring dis-
infection efficiency.

The most common technique for enumerating coliforms in chlorinated water
is the Most Probable Number (MPN) method described in Standard Methods (1971).
The membrane filter (MF) method has also been used, although it has been
pointed out by Hufham (1974) that the standard membrane filter technique is
not recommended for enumerating fecal coliforms in chlorinated samples. New
enrichment procedures have been' developed as described by Rose, Geldreich, and
Litsky (1975) and Lin (1973 and 1974) to improve the recovery of fecal coli-
forms in chlorinated samples. Initial investigations indicate a correlation
between MPN and the enrichment MF procedures. However, sufficient data are

not yet available to suggest the abandomment of the MPN method in favor of
the MF enrichment procedure.

In conjunction with coliform enumeration, chlorine residual monitoring
is an important tool in maintaining effective disinfection practice. Once
the correlation between the desired final coliform density and chlorine residu-
al at the end of a specified contact time has been established, continuous
monitoring of that residual should ensure the proper chlorine dose necessary
to achieve adequate disinfection at all times. Because of the importance of
chlorine residual as a control tool, and also because an excess of chlorine
residual may impose a toxic burden to the aquatic species in the receiving
stream, it is important to select the most reliable method for measuring
chlorine residual. Collins and Deaner (1973) recommend the use of the
amperometric titration method. Chambers (1971) has found that amperometric

chlorine residual is most closely related to virus disinfection and also
recommends the use of that method.

Very little is known concerning the actual mechanisms by which chlorine
kills viruses and bacteria. Many theories, however, have been proposed. As
an example, Venkobachar, Iyengar, and Rao (1975) have postulated that the
inhibitions of total dehydrogenase activity is correlated with the percent
of bacterial kill. 1In Escherichia, it has been found that succinic de-

hydrogenase activity decreases markedly with bactericidal concentrations of
chlorine.
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DISINFECTION OF ALGAE LADEN WATERS

For many years, chlorine has been used primarily as a disinfectant for
drinking waters. However, with increasing emphasis on the quality of waste-
water effluents, chlorination has gained considerable acceptance as a unit
process in wastewater treatment for obtaining adequate bacterial reduction.
The degree and rate of disinfection are highly dependent upon the character-—
istics of the wastewater. Since most wastewaters are relatively high in
ammonia concentrations, disinfection is achieved almost entirely by combined
chlorine. This means that long contact times are required to achieve the
desired bacterial reduction. The age and composition of microorganisms also
has some bearing on the degree of disinfection. It has been shown by Rabosky
(1972) that young, actively metabolizing microorganisms are more easily
destroyed by chlorination than are older cultures.

Other benefits may be derived from chlorination of wastewater besides
disinfection. As well as oxidizing ammonia, as previously mentioned, chlorine
may also be useful in lowering biochemical oxygen demand (BODs5). Zaloum and
Murphy (1974) observed a 40 percent reduction in BODg and attributed the
reduction to a long contact time with chlorine and to an unequal microbial
concentration in their samples resulting from the presence of chloramines.
However, they also found that chlorine had little or no effect on the ultimate
BOD or BODg once breakpoint chlorination was achieved. Another parameter of
wastewater which is affected is the dissolved oxygen (DO). Silvey, Abshire,

and Nunez (1974) observed an increase of DO in wastewater resulting from
chlorination.

Although there are apparent advantages to using chlorine as a disinfectant
for wastewater, there are also some questions concerning its value. Malone
and Bailey (1969) have reported the results of several investigators which
indicates that chlorination practice which is based solely on chlorine residu-
al and chlorine contact time without regard to effluent coliform concentrations
is ineffective and inefficient. Malone and Bailey (1969) argue that properly
designed oxidation ponds may be a suitable substitute for chlorination.
Probably one of the most important questions concerning the value of chlorine
as a disinfectant is its ability to destroy pathogens as well as indicator
organisms. Durham and Wolf (1973) have found that indigenous coliphages are
more resistant to chlorine disinfection than coliforms. Evidence also indi-
cates that pathogens are just as resistant to chlorine as coliphages. 1In

fact, there is very little correlation between coliform and pathogen destruc-
tion (Durham and Wolf, 1973).

The chlorination of waste stabilization lagoon effluent is more compli-
cated because of the presence of high concentrations of algae. Hom (1970)
found that chlorination of algal laden waters was effective in producing a
99.8 percent reduction of coliforms. However, evidence indicates that the
chlorine doses required to produce such a kill may have adverse effects on
effluent quality. For example, White (1973) indicates that algae increase
the chlorine demand. This, in turn, means higher initial doses of chlorine
are required to produce the desired degree of disinfection. Echelberger et al.
(1971) explained that the reason algae may increase the chlorine demand is
that when high doses of chlorine are used, there is a possibility that algae
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cells are lysed and dissolved organic compounds released from inside the cells.
This new source of organic material becomes another food source for microbial
populations. Consequently, the BODg of the treated effluent rises, as does
the chlorine demand.

The amount of chlorine demand exerted by algae is highly variable. For
example, Dinges and Rust (1969) found that the 20 minute chlorine demand of
stabilization pond effluent was between 2.65-3.00 mg/l. Burkhead and O'Brien
(1973) found that for lower levels of chlorine dose, there was very little
destruction of algae cells and thus, little increased chlorine demand attri-
butable to algae. However, for higher chlorine doses, destructicn of algae
cells and increases in BODy were observed. Echelberger et al. (1971) suggest
that the degree of cell destruction is somewhat dependent upon the particular
algae species. They found a correlation between algal degradation and the
surface area/volume ratio of particular algae species at a given chlorine dose.
Kott (1971) found that the green alga Chlorella is one species of algae that
shows a resistance to chlorine penetration. One example of the increase in
BODg5 due to disruption of algal cells by chlorine was reported by Hom (1972),
who found that when 2.0 mg/l1 chlorine was applied to stabilization pond
effluent, the BOD5 measured was 20 mg/l. However, when 64 mg/l chlorine was
used, the BODg increased to 129 mg/1.

The use of chlorine on algal laden waters may not necessarily be ac-
companied by adverse effects. Dinges and Rust (1969) have pointed out that
in some cases, chlorination of stabilization pond effluents may actually
decrease the BODg5. At the same time, it was found that DO either remained
unchanged or increased slightly. Chlorine may also be used effectively to
reduce suspended solids (SS). Kinman (1972) found that chlorine disinfection
efficiency improves as SS concentration decreases. Echelberger et al. (1971)
have pointed out that chlorine enhances the flocculation of algal masses.
They also found that chlorine produces an immediate decrease in volatile
suspended solids (VSS) (by 52.3%) and turbidity.

In examining the evidence, it appears that although chlorine can have
serious adverse affects on algal laden waters, it is possible to achieve
effective disinfection without the destruction of algae cells (Burkhead and
O'Brien, 1973). Kinman (1972) reported that algae cells survived exposure to
chlorine after one hour of contact time. Kott (1973) found that there was no
destruction of algae cells when exposed to 0.4 mg/l residual chlorine for less
than two hours. After two hours, the algae cell counts were found to decrease
by 30 percent. Kott (1971) also suggests.that regardless of the initial algae
concentration, for a given chlorine dose, contact time is the most important
factor in controlling the reduction of algae cells. In fact, he recommends
that low initial doses, coupled with relatively long contact periods, is a
better approach to disinfection than high chlorine doses for short periods of
contact.

In examining the greater importance of contact time over chlorine dose,
Kott (1971) found that most of the bacterial kill takes place within the first
30 minutes and that most of the chlorine demand occurs within the first five
minutes of contact. Continued chlorine dissipation occurs at a rather slow
rate. For contact periods greater than one-half hour to six hours, there is
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very little increase in the reduction of coliforms. This suggests that when
chlorinating lagoon effluents, the initial chlorine dose should be as low as
possible to produce effective bacterial kill within a contact period long
enough for maximum disinfection efficiency and short enough to prevent the
destruction of algal cell walls. Various combinations of chlorine doses,
residuals, and contact times have been suggested for optimizing disinfection
of stabilization lagoon effluents. For example, Kinman (1972) has suggested
a chlorine dose sufficient to leave a residual of 1.0 mg/l after a minimum
contact period of 10 minutes, and preferably 30 minutes. White (1973) found
that initial doses of 20-30 mg/l produce optimum disinfection in 30-45
minutes with a remaining chlorine residual of 1-4 mg/l. Kott (1971) found
that a dose of 8 mg/l1 was sufficient to attain the desired bacteriological
effect within a contact period of 30 minutes. Of course, the operational
parameters for successful chlorination depend on the effluent characteristics
of each particular stabilization pond, as well as the season of the year.

Besides chlorine dose, residual, and contact time, additional factors
must be taken into account in disinfecting algal laden waters. One factor is
the toxicity of chlorinated hydrocarbons which are formed when chlorine is
used on waters which are high in organic content. Brungs (1973) found chlor-
ine and chlorinated compounds resulting from chlorination of wastewater to be
highly toxic to fish and has suggested that chlorine residuals in receiving
waters should not exceed 0.002 mg/l for protection of most aquatic organisms
in areas where continuous chlorination occurs. Collins and Deaner (1973)
have found that chlorine residuals of greater than 0.1 mg/l are toxic to fish.
Zillich (1972) determined that chloramine concentrations of 0.06 to 0.08 mg/l
are lethal to trout and that 0.16 to 0.21 mg/l are lethal to fathead minnows.
Ward et al. (1976) found that sulfur dioxide dechlorination of chlorinated
activated sludge effluent completely eliminated the toxic effects, both acute
and chronic, of chlorine to various species of warm-water and cold-water fish.

DESIGN OF CHLORINATION FACILITIES

When designing facilities for the chlorination of wastewater, several
special considerations must be taken into account. For one, the design of
most chlorine contact tanks are based upon Chick's Law: 1n (N/N ) = -kt
where N = the number of organisms surviving after a given time, %, and Ny =
the numbers of organisms at time zero (Chick, 1908). The relationship
holds fairly well for potable water treatment. However, the disinfection of
wastewater does not always follow Chick's Law (Collin, Selleck, and White,
1971). This deviation is due to chloramines, bacterial clumping, adherence
of bacteria to solids, and to consumption of chlorine residual by various
chlorine demanding materials. As a result, either the time of exposure or

the chlorine dose must be increased to produce the same bacterial kill in
wastewater as in water.

Another problem associated with the design of contact tanks stems from
the fact that most designs are based on theoretical detention time determined
by dividing the tank volume by the flow rate. In practice Deaner (undated)
has shown that actual detention times may vary between 30 and 80 percent of
the theoretical detention times. Shorter residence times are caused by short
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circuiting and dead spaces and, as determined by Kothandaraman and Evans
(1974), chlorination efficiency is reduced and solids accumulation increased.
With a shorter contact time and extra chlorine demand exerted by the build up
of solids, applied chlorine dosage must be increased to produce the desired
degree of disinfection. Not only is this an inefficient use of the resource,
but in addition operational costs rise markedly due to the higher chlorine
demand and increased corrosion of equipment. Higher chlorine dose also
promotes the increased likelihood of formation of undesirable chlorinated
hydrocarbons discharged into the environment.

The short circuiting problem, and consequently the extreme variability
of residence times, causes difficulty in maintaining prescribed levels of
chlorine residual. The frequent attention of an operator is required to alter
chlorine doses in maintaining constant chlorine residuals.

To provide adequate disinfection of wastewater, the basic approach to
good contact tank design should include a thorough investigation of hydraulic
characteristics of various designs and then the selection of design features
which will optimize hydraulic performance. The important design considerations
include optimization of mixing, contact time, and chlorine dose.

The hydraulic characteristics of a chlorine contact tank are generally
determined by conducting tracer studies on flow patterns through the tank.
Several possible tracers are available. Louie and Fohrman (1968) used con-
ductivity to determine detention times in contact tanks. However, it is often
difficult to handle the large amounts of salt generally required for such
studies. Radioactive tracers are another possibility. However, these are
almost never used because of the potential hazard of disposal.

Perhaps the most useful tracers are fluorescent dyes. Most of them are
rather inexpensive and easy to obtain. Two of the dyes commonly used in
contact tank tracer studies are Rhodamine WT, used by Hart, Allen, and Dzialo
(1975), and Rhodamine B, recommended by Deaner (undated) and Kothandaraman and
Evans (1974). Other fluorescent dyes are also available but Rhodamine dyes
have the advantages of being detectable at low concentrations and having low
sorption tendencies.

Tracer studies to evaluate the flow characteristics of the contact tank
may be conducted in several ways. Three methods have been suggested by Sawyer
(1967). These include conventional, statistical, and dynamic analysis. Con-
ventional and statistical analyses are the most commonly used.

The conventional method of analysis consists of selecting specific values
from the dispersion flow curve and using these as indices to describe the
performance characteristics of a tank. Marske and Boyle (1973) and Hart,
Allen, and Dzialo (1975) have described the points and indices commonly used
as follows.

T = Q/V (theoretical detention time)
ty = time for tracer to initially appear at tank outlet
tp = time for tracer at outlet to reach peak concentration
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t1gst50s t9o™ time for 10, 50, and 90 percent of the tracer to pass at
tank outlet

t = time to reach centroid of the effluent curve

t%/T = index of short circuiting

tp/T = index of modal detention time

t50/T = 1ndex of mean detention time

t /T = index of average detention time

t90/t10 = Morrill Dispersion Index-indication of degree of mixing

In constructing dispersion flow curves, it is common practice to use
dimensionless expressions for tracer concentrations and times. This is done
to facilitate comparisons of hydraulic performance between tanks where dif-
ferent tracer concentration and detention times are involved. The dimension-
less dispersion flow curve is obtained by plotting C/CO against t/T where C is
the tracer concentration at any time t, Cy is the initial tracer concentration,
and T is the theoretical detention time (Q/V). A typical dispersion flow plot
is represented in Figure 2.

The parameter which is probably the most useful in accurately describing
hydraulic performance is the Morrill Index (MI). As MI approaches 1.0, the
flow through the tank approaches ideal plug flow. The larger MI becomes, the
more closely the flow in the tank approaches backmix reactor conditions. The
two extreme flow conditions are displayed in Figure 3.

There are several different statistical approaches used to evaluate
hydraulic performance. One approach, which has gained widespread acceptance,
describes the flow regime of a basin in terms of plug flow and perfect mixing.
It also uses descriptive parameters to define effective space and dead space.
This method is discussed in some detail by Marske and Boyle (1973) and by Wolf
and Resnick (1963). A variation of this approach uses the entire tracer curve
to describe hydraulic efficiency in terms of a function of time, F(t)., and is
explained in detail by Rebhum and Argaman (1965) and by Deaner (1970). The
function F(t) is calculated from the following equation.

Log [1 - F(t)] = [-Log e/(1 - p) (1 -~ m)][t/T - p(1 - m)]

N ¢ V3

In this equation, m = dead space fraction, 1 -~ m = effective fraction, p =
plug flow fraction, 1 - p = perfect mixing fraction, t = any time correspond-
ing to the time used to get F(t), and T = theoretical detention time.

Probably the most widely used statistical approach is the chemical
engineering dispersion index, recommended by Marske and Boyle (1973). It is
considered to be extremely reliable, since it is calculated using the entire

dispersion flow curve. The dispersion index, d, is calculated from the
following equation.
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Figure 2. Typical dispersion flow curve.

In this equation, C is the tracer concentration at any time, t.

The dispersion index has the strongest statistical probability of cor-
rectly describing the hydraulic performance because it includes all points on
the dispersion flow curve. Conventional parameters only use one, or at the
best, only a portion of the curve. In comparing the dispersion index with
conventional parameters, it has been found that the Morrill Index is closely
related to the dispersion index and can be considered as the most reliable
conventional parameter in accurately describing the hydraulic performance of
a tank. According to Marske and Boyle (1973), the least reliable indicators
of flow characteristics are considered to be the percent of effective space,

tSO/T, and ti/T.

In good chlorine contact tank design, the hydraulic characteristics
facilitate a minimum usage of chlorine with a maximum exposure of micro-
organisms to the chlorine. An evaluation of a number of wastewater chlorine
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contact tanks indicates that mixing, detention time, and chlorine dosage are
the critical factors in providing adequate disinfection. According to Hart,
Allen, and Dzialo (1975), good contact tank design not only optimizes dis-
infection efficiency, but should also minimize the concentration of undesirable
compounds being discharged to the environment and reduce the accumulation of
solids in the tank by keeping the flow-through velocity high enough to prevent
solids from settling.

Kothandaraman and Evans (1974) consider initial mixing as one of the most
important considerations for good disinfection. This is because most dis-
infection takes place within the first few minutes of contact. Initial mixing
provides a uniform contact of chlorine with microorganisms and also prevents
chlorine stratification in the contact tank. Mixing can be accomplished either
by applying the chlorine solution to the wastewater in a pressure conduit under
highly turbulent conditions or by means of a mechanical mixer. Collins,
Selleck, and White (1971) consider the turbulent reactor as the most effective
in producing maximal bacterial kill in the shortest contact time. It has been
found that a contact time of 6 to 18 seconds is generally sufficient in a
turbulent reactor. If a mechanical mixer is used, the chlorine solution
should be added to the wastewater immediately upstream from the mixer. The
common practice is to use a portion of the wastewater stream for solution
water. When this is done, most of the chlorine is in the combined form before
the solution line is ever mixed with the mainstream of wastewater. However,
this practice apparently has little affect on the efficiency of the wastewater
chlorination process. Another form of mixing which has been found to be
effective by Louie and Fohrman (1968), is the use of a hydraulic jump in
combination with over and under baffles. Both the turbulent reactor and the
baffle system of mixing offer the advantage of reducing operation and mainte-
nance costs over those for the mechanical mixer.

Rapid mixing is followed by flow of the chlorinated wastewater into the
contact tank. Most approaches to good contact tank design are based on the
idea that plug flow is the most desirable hydraulic performance characteristic
to achieve in producing efficient disinfection. Plug flow decreases short
circuiting, dead spaces, spiraling, and eddy currents and also closes the gap
between theoretical and actual detention times. However, not all designs are
based upon plug flow reactors. Kokoropoulos (1973) has suggested the use of a
series of backmix reactors to improve chlorination efficiency. In this ap-
proach, the tank shapes are not important as long as stratification and short
circuiting are eliminated. One advantage to this approach is the ease with
which treatment capacity could be increased by just adding another reactor.
However, high initial and operational costs could offset this advantage.

For the design of tanks in which plug flow is the objective, tank shape
is an important consideration. Kothandaraman and Evans (1972) have indicated
that a long, narrow, straight contact chamber would be the most desirable
shape in achieving plug flow. However, because of cost and space limitations,
this approach is generally not practicable. Circular shapes have also been
used, but Warwick (1968) found that generally these tanks do not perform
efficiently with respect to hydraulic characteristics. Most tanks are based
on a rectangular shape, which generally is the most practical design.
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Conventional design practices can be enhanced by paying particular
attention to inflow and outflow structures. They should be designed in such
a fashion as to distribute wastewater flow uniformly across the tank cross-
section. One of the most effective designs is that of a sharpcrested weir
covering the width of the contact tank at the inlet and outlet, according to
Marske and Boyle (1973). This design minimizes the weir overflow rate and
greatly enhances hydraulic characteristics through the tank.

A common practice for improving plug flow conditions in a contact tank
involves the use of baffles. Longitudinal baffles are generally more effective
than cross baffles. In a study of seven different types of chlorine contact
tank configurations by Marske and Boyle (1973), it was found that the longi-
tudinally baffled serpentine flow and the flow resulting in an annular ring
around a secondary clarifier were the best configurations for approaching plug
flow. Both have the effect of increasing the ratio of length to width (L/W)
of the contact tank. The L/W ratio is often considered to be the most impor-
tant design consideration for chlorine contact tanks. Marske and Boyle (1973)
recommend a minimum L/W ratio of 40:1. Baffles have also been used effectively
across the cross section of a tank. Kothandaraman and Evans (1974) found that
hydraulic performance has been improved by placing baffles near the inlet end
of tanks to suppress the kinetic energy of incoming jets.

Simple baffles per se are often not sufficient to produce the desired
hydraulic characteristics. Stephenson and Lauderbaugh (1971) have found that
hammerhead shapes at baffle tips are effective in reducing short circuiting
and flow separation. Corner fillers have also been found to eliminate dead
spaces and thus, decrease the build up of solids in corners. These fillers,
however, seem to have little effect on flow characteristics. In some cases,
directional vanes around the ends of baffles have been found to produce lower
head losses and more uniform flow through the contact tank.

Another approach to improving the effectiveness of chlorine contact tanks
has involved aeration. Kothandaraman and Evans (1974) found that mild
agitation with compressed air improves hydraulic characteristics and may
improve bacterial kill by providing closer contact of microorganisms with
residual chlorine. This method also reduces solids accumulation and thus
decreases chlorine demand caused by putrefication of settled solids. Using
this approach in a field evaluation, it was found that adequate bacterial kill
can be obtained in secondary wastewater with a dose of 2-3 mg/1l chlorine and
a contact time of only 15 minutes. Fifteen minutes should be considered as
the minimum residence time for chlorine contact tanks (Kothandaraman and
Evans, 1974). If the accumulation of solids is not adequately prevented by
aeration, it is recommended (Kothandaraman and Evans, 1974) that they be

removed at least once a day by some mechanical or other means in order to keep
chlorine demand as low as possible.

Another design parameter to be considered is that of depth. In very
shallow contact tanks, it is possible for air currents to cause short circuit-

ing. However, this is generally not a significant problem in tanks designed
with standard depths.
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When considering upgrading existing chlorine contact tanks, it is gen-
erally not possible to completely redesign the tank. However Hart, Allen,
and Dzialo (1975) have suggested several ways practical improvements can be
made in flow characteristics. Gates added to screen and sludge notches have
been found to reduce short circuiting. Spiraling flow patterns have been
eliminated by circular baffle plates placed at tank inlets. Additional im-
provements can be made by using directional vanes to direct flow in a more
uniform fashion and by using stop baffles with curved vanes to reduce eddying.
In one example, these improvements reduced short circuiting by 80 percent in
an existing contact tank (Hart, Allen, and Dzialo, 1975). Stephenson and
Lauderbaugh (1971) have suggested the use of pre-cast baffles. These can be
installed with minimum down time. Although it is more efficient to use
longitudinal baffles, cross baffles may be more economical to construct. It
has been demonstrated that baffles installed in a maze configuration improved
performance sufficiently to make economical factors more important in choosing
a design than efficiency considerations.

CHLORINATION DYNAMICS

Most mathematical models describing the kinetics of disinfection account
only for the dependent variables of bacterial density, chlorine concentration,
and time. One of the earliest relationships for describing the rate of
bacterial reduction due to chlorination was developed by Chick (1908) and has
become known as Chick's Law. It states,

Log N0 —log N=kt . . . . . . < .« .+ < .« .+ < . os

In this relationship, N the initial number of organisms, N = the number of
organisms after time, t, and k is a temperature dependent rate constant.

Chick's Law is commonly used for wastewater chlorination, although McKee,
Brokaw, and McLaughlin (1960) have found that Chick's Law is not necessarily
applicable to wastewater. They have proposed the following relationship.

Nt ¢ m
¥ - (z) P ¢ )]
a
In this equation, N_ = the number of organisms at t minutes, N, = the number

of organisms at a minutes and m = slope on a log-log plot. The slope m has
been found to vary between -0.08 to -0.38. They also developed the following
relationship between coliform concentration and chlorine dosage.

1
log N

=0.10 + 0.94X . . . . . . . . . . . . . .o oas)

In Equation 16, x is the chlorine dosage in milliequivalents per liter and N
is the coliform MPN. Chlorine dose is used instead of chlorine residual
because the reactions take place so rapidly in wastewater that 99 percent of
disinfection takes place before any residual can be measured.
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A variation of this approach is discussed by Eliassen and Krieger (1950):

1

LogN=m. e e e e e e

B ¢ ¥

In this equation, N = coliform MPN, R = chlorine residual, and a and b are
constants which are functions of the contact time and wastewater character-
istics. Kokoropoulos (1973) defines a as the MPN coliform number when there
is no chlorine residual in the tank and b as the rate of bacterial destruction.

Another relationship, proposed by Fair et al. (1948), is more applicable
to water treatment than to wastewater treatment. It states,

ot R T G £ )

where C is the concentration of chlorine, t = contact time to produce a certain
percent of kill, and n = a coefficient of dilution. Hom (1972) applied Equation
18 to the chlorination of oxidation pond effluent. He found that if n > 1.0,
chlorine concentration is more important than contact time. For n < 1.0, the
contact time has the greater effect on chlorination efficiency. And for n =
1.0, chlorine concentration and contact time are of equal importance in attain-
ing the desired coliform kill. According to Moore (1951), n = 1.0 is the most
common value of n, although values of n may vary from 0.75 to 2.0. Hom (1970)
has suggested that when HOCl is the disinfectant species, n values vary from
0.67 to 1.6. When chlorine is in the form of NHCly, n varies from 0.75 to

1.0. Weber (1972) uses values of n = 0.86 and k = 0.24 for a 99 percent kill
in time t and C in the form of free chlorine.

Fair et al. (1948) have proposed the following relationship to describe
the amount of free chlorine necessary to produce a certain percent of bacterial
kill in a specified time and as a function of pH.

K
1+ =
R oo A < [H+]>
= TR N Tt e e e e e e e (19)
<1+B—+->
[H ]

R is the total residual chlorine, A is the concentration of HOCl required to
produce the desired kill, and B is the disinfection efficiency of 0C1~ compared
with HOCl. The B value is approximately equal to 1/80. K is the ionization
constant between HOC1 and HY. This equation has some application to wastewater

chlorination, although its most useful application is in drinking water
chlorination.

A relationship which Hom (1972) has used to describe the bacterial die-
off resulting from chlorination of algal laden waters is as follows.

dN m.n

i - KNt C . . ..o e s s e s, (29)
Here, dN/dt is the number of organisms killed per unit time, K is a rate con-
stant, t is time, m is a time or rate kill constant, C is the concentration of
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disinfectant, n is a dilution coefficient, and N is the number of bacteria in
the water. When m and n are equal to zero, this equation reduces to Chick's
Law.

Reid and Carlson (1974) applied Equation 20 to low temperature water and
eliminated the variable n by solving for C" in Equation 18 and substituting
into Equation 20 to get the following.

an 1

=—'m_
at S 5 N ¢A S
K' = kK in this equation. In linear form, this equation is expressed as
follows.
Al
Log (Log‘£L> = Log <———) ™ Log t « « « +« « .« < . (22)
N, m

The slope of the line is m.

Another form of this equation presented by Hom (1972) applies when m = 0,
but n # O.

Log-%i = -K Log-j? N )
)

This relationship was found to apply for chlorine residuals of 0.25-2.0 mg/1l.
The reaction rate constant for the n order reaction, —Kn, was found to vary
between -2.2 and -3.4 for chlorinated pond effluents.

Selleck (1970) and Collins, Selleck, and White (1971) describe another
relationship for determining bacterial reduction resulting from wastewater
chlorination. Bacterial die-off is a function of chlorine residual and
contact time.

y o=y [1+0.23ee] . L. L L L @w

Here, y is the coliform count at time t, y, is the coliform count at t = 0,
and ¢ is the amperometric chlorine residual. A similar type of equation is
also used to show that the type of mixing affects disinfection rates.

Selleck (1970) has used several equations to describe bacterial die-off
for various combinations of flow and mixing characteristics. Collins, Selleck,
and Saunier (1976) have also described differences in process efficiency as
functions of flow characteristics. For example, the disinfection efficiency
in a plug flow reactor is described in the following manner:

_QL_ = —ky . . . . . . . . . . . . . . . . (25)

C is the chlorine residual, t is the contact time, y is the density of coli-
form organisms, and k is a time dependent constant. An important point
derived from these equations is that the mathematical representations of the
action of chlorine on bacteria becomes more complex as flow characteristics
deviate from plug flow.
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An additional equation, although not dealing with the chlorination of
wastewater, is worth mentioning. Klock (1971) used this equation to describe
the die-off of coliforms in a waste stabilization lagoon as a function of
energy terms. A similar approach may have application in wastewater chlori-
nation. The equation is as follows.

-E
== P ¢
Ink=--+4 . (26)

In this equation, k is the coliform survival rate, E is the activation energy,
R is the gas constant, T is absolute temperature, and A is a constant which is
a function of pH and rhe oxidation potential.

Since very little is known about the actual mechanism of chlorination on
bacteria, it is noted that mathematical representations are largely empirical.
This is the simplest and most direct approach, especially since sufficient
knowledge is unavailable for using simulation techniques. However, a serious
disadvantage of empirical approaches is that constants are generally appli-
cable only for the system from which they were developed. Generally, new
constants must be developed each time the relationship is applied to a new
system.

Although most of the emphasis has been placed on the development of
relationships to describe the effect of chlorine on bacteria, it is also im-
portant to determine the mathematical relationships between chlorine and other
water quality characteristics of lagoon effluent. One of the most important
relationships needing development is the determination of the chlorine demand
exerted by a particular wastewater.

Lin and Evans (1974) have used the following expression to determine
chlorine demand.

Demand (mg/1l) = ke ..., .. @2n

For this equation, t is the time in hours, and K and n are regression coef-
ficients which are functions of the chlorine dose to NH3-N weight ratios. One
way of expressing these coefficients would be:

K
B c1 \2
K=K (NH3—N>
a (28)
0 o= n c1l 2
1 NH,-N

Here, Kj, Koy, n1, and np are regression coefficients. Nitrogen, chemical

oxygen demand (COD), and suspended solids (SS) were found to exert most of the
chlorine demand.

Another relationship for indirectly determining chlorine demand was
proposed by Hom (1970) and is based on residual chlorine.
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R is the residual chlorine, t is the time of reaction, n is the dilution coef-
ficient for 90 to 99.999 percent removal of bacteria, and k is a rate constant.
In this case, n was found to be 0.66 and k was found to be 1.16.

McKee, Brokaw and McLaughlin (1960) have made reference to the following
relationship for determining chlorine demand.

D
t _ t0.18— (0.17 log Dy)

Dy

(30)

D is the chlorine demand at t hours and D; is the chlorine demand after one
hour.

An approach based on predicting the chlorine residual given an initial
dose is discussed by Selleck (1970) and Deaner (1973). The equation used is:

C=C0-kt.................(31)
For this relationship C is the chlorine residual at time t, C, is the initial
chlorine dose, and K is a constant, determined to be 7.1 x 10-3/min for one
particular batch chlorination study.

Mathematical relationships describing the interactions between chlorine
and other wastewater constituents are generally unavailable. However, infor-
mation on the basic changes which may occur in the major wastewater quality
characteristics as a result of chlorination is important in developing optimum
design chlorination systems for lagoon effluent. 1In discussing the effect of
chlorine on solids, Holm (1973) found that chlorination of wastewater in-
creases suspended solids (SS). Lin and Evans (1974) also found that SS are
affected by chlorine. Irgens and Day (1966) used chlorination, in conjunction
with sedimentation, to reduce volatile suspended solids (VSS) in wastewater by
81.6 percent. White (1972) observed that in algal laden waters, chlorine
reduced SS by causing algae cells to clump together and settle out. Murphy,
Zaloum, and Fulford (1975) found that chlorine oxidizes VSS in wastewater.
McKee, Brokaw, and McLaughlin (1960) suggest that chlorine reacts with amino
acids in VSS to form chlorinated hydrocarbons. An example of such a reaction
might be as follows.

H H
] ]
CH3—?—COOH + HOC1 - CHB—?—COOH + H20 e 72
NH NC1
2 H

Bewtra (1968) determined that there is no correlation between algal cell con-
centration, as measured by VSS, and chlorine demand. This indicates problems
in trying to predict how much VSS will be reduced, given an initial VSS and
chlorine dose.
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The effects of chlorine on oxygen demand have been largely left undefined.
This is particularly true for algal laden waters. Holm (1973) found that
chlorine reduces biochemical oxygen demand (BOD:) but has no affect on total
organic carbon (TOC). Silvey., Abshire, and Nunez (1974) also observed reduc-
tions of BODg in wastewater. Zaloum and Murphy (1974) observed initial reduc-
tions of BODg but after long contact periods, BODg increased. It was also
determined that there was no change in total chemical oxygen demand (COD) or
TOC before and after chlorination for doses up to 25 mg/l. Lin and Evans
(1974) determined that chlorine residual does have an effect on COD but did
not define the effect. Irgens and Day (1966) observed a reduction of COD by
71 percent by using chlorination in conjunction with settling. It is suspected
that in the latter case, chlorine performed as a flocculent aid and that most
of the COD was removed by sedimentation. Hom (1972) found that in algae laden
waters, BODg was increased at chlorine doses above 2 mg/l and for certain con-
tact periods at lower doses. As the contact time was increased further, BODg
was observed to decrease. It was theorized that given sufficient contact time
or high enough dose, chlorine causes the release of organic material within
the algal cell causing the BODg5 to increase. As the contact time is increased,
the chlorine oxidizes the released organics and causes the BODg to decrease
again. Moore (1951) found that in wastewater a 1 mg/l uptake of chlorine
generally corresponds to a 2 mg/l reduction of BODS.

Temperature has been found to have significant effects on the chlorination
efficiency of wastewater. Fair et al. (1948) have used the Arrhenius equation
to describe the relationship between temperature and length of time to produce
a certain percent of bacterial kill:

ty E(T2 - Tl)

lOg ?-2— = ZW . . . . . . . . . . . . . . (33)

T. and T. are temperatures in °K, t, and t, are the times required for a cer-
tain percent of bacterial kill at a fixed concentration of disinfectant, and

E is the activation energy. Butterfield (1948) and Rabosky (1972) observed
that less chlorine is required at higher temperatures to produce the same
degree of kill observed at lower temperatures. White (1972) found that for
cold winter temperatures, the contact time may have to be increased by as much
as five times the summer contact time to produce the same disinfection with a
given dose of chlorine. Reid and Carlson (1974) indicate that a 10°C rise in
temperature doubles the reaction rate of disinfection.

The pH is also an important factor contributing to the efficient chlori-
nation of wastewater. Culp (1974) has suggested that for ideal chlorination
efficiency the pH should be near 7.5 for water containing NH3-N and less than
7.0 for ammonia-free water. It has been observed by Klock (1971), Butterfield
(1948), and Rabosky (1972) that high pH in stabilization pond effluent or other
wastewater decreases chlorination efficiency. Therefore, at higher pH values,
more chlorine is required to provide adequate disinfection.

Two final parameters affecting or being affected by chlorination are dis-
solved oxygen (DO) and ammonia-nitrogen (NH3~N). DO has little affect on
chlorination efficiency. However, Silvey, Abshire, and Nunez (1974) have found
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that chlorination may actually increase DO. NH,-N is very important in affect-
ing wastewater chlorination as previously discussed. The formation of chlor-
amines greatly affects the rate and extent of disinfection. Chlorine also
removes NH3-N. The amount of chlorine required to reach breakpoint and thus,
remove almost all of the ammonia is fairly well understood. Culp (1974) and
White (1972) indicate that 10 mg of chlorine are required to remove 1 mg of
NH3-N. A slightly different figure of 7.6 mg chlorine for 1 mg NH4-N is sug-
gested by Stasiuk, Hetling, and Shuster (1974).

MATHEMATICAL MODELING APPROACHES

The literature indicates that very little has been done towards developing
an overall mathematical model for optimizing chlorine doses and contact times
for wastewater chlorination. This is especially true for chlorination of
algae laden waters. Part of the reason for the latter is the lack of suf-
ficient data on chlorination of algae laden waters. Also, a lack of quantita-
tive information or interactions between chlorine and wastewater constituents
has hindered the modeling approach.

For optimizing the chlorination of water supplies, Kuo and Jurs (1973)
have developed a model based on a pattern vector of the form X = (%7, X9, X3
«..) to make decisions. The water quality data in the vector were normalized to
improve pattern classifications. A "weight" vector, w, was used in conjunction
with the pattern vector to produce a decision surface, S=w-X. From the
decision surface, optimal dosages were selected. From this model, it was
determined that there is a positive correlation between chlorine dose, alka-
linity, and NH4~N. A negative correlation was determined for DO and temperature.

Another model for optimizing chlorination practices has been developed by
Tikhe (1976). The objective of this model is to minimize construction and
operational costs of chlorination facilities, while providing for adequate
disinfection. Optimal design is selected on the basis of solutions to a dif-
ferential equation which describes changes in the total cost with respect to
changes in chlorine dose required to produce the desired level of disinfection.
Johnson (1975) discusses another mathematical approach to optimizing dis-
infection. This approach is based upon a Poisson distribution to maximize
pathogen inactivation. The chlorine dose required is dependent upon the
initial concentration of organisms.

A mathematical modeling approach for application to wastewater chlori-
nation has been developed by Stenstrom (1975). This approach uses dynamic
solution techniques to describe the disinfection process in both batch and
continuous flow reactors. Breakpoint kinetics, as described by Weil and Morris
(1949), Morris and Wei (1969), Wei (1972), and Wei and Morris (1974), were
used to develop the differential equations which describe the interactions
between free and combined chlorine, ammonia, BODS, and bacteria. The model is
restricted in application to wastewater which has been previously treated. It
is also limited by the fact that breakpoint kinetics, as presently understood,
are not necessarily applicable to wastewater containing high organic nitrogen
concentrations.
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SECTION 5

METHOD OF PROCEDURE

EXPERIMENTAL CHLORINATION FACILITIES

The Logan City wastewater stabilization lagoons were selected as the site
for this study. These waste stabilization lagoons are located approximately
two miles west of Logan, Utah. The lagoon system is composed of seven cells
arranged in the configuration shown in Figure 4. Cells A; and A, are referred
to as "primary cells," cells By and B, are referred to as '"secondary cells,"
and cells C, D, and E are referred to as "tertiary cells.”" A description of
the surface areas, volumes, and effective depths for each cell is contained
in Table 1. Under normal operating conditions, the lagoons have been found
to be very effective in removing bacteria. During summer months, groundwater
infiltration and irrigation return flow dilute the raw wastewater coming into
the lagoons. Because of the dilute nature of the influent, it is possible to
reduce the detention time in the lagoon system to well below that of the
design residence time and still achieve satisfactory bacterial removal. Dur-
ing winter months, colder temperatures require that longer residence times be
maintained in the lagoon system to provide adequate treatment. It is possible
to increase the residence time in the system during this period because of
reduced influent flows. 1In late fall, lagoon cells are drawn down and flows
reduced from cell to cell. For several months during the winter, discharge
of effluent is almost completely eliminated from the last cell (cell E).

Because of the relatively high bacteriological quality of the fimal lagoon
effluent, it was initially determined that secondary cell effluent (cell Bl)
should be used for this chlorination study. Later, it was found that primary
effluent (i.e., from cell Ay or Ay) would provide greater coliform concen-
trations and meaning to the data, at least in the winter months, and, there-
fore, provisions were made to chlorinate effluent from cell Ap,. When secondary
effluent (cell By) was used, it was drawn by gravity from cell B1 into a sump
beneath the main pump house. When primary effluent (cell Ay) was used, it
was pumped from cell Ay through more than 4000 feet of four inch PVC pipe to
the sump. The overall experimental arrangement for chlorinating either
secondary or primary effluent is shown in Figure 5.

One of the major objectives of the project was to determine the effect
algae have on chlorination of lagoon effluents. Therefore, provisions were
made to filter a portion of the secondary or primary effluent through inter--
mittent sand filters which were previously constructed for other experiments
at the Logan City lagoons. The filtered effluent was collected in a concrete
trough and then pumped to two 45.5 m3 (12,000 gallon) capacity storage tanks
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Figure 4. Flow diagram of Logan City Wastewater Lagoon System.

TABLE 1. DESCRIPTION OF LOGAN CITY WASTEWATER LAGOONS

Cell Water Surface Effective Vol. Normal Operating
Area (Hectares) m3 Depth (m)
A1 38.5 704,000 1.8
A, 38.4 703,000 1.8
By 28.7 586,000 2.0
B,y 29.3 598,000 2.0
C 26.1 580,000 2.2
D 15.9 384,000 2.4
E 11.5 297,000 2.6
Total 188.4 852,000

Meters x 3.281 = feet; Hectares x 2.471 = acres; Meters3 x 35.31 = feet3

adjacent to the chlorination facilities. The filtered effluent was stored for
several hours until chlorinated. Each storage tank was covered with a lid to
restrict sunlight and algae growth.

The chlorination facilities were designed and constructed during the
spring and summer of 1975. The facility was designed to provide four separate
treatments or four replicate experiments at the same time. Three units were
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used to chlorinate unfiltered effluent and the fourth was used to chlorir.te
filtered effluent. General details are shown in Figure 6. The unfiltered
effluent was pumped directly from the sump beneath the main pump house to a
splitter box, where the wastewater stream was divided into three equal dis-
charges of 190 m3/day (50,000 gpd) each. The filtered effluent was gumped from
the storage tanks to the splitter box where a separate flow of 190 m-/day
(50,000 gpd) was discharged to the fourth unit. Each of the four equal streams
of effluent flowed from the splitter box into identically designed mixing cham-
bers and contact tanks.

Each mixing chamber was designed to provide a 30 second detention time.
During this short time, the chlorine solution was added to the flow from the
splitter box and mixed by use of an underflow baffle with a variable speed
mechanical mixer.l The chlorinated wastewater then flowed over a rectangular
weir into the contact tank.

The water used to prepare the chlorine solution was filtered effluent.
The filtered water was pumped from the storage tanks to a chlorination house
where it passed through a Y-strainer before being mixed with chlorine gas.
The appropriate quantity of chlorine gas and the water were mixed with a vacuum
operated diffuser. The flow in each solution line was measured with a rotame-
ter” before being introduced into the mixing chamber. The rotameter had a
capacity of 27.2 lpm (7.2 gpm) at 100 percent of flow and an accuracy of * 2
percent. The gas flow to the injectors was also measured with a rotameter
attached to the vacuum operated chlorinators3 used in this study.

The contact tanks were designed according to recommended practices outlined
in the literature review section. Attempts were made to produce plug flow con~
ditions. The longitudinal serpentine configuration was adopted as being the
most likely practical configuration to produce plug flow. An effective length
to width ratio of 25:1 was used. Additional baffles were inserted near the
inlet and outlet of each tank to enhance hydraulic characteristics. The baffle
near the inlet was an under-flow perforated baffle and was useful in reducing
dead spaces. At the outlet, a perforated over-flow baffle was used. This not
only evenly distributed the flow across the width and depth of the tank, but
also provided a way to remove floatables from the tamk. The chlorinated
effluent from the contact tanks was discharged into an irrigation ditch nearby.
Details of the mixing chamber and contact tank design are shown in Figure 7.

HYDRAULIC PERFORMANCE

The hydraulic performance of each contact tank was determined by conducting
dye studies. Rhodamine B was used as the tracer dye. A given concentration
of this fluorescent dye was injected into the mixing chamber and a fluorometer
was used to monitor the concentration of dye at given points in the tank at

1Lightnin Model 10.
2Fischer and Porter No. 10A1027A.
3Fischer and Porter Model 70C1710100.
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specific time intervals. Samples were taken at approximately one-third and
two-thirds the distance through the tanks and at the tank outlets. Care was
taken in positioning the sample points to avoid the effects of dead spaces and
eddy currents. It was found that samples collected at the surface were not
representative of the true hydraulic characteristics of the tank. Therefore,
a rigid siphoning apparatus was devised to draw samples from the mid-width of
the channel and at one-half the water depth. This apparatus was not only use-
ful in collecting representative samples, but it also prevented the disruption
of the water surface during sample collection.

Results from the tracer studies were analyzed using conventional methods
referred to in the literature review section. Although this is not the most
accurate approach to determining hydraulic performance, it is the most common-
ly used and, consequently, the most useful in comparing data with literature
values. Actual detention times were compared with the theoretical detention
time of one hour. Results of the tracer studies are shown graphically in
Figures 8-11. Characteristic performance indices are summarized in Table 2.
Although these indices do not indicate perfect plug flow conditions, they do
indicate that the contact tanks approach plug flow more closely than most con-
tact tanks currently used (Deaner, undated).

TABLE 2. SUMMARY OF DYE STUDIES

Average Time (Min.)

Contact Sample Morrell
T /T T./T TJT
Tank Number T T, T, T, m h a Index
#1 12 18.2 9.3 153 17.4 0.51 0.84 0.95 3.09
13 37.7 25.5 30.8 349 0.68 0.82 093 245
14 54.6 38.3 44 .3 47.7 0.70 0.81 0.87 2.17
#2 15 18.2 10.7 15.3 16.8 0.58 0.84 092 2.65
16 37.7 26.0 31.3 329 0.69 0.83 0.87 2.32
17 54.6 35.7 422 47.1 0.65 0.77 0.86 2.29
#3 18 18.2 11.0 152 17.6 0.60 0.83 0.97 3.35
19 37.7 28.0 34.0 35.1 0.75 091 093 2.22
20 54.6 38.3 46.0 50.3 0.70 0.84 092 2.38
#4 21 18.2 11.5 16.3 18.1 0.63 0.90 0.99 3.44
22 37.7 31.5 34.8 369 0.84 0.92 0.98 2.21
23 54.6 47.5 51.0 53.3 0.86 093 098 1.85
T = modal time (time to reach peak tracer concentration).
Trﬁl i mean time (time for half the tracer to pass the sampling point).

=

Ma average 1_:ime (timq at which the centroid of the dispersion curve is located).
orrell Index = time at which 90 percent of the tracer has passed the sampling point divided by the time at which 10 per-
cent of the tracer passed the same point (T90 /Tlo).

T,,/T = index of modal detention time.
Th/T = index of mean detention time.
Ta/T = index of average detention time.
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SAMPLING AND ANALYTICAL PROCEDURE

Chlorination of secondary lagoon effluent was started in early August,
1975. Chlorine dosages in the four contact tanks were varied between 0.25 and
30.0 mg/l. Samples of filtered and unfiltered effluent were collected before
chlorination and at three different points in each contact tank. The points
in the contact tanks were at approximately one-third and two-thirds the hy-
draulic distance through each tank and at the tank outlets. Samples were
collected at the mid-water depth in each tank. Initially, the sampling ap-
paratus was used at all sampling locations except the outlets, where samples
were withdrawn from a port located at mid-depth. Later, it was found that the
accumulation of solids on the outlet baffle and around the port affected the
collection of representative bacteriological samples. Thereafter, a siphoning
apparatus was also used to collect samples at the outlets. At the beginning
of each experiment, a time span equal to at least two mean residence times was
allowed to elapse before samples were collected.

Samples were also collected from the influent and effluent of each cell of
the lagoon system. This was done to characterize the performance of the lagoon
system and as an aid in determining how to adjust chlorination practices to
compensate for seasonal fluctuations in lagoon performance. All samples were
collected at least twice per week. From December, 1975, through February,
1976, collection of chlorinated samples was suspended because of low coliform
counts in the secondary effluent and because of freezing problems, primarily
in the pipeline from the primary cell to the pump house. Collection of lagoon
samples was continued on a regular basis during this period. From June through
August, 1976, the collection frequency of chlorinated samples was doubled to
provide a greater data base from which to develop a mathematical model.
Sampling was concluded on August 24, 1976. The locations of all sampling
stations are shown in Figure 12 and described in Table 3. Points A and B
indicate the locations at which unfiltered lagoon effluents were withdrawn
from the lagoon system.

Bacteriological analyses included confirmed MPN total and fecal coliforms
at all 23 sampling stations. Five tubes were used for each dilution. Membrane
filter total and fecal coliform counts were also determined on all un-
chlorinated samples. Procedures described in Standard Methods (1971) were
followed. Samples were collected in autoclaved bottles. For chlorinated
samples, sodium sulfite was contained in each sample bottle to neutralize
excess chlorine. The siphoning apparatus was flushed with boiling water before
collecting bacteriological samples from the chlorine contact tanks.

Table 4 shows which parameters were analyzed at each sampling site. Be-
sides the bacteriological parameters, samples were analyzed for ammonia
nitrogen (NH3-N), biochemical oxygen demand (BOD5), dissolved oxygen (DO),
total chemical oxygen demand (TCOD), soluble chemical oxygen demand (SCOD),
sulfide (ST), suspended solids (SS), volatile suspended solids (VSS), free
chlorine residual (FCl), combined chlorine residual (CCl), temperature, pH,
and turbidity. For chlorinated samples, sodium sulfite was used to de-
chlorinate. Temperature, DO (measured with a DO probe), and residual chlorine
were determined in the field. The samples were then returned to the Utah Water
Research Laboratory to complete the other analyses. Chlorine residual was
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TABLE 3. DESCRIPTION OF SAMPLE LOCATIONS SHOWN IN FIGURE 12
Sample
No. Site Description

1 Raw wastewater influent to Logan Lagoon System

2 Effluent from Primary Cell Ajp

3 Effluent from Primary Cell Ay

4 Effluent from Secondary Cell Bjp

5 Effluent from Secondary Cell Bj

6 Effluent from First Tertiary Cell C

7 Effluent from Second Tertiary Cell D

8 Effluent from Third Tertiary Cell E

9 Final Logan Lagoon System Effluent (effluent from
Cell E passes through a small holding cell before
discharge from the system)

10 Raw influent to chlorination system

11 Filtered influent to chlorination system

12 Chlorine Contact Chamber No. 1, © = 18 min.

13 Chlorine Contact Chamber No. 1, € = 35 min.

14 Chlorine Contact Chamber No. 1, 6 = 50 min.

15 Chlorine Contact Chamber No. 2, © = 18 min.

16 Chlorine Contact Chamber No. 2, 6 = 35 min.

17 Chlorine Contact Chamber No. 2, 6 = 50 min.

18 Chlorine Contact Chamber No. 3, 0 = 18 min.

19 Chlorine Contact Chamber No. 3, 6 = 35 min.

20 Chlorine Contact Chamber No. 3, € = 50 min.

21 Chlorine Contact Chamber, No. 4, (filtered), 06 = 18 min.

22 Chlorine Contact Chamber, No. 4, (filtered), 6 = 35 min.

23 Chlorine Contact Chamber, No. 4, (filtered), 6 = 50 min.

measured with an amperometric titrator.4 Combined residual was measured using
the back titration method for analysis as described in Standard Methods (1971).

Free chlorine residual was measured using the forward titration method.

All

other analyses were performed according to procedures outlined in Standard
samples were collected
in separate sample bottles containing a stabilizing solution suggested by Orion

Methods (1971) with the exception of sulfide (S7).

Research Incorporated (undated).

=

laboratory and analyzed using an Orion sulfide ion electrode.

4Manufactured by Wallace~Tiernan.

5Manufactured by Orion.

45

The samples were then returned to the



oY

TABLE 4. SAMPLE SITE DESCRIPTION AND ANALYSES TO BE PERFORMED

Analysis to be Performed

.. Total Fecal
Sample No. Description . :
P P Unfilt.  Sol. . ss  pH Coli.  Coli. (i,
BOD COD COD NH, S&  Turb. &  Temp. (MPN) (MPN)  Res.
VSS DO & MF) & (MF)
1 Raw Wastewater X X X X X X XX XX
2:3 ’475 >65 I..agoon Ceu
7,89 Effluents X XX XX
10 Raw Primary or
Secondary Effluent X X X X X X X X XX XX
11 Filtered Primary or
Secondary Effluent X X X X X X X X XX XX
12,13,14,15,
16,17,18,19, Chlorinated
20,21,22,23 Effluents XP X X X X X X X2 X2 X

2MF not performed.

bUnfiltered COD performed on Samples 14, 17, 20, and 23 only.



LABORATORY AND FIELD EXPERIMENTATION

In developing a model for optimizing chlorination of algae laden waters,
it was necessary to conduct laboratory and field studies in addition to the
regular collection of field data. These studies were essential in the iden-
tification and quantification of several important relationships.

One of the relationships not clearly defined in the literature deals with
the effect of chlorine on measured ammonia. Initially it was not known if
ammonia, as determined in the laboratory, represented NH4-N only or if it also
included the amine associated with chloramine. To determine this, samples
containing three different known concentrations of ammonia were prepared by
adding appropriate quantities of ammonium chloride (NH4Cl) to deionized dis-
tilled water (DDW). Samples representing each of the ammonia concentrations
were then dosed with three different concentrations of chlorine. The chlorine
dosages were prepared from a standard solution of sodium hypochlorite (NaOCl).
The chlorinated samples were mixed using 2 laboratory stirrer.® After five
and 15 minutes of contact, the samples were analyzed for ammonia and for total
and free chlorine residual using the amperometric titrator.’

As the literature indicates, in wastewater chlorination, chlorine not only
reacts with NH3-N, but also with organic nitrogen. This greatly affects the

shape of the breakpoint curve, as previously discussed. To get an indication
of the ratio of organic nitrogen to NH3~-N present in a waste stabilization

lagoon and an idea of how that organic nitrogen affects breakpoint chlorination,
field samples were collected on three separate sampling days in August, 1976,
and analyzed for total kjeldahl nitrogen (TKN). The samples represented high
and low chlorine doses, as well as no chlorine. TKN analysis was performed
according to Standard Methods (1971).

Other relationships which have generally been left unquantified include
the effects of chlorine on total chemical oxygen demand (TCOD), soluble chemi-
cal oxygen demand (SCOD), suspended solids (SS), volatile suspended solids
(VSS), and turbidity. In an attempt to more satisfactorily define these
relationships, two samples of primary lagoon effluent were collected during
different times of the year and returned to the laboratory for experimentation.
The first sample was collected in April, 1976, during the peak of an algae
bloom. TCOD, SCOD, and SS concentrations were relatively high. Half of the
samples were spiked with potassium acid phthalate to create another sample
with even higher TCOD and SCOD concentratioms.

The second sample was collected in August, 1976, during a period when
algae, TCOD, SCOD, and SS concentrations were relatively low. Upon returning
to the laboratory, the lagoon samples were each dosed with several different
concentrations of a chlorine solution prepared from sodium hypochlorite and
standardized with the amperometric titrator. The samples were then mixed with
a laboratory stirrer. Each sample was mixed rapidly at maximum stirring speed
for the first 60 seconds of contact time and then at 60 rpm for the remainder
of the test. After contact periods of 15, 60, and 120 minutes, aliquots were
taken and analyzed for TCOD, SCOD, SS, VSS, turbidity, free chlorine, and
combined chlorine.

bManufactured by Phipps and Bird (Model 5P36DAlA, series 3325).
7Manufactured by Wallace and Tiernan.
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Since the laboratory tests were conducted using completely mixed reactors,
it was assumed that any changes occurring in SS and VSS concentrations were
attributable to the oxidizing action of chlorine on the suspended solids, and
not to settling. However, in the field, the settling of SS was observed in
the chlorine contact tanks. To determine changes in SS due to settling and
changes due to the breakdown of SS by chlorine, a field study was conducted
during August, 1976. In each of three chlorine contact tanks, one-gallon con-
tainers were placed after the inlet baffle, in the middle of the tank, and
just before the outlet baffle. Secondary lagoon effluent was then allowed to
flow through each tank and chlorine dosages of 0, 4, and 20 mg/l were applied.
This chlorination practice was allowed to continue, undisturbed, for one week.
SS concentrations were measured at the beginning and at the end of the study
period. The containers in the contact tanks were returned to the laboratory
at the end of the study period, where they were dried and weighed to determine
relative amounts of settling at different positions in the tanks.

DATA ANALYSIS

Each data set was given an index number and placed on file with the
Burroughs 6700 computer at Utah State University. Data having similar ranges
of values were averaged and used as data points for model calibration. When
linear regression analyses were performed, a statistical package (STATPAC)
prepared by Hurst (undated) was used to perform the regression and to calculate
correlation coefficients. Use of correlation coefficients in determining
significant levels was made as described by Mendenhall (1971) and Middlebrooks
(1976). All correlation coefficients, R and R2, are significant to the 95
percent confidence level unless otherwise indicated.

Those figures which have more than one regression line shown were tested
to determine if, in fact, the slopes of the lines were different. This was
accomplished by using statistical formulas which employ sum of squares, sum
of products, degrees of freedom, and sample regression coefficients (Steel and
Torrie, 1960).

All field and laboratory results for the entire study period are listed in
the Appendix. All these results were obtained using methods, procedures, and
calculations described earlier with the exception of total and fecal coliform
concentrations. Coliform counts that are reported as zero are results obtained
from the MPN determinations that interpret the number of bacteria to be less
than 2. Therefore, in order to work with these data the number zero was
substituted. Data which indicated these MPN numbers of less than 2 were not used
in performing the statistical work concerned with coliform bacteria. This
was done because there was no way of knowing how much less than 2 the number
really was.
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SECTION 6

RESULTS AND DISCUSSION OF CHLORINATION STUDY

GENERAL

A complete listing of all field data collected for the chlorination phase
of this study between August 1, 1975, and August 24, 1976, is contained in
Appendix A. From the graphs, it is observed that for some data points, the
membrane filter fecal coliform counts were higher than those for total coli-
form. These data points must be considered in error.

LABORATORY EXPERIMENTS

Measured Ammonia

Laboratory experiments to determine the effects of chlorine on measured
ammonia were performed as previously described. The results show that for all
cases, except those for which the initial Clp:NH3-N molar ratio exceeded 1:1,
the ammonia-nitrogen measurements remained essentially unchanged with chlo-
rination. For Clyp:NH3-N molar ratios exceeding 1:1, ammonia concentrations
were reduced as predicted by breakpoint reactions. A complete summary of
these experimental results is contained in Table 5.

TABLE 5. EFFECTS OF CHLORINE ON MEASURED AMMONIA

Initial Initial Contact Period
NH,;-N Chlorine s mi s
Concentration Dose min. min.

(mg/1) (mg/1)

Free Total Free Total
NH;-N Chlorine Chlorine NH, -N Chlorine Chlorine

21.0 9.87 0.10 19.60 9.70 0.10 20.1

9.47 10.5 9.11 0.60 9.80 9.50 0.50 9.8
5.25 9.32 0.40 490 9.79 0.10 5.05

21.0 477 0.10 19.70 4.84 0.10 19.1

4.61 10.5 4.80 0.30 9.40 461 0.10 94
5.25 461 0.20 5.20 445 0.10 5.05

10.5 0.51 1.30 3.80 0.14 10 3.0

1.00 5.25 0.88 0.20 2.70 1.49 0.10 2.7
1.0 1.28 0.10 1.00 1.00 0.05 1.00
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Although NH4-N is being converted to chloramines with the addition of
chlorine, the results show that no change in measured ammonia occurs until
after the point of maximum chloramine formation. This indicates that ammonia
as measured by the laboratory technique (Phenate Method, Standard Methods,
1971) is not really a measure of NH3-N alone, but is also a measure of the
chloramines resulting from the reaction between NH3-N and chlorine. Therefore,
any mathematical model using data from analyses of chlorinated samples and
accounting for ammonia must be designed to show no change in ammonia concen-
trations until after the Clp:NH3-N mole ratio has exceeded 1:1, even though
an actual decrease of NH3-N occurs prior to this point.

Organic Nitrogen

An indication of the amount of organic nitrogen in addition to ammonia
contained in waste stabilization lagoon effluent (cell Aj) was obtained by
measuring the total kjeldahl nitrogen on three consecutive field sample days.
The results are shown in Figures 13-15. For the three days, the TKN prior to
chlorination varied between 5.6 and 6.8 mg/l, while NH3-N varied between 2.4
and 4.4 mg/l for the same samples. The fraction of total nitrogen composed of
NH3-N varied between 0.35 and 0.83. These data should not be construed as
being typical over the entire study period, but they do reflect the vari-
ability in organic nitrogen composition of lagoon effluent and indicate how
quickly the nitrogen composition can change.

Upon examination of data obtained on each of the three sample dates,
it was observed that on August 17, 1976 (Figure 13), the TKN appeared to be
reduced more with a chlorine dose of 10 mg/l than with a dose of 1 mg/l. At
the same time, the NH3-N concentration was relatively unaffected for both
chlorine doses. This indicates that chlorine either oxidizes some of the
organic nitrogen or it improves the settling of nitrogenous suspended solids.
A combination of both probably exists. When 30 mg/l of chlorine was applied,
there was reduction in the NH3-N concentrations. Since the Clp:NH3-N molar
ratio exceeded 1:1 (1.66:1), this reduction was expected. There would also
be expected a sharp reduction in combined chlorine at this high ratio. How-
ever, after 15 minutes, the combined chlorine residual was 17.6 mg/l. (This
compares with a combined chlorine residual of 2.1 mg/l and a free chlorine
residual of 0.5 mg/l on August 10, 1976 (see Appendix A)., when 30 mg/1
chlorine was applied to wastewater containing nearly the same NH3-N concen-
tration.) Although TKN data at 30 mg/l chlorine on August 17 were unavailable,
the data suggest that organic nitrogen plays an important role in influencing
the shape of the breakpoint curve. It is noted that the Cly:TKN ratio was
below 1:1 for the sample receiving a dose of 30 mg/l. If chlorine reacts with
all forms of total nitrogen, it can be estimated that the Clo:TKN molar ratio
must exceed 1:1 for the oxidation of organic and inorganic chloramines to take
place.

On August 19, 1976 (Figure 14), there was little change in TKN or NH3-N
which could be attributed to changes in chlorine dose, except in the case of
the 20 mg/l dose. For this dose, NH4-N was reduced by 0.8 mg/1l. The Clz:NH3—N
molar ratio was also slightly above 1:1 for this dose. .

On August 24, 1976 (Figure 15), there was little change in the NH4-N con-
centration at one and five mg/l chlorine dose. TKN decreased slightly at both
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Figure 13. The relationship between Total Kjeldahl Nitrogen (TKN) and ammonia-
nitrogen (NH3—N) in primary lagoon effluent receiving various
chlorine dosages and after various chlorine contact periods on
August 17, 1976.

doses, probably due to the settling of nitrogenous suspended solids.
However, because the NH3-N concentration in this particular sample was
lower than the previous samples, addition of 30 mg/l chlorine removed
virtually all the NH3-N present. This was expected since the molar Cl,:NH3-N
ratio was 3.0 at this dose. Unfortunately, the TKN data were not avail-
able for the 30 mg/l chlorine. The combined chlorine residual of 3.2 mg/1l
and free chlorine residual of 0.6 mg/l after 15 minutes, however, indicate
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that not all of the compounds formed in the reaction between chlorine and
nitrogen were oxidized. One possible explanation of this might be that some
compounds formed reactions of chlorine with organic nitrogen could be less
susceptible to oxidation than the inorganic chloramines.

From this limited amount of data, it is impossible to make any generalized
conclusions concerning the effects of organic nitrogen on wastewater chlori-
nation other than to observe that waste stabilization lagoon effluents may
contain two or more times as much total nitrogen as ammonia-nitrogen and that
organic nitrogen appears to interfere with theoretical breakpoint reactions.

It was also observed that changes in the TKN concentration of lagoon effluent
do not necessarily correspond to changes in NH3-N concentration within the
same effluent.

TCOD and SCOD

The effects of chlorine on TCOD and SCOD were evaluated by treating pri-
mary lagoon samples, containing three different concentrations of TCOD and
SCOD, with a range of chlorine doses varying between 0 and 50.8 mg/l. Details
of the experiment have been discussed in Section 5: Method of Procedure. A
complete summary of the experimental results is presented in Table 6. It is
evident that, for all three concentrations, TCOD remained unchanged throughout
the experiment for all chlorine doses.

The SCOD increased with increasing chlorine dose and contact time in the
two samples containing large concentrations of algae (i.e., high SS). These
data are presented graphically in Figure 16. The same trends, however, were
not observed in the sample collected at a later date, when algae concentrations
were low. Figure 17 shows very little change in SCOD with increasing time and
chlorine dose for this sample. Apparently, increases in SCOD are related to
the concentration of algae, as well as to the concentration and form of chlor-
ine residual. Concentrations of COD resulting from suspended matter were not
only 60 to 75 mg/l greater for levels I and II than for level III, but the
composition was also much different (Figure 16 and Table 6). It appears that
the difference between TCOD and SCOD for level III consisted of suspended
solids which were resistant to oxidation by chlorine, whereas the increase in
SCOD observed in Table 6 and Figure 16 for the level I and level I1 samples is
largely attributable to the release of oxygen demanding materials from lysed
algae cells caused by reaction with chlorine. Although increases in SCOD oc-
curred with both combined and free chlorine residuals, changes were most ap-
parent in the presence of free chlorine.

For the two samples showing increases in SCOD, regression analyses were
performed. The results are presented in Figure 18. This also shows the
relationship between SCOD and increases in chlorine dose and contact time. A
linear regression between chlorine dose and changes in SCOD is shown in Figure
19. These results compare favorably with increases in SCOD with algae concen-
tration as presented by Echelberger et al. (1971).

S8, VSS, and Turbidity

s

The effects of chlorine on SS, VSS, and turbidity were examined using data
from Table 6. Since SS concentrations were found to consist almost entirely
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TABLE 6. THE EFFECTS OF CHLORINE DOSE ON TOTAL CHEMICAL OXYGEN DEMAND (TCOD),
SOLUBLE CHEMICAL OXYGEN DEMAND (SCOD), SUSPENDED SOLIDS (SS),
VOLATILE SUSPENDED SOLIDS (VSS), AND TURBIDITY OF PRIMARY LAGOON
EFFLUENT SAMPLES COLLECTED ON APRIL 9 AND 10, 1976, AND AUGUST 26,

1976
Cl Contact Total Soluble Free  Combined
Date Dose  Time COD COD SS VSS  Turbidity Residual Residual
(mg/l) (min.) (mg/l) (mg/)  (mg/D) (mg/) JTU)  (mg/l) (mg/1)
42 0 105.5 243 62.1 58.5 12.0
15 19.9 44.9 42.3 12.5 0 4.3
60 39.9 42.9 40.4 12.0 0 4.1
120 1042 277 37.8 32.9 12.0 0 3.7
16.9 0 105.5 243 62.1 58.5 12.0
4/9/76 15 239 38.3 36.5 13.0 0.30 7.0
60 28.4 41.5 39.4 12.5 0.15 5.6
(Level 1II) 120 100.1  30.7 71.4 49.8 12.5 0.10 4.4
50.8 0 105.5 24.3 62.1 58.5 12.0 -
15 34.8 29.7 27.4 16.0 8.5 30.8
60 35.8 37.0 16.0 5.9 27.6
120 1020 387 40.1 35.3 15.0 4.0 22.0
4.2 0 123.0 527 67.2 47.4 13.0
15 56.2 39.3 422 14.0 0 4.0
60 57.1 55.9 44.7 13.0 0 3.6
120 1245 592 41.1 44.9 13.0 0 3.4
16.9 0 1230  52.7 67.2 47.4 13.0
15 579 21.4 43.0 14.0 0.10 7.4
4/10/76 60 57.4 45.1 43.6 14.0 0.10 6.6
@ 120 1246 612 44.3 43.7 14.0 0.10 5.6
evel I)
50.8 0 123.0  52.7 67.2 474 13.0
15 61.2 40.6 44.4 17.5 33.6
60 66.0 40.1 39.4 18.0 5.6 27.6
120 1237 70.4 40.9 38.2 18.0 3.7 21.6
BLK 0 45.5 26.4 19.0 18.0 8.7
15 27.8 18.4 17.72 8.5 0 0
60 23.8 202 202 9.0 0 0
120 39.1 26.9 17.4 17.4 9.2 0 0
1.5 0 43.2 28.2 18.2 17.2 11.0
15 25.8 16.7 16.7 10.0 0 1.23
60 29.1 17.8 17.8 10.0 0 1.14
120 47.9 28.6 20.0 19.4 8.6 0 1.00
3.6 0 432 28.2 18.2 17.2 11.0
15 28.8 18.0 18.0 10.0 0 3.64
60 29.0 18.0 18.0 10.0 0 3.54
120 41.2 24.7 17.8 17.8 8.5 0 3.32
8/26/76
/261 7.3 0 43.2 28.2 18.2 17.2 11.0
(Level III) 15 28.4 17.9 17.9 10.0 0 7.27
60 27.6 17.5 17.3 8.9 0 7.09
120 426 279 18.2 18.2 8.5 0 6.64
14.6 0 45.5 26.4 19.0 18.0 8.7
15 279 17.4 17.4 9.2 1.00 5.27
60 30.3 17.0 17.0 9.0 0.20 2.91
120 42.1 259 20.1 19.9 8.6 0.10 1.95
29.1 0 45.5 26.4 19.0 18.0 8.7
15 28.4 17.6 17.6 9.8 4.40 14.00
60 17.1 16.6 16.1 9.3 3.80 12.36
120 29.5 16.6 14.8 8.8 2.90 9.27
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The effect of various chlorine dosages and contact time on
various soluble chemical oxygen demand (SCOD) concentrations
in primary lagoon samples collected on April 9 and 10, 1976.
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Figure 17. The effect of various chlorine dosages and contact time on
various soluble chemical oxygen demand (SCOD) concentrations in
primary lagoon samples collected on August 26, 1976.
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of organic suspended solids (VSS), any discussion of SS holds likewise for
vSS. It was found that chlorination of the samples containing high concen-
trations of algae resulted in a noticeable decrease in SS and an increase in
turbidity. This is depicted graphically in Figure 20. In the sample contain-
ing low concentrations of algae, there was little noticeable change in either
SS or turbidity, as shown in Figure 21. This indicates that changes in SS and
turbidity resulting from chlorination are due to the quantity and composition
of suspended solids and by the form of chlorine residual. The data suggest
that possibly algae are more readily affected by chlorine than are other types
of suspended organics.

The observed decrease in SS and increase in turbidity is probably the
result of the oxidation of algae cell walls by chlorine, particularly by free
chlorine. As algae cells are destroyed, a portion of the suspended solids are
converted into soluble organics. Other particles are broken down into many
much smaller suspended particles. An increase in the number of particles in
suspension results in an increase of light scattering and thus, an increase in
turbidity. When samples are filtered using approved filters as prescribed by
Standard Methods (1971), some of the very small particles contributing to
turbidity may pass through the filters. In this experiment, Whatman GF/C
filters were used. The effective pore size of these filters is 1.2 um. Any
particles smaller than that size, which otherwise would contribute to the SS
concentration, may pass directly through the filter. This, along with the
conversion of suspended solids to completely soluble material, explains the
reduction of SS.

In this experiment, the samples were continually mixed in a batch reactor
to prevent the reduction of SS as a result of settling. Therefore, all changes
in SS concentrations are attributed to the chemical reactions between chlorine
and suspended solids. Although the data do not reflect a direct dependence of
SS reduction on chlorine dose and residual type, it is reasonable to assume
that free chlorine is more significant in reducing SS concentrations than
combined chlorine.

FIELD EXPERIMENTS

Reduction of SS by Settling

Upon examination of field data, it was observed that reductions of SS were
also accompanied by accumulation of solids in the contact tanks. To determine
the proportion of SS reduction attributable to settling, settling tests, as
described in Section 5, were performed in August, 1976. The data indicate that
most of the SS reduction occurred within five minutes in the contact tanks for
the particular quality of secondary effluent treated during the test. For this
particular study, suspended solids were composed primarily of Daphnia spp.
Changes in the SS concentrations due to settling are shown in Figure 22. The
reduction of suspended solids was also accompanied by a large accumulation of
solids in the bottoms of the contact tanks. The largest accumulations cor-
responded with the largest reductions of SS. Relative accumulations of solids
are shown in Figure 23. It was impossible to perform a mass balance on the
data due to the variability of the influent composition during the study.

60



19

SUSPENDED SOLIDS (mg/1)

Figure 20.

JurBoITY ]
Re T T o~
// P e e — e ——— ——— e —_ D
~— are T T — ey =
o I T 5
e e T T e e ;L- ————————————— b
>.
=
10 Dose = 4.2 mg/| — 10 o
— —— Dose = 16.9 mg/| (CICJ
—-— Dose = 508 mg/l )
—
0 l T | T l | 1 >
0 15 30 45 60 75 90 105 120

Effects of various
on April 9 and 10,

TIME (Minutes)

chlorine dosages on SS and turbidity of primary lagoon effluent sampled
1976.



9

30 — — 30

25 — — 25
~
o
£
7]
a
| ] _
o 15 15
n —_
o >
w " i_—)
[ ———— TURBIDITY
Z 10 — —_,———— e — 10 ~
LLI ’_"_._:_ ............. _._._._.z.._._..Fh.z..q >—
8.) — t
> =
S — —— Blank 5 g
——— Dose = 7.3 mg/lI D
—.— Dose = 29.1 mg/I =
© | | 1 I l l | 0
0 15 30 45 60 75 90 105 120

TIME (Minutes)

Figure 21. Effects of various chlorine dosages on SS and turbidity of primary lagoon effluent sampled
on August 26, 1976.



£9

60 - o————-o0 Influent SS on 8/27/76 with Chiorine Dose = 4 mg/I
A-——— Influent SS on 8/27/76 with Chiorine Dose = 20mg/!|
O—-—.—0 Influent SS on 8/27/76 with Chlorine Dose = O mg/|
o—— ——o !Influent SS on 9/1/76 with Chlorine Dose = 4 mg/I
50 A-.—.—A Influent S8 on 9/1/ 76 with Chlorine Dose = 20mg/I|
®— ...—@ Influent SS on 9/1/ 76 with Chlorine Dose = O mg/|

n

Locations of sample
points in chlorine
contact chamber A

SUSPENDED SOLIDS (mg/l)

TIME (Minutes)

Figure 22. Changes in suspended solids concentrations due to settling within chlorine contact chamber
on August 27, 1976, and September 1, 1976.



%9

3.0 —

Omg/I CHLORINE DOSE
— —— 4mg/| CHLORINE DOSE

25 — —-——-— 20mg/! CHLORINE DOSE

2.0 —

1.5 — N ol

RELATIVE SETTLING (Kgs/m2/week)

LOCATION OF
SAMPLE POINTS

IN CHLORINE
CONTACT CHAMBER

0 | |

30
© 1 TIME (Minutes)

Figure 23.
settling between August 25, 1976, and September 1, 1976.

Relative accumulation of solids on the bottom of the chlorine contact chamber due to



The data indicate that changes in SS as a result of chemical reactions
with chlorine are probably small in comparison with changes resulting from
settling. The amount of settling is also highly variable. Inspection of all
field data shows that suspended solids reduction varied approximately 10 to
50 percent. The concentration and composition of suspended solids undoubtedly
affects the rate of settling. For example, Daphnia spp. were observed to
settle more readily than algae. Also, the settling velocity of untreated sus-
pended solids is probably more important than chlorine dose in determining the
fraction of suspended solids that will settle out within the tank detention
time.

Effect of Chlorine on Soluble COD

The field data were analyzed using the same technique applied to the
laboratory data in an attempt to establish comparable relationships and verify
the laboratory studies. The laboratory results indicated evidence of soluble
COD increases with time and chlorine dose (Figures 18 and 19). Figure 24 is a
graph of all filtered lagoon effluent data. The figure relates the un-
chlorinated soluble chemical oxygen demand (control) with the chlorinated or
treated soluble COD. The regression line for Figure 24 has a slope slightly
greater than one (1.019) but statistical calculations suggest this number is
not significantly different from one and hence no apparent overall increase
or decrease in soluble COD can be found.

Figure 25 is the same type plot as Figure 24 but with unfiltered lagoon
effluent data as the test water. The slope of Figure 25 is less than one
(0.978) but, once again, this slope was found not to be statistically dif-
ferent from one, indicating no apparent overall increase or decrease in
soluble COD.

To determine if a relationship between unchlorinated soluble organic
oxygen demand (control) and chlorinated soluble organic oxygen demand (treated)
existed with respect to chlorine dose, the data were grouped according to
chlorine dose and analyzed similarly to Figures 24 and 25. However, no
significant relationship could be established.

In all cases, the regression analysis was performed by forcing the inter-
cept through the origin because a zero chlorinated SCOD must be equivalent to
a zero unchlorinated SCOD when measured on the same influent.

Volatile Suspended Solids Versus Soluble
Chemical Oxygen Demand

Since the volatile suspended solids parameter acts as a gross estimate of
the total microbial and algal mass, changes in the concentration of VSS may
directly affect changes in the SCOD levels due to chlorination. With this in
mind, it would be of interest to observe any patterns existing between volatile
suspended solids and soluble COD. Of particular concern would be increases or
decreases in soluble COD (ASCOD) between the unchlorinated and chlorinated
(i.e. control and treated) samples with respect to concentrations of volatile
suspended solids. Figure 26 (filtered lagoon effluent) and Figure 27 (un-
filtered lagoon effluent) illustrate the overall response of ASCOD to varying
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volatile suspended solids concentrations. No distinct pattern of increased
or decreased ASCOD can be observed in either Figure 26 or 27. This indicates
that volatile suspended solids have little effect on observed soluble COD
changes when chlorine is applied. Appendix C, Figures C-1 through C-8, con-
tain plots of ASCOD versus volatile suspended solids (VSS) concentrations
over much narrower ranges of volatile suspended solids (VSS) concentrations
(0-5 mg/l, 5-10 mg/l, 10-20 mg/l, 20-30 mg/l, and 30-60 mg/l). These ranges
of volatile suspended solids (VSS) concentrations were arbitrarily selected.
Again, no distinct pattern can be observed between ASCOD and VSS.

Effect of Chlorine Contact Time on
Soluble Chemical Oxygen Demand

The effect of chlorine contact time on soluble COD under laboratory con-—
ditions is illustrated in Figure 18. This illustration indicates increasing
soluble COD concentrations with increasing chlorine contact time. Similar
results were not observed when field data for filtered or unfiltered lagoon
effluents were treated in a like manner. There is no indication of any change
in soluble COD concentration with respect to time in either type lagoon
effluent.

Effect of Chlorine Dosage on Soluble
Chemical Oxygen Demand

The literature (Echelberger et al., 1971) and laboratory experiments indi-
cate the chlorine dosage is an important parameter which will affect the
soluble chemical oxygen demand. As the dosage increases, an increase in
soluble COD can be expected. The field data described in Figures 28 and 29
do not express this increase nor is there any indication of a possible de-
crease in COD. Volatile suspended solids versus ASCOD at selected ranges of
applied chlorine dosage (0-2 mg/l, and greater than 2 mg/l for filtered lagoon
effluent; 0-2 mg/l, 2-4 mg/l, and greater than 4 mg/l for unfiltered lagoon
effluent) are depicted in Appendix C, Figures C-9 through C-13. These figures,
again, do not indicate any increase or decrease in soluble COD concentration
as a result of chlorination, suggesting that chlorine dosage does not produce
the same effects on soluble COD in the field as seen in the laboratory.

Chlorine Effects on Volatile Suspended Solids

Figure 30 shows the results obtained when plotting volatile suspended
solids concentrations in chlorinated samples versus volatile suspended solids
in the original unchlorinated samples. The relationship exhibited in this
figure, which is for filtered lagoon effluent only, indicates volatile sus-—
pended solids reductions by as much as 35 percent at the higher volatile sus-
pended solids concentrations. Figure 31, unfiltered lagoon effluent data,
shows similar results, with the same 35 percent reduction at the high solids
concentrations. These reductions are similar to those reported in the
literature (Dinges and Rust, 1969). This earlier report suggests volatile
suspended solids reductions are due to the destruction of organic solids by
the oxidizing power of chlorine. While this explanation may also be true with
the field data presented here, it is not unreasonable to assume that a per-
centage of the volatile suspended solids are simply settling out in the
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chlorine contact tanks. This second explanation is in line with the overall
indications that there is no apparent increase in soluble COD when chlorine
is applied (refer to Figures 24 and 25).

Effect of Free Chlorine Residual on Soluble
Chemical Oxygen Demand

Figure 32 shows the effects of free chlorine residual on the changes in
soluble COD in unfiltered lagoon effluent. This figure closely resembles the
laboratory data of Echelberger et al. (1971), which suggested increased soluble
chemical oxygen demand due to chlorine. Thus, it may be possible that the
increase in soluble COD in algal laden systems attributed to chlorination may
only result when breakpoint chlorination is practiced. It should be noted
that this phenomenon was not observed with the filtered lagoon effluent free
chlorine residual data. Possible explanations are: a) lower soluble COD con-
centrations in the control samples, b) fewer data containing free chlorine
residual concentrations, or c¢) reduced suspended solids and subsequent waste-
water quality changes in the filtered lagoon effluent.

The results obtained from Figure 32 must be considered with some cautiom.
Careful observation of this graph shows almost as many data points falling
below the zero line as above. However, the majority of these points are at
lower free chlorine residual levels. Increased soluble chemical oxygen demand
is seen almost exclusively at free chlorine residual concentrations greater
than 1.8 mg/l, suggesting the trend shown by the regression line in this
figure. Laboratory results presented early in this section also indicate free
chlorine residual may be causing the increase in soluble COD. The statement
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Figure 32, Changes in soluble COD when free chlorine residual is present in
unfiltered lagoon effluent.
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made above that increases in soluble COD in algal laden systems due to chlo-
rination may be the result of free chlorine residual concentration is based

on these observations.

Using the unfiltered lagoon effluent free chlorine residual data and test-
ing to determine if greater volatile suspended solids reductions could be
observed added little information to the volatile suspended solids reductions
discussed earlier. Results of this test (refer to Figure C-14 in Appendix C)
indicated no increases in volatile suspended solids reductions over those
reported in Figures 30 and 31. This suggests that volatile suspended solids
reductions are not affected by free chlorine residual concentration to any
significant level from those reductions observed with total chlorine residual
present. A further comparison of these free chlorine residuals with combined
chlorine residual effects on volatile suspended solids also indicated no con-
trasting information.

The similar effects that chlorine residual species have on volatile sus-
pended solids reduction may further add to the idea that volatile suspended
solids are simply settling out in the chlorine contact tanks as suggested
earlier.

Effects of Chlorination on Coliform Reduction

General--

The most probable number technique (MPN) for the measurement of coliform
bacteria concentrations was used throughout this study. This analysis was
employed because it is generally accepted by most researchers and because of
the reduced possibility of chemical and biological interferences (APHA, 1971).

Several of the coliform data indicated inconsistencies when related to
chlorine contact time and dose. The inconsistencies were in the form of in-
creased coliform concentrations reported at the 50 minute chlorine contact
time from those concentrations reported at the 35 minute chlorine contact time
within the same contact tank and for the same applied chlorine dose. It was
found that the problem was related to the method of sample collection. Samples
were collected at the 18 and 35 minute chlorine contact times with a siphoning
apparatus, while the 50 minute chlorine contact time sample was collected
directly from the discharge pipe. A change to the siphoning apparatus for all
samples corrected the inconsistency. A correction of the inconsistent data
was performed using the lower limits of the MPN confidence interval. These
corrected coliform data appeared to be more consistent with the data collected
using the siphoning apparatus at the earlier chlorine contact times (i.e. no
increase in coliform concentration over those data collected at the earlier
chlorine contact times). The results obtained by using the siphoning apparatus
for all chlorine contact times were similar to the results obtained when using
the corrected data.

Because of the above indicated consistencies, the corrected data have been
substituted for the original data and are reported in Appendix A, Table A-1.
An asterisk prior to the sample month indicates corrected data. There are

1,804 pieces of coliform data listed in this appendix, of which 93 have been
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corrected. This represents 5.2 percent of the total coliform information
collected. It is felt that the inclusion of this small amount of corrected
data in the total data analysis for coliform reduction will not significantly
bias the results.

To determine disinfection efficiency (with respect to both total and fecal
coliforms) as a function of total chlorine residual, the data were fitted with
a linear regression equation, which expresses the logarithm of the fraction of
coliform remaining as a function of total chlorine residual. The results of
this analysis are reported in Appendix D, Figures D-1 to D-16. The intercept
values for these regression equations range from -0.3 to -1.3, indicating that
a zero total chlorine residual concentration will produce a coliform reduction
of from 50 percent to 95 percent. This does not agree with reports in the
literature (Butterfield, 1943; Fair et al., 1968; Hom, 1972; Metcalf and Eddy,
Inc., 1972). A possible explanation for this anomaly is that chlorine com-
bined with ammonia, organic materials, sulfides, and other compounds and thus
dissipates leaving no measurable chlorine residual. However, at some point in
time (perhaps only an instant after addition) the chlorine is also in contact
with the bacteria in the water and available for disinfection, resulting in
decreases in coliform concentrations indicated by the intercept values. The
intercept values may also be due to the statistical confidence intervals
associated with the MPN values.

In an attempt to relate the results of this study with those reported in
the literature (Butterfield, 1943; Fair et al., 1968; Hom, 1972; Metcalf and
Eddy, Inc., 1972) a similar regression analysis as discussed above was perform-
ed using a forced zero intercept (Hurst, undated a,b). The results of this
analysis are illustrated in the discussion presented later in this chapter.

The correlation coefficients were significant at the 5 percent level for all
reported regression equations. Because of this high degree of statistical
significance, the forced zero intercept regression analysis was used in dis-
cussing the results in this section.

The effect of total chlorine residual on total and fecal coliform density
for filtered and unfiltered lagoon effluent are shown in Figures 33 through
48. These results are expressed as the logigN/N, (in which N = the number of
organisms per 100 ml after chlorination, and N, = the original number of
organisms per 100 ml), or the logarithm of the fraction remaining after
chlorination versus varying concentrations of total chlorine residual.

Filtered Lagoon Effluent--

Total coliform reduction--The effect of total chlorine residual on total
coliform numbers after chlorine contact times of 18, 35, and 50 minutes using
filtered lagoon effluent is reported in Figures 33 through 35. These figures
were constructed using the data obtained from the total coliform analysis of
the MPN determination. For discussion purposes, Figures 33 through 35 have
been summarized in Figure 36. Analysis of Figure 36 indicates that the
rate of total coliform removal increases with increasing total chlorine residu-
al. This result is in agreement with reports in the literature (Butterfield,
1948; Chambers, 1971; Green and Stumpf, 1944; Hom, 1970; Kott, 1971; White,
1972). Results from Figure 36 indicate that a total coliform organism
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reduction of 99.9 percent in filtered lagoon effluent can be expected with a
total chlorine residual concentration of 2.7 mg/l after 18 minutes chlorine
contact time. The 99.9 percent level of reduction was chosen for discussion
because at this removal efficiency the data and subsequent regression lines
are well developed and interpretation of results is accomplished with less
inference.

By using a statistical test which employs sums of squares, sums of products,
degrees of freedom, sample regression coefficients, and regression equation
slopes (Steel and Torrie, 1960), it was determined that the slopes of the
regression equations for the 35 and 50 minute chlorine contact times reported
in Figure 36 were not significantly different from one another and could be
regarded as having the same slope. This statistical procedure is used in
determining whether confidence intervals for two regression lines overlap. If
an overlap does occur, it is an indication that the regression equations
(regression lines) are not statistically different. Statistical results of
this kind further suggest that the two regression lines describe a range in
which a single regression line would be found. Therefore, if the data for
both the 35 and 50 minute chlorine contact times were analyzed together and
fitted with a regression equation, the line described by this equation would
fall somewhere between the 35 and 50 minute chlorine contact time regression
lines shown in Figure 36. However, this approach was not used because it was
apparent that to group two different operational time period data would be
statistically incorrect. Because these two regression lines are not signifi-
cantly different and because grouping data is invalid, interpolation between
the 35 and 50 minute chlorine contact time regression lines in Figure 36 indi-
cate that a total chlorine residual of 1.5 mg/l is required to produce a 99.9
percent total coliform reduction at chlorine contact times between 35 and 50
minutes. This concentration is contrasted with the 2.7 mg/l total chlorine
residual needed for the same level of reduction at the 18 minute chlorine con-
tact times, which is consistent with earlier reports (Butterfield, 1948;
Chambers, 1971; White, 1972).

The above experimental and statistical results imply that an increase in
chlorine contact time from 18 to 35 minutes will require 1.2 mg/l or 44 per-
cent less total chlorine residual to obtain the same level of total coliform
destruction. However, at chlorine contact times between 35 and 50 minutes,
there is no statistically significant difference in total chlorine residual
required to produce a 99.9 percent reduction in total coliform concentration.

The consistency of this latter observation is confirmed in Figures 40, 44,
and 48. These figures summarize the disinfection data for total and fecal
coliforms versus total chlorine residual in both filtered and unfiltered lagoon
effluent. A possible explanation for this affect occurring consistently at the
35 and 50 minute chlorine contact time is that coliform concentrations are
reduced to such low levels within the 35 minute chlorine contact time that
further reductions with increasing time are not statistically measurable.

Fecal coliform reduction—--The effects of total chlorine residual on fecal
coliform bacteria in filtered lagoon effluent are illustrated in Figures 37—
39 at 18, 35, and 50 minutes of chlorine contact time, respectively. Figure
40 is a summary of Figures 37-39. This figure depicts a trend in reduction
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of fecal coliform levels with increasing total chlorine residual concentration
and chlorine contact time similar to the trend indicated by Figure 36 for total
coliform reduction. The 35 and 50 minute chlorine contact time regression
lines for Figure 40 were also found to have statistically similar slopes. An
average of 1.7 mg/l total chlorine residual after 35 to 50 minutes contact
time is needed to effect a three log fecal coliform reduction. At the 18
minute chlorine contact time, 2.7 mg/l total chlorine residual were required
to reduce fecal coliform bacteria to this same level. This is a difference of
1.0 mg/1l or 37 percent less total chlorine residual. This suggests longer
chlorine contact times will produce the same level of fecal coliform removal
as higher total chlorine residual concentrations. Again, these results are
similar to earlier published reports (Chambers, 1971; Hom, 1970; White, 1972).

Unfiltered Lagoon Effluent--—

Total coliform reduction--Figures 41 through 48 relate the response of un-
filtered lagoon effluent coliform concentrations to total chlorine residual.
Total coliform reduction versus residual chlorine at three different contact
times (18, 35, and 50 minutes) is illustrated in Figures 41-43. A summary of
these three figures is presented in Figure 44. Figure 44 indicates, again,
that increasing amounts of total chlorine residual and chlorine contact time
will increase the reduction of total coliform concentration. This summary
graph (Figure 44) indicates that a 99.9 percent reduction of total coliform
bacteria can be achieved with 18 minutes of chlorine contact at total chlorine
residual concentrations of 4.2 mg/l. The regression lines in this figure
illustrating the 35 and 50 minute chlorine contact times are statistically
the same for reasons discussed earlier, in connection with filtered lagoon
effluent, and suggest that an average of 3.0 mg/l total chlorine residual is
required to reduce total coliform concentrations by 99.9 percent at these
chlorine contact times. This is a 29 percent, or 1.2 mg/l, reduction of total
chlorine residual for the 35 to 50 minute chlorine contact times over that for
the 18 minute chlorine contact time.

Fecal coliform reduction--The effect of total chlorine residual on fecal
coliform reduction in unfiltered lagoon effluent is shown by Figures 45-47
for chlorine contact times of 18, 35, and 50 minutes, respectively. These
results are summarized in Figure 48. Figure 48 indicates reduced fecal coli-
form concentrations with increased chlorine contact time and total chlorine
residual. A 3.4 mg/l total chlorine residual with an 18 minute chlorine con-
tact time and an average of 2.3 mg/l of total chlorine residual for 35 and 50
minutes chlorine contact times is suggested by this figure to reduce fecal
coliform levels by 99.9 percent. This means 32 percent less total chlorine
residual is required at the longer contact times than for that at 18 minutes
chlorine contact to produce the same level of reduction.

Results obtained from the unfiltered lagoon effluent fecal coliform data
indicate that the 99.9 percent reduction levels are achieved at lower concen-
trations of total chlorine residual than for total coliform reduction in un-
filtered lagoon effluent (an average of 5.7 mg/l total chlorine residual for
fecal coliform compared to 7.2 mg/l total chlorine residual for total coliform,
or 21 percent less). Fecal coliform bacteria may be less resistant to chlorine
in unfiltered lagoon effluent. The different wastewater characteristics from
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those of filtered lagoon effluent in combination with chlorine may cause the
fecal coliform to die-off at a greater rate in the unfiltered lagoon effluent.
This reason may help to explain why total chlorine residual concentrations
vary in effectiveness between total and fecal coliform reduction with unfil-
tered lagoon effluent and not with filtered lagoon effluent.

Summary-—

Results indicate that increasing total chlorine residual will produce in-
creased total and fecal coliform reduction for both filtered and unfiltered
lagoon effluent. Results also suggest that statistically significant reduc-
tions in coliform concentration can be accomplished at the same residual
chlorine level with increasing chlorine contact times.

Indications are that less total chlorine residual is required for dis-
infection of filtered lagoon effluent over that of unfiltered lagoon effluent.
An average of 3.6 mg/l total chlorine residual is required for a 99.9 percent
reduction of total coliform numbers in unfiltered lagoon effluent, while only
2.1 mg/l is needed for the same reduction in filtered lagoon effluent, a 42
percent lower chlorine residual requirement. In addition, 23 percent less
total chlorine residual (2.2 mg/l) is required to achieve a 99.9 percent
reduction of fecal coliform numbers in filtered lagoon effluent, as compared
with unfiltered lagoon effluent (2.85 mg/1).

There is also evidence that fecal coliform bacteria in unfiltered lagoon
effluent are reduced to the 99.9 percent level with smaller concentrations of

total chlorine residual than are the total coliform bacteria.

Factors Affecting Chlorine Residual

General—

As discussed in the literature review section, the chlorine demand is
affected by many different wastewater characteristics. Among these are
volatile suspended solids, ammonia, and temperature. These parameters are
important because of their effect upon disinfection practices and also be-
cause of resultant effects that chlorination has on ammonia and volatile
suspended solids.

Effects of applied chlorine dose on
total chlorine residual--

The overall relationships found between the applied chlorine dosage and
the observed total chlorine residual for all chlorine contact times studied
(i.e., 18 min, 35 min, and 50 min) and for filtered and unfiltered lagoon
effluent are described by Figures 49 and 50, respectively. The difference
between the applied chlorine dose and the total chlorine residual is the
chlorine demand. Both figures (regardless of lagoon effluent type) indicate
similar results. They suggest an expected total chlorine residual of about
one-half the applied chlorine dose. Therefore, about one-half of the chlorine
is being taken up by materials that create a chlorine demand. These results
are comparable to the results reported in the literature on other types of
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Figure 49. Observed total chlorine residual remaining versus chlorine dosage
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secondary treated wastewater (Durham and Wolf, 1973; Echelberger et al., 1971;
Eliassen and Krieger, 1950; Hom, 1970; Kott, 1971; Laubusch, 1962). However,
the typical lag in the chlorine demand curve is not illustrated by the Qata,
because chlorine residual was measured after a specified contact time (i.e.,

18 min, 35 min, or 50 min).

The relationship between applied chlorine dose and observed total chlorine
residual at various chlorine contact times using filtered lagoon effluent is
illustrated in Figures 51-53 and summarized in Figure 54. Statistical com-
parison of the slopes of the regression lines indicates no difference at the
5 percent level of significance, and, therefore, these regression lines are
considered to have the same slope. Thus, regardless of the contact time, the
chlorine residual was always approximately one-half the total applied chlorine
dose, suggesting that very little residual die-away occurred in the chlorine
contact chamber.

In Figures 55 to 57, similar data from unfiltered lagoon effluent are
presented. Figure 58 is a composite of those data. Statistical analysis
indicates that the slopes of the regression lines which describe the data at
the various chlorine contact times are not significantly different. Thus, the
chlorine demand in unfiltered lagoon effluent was constant regardless of
chlorine dosage and contact time.

Effects of volatile suspended solids
on chlorine residual--

The literature suggests that organic solids exert a moderate chlorine
demand (Snow, 1952; Wallace and Tiernan, undated). It follows, therefore,
that large concentrations of volatile suspended solids, which are an index
of organic solids, would create a high chlorine demand. A statistical plotting
method (Hurst, undated a) was employed to find ranges of volatile suspended
solids, in both the filtered and unfiltered lagoon effluent, that would indi-
cate a relationship with total chlorine residual concentration. Results of
this analysis were inconclusive and, therefore, are not included in this
section (see Appendix C, Figures C~-15 to C-24).

Effects of ammonia on chlorine demand--

The reactions between chlorine and ammonia (NH3—N) in wastewater are
important because chloramines are less effective disinfectants than free
available chlorine (McKee et al., 1960; Weber, 1972). The chlorine break-
point curve, as shown in Figure 1, describes the resulting chlorine residual
concentrations with increasing chlorine dose at various mole ratios of
ClZ:NH3—N. As the molar ratio of Cly:NH3-N exceeds 1.0, further increases
in applied chlorine dose result in a marked decrease in titrable chlorine
residual.

An adaptation of Figure 1 is illustrated in Figure 59 and indicates the
chlorine demand (applied Cly dose minus total Cly residual) at various mole
ratios of Cly to NH3. A constantly increasing slope is suggested by Figure.59
with the greatest incline occurring between the 1.0 and 2.0 mole ratios. The
field data for this study relating applied chlorine dose minus total chlorine
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Figure 51. Observed total chlorine residual remaining after 18 minutes con-
tact time only versus chlorine dosage using filtered lagoon
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Figure 53. Observed total chlorine residual remaining after 50 minutes contact
time only versus chlorine dosage using filtered lagoon effluent.
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Figure 54. Summary of total chlorine residual remaining after various contact
times versus chlorine dosage using filtered lagoon effluent.
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Figure 56. Observed total chlorine residual remaining after 35 minutes con-
tact time versus chlorine dosage using unfiltered lagoon effluent.
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Figure 59. An adaptation of the chlorine breakpoint curve with Cl
ratios.

2:NHB—N mole

residual to Clp:NH3-N ratios for filtered and unfiltered lagoon effluent are
illustrated in Figures 60 and 61. The data in both Figures 60 and 61 are
widely dispersed and no resemblance to Figure 59 can he observed. No consis-
tent change in chlorine demand with respect to Cly:NH3-N mole ratios is indi-
cated by either of these two figures. Regression analysis of Figure 61 (un-
filtered lagoon effluent) does indicate an overall increase in slope over the
entire mole ratio range. However, the confidence intervals are greater than
50 percent and the correlation does not approach the 5 percent level of
significance. Correlation coefficients fall in the range of 0.08-0.31 and
are also greater than the 50 percent level of statistical significance.
Regression analysis of the filtered lagoon effluent data do not show any con-—
sistent increases in regression line slopes (i.e. negative slopes are obtained
along with positive slopes when performing linear regression analysis on the
0.0-1.0, 1.0-2.0, 2.0-4.0 Cl,y:NH3-N mole ratio ranges). In summary, results
obtained from Figures 60 and 61 do not show the expected results predicted by
Figure 59.

Lagoon effluents contain various concentrations of inorganic and organic
nitrogenous compounds. The breakpoint curve (Figure 1) indicates what occurs
in relatively pure laboratory water containing ammonia and chlorine. Influences
of the other nitrogenous compounds as well as other organic and inorganic mate-
rials may hinder the development of a similar breakpoint curve and thus produce
the results observed in Figures 60 and 61. These results indicate that no
conclusive effect on chlorine demand by ammonia can be determined without
additional data (i.e. nitrites, nitrates, total organic nitrogen, etc.).
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Effects of Temperature on Chlorine Residual--

General-~The effect of temperature on the level of chlorine residual pro-
duced from chlorination practices is of interest due to the reports that lower
temperature will create the need for greater chlorine dosage to achieve the
same level of coliform reduction (Reid and Carlson, 1974).

Unfiltered lagoon effluent--The unfiltered lagoon effluent field data sug-
gest agreement with the above concept. Figures 62-65 indicate the effects of
temperature at 09-5°, 59-10°, 10°-15°, and greater than 15°C ranges on the
relationship between chlorine dosage and total chlorine residual. The overall
effect of temperature is summarized in Figure 66, which indicates that total
chlorine residuals will increase with increasing temperatures. The 5°-10°C
and the 10°-15°C regression lines in Figure 66 were not significantly different
in slope. This indicates that the relationship of total chlorine residual to
applied chlorine dose over the temperature range of 5°-150C is essentially the
same. These temperature ranges were selected to compare the results of this
study to earlier reported findings (Butterfield, 1943; Reid and Carlson, 1974).
Analysis of Figure 66 indicates that approximately 83 percent more applied
chlorine is required to obtain the same concentration of total chlorine residu-
al at the 0°-59C temperature range over the greater than 15°C temperature
range for the unfiltered lagoon effluent.

Filtered lagoon effluent—-The indication that chlorine demand will increase
with a decrease in temperature was not observed with filtered lagoon effluent
data. Figures 67-70 present the data for varying temperature ranges plotted
to illustrate their effects on chlorine demand. Figure 71 is a summary of
Figures 67-70. Figure 71 does not indicate the trend noted with unfiltered
lagoon effluent. This could possibly be attributed to the fewer number of
data available; or perhaps this pattern does not exist with filtered lagoon
effluent regardless of what reported literature suggests. With a higher
quality effluent (reduced solids, ammonia, BODg, etc.) the temperature may
not have any definite impact on chlorine residual formation.

MODEL DEVELOPMENT
General

A basic model to be used in optimizing the chlorination of waste stabili-
zation lagoon effluent was developed with the objective of constructing a
practical design model for application under typical lagoon conditions. This
required a determination of the significant relationships pertaining to the
chlorination process. Information.obtained from the literature was used to
estimate the parameters and relationships likely to be most important. Upon
examination of field and laboratory data, the parameters observed to be least
important were eliminated from consideration. The most acceptable approach in
representing chemical and biological interactions was considered to be the
application of chemical reaction kinetics. This approach was used wherever
possible and practical. Optional provisions were made to enhance model
sophistication. These provisions, however, required significantly more com-
puter time and, therefore, restricted the practical applicability of the model.
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Figure 62. Total chlorine residual remaining at OO-SOC versus chlorine dosage
using unfiltered lagoon effluent (contact time = 50 min).
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Figure 63. Total chlorine residual remaining at 5°-10°C versus chlorine
dosage using unfiltered lagoon effluent (contact time = 50 min).
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Figure 64. Total chlorine residual remaining at 10°-15°C versus chlorine
dosage using unfiltered lagoon effluent (contact time = 50 min).

18 T T T T
L]
[ ] [ ]
[ ]
>15° C b o b
= R=.851, Y= 0.534X+ 0,458 oe
~ L]
o . .
£ [ ]
|
<« . —
=
a
»n
ul
@«
w
Z
x
o
-
T
o —
.J
<
-
o
-
° T T T T
o 6 12 i8 24 30

APPLIED CHLORINE DOSE (mg/I)

Figure 65. Total chlorine residual remaining at >15°C versus chlorine dosage
using unfiltered lagoon effluent (contact time = 50 min).
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Figure 66. Summary of temperature effects on the relationship between total

chlorine residual and applied chlorine dosage using unfiltered
lagoon effluent (contact time = 50 min).
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Figure 67. Total chlorine residual remaining at 0°-5°C versus chlorine dosage
using filtered lagoon effluent (contact time = 50 min).
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Figure 68. Total chlorine residual remaining at 5°-10°C versus chlorine dosage
using filtered lagoon effluent (contact time = 50 min).
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Figure 69. Total chlorine residual remaining at 10°-15°C versus chlorine
dosage using filtered lagoon effluent (contact time = 50 min).
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Inspection of field data provided observations which allowed for model
simplification. One of these observations involved the practice of breakpoint
chlorination. The breakpoint, and thus, the production of free chlorine
residual, was reached for less than 6 percent of the total data after a con-
tact time of 18 minutes. Free chlorine residual was observed only when
chlorine dosages higher than necessary to achieve adequate disinfection were
applied concurrently with low NH3~N concentrations. In all cases involving
breakpoint chlorination, MPN fecal coliform counts were reduced to less than
2/100 ml in less than 18 minutes. All but two MPN total coliform counts were
also reduced to less than 2/100 ml in the same contact time. From this ob-
servation, it can be concluded that it should seldom, if ever, be necessary
to use breakpoint chlorination to achieve satisfactory disinfection for lagoon
effluents. Since the mechanisms and kinetics involved in breakpoint chlori-
nation are only rarely applied, they can be eliminated or greatly simplified
in the model. This is particularly welcome since, at present, little is
understood about the breakpoint chemistry in wastewater containing high
amounts of organic nitrogen.

For those times when free chlorine residual did appear, the NH3-N concen-
trations in the unchlorinated lagoon effluent were generally found to be less
than 1.0 mg/1. Usually, conditions of low ammonia concentrations resulted
from algae blooms or from filtering effluent through intermittent sand fil-
ters. The biological reactions which occur with the intermittent sand filter
substantially reduce lagoon effluent ammonia concentrations. For this particu-
lar lagoon system, algae blooms were observed in early September, 1975, early
May, 1976, and late June, 1976. Fortunately, bacterial concentrations were
also reduced as a result of filtering and algae blooms. Thus, less chlorine
dose was required to achieve disinfection. Under these conditions, satis-
factory bacterial removal should be achieved without resorting to breakpoint
chlorination.

Nuring six weeks in March and early April, 1976, it was observed that as
much as six to seven times more chlorine was required to produce the same
residual as observed during other times of the year. This was apparently a
result of anaerobic conditions created by the lagoons freezing over during
the winter months. Under conditions of very little dissolved oxygen, hydrogen
sulfide (H,S) levels as high as 1.8 mg/l were produced. HyS reacts very
rapidly with chlorine, reducing it to the innocuous chloride ion. Therefore,
it became obvious that provisions in the model must be made to predict changes
in sulfide concentrations and to determine the amount of chlorine consumed by
H,S.

2

One other field observation was important in formulating the model.
Generally, the pH value for the untreated effluent remained between 8.0 and
9.0 during most of the year. Occasionally, the pH value dropped to as low
as 7.5 or rose to as high as 9.5. The lagoon effluent was observed to possess
excellent buffering capacity. The pH was shifted only under conditions of
very high chlorine doses. These variations in pH could be considered to be
quite important if free residual chlorination was being used. However, since
most of the disinfection is accomplished with combined chlorine, the slight
altering of the distribution of chloramines across this pH range is less
critical in achieving satisfactory disinfection. In general, this pH range
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is typical of other lagoon systems; therefore, little attention need be given
to the effects of pH on combined chlorine disinfection of lagoon effluent.

To provide for conditions where pH may be important, however, a model option
is included for determining the distribution of chlorine species as a function

of pH.

With these field observations and with information derived from literature
and laboratory experiments previously discussed, a general structure for the
mathematical model was developed. The basic model was developed based upon
the following general assumptions and considerations.

1.

10.

The chlorine demand exerted by sulfide occurs so rapidly that it is
considered to be instantaneous.

The hydrolysis of chlorine gas in aqueous solution is instantaneous
and complete.

Because of the lack of appropriate field data and since extremely low
coliform counts were in the presence of any free residual chlorine,
no distinction was made between the disinfection properties of
hypochlorous acid (HOC1) and hypochlorite iom (OCl1”). These two
components were treated together as free chlorine.

Breakpoint chlorination was considered to have little or no practical
value in lagoon disinfection. Therefore, the representation of break-
point reactions was reduced to a simplified steady state approach.

It was assumed that in all cases, satisfactory disinfection can be
achieved with combined chlorine residual.

Because reactions between chlorine and ammonia occur so much more
rapidly than bacterial disinfection, chloramine formation is con-
sidered to be instantaneous. No distinction is made between species
of chloramines and all are treated as combined chlorine.

Chemical reaction kinetics for batch and plug flow reactors as des-
cribed by Levenspeil (1962) are used to describe the dynamic portion
of the model.

The effects of chlorination on pH were neglected because of the
buffering capacity of the particular lagoon effluents studied.

Temperature dependence was assumed for the rates of disinfection and
exertion of chlorine demand. Changes in rates of chemical reactions
are described using the Arrhenius equation.

The rate at which chlorine demand is exerted is considered to be a
function of the concentration of suspended and soluble, organic and
inorganic oxidizable materials, as well as the concentration of
chlorine residual. Total chemical oxygen demand (TCOD), thereforeg
is used in describing chlorine demand.
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11. Soluble chemical oxygen demand (SCOD) and suspended solids (SS) are
two water quality parameters which have the potential of being
altered by the chlorination process and, therefore, are included
in the model.

The basic model, hereafter known as CHLOR-I, is restricted in application
to chlorine contact chambers approaching plug flow hydraulic conditions.
Dispersion is not considered in this model. Alterations to enhance the
sophistication of the basic model are discussed under the heading 'Model
options'" and are incorporated in a second model referred to as CHLOR-II.
Complete listings of the computer programs, along with descriptions of vari-
ables for CHLOR-I and CHLOR-II, are included in Appendix ¥ and Appendix G,
respectively. Detailed descriptions of the development of both models are
contained in the following sections.

Sulfide

According to Laubusch (1962), Karchmer (1970), and Chen (1974), the
theoretical weight ratio of chlorine consumed to sulfide oxidized is 8.5:1.
However, as these authors have indicated, it is possible to produce a chlorine
residual with dosages well below this ratio. This indicates that sulfides
are not necessarily completely oxidized by chlorine. Under conditions of
complete oxidation, the following reaction takes place.

4HOCL + HZS - HZSO4 + 4HC1 e T
This reaction is favored at pH 9. For lower pH values a smaller chlorine dose
is required to remove sulfide. At pH 5, the following reaction is favored.

HOC1 + HZS + HC1 + HZO +SYy .. . 0. 0. ... (35
Further oxidation by chlorine is slow once elemental sulfur has been formed.
The chlorine dose required to remove sulfide is reduced by 75 percent in
dropping from pH 9 to pH 5. Since the pH of the lagoon effluent varied
between 7.5-8.0 during the period for which sulfide was produced, it was
anticipated that the ratio of chlorine to sulfide would be somewhat less
than that required for complete oxidation.

Nickless (1968) has pointed out that the reactions between chlorine and
sulfide are extremely rapid and often quite violent. Although actual kinetic
data are limited, it is assumed from literature previously referenced and
field observation that the reactions are rapid enough to be considered
instantaneous. Therefore, steady state assumptions are used to determine
the amounts of chlorine and sulfide consumed as a result of chlorination.

One approach used by Chen (1972) to determine the amount of chlorine con-
sumed per mole of sulfide reacted is described by the following empirical

equation,

R o= at . . e e e e 38
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in which

R = ratio of chlorine to sulfide reacted

t = reaction time in minutes

a = extent of reaction in one minute

b = rate of change in experimental ratio with time

It is important to point out that not all of the sulfide produced in an
anaerobic system is in the form of HyS. Studies performed by Gloyna and
Espino (1969) on sulfide production in waste stabilization ponds indicates
that at pH 7 only about 50 percent of the total sulfide produced is in the
form of H,S. Other sulfide forms can be expected to react differently with
chlorine.” This further complicates the determination of the amount of chlorine
consumed by sulfide.

From evaluations of sulfide removal in sewage collection systems, Shepherd
and Hobbs (1973) found that when 5 mg/l of chlorine was added to wastewater
containing 2.4 mg/l sulfide, the sulfide concentration was reduced to 1.5 mg/l
after 40 minutes. For longer periods, regeneration of sulfide was observed.

In the present study laboratory experiments indicated that 2.1 to 8.4 pounds

of chlorine were required to remove one pound of HyS. This compares with field
data from the present study which indicates that 3 to 7 pounds of chlorine

is required to remove 1 pound of H,S.

Data from this study indicates that the ratio of chlorine consumed to
sulfide oxidized is highly variable. The mean of all data gives a Cl;:S” mole
ratio of 2.54:1. Because of the high variability of the data, the median
value was also selected to be used as an initial estimate of the moles of
chlorine consumed per mole of sulfide. This value was determined to be 3.6:1,
after eliminating several questionable data points. Both ratios fall within
the range of theoretical mole ratios of 1:1 to 4:1. 1In applying the two ratios,
it was found that the ratio 3.6:1 was more satisfactory when used in con-
junction with the completed model.

When sulfide did appear in the lagoon effluent, the concentrations were
generally between 1.0-1.8 mg/l. For this range of sulfide, a linear regression
was performed to determine the relationship between chlorine dose and chlorine
residual. The results of this regression are presented in Figure 72. It is
expected that this relationship is quite different for sulfide concentrations
above 1.8 mg/l and below 1.0 mg/l. The results do indicate that once the
chlorine demand exerted by sulfide is satisfied, sulfide plays no further role
in affecting the chlorine dose to residual relationship.

It was observed from field data that after the application of chlorine,
sulfides were reduced but not completely eliminated. The accuracy of the
laboratory method used to evaluate sulfide may have contributed to this
phenomenon. However, preliminary evaluations of the method indicated that
it was accurate at levels above 0.1 mg/l sulfide. Another explanation for the
remaining sulfide may be that some sulfide was regenerated, as observed by
Shepherd and Hobbs (1973). Also, some of the measured sulfide may have been
associated with organic sulfide complexes, which were less readily oxidized.
by chlorine.
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The reduction, but incomplete elimination, of sulfide was considered to
follow an exponential decay with increasing chlorine doses. Therefore, the
following equation was assumed for predicting the amount of sulfide oxidized

by chlorine.

K(C1))
s = s +(8 -8 e ../..........(37)
in which
S = mg/l sulfide remaining after a specified chlorine dose
S = mg/1l initial sulfide concentration
SE = lower limit of sulfide detection (0.1 mg/l in this case)
K = empirical constant
Cl2 = mg/1l chlorine dose

A regression analysis was performed on the field data to determine the
value of K. This was found to be equal to -0.141, with a resulting correlation
coefficient, R, of 0.674. This is significant at the 95 percent confidence
level. An illustration of how predicted values compare with observed data for
an initial sulfide concentration of 1.2 mg/l is presented in Figure 73. Upon
application in CHLOR-I, the amount of sulfide consumed, as a function of
chlorine dose, is calculated using Equation 37. The amount of chlorine re-
quired to oxidize the consumed sulfide is then determined from the Cl,:S" ratio
developed from field data.

Breakpoint Chlorination Approximation

As previously discussed, free chlorine residual was observed in less than
6 percent of the field data. Since breakpoint chlorination was found to be of
limited practical value in application to wastewater, it was assumed that a
steady state approximation of breakpoint kinetics was sufficient, in most
cases, to describe the oxidation of chloramines and the appearance of free
chlorine. Kinetically, the formation of chloramines is extremely rapid,
particularly in comparison with the rate of disinfection. Therefore, steady
state assumptions are also used in CHLOR-I to describe the reactions between
chlorine and NH3-N and organic nitrogen. This is a reasonable assumption
since, as Jolley (1973) has pointed out, the reaction between HOCl and NH3-N
to form monochloramine is 99 percent complete within one minute. Reaction
rates for the formation of other chloramines are also very rapid.

Although it has been well documented by White (1972) that the breakpoint
is highly variable in wastewater, the ideal breakpoint curve, with modifications
to represent reactions between chlorine and organic nitrogen, is used to ap-
proximate chloramine formation and oxidation. To examine the merit of this
approach, a breakpoint chlorination curve for secondary lagoon effluent from
the Logan Lagoon System was constructed during December, 1975. The results
are shown in Figure 74. These results should not be interpreted as being
typically representative for lagoon effluent. However, they do suggest that
there is some basis for using the ideal breakpoint curve as a starting point
to represent steady state assumptions previously described.

Major alterations to the shape of the breakpoint curve may be expectied to
result, at least in part, from reactions between chlorine and organic nitrogen.
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Figure 74. Breakpoint chlorination curve for secondary lagoon effluent sampled on

December 15, 1975. Initial NH3-N = 5 mg/l. Contact time = 30
minutes.

Laubusch (1962) and Jolley (1973) have indicated that chlorine reacts with
many organics. These reactions may include chlor-addition and substitution
and even complete oxidation of organics. The rates of these reactions are
also rapid enough for steady state assumptions to apply. As Jolley (1973)

has pointed out, the formation of some organic chloramines is even faster than
the formation of inorganic chloramines.

Data previously presented point out that the total kjeldahl nitrogen (TKN)
content of lagoon effluent may be two, three, or more times greater than
NH3-N. It is not known if chlorine would react with all of the total nitrogen
if a high enough dose were applied, or if all organic chloramines would be
oxidized before free chlorine would appear. However, field data suggest that
at least some of the proteins, amino acids, and other organic nitrogen com-
pounds react with chlorine to produce compounds which are less treadily oxi-
dized by additional chlorine than are inorganic chlotramines. Chlorine to
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ammonia molar ratios exceeding 1:1 with little apparent oxidation of chloramines
give evidence of these types of reactions. This would explain in part why
relatively large concentrations of combined chlorine, and even ammonia, remain-
ed after the appearance of the free chlorine. This observation suggests that

a simple shifting of the ideal breakpoint curve to account for the formation

of organic chloramines could be used to approximate the reactions between
chlorine and total nitrogen.

In making an approximation of the breakpoint curve in CHLOR-~I, a correction
factor (CORNH3) is used to shift the ideal breakpoint curve. This factor is a
function of the composition and quantity of nitrogenous material in addition
to NH3-N which could react with chlorine. Theoretically, the Cly:NH3-N ratio
is 1:1 for maximum chloramine formation in an ideal breakpoint curve. 1In
application, the factor increases the Clp:NH3-N molar ratio necessary to
achieve maximum chloramine formation. Under ideal conditions, the Cly:NH3-N
molar ratio at the breakpoint is approximately 2:1. However, in application
the breakpoint itself is shifted to the right by the same factor. The actual
value of this ratio has been questioned by Wei and Morris (1974). They sug-
gest that the ideal ratio of reduced chlorine to oxidized nitrogen is closer
to 1.65:1 and that this value is independent of pH. Therefore, the 1.65:1
ratio is used in CHLOR-I to estimate breakpoint.

As the breakpoint is shifted horizontally, it is also shifted vertically
to represent the complex N-chloro compounds which are not oxidized with the
appearance of free chlorine. At this point, the chloramines formed from the
reaction between chlorine and NH4~N have been completely oxidized. This cor-
responds with a reduction of measured NH4-N. As the Clz:NH3—N ratio increases
beyond breakpoint, the combined chlorine residual remains constant, subject to
the exertion of chlorine demand, while free chlorine residual increases. An
example of the shift in the shape of the breakpoint curve is illustrated in
Figure 75 for a correction factor of 0.5.

Chemical Oxygen Demand

As previously discussed, the results from laboratory experiments indicate
that there is little or no change in total chemical oxygen demand (TCOD) with
increases in applied chlorine dose. However, it was also observed that under
some conditions there was a tendency for chlorine to break down suspended
organic solids into soluble organics as evidenced by increases in soluble
chemical oxygen demand (SCOD). This condition was particularly noticeable
when there were large initial concentrations of suspended chemical oxygen
demand (TCOD minus SCOD) and high combined and free chlorine residuals, as
shown in Figure 16.

In examining the field data, it was observed that there was very little
change in SCOD with increasing chlorine doses for the filtered lagoon effluent.
This is shown in Figure 28 and indicates that the removal of suspended chemical
oxygen demand also removes the organics and inorganics which chlorine could
oxidize to increase the SCOD. However, the same trend was also observed for
unfiltered lagoon effluent as shown in Figure 29. This suggests that the type
of chlorine residual, free or combined, may also have an impact on changes in
SCOD. It is reasonable to assume that free chlorine would more readily oxidize
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Figure 75. Shift in the breakpoint curve using a CORNH3 factor of 0.5.

chemical oxygen demanding particulates to increase the SCOD. Therefore, the
changes in unfiltered effluent as a function of free chlorine residual were
examined. The results, as shown in Figure 32, indicate that there is a cor-
relation between increases in SCOD and free chlorine residual. The same
trend was not observed, however, for free chlorine and filtered lagoon ef-

fluent. This was because of lower concentrations of suspended oxygen demand-
ing solids and limited free chlorine data.

Using the information derived from laboratory and field observations, it
has been hypothesized that increases in SCOD result from the reaction between

free chlorine (FCl) and suspended chemical oxygen demand (TCODminus SCOD). This
can be expressed by the following equation:

FC1 + (TCOD - SCOD) —+ ASCOD T 15D

If second order kinetics are assumed, the rate of increase in SCOD can be
determined from the following rate equation:

-Qiggggl = CCL (FC1) (TCOD - SCOD) . . . &« =+ « &« .« . . (39
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Figure 76. Determination of reaction order between free chlorine and sus-
pended COD.

In this equation, CCl is a rate constant expressed in 1/mg-min.

To determine if second order kinetics are actually followed in this
reaction, an approach described by Levenspeil (1962) was used. A plot of
In (FC1l/(TCOD - SCOD)) versus time was constructed for several pieces of data,
as shown in Figure 76. A straight line plot indicates second order kinetics.
Since most of the lines are straight in Figure 76, it was concluded that the
reaction is indeed second order.

Using second order kinetics and laboratory data, a regression analysis
was performed to determine the value of CCl. Laboratory data were used in
order to eliminate some of the variables associated with field data. The
result of the regression is represented by the following equation.

d (SCoD)

T = (7.24x10_4)(FC1)(TCOD—SCOD) B ¢10))
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The rate of SCOD change is in units of mg/l-min. The correlation coefficient,
R, obtained from this regression was 0.74. This value of R is significant at
the 95 percent confidence level; therefore, the determined value of CCl is
used in CHLOR-I to describe increases in SCOD.

Suspended Solids

Suspended solids (SS) concentrations were largely composed of volatile
suspended solids (VSS), and the discussion of the effects of chlorine on S§
also refers to the effects of chlorine on VSS. Laboratory data suggest that
reductions in SS may result directly from chlorination. Evaluation of field
data also shows reduction of solids between unchlorinated and chlorinated
lagoon effluent. The changes in solids before and after chlorination for both
filtered and unfiltered lagoon effluents are shown in Figures 30 and 31. From
data previously presented, it is known that most of the reduction of SS in the
field data is the result of settling. However, it is not known if chlorine
assists in settling by acting as a flocculent aid. To reduce the effects of
undefined variables, initially only laboratory data were used to determine
the correlation between chlorine and suspended solids. Later, field data were
also used to determine the values of rate constants. This was done by elimi-
nating from consideration the time period during which most of the settling
was observed to occur, and examining the remaining data. Although it is
expected that free chlorine is more important in oxidizing SS, there was no
confirming evidence, as there was in evaluating SCOD increases, to indicate
that combined chlorine is not involved in the reduction of SS. Also, the ratio
of free and combined chlorine which causes SS to settle during the chlorination
process is not known. Therefore, it was initially assumed that both free
chlorine (FCl) and combined chlorine (CCl) react with SS to cause reductions,
either by oxidation or by flocculation.

If second order kinetics are assumed, the following equations may be used
to describe the reaction between chlorine and SS:

FCl1 + SS - Soluble Products e 3D
CC1 + SS - Soluble Products B 03
The rate of SS reduction may be expressed as follows:

déis) = CC2 (FC1) (SS) + CC3 (CCL) (SS) . . . . . v . . (43)

CC2 and CC3 are rate constants. To determine if second order kinetics are
actually followed, ln (chlorine/SS) was plotted versus time, using the ap-
proach described by Levenspeil (1962). This was performed for both free and
combined chlorine. The results, as shown by the straight line plots in Figure
77 indicate second order reactions.

Upon performing a regression analyses, values of CC2 and CC3 were determined

as shown in the following equation: -
d(Ss) _ -
S = (-5.85 x 1075) (FC1) (SS) + (-3.5 x 10™%)(cc1) (ss)
S 1Y)
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The rate of SS decrease is in units of mg/l-min. The correlation coefficient,
R, was found to be 0.33. Although the value of R is small, significance is
indicated at the 95 percent confidence level because of the large quantity of
data used in performing the regression. The results indicate that combined
chlorine is more important in reducing SS. Although this would seem to be
very unlikely, it must be considered that since combined chlorine was observed
in most of the data and free chlorine appeared in only a fraction of the data,
the regression was more heavily influenced by combined chlorine residuals.
Also, these values were obtained only to be used as initial estimates in
calibrating CHLOR-I.

Chlorine Demand

In developing a rate expression to describe the exertion of chlorine
demand, it was observed from field data that the rate at which chlorine residu-
al was consumed was slower in filtered lagoon effluent than in unfiltered ef-
fluent. The chlorine residual remaining for particular chlorine dosages at
three different residence times for both filtered and unfiltered effluent is
illustrated in Figures 54 and 58, respectively. Apparently, the removal of
suspended solids decreases the rate of exertion of chlorine demand. In addi-
tion to suspended organics and inorganics, it is reasonable to assume that
some of the chlorine demand is exerted by soluble organics and inorganics.
TCOD is used to represent these possible reactants in describing the reactions
between chlorine and chlorine demanding constituents of wastewater.

In using TCOD, the exertion of chlorine demand for both free and combined
chlorine may be expressed by the following reactions.

TCOD + FCl - Complex A B (1))
TCOD + CCl -+ Complex B e 1))

There is some difficulty in using this approach to represent the rate of
exertion of chlorine demand. When chlorine reacts with TCOD, the products
formed also contribute to TCOD. Therefore, the equations, as written, cannot
be used to describe the chemical rates of reaction. Since TCOD does not change
in these reactions, it is assumed that the reaction rate constants must there-
fore change. This approach is useful in explaining why the greatest exertion
of chlorine demand occurs within the first few moments of contact. Since the
exertion of chlorine demand is related to the initial chlorine dose, the

following expressions are used to describe the rates of exertion of chlorine
demand.

CHOCLT
d(FCl) _ FCl CTCOD
D - ey (Fc10> (TCOD) S ..
CNH2CL
d(ccl) ccl CTCOD
D s <001> (TCOD) C e
[0)
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CC4 and CC5 are rate constants, and CHOCLT and CNH2CL are factors used to
effectively reduce reaction rates as chlorine residual decreases with in-
creasing time. CTCOD is a constant initially set equal to 1.0, but included
in these equations as a quality factor for adjusting the importance of TCOD

in exerting chlorine demand. FCl, and CCl, are initial concentrations of free
and combined chlorine, respectively, after previously described steady state
assumptions have been made. Values of CC4, CC5, CHOCLT, and CNH2CL were
determined by assuming initial values and then adjusting them during the model
calibration process to fit the data.

Disinfection

The disinfection model was developed by initially assuming that chlorine
reacts with total coliforms (TC) and fecal coliforms (FC) in a manner similar
to other chemical reactions. If second order kinetics are used to describe
these reactions, the following rate expressions result.

——d(thC) = CC6 (CCl) (TC) + CC7 (FC1) (TC) . . . . . . . (49)
d(dFtC)~= CC8 (CCl) (FC) + €C9 (FCl) (FC) . . + . .« . . (50)

CC6 to CCY9 are reaction rate constants.

To determine if these reactions truly follow second order kinetics, 1ln
(coliforms/total chlorine residual) was plotted against time for several sets
of data. The results are shown in Figure 78, and suggest that the reaction
kinetics are probably more complex than can be explained by second order
kinetics. Since stoichiometric ratios are not known, the general chemical
reactions are written as follows:

CTOTAL(TC) + BNH2CL(CCl) - Products e e e e e . . < . (5D
CTOTAL(TC) + BHOCLT(FCl1l) - Products O 73|
CFECAL(FC) + BNH2CL(CCl) - Products S & X))
CFECAL(FC) + BHOCLT(FCl) - Products S -7/

CTOTAL, CFECAL, BNH2CL, and BHOCLT are stoichiometric constants.

Kinetically, the rates of reactions in MPN counts/100 ml-min. are expressed
by the following differential equations:

diﬁf) - CC6 (TC)CTOTAL (CCl)BNHZCl + oC7 (TC)CTOTAL (FCl)BHOCLT
N 6 5))
dgi?) - cc8 (FC)CFECAL (CCl)BNHZCL + CCo (FC)pFECAL (FCl)BHOCLT

S 1))
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The rate constants, CC6 to CC9, have been found to be temperature dependent.
Butterfield (1943) found that at pH 8, twice as much free chlorine is required
to produce the same bacterial kill at 2-5°C as at 20-25°C. Butterfield and
Wattie (1946) have also indicated that for combined chlorine, a coliform reduc-
tion of 99 percent requires a contact time of nine times longer or a chlorine
dose of 2.5 times greater at 2.5°C than at 20-259°C. It was also found that at
2-6°C there was little bacterial kill with less than 1.2 mg/l combined residual,
while at 20-25°C significant kill was observed down to 0.3 mg/1l combined
chlorine.

Since rate constants were found to be temperature dependent, it was neces-
sary to separate the field data into temperature ranges in order to obtain
initial values of stoichiometric and rate constants. For the 20°C temperature
range, regression analyses were performed to obtain initial estimates for
values of the constants. These initial estimates were used as the starting
point in calibrating CHLOR-I and were later adjusted for temperature by trial
and error.

Temperature Dependence

Grouping of field data by temperature range and performing preliminary
regression analyses reinforces what the literature indicates concerning the
temperature dependence of disinfection. Preliminary inspection of data in
Appendix A suggeststhat chlorine demand is also affected by temperature.
Metcalf and Eddy, Inc. (1972) have used the Arrhenius equation, as follows, to
express the effect of temperature on bacterial kill.

t E(T, - T,)
log—t—1=——2———1——..............(57)

9 4.58 Tsz
In this equation, t] and tp are the times required for a specific percentage
of kill at temperatures T; and T) (°K). respectively, and E is the activation
energy.

Weber (1972) has used the Arrhenius equation as the basis for determining

the change in rate constants with temperature. When the activation energy, E,
is not known, the following expression is used:

T-20

a( )

k., = k

T 20 Y 1)

The rate constant at temperature T°C is kT; kop is the rate constant at 20°cC;
and B is an empirical constant. The expression was used in CHLOR-I to describe
the effects of temperature on the reaction rates for disinfection and chlorine
demand. Initial values of B were determined from a reference made by Reid and
Carlson (1974) that the reaction rate doubles for each 10°C rise in temperature.
Using this approach, the value of B was determined to be 1.08. This value was
used as an initial estimate and later adjusted to fit the data during model
calibration.
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Numerical Solution

In CHLOR-I, expressions to describe sulfide reduction, chlorine consumed
by sulfide, reactions with ammonia and organic nitrogen, and breakpoint chlori-
nation are independent of time and therefore solved algebraically. Dynamic
approaches as previously discussed are used to define the changes in SCOD, SS,
chlorine demand, and disinfection. The resulting system of differential
equations is solved by using a general second order Runge-Kutta solution
technique. Two sub-routines presented by Franks (1972) are used to give the
option of using either first or fourth order solution techniques, in addition
to second order. A complete listing of the computer program is present in
Appendix F along with descriptions of all variables. Rate constants are
expressed in mg/l-min. except for disinfection, which is in units of counts/100
ml-min. The integration time step was experimentally adjusted to 0.05 minutes.
Smaller time steps were found to be unnecessary and larger time steps resulted
in model instability.

Model Options

In addition to the model components of CHLOR-I as described to this point,
an option was developed to replace the steady state representation of break-
point chlorination with a more sophisticated kinetic approach. In exercising
this option, the model becomes completely dynamic, with the exception of sul-
fide reactions. The model is not only described more accurately by the kinetic
approach, but is also represented in more detail. Free chlorine is handled as
HOC1l and OCl™, while combined chlorine is broken down into monochloramine and
dichloramine. This reflects pH dependence. Incorporation of these model
options into CHLOR-I is referred to in a different model, hereafter known as
CHLOR-II. A complete computer listing of CHLOR-II, along with a description
of variables, is contained in Appendix G.

Most of the kinetics used to describe breakpoint chlorination reactions
have been defined and discussed by Weil and Morris (1949), Morris (1967), Wei
(1972), and Wei and Morris (1974). These kinetics have been applied in a
dynamic model developed by Stenstrom (1975) to describe chlorination in batch
and continuous flow reactors. Since the kinetics have been discussed con-
siderably in the literature, only a brief discussion will be presented.

The hydrolysis of chlorine gas and dissociation of hypochlorous acid, as
previouslz discussed, are assumed to be instantaneous. The reactions between
HOC1, 0C1, NH3, and NH:' are described by the following equations:

k
1
NH3 + HOC1 -+ NH2C1 + HZO N 1))
k_'
* 4 oo
NH4 + 0C1 NHZCl + HZO e e e e e e e. . (60)

In these equations, free chlorine in both its forms reacts with ammonia and
ammonium. Morris (1949) has pointed this out to show that the reactions are

highly pH dependent. The reaction rate constants are expressed by kj and kl'.
Although both equations describe the formation of monochloramine equally well,
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Morris (1974) has indicated that the formation of NH,C1 is sufficiently
explained by the first reaction. Using that equation, the rate of mono-
chloramine formation (r;) is described by

ry = k1 [HOCl][NHB] e ()

in which [ ] denotes molar concentrations.

The value of the rate constant, kl’ is expressed by Morris (1974) as

k= 9.7 x 10° ¢(73000/RD)

1 e ()

in which T is temperature in °K and R is the universal gas constant (1.99
cal/CK-gmole). At 25°C, ki is 5.1 x 10® 1/mole-sec. The magnitude of the
rate constant indicates how rapidly monochloramine is formed.

The reaction describing dichloramine formation is as follows:
k

2
NH2C1 + HOC1 - NH012 + H20 N %))
The reaction rate, Tos is expressed by
r, = kZ[NHZCl][HOCl] N Yy

The rate constant, k2’ is also temperature dependent and is calculated by
Morris (1967) from

k, = 7.6x 107 o(T7300/RTY L (65)

At 25°c, ko has a value of 3.4 x 102 1/mole-sec. It has also been found by
Morris (1967) that the reaction is catalyzed in the presence of hydrogen ion
concentrations [H'] and acetic acid [HAC]. The catalyzed rate constant is
expressed by

+
k2(catalyzed) = kz(l +[H]+[HACD . . . . .+ < < . . (66)
An additional reaction of interest is the formation of nitrogen trichloride.
This is expressed in the following reaction:

HOC1 + NHCL, pa NC1, + H,0 N Y3
However, since this reversible reaction predominates to the right only below
PH 4.4, it is considered to be relatively unimportant in chlorination of
waste stabilization lagoon effluent. Therefore, rate expressions for this
reaction are not included in CHLOR-IT.

The overall reaction for breakpoint chlorination is described by Wei and
Morris (1974) by the following reaction:

ONH.C1 + HOCL - N. + + H.0 + 38 + 3¢l . . . . . .

2 2 2 . (68)

In developing the mechanisms for this reaction, a basic mechanism proposed by
Chapin (1931) is used. This reaction is as follows:
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k

3 .
NHCL, + H,0 + NOH + ST Y 1)

The nitroxyl group, NOH, is an intermediate product. Weil (1972) and Wei and
Morris (1974) have hypothesized that NOH reacts with NHCl,, NHzCl, and HOC1
as described by the following reactions:

k

4 _
NOH + NHC1, » N, + HOCL + R v RS ¢ 11
kg N
NOH + NH,Cl + N, + H,0 + C1” +H . . . . . . . . . . (71
Kk
6  _ + -
NOH + 2HOCL ~ NO, + 3H + 2C1 R 02

Values for the rate constants kg to kg were determined experimentally by
Morris and Wei (1969) or calculated from their work by Stenstrom (1975). These
values at 20°C and pH 7 are as follows:

k3 = 0.05 1/mole—-Sec . .« + o« e e e e e e e e e e (1Y)
k4 = 1.0 x 106 I/mole~sec .+ .+ . . e e e e e e e (78
k5 = 2.0 x lO7 1/mole=sec .« « v 4 v e e e e e e (7D
k6 = 4.26 x 107 1/mole-sec . . . . « .« « < < . . (76)

The rate expressions for these breakpoint reactions are described in the
following equations

r3 = k3 [NHClZ] . . . . . . . . . . . . . . . (77
r4 = k4 [NOH] [NHClz] . . . . . . R . . . . . . (78)
r5 = k5 [ NOH] [NHZCl] . . . . . . . . . . . . . (79)
re = k, [NOH] (HOC1I% . . . . . . . ... .. (80

In all of the previous equations, [ ] refers to molar concentratioms,
HOC1 refers to unionized hypochlorous acid, and NH3 refers to unionized am-
monia. To determine the distribution of ionized and unionized hypochlorous
acid, the following equation is used:

+
[H ][HOCL ]
HOC1 = Total ... s

KHOCl*'[H+]

HOClpyt,1 is the sum of HOCL and ocl . Kypcy is the equilibrium constant.
The distribution between ammonia and ammonium is determined by the following:
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low 1[NH; ]
NH, = Total . .. .. .. 8D

3 KNH34-[OH']

. + . T
NH3Total is the sum of NH; and NH, . KNH3 is the equilibrium constant. Values

of Khoc1 and KNH3 are adjusted for temperature between 0-25°C. From data pre-

sented by Metcalf and Eddy, Inc. (1972) and Weber (1972) at 20°C, KHOCl is
2.62 x 10°° and K, 1s 1.71 x 1073,

From the rate expressions previously described, the following differential
equations were developed to determine the rates of change in concentrations of
key chemical constituents.

d[HOC1 ]
Total™ _
it =-r -r, + LT P (83)

d| NH

[ 3Total] - — 7 (84)
B Ta— 15 e e
d[NHZCl]
d—t=r1—r2—r5 . . . . . . . . . . . . . (85)
d[NHClz]
—4qf "Iy~ T3~ Ty e 1))
diNOoH] ey -y -

it = 14 r, re Te oo o e e e e e e e e (87)
d[No,”]
T T%e o (88

In the model developed by Stenstrom (1975), differential equations were
also used to describe rates of disinfection and chlorine demand. The rate
constants for these reactions were calculated from data presented in the
literature. However, they are only applicable to highly treated wastewater.
Therefore, the rate expressions developed in CHLOR-I to describe disinfection
and chlorine demand, as well as SS and SCOD changes, are also used in CHLOR-II.

The numerical solution for CHLOR-II also utilizes a second order Runge-
Kutta technique with some modification from that used for CHLOR-I. However,
because of the mixture of extremely rapid reactions with relatively slow
reactions, the solution technique is extremely sensitive. Rate constants are
in units of seconds, rather than minutes, and concentrations in units of
moles/1l, rather than mg/l as used in CHLOR-I. As a result of the rapid reac-
tions in CHLOR-II, it is necessary to use an extremély small time step in
obtaining a solution. It was found by trial and error that for most data an
initial time step of 0.002 seconds was necessary to prevent instability. The
additional computer time necessary to obtain a solution is a serious dis-

advantage of CHLOR-II, particularly when most of the time it is unnecessary to
calculate solutions for those reactions involved in breakpoint chlorination.
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In an effort to improve the efficiency of CHLOR-II, a step optimization
subroutine, as described by Gear (1971), was incorporated in the model. A
listing of this subroutine is found in Appendix G. The objective of the
subroutine is to keep the error below a specified minimum while allowing the
step size to get as large as possible. Step optimization is brought into
action every fifth time to appraise the maximum allowable size of the
integration time step. As time increases, the stability of the model also
increases and the rate at which the step size is adjusted also increases.

MODEL CALIBRATION

Since most of the field data collected for this study does not involve
breakpoint chlorination, the primary objective of model calibration was to
determine values of rate constants and other coefficients used in CHLOR-I for
all conditions except breakpoint. Secondary objectives involve the calibra-
tion of the steady state breakpoint assumptions used in CHLOR-I and a com-
parison between how well CHLOR-I and CHLOR-II describe breakpoint chlorination.

Because of the large amount of data collected and the computer time
involved in making each solution, it was impractical to use all of the field
data to calibrate the model. Therefore, to reduce the data to representative
samples, all of the data were grouped into similar ranges of coliform, TCOD,
NH,-N, temperature, and chlorine dose, and then averaged. The groups which
cohtained the most replications and also represented the extreme initial
conditions of temperature, chlorine dose, coliform concentrations, etc. were
selected as the unfiltered data to be used for calibration. Six groups rep-
resenting chlorine doses of 1, 2, 3, 4, 5, and 7 mg/l chlorine and a tempera-
ture range of 4.0 - 2200, were selected as the calibration data. The number
of replications from all groups represented approximately 5 percent of the
total data.

The correlation coefficient, R , was selected as the objective function
in determining how well predicted values compared with observed data. Four
key parameters, free and combined chlorine residual and total and fecal coli-
forms, were selected tc calculate the correlation coefficients. Other param-
eters were observed, although they were considered to be of less importance
in calibrating the model. Coefficients were adjusted and correlation coef-
ficients calculated until the sum of the correlation coefficients for all key
parameters and all six sets of calibration data were maximized. Initial
estimates of the values of caefficients were obtained from regression analyses
performed as previously described. The coefficients were then adjusted one
at a time by trial and error until predicted values compared favorably with
observed data.

The results of the calibration of total and fecal coliforms for the six
sets of calibration data are shown graphically in Figures 79-85. For all but
one of the sets of data, the correlation coefficient, R , was above 0.92 indi-
cating significance at the 99 percent confidence level. The predicted values
were within the ranges specified for the MPN test at the 95 percent confidence
level for all but one of the data points. For this set of calibration data,
free chlorine was not produced. Therefore, the calibration was restricted to
combined chlorine residual. The results of the calibration for combined
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chlorine are shown in Figure 85. All correlation coefficients were above 0.92
and were significant at the 99 percent confidence level.

For NH3-N and SCOD, the model indicated no changes in concentrations.
The observed data show only slight changes and these were too small to dis-
tinguish from experimental error. For sulfide, there was only one piece of
calibration data which had an initial sulfide concentration. This was for the
chlorine dose of 7.0 mg/l. The model predicted a reduction from 1.2 mg/1l to
0.5 mg/1 sulfide. The observed data show that sulfide decreased from 1.2 to
0.3 mg/l. Changes in SS were highly variable and dependent upon the settling
fraction, F. F is not a constant for all data and was found to vary consider-
ably for the calibration data. This is because the value of F is a function
of the quality, as well as quantity, of SS. As an example of the correspon-
dence between predicted and observed values of SS, three sets of data having
a settling fraction set at 0.10, are presented in Figure 86.

In determining the values of coefficients associated with free chlorine
or with breakpoint chlorination, four sets of field data were selected for
evaluation. The coefficients were adjusted and predicted values compared with
observed data. The results are presented in Table 7. It is observed that
although the model predicts reasonably well for ammonia and combined chlorine,
there is a great deal of variation between predicted and actual values of free
chlorine. The difficulty in fitting free chlorine is partially associated
with two coefficients. The organic nitrogen correction factor, CORNH3, was
found to be extremely variable as indicated in Table 7. These values were
determined by adjusting CORNH3 until the combined chlorine residual compared
reasonably well with actual data. At that point, the resulting correspondence
between predicted and actual free chlorine was observed. The other coef-
ficient to lend difficulties was CHOCLT, a coefficient related to the rate of
exertion of free chlorine demand. No value of CHOCLT was found which explained
all the changes in free chlorine concentrations. Therefore, a value repre-
senting average changes was selected. Limited free chlorine data, coupled
with the lack of knowledge concerning the exertion of free chlorine demand,
limits the model in adequately representing changes in free chlorine.

To determine if the model options contained in CHLOR-II are better able
to describe breakpoint chlorination, the model was compared with CHLOR-I. This
was done by selecting a set of field data and adjusting the coefficients in
CHLOR-T until predicted and observed values compared favorably. Those coef-
ficients were then used in CHLQR-II. Since most of the breakpoint reactions
take place rather rapidly, it was not necessary to use CHLOR-II to calculate
predicted values for the entire time period. The evaluation of CHLOR-II was
made by interfacing CHLOR-II with CHLOR-I. During the first few minutes of
reaction, CHLOR-II was used to calculate concentrations of chemical constitu-
ents. When the rates of changes in those constituents involved in breakpoint
reactions began to slow down, the dynamic portion of CHLOR-I was used to
calculate solutions for the remainder of the time period. The results of

interfacing the two models in comparison with using CHLOR-I only and with
observed data are presented in Table 8.

£

These results indicate that there is no advantage in using the completely
dynamic model to represent breakpoint chlorination for lagoon effluents. The
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TABLE 7. FLUCTUATIONS OF THE ORGANIC NITROGEN CORRECTION FACTOR
(CORNH3) FOR DATA WHERE BREAKPOINT KINETICS APPLY

Time (Minutes)
Date Parameter CORNH3 0 176 350 496
8-26-75 Free Chlor. 3.50 : 0.43*‘b 039 0.37
(mg/1) [1.35] [1.25] [1.10]
10.0
Comb. Chlor. 2.57 2.29 2.16
(mg/1) [5.20] [5.35] [5.40]
NH,-N 0.40 0 0 0
(mg/1) [0.25] [0.33] [0.21]
5-27-76 Free Chlor. 1.00 5.20 4.67 4.42 .
(mg/1) [11.01] [10.22] [9.94]
20.0
Comb. Chlor. 222 2.00 1.89
(mg/l) [2.26] [1.82] [1.65]
NH,-N ' 097 0 0 0
(mg/1) [0.33] [0.50] [0.23]
6-1-76 Free Chlor. 2.50 5.30 4.76 4.50
(mg/1) 00 [6.65] [6.60] [6.70]
20.
Comb. Chlor. 3.20 2.87 2.72
(mg/1) [3.18] [3.12] [2.80]
NH,-N 0.57 0 0 0
(mg/1). ‘ [0.06] [0.20] [0.09]
8-24-76 Free Chlor. 070 | 422 3.82 3.61
1 0.55 0.35 0.25
(mg/1) 30.0 [0.55] [0.35] [0.25]
Comb. Chlor. 2.58 2.31 2.18
(mg/1) [2.66] [2.54] [2.14]
NH,-N 2.03 0 0 0
(mg/) [0.12] [0.04] [0.02]

3predicted values.
bObserved values.

probable reason for this is that breakpoint kinetics, as presently defined,
are not necessarily applicable in wastewater containing high concentrations
of nitrogenous organics. On the other hand, there are several disadvantages
in using CHLOR-II. One of these is that CHLOR-II requires considerably more
computer time in obtaining solutions. Also, the model is highly sensitive to
differences in input data. The model may work for one set of data, while
failing to apply for another set. The size of the integration time steps and
maximum permissible error is also somewhat variable and is reflected in the
sensitivity of the model.
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TABLE 8. COMPARISON OF CHLOR-I AND CHLOR-II AS DESCRIBING BREAKPOINT
CHLORINATION

Time (Minutes)

0 5 10 15 20 25 30 35 40 45 50

Fres 300 - 055 - 035 0.25
Chior. 1 300 150 096 074 061 053 047 042 039 036 033
I 300 402 262 202 168 145 129 116 107 099 092

@)

b 0 0 2.66 - 2.54 2.14
Cﬁlm' I 0 312 281 264 252 243 236 231 226 222 219
Chlor. 0 198 177 166 159 154 149 146 143 140 1.38

0 2.03 - 0.12 . 0.04 0.02
NH,-N 1 203 0 0 0 0 0 0 0 0 0 0
I 203 0 0 0 0 0 0 0 0 0 0
o} 940 2 0 - 0
gg‘l’fl I 940 0 0 0 0 0 0 0 0 0 0
11 940 0 0 0 0 0 0 0 0 0 0
0 13000 . 2 0 0
z‘;]tjal I 13000 12 0.1 0 0 0 0 0 0 0 0
I 13000 0 0 0 0 0 0 0 0 0 0
0 45.10 23.24 23.10 22.35
SS I 4510 26.79 2658 2640 2622 2606 2590 2574 2560 2545 2331
II 4510 2688 26.74 26.63 2652 2643 2634 2625 2618 2610 26.03
0O 38.60 43.85 . 39.84 41.15
SCOD 1 3860 3921 3945 39.62 39.76 3987 3998 4007 40.15 4023 4030
II 38.60 40.08 40.73 41.19 4156 4186 42.13 4237 4259 42.79 4298
(0] Observed results

I = CHLOR-I; settling fraction, F, = 0.40; CORNH3 = 0.70.
I =

1 Interface of CHLOR-I and CHLOR-II.

Although CHLOR-II was not found to be particularly applicable to this set
of waste stabilization lagoon data, it has been discussed here in the event
that it may find application to other systems for which breakpoint chlorination
is more likely to occur. Remaining discussions of the chlorination model are
restricted to CHLOR-I. A listing of the values for the coefficients obtained
from the calibration of CHLOR-I are contained in Table 9. A description of
these variables is found in Appendix F.

MODEL SENSITIVITY ANALYSIS

A sensitivity analysis was performed on one set of data to show the ef-
fects of variations in key coefficients on predicted results. This was done
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TABLE 9. VALUES OF COEFFICIENTS USED IN CHLOR-I

Coefficient? Values

SRATIO 3.6

TADJ 1.03

TADIJ2 1.15

CORNH3 0.70 - 3.50

F 0.10-0.50

CHOCLT 7.4

CTCOD 1.00

CNH2CL 74

CTOTAL 1.10

CFECAL 1.08

BHOCLT 1.30

BNH2CL 1.35

cci 724x10%  1/mgmin
CcC2 -5.00x 10*  1/mg-min
CC3 -5.00x 10 1/mg-min
CC4 -0.20 1/mg-min
CCs -0.10 1/mg-min
CCeé -0.055 l/mg-min
CC7 -0.20 1/mg-min
CC8 -0.085 1/mg-min
CC9 -0.35 1/mg-min

Refer to Appendix F for definition of terms.

by increasing and decreasing the values of coefficients obtained from cali-
bration by specified percentages. When the coefficients CC6 and CC8 were
varied by * 25 percent, the effects on total and fecal coliform as shown.in
Figure 87 resulted. BNH2CL and BHOCLT were varied by = 10 percent. The result-
ing coliform variations are shown in Figure 88. CTOTAL and CFECAL were also
varied by * 10 percent. The results are shown in Figure 89. When CC5 was
varied by £ 50 percent, as shown for coliform reduction in Figure 90, the
combined chlorine residual was also varied. Results showing these chlorine
residual fluctuations are shown in Figure 91. Likewise, the variation of
CHOCLT and CNH2CL by * 10 percent produced fluctuations in both coliform
reduction and in the chlorine residual remaining. Results for total and
fecal coliform reduction and for the exertion of chlorine demand are shown
in Figures 92 and 93 respectively.

The temperature adjustment coefficients of TADJ and TADJ2 were also
varied. These coefficients were varied by * 5 percent. For TADJ, the results
for coliform reduction at 22°C and 5°C are shown in Figures 94 and 95. Fluc-
tuations in TADJ2 for coliform reductions at 22°C and 5°C are shown in Figures
96 and 97. The effects of varying this coefficient on chlorine residual are
shown in Figures 98 and 99 for the same two temperatures.
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Results of the sensitivity analysis indicate that at colder temperatures,
TADJ is the most sensitive parameter in affecting the reduction of total and
fecal coliforms. At warmer temperatures of around 20° C, CTOTAL and CFECAL are
the most sensitive parameters in determining bacterial reduction. Of the
parameters evaluated, CC5 was found to be the least sensitive. For fluctuations
in chlorine residual, TADJ2 was found to be the most sensitive parameter at
colder temperatures while CHOCLT and CNH2CL were found to be the most sensitive
at about 20°C. For those parameters affecting chlorine residual, CC5 was found
to be the least sensitive.

MODEL VERIFICATION

A determination of the ability of CHLOR-I to predict reasonable results
was made by comparing the model results for a given set of initial conditionms
with each set of field data for the entire study period. This was done by
calculating the correlation coefficient, R, between each set of predicted and
observed values for free and combined chlorine and for total and fecal coli-
form. SS reductions were observed, but correlation coefficients were not
calculated between predicted and observed values because of the variability
of the settling fraction, F. NH5-N and SCOD changes were also observed, but
because of the small amount of data involved in breakpoint chlorination,
changes in these chemical parameters were of limited importance in verifying
the model.

When free chlorine was produced, the R between predicted and observed
data was found to be greater than 0.96, indicating correlation at the 99 per-
cent confidence level. This high level of correlation is heavily influenced
by the initial conditions, where the observed and predicted values are equal,
and these values are large in comparison with the results after several
minutes of contact. However, the model does appear to adequately describe the
chlorination of lagoon effluents well within the limits of the precision of
most field and laboratory analyses, particularly when consideration is given
for the multitude of immeasurable variables.

In comparing the degree of fit between predicted and observed combined
chlorine residual, it was found that 60 percent of all data sets produced a
correlation coefficient, R, of 0.86 or better. This represents a confidence
level of 95 percent. The predicted values compared poorly with observed data
for cases in which breakpoint chlorination was involved. This is largely due
to the high variability in the organic nitrogen correction factor, CORNH3.
When the data involving breakpoint chlorination were eliminated from con-
gsideration, 65 percent of the data sets produced values of R within the 95
percent confidence level.

For coliform reduction, it was found that for both total and fecal coli-
form, 81 percent of the data sets produced an R of 0.87 or greater. This
corresponds to a confidence level of 95 percent. An R of 0.96 or better was
achieved for 72 percent of the data sets, representing the 99 percent confi-
dence level. )
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The model, CHLOR-I, was used to construct a series of design curves for
selecting the optimal chlorine dose necessary to achieve a desired level of
disinfection. CHLOR-II was not used in the preparation of these curves for
reasons previously discussed. Assuming that the data collected from this
study are typical for waste stabilization lagoons, it should rarely, if ever,
be necessary to use breakpoint chlorination to achieve satisfactory dis-
infection. Therefore, the design curves are based upon disinfection using
combined chlorine residual only. If cases arise where it may be necessary to
use free chlorine to achieve a desired level of disinfection, the model can
be applied directly to obtain estimates of the chlorine dose required.

The design curves presented in Figures 100 through 114 show the levels of
total and fecal coliform reduction expected for various combinations of com-
bined chlorine residual and time, Each design curve represents a different
combination of initial coliform concentrations and temperature. Total and
fecal coliform ranges may vary between 102-10® MPN counts/100 ml. Temperatures
vary between 5-25°C. The percentage of bacterial kill within a certain contact
period is indicated by log (NO/N), where Ny is the initial bacterial concen-
tration and N is the bacterial concentration at time t. For example, if log
(No/N) is equal to 2.0, it indicates a 99 percent removal of bacteria. Each
chart includes removal up to 99.999 percent.

After determining the concentration of combined chlorine residual neces-
sary to achieve a certain level of bacterial reduction within a specified con-
tact period, it is necessary to determine the chlorine dose required to pro-
duce that residual. Since the residual obtained for a specific chlorine dose
is primarily determined by temperature, sulfide, and TCOD, a series of curves
have been prepared to determine the dose required to produce the desired re-
sidualunder varying conditions. Rather than referring to a large number of
design curves for covering a wide range of possible combinations of these key
parameters, the determination of chlorine dose has been reduced to several
curves expressed in terms of equivalent chlorine residual.

Once the chlorine residual necessary to produce adequate disinfection at
any particular temperature is known, it is converted to the equivalent chlorine
residual that would result from the same chlorine dose if the temperature was
20°C. This conversion is made by use of Figure 115. If sulfide is initially
present in the wastewater, this figure is bypassed and it is necessary to go
directly to Figure 116.

Sulfide production in stabilization lagoons is generally limited to times
of the year when the lagoons freeze over and anaerobic conditions prevail.
These conditions are accompanied by colder water temperatures. Therefore, it
is assumed that most sulfide production will occur around 5°C or less. At 5°C
it is not necessary to compensate for temperature in using Figure 117. This
graph is used to convert the residual necessary at 5°C and any TCOD to the
equivalent chlorine residual which would be produced from the same chlorine
dose if the TCOD were 60 mg/l. It is now possible to select one of Figures
117-120 to determine the chlorine dose required to produce the desired equiva-
lent chlorine residual for a given initial sulfide concentration between 0.5
and 2.0 mg/l. The amount of sulfide reduction for a given combination of
chlorine dose and initial sulfide is determined from Figure 121.
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Figure 100. Combined chlorine residual at 5°C for coliform MPN = 102‘.
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Figure 101. Combined chlorine residual at 5°C for coliform MPN = 104/100 ml.

149



50( /'

INITIAL FECAL COLIFORM MPN = 108/100ml /
INITIAL TOTAL COLIFORM MPN = 10%/100mi

@ FECAL COLIFORM /

A TOTAL COLIFORM /

4.0 Combined Chlorine Residual 1.5 mg/! / /.

1.5 mg/I /
/- /

/ /

1.0 mg/ /
3.0 // /

y ) /o

LOG (No/N)
\

A S
/ / 05 mg/t_ -

/ / P

/ / / /0.5 mg/|

I/
1) «
0 | | ] | ] ]

10 20 30 40 50 60
TIME (Minutes)

Figure 102. Combined chlorine residual at 5°C for coliform MPN = 106.

-

150



50

INITIAL FECAL COLIFORM MPN 102/100ml
INITIAL TOTAL COLIFORM MPN = 102/100m

@ FECAL COLIFORM
A TOTAL COLIFORM

N
/

Combined Chiorine Residual 1.5 mg/l/‘

LOG (No/N)

O 10 20 30 20 50 60
TIME (Minutes)

Figure 103. Combined chlorine residual at 10°C for coliform MPN = 102_
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Figure 105. Combined chlorine residual at 10°C for coliform MPN = 10°.
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Figure 106. Combined chlorine residual at 150C for coliform MPN = 102.,
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Figure 107. Combined chlorine residual at 15°C for coliform MPN = 10°.
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Figure 108, Combined chlorine residual at 15°C for coliform MPN = 10°.

156



501

INITIAL FECAL COLIFORM MPN 102/100ml
INITIAL FECAL COLIFORM MPN = 102/100mI

® FECAL COLIFORM

A TOTAL COLIFORM

/

Combined Chlorine Residual 1.3 mg/I /'

LOG (No/N)

TIME (Minutes)

. 2
Figure 109. Combined chlorine residual at 20°C for coliform MPN = 10°.
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Figure 110. Combined chlorine residual at 20°C for coliform MPN = 104.
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Figure 111. Combined chlorine residual at 20°C for coliform MPN = 10 .
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Figure 113. Combined chlorine residual at 25°C for coliform MPN = 10°.

161



5.0 INITIAL FECAL COLIFORM MPN =10%/100mi
INITIAL TOTAL COLIFORM MPN - 10%/100mI

@ FECAL COLIFORM

A TOTAL COLIFORM /

a0l / v
Combined / /

Chlorine Residual 1.2 mg/|

Jrzmon Vs
sof- YA
/

LOG (No/N)
\‘\

o Y
/ / .

% / O.3mg/)/
/ / ///O.3mg/l
I/ -~
I/ =
////’/

ol | | | | | |
10 20 30 40 50 60

TIME (Minutes)

Figure 114. Combined chlorine residual at 25°C for coliform MPN = 106,
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Figure 117. Determination of chlorine dose required when S = 0.5 mg/l, TCOD
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If there is no initial sulfide in the wastewater, it is necessary to go
directly from Figure 115, after the temperature dependent residual chlorine
conversion has been made, to Figure 122. Here, the residual at 209C and any
TCOD is converted to the equivalent chlorine residual that would be produced
from the same chlorine dose if the TCOD was at 60 mg/l and temperature at 20°c.
The desired chlorine dose required to produce the equivalent residual at 20°¢
and 60 mg/1l TCOD is then determined for any contact period from Figure 123.
This is the chlorine dose required to produce the desired level of bacterial
reduction. Figure 123 is good for chlorine doses up to about 10 mg/1 when
NH3-N is 1.0 mg/l or greater and the TKN is about 2.0 mg/l or greater. It
also may apply for chlorine doses of less than 10 mg/1l when NH3-N concen-
trations are below 1.0 mg/l and TKN below 2.0 mg/l. This depends on the value
of the organic nitrogen correction factor, CORNH3.

Design curves are not included for NH4-N reduction because of the vari-
ability of CORNH3. The value for this variable must be determined experimental-
ly for each particular quality of lagoon effluent chlorinated. Also, from field
data it was determined that for most cases, adequate disinfection is achieved
with very little or no reduction in NH3-N. Changes in SS and SCOD are also not
included in the design curves. This is because they are of limited importance
in comparison with changes in bacteria and chlorine residual. Also, the value
of F, the settling fraction, is highly variable and is of importance only when
determined specifically for the lagoon effluent to be chlorinated. CHLOR-I
must be applied to a particular effluent, after the determination of CORNH3
and F, if it is desired to know specifically how NH4-N, SCOD, and SS may be
expected to change.

An example may best illustrate how these design curves are applied. As~
sume that a particular lagoon effluent is characterized as having a fecal
coliform concentration of 10,000/100 ml, O mg/l sulfide, 20 mg/1 TCOD, and a
temperature of 5°C. If it is necessary to reduce the fecal coliform counts
to 100/100 ml, a combined chlorine residual sufficient to produce a 99 percent
bacterial reduction must be obtained. If an existing chlorine contact chamber
has an average residence time of 30 minutes, the required chlorine residual is
obtained from Figure 10l1. A 99 percent bacterial reduction corresponds to log
(NO/N) equal to 2.0. TFor a contact period of 30 minutes, a combined chlorine
residual of between 1.0 and 1.5 mg/l is required to produce that level of fecal
coliform reduction. Upon interpolation, the actual chlorine residual is
determined to be 1.30 mg/l. This is indicated by point (:) in Figure 10l.

Going to Figure 115, it is determined that if a chlorine dose produces a
residual of 1.30 mg/l at 5°C, the same dose would produce a residual of 0.95
mg/1l at 20°C. This is because of the faster rate of reaction between TCOD and
chlorine at the higher temperature. This is indicated by point (:) in Figure
115. For an equivalent chlorine residual of 0.95 mg/l at 20°C and 20 mg/1
TCOD, it is determined from Figure 122 that the same chlorine dose would pro-
duce a residual of 0.80 mg/l if the TCOD were 60 mg/l. This is because higher
concentrations of TCOD increase the rate of chlorine demand. Point () in
Figure 122 corresponds to this residual. The chlorine dose required to pro-
duce an equivalent residual of 0.80 mg/l at 20°C and 60 mg/l TCOD is detexmined
from Figure 123. For a chlorine contact period of 30 minutes, a chlorine dose
of 2.15 mg/1l is necessary to produce the desired combined residual as indicated
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by point (:) on Figure 123. This dose will produce a reduction of fecal coli-
form from 10,000/100 ml to 100/100 ml within 30 minutes at 5°C and with 20
mg/1 TCOD.

If, in the previous example, the initial sulfide concentration was 1.0
mg/1l instead of 0 mg/l, it would be necessary to go directly from Figure 101
to Figure 116. Here, a chlorine residual of 1.30 mg/l at a TCOD of 20 mg/l
and a temperature of 5°C is converted to an equivalent chlorine residual of
1.10 mg/1 for a TCOD of 60 mg/l. This is represented by point (:) in Figure
116. Going to Figure 118, which corresponds to an initial sulfide concen-
tration of 1.0 mg/l, it is determined that a chlorine dose of 6.65 mg/l is
necessary to produce an equivalent chlorine residual of 1.1 mg/l after a con-
tact period of 30 minutes. Point C) on Figure 118 corresponds to this dose.
The sulfide remaining after chloripation is determined to be 0.44 mg/l from
Figure 121 as indicated by point (:). A summary of the sequential use of the
figures for this example is contained in Table 10.

The design curves may also be used to determine the size of chlorine
contact tanks. As an example, if initial conditions are the same as in the
previous example and discharge requirements restrict chlorine residual to less
than 1.3 mg/l #n the treated effluent, it is determined from Figure 101 that a
minimum detention time of 30 minutes is required to produce a 99 percent kill.
Proceeding sequentially from Figure 101 to Figures 115, 122, and 123 in the
same manner as described in the previous example, it is determined that for
the minimum contact time, a maximum of 2.15 mg/l applied chlorine dose is
required. Using economic considerations, the chlorine dose may be reduced by
increasing the size of the contact tank to produce a longer detention time.

In applying these design curves, it must be realized that they were
developed from data collected from one particular lagoon system. Although the
data appear to be reasonably typical of that collected from other systems,
variations in effluent characteristics from lagoon to lagoon may alter the
chlorine dose required to achieve a desired level of disinfection. However,

TABLE 10. SUMMARY OF EXAMPLE FOR SELECTING CHLORINE DOSE FOR FECAL COLIFORM
REDUCTION FROM 104/100 ML TO 102/100 ML IN 30 MINUTES

Combined Chlorine
Figure No. TCOD Temp. °C Sulfide Residual Dose
(me/D (me/h (ms ) (ms)
111 20 5° 0 1.30 -
125 20 20° 0 0.95 -
132 60 20° 0 0.80 -
133 60 20° 0 0.80
111 20 5° 10 1.30 -
126 60 5° 1.0 1.10 -
128 60 5° 1.0 1.10 6.65
131 60 5° 0.44 1.10 6.65
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these curves should be useful in estimating general ranges of chlorine doses,
as well as residence times required to achieve disinfection. This information
can be used In designing chlorine contact tanks with the limitation that it
applies only to contact chambers exhibiting plug flow hydraulic characteristics.
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SECTION 7

RESULTS AND DISCUSSION OF LAGOON COLIFORM REMOVAL STUDY

GENERAL

A brief description of the Logan City Lagoon performance observed be-
tween June 1, 1975, and August 24, 1976, is contained in this section. De-
tails are presented in tabular and graphical form 1n Appendix E.

OPERATION OF THE LOGAN CITY LAGOON SYSTEM

Operation of the Logan City Lagoon System is related to seasonal climatic
conditions. In general, during the winter months, when the rate of biological
stabilization of organic wastes is reduced due to reduced temperatures, the
contents of the lagoon system are stored. This is accomplished by closing the
final effluent discharge gates and eliminating any discharge from the lagoon
system. Thus, because there is a constant inflow to the lagoon system the
overall depth of the lagoon system is increased.

However, because the discharge between each cell within the system is
controlled by an overflow weir, the water level of the last cell within the
system increases before the water level in the next to the last cell increases.
Thus, the stored water within the lagoon system tends to 'back-up" within
each cell until it is finally stored within the primary cells. As a con-
sequence, during this winter period, the average hydraulic residence time of
the final cell within the system is significantly greater than that of the
primary cells.

As the temperature begins to increase during early spring and when the
storage capacity of the entire lagoon system has been reached, the final ef-
fluent gates are opened and the lagoon system begins to discharge. However,
during this early spring discharge, the level of the discharge weirs between
the lagoon cells is reduced. Thus, the contents of each cell is discharged
in a relatively short period. This rapid spring discharge tends to "flush"
the lagoon system. As a result, the contents of the primary cell which have
had a relatively short hydraulic residence time under low temperature
conditions, tends to move through the lagoon system as a single mass or slug.

The movement of this single mass or slug through the lagoon system is
accompanied by high coliform counts (105/100 ml) in the final lagoon effluent.

During summer and fall seasons, the lagoon system is operated as a
standard flow-through lagoon and final coliform counts are less than 200/100 mil.
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OVERALL LAGOON PERFORMANCE

The data indicate that COD, both soluble and total, was slightly higher
in the influent between December and April than during the remainder of the
year. This was probably because water from irrigation return flow and from
groundwater infiltration dilutes the wastewater during summer months. BODg
was also found to follow the same trend, varying between a high of 100 mg/l
during winter months to a low of 10 mg/l during the summer. Total COD varied
between a high of 300 mg/l during the winter to a low of 20 mg/1 during the
summer. Soluble COD varied between 100 and 10 mg/l. The total and soluble
COD in the effluent were found to be nearly equivalent, varying from 15 to 90
mg/l. Seasonal trends in effluent COD were not observed. However, seasonal
variations in BOD; were observed with peak values occurring in early April and
minimum values occurring during June. Effluent BOD varied from 2 to 23 mg/l.

Ammonia also fluctuated with the seasons. In the influent, peak ammonia
concentrations of 14.5 mg/l occurred during February while minimums of less
than 1.0 mg/1 were observed during summer months. Effluent ammonia was
observed to be approximately 3.0 mg/l during winter months and 8.0 mg/l during
early spring. The increase in ammonia during early spring is attributed to
the annual operation procedure for the Logan Lagoon System. During the winter
months (i.e., generally January, February) the effluent gates of the final cell
in the Logan Lagoon System are closed and there is no discharge from the sys-
tem. Thus, the lagoon contents are stored. 1In early spring, the final ef-
fluent gates are opened and the stored contents are discharged over a very
short period (i.e., 30 days). During the summer months, effluent ammonia
decreased to less than 1.0 mg/l. Low ammonia concentration was found to cor-
respond to algae blooms in the lageon system.

Variations in suspended solids and volatile suspended solids also follow-
ed seasonal trends. Influent SS varied between 100 mg/l in the winter to 15
mg/1l in the summer. Results were highly variable depending on the exact time
when grab samples were collected. When 24 hr. composite samples were taken,
the results were also found to be quite variable. 1In the influent, VSS was
found to comprise a smaller percentage of total SS than in the effluent. The
VSS in the effluent were in excess of 90 percent of the total SS. Peaks in
the effluent occurred during the spring discharge resulting from winter storage
and reached as high as 35 mg/l. Minimums occurred primarily during summer
months when SS dropped to less than 5 mg/1.

Variation in the influent temperature was found to be minimal, varying
only between 9 and 17°C during the year. TFor all other cells and the final
lagoon effluent, the temperature varied according to air temperature. Lagoon
temperatures fluctuated between 1 and 25°C.

The influent dissolved oxygen level was consistently between 2.5 to 7.3
mg/l. In other lagoon cells and final lagoon effluent, the DO varied from less
than 0.2 mg/l during the winter, when ice covered the lagoons, to nearly 25

mg/l. From spring through fall, peaks in dissolved oxygen were observed to
correspond to algae blooms. u
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The influent pH was generally between 7.5 and 8.5 during the year. In
lagoon cells and final effluent, the pH varied between 7.5 and 9.5. Lowest
pH values were observed during February and March, while peaks in pH occurred
between May and September, depending on when algae blooms occurred. The high-
est pH values were associated with algae blooms.

In evaluating coliform reduction in the lagoon system, membrane filter
TC and FC counts were found to be in close agreement. Occasionally membrane
filter FC counts were higher than TC counts. One problem with the use of the
membrane filter technique for enumerating coliforms in lagoon effluent is the
extensive overgrowth of algae and other types of microorganisms on the filter.
Samples containing moderate numbers of algae are difficult to filter due to
clogging. Influent total and fecal coliform densities varied from 104 to
106/100 ml throughout the study. Slight reductions in the influent coliform
counts were observed during the warmer _months due to dilution. Total and fecal
coliform numbers ranged from 104 to 10 /100 ml (occasionally these numbers
reached 106/100 ml) during these times. In the winter months, coliform counts
increased approximately ten-fold.

Approximately 99.9 percent of total and fecal coliform reductions in the
lagoon system occurred in the two primary cells. Further reductions in succeed-
ing cells resulted in fecal coliform levels in the final effluent below 10/100
ml. The only exception occurred during the spring discharge, when the effluent
gates in the last lagoon cell were opened to allow wastewater to flow through
lagoon cells at a faster rate. During this time, fecal coliform numbers reached
a high of 10°/100 ml.

COLIFORM REMOVAL PERFORMANCE

Introduction

The objective of this part of the study was to establish representative
values of the first order decay rate for fecal coliforms in the Logan City
lagoon system under summer and winter conditions. A preliminary step toward
achieving this objective is the estimation of inter-pond flows using an inter-
active flow balance model. Values for the first order decay rates are obtained
by a trial-and-error calibration procedure for a fecal coliform model of the
lagoon system. Estimates of the variation of retention time during summer and
winter periods are also obtained. This subsection is divided into three parts:
a description of the flow balance model, a description of the fecal coliform
model, and a results section.

Flow Balance Model

Inflows to the lagoon system are measured before the raw wastewater enters
the A ponds (Figure 124). Outflows are measured from pond E. Flows between
ponds, or storage volumes in each pond, are not measured. To facilitate
simulation of fecal coliform die-away, the flow rates between each pond, and
the storage volume in each pond, are needed.
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Direct estimation of the inter-pond flow rates and storage volumes from
the inflow and outflow data for the entire system was not possible, because
a set of quantitative operating procedures for the control structures between
ponds could not be obtained from Logan City. Therefore, the inter-pond flows
and storage volumes were estimated through an interactive simulation process
using a flow balance simulation model developed for the Logan wastewater
lagoon system. Figure 124 is a flow diagram of the Logan City wastewater sys-—
tem and also serves as a key to the "o notation used to represent the inter-
pond flows.

The flow balance model simulates the following annual cycle of operating
conditions in the lagoon system:

1. All seven ponds operating.

2. Ponds D and E drawing down while the entire inflow is stored in the
first five ponds (a7 = 0).

3. Only the first five ponds working (a7 = Qg = a9 = 0).

4. Filling ponds D and E from storage in the first five ponds.

Operating condition 1 applies for most of the year with the exception of
the winter period of ice cover, when condition 3 applies. Generally, ponds D
and E are drawn down sometime after the flow (ay) between ponds C and D is
closed off. Draw down in ponds D and E is represented by operating condition
2. During the winter period levels in the first five ponds rise until the
flow (a7) into ponds D and E is restarted. At this time, wastewater with
fairly high coliform levels passes into ponds D and E, and the effluent is
characterized by a transient period of high coliform levels. The previous
draw down of ponds D and E tends to reduce the coliform levels slightly by
providing some storage for the high coliform water before it becomes effluent.
Operating condition 4 represents the filling of ponds D and E from storage in
the first five ponds. Other operating conditions are possible but the four
conditions described above are the most important for the period of the flow
balance (June 1975 - June 1976).

The following sections describe the flow balance equations used to
simulate each operating condition on a daily basis. Notation used below is
as follows:

Ai = water surface area of the ith pond

vi = volume of wastewater stored in the ith pond

vy = capacity of the ith pond

e =  pan evaporation depth measured at Utah State University Experiment

Station
Operating Condition 1--

Change of storage through the entire system: DQ = o -0 A €1
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Assumption: the fraction of DQ stored in the ith pond is proportional
to the ratio of the capacity of the ith pond to the capacity

of the entire system

Inter-pond flows: o, = aO/Z O €10))
7
a, = o, = DQ * V1/.Z Vi oo e e e e e e e (9
i=1
2 7
a. =a, =DQx 2 V,/ I V, N € 1))
> i=1 Ti=r 1t
= . © . . . . . . 0 . . . . 9
og a0/2 ) (93)
o, = o5 = DQ * V3/.E Vi oo e e e e e (94)
i=1
4 7
Og = 04 - DQ = -E v,/ E vi N ¢ 5))
i=3 i=1
5 7
o, = 0y - DQ = .Z Vi/.Z Vi N 1))
i=1 i=1
6 7
ag = oy - DQ * ‘21 Vi/iz1 Vi N e Y))

Operating Condition 2~--
(a) First five ponds.
Change in storage: DQ = Og = v e e e e e e (98)
Assumption: the fraction of DQ stored in the ith pond is proportion-
al to the ratio of the capacity of the ith pond to the

total capacity of the first five ponds

Inter-pond flows: o, = a0/2 T 1))

5
a, = a, = DQ * V1/.Z Ve oo o .. (100)
i=1
2 5
05 = a, = DQ % R Vi/.Z LN G LD
i=1 i=1
ey =ag/2 L. L L oL (102)
5
o, = oy = DQ V3/-Z Voo o .. .(103)
i=1 -
_ 4 5
G = 03 = DQx I vi/_z Vioe . .. L(104)
i=3 i=1
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o0, = 0 .+ .+ . . . . . . . . . o.(105

(b) Ponds D and E

a e G 10 1))

Change in storage: DQ' 9

Assumption: the fraction of DQ' from the ith pond is proportional to
the ratio of the capacity of the ith pond to the com-
bined capacity of ponds D and E

7
Inter-pond flow: o, = DQ' *V ./ X v, . . . . . . . (107
8 6 j=6

Operating Condition 3--
(a) First five ponds
Identical to 2(a)
(b) Ponds D and E
Assumption: no flow into or out of ponds D and E

Inter-pond flow: Gg = 0 e 012D

Operating Condition 4--

Assumptions: 1) inter-pond flows are basically as calculated under
operating condition 1

2) ponds D and E are filled by augmenting the a7 calculated
under assumption 1 with a flow of Q7. This flow comes
from the first five ponds, the contribution from the
ith pond being proportional to the ratio of the volume
of wastewater in the ith pond to the total volume of
wastewater in the first five ponds. The fraction of
Q7 stored in pond D is proportional to the ratio of the
capacity of pond D to the capacity of ponds D and E.

The remainder of Q7 is stored in pond E.

Inter-pond flows: the values for 0 through a; calculated under operating
condition 1 are modified using the following equations:

5
4, = o, + Q7 % V1/'Z Vi o« o« o . .. . (109)
i=1
2 5
o = o + Q7 =% ‘Z vi/ b Voo oo o ... L(110)
i=1 i=1

Q
]

5
aT U R/ v A
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4 5

g = O + Q7 =* .Z Vi/.Z Veoooo . L. .(112)
i=3 i=1

oy Ayt Q7 L L g L(113)

ag = o, = (u7 - ag) * V6/i='6 Vi B G A TS

The new volume of each pond is calculated from the previous day's volume
using the following flow balance equations, which include a term for the
evaporation losses:

v, =V + o, = a4 " A1 ® e, v, 20 . e e e e e . (115)
v, =V, + @, = g - A2 * e, v, 20 + v e e e e e e« . a(116)
Vg = V4 +oag - a, - A3 *e, v, 20 v v e e e e e e e ..M
v, =V, + 4, = G " A4 % e, A 20 . e e e e e e e e e oa(118)
Vs = Vg + OUp = O = O - A.5 * e, Vg =0 S G R )
Ve T Ve + 4y = Qg, Vg 20 e e e e e e e . e . W (120)
vy = vy + g - dgs Vy >0 . e e e e e e e L(121)

Values for the water surface area (A) and capacity (V) of each pond are given
in Table 1l1. Calculated values for the pond volumes are expressed as a volume
ratio, as follows:

Vi

Yi = v N ¢ 723
i

Initial values for the pond volumes are also expressed in the ratio form of

Equation 122.

From a study of the flow data, discussions with Logan City, and inter-
active simulation, the dates on which operating conditions were changed from
one type to another were approximated. These dates are as follows:

1/06/76 condition 1/condition 3
2/19/76 condition 3/condition 2
3/09/76 condition 2/condition 4
3/23/76 condition 4/condition 1

Another variable which was estimated during the interactive simulation pro-
cedure was Q7. The basis for estimating Q7 is that the volume ratios in ponds
D and E should be approximately equal to the volume ratios in the other ponds
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TABLE 11. WATER SURFACE AREA AND CAPACITY OF EACH POND IN THE LOGAN CITY
SEWAGE LAGOON SYSTEM

. Water Surface Area (A.) Capacity (V,)

* Pond (Hectares) T (mg) 1

1 A 38.5 704,000

2 By 28.7 586,000

3 Ay 38.4 703,000

4 B, 29.3 598,000

5 C 26.1 580,000

6 D 15.9 384,000

7 E 11.5 297,000
Total 188.4 3,852,000

Meters x 3.281 = feet; Hectares x 2.471 = acres; Meters3 x 35.31 = feet?

at the end of the filling period (operating condition 4). The value obtained
for Q7 is 15.0 cfs.

The initial values of the volume ratios for the first day of the simu-
lation (June 12, 1975) were not available. Therefore, these initial conditions
were estimated on the basis of the operating rules used by Logan City, and
then refined during interactive operation of the flow balance model. Two
criteria were established to guide the refinement of the initial conditions:

1. Maximum volume ratios should be close to unity.

2. Volume ratios one year after the commencement of the simulation
should be approximately the same as the initial volume ratios.

As a result of this procedure the initial volume ratios for all ponds
were estimated to be 0.8. Volume ratios and inter-pond flows calculated by
the flow balance model were read as input by the fecal coliform model of the
lagoon system.

Fecal Coliform Model

Hydraulic Submodel--

Actual hydraulic characteristics of the Logan lagoon system are quite
complex. During a dye study Mangelson (1971) observed short circuiting in the
Logan lagoons. He concluded that the degree of short circuiting is influenced
by wind, the relative positions of the inlet and outlet, and density stratifi-
cation. Each pond may be considered to consist of two parts:

1. A dead space through which negligible flow takes place.

2. An effective space through which most of the flow takes place.
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Tt was assumed that the effective space is a fixed proportion of the
total volume of wastewater in a pond, according to the following relationship:

= .. (123)
Verf,i - Ceff,i Vi
in which
Ceff,i = proportionality constant
v . effective volume in the ith pond
eff,i

A precise hydraulic model for the Logan lagoon system would require
extensive tracer experiments, wind data at the site of the lagoon system, and
flow measurements between each pond. Since none of these were practical with-
in the limitations of this project, it was decided to adopt a simple plug flow
model. Under this assumption the effective space in a pond is considered to
comprise a series of slugs of wastewater, where each slug entered the pond on
a different day (Figure 125). On each day, a new slug of wastewater with the
volume of the inflow on that day enters the pond. Outflow from the pond is
equal to the outflow calculated by the flow balance model, and is made up from
one or more slugs nearest to the outlet. With each day that passes existing
slugs in the pond move closer to the outlet and eventually enter the next pond
in the system. No mixing between adjacent slugs is simulated although some
mixing between the dead space and the effective space is represented to keep
the total volume of the slugs consistent with the effective volume calculated
in Equation 123.

Coliform Submodel--—

Bacterial reduction in stabilization ponds depends on many factors.
Among these factors are: retention time, water temperature, composition of
algae populations, predators, sunlight, and aerobic-anaerobic nature of the
wastewater. The model used in this study is based on Chick's law and does
not explicitly consider the last two factors although these will affect the
value used for the decay rate (Kyg). Thus, the reduction of the coliform
level in each slug is simulated using the following equation:

o
Efii = -K e(Ti-ZO o N (124)
dt 20 ij I

in which

Ni' = fecal coliform in the jth slug of the ith pond

¢ time

Kygp = first order decay rate for all ponds at 20°C

6 = empirical temperature correction coefficient (= 1.072)

T; = wastewater temperature in the ith pond
Results

Since coliform levels were generally very small in ponds D and E, it was
decided to model only the first five ponds. To establish representative values
of Kyp for both summer and winter conditions, two periods were simulated:
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Figure 125. Schematic of the dead and effective spaces, and plug flow through
a pond.

1. Summer period (6/12/75 - 9/9/75)
2. Winter period (1/2/76 - 2/19/76)

During the summer period inflows are high due to the infiltration of irrigation
water, Evaporation constitutes an important loss of water from the ponds

during the summertime.

The coliform model was calibrated to the summer period by adjusting the
decay rate (KZO) and the proportionality constants for each pond (Ceff’i)-
Model performance was assessed by inspection of the graphs of calculated and
measured coliform levels leaving each pond, and by comparison of the values of
the mean square error between the calculated and measured coliform values in
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successive model runs. The model was validated for the winter period using
the C.ff i values established during the summer period simulation, but using
a new value for Koo to represent the slower rate of bacterial decay during the

winter period.

The following factors should be considered when evaluating the adequacy
of the simulation results:

1. TFecal coliform data used in this simulation study were obtained using
the membrane filter technique. Results from this analytical procedure proba-
bly have an accuracy represented by a high coefficient of variation of 0.5 -
0.1.

2. Fecal coliform samples from lagoon inflow and the effluents from each
pond were taken only twice weekly (Tuesdays and Thursdays) but the model has a
daily time step. For about 25 percent of the sample days, one or more of the
coliform samples were invalidated (due to lack of sample, experimental error,
etc.) during the analytical procedures. Fecal coliform levels in the lagoon
inflow are approximated on days without sampling by using the measured coliform
value from the most recent sample. This procedure may lead to very inaccurate
inflow levels since actual coliform levels in the input vary considerably from
day to day.

3. Coliform levels for the slugs in a pond were initialized by a
logarithmic interpolation between the observed coliform levels in the inflow
and outflow of the pond. Again, these values may be very inaccurate because
of the high variability 1n daily coliform levels of the inflow.

4. The hydraulic characteristics of the lagoon system are complex, but
because of data limitations they are approximated by a simple plug flow model.
Effective volumes are assumed to be a fixed proportion of the total volume of
wastewater in a pond. Inter-pond flows and total volumes are approximated
using the interactive flow balance model.

5. The coliform model combines the many factors affecting bacterial die-
off into a simple first order decay model. Sedimentation and resuspension
are therefore incorporated into the first order decay process. However, this
assumption is considered to be consistent with the accuracy and availability
of coliform and flow data.

6. Coliform levels in the dead space of the ponds are neglected. This
is justified because coliform levels in the effective space are presumed
much higher than coliform levels in the dead space.

7. The selection of a Kyg value and Coff.i values during calibration of
the coliform model is complicated by the problém of balancing the similar
effects of a high decay rate (K9g) and a small retention time (and hence small
Ceff,i's)’ or conversely a low decay rate and a large retention time.

In an attempt to address the last factor listed above, the values of.,

Ceff,i obtained by Mangelson (1971) during a dye study in August, 1970, on
ponds Al and A2 were used as a guide for establishing the Ceff,i Vvalues for

186



the 1975 summer period. Table 12 contains the values of the model coef-
ficients obtained for the summer and winter periods. Coff i values are the
same for both periods with the exception of pond C. For tﬁe winter period,
Coff.c Was increased to 1.0 to represent the situation of pond C having no
outfiow since 07 = 0. The very small value of Ceff ¢ for the summer period
is a result of the combined flow from the two parallel systems, Al-Bl and
A2-B2, flow1ng through pond C which has a smaller capacity than the upstream
ponds. eff i values for ponds Al and A2 may be compared with Mangelson's
values of 0.6 for pond Al and 0.8 for pond A2 based on the passage of 50 per-
cent of the dye and including a correction for the loss of dye by mixing with
the bottom sludge.

The winter period value for Ky is much lower than the summer period
value. This is expected because during the very cold winter period little
reduction takes place except that due to sedimentation.

Results for the summer period of simulation are shown graphically in
Figure 126 and for the winter period in Figure 127. Two types of plots are
presented:

1. Calculated and measured coliform in pond outflow vs. time (Figures
126a and 127a).

2. Retention time in pond vs. time (Figures 126b and 127b).

The results presented in Figures 126a and 127a were obtained through a
trial-and-error minimization of the mean square error between the calculated
and observed coliform values by varying the Ko and Ceff ; coefficients. From
Figure 126a it will be observed that, in general, the adequacy of the calcu-
lated values of coliforms decreases through the lagoon system. That is, the
measured values are better approximated by the model for the A ponds than for

TABLE 12. MODEL COEFFICIENTS FOR THE SUMMER AND WINTER PERIODS

Model Summer Winter
Coefficient Period Period
K 0 (Per Day) 0.50 0.03
- j
Ceff,Al 0.65
Ceff,Bl 0.40
Ceff,AZ 0.70
Ceff,B2 0.25
C - A\
eff,C 0.05 1.00
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pond C. This characteristic is due to the accumulation of model errors
through the lagoon system.

During the winter period coliform levels from pond C were measured in
samples taken from water leaking through the closed outflow structure between
pond C and pond D. These samples were characterized by very low coliform
levels, probably because the leakage came from dead space in pond C adjacent
to the outflow structure. Since the small outflow from pond C is neglected
in the model, the results for pond C shown in Figure 127a are the coliform
levels in the slug adjacent to the outflow structure. Coliform levels in this
slug decay exponentially from their initial value at the beginning of the
winter period.

The number of slugs in a pond is used as an estimate of the retentionm time
in each pond. This estimate of retention time appears to be more realistic
than dividing the effective volume by the outflow rate, especially during the
winter period when outflows become quite small and are zero for pond C.

The calculated values of retention time show little variation during the
summer period when inflow, outflow, and evaporation rates are all fairly uni-
form. During the winter period the retention time increases because outflow
from pond C (a7), and evaporation are both zero, and therefore the entire
inflow is stored. Thus, for pond C the increase in retention time is linear
with time from the day on which outflow from pond C was closed off. There is
little difference between the retention times for ponds Al and A2 because the
effective volumes in both ponds are similar. Although the travel path between
inlet and outlet in pond Al is longer than for pond A2, the diffusers used in
both ponds appear to roughly equalize the effective volumes, and therefore,
the retention times. The retention time in pond Bl is greater than the
retention time in pond B2 as would be expected because of the greater inlet-
outlet distance in pond Bl.

On the basis of the retention times estimated for the winter period, the
total retention time for the first five ponds averages 80 days during the win-
ter period when the outflow from pond C is closed off. The average total re-
tention time for the first five ponds during the summer period is about 22 days.

Figures 128 and 129 are based on Equation 124 for the summer and winter
periods, respectively. They show the number of days retention time required
in the Logan lagoon system to reduce influent coliform levels to a required
effluent coliform level. 1In each case, the Kpg value used is the value con-
tained in Table 12, and the temperature (T) is typical for the period. As an
example, to reduce an influent coliform level of 10//100 ml to an effluent
coliform level of 10°/100 ml, 23 days retention time would be required under
summer conditions (see Figure 128). From Figure 129 it is evident that coli-
form decay during the winter period is very slow.

Summary

Data were collected for a 15 month period to determine the coliform re-
moval efficiency of the Logan lagoon system. A mathematical model was devel-
oped which describes the coliform die-away through the lagoon system. “
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The results of the study indicated that the summer coliform decay rate
coefficient, K20, was equal to 0.50 per day and that the winter coliform decay
rate coefficient, K20, was equal to 0.03 per day. Thus, the rate of coliform
die~away in the lagoon system was approximately 16 times greater during the
summer period than during the winter period. Based on the results of this
study, during the summer period it would take a hydraulic residence time of
23 days to reduce an influent coliform concentration of 10/ organisms/100 mi
to an effluent coliform concentration of 102 organisms/100 ml.

The greater coliform removal efficiency occurring during the summer
period is due to a combination of several factors. Macko (1976) and Reynolds
et al. (1976) have indicated that the amount of incident sunlight is a very
significant factor in coliform die-away in lagoon systems.

The Logan lagoon system is covered over by ice during the winter period.
This ice cover prevents sunlight penetration, which may account for the low
coliform die-off rate during the winter period.

Data from the Logan lagoon system (Appendix E) indicated that the final
effluent total coliform concentration (Station Number 9) exceeded 1000 organ-
isms/100 ml 33.5 percent of the time based on MPN measurements and 13.1 per-
cent of the time based on MF measurements. The final effluent fecal coliform
concentration (Station Number 9) exceeded 200 organisms/100 ml 17.8 percent of

the time based on MPN measurements and 10.3 percent of the time based on MF
measurements.
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SECTION 8

COMPARISON OF MPN AND MF COLIFORM CONCENTRATIONS IN LAGOON EFFLUENT

GENERAL

It is well established that comparison of absolute numbers of coliforms in
a sample as determined by the MPN or MF technique should be based on the com-
pleted MF and the completed MPN procedure. Many operating personnel and
regulatory agencies continue to employ the confirmed test for the MPN as a
means of comparison with the MF results. Therefore, a careful evaluation of
the confirmed and MF procedures for total and fecal coliforms is needed if
the results of the two tests are to be interpreted correctly. Many comparisons
of the MPN and MF techniques have been made for potable waters, lakes, rivers,
various types of wastewater treatment plant effluents, and a very limited com-
parison has been made for wastewater stabilization lagoon effluents. To
provide a better comparison of the two techniques for wastewater stabilization
lagoons, a I5 month study was conducted at the Logan, Utah, wastewater stabili-
zation lagoon.

The objectives of the study were to determine if the results of enumerating
coliform bacteria in a waste stabilization pond system using the most probable
number (MPN) technique are significantly different from results obtained using
the membrane filter (MF) technique and to determine the relationship between
results obtained employing the two different techniques. The analysis was
performed on the lagoon performance data presented in Appendix E, Table E-1,
and Figures E-1 through E-31. The location of each sample point is illustrated
in Figure 12 and described in Table 3 of Section 4.

PREVIOUS STUDIES

Since the introduction of the membrane filter (MF) technique to the USA
(Goetz, 1953), many comparisons of the results of MF and most probable number
(MPN) bacteriological analyses of water and wastewater have been made (Kabler,
1954; Thomas and Woodward, 1956; Thomas et al., 1956; ORSANCO, 1959; Streeter
and Robertson, 1960; Hoffman et al., 1964; Henderson, 1959; Benedict, 1961;
McCarthy et al., 1958, 1961; McKee and McLaughlin, 1958; McKee et al., 1958;
Mallman and Peabody, 1961). Considerable discussion of the merits and dis-
advantages of the two tests have been presented and as techniques continue to
improve comparisons continue to appear (Green et al., 1975; Moran and Witter,
1976; Peterson, 1974; Presswood and Brown, 1973; Rose et al., 1975; Schaeffer
et al., 1974; Geldreich et al., 1965). Many of these comparisons are made
employing the results of the MF technique with the confirmed portion of the
multiple tube technique. As pointed out by Geldreich (1972 and 1975) and many
other investigators, this is not a valid comparison for actual numbers of
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coliform organisms. The completed MF technique should be compared only with
the completed dilution tube procedure. Several examples of confirmed-
completed MPN results can be found in the literature (Geldreich et al., 1962
and 1965). The results of these studies demonstrate that a significant dif-
ference in coliform numbers can occur between these two MPN procedures. The
variables accounting for these differences are bacterial flora found in a
given water, sample age, suppression of the non-coliform organisms by brilliant
green dye and bile salts used in the confirmatory medium, among others.

Considerable variation in the results obtained with the MF technique when
applied to chlorinated samples of wastewaters has been reported (Lin, 1973;
Mowat, 1976; McKee et al., 1958). However, corrections in the procedure have
overcome this difficulty, and Geldreich (1975) has discussed the limitations
of the MF technique and modifications to be employed with chlorinated ef-
fluent samples.

When the limitations of the two procedures are considered, it is not dif-
ficult to understand why direct comparison of numerical values is difficult.
There is little reason to place a great deal of significance on the actual
values reported by either technique. Thomas (1955), Thomas et al. (1956),
Thomas and Woodward (1956), and Laubusch (1958), among others, have pointed
out that there is no reason to treat the results of the MPN procedure as
absolute. Both the MF and MPN techniques are capable of giving results which
can be used to determine the quality of a potable or treated wastewater
effluent.

TOTAL COLIFORM REGRESSION ANALYSES

Various relationships between total coliform concentrations determined by
the MPN and MF techniques were evaluated, and it was found that log-log
relationships produced the best fit for the data as shown in Figure 130. Be-
cause a zero value does not exist in bacteriological analyses and the log of
zero is undefined, all analyses reported as less than a given concentration
were excluded from the log analyses. Figure 130 shows these log-log relation-
ships, the equations of the lines of best fit, and the correlation coefficients.
A highly significant (0.1 percent significance level) relationship exists be-
tween the total coliform concentrations determined by the two techniques.
Better agreement between the two techniques was obtained at coliform concen-
trations greater than 103 coliforms per 100 ml (Figure 130).

High concentrations of algae or other solids could interfere with the MF
technique. To determine if variations in solids concentrations contributed
to the lack of agreement between the two techniques at lower coliform concen-
trations, the data were sorted by month and analyzed using a log-log relation-
ship. The characteristics of the regression lines obtained are summarized in
Table 13. Suspended solids data are available only for Sampling Stations 1
and 9 (see Figure 12, Table 3, and Figure E-4). The larger the deviation of
the slope of the regression line from a value of 1, the greater the difference
between the results of the two techniques. A comparison of the suspended
solids concentrations and the months when the deviation of the slopes of the
lines from a value of 1 were greatest indicates no relationship between
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Figure 130. The relationship between the log of the total coliform concen-
trations determined by the MPN technique and the log of the total
coliform concentrations determined by the MF technique.

suspended solids concentrations and the MPN and MF tests. The lower regression
coefficient (slope of the line) between the MPN and MF techniques occurred dur-
ing July and August of 1975 (see Table 13). However, these two months were
also identified as having very low suspended solids concentrations (see Figure
E-4, Appendix E).

Because of the wide variation in the relationship between the log of the
MPN total coliform concentrations and the log of the MF total coliform concen-
trations at concentrations less than 1000 counts per 100 ml, a series of plots
were prepared utilizing ranges of MF values varying from 0 to 100, 0 to 1,000,
100 to 1,000, and 2 1,000. The lines of best-fit for these ranges of values
are shown in Figure 130. The characteristics of the regression lines for the
relationships between the total coliform concentrations are summarized in
Table 14, The slope of the line of best-fit for the ranges of MF values from
0 to 100 and 0 to 1,000 are significantly different (1% level) than the slope
obtained with a fit of all (15 months) data (Snedecor, 1956). However, the
intercepts of the lines of best-fit changed proportionately, and the predicted
lower concentrations obtained with the equations of the line of best-fit for
the MF concentrations of less than 1,000 counts per 100 ml do not differ
significantly from the values obtained with the fit of all the data or at MF
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TABLE 13. CHARACTERISTICS OF THE REGRESSION LINE FOR THE RELATIONSHIP
BETWEEN THE TOTAL COLIFORM CONCENTRATIONS DETERMINED BY THE
MOST PROBABLE NUMBER (MPN) (ORDINATE) AND THE MEMBRANE FIL-
TER (MF) (ABSCISSA) TECHNIQUES

Month Number Slope of

. Correlation Significance
& in Each Intercept tpe Coefficient Level
Year Analysis Line
6-75 43 1.68 0.65 0.84 1
7-75 67 2.27 0.58 0.75 1
8-75 50 2.70 0.47 0.68 1
9-75 57 1.92 0.67 0.82 1
10-75 63 1.43 0.80 0.87 1
11-75 54 1.05 0.83 0.93 1
12-75 47 1.19 0.89 0.94 1
1-76 45 1.28 0.91 0.96 1
2-76 56 0.73 0.93 0.98 1
3-76 75 1.00 0.87 0.81 1
4-76 80 0.21 0.94 0.93 1
5-76 70 0.98 0.83 0.93 1
6-76 60 0.38 1.02 0.96 1
7-76 51 0.92 0.86 0.87 1
8-76 55 1.76 0.65 0.83 1
All Data 873 1.40 0.77 0.89 1

(15 Months)

TABLE 14. CHARACTERISTICS OF THE REGRESSION LINES FOR THE RELATIONSHIP
BETWEEN THE TOTAL COLIFORM CONCENTRATIONS DETERMINED BY THE
MOST PROBABLE NUMBER (MPN) AND THE MEMBRANE FILTER (MF)
TECHNIQUES WITH THE DATA DIVIDED INTO RANGES OF VALUES

Range of Number a Slope Correlation Significance Residual
MF Values of Intercept of the Coefficient Level Mean
Analyzed Analyses Line A Square
0-100 390 1.90 0.40 0.24P 1 0.86
0-1000 501 1.79 0.52 0.42D 1 0.80
100-1000 127 0.33 1.11 0.45P 1 0.55
2 1000 375 0.10 1.03 0.91P 1 0.24
All Data 873¢ 1.40 0.77 0.89P 1 0.62

(15 Months)

*When slopes differ, a comparison of intercept has no meaning.

b . G s scs
Slope differs at the 5% significance level from the slope of the line of
best fit for all data (15 months).

c
Number of analyses do not add due to inclusive end points. Excludiﬂé
end points did not vary results of regression analyses.
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concentrations of 100 counts per 100 ml or less. Correlation coefficients for
the 0 to 100 and O to 1,000 range of MF values were much lower than the value

obtained for the fit of all of the data; however, the correlation coefficients
were still significant at the 17 level principally because of the large number
of data points involved in the analysis. A comparison of intercepts is mean-—

ingless if the slopes differ; therefore, levels of significance are not shown

in Table 14.

The least square fit of the data in the lower ranges leads to a question-
able relationship and the equations should not be used to predict concentrations
of total coliforms when measurements by either the MPN or MF techniques are
available. Because of the positive bias of the fit of all data (Figure 130),
this relationship is also questionable although statistically the prediction
equation based upon all the data is indicated to be more reliable and has less
positive bilas than that exhibited by the fits of the lower ranges of values.

Theoretically the line of best-fit for the relationship between the re-
sults obtained with the two techniques of determining total coliform concen-
trations should have an intercept of 0. As illustrated in Table 14 there was
a significant deviation from a zero intercept. To determine if a valid
relationship could be obtained by forcing the line of best-fit through 0, a
series of regression analyses were completed for the same range of MF values
utilized in Table 14. The results of these analyses are summarized in Table
15. Correlation coefficients are not shown in Table 15 for the forced zero
fit relationships because very little significance can be attached to cor-
relation coefficients when forced O intercept analysis is employed. Residual
mean square values for the least squares fit and the forced intercept fit can
be compared to determine if the relationship is improved by employing a forced
zero intercept analysis. Comparing the residual mean square values for the
least squares fit for the range of MF values varying from 0 to 100, from O to
1000 and for all 15 months of data in Table 14 with values.for the forced zero
fit shown in Table 15, the intercept least-squares fit for the lower range
comparisons contains approximately one-half the error associated with the zero
intercept fit. Therefore, the equations obtained with the intercept fit is
superior and would yield more reliable predicted values. The analyses of the
MF values lying between 100 and 1000 and Z 1000 showed that the forced zero
fit and the intercept least—squares fit residual mean square values are ap-
proximately equal. Therefore, the fit of the data at total coliform concen-
trations within these ranges is approximately equal with or without an inter
cept value.

Utilizing the equations of the lines of best-fit for the lower ranges
(0-100 and 0-1000) of MF values and the line of best-fit for the total of 15
months of data to calculate predicted values, a comparison of total coliform
concentrations determined by the MF and MPN techniques is presented in Table
16. Although the predicted values differ considerably, in all cases higher
concentrations of total coliforms are predicted for the MPN technique. Thomas
(1955) has shown that the MPN is inherently biased on the positive side and
that the common 5-5-5 tube MPN test yields results that average 187 above the
"true" coliform population. An examination of the data according to sampling
station and month of the year shows that both the MPN and MF techniques mea-
sure the same trends; however, considerable differences exist between the num-
bers of organisms measured by the two techniques (see Table 14).
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TABLE 15. CHARACTERISTICS OF THE REGRESSION LINES (FORCED ZERO INTERCEPT)
FOR THE RELATIONSHIP BETWEEN THE TOTAL COLIFORM CONCENTRATIONS
DETERMINED BY THE MOST PROBABLE NUMBER (MPN) AND THE MEMBRANE
FILTER (MF) TECHNIQUES WITH THE DATA DIVIDED INTO RANGES OF

VALUES

Range of Number i}O%f Correlation Re;idual
MF Values of Intercept o 't e Coefficient ean

Analyzed Analyses Line Square

0-100 391 0 1.75 * 1.57

0-1000 502 0 1.48 * 1.53
100-1000 128 0 1.24 * 0.54

2 1000 376 0 1.05 * 0.24
All Data 874 0 1.10 * 1.23

(15 Months)

* , . s

Little significance can be attached to correlation coefficients when
forced zero intercept analysis is employed. Must compare residual (error)
mean square values for intercept fit and forced zero intercept fit.

®Number of analyses do not add due to inclusive end points. Excluding
end points did not vary results of regression analyses.

TABLE 16. EQUIVALENT VALUES FOR MPN AND MF TOTAL COLIFORM CONCENTRATIONS
CALCULATED FROM REGRESSION EQUATIONS ‘

Range of MF Equivalent MPN Value, Counts/100 ml
Values Used -
To Determine Given MF Value, Counts/100 ml
Regression Equations
10 100 500 1,000
Intercept Employed
0 - 100 200 500 - -
0 - 1000 204 676 1,560 2,240
All Data 148 871 3,010 5,130
(15 months)
Forced Zero Intercept
0 - 100 56 3,160 - -
0 - 1000 30 912 9,870 27,500
All Data 13 158 931 2,000

(15 months)

L

a
See Tables 14 and 15 for equations used to calculate equivalent values
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There are many reasons why discrepancies between the two techniques exist;
i.e., difficulty in counting the coliform organisms on the surface of the mem-
brane filter, interference of solids, interference of other colonies, dif-
ferences in media base, culturing conditions, filter manufacturing techniques,
the statistical base for the MPN technique, etc. Based upon the results of
this study, it appears reasonable to assume that at MF coliform concentrations
of less than 1000 counts per 100 ml, the two techniques measure different
populations. Similar results have been reported by Geldreich et al. (1962)
and Geldreich (1972 and 1975) among others.

TOTAL COLIFORM GEOMETRIC MEAN COMPARISONS

To determine the amount of difference between actual values measured by
each technique, the geometric mean monthly concentrations of total coliform
bacteria by sampling station were analyzed by the standard t-test to determine
if the log of the concentrations measured by both techniques differed (Snedecor,
1956). The results of these analyses are summarized in Table 17. An "X" in a
significance level column indicates that the results obtained with both tech-
niques do not differ at that level. The lower the percentage significance
level, the greater the probability that there is no difference between the
two means. For example, if the log of the geometric means of the total coli-
form concentrations measured by both techniques employed at Station 1 during
June, 1975, lie between the interval of 5.4886 to 6.6738 there is no signifi-
cant difference between the two values at the 10 percent level. The acceptable
interval at the 1 percent level is 4.8954 to 7.2670. Standard confidence
limits calculations are used to determine the intervals.

At Sampling Station 1 (raw sewage) the MPN and MF values for the total
coliform concentrations were in agreement at all three levels of significance
for ten months out of the total of 15 months studied. There appeared to be no
relationship between the season and the variation between the two techniques.
Suspended solids concentrations at Station 1 varied widely, but the variation
between the two techniques for measuring total coliform concentrations did not
follow a similar pattern (see Figure 15).

At lower total coliform concentrations (i.e., Sampling Stations 4 to 9)
the number of months during which the two techniques produced statistically
similar results ranged from 7 months to 11 months. Agreement did not seem to
follow any seasonal or other identifiable pattern. In general, there was
agreement between the total coliform concentrations determined by the MPN and
MF techniques 677% of the time. This suggests that direct comparison of
bacterial concentrations determined by the two techniques may not be wvalid.
However, both techniques appear to detect the same trends and relative concen-
trations of coliform bacteria. Solids concentrations in the samples may ac-
count for some of the differences detected between the techniques, but it does
not appear that much of the variation can be attributed to solids interference
on the surface of the MF filter.

Trends shown by both MPN and MF results are in excellent agreement, and

it appears reasonable to accept the results of either technique to evaluate
the performance of wastewater stabilization ponds. Cognizance of differences
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TABLE 17. COMPARISON OF GEOMETRIC MEANS FOR TOTAL COLIFORM CONCENTRATIONS
BY THE MOST PROBABLE NUMBER (MPN) AND MEMBRANE FILTER (MF)

TECHNIQUES
Geometric Mean Do Not Differ At
Month Sampling?® Total Coliform The Significance
& Station Counts/100 ml Level, %
Year
MPN MF 10 5 1
6-75 1 1,190,000 1,220,000 X X X
2 14,900 12,000 X X X
3 2,380 70 X X
4 396 21 X X
5 90 13 X X
6 36 3
7 170 4
8 46 5 X X
9 17 2 X
7-75 1 1,330,000 1,600,000 X X X
2 3,410 2,130 X X X
3 7,650 6
4 201 15
5 4,520 13
6 218 15
7 678 11
8 516 6
9 967 9
8-75 1 793,000 235,000 X X X
2 2,030 847 X X X
3 941 13
4 424 11
5 5,320 35
6 2,000 12
7 1,100 6
8 7,290 9
9 7.420 24
9-75 1 619,000 186,000 X X X
2 1,800 309 X
3 20,800 547
4 218 23
5 426 46
6 784 32
7 151 16 X
8 597 13
9 863 8
10-75 1 1,750,000 526,000 X
2 52,800 19,700 X X X
3 17,700 1,980 X
4 8,250 768 *
5 182 57 X X
6 1,410 31
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TABLE 17. CONTINUED

Geometric Mean Do Not Differ At
Month .. a Total Coliform The Significance
& i;iﬁiiﬁ? Counts/100 ml Level, %
Year
MPN MF 10
10-75 7 133 26 X X
Continued 8 155 7
9 366 11
11-75 1 2,310,000 909,000 X X X
2 50,800 39,600 X X X
3 7,130 2,000 X X X
4 969 904 X X X
5 217 25 X X
6 302 46
7 99 18 X X X
8 73 4
9 99 9 X
12-75 1 13,400,000 3,120,000
2 41,600 7,780 X
3 6,920 928 X X
4 716 62 X X
5 445 25 X
6 102 11
7 18 2 b b b
8 28 1 b b b
9 83 2 b b b
1-76 1 12,200,000 4,140,000 X X
2 2,300,000 579,000
3 412,000 41,300 X X
4 613,000 226,000 X X X
5 2,490 162 X X
6 214 25 X X
7 52 7 X
8 79 7 X X
9 22 2
2-76 1 4,850,000 3,910,000 X X X
2 1,700,000 749,000 X
3 80,000 296,000
4 824,000 299,000
5 120,000 35,700 X
6 131 24 X X X
7 42 7 X X X
8 42 4 X
9 59 1
3-76 1 2,160,000 1,700,000 X X X
2 748,000 579,000 X X X
3 1,110,000 370,000 X X
4 646,000 263,000
5 351,000 193,000 X X X
6 265, 000 160,000 X
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TABLE 17.

CONTINUED

Geometric Mean
Total Coliform

Do Not Differ At
The Significance

Month Samplinga 9
& ) Counts/100 ml Level, %
Station
Year
MPN MF 10 5 1
3-76 7 147,000 72,400 X
Continued 8 62,300 38,900 X X X
9 80,700 32,900
4-76 1 974,000 1,270,000 X X X
2 35,900 21,200 X X X
3 33,500 27,600 X X X
4 3,520 2,910 X X X
5 1,390 2,230 X X X
6 806 848 X X X
7 373 526 X X X
8 359 478 X X X
9 418 442 X X X
5-76 1 1,760,000 1,080,000 X X X
2 46,500 32,700 X X X
3 4,220 2,270 X X X
4 1,600 541 X X
5 109 59 X X X
6 89 33 X
7 70 8
8 90 7 X
9 93 7
6-76 1 4,180,000 846,000
2 12,200 7,540 X X X
3 1,740 594 X X
4 73 67 X X X
5 99 24 X X
6 57 27 X X X
7 43 26 X X X
8 22 6 b b b
9 14 8 X X X
7-76 1 2,350,000 659,000 X
2 4,390 2,610 X X X
3 2,370 394 X X
4 146 45 X X
5 1,300 318 X X X
6 313 114 X X X
7 528 324 X X X
8 845 250 X X X
9 1,450 15 X
8-76 1 800,000 852,000 X X X
2 2,780 946 X X X
3 3,260 253 X
4 311 78 X
5 384 28
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TABLE 17. CONTINUED

Month Geometric Mean Do Not Differ At

5 Samplinga Total Coliform The Significance
Station Counts/100 ml Level, %
Year
MPN MF 10 5 1
8~76 6 3,100 55
Continued 7 207 9
8 401 7
9 671 68 X

= Raw Wastewater

Effluent from Cell Ay

Effluent from Cell Al

Effluent from Cell By

Effluent from Cell Bl

Effluent from Cell C

Effluent from Cell D

Effluent from Cell E

= Effluent from Chlorine Contact Tank (Chlorine was
not added)

aSampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station

I

O oo~ =
Il

Insufficient data to make comparison.

in organism concentrations obtained by the two techniques is necessary when
interpreting results.

FECAL COLIFORM REGRESSION ANALYSES

A log-log relationship best describes the fecal coliform concentrations
determined by the MPN and MF techniques. All results reported as less than a
given concentration were again excluded. Figure 131 shows a plot of the
relationships, the equations of the lines of best fit, and the correlation
coefficients. The relationships are significant at the 0.1 percent level, and
there are a relatively small number of points which deviate from the general
trend of the data. There appears to be no significant difference in the
relative (not absolute numerical values) concentrations determined by the two
techniques. The fact that the slope of the line describing the relationship
for all of the data collected during the study is 1.00 and the intercept is
0.46 indicates that slightly higher concentrations of fecal coliform bacteria
are expected from the MPN technique.

Monthly data were plotted and analyzed to determine if seasonal variations
in the fecal coliform counts were produced by the two techniques. The charac-
teristics of the lines of best fit are summarized in Table 18. The lower cor-
relation coefficients correspond with the slopes of the lines (regression
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LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure 131.

The relationship between the log of the fecal coliform concen-

trations determined by the MPN technique and the log of the fecal
coliform concentrations determined by the MF technique.

coefficients) which deviate the most from a value of 1.0.

occurred during August, 1975, and March, 1976.

These deviations

During these months, the sus-

pended solids concentrations at Sampling Stations 1 and 9 did not differ

significantly from previous or following months.

Actually a reduction in

suspended solids concentrations occurred in March, 1976, but the agreement

There appears to be no
relationship between season or suspended solids concentrations and the variance

between the results of the two techniques was poor.

between the fecal coliform counts determined by the two techniques.

Based upon

the relationship found for all of the fecal coliform bacteria data as well as
the monthly regression analyses, it appears reasonable to assume that either
technique will yield reliable estimates of the fecal coliform concentration.
However, the absolute numerical values obtained from each technique may not

agree.

Although the wide variation observed in the relationship between the logs
of the MPN and MF total coliform concentrations at MF concentrations of less
than 1000 counts per 100 ml were not observed for the fecal coliform measure-
ments, regression analyses utilizing ranges of MF values varying from O to 100,
0 to 1000, 100 to 1000, and 2 1000 were also analyzed to determine if some

obvious relationship had been overlooked.
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TABLE 18. CHARACTERISTICS OF THE REGRESSION LINE FOR THE RELATIONSHIP
BETWEEN THE FECAL COLIFORM CONCENTRATIONS DETERMINED BY THE
MOST PROBABLE NUMBER (MPN) (ORDINATE) AND THE MEMBRANE FIL-
TER (MF) (ABSCISSA) TECHNIQUES

Month Number Slope of c 1ati Sionifi

& in Each Intercept the orre ation tent 1ca?°e
. , Coefficient Level, %

Year Analysis Line

6-75 49 0.42 0.93 0.96 1
7-75 68 0.60 0.92 0.96 1
8-75 51 0.46 0.88 0.77 1
9-75 64 0.63 0.87 0.95 1

10-75 58 0.81 0.89 0.93 1

11-75 46 0.58 0.96 0.96 1

12-75 31 0.97 0.96 0.98 1
1-76 45 0.87 1.00 0.97 1
2-76 47 0.36 1.06 0.98 1
3-76 72 1.24 0.84 0.83 1
4-76 66 0.28 1.02 0.97 1
5-76 55 0.31 1.04 0.96 1
6-76 51 0.23 1.09 0.98 1
7-76 58 0.14 1.13 0.97 1
8-76 58 0.42 1.00 0.95 1

All Data 819 0.46 1.00 0.96 1

(15 Months)

ranges of values are shown in Figure 131. The characteristics of the regres-
sion lines for the relationships between the fecal coliform concentrations are
summarized in Table 19. The slopes of the lines of best-fit for the ranges

of MF values from 100 to 1000 and 2 1000 counts per 100 ml do not differ
statistically (5% level) from the slope of the line of best-fit for all of

the data (15 months). The intercept of the line of best-fit for the range
from 100 to 1000 counts per 100 ml differed (5% level) from the intercept of
the line of best-fit for all data. As mentioned earlier, a comparison of
intercepts is meaningless if the slopes differ; therefore, levels of signifi-
cance are not indicated in Table 19 for intercepts except when the slopes are
parallel. The slopes of the lines of best-fit for the ranges of MF values
from 0 to 100 and O to 1000 counts per 100 ml differ statistically (5% level)
from the slope of the line of best-fit for all of the data. Correlation
coefficients for all of the regression analyses of the subdivisions of the
data were less than the correlation coefficients obtained for the fit of all
data collected over the 15 months of study. But all regression analyses were
significant at the 1% level. A definite relationship appears to exist between
the fecal coliform concentrations measured by the MPN and MF techniques.

There is a positive bias in the relationship, but the bias is much less than
that observed for the total coliform relationship.
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TABLE 19. CHARACTERISTICS OF THE REGRESSION LINES FOR THE RELATIONSHIP
BETWEEN THE FECAL COLIFORM CONCENTRATIONS DETERMINED BY THE
MOST PROBABLE NUMBER (MPN) AND THE MEMBRANE FILTER (MF)
TECHNIQUES WITH THE DATA DIVIDED INTO RANGES OF VALUES

Range of Number Slope Correlation Significance Reildual
MF Values of Intercept of.the Coefficient Level, % ean
Analyzed Analyses Line Square
0-100 435 0.71 0.73P 0.64 1 0.25
0-1000 536 0.64 0.83P 0.79 1 0.26
100-1000 105 -0.112 1.17 0.56 1 0.23
2 1000 284 0.84 0.94 0.85 1 0.25
All Data 819¢ 0.46 1.00 0.96 1 0.27

(15 Months)

aIntercept differs at the 5% significance level from the dintercept
for all data (15 months). When slopes differ, a comparison of intercepts has

no meaning.

bSlope differs at the 5% significance level from the slope of the line of
best fit for all data (15 months).

“Number of analyses do not add due to inclusive end points. Excluding
end points did not vary results of regression analyses.

Forced zero intercept regression analyses were also performed with the
ranges of values reported in Table 19 even though the intércepts obtained with
the fecal coliform concentrations analyses were smaller than those determined
for the total coliforms. The results of these analyses are summarized in
Table 20. As mentioned earlier, it is necessary to use residual mean squares
to compare the intercept and the forced zero fits of the data. The residual
(error) mean square values for the ranges of MF values between O to 100, 0 to
1000 and the fit of all 15 months of data were smaller with the intercept fit;
however, at the higher concentration ranges of 100 to 1000 and equal to or
greater than 1000 counts per 100 ml the two methods of analysis produced
approximately equal statistical results. Improvement does not result from a
forced zero intercept fit of the data, and the intercept fits of the data
should yield more reliable estimates of fecal coliform concentrations.

Using the equations of the lines of best-fit for the lower ranges (0-100
and 0-1000) of MF concentrations and the line of best-fit for the total of 15
months of data to calculate predicted values, a comparison of fecal coliform
concentrations determined by the MF and MPN techniques is presented in Table
21. The slopes of the regression equations differ statistically, and the
numerical values calculated from the equations and presented in Table 21 show
that the equations for the 0 to 100 and O to 1000 ranges produce better
numerical agreement between the MF and MPN techniques. However, statistically
the regression equation for all of the data should yield a more reliable
estimate. There appears to be a definite relationship between the fecal
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TABLE 20. CHARACTERISTICS OF THE REGRESSION LINES (FORCED ZERO INTERCEPT)
FOR THE RELATIONSHIP BETWEEN THE FECAL COLIFORM CONCENTRATIONS
DETERMINED BY THE MOST PROBABLE NUMBER (MPN) AND THE MEMBRANE
FILTER (MF) TECHNIQUES WITH THE DATA DIVIDED INTO RANGES OF

VALUES

Range of Number Slope C lati Residual
MF Values of Intercept of the CorEE'a' oz Mean
Analyzed Analyses Line oetticien Square

0-100 436 0 1.28 * 0.39

0-1000 537 0 1.20 * 0.37
100-1000 106 0 1.12 * 0.23

2 1000 285 0 1.11 * 0.27
All Data 8202 0 1.12 * 0.35

(15 months)

*

Little significance can be attached to correlation coefficients when
forced zero intercept analysis is employed. Must compare residual (error)
mean square values for intercept fit and forced zero intercept fit.

a . . . .
Number of analyses do not add due to inclusive end points. Excluding
end points did not vary results of regression analyses.

TABLE 21. EQUIVALENT VALUES FOR MPN AND MF FECAL COLIFORM CONCENTRATIONS
CALCULATED FROM EQUATIONS

Range of MF Equivalent MPN Value, Counts/100 ml
Values Used
To Determine Given MF Value, Counts/100 ml
Regression Equationsa
10 100 500 1000
Intercept Employed
0 - 100 28 148 - -
0 - 1000 30 200 759 1350
All Data 29 288 1440 2880
(15 months)
Forced Zero Intercept
0 - 100 19 363 - -
0 - 1000 16 251 1730 3980
All Data 13 174 1050 2290

(15 months)

4See Tables 19 and 20 for equations used to calculate equivalent values.
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coliform concentrations measured by the MPN and MF techniques, and it appears
reasonable to assume that both techniques measure similar trends but do not
necessarily result in the same bacterial concentrations.

FECAL COLIFORM GEOMETRIC MEAN COMPARISONS

The geometric mean monthly concentrations of fecal coliform by sampling
station were compared using the standard t-test to determine if the log of the
concentrations measured by both techniques differed. The results of these
analyses are summarized in Table 22. As before an "X" in a column indicates
that the monthly means obtained by both techniques do not differ at the
designated significance level.

Monthly fecal coliform concentrations for the raw sewage (Station 1) were
in agreement at all three levels of significance for only 5 months out of the
total of 15 months. There appears to be no relationship between agreement and
the seasons or suspended solids concentrations (compare Table 22 with Figure
E-4). When high concentrations of fecal coliform occurred at other stations,
a significant difference was detected in the means. At lower concentrations
of fecal coliforms there was excellent agreement in the results obtained by
the MPN and MF techniques. ,

Apparently variations between the results obtained with the MPN and MF
techniques to determine fecal coliform concentrations can be attributed to
inherent differences in techniques, and results from both techniques appear
to be acceptable for identifying relative fecal coliform concentrations. How-
ever, the absolute numerical values obtained from the two techniques may not
agree.

STANDARD DEVIATIONS

Using an F-test, the standard deviations from the log of the means for
both techniques do not differ statistically at the 1% level of significance
(Table 23), and one technique does not appear to be more reliable than the
other. The same trends are indicated by the results obtained with both
techniques (Table 23).

SUMMARY AND CONCLUSIONS

The inherent variations in the MPN and MF techniques for measuring total
and fecal coliform bacteria appear to be equivalent, and thus one technique
does not appear to be more reliable than the other.

Both techniques appear to show the same trends. Variations in results when
analyzing a common sample appear to be equal for both the total and fecal MPN
and the MF techniques (see Table 23). However, the absolute numerical value
obtained from the two techniques may differ substantially. "
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TABLE 22. COMPARISON OF GEOMETRIC MEANS FOR FECAL COLIFORM CONCENTRATIONS
DETERMINED BY THE MOST PROBABLE NUMBER (MPN) AND MEMBRANE FILTER
(MF) TECHNIQUES

Geometric Mean Do Not Differ At
Month Samplin a Fecal Coliform The Significance
& 1ng Counts/100 ml Level, %
Station
Year

MPN MF 10 5 1
6-75 1 500, 000 310,000 X X X
2 4,420 1,660 X X X
3 434 211 X X X
4 59 31 X X X
5 16 7 X X X
6 14 7 X X X
7 31 19 X X X
8 5 3 X X X
9 5 2 X X
7-75 1 913,000 442,000 X X X
2 930 289 X X X
3 416 273 X X X
4 33 12 X

5 30 2
6 16 10 X X X

7 31 8

8 4 1
9 5 3 X X
8-75 1 298,000 8,400 X X
2 561 166 X
3 234 118 X X X
4 55 64 X X X
5 52 37 X X X
6 49 94 X X X
7 37 61 X X X
8 7 10 X X X
9 10 7 X X X
9-75 1 202,000 155,000 X X X
2 570 224 X X X
3 520 176 X X X
4 60 43 X X X
5 48 15 X

6 33 4
7 11 6 X X X
8 11 8 X X X

9 34 5
10-75 1 285,000 87,600 X
2 4,230 2,120 X X X
3 1,760 239 X X
4 258 104 X X X
5 68 15 X
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TABLE 22. CONTINUED

Geometric Mean Do Not Differ At
Month Samplinga Fecal Coliform The Significance
& Station Counts/100 ml Level, %
Year
MPN MF 10 5 1
10-75 6 77 8 X
Continued 7 22 7 X X
8 9 3 X X
9 30 2
11-75 1 736,000 146,000 X
2 26,000 4,110 X
3 775 73 X X X
4 127 160 X X X
5 59 17 X X X
6 37 12 X X X
7 19 8 X X X
8 5 2 X
9 13 2
12-75 1 1,720,000 407,000 X X
2 14,000 263
3 1,400 115 X
4 120 28 X X X
5 18 3
6 24 3 X
7 6 2 b b b
8 6 1 b b b
9 17 0 b b b
1-76 1 5,960,000 1,290,000 X
2 983,000 187,000
3 107,000 13,400 X X X
4 355,010 70,600 X
5 649 39 X X X
6 101 16 X X X
7 9 2 X X
8 b4 5 X
9 11 2 X
2-76 1 3,290,000 1,240,000
2 813,000 196,000
3 313,000 71,500
4 616,000 66,600
> 63,700 6,550
6 100 7 X X X
7 386 3 X X
8 14 4 X X X
9 71 2 X X X
3-76 1 1,110,000 572,000 X X X
2 209, 000 89,200 X X "X
3 390,000 81,300 X
4 235,000 68,400 X
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TABLE 22. CONTINUED

Month

Geometric Mean

Do Not Differ At

& Sam.plinga Fecal Coliform The Significance
y Station Counts/100 ml Level, 7%
ear
MPN MF 10 5 1
3-76 5 189,000 60,900
Continued 6 184,000 45,500
7 62,100 25,400 X
8 40,700 14,800
9 27,000 17,100 X X X
4~76 1 768,000 474,000 X X X
2 6,570 2,980 X X X
3 6,550 3,260 X X X
4 493 394 X X X
5 253 77 X X X
6 178 70 X X X
7 102 24 X X X
8 101 33 X X X
9 112 34 X X X
5~76 1 1,010,000 193,000 X
2 5,820 3,620 X X X
3 1,278 212 X X X
4 93 61 X X X
5 7 2 X
6 15 7 X X X
7 18 6 X X X
8 7 3 X X
9 6 4 X X X
6-76 1 1,320,000 185,000
2 2,330 1,170 X X X
3 100 36 X X X
4 10 5 X X X
5 5 3 X X X
6 15 2 X X X
7 4 2 X X X
8 3 1 b b b
9 4 3 X X X
7-76 1 830, 000 127,000
2 664 192 X X X
3 145 36 X X X
4 19 15 X X X
5 61 26 X X X
6 52 12 X X X
7 23 16 X X X
8 42 10 X X X
9 96 10 X
8-76 1 228,000 512,000 X
2 301 71 X X X
3 122 61 X X X
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TABLE 22. CONTINUED

Geometric Mean Do Not Differ At
Fecal Coliform The Significance
Month Samplinga Counts/100 ml Level, 7%
& Station
Year MPN MF 10 5 1
8-76 4 49 19
Continued 5 20 8 X X X
6 40 23 X X X
7 19 7 X X X
8 7 3 X X X
9 11 4 X

= Raw Wastewater

Effluent from Cell A2

Effluent from Cell A1

Effluent from Cell Bj

= Effluent from Cell Bj

= Effluent from Cell C

= Effluent from Cell D

Effluent from Cell E

Effluent from Chlorine Contact Tank (chlorine was
not added)

aSampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station
Sampling Station

Lo~~~ WhN
|

bInsufficient data to make comparison.

TABLE 23. THE MEANS AND STANDARD DEVIATIONS FOR THE LOG VALUES OF THE TOTAL
AND FECAL COLIFORM CONCENTRATIONS AT THE VARIOUS SAMPLING

STATIONS
MPN Total MF Total MPN Fecal MF Fecal
Coliform Coliform Coliform Coliform
Sampling Standard Standard Standard Standard

Station Log Deviation Log Deviation Log Deviation Log Deviation
Mean of the Mean of the Mean of the Mean of the

Sample Sample Sample Sample
1 6.33 0.61 6.01 0.68 5.92 0.64 5.38 0.78
2 4,50 1.14 4.16 1.11 3.85 1.26 3.35 1.21
3 4.20 1.22 3.32 1.51 3.29 1.38 2.76 1.31
4 3.38 1.49 2.79 1.61 2.61 1.66 2.23 1.44
5 3.13 1.31 2.30 1.43 2.14 1.47 1.55 1.45
6 2.72 1.21 1.83 1.24 1.92 1.35 1.36 1.19
7 2,40 1.23 1.53 1.28 1.66 1.23 1.15 1.13
8 2.45 1.21 1.46 1.33 1.40 1.30 0.96 1.19
9 2.53 1.24 1.50 1.43 1.52 1.20 0.91 1.19
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Seasonal variations and suspended solids concentrations do not appear to
account for the differences in absolute numerical values obtained by the MPN
and MF techniques. Large variations due to inherent differences between the
two techniques could account for much of this difference.
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APPENDIX A

CHLORINATION FIELD DATA
AUGUST 1, 1975 - AUGUST 24, 1976
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Figure A-1. Seasonal biochemical oxygen demand for unfiltered and filtered lagoon effluent (Sample Nos.
10 and 11.
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TABLE A-1. CHLORINATION FIELD DATA COLLECTED FROM AUGUST 1, 1976 TO AUGUST 24, 1976.
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NUMBER /100ML  /1009L cop  coo CL2Z RESIDUAL RESIDUAL
MG/L  MG/L  MG/L MG/L  MG/L MG/L JTU mCT OMG/L MG/L MG/L MG /L
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8 13 75 17 4. 0. 55.090 49.00 1.92 0.00 17.00 12.91 25.0 8.63 22.0 6.5 11.35 9.50 0.00
8 13 7s 18 0. 0. *xxvwr 42,00 2.94 0.90 18.71 12.96 23.0 8.58 22.7 7.5 6.81 6445 0.00
8 13 75 19 0. 0. esex+s 30.00 3.67 0.00 17.83 12.91 23.0 8.58 22.0 7.6 681 640 0.00
8 13 75 20 0. 0- 55.00 &2.00 1.99 0.00 17.89 13.20 25.0 8.62 22.0 7.5 6.81 6.30 0.00
8 19 75 10 750. 40. 81.17 24.76 0.32 0.00 40.09 29.82.32.0 9.22 20.0 9.6 0.00 0. 00 0.00
8 19 75 11 11000. 7. 2B.47 17.88 1.96 0.00  6.54 3.94 T.1 B.6O0 29.5 5.1 0.00 0. 00 0.00
8 19 75 12 20. 0. exeaxwsr 28,50 0.61 0.00 34404 25.18 35.0 9.05 20.0 7.6 6.00 2.33 0.00
8 19 75 13 [ 0. wxsssd wxnere 1,03 0.00 40.90 31.C0 32.0 9,05 20.2 7/6 6.00 2.20 0.00
8 19 75 14 4. 0. 65.00 34.50 2.17 0.00 32.80 25.32 36.0 9.00 20.0 7.6 6,00 2.05 0.00
8 19 75 1€ 0. Q. sxssesr 28,50 2.85 0.00 32.49 25.00 43.0 8.54 20.0 7.6 20.00 5.60 1.80
8 19 75 16 0. 0. #xwsex 40,50 0.19 0.00 30.74 23.17 41.0 8.50 20.0 7.6 20.00 4. 80 1.12
& 19 75 17 0. D. 56.50 50.00 1.29 0.00 29.06 22.49 40.0 8.50 20.0 7.6 20.00 4400 0.68
8 19 75 21 75. 0. s+ewxas 28.50 1.54 .00  7.17 5.03 7.7 8.30 20.5 10.0 10.00 2.45 0.00
8 19 75 22 9. D *sasxx 36,00 1.71 0.00 7.31 .40 7.5 A.25 20.5 10.0 10.00 2.30 0.00
8 19 75 23 9. 0. 41.00 49.00 1.96 0.00 7.49 4.77 6.7 8.31 20.5 10.0 10.00 2.10 0.00
8 21 75 10 430, 40. axxsar 128.79 mawrs 0.00 62.70 59.30 44.5 9.37 20.0 16.9  0.00 0. 00 0.00
8 21 75 11 24C0. 0. 14,95 sauwes seees 2.00 15.66 12.63 15.5 8.76 20.0 6.1 0.00 0. 00 0.09
8 21 75 12 93. 0. #*sxeesxnx 5,00 sesxes 0.00 &9.68 42.88 S4.0 9.13 20.0 9.0 4.00 1.45 0.00
8 21 15 13 3. 0. sxssex 4,00 wwaew 0.00 46.10 46.90 56.0 9.10 20.0 9.4 &.00 1.30 0.00
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TABLE A-1. CONTINUED

*MONTH DAY YEAR SAMCLE  MPN TC MPN FC UNFILT  FILT ARMONIA SULFIOE SS VSS TURB PH TEMP OC APPLIED TGV AL FREE
NUYBER  /10CAL /100AL cud con cL2 RESIDUAL RESIDUAL
MG/L MG /L M3/L MG/L NGSL  45/L JTU "C" MG/L  MG/L MG/ L MG /7L
B z1 75 14 23. O. S56. 00 5400 #wsnn 0.00 49.78 47.67 59.0 9.10 20.0 9.5 4.00 1.20 0.00
8 21 75 15 0. 0 AnrEw 5,00 swawn N.00 40.R3 37.67 52.06 3.9C 20.0 9.7 12.00 5. 30 1.40
u 21 7S 16 4o D. sxvrns 3.00 awasn D00 41.39 37.35 S54.0 8.90 20.0 9.7 12.00 3.60 1.30
5 21 75 17 9. 0- 56. 00 550 seaax 0.00 37.20 397.40 55.0 8.85 20.0 9.3 12.00 3. 00 0.60
8 21 75 18 Lo 0. stusee T.00 w#xwns 0.00 40.8) 38.30 46.0 8.64 20.0 9.2 29.76 14.00 3.90
[} 21 75 19 9. Q. xaewwr 11,50 sxane 0.00 35.60 32.07 -48.0 8.63 20.n 9.2 29.76 11.20 4.30
-] 21 75 20 0. . 47.70 11.50 xwexs 0.00 49.8) 32.20 43.0 8.61 20.0 9.8 29.76 9. 40 2.70
8 21 75 21 0. 0. Arxeen 570 *nenw 0.00 1667 11.53 140 8.42 20.0 5.2 8.00 1.85 0.10
8 21 15 22 Q0. D. resraer 5.00 «#enx 0.70 21.40 13.65 14.0 8.42 20.0 5.3 8.00 1.55 0.00
8 21 75 23 Q. 0. xsavee 50N xweans 0.00 13.11 3.51 14.0 8442 20.0 6.1 8.00 1.50 0.00
:} 26 75 i¢ 280. 40. 111.94¢ 29.30 0.40 0400 32.50 29.80 ~exv 9.49 19.5 10.0 0.00 0. 00 0.00
3 26 7S 11 100. 300. 133.26 #wwwes 0.66 1e00 11.30 6.43 10.5 8.89 20.0 10.5 0.00 0. 00 0.00
8 26 75 12 $3. . sxerae 30,00 0.42 0.00 29.40 25.87 32.0 9.23 19.5 10.5 2.00 0.55 2.00
4 26 75 13 11C0. o awxwxxe 31,50 0.40 0.00 30.60 24.93 32.0 9.39 19.5 10.1 2.00 0.48 .00
8 26 75 14 930. l}. 56.00 33.00 0.29 0.00 28.90 23.00 32.0 9.38 19.5 9.5 2.00 0.43 J.00
8 26 75 15 150. O. svsees 34,00 0.25 0.00 29.30 23.94 36.0 9.30 19.5 11.1 10.00 6. 55 1.35
] 26 75 16 0. D+ rrxrxe 31.50 0.33 9.00 20.20 17.15 34.0 9.30 19.5 10.0 10.00 6460 1.25
8 26 75 17 0. 0- 16.50 2%.50 0.21 0.00 42.50 39.33 33.0 9.30 19.5 10.2 10.00 6.50 1.10
] 26 75 18 0. O. trsreex 51.50 0.10 0.00 34420 25430 44.0 9.18 19.5 10.8 24.58 11.80 3.85
8 26 75 19 3. 0. 2rxxex 43,00 0.23 0.00 32.30 26.87 44.0 9.18 19.5 7.7 ?24.58 11.60 3.35
3 26 715 20 0. [+ 80.00 49.50 0.33 0.00 34.90 28.560 42.0 9.11 19.5 10.2 24.58 11.50 3.15
8 26 75 21 0. Q. aravxs 22,50 0.37 0.00 27.30 10.52 20.0 8.93 20.0 9.2 6.00 5.95 1.80
8 26 75 22 0. Q- *rrvxx 25,50 0.01 0.00 7.50 €.76 18.0 8.93 20.0 9.4 6.00 5«45 1.49
8 26 75 23 0. 0- 26.00 24.00 0.59 0.00 15.30 3.20 19.0 8.82 20.9 9.6 6.00 4. 85 1.22
8 28 75 10 930 . 30. 8456 44.51 0.05 0.00 47.58 39.83 36.0 9.30 19.5 12.7 0.00 0.00 0.00
8 28 75 11 92300. 230. 42.48 36.71 0.11 0.00 18.68 9.80 18.0 %.00 18.5 7.9 0.00 0. 00 0.00
8 28 75 12 240. 9. sxrseex 76,00 0.03 0.00 &42.80 36.€0 40.0 9.27 19.5 10.5 1.00 0. 28 0.00
8 28 75 13 150. Q.  *xerxse 44,00 0.05 0.00 34.37 30.74 42.0 9.30 19.5 10.4 1.00 0.20 0.00
8 28 75 14 40. Q- 162.00 37.50 0.07 0.00 41.90 37.50 41.0 9.32 19.5 10.3 1.00 0.15 0.00
8 28 75 15 0. 0. trexax 55.00 0.09 0.00 40,07 32.C7 51.0 9.25 19.5 10.3 8.00 4. 85 1.05
8 28 75 16 0. 0. *tsxxx 37.50 0.15 0.00 37.69 32.69 51.0 9.20 19.5 10.2 8.00 4.00 0.81
8 28 75 17 0. D- 66.00 35.00 0.05 0.00 40.00 33.08 51.0 9.20 19.5 10.3 8.00 3.35 0.48
8 28 75 18 0. D. sxesse 37,50 0.12 0.00 38.80 32.13 50.0 9.14 15.5 19.1 19.66 2.95 2.95
8 28 75 19 0. 0. sreves 37,50 0.12 0.00 38.40 30.67 S1.0 9.08 19.5 10.0 19.66 0.32 0.32
8 28 75 20 0. 0. 67.00 39.50 0.05 0.00 35.60 31.C6 50.0 9.09 19.5 10.0 19.66 0. 00 0.00
8 28 75 21 0. 0. svsexr 62,00 0.12 0.00 19.10 9.17 21.0 8.98 18.5 7.5 4.00 2.08 0.34
8 23 75 22 0. 0. #exxxe 32,00 0.12 0.00 18.00 8.91 19.0 8.99 18.5 7.5 4.00 1.70 0.19
8 28 75 23 . 0- 39.50 35.00 0.11 0.00 19.54 8.57 22.0 9.00 18.5 7.5 4.00 1.33 0.10
9 2 75 10 110. 30 61.51 40.02 0.04 0.00 33.10 27.C0 25.0 9.25 18.0 6.6 0.00 0. 00 0.00
9 2 15 11 93C0 . 40. 47.19 27.61 0.l16 0.00 46.12 21.24 21.0 8.94 18.0 7.0 0.00 0.00 0.00
9 2 75 12 7T- Q. sxwswx  31.00 0.10 0.00 26.60 21.15 32.0 9.22 18.0 7.2 4.00 1.45 0.20
9 2 75 13 0. 0. xesexxe 33,50 0.09 0.00 23.43 20.29 32.0 9.25 18.0 7.4 4.00 1.20 0.10
9 2 75 14 0. 0. 66.00 47.00 0.10 0.00 /25.65 19.55 32.0 9.26 18.0 7.3 h.00 0.85 0.00
9 2 75 15 0. 0. s+2xsesx 58.00 0.08 0.00 24.56 17.92 33.0 %9.14 19.0 7.0 12.00 T.40 1.85
9 2 75 16 0. o wwxkex 30,50 0.02 0.00 22.68 17.40 34.0 9.13 19.0 7.2 12.00 6.65 1.60
9 2 75 17 0. g. 50.50 35.00 0.03 0.00 23.48 17.92 34.0 9.11 19.0 7.5 12.00 5.90 1.35
9 2 75 18 [R% 0. sr2enr 50.00 0.06 0.00 25.44 18.36 33.0 9.06 19.0 6.8 29.33 14.40 4.35
9 2 75 19 0. 0. er2eex (5.50 0.09 0.00 43.27 33.91 31.0 9.02 19.0 7.1 29.33 13.40 3.70
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILT FILT AMMONIA SULFIDE SS ¥SS TLRB PH TEMP DC APPLIED TOT AL FREE
NUMBER /100ML 7100ML con cop cL2 RESIDUAL RESIDUAL
MG/L MG /L HG/L MG/ L MG/L O MG/L O JTU "C" MG/L MG/L MG/L MG /L

9 2 75 20 0. 0- 66.00 43.50 0.04 0.00 22.69 17.62 31.0 9.00 19.0 7.8 29.33 11.60 3.30
2 2 75 21 0. Q. *rexxe 23,00 0.16 0.00 22.40 11.40 24.0 8.71 18.9 6.2 3.00 1.45 0.00
9 2 75 22 0. D- *+#x+e 23,00 0.16 0.00 21.95 {1.57 22.0 8.91 18.0 6.2 J.0° 1.05 0.00
9 2 75 23 0. 0- 35.50 25.00 0.09 0.00 22.26 11.78 21.0 8.9%0 18%.0 6.7 3.00 0. 85 0.00
9 4 75 10 40 . 30- 56.81 saxwre .02 0.00 28.39 26.83 25.0 9.40 153.2 2.8 0.00 0.00 0.00
9 4 75 11 4300. 4. 32497 sesssxx (.13 0.00 17.70 3.30 13.0 8.88 19.0 8.2 0.00 0. 00 0.00
9 4 75 12 3. Q- sxrsex 31.50 0.04 0.00 2240 22.60 29.0 9.29 18.0 9.5 2.00 0.70 0.00
9 4 75 13 9. Q. wtxexx 33.00 0.05 0.00 24.93 23.27 30.0 9.30 1R.C 9.5 2.00 0. 50 0.00
9 4 T2 14 L 0. 51.00 32.50 0.05 0.00 21.27 22.67 30.0 9.22 18.0% 9.4 2.00 0.45 0.00C
9 4 75 15 0. 0. sssese 31.00 0.03 0.00 22.40 19.58 35.C 9.17 18.9 9.7 10.00 6. 90 1.80
9 45 75 16 0. 0. Axexex 31.00 0.02 0.00 22.36 18.67 34.0 9.12 18.0 9.4 10.00 5.40 1.50
9 4 75 17 2. 0- 43.00 24.00 0.03 0.00 21.80 18.65 34.0 9.11 18.0 9.6 10.00 5. 00 1.20
9 4 75 18 0. Q. svxeex 47,00 0.02 0.00 22.84 19.76 35.0 9.10 19.9 9.2 24.67 12.20 3.70
9 4 75 19 0. Q- txxxax 49,50 0.03 0.00 21.72 18.12 34.0 9.08 18.0 8.7 24.67 11.20 3.20
9 4 75 20 0. [ B 62.50 47.G0 0.03 0.00 21.20 18.28 34.0 9.00 18.0 9.2 24.67 10. 20 2.80
9 4 75 21 150. 3. arsrss 24,00 0.13 0-.00 11.24 7.36 11.0 8.93 18.0 6.4 2.00 1. 00 0.00
9 4 75 22 19. 7o  wwktas 24,00 0.12 0.00 11.17 6.67 11.0 8.90 18.0 7.0 2.00 0.90 0.00
9 4 75 23 39. 7. 29.00 22.00 0.05 0.00 12.34 6.50 12.0 B.95 18.0 6.2 2.00 0. 85 0.00
9 9 75 10 150. 49. 75.26 42.92 0.04 0400 26497 2660 2540 9.30 19.0 13.8 0.00 0.00 0.00
9 9 75 11 110. 30- 39.05 33.87 Q.11 0.09 B.30 4.03 8.7 B.98 19.0 7.3 0.00 0. 00 0.00
9 9 75 12 120. 9. xasex 31,00 0.11 0.00 20.20 19.75 25.0 9.32 19.7 8.7 0.50 0.50 0.00
9 9 75 13 240, 48, seeenx 36.50 0.12 0.00 22.00 20.25 25.0 9.39 19.0 8.7 0.50 0.45 0.00
9 9 75 14 70. T. 76.00 42.50 0.1} 0.00 21.16 20.40 26.0 9.37 19.0 8.7 0.50 0.45 0.00
9 9 75 15 9. 0. *exeee 32,50 0.14 0.00 19.20 13.30 23.0 9.38 19.0 8.8 1.00 0.95 0.00
9 9 75 16 7. 0. treeex 31,00 Q.12 0.00 18.92 13.16 23.0 9.35 19.0 9.4 1.00 0. 85 0.00
9 9 75 17 7. 0- 59.00 37.50 0.11 0.00 19.96 18.00 25.0 9.35 19.0 9.4 1.00 0.75 0.00
9 9 75 18 0. 0. *xevxer 43,00 0.24 0.00 17.84 15.44 22.0 9.29 20.9 9.1 6.00 2.75 0.20
9 9 75 19 0. 0. rxxxexr 43,50 0.12 0.00 20.15 1765 27.0 9.32 20.0 8.8 6.00 2.35 0.15
9 9 75 20 0. 0- 50.00 30.50 0.09 0400 18445 18.75 26.0 9.21 20.0 9.6 56.00 1.95 0.10
9 9 75 21 14. Q. werves 35,00 0.11 0.00 10.43 5.20 S.4 8.98 19.0 6.0 1.00 0.63 0.00
9 9 75 22 4. 0. ssesar 35,00 0.10 0.00 B.84 4.32 9.4 B.97 19.0 6.5 1.00 0.55 0.00
9 9 75 23 4. 0- 36.50 35.00 0.09 0.00 Be46 4o36 9.4 B.98 19.0 5S.7 1.00 9.45 0.00
9 16 75 10 4300. 30. 73.41 43.97 0.43 N.00 39.67 38.42 2840 9.20 wanw axew 0.00 0. 00 0.00
9 16 75 11 9300. 30- 32.46 27.70 0.07 0.00 720 he2h Te3 BeBS wasw waas 0.00 0. 00 0.00
9 16 75 12 24C0. 9o axwwasse 35,00 0.37 0400 36460 31.20 31.0 2.21 wanwe swwaw 0.50 0.15 0.00
9 16 75 13 930. 9. wwxxer 48.50 0.35 0.00 32.25 30.67 30,0 9.25 xtetx swee 0.50 0.20 0.00
9 16 75 14 750. 23. 58.00 4%1.00 0.53 0.00 34,08 3233 30,0 9.23 aass wane 0.50 0.25 0.00
9 16 75 15 0. 0. areexs 41,00 035 0.00 32.93 29413 38.0 9.21 »wew waes 4.00 3.30 0.00
9 16 75 16 0. 0. wewxsas 33,00 0.35 0.00 31.85 29.85 3840 9.20 wa2a anmeax 4.00 2.95 0.00
9 16 75 17 0. 0. 54.50 30.90 0.37 0.00 3042 30475 40.0 9.22 *oxw 2een 4.00 2.70 0.00
9 16 75 18 4. Q. #xsxexr 33,00 0.20 0.00 32.61 23233 42.0 9.17 waesw 2xwex  10.00 3.60 0.50
9 16 75 19 0. Q. wrxxsr 63,00 O0.16 0.00 29.82 29.09 43.0 9.13 tsxn seese  10.00 3.30 0.30
9 16 7% 20 « 0. 0. 63.00 35.50 0.18 0.00 31.85 29.69 44.0 9.12 s+sw swvws  10.00 3.10 0.10
9 16 75 21 430. Q. *rrane xxxaes 0.05 0.00 Be36 5.38 8.2 B.62 rwex xrax 0.50 0.50 0.00
9 16 75 22 230. 0. wxevee 49,00 0.04& 0.00 Bel2 5e46 Be3 8460 waes wsex 0.50 0.45 0.00
9 16 75 23 150 0. 3.00 34.00 0.07 0.00 8416 5.10 946 8440 »anwr waes 0.50 0.45 0.00
9 18 75 10 3900 . 30- 64413 30.81 0.68 0.00 36.07 25.87 25.0 9.00 18.0 10.6 0.00 0. 00 0.00
9 18 75 11 93¢C. 0. 31.60 28.70 0.2%4 0.00 10.20 3.94 11.0 8.80 16.5 7.2 0.00 0. 00 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN £C UNFILT FILY AMMONIA SULFIDE B ¥$S TURB PH TEMP DO APSLIED TCTAL FREE

NUMBER /1COML /1 00ML cop coo L2 RESIDUAL RESIDUAL
MG/L MG/L MG/L MG/ L MG/L MG/L  J4TY "C"™ MG/L MG/L MG/L MG /L
9 18 75 12 75. 3. sxswer  16.50 0.61 0.00 32.93 22.87 26.0 9.05 18.0 9.8 2.00 0.98 0.00
9 18 75 13 21. « taxwsx 22.50 0.63 0.00 32.93 21.C7 26.0 9.07 18.0 9.8 2.00 0.65 0.00
9 18 75 14 23 . 0- 49.50 29.50 0.59 0.00 29.67 20.27 25.0 9.07 18.0 9.8 2.00 0. 48 0.00
9 18 75 15 156¢0. Q. svexer 26.00 0.64 0.00 30.75 21.25 26.0 9.08 18.0 9.7 0.25 0.13 0.00
9 18 75 16 1500. O. xrwree 27,00 0.57 0.00 29.06 19.81 25.0 9.10 18.0 9.7 0.25 0. 00 0.00
9 18 75 17 1500 . 1. 49.00 21.00 0.61 0.00 28.38 20.50 25.0 9.10 18.0 9.9 0.25 0. 00 0.00
9 18 75 18 Q. 0. rrzexs 33,50 0.46 0.00 29.60 19.40 32.0 8.98 18.0 9.8 6.00 3.75 0.00
9 18 75 19 0. Q. rrexec 37,00 0.42 0.00 30.05 20.85 32.0 8.95 18.0 9.7 6.00 3.38 0.00
9 18 75 20 0. 0. 49.50 28.50 0.46 0.00 29.23 21.93 34.0 8.98 18.0 9.8 6.00 3.15 0.00
9 18 75 21 [ Q. atstex 25,00 0.18 0.00 11.00 4.36 1Z.0 8.81 16.5 6.8 4.00 1.85 0.00
9 18 75 22 4. Q. wresxxr 20,00 0.18 0.00 10.72 4.92 11.0 8.80 16.5 6.6 4.00 1.63 0.00
9 18 75 23 4. 0. 17.00 14.00 0.21 0.00 11.54 4.43 11.0 B.80 16.5 6.8 4.00 1. 48 0.00
9 23 75 10 230. 30- 77.43 36.83 0.82 0.00 29.80 20.83 17.0 9.25 16.0 14.0 0.00 0. 00 0.00
9 23 75 11 430. 39. 45.65 32.63 0.62 0.00 111.46 4.54 11.0 B.78 16.9 8.6 0.00 0. 00 0.00
9 23 15 i2 3. « wexwxe 35,50 0.79 0.00 29.00 18.04 21.0 9.15 16.0 10.4 1.00 0. 45 0.00
9 23 75 13 43. 28§. wxzsxe 35,50 0.83 0.00 6. 17 1633 17.0 9.22 16.0 10.2- 1.00 0.40 0.00
9 23 75 14 9. . 57.00 37.50 0.60 0.00 25.16 16.72 19.0 9.25 16.9 10.4 1.00 0.40 0.00
9 23 75 15 230. 9. srexne 31.50 0.80 0.00 27.36 16.88 19.0 9.27 16.0 10.8 0.50 0. 45 0.00
9 23 75 16 93. §. srewer 35,00 0.66 0.00 28.92 17.80 20.0 9.29 16.0 10.6 0.50 0. 30 0.00
9 23 75 17 30. 2. 39.00 36.00 0.90 0.00 25.95 16.70 20.0 9.29 15.9 10.7 0.50 .35 0.00
9 23 75 18 S D. erever 29.00 0.64 0.00 24.85 16.25 20.0 9.25 15.0 10.3 4.00 3.60 0.00
9 23 75 19 2. 0. ressxr 16,50 0.76 0.00 25-9% 15.80 20.0 9.00 16.9 10.2 4.00 3.50 0.00
9 23 15 20 Se 0- 51.00 34.00 0.07 0.00 24.90 15.85 21.0 9.00 16.0 10.3 4.00 3.40 0.00
9 23 75 21 0. 0. «xavxae 27.00 0.40 0.00 17.04 S.78 12.0 8.70 16.0 7.2 6.00 1.85 0.35
9 23 75 22 0. 0. ewwres 31,00 0.15 0.00 16.66 5.66 12.0 3.38 16.7 7.8 6.00 1.40 0.20
9 23 75 23 0. 0- 42.00 30.50 0.14 0.00 18.13 6.96 12.0 8.6C 16.0 7.8 6.00 1. 15 0.15
9 25 75 10 930. 30- 45.70 38.55 1.08 0.00 16449 11.76 10.C 9.25 16.0 14.8 0.00 0. 00 0.00
9 25 75 11 15C0. 30. 36.71 32.0% 0.29 0.00 1% 1K %.13 $.6 9.0C 15.0 6.7 0.00 0. 00 0.0C
9 25 75 12 8. 2. *exxer 36,00 0.50 0.00 15.57 9.30 10.5 9.30 15.3 14.0 2.00 1. 10 0.00
9 25 75 13 43. de srexar 30.50 N.82 0.00 15.74 1M.31 11.0 9.34 16.9 14.7 2.00 0.95 0.00
9 25 75 14 43. 5- 47.00 36.50 0.78 0.00 16.03 12.28 11.0 9.32 16.0 14.7 2.00 0. 85 0.00
9 25 75 15 43, 1§. sseree 34,00 0.54 0.00 16,52 19.90 11.0 9.34 16.0 14.7 0.25 0. 00 0.0C
9 25 75 16 230. 1§. seexre 13,02 0.81 0.00 15.96 .56 11.0 9.32 16.0 14.9 0.25 0.00 0.00
9 25 75 17 23C. s. 39.50 27.00 1.17 0.00 16.24 12.36 11.6 9.35 16.7 14.5 N.25 7. 00 0.09
9 25 75 18 0. 0. *rxewx 27,50 0.47 0.00 17.52 12.03 11.0 9.28 1A.0 14.8 6.00 3.80 0.17
9 25 75 19 0. 0. *wsrse 34,00 0.4l D.00 15.86 9.53 16,0 9430 16.7 142 6.00C 3.40 0.00
9 25 75 20 Ge. 0- 36.00 25.50 0.57 0.00 15.23 9.83 15.0 9.28 16.0 14.7 6.00 .25 0.00
9 25 75 21 430. 0. seexes 31,50 0.31 0.00 10.38 3.90 19.0 9.082 15.0 7.2 0.25 0.25 0.00
9 25 15 22 930. D. eewsee 34,00 0.21 D.00 11.64 4.06 10.5 9.03 15.0 7.3 0.25 0.25 0.00
9 25 75 23 430. 2. 37.00 36.0C 0.28 0.00 11.44 4,29 1C0aS 9.CC 15.2 7.6 0.25 0. 20 g.0¢
9 30 75 10 43C0. 30. 29.56 35.41 1.32 0.00 14.32 9,13 ~wew 9,09 (5.0 6.2 0.00 0. 00 %.00
9 3¢ 75 11 43C0. 40. 264426 22.93 047 9.00 .99 2.90 *eex 8,79 15.7 5.4 0.00 0. 00 0.00
9 30 75 12 2400. 1z. 3042 47.89 1.47 0.20 1&o14 €.52 #oe+ 9,43 15,1 6.3 1.00 0.55 ‘0.00
9 30 75 13 930. Q. +eseer 30,34 1.43 .00 12.86 EsC2 »awwx 9.10 15.0 5.4 1.00 0.30 0.00
9 3¢ 75 14 240. 2. 29.83 27.2¢ 1.3 G.00 10.99 4.96 ~xsx 7.02 15.9 6.1 1.00 .30 0.00
9 30 75 15 930. Q. txesex 20,75 1.38 0,00 léotsd €16 serx 3,05 1R, 62 0.50 D.60 94.00
9 30 75 16 230. Q. rrevex 29,56 1.31 0.00 14.52 6.25 weas B89 16,0 5.2 0.50 0.35 0.00
9 3¢ 75 17 s$3. S. 32.53 36.5¢& 2.21 0.00 13.Bh 6.3 weee 9,05 (h.0 6.2 0.50 0.35 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILT FILT AMMONIA SULFIDE SS VSS TURB PH TEMP DO APPLIED TOTAL FREE

NUMBER /100ML 71004L co0  COD cL2 RESIDUAL RESIDUAL
MG/L  MG/L  MG/L MG/t MG/L MG/ JTU "C" MG/L MG/L MG/L MG /L

9 30 75 18 0. 0. #awawes 29,88 1.50 0.00 14.38 6.70 *waw 8.95 16.0 6.3 8.00 6.60 0.00
9 30 75 19 0. 0. 2he3&k 29.49 1.83 0.00 12.82 6.62 w2« 8.80 16.0 6.2 8.00 630 0.00
9 30 75 20 0. 9. 33.93 30.27 1.34 0.00 13.72 5.92 wwes 8.90 16.0 6.1 8.00 6. 00 0.00
9 30 7S5 21 2400. 5. wreeaw  10.84 0T 0.00 8.84 2.76 texs 8.81 15.0 5.9 0.50 0. 50 0.00
9 30 75 22 430. 5. ssssss 27,69 0.58 0.00 B.34 2.20 sw+% 8.83 15.0 6.3  0.50 0.40 0.00
9 30 75 23 140. 2. 22.62 22.54 0.61 0.00 8.50 2.06 w»a¢s+ §.82 15.0 6.9 0.50 0.35 0.00
10 7 75 10 9300. 2300. 53,85 33.45 T.21 0.00 32.38 12.74 =ae= 8,65 16.0 2.5 0.00 0. 00 0.00
10 7 75 11 15000. 99. 32.40 18.98 4.71 0.00 8.50 2.86 xwsx 8.50 16.0 7.3  0.00 0.00 0.00
10 7 75 12 11000. 630. 4£9.20 swexnn 7,12 0.00 42.65 14.10 *#»«# 8,55 16.0 4.7 1.00 0.63 0.00
10 T 75 13 11000. 93, wwawax 26,70 7 .46 0.00. 52.47 16.00 sexs 8.60 16.0 4.7 1.00 0. 49 0.00
10 T 75 14 1500. 230. 50.85 36.44 7.01 0.00 37.70 13.50 w*awwx B8.65 16.0 4.6 1.00 0.39 0.00
10 T 7s 15 2400. 230 wswwex  38.90 7.39 0.00 42.15 12.C0 #+xe 8.64 16.0 4.7 0.50 0.50 0.00
10 T 75 16 1500 . 940. wwwwae 25,05 7.24 0.00 39.35 12.40 s#sx+ 8.60 16.0 4.5 0.50 0. 50 0.00
10 7 75 17 930. 23. 49.75 19.20 T7.10 0,00 39.25 11.10 s#a% 8,66 16.0 &4.6. 0.50 0.50 0.00
10 ?7 75 18 21. 0. wwesss 32,55 6.84 0.00 #5.15 14.30 ~axw 8.48 16.0 4.8 4.00 3.01 0.00
10 7 75 t9 2. 0. weaxes 19,29 6.95 0.00 41.15 13.80 w»awx 8.48 16.0 4.9 4.00 2491 0.00
10 7 75 20 2. 0e 51.05 21.60 7.46 0.00 38.10 12.70 sass 8.58 16.0 4.8 4.00 2.82 0.00
10 T 75 21 430. 2. wwawex 31,25 h.56 0.00 10.40 6.90 exsw 8.43 16.0 7.1 2.00 1.17 0.00
10 7 75 22 2. 0. wreswx 56.25 4.49 0.00 6.26 2.60 #ss+ 8.45 16.0 6.8 2.00 1. 04 0.00
10 r 75 23 0. O« 35.45 33.60 4&.54 0.00 8.02 2.4k #*ex+ 8.50 16.0 7.4 2.00 0.97 0.00
10 9 75 10 9130, 90. 47.01 20.63 3.89 0.00 24.10 9.85 #se+w 8.50 13.0 3.4 0.00 0. 00 0.00
10 9 75 11 930. 30.  43.07 17.95 3.54 0.00 4.56 3.20 11.0 8.30 12.0 9.4 0.00 0. 00 0.00
10 9 75 12 210. 9. 41.50 26.14 3.66 0.00 21.96 B8.66 15.0 8.30 13.0 7.0 2.00 0.95 0.00
10 9 75 13 43. 0. ssasar 22,21 h.49 0.00 14.33 6.40 11.0 8.40 13.0 7.4 2.00 0.88 0.00
10 9 75 14 43. 0. 36.93 18.50 4.4 0.00 11.72 8.86 10.0 8.50 13.0 7.5 2.00 0. 88 0.00
10 9 75 15 430. 21. wsssrae 29,21 3.98 0.00 20.70 7.67 15.0 8.50 13.0 7.1 0.25 0.25 0.00
10 9 75 16 230. 93. wssxxe 31,02 4.05 0.00 23.23 8.13 15.0 8.50 13,0 7.5 0.25 0.22 0.00
10 9 75 17 §3. 240. 38.03 26.14 3.75 0.00 18440 7.40 12.0 8.50 13.0 7.5 0.25 0.17 0.00
10 9 75 18 0. 0. wsaxwe £5.28 3.54 0.00 19.87 7.57 15.0 8.30 13.0 7.0 6.00 4o 61 0.00
10 9 75 19 0. 0. wewans 19,21 3.77 0.00 18.70 7.50 15.0 8.20 13.0 7.6 6.00 4.56 0.00
10 9 75 20 0. 0. 30.08 23.47 3.61 0.00 18.17 7.17 15.0 8.30 13.0 7.4 6.00 4o 42 0.00
10 3 75 21 75. 0. exxean 32.4% 2.55 0.00 7.2 2.38 7.4 8.40 12.0 7.7 1.00 0.98 0.00
10 9 75 22 9 0. *vawsr 14,88 2.48 0.00 7.40 2.54& 8.0 B8.40 12.0 7.5 1.00 0. 90 0.00
10 9 75 23 5. 0. 53.46 25.98 3.10 0.00 6.98 2.54 T.S5 8.40 12.0 7.5 1.00 0. 85 0.00
10 14 75 10 230. 20. 33.60 33.28 4.85 0.00 18.24 6.28 ##++ 7,83 11.0 2.7 0.00 0. 00 0.00
10 14 75 11 2300. 20. 23.00 12.49 2.66 0.00 S.34 2.16 wvex 7,95 10.0 6.6 0.00 0. 00 0.00
10 14 75 12 0. 0. awwsss 29,33 464 0.00 15.38 4.00 see» 8,12 11.0 5.0 4.00 2.55 0.00
10 14 75 13 0. 0. waases 25.53 4.90 0.00 15.08 4.24 tsex 8.22 11,0 4.9 4.00 2445 0.00
10 14 75 14 0. 0. 35.81 29.72 &.72 0.00 15.22 474 swee 8.19 11.0 5.3 &.00 2.33 0.00
10 14 75 15 220. 0. swewea 30,04 7.42 0.00 15.96 5.27 wess 8.20 11.0 4.8  0.50 0.47 0.00
10 14 75 16 46 0o wawsws  31.84 4.90 0.00 15.03 5.38 #wsw 8,11 11.0 5.1 0.50 0.42 0.00
10 14 75 17 27. 0. 35,02 33.44 3.33 0.00 15.20 5.45 =ess 8,10 11.0 5.1  0.50 0.37 0.00
10 14 7S 18 0. 0. #sssws  38.34 3.27 0.00 15.00 5.00 wese 7.88 11.0 5.1 24.14 14.00 0.00
10 14 75 19 0. 0. weswee 26,48 4.85 0.00 12158 4.58 ssss 7,72 11,0 4.7 26.14% 13.48 0.00
10 14 75 20 0. 0. waxans 33,44 4.38 0400 15.23 S.40 sone 7.83 11.0 4.9 26.14% 13.32 0.00
10 16 75 21 0. 0. wwsaws 17.23 1.70 0.00 S5.54& 2.36 wasw 7,89 10.0 7.0 4.00 2.55 0.00
10 14 7S 22 0. 0. swssesr 20.95 2.68 0.00 5.90 2.26 saszs 7.91 10,0 7.1 4.00 2.48 0.00

10 14 75 23 0. 0. 34.68 18.02 3.45 0.00 S5.42  2.16 vexx §,01 10.0 7.5 4.00 2.43 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE NMPN TC MPN FC UNFILT FILYT AMMCNIA SULFIDE EH ¥SS TURB PH TENP DC APPLIED TOVAL FREE

NUMBER /100ML  /1004L cop COD CL2  RESIDUAL RESIDUAL
MG/L  NG/L  MG/L MG/L  ME/L MNG/L JTU *C*" MNG/L MNG/L NG/L M6 /L
10 21 75 10 90. 20.  20.60 16.74 6.34 0.00 12.92 S5.64 12.0 8.10 11.0 3.0 0.00 0. 00 0.00
10 21 75 11 3300. 20. 24.25 17.TE T7.67 0.00 11.20 3.46 14.0 8.00 11.0 6.4 0.00 0.00 0.00
10 21 75 12 0. J. sweesnxs 17.93  4.49 0,00 11.75 3.96 17.0 8.10 12.0 4.6 6.00 3454 0.00
10 21 75 13 0. 0. wxmesx 32.88 4.49 0500 11.32 3.76 12.0 8.10 12.0 4.7 6.00 3.51 0.00
10 21 75 14 0. 0. 20.68 15.92 6.34 0.00 10.48 3.28 13.0 8.10 12.0 5.0 6.00 3.51 0.00
10 21 75 15 4. J. sesnue 22.2& 6.78 0.00 10.9% 3.24 18.0 8.05 12.0 4.7 1.00 0.97 0.00
10 21 75 16 2. D. sswske 37.76 B8.36 D00 11.16 1.24 17.0 8.15 12.0 4.9 1.00 0.90 0.00
10 21 75 17 2. 0. 22.2% 18.37 6.85 0.00 10.80 3.78 12.0 8.15 12.0 4.9 1.00 0. 80 0.00
10 21 75 18 0. D. stxswx  4.61 5.65 0.00 10.4 3.28 14.0 7.80 12.0 5.0 26.00 12.40 0.00
10 21 75 19 0. 0. wsweee 15,32 6.78 0.00 11.28 3.65 15.0 7.80 12.0 4.8 26.00 12.00 0.00
10 21 75 20 0. 0. 20.75 19.12 5.58 0.00 10.80 3.65 13.0 7.90 12.0 5.0 26.00 11. 80 0.00
10 21 75 21 0. 9. sxeser 31.46 3.60 0,00 12.00 3.Ck 17.0 7.95 12.0 6.6 6.00 3.56 0.00
10 21 75 22 0. 0. swwsesr 21,12 S5.24 0.00 11.08 2.68 17.0 8,00 12.0 6.9 6.00 3.49 0.00
10 21 75 23 0. 0. 18,82 swasesn 6,47 0.00 10.48 2.5k 17.0 8.05 12.0 7.4 6.00 3.41 0.00
10 23 75 10 1700. 140.  44.65 31.5& S.14 0.00 12.26 5.28 sesws svas 160 5.0 0.00 0. 00 0.00
10 23 75 11 7000. 490.  30.10 29.56 3.01 0.00 13,84 6.16 ~wws awas 8.0 9.8 0.00 0.00 0.00
10 23 75 12 110. Te sswawe 49,60 4.96 0.00 10.24 3.88 #aww« 8,03 10.0 7.1 2.00 1.05 0.00
10 23 7S 13 6. G. axwsax 31,70 5.75 0.00 11.50 &o4k w»ewx 8.05 10.0 8.9 2.00 1.02 0.00
10 23 75 14 [ k. 35.28 29.56 5.10 0.00 15.00 6.68 wevx 8,15 10.0 7.8 2.00 1. 00 0.00
to 23 75 15 2400, 6. easer 27.20 4.96 0.00 10.16 3.70 ~wxsx 8.11 10.0 8.0 0.25 0.00 0.00
10 23 75 16 230. 22. wesxer 27,05 492 0.00 10.94 3.58 #w#+« B.09 1C.0 8.0 0.25 0. 00 0.00
10 23 75 17 230. 22.  31.62 28.65 4.84 0.00 11.48 3.62 swss 8,17 10.0 8.7 0.25 0. 00 0.00
10 23 75 18 2. 2. wamaewr  B.61 4.40 0.00 13.146 4.48 wess 7,80 10.0 9.1 25.58 12.40 0.00
10 23 75 19 0. Ne esxsess  2B8.57 443 0.00 13.38 £.76 s#s* 7.79 1C.0 8.9 25.58 12.00 0.00
10 23 75 20 0. J.  38.48 35.43 T.17 0.00 11.65 3.90 ssax 7.83 10.0 7.8 25.58 11.60 0.00
10 23 75 21 240€0. 330. asasas  30.25 3,17 0.00 13.90 4.16 **s» 8.09 8.0 11.2 0.25 0.25 0.00
10 23 75 22 2460. 49. swases 32,31 3.27 0400 13.02 2.52 aaxw 8.09 8.0 12.2 0.25 0.00 0.00
10 23 75 23 1800. 28.  35.28 31.47 3.03 0.00 974 0.58 swwe 8,16 8.0 12.0 0.25 0. 00 0.00
10 30 75 10 490. 330.  34.53 23.75 4.78 0.00 8.90 3.83 sae+ 8.46 7.0 5.2 0.00 0. 00 0.00
10 30 75 11 2200. 230. 24.50 33.30 3.5& 0.00 B.16 2,53 esxss 8,51 6.5 9.5 0.00 0. 00 0.00
100 30 75 12 0. 0. saxssxs 29,68 4.80 0.00 9.02 3.28 swvs B.08 7.0 7.0 4.00 2.25 0.00
10 30 75 13 0. 0. sxessx 27.95 4&.11 0.00 8.56 3.24 exes 8,09 7.0 8.0 4.00 2.20 0.00
10 30 75 14 0. 0. 28.96 16.65 &.73 0.00 8.32 2.42 =wee 8,17 7.0 8.0  4.00 2.15 0.00
10 30 75 15 330. 46 wexxan  27.29 4.48 0.00 9.02 '3.18 #=+e¢s 8.16 7.0 8.0 0.50 0.40 0.00
10 30 75 16 17. 5. wtsxds 26,06 4.98 0.00 8474 3.22 saxx 8.19 T.0 7.5 0.50 0.30 0.00
10 30 75 17 17. 7. 30.48 25.20 4.68 0.00 8.74 3,22 wws# B.35 7.0 7.7 0.50 0.30 p.oo
10 30 75 18 0. 0. esxxnex 28.45 4.98 0.00 B8.88 3.16 *ewe 7,82 7.0 8.1 18,97 6440 0.00
10 30 75 19 0. D. swwwrx 29.68 4.46 0.00 8.84 3.26 swax 8,80 7.0 7.2 18.97 6.20 0.00
10 30 75 20 0. Da 35.86 34.61 4.40 0.00 9,02 3.C0 e#ew 7.82 7.0 8.0 18.97 6. 20 0.00
10 30 75 21 790. 33. wwsewr 23,61 3.64 0.00 B8.383 1.96 w=wew 8,03 6.5 9.7  0.50 0.50 0.00
10 30 75 22 230. B. snawwr 264,62 2.92 0.00 8.46 2.30 swx 8.10 6.5 9.8 0.50 0.45 0.00
10 30 75 23 130. 2. 33,16 25.48 3.51 0.00 8.98 2.22 =axw B.24 6.5 10.2  0.50 0.40 0.00
11 4 75 10 220. 40. 27.78 23.22 5.16 0.00 8.70 3.60 8.0 B.10 8.0 5.8 0.00 0. 00 0.00
11 4 75 11 3300. 20.  21.00 19.53 4.10 0.00 B.27 2.67 9.4 8.05 8.0 10.0 0.00 0. 00 0.0¢
11 & 75 12 0. 0. 33,68 21.74 4.88 0.00 8.36 3.20 8.7 3.08 8.0 7.0 6.00 3.83 0.00
11 4 75 13 0. Ve wxanws 23,95 4.63 0.00 7.70 ‘2.92 8.0 8.17 8.0 7.2 6.00 3.79 0.00
11 4 75 14 0. 0. 25.06 264.62 4&.84 0.00 B.00 2.72 8.4 8.08 8.0 6.9 6.00 3.54 0.00
11 4 75 15 0. 0. *wewesx 27,42 4.82 0.00 7.80 2.83 8.4 3.14 8.0 6.4 1.00 1. 04 0.00
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TABLE A-1. CONTINUED

MONTH NAY YEAR SAMPLE MPN TC MPN FC  UNFILT  FILT AMMONIA SULFIDE $S ¥SS TURB PH TEMP DC APPLIED TOTAL FREE
NUMBER  /10CML /10041 cno con [ 3 RESIOUAL RESIDUAL
¥G/L MG /L MG/L MG/ L MG/L  MG/L JTU "C" MG/L HG/L MG/L HG/L

11 4 75 16 2. 0. evsens 26,90 S.16 0.00 Bo40 2.9%92 8.6 8.12 3.0 6.4 1.00 0.95 0.00
11 4 75 17 2. . B 24.54 26.16 S.l0 0.00 8.04 2.92 8.5 8.10 8.0 6.9 1.00 0. 90 0.00
11 4 75 18 9. 0. weaver 21,00 6.82 0.00 9.10 3.10 8.3 7.90 8.0 6.7 14.75 8.54 0.00
11 4 75 19 18 D. smxxvee 24,69 4.86 0.00 810 2.60 8.2 7.90 8.0 6.9 14.75 8.34 0.00
11 4 75 20 0« 0- 25.43 26.16 4.86 0.00 Ba10 2.82 8.4 7.90 8.0 6.6 164.75 8.34 0.00
11 4 75 21 33. 0. tewewx 23,58 3.60 0.00 B.66 2.26 9.5 8.12 8.0 9.6 1.00 1.00 0.00
11 4 75 22 0. O. rewwsn 18,79 3.74 0.00 8.06 2.14 9.2 8.07 8.0 9.3 1.00 1. 00 0.00
11 4 75 23 0. 0- 26.16 19.83 3.92 0.00 B.50 2.C2 9.0 8.10 8.0 9.2 1.00 1.00 0.00
11 6 7S 10 20 . 20. 18.76 23.36 5.66 0.00 B8.22 2.84 exwx §,58 8.5 wwar 0.00 0. 00 0.00
11 6 75 11 490. 20. 19.19 22.35 5.70 0.00 T-64 2.34 sxewx 8,52 75 wkex 0.00 0. 00 0.00
11 6 75 12 8. 0- 23.07 20.05 7.07 0.00 8.58 3.34 wewx 8,13 8,5 ewar 2.00 1.25 0.00
11 6 75 13 S Q- wrwxeas 20,27 6.25 0.00 6.46 2.58 wwxw 3,15 8.5 teaw 2.00 1.10 0.00
11 6 75 14 5 0- 25.9% 22.7T1 10.06 0.00 5. 88 2.64 xewx 8,20 8.5 wwax 2.00 1. 05 0.00
11 6 75 15 8. TDe wwwesx 19,648 5.74 0.00 8.76 3olh wakw 8,15 8.5 swax 0.25 0.30 0.00
11 6 75 16 5. 0- sesear 22,26 5.43 0.00 7.06 2,50 w»ats §.30 8.5 axex 0.25 0.25 0.00
11 6 75 17 2. 0. 22.28 18.76 6.21 0.00 8412 3.10 waes 8,19 B.5 ssrax 0.25 0. 20 0.00
11 6 75 18 0. 0. rreex 20,76 S5.35 0400 10412 3.50 swew 7,90 8.5 «xax  10.00 4. 40 0.00
11 6 75 19 0. 0. sx#ser 17,54 5.55 0.00 9.98 3.50 vexs 7,98 8.5 wexsr 10,00 ko 30 0.00
11 6 75 20 0. 0. 24.15 20.70 5.20 0.00 9.64 4410 waxw 7,90 B.5 «rar -10.00 4.20 0.00
11 6 75 21 0. 0. wresee 20.19 S5.70 0.00 T7a50 2.42 wxxxs 3,03 7.5 wwax 2.00 2.25 0.00
11 6 75 22 0. D wexxex 19.04 6 .45 0.00 10.50 2.82 ¢##x 8,19 7.5 #xwar 2.00 2.10 0.00
11 6 75 23 0. 0. 21.56 22.21 5.12 0.00 6038 2.20 2w 8,13 7.5 enan 2.00 2.00 0.00
11 11 75 10 540C0. 4600« 28.02 29.1i1 T7.16 0.00 12.34 4.B2 wwsts 2xxsx 6.0 7.2 0.00 0. 00 0.00
11 11 75 11 1700. 20. 23.35 24.13 4.92 0.00 624 2.22 xexx 2exx 6.0 7.7 0.00 0. 0¢ 0.00
11 11 75 12 24000, 9203 . axsrax 26,38 7.33 0.00 12.12 4.50 8.7 8.28 6.0 7.8 0.00 0.00 0.00
11 11 75 13 24000. 9200, wwexax 25,53 .10 0.00 12.26 4.72 5«3 8.28 6.0 7.8 0.00 0. 00 0.00
11 11 75 14 3500 . 3500. 26.30 25.60 6.48 0.00 11.70 3.56 9.8 8.30 5.0 7.8 0.00 0. 00 0.00
11 11 75 15 9200. 2200. wwwwax  26.62 657 0.00 10.92 4.36 9.5 8.21 6.0 7.8 0.50 0.45 0.00
11 i1 75 16 1706. 490.  eewtsxr 7T .19 B8.648 0.00 11.96 4.66 10.0 8.22Z 6.9 7.8 0.50 0.37 0.00
11 11 75 17 1300. 490. 29.57 28.02 6.14 0.00 11.30 4.60 14.0 8.28 6.0 7.8 0.50 0.30 0.00
11 11 75 18 170. Tda wwrxwx 27,24 6.06 0.00 11460 452 10.0 8.15 6.0 7.5 4.00 3.27 0.00
11 11 75 19 0. Ne wewawe 25,06 6.70 0.00 11.72 10.68 12.0 8.13 6.0 7.9 4.00 3.07 0.00
11 11 75 20 0. Oe 29.73 26.46 6H.14 0.00 11.70 4.48 11.0 8.19 6.0 7.9 4.00 3.02 0.00
1 11 75 21 20. 20. wesxwar 24,90 S5.34 0.00 6. 86 2.18 8.9 8.02 6.0 8.0 4.00 3.19 0.00
11 11 75 22 20. 20, wwwesw 22,65 4.92 0.00 6.88 2.12 7.4 8.10 6.0 8.3 4.00 3.17 0.00
11 11 75 23 20. 20. 31.13 21.56 5.93 0.00 65.70 2.22 7.2 8.10 6.0 B.6 4.00 3.32 0.00
11 13 75 10 33C0. 790. 43.28 20.TE 5.55 0.00 1,27 5.20 6.7 8.16 5.0 6.2 0.00 0. 00 0.00
11 13 75 11 4900. 1100. 17.34 22.50 4.92 0.00 10.53 4%.60 8.6 8.12 4.5 9.5 0.00 0. 00 0.00
11 13 75 1c 31. 13. wssese 18,464 11.18 0.00 6.04 2.68 9.4 B.-16 5.0 8.7 1.00 0.92 0.00
11 13 75 16 2. Do axseaxr 19.53 $.72 0.00 8.16 3.24 8.6 8.21 5.0 8.3 1.00 0.75 0.00
11 13 75 17 2. 0. 25.70 22.73 7.32 0.00 7.64 4.04 8.5 8.23 5.0 8.5 1.00 0. 65 0.00
11 13 75 18 0. 0. xeawane  18.44 12.01 0.00 11.16 3.44 10.0 8.16 5.0 8.2 10.00 6.08 0.00
11 13 75 19 D. Q. weaxexr 21,09 7.87 0.00 7.72 2.88 8.5 8.00 5.0 8.1 10.00 6. 00 8.00
11 13 75 20 0. 0. 29.22 19.77 6.58 0.00 Te16 2.00 9.0 7.99 5.0 8.0 10.00 6. 08 0.00
11 18 75 10 33C0. 8l 31.42 29.11 5.05 0.00 12.80 3.14 *#*+ 8.34 5.0 8.0 0.00 0. 00 0.00
11 18 75 11 54000. 80. 19.94 23.33 2.91 0.00 11.64 1.96 *+ex §,12° 5.0 9.0 0.00 0. 00 0.00
11 18 75 12 33. 8. 29.57 31.42 8.19 0.00 12.78 3.20 7.4& 8.25 4.0 8.9 2.00 0.83 0.00
11 18 75 13 13. 2. wwwwer 29,11 16.26 0.00 13.80 2.96 7.7 8.33 4.0 8.7 2.00 0. 80 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN £C UNFILT FILT AMMONIA SULFIDE SS V¥SS TURB PH TEMP DC APPLIED TOTAL FREE
NUMBER /100ML 710040 cop cop cL2 RESIDUAL RESIDUAL
MG/L MG /L MG/L MG/L MG/L MG/L  JTU "C" HG/L MG/L MG/L MG /L

1 18 75 16 11. . 30.49 27.57 5.79 0.00 16.20 35.20 B.1 8.32 &.0 8.3 2.00 0. 80 0.00
1 i8 75 15 49. 1X. wewwsxr 29,80 14.22 0.00 632 2.82 7.0 8.38 5.0 8.2 0.25 0.25 0.00
11 18 75 16 79. 17, sexewse 28,95 6.31 0.00 6.30 2.66 6.1 8.30 5.0 8.3 0.25 0.24 0.00
11 18 75 17 7. be 29.11 29.57 7.04 0.00 6.36 5.16 8.5 8.50 5.0 8.0 0.25 0.22 0.00
11 18 75 18 0. Yo avxtex 20.56 4.61 0.00 6.30 2.36 7.6 8.08 S.0 B8.& 15.00 8.58 0.00
11 18 75 19 0. 0. wexese 24,64 6.86 0.00 19.54 2.32 5.8 7.98 5.0 8.3 15.00 8.48 0.00
11 18 75 20 0. O 34.57 24.03 7.93 0.00 6.30 2.54 8.0 8.02 5.0 8.3 15.00 8. 44 0.00
11 18 75 21 0. 0. svsewe 23,72 4&.76 0.00 600 1.28 6.0 8.12 5.0 9.1 6.00 3.95 0.00
11 18 75 22 0. 0. eraxesr 27,57 3.30 0.00 6.10 2.10 5.9 8.11 S.0 10.0 6.00 3.93 0.00
11 18 75 23 0. Ne 19.17 23.1E 6.86 0.00 3.52 1.96 5.8 8.13 5.0 10.0 6.00 3.90 0.00
11 25 75 10 20. 20. 24.32 28.92 5.69 0.00 5.55 3.05 s«wex 8,17 4.0 7.8 0.00 0. 00 0.00
11 25 7% 11 270. 20. 21.90 22.6¢ 3.70 0.00 3.33 3.60 6.6 8.11 4.0 9.0 0.00 0. 00 0.00
11 25 1L i2 5. De wewexxr 23,38 4 .83 0.00 3.8 3.28 7.1 8.25 4.0 10.8 4.00 2.17 0.00
11 25 75 13 13. O« wwaxexr 21,90 4.21 0.00 4.16 3.32 6.1 8.00 4.5 10.8 4.00 2.02 0.00
11 25 75 1% 2. e 27.20 27.12 5.24 0.00 4.60 3.02 7.2 8.22 4.5 10.3 .00 1.98 0.00
11 25 75 15 34, 0. searar 25,02 4&.45 0.00 3.52 3.04 6.2 8.20 #.5 9.2 0.50 0. 41 0.00
11 25 75 16 79. Na exsrer 22,06 5.03 0.00 4o k2 3.60 6.5 B.26 AK.5 9.5 0.50 0.29 0.00
11 25 75 17 £9. 0. 45.36 27.83 5.24 0.00 5.50 4.26 7.0 B8.33 4.5 10.4 0.50 0.22 0.00
11 25 75 18 0. 0. 22.68 27.59 4.73 0.00 3.34 2.86 5.9 8.30 4.5 9.5 19.48 10. 84 0.00
11 25 75 19 0. 0. meexer 26.58 4.01 0.00 .48 2.32 6.4 7.98 4.5 10.4 19.48 10.44 0.00
i1 25 75 20 0. 0. 26,11 25.62 5.86 0.00 .86 2.96 6.2 8.07 4.5 9.6 1%.48 10.44 0.00
11 25 75 21 3500. 2. ®wxxwx 21.90 5.75 0.00 4.16 2.88 6.8 8.27 3.0 11.6 0.25 0.25 0.00
11 25 75 22 130. 1. sxswase 26,89 5.10 0.00 .63 2.18 6.2 8.15 3.0 11.9 0.25 0.20 0.00
11 25 75 23 33. 0. 23.46 41.23 4.62 0.00 .04 2.52 S.4% 8.26 3.0 12.8 0.25 0.20 0.00
3 2 76 10 230000. 79000. 58.30 40.60 7.69 1.00 7.72 7.12 15.0 8.32 2.0 1.1 0.00 0. 00 0.00
3 2 76 11 790C0. 22009 . 36.50 23.70 5S5.46 0.00 8. 48 7.C3 11.0 7.99 2.0 3.5 0.00 0. 00 0.00
3 2 76 12 1300C0. 49000, sverxe 36,60 6443 0.00 7T.28 676 5.6 8.17 2.0 2.0 1.00 0. 00 0.00
3 2 76 13 140600. 110000, svavesx 39.80 7.65 0.00 7.68 7.16 6.2 8.32 2.0 2.3 1.00 0. 00 0.00
3 2 -76 14, 11¢600. 70007, 57.90 40.60 7.14 0.00 6.92 6.76 6.8 8.26 2.0 2.2 1.00 0.00 0.00
3 2 76 15 170000 . 79000. exsseen 39,70 T.40 0.00 7-60 T.44 5.8 8.468 2.0 2.1 0.25 0.00 0.00
3 2 76 16 350000. 110000. swewexr 38.90 7.35 0.00 7.00 6.40 6.0 8.35 2.0 2.2 0.25 0. 00 0.00
3 2 76 17 24 0000. 79004. 52.10 40.80 T7.98 0.00 Te 40 6.68 6.1 8.49 2.0 2.0 0.25 0. 00 0.00
3 2 76 18 280000. 70007. ssewnw  44.50 7.23 0.00 7«72 T7.00 9.5 8.41 2.0 2.5 .00 0.00 0.00
3 2 76 19 1300C0. 49000, wxsesx  35.80 6.89 0.00 B8.32 6.72 9.5 8.19 2.0 2.7 4.00 0.00 0.00
3 2 76 20 130060. 33000, 56.50 38.30 7.02 0.00 8.52 B8.40 9.6 8.38 2.0 2.8 4.00 0. 00 0.00
3 2 76 21 33¢0. 1709. sxwsas 25,30 3.87 0.00 11.52 6.4k 8.8 8.25 2.0 3.7 2.00 1.05 0.00
3 2 76 22 2z0. 33.  wxwran 25,30 3.24 0.00 10.20 6.12 9.4 8.27 2.0 4.2 2.00 1. 00 0.00
3 2 76 23 110. 2%. 37.10 23.00 3.91 0.00 10.72 5.88 9.8 8.38 2.0 4.7 2.00 0.90 0.00
3 4 76 10 490CC0. 220007 4be b 26.64 T.71 1.20 8.60 7.88 16.0 8.18 2.5 0.4 0.00 0. 00 0.00
3 4 76 11 33000. 33009. 25.31 14.90 5.23 0.30 9.04 5.80 7.7 8.00 t.0 2.9 0.00 0. 00 0.00
3 4 76 12 1400C0. 94000, wwewes 31,48 4,52 0.56 7.80 7.32 6.6 8.13 2.5 2.0 6.00 0.40 0.00
3 4 76 13 13€0C0. 49000, wxrxee 21,59 8.82 0.56 T.76 7.76 8.3 8.38 2.5 2.2 6.00 0.25 0.00
3 4 76 14 330C0. 33000. 47.53 26.05 7.71 0.50 8.08 7.36 10.0 8.23 2.5 2.4 6.00 0.20 0.00
3 4 76 15 13¢0C0. 49007. swwxex 24,19 7.97 0.60 8,08 7.56 S.0 B8.22 2.5 1.8 2.00 0.00 0.00
3 4 76 16 13¢GC0. 7900C. *rawes 26,05 7.12 0.58 8.12 7.92 10.2 8.38 2.5 2.0 2.00 0. 00 0.00
3 4 76 17 540000 70000, 52.43 26.79 7.67 0.54 7.68 7.28 10.1 8.22 2.5 2.3 2.00 0.00 0.00
3 & 76 18 SCO. 20" .  awasxe 27 .16 7.52 0.48 7.08 6.76 6.8 7.88 2.5 2.2 9.83 2440 0.00
3 L 76 19 S50. S0, exarwx 37,42 T.56 0.42 786 T.24 6.6 8.12 2.5 2.6 ~9.83 2.30 0.00
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TABLE A-1. CONTINUED

MONTH NAY YEAR SAMPLE MPN TC  MPN FC UNFILT FILT AMMONIA SULFIOE SS VSS TURB PH TEMP OC APPLIED  TOTAL FREE
NUMBER  /100ML /1004L €0y cOod cL2 RESIDUAL RESIDUAL
MG/L  MG/L  MG/L MG/L  MG/L MG/L JTU "Cm NG/L  MG/L MG/L MG /L

3 4 76 20 c0. 50. 46.64 29.02 7.08 0.39 7.68 T.50 6.6 7.99 2.5 2.5 9.83 2.25 0.00
3 4 76 21 170. 170. sxseen  14.31  4.86 0.30 7.88 S5.64 7.2 8.29 1.0 3.4  4.00 2.20 0.00
3 4 76 22 8. 8 #rerex 17,13 S.15 0.30 8.00 S.28 7.3 8.11 1.0 3.6 4.00 2.05 0.00
3 4 76 23 7. - 10. 4 24.93 4.86 0.30 B8.00 4496 7.6 B.23 1.0 4.0 4.00 2.00 0.00
3 9 76 10  4900C0. 330000. 64.94 38.00 10.35 1.00 19.44 17.40 11.0 7.72 2.0 0.5 0.00 0.00 0.00
3 9 76 11 130000,  49007.  37.00 24.40 7.04 0«14 660 620 5.0 7472 1.0 1.5 0.00 0. 00 0.00
3 9 76 12 240000. 24000). #xeess 43.24 9.72 0.52 7.36 7.C8 Be6 7.88 2.0 3.0 6.00 0.00 0.00
3 9 76 13 240000, 240000, wswewsr 39,76 10.41 0.52  8.48 B8.04 7.7 7480 2.0 2.7  6.00 0. 00 0.00
3 9 76 14 3500060+ 110000. 59.90 38.64 10.12 0.54 8.80 B8.483 12.0 7.89 2.0 2.9 6.00 0. 00 0.00
3 9 76 15 350000« 350000, esvaasx 37.50 10.35 0.78  9.76 9.44 14.0 7.87 2.0 2.6 0450 0. 00 0.00
3 9 76 16 92CGCC0. 350007, +wswsas 36.35 9.83 0.74 8472 B.26 8.6 7.90 2.0 2.7 0.50 0.00 0.00
3 9 76 17 2400€0.  4%007. 62.90 37.50 9.89 0.76 8.80 B8.52 8.5 8.10 2.0 2.7 0.50 0. 00 0.00
3 9 76 18 9. K. wewses 36.35 9.77 0.45 8.08 7.50 7.3 7.73 2.0 2.8 14.75 3.45 0.00
3 9 76 19 0. U. w«swwssr 38,00 9.66 0.48  B.32 T.ht& T.& 7.64 2.0 2.6 14.75 3.30 0.00
3 9 76 20 0. Ne  60.45 34.79 9.38 0.45 8.36 B8.28 7.9 7.80 2.0 3.0 14.75 3.25 0.00
3 9 76 21 230. 7O, wswawr 22.94 T.78 0.16 5.72 5.72 5.0 7.75 1.0 3.0 6.00 3.45 0.00
3 9 76 22 2. 2. wewnax 24.23 6.98 0.13  6.28 5.96 5.6 7.82 1.0 3.5 6.00 3.30 0.00
3 9 76 23 0. L.  22.9% 38.73 T.4hk 0.12 6.24 5.2% 6.1 7-83 1.0 3.8 6.00 3.30 0.00
311 76 10 3300C0. 330000. 62.71 38.26 8.08 1.25 21.40 21.10 28.0 8.28 3.0 0.6 0.00 0. 00 0.00
311 78 11 79000. 49000. 33.40 12.43 6.00 0.00 5.66 5.20 5.2 8.20 1.5 1.0 0.00 0. 00 0.00
311 76 12 230000. 136000. w«xsasxs 45.98 7.27 0.61 8.52 8.52 10.0 8.12 2.5° 2.7 6.00 0.02 0.00
3 11 76 13 79CC00. 70000. sxtsxsx 36.39 7.73 0.63 8.80 B8.68 17.0 7.97 2.5 2.8 6.00 0. 00 0.00
3 11 76 14 280000. 180000. 62.90 52.86 742 0.65 9.28 B8.52 18.0 8.02 2.5 2.9 6.00 0. 00 0.00
3 11 76 15 500. 507, aewasse 39,39 7.19 0.63 9.32 B8.36 22.0 7.89 2.5 3.8 B8.00 2.02 0.00
3 11 7 16 500. 500, #wesss 36.54 7.58 0.63 9.36 7.84 21.0 7.90 2.5 2.8 B8.00 1.98 0.00
3 11 78 17 500. S500. S57.58 36.77 6.50 0.63 B.04 T7.44 15.0 7.91 2.5 3.1 8.00 1.90 0.00
3 11 Ts 18 0. N, waawar 38,19 6.69 0.65 8.92 8.60 12.0 7.82 2.5 3.6 19.48 5.90 0.00
3 117 76 19 0. Ne ssexas 37.14 6.96 0.64 8.66 B.2k 19.0 7.80 2.5 3.1 19.48 5.62 0.00
I 11 76 20 0. 9. 58.11 37.14 7.50 0.65 B8.26 7.88 21.0 7.85 2.5 3.3 19.48 5.33 0.00
3 11 76 21 5400. 3500, *wssxwr 22.84 6.19 0.00 6.4 5.68 7.5 7.98 1.5 3.3 1.00 0.48 6.00
3 11 7e 22 16000. 3500. ssaasx 25.98 5.92 0.00 6.12 5.08 8.0 8.00 1.5 2.8 1.00 0.38 0.00
3 11 76 23 1400. 1400. 34.89 23.66 5.62 0.00 7.84 5.26 7.0 8.02 1.5 3.1 1.00 0.29 0.00
3 16 76 10  330000. 130000. 61.52 40.41 9.63 0.91 12.24 7.60 30.0 7.71 3.0 0.6 0.00 0. 00 0.00
3 16 76 11 490€0. 23000. 39.11 20.48 7.02 0.00 9.94 5.96 6.5 7.58 2.0 1.4 0.00 0. 00 0.00
3 16 76 12 490000. 330000. swewsx 42,83 B.73 0.68 11.12 B8.32 16.0 7.75 3.0 2.5 4.00 0. 00. 0.00
3 16 76 13 330000. 70000, swswsx 4h.32 B8.95 0.62 11.60 B8.8& 21.0 7.80 3.0 2.6 4.00 0. 00 0.00
3 16 76 th  *30000. 49000. 63.39 39.85 9.05 0.66 11.56 B.92 20.0 7.82 3.0 2.6 4.00 0. 00 0.00
3 16 76 15 4000. 2000, wxwsax 42.01 9.86 0.58 12.04 9.36 8.2 7.65 3.0 2.7 8.00 0. 99 0.00
3 16 76 16 490. 33). wwwssr  41.34 8.32 0.51 10.6k B8.32 7.5 7.69 3.0 2.8 8.00 0.94 0.00
3 16 76 17 49. 0. 59.96 36.87 8.50 0.55 B.92 6.92 T.7 7.75 3.0 2.8 B8.00 0.92 0.00
3 16 76 18 0. 0. wssean 42,83 8.41 0.54 10492 9.08 7.9 7.55 3.0 2.6 24.14 6. 43 0.00
3 16 76 19 0. 0. swaesx 40.60 10.77 0.55 9.00 B8.20 6.4 7.55 3.0 2.6 26.14 6.15 0.00
3 16 76 20 0. 0. 71.1% 36.28 8.50 0.58 10.20 8.36 8.5 7.53 3.0 3.1 26.14 6. 06 0.00
3 16 76 21 17000. 17000. s=+sesx 20.63 6.36 0.00 9.4% 6.68 6.7 7.75 2.0 3.9 0.50 0.21 0.00
3 16 76 22 790C0. 22000. wwewsx 21.82 6.77 0.00 11.064 6.92 7.3 7.73 2.0 4.5 0.50 0. 16 0.00
3 16 76 23 46000,  21000. 36.87 30.32 6.59 0.00 1% 4 6.96 11.0 7.82 2.0 5.2 0.50 0. 16 0.00
3 18 76 10  330000. 49000. 60.65 &2.74 8.84 1.20 9.42 7.80 38.0 7.69 4.0 0.5 0.00 0,00 0.00
3 18 7s 11 220000. 46000. 34.51 24.08 6.55 0.00 9.94 6.32 8.5 7.59 4.0 1.3 0.00 0. 00 0.00
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TABLE A-1. CONTINUED

NONTH DAY YEAR SAMPLE MPN TC MPN “C UNFILT FILT AMMORIA SULFIDE 5S VSS TURB .PH TEMP DO APPLIED TOTAL FREE
NUMBER 7/ 100ML /71004L coo cop cLe RESIDUAL RESIDUAL

HG/L HG/L HG/L MG/L MG/L MG/L JTU *C" MNG/L HNG/L HG/7L NG /L
3 18 76 12 4900. 4900. sneews 43,12 B.47 0.17 9432 T7.52 12.0 7.78 4.0 2.3 7.00 0.66 0.00
3 18 76 13 13000. 3300, wwevssr 39.92 B.10 0.3 10.4% 7.68 16.0 7.80 4.0 2.5 7.00 0.42 0.00
3 18 76 14 46C0. 3300. 58.21 38.17 7.85 O.14 9.20 7.20 22.0 7.92 3.0 2.9 7.00 0.23 0.00
3 18 76 15 940. 80. wnesese 38,55 B8.10 0el& 11216 9.12 14.0 7.72 4.0 2.2 8.00 1.13 0.00
3 18 76 16 13. 2o wsawes 39,47 B.14 0.t3 10.12 7.C8 17.0 7.80 &.0 2.7 8.00 0.99 0.00
3 18 76 17 2. 2e 59.00 22.40 8.22 0.4 9.58 7.28 14.0 7.80 4.0 2.7 8.00 0. 89 0.00
3 i8' 76 18 7. 7. wserss 38.55 8.01 O.14 964 T.08 14.0 7.75 4.0 2.9 8.84 1.18 0.00
3 18 76 19 11. boe wxannn 39,47 T7.73 O.1% 10.08 7.68 16.0 7.8C 4.0 1.8 8.84 1.06 0.00
3 18 76 20 6. 2. 61.71 37.64 B.14 O.14 9428 T.6k 18.0 7.83 4.0 1.9 8.84 0.99 0.00
3 18 76 21 17000. 3300. exsaws 23,31 6.41 0.00 11.20 5.64 16.0 7.98 4.0 3.5 0.25 0. 08 0.00
3 18 76 22 280C0. 7900 ssesse 22,55 6.12 0.00 9. 48 6.28 10.0 7.89 4.0 3.5 0.25 0.01 0.00
3 18 76 23 49000, 7000. 59,12 25.60 6.49 0.00 10.24 6.56 13.0 7.90 4.0 3.8 0.25 0. 00 0.00
3 23 76 10 220000. 170000. 66.50 39.14 8.31 1.80 9. 46 9.08 34.0 7.58 4.0 0.9 0.00 0. 00 0.00
3 23 76 11 49000. 49000. 42.26 25.10 T7.66 0.00 8.64 6.56 6.1 7.62 5.0 0.8 0.00 0. 00 0.00
3 23 76 12 49000. 33000, sxaxas 37,45 B8.41 0.45 9.64 .84 T.8 7.58 4.0 2.4 6.00 0. 10 0.00
3 23 76 13 490000. 220000 wwnwen 9.44 9.58 0.45 9.24 9.16 8.6 7.61 4.0 2.5 6.00 0.00 0.00
3 23 76 14 230000. 130000. 61.01 40.29 8.20 0.50 10.76 9.06 9.0 7.72 4.0 2.7 6.00 0. 00 0.00
3 23 76 15 13¢00. 330. «wxsee  33.53 8.53 0.50 8028 8.28 9.6 7.65 4.0 2.4 7.00 0. 86 0.00
3 23 76 16 79. 5. awaxsx 29,39 8.41 0.55 8.3 B8.12 8.6 7.66 4.0 2.5 7.00 0.79 0.00
3 23 Te 17 3. 1. 63.62° 40.29 9.83 0.56 8.6k B8.40 9.6 7.73 4.0 2.8 7.00 0.79 0.00
3 23 76 18 5400 . 790. exwvas &4, 74 B8.33 0.56 8.68 8.68 10.0 7.64 4.0 2.5 8.00 1.22 0.00
3 23 76 19 70. 13. sneeer 36,99 8.53 0.25 8.84 8.56 9.5 7.63 4.0 2.5 8.00 1. 00 0.00
3 23 76 20 49. 2. 59.33 36.99 8.49 0.56 B.66 B.64 S.4& T.54 4.0 2.8 8.00 0.79 0.00
3 23 76 21 54000. 1709. seannr 22,64 7.39 0.00 B.04 6.26 6.2 7.62 5.0 2.8 1.00 0.45 0.00
3 23 76 22 7000. ‘4600, wxrewxr 25,02 6.62 0.00 8.64 T7.20 6.% 7.64 5.0 3.2 1.00 0.31 0.00
3 23 76 23 22C0. 1300. 38.76 19.57 7.23 0.00 B.92 6.56 6.0 7.82 5.0 3.4 1.00 0.22 0.00
3 25 76 10 490000. 1900n. 5626 35.56 8.94 1.50 8.864 B.12 32.0 7.80 3.0 0.5 0.00 0. 00 0.00
3 25 76 11 13¢000. 14000, 29429 17.02 7.52 0.10 7.56 5.80 5.0 7.78 4.5 0.7 0.00 0. 00 0.00
3 25 76 12 350000. 170000. asawwe 37,50 B.74 0.29 840 T7.60 Sk 7.66 3.0 2.2 5.00 0. 00 0.00
3 25 76 13 170000+ 170000. s2esee 3I7.88 B.74 0.30 8.76 B.32 9.3 7.75 3.0 2.8 5.00 0. 00 0.00
3 25 T6 14 330000. 130000. 57.38 35.78 8.70 0.31 9.56 8.52 10.0 7.75 3.0 2.9 S.00 0. 00 0.00
3 25 76 15 170C0. 1700, gsresesr 35,28 9.17 0.30 8. 4k B.84 9.0 7.58 3.0 2.6 7.00 0.75 0.00
3 25 76 16 460C. 700. «asxesn  34.8E B8.87 0.30 8.68 T.84 9.5 7.73 3.0 2.6 7.00 0.59 0.00
3 25 76 17 450. 130. 45.38 34.88 B8.96 0.35 9.20 B8.08 8.6 7.72 3.0 3.0 7.00 0.59 0.00
3 25 76 18 28C0. 630, wescer 34,50 9.00 0.31 8.72 B.O4 S.3 7.16 3.0 2.9 9.00 1.18 0.00
3 25 76 19 110. Se wewser 36,32 9.00 0.31 9.32 B8.60 8.5 7.72 3.0 3.1 9.00 1.04 0.00
3 25 76 20 79. 2. 5873 34.13 8.565 0.33 9.52 S.44 7.8 7.80 3.0 3.3 9.00 0.90 0.00
3 25 76 21 11C0. 47. exsewx 18,23 7.39 0.00 7.12 E.00 5.6 7.68 %.5 3.2 2.00 1.51 0.00
3 25 76 22 23. N, wszsewe 18.3€ 7.70 0.00 784 6.32 6.6 7.85 4.5 3.6 2.00 1. 42 0.00
3 25 76 23 2« J. 28.73 16.13 7.70 0.00 7.20 5.76 5.4 7.80 4.5 3.8 2.00 1.37 0.00
3 30 76 10 790000. 170000. 62.89 38.67 9.91 1.10 11.13 9.82 32.0 7.80 4.0 0.3 0.00 0.00 0.00
3 3¢ 7o 11 €000 . 200". 35.10 23.31 B.48 0.00 Te54 5.48 4.7 B8.50 4.0 0.3 0.00 0. 00 0.00
3 30 76 12 170C0. 7900, axaxwe 44,00 9.71 0.37 10.06 B8.92 14.0 7.55 4.0 2.7 7.00 0.79 0.00
3 30 76 13 2300. 330. wrwwsr 4L.56 10.81 0.37 12.04 9.44 12.0 7.60 4.0 2.8 7.00 0.70 0.00
3 3¢ 76 14 1700 . 179. 6.6 49.81 10.00 0.37 11.32 8.56 14.0 7.62 4.0 3.2 7.00 0.51 0.00
3 30 76 15 170. 147. axwwex  38.56 9.95 037 10.92 9.16 160 7.50 4.0 2.9 8.00 2.57 0.00
3 30 76 16 0. J. wswxer 37.95 10.00 0.36 11.20 9.36 13.0 7.46 4.0 3.1 8.00 2.48 0.00
3 30 76 17 0. Te 63.12 40.68 10.62 0.37 10.60 8.52 16.0 7.58 4.0 3.2 8.00 2.29 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILT FILT AMMONIA SULFIDE §S ¥vSS TURB PH TEMP DO APPLIED TOTAL FREE
caoo cLz RESIDUAL RE SIDUAL

NUMBER /100ML /71004L cob
MG/L HG/L MG/L MG/ L MG/L  MG/L JTU "C™ MG/L MNG/L MG/L MG /L
3 30 76 i8 110. 11. s«wexss 37,80 10.05 0236 1012 8.60 17.0 7.52 4.0 3.0 10.00 2.76 0.00
3 30 76 19 2. 0., wswxse 39,32 10.14 0.38 10.68 .48 15.0 7.50 4.0 3.6 10.00 2.59 0.00
3 30 76 20 Oe Ne 62.43 38.40 B8.57 0.38 11.16 9.68 17.0 7.53 4.0 3.3 10.00 2.55 0.00
3 30 76 21 750. 49. arexse 18.78 9.10 0.00 .6.88 S5.76 7.0 7.65 4.0 2.7 1.50 0.84 0.00
3 30 76 22 110. Te eseswes 23,35 8.52 0.00 756 5.08 7.0 7.63 4.0 3.1 1.50 0.77 0.00
3 30 76 23 11. 2. 25.32 13.99 9%.71 0.00 Tah8 552 7.0 7«72 4.0 3.2 1.50 0.70 0.00
& 1 76 10 490000. 110000. 56.70 33.29 12.09 0.70 13.40 12.24 9.7 8.5¢ 4.0 0.5 0.00 0. 00 0.00
& 1 76 11 2200. 700. 32.21 22.84 83.30 0.12 620 5.50 3.5 8.48 S.5 0.4 0.00 0. 00 0.00
L 1 76 12 110C0. T0D. sxxexe 38,05 7.78 0.27 11.12 10.32 8.5 7.90 4.0 2.5 5.00 0.63 0.00
4 1 76 13 230. 20. sawxxr 36,10 7.57 0.25 11.00 10.96 11.0 7.82 4.0 2.6 5.00 0.61 0.00
& 1 76 14 170. S5e 54.76 48.69 8.00 027 11.84 11.24 12.0 7.83 4.0 2.7 5.00 0.58 0.00
4 1 76 15 230. 33. wrrxex 33,71 B.04 0.27 12.32 11.96 8.5 7.77 4.0 2.8 6.00 2.08 0.00
4 1 76 16 0. Do aswese  3I8,28 10.91 0.27 12.08 11.52 9.6 7.72 4.2 2.8 6.00 2.06 0.00
4 1 76 17 0. 0. 56.26 46.97 9.26 0.26 11.56 11.28 9.4 7.72 4.0 3.2 6.00 2.01 0.00
4 1 76 18 13J0. 33,  wressrs 33.26 14.35 0.27 11.28 11.28 9.5 7.83 4.0 3.4 7.00 1.90 0.00
L3 1 76 19 Q. ‘0. wwmmax I7.45 9.22 0.25 11.00 10.60 9.2 7.78 4.0 3.5 7.00 1.75 0.00
4 1 76 20 0. 0. 54.31 34.16 9.35 0.25 1140 11.40 8.8 7.79 4.0 3.5 7.00 1.50 0.00
4 1 76 21 790. 130. awzawr 28,46 9.65 0.10 5028 5.28 4h.o& 7.33 5.5 3.2 1.00 0.30 0.00
4 1 76 22 170. 46, arasan 21,72 8.09 0.00 Se b4 5412 4.3 7.32 5.5 3.4 1.00 0.08 0.00
L} 1 76 23 49. 33. 35.96 22.85 8.17 0.00 584 &o4fh 3.8 7.80 5.5 3.6 1.00 0.03 0.00
4 6 76 10 49000. 49000. 69.30 35.29 5.33 1.20 31.95 29.68 8.0 8.10 5.0 2.1 0.00 0.00 0.00
4 6 76 11 13000. 13000. 28.87 24.62 6.71 0.00 B8.48 8.12 4.3 8.76 7.0 1.5 0.00 0. 00 0.00
4 6 76 12 11000« 4900, awarax 32,53 6£.97 0.17 26430 23.85 9.1 7.82 5.0 3.6 3.00 0.15 0.00
& 6 76 13 79000. 7000, wwasece 21,34 6.20 0.19 23.87 22.58 S.6 7.84 5.0 3.9 3.00 0. 00 0.00
4 6 76 14 17000. 11000. 60.72 26.11 6.63 0.22 26.55°25.00 10.0 7.81 5S.0 3.9 3.00 0.00 0.00
& 6 76 15 9. 0. svasar 25,81 5.57 0415 2312 22.06 8.3 7.75 5.5 3.3 5.00 3.20 0.25
& 6 76 16 Oa Ne wraxax 28,05 5.95 0.16° 22.76 21.04 10.0 7.79 5.5 3.7 S.00 3.02 0.00
4 6 76 17 0. 0. 62.22 24.32 7.05 0.18 21.32 20.56 13.0 7.80 5.5 3.8 5.00 2.95 0.00
4 6 76 18 13. 13, s=xaeax 22,68 5.82 0.16 23,06 2170 12.0 7.80 5.5 4.1 4.00 1.52 0.00
4 6 76 19 2. 0. ansadsr 22,08 6.25 0.16 22.29 21.67 11.0 7.89 5.5 3.8 4.00 1.32 0.00
4 6 76 20 1. 0. 61.62 20.59 7.10 0.16 21.08 20.88 8.0 T.92 5.5 4.1 4.00 1.17 0.00
L] 6 76 21 2200. 700. wxaxxr 20,59 6.20 0.00 8.8¢ T7.36 5.0 7.61 7.0 3.5 1.00 0.20 0.00
4 6 76 22 7%0. 170.  wrexas 22,83 5.52 0.00 9.48 B.76 6.2 7.86 7.0 4.1 1.00 0.15 0.00
4 6 76 23 230. 23. 33.79 19.10 5.82 0.00 8,08 B8.32 4.2 7.65 T.0 4.1 1.00 0.12 0.00
4 8 76 10 49000. 49000. 62.02 25.38 6.01 0.69 22.20 20.18 8.1 B8.67 5.5 1.9 0.00 0. 00 0.00
4 8 76 11 4900. 1100. 31.71 19.29 5.36 0.10 B8.48 T7.08 3.8 8.58 8.0 0.8 0.00 0. 00 0.00
4 8 76 12 17000. 17000, renre 26,34 7.93 0.21 19.70 19.10 11.0 8.14 6.0 3.3 3.00 0.33 0.00
4 8 76 13 140000. 94000. wsesxes 24,26 6.01 0.22 20.80 18.95 8.8 8.05 6.0 3.4 3.00 0. 20 0.00
4 8 76 14 33000. 23000. 59.35 24.26 7.12 0.21 20.26 20.10 8.9 8.13 6.0 3.7 3.00 0. 00 0.00
4 8 76 15 24000. 3300. eneasese 27.30 5.53 023 19.35 15.95 9.2 8.03 6.0 3.6 2.00 0. 30 0.00
& 8 76 16 79C0. 46D0. awewsr 28,85 6.39 0.22 18.32 17.53 15.0 8.10 6.0 3.7 2.00 0.25 0.00
4 8 76 17 17000. 79. 57«12 2626 639 0.22 17.56 1628 9.0 B.08 6.0 4.0 2.00 0. 20 0.00
& 8 76 18 3500. 790, swasss 26,93 6.06 V.21 20.28 18.84 11.0 8.09 6.0 %.6 3.50 0.98 0.00
4 8 76 19 2400. 33. essaex 27,15 6.64 0.25 17.48 16.00 12.0 8.310 5.0 4.3 3.50 0.78 0.00
& 8 76 20 1300. 17« 60.98 29.15 T7T.12 0.27 18.38 17.43 8.6 8.10 6.0 4.5 3.50 0.58 0.00
L 8 76 21 330. 230, ewwxess 17.95 6.01 0.00 760 6.76 4.0 7.98 8.0 3.6 0.50 0.05 0.00
& 8 76 22 1100. 119. axaser 19.07 6.15 0.00 T-26 6.56 4.5 7.90 8.0 3.7 0.50 0.00 0.00
4 8 76 23 330. 35. 32.05 1%9.73 5.63 0.00 To48 6.40 4.1 8.01 8.0 4.2 0.50 0. 00 0.00



6€¢

TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILY FILT AMMONIA SULFIDE $S VSS TURB PH TEMP DG APPLIED TOTAL FREE
NUMBER /100ML /7100ML coD coo cL2 RESIDUAL RESIDUAL

MG/L MG /L MG/L MG/L MG/L MG/L  JTU "C® MG/L MG/L NG/L MG /L
4 13 76 10° 22000. 2000. 53.86 23.23 4.80 0.00 20.77 18.10 8.3 7.90 10.0 0.4 0.00 0. 00 0.00
& 13 76 11 2i0. 20. 31.03 18.64 3.83 0.00 7.00 6.76 3./3 7.63 10.5 2.3 0.00 0.00 0.00
4 13 76 12 700. 8). arasar 26,57 5.90 0.00 18.80 17.1h 7.4 7.77 10.0 2.7 3.00 0. 80 0.00
L] 13 76 13 20. 20. swxens 21,74 S5.35 0.00 17.34 17.14 7.3 7.82 10.0 2.7 3.00 0.60 0.00
& 13 76 14 0. Se 50.08 21.74& 5.12 0.00 18.47 16.65 7.3 7.91 10.0 3.0 3.00 0. 55 0.00
4 13 76 15 170. 20, *esaear 17.55 5.25 0.00 19.87 16.60 8.2 7.89 11.0 2.7 1.00 0.55 0.00
& 13 76 16 80. 20e sxesaxr 22,73 4.26 0.00 17.67 16.72 8.1 7.87 11.0 2.6 1.00 0.45 0.00
& 13 76 17 40. 17. 53.13 24.15 &.57 0.00 18.00 16.53 8.0 7.95 11.0 2.9 1.00 0. 40 0.00
4 13 76 18 230. 2. axewse 18.52 5.70 0.00 18.06 16.46 8.2 7.90 11.0 3.1 2.00 1.05 0.00
L3 13 76 19 23. 2. wxwsaw 13,04 4.10 0.00 16.74 15.58 8.7 7.93 11.0 3.2 2.00 0.95 0.00
L] 13 76 20 7. 1. 53.78 25.51 4.53 0.00 17.13 16.26 9.0 7.92 11.0 3.4 2.00 0. 90 0.00
& 13 76 21 230. 20. eeaxex 19,32 4.61 0.00 5052 5.52 3.5 7.71 11.0 3.6 0.75 0.15 0.00
4 13 76 22 0. 20. sxawar 17.55 k.92 0.00 6.8% 6.8+ 3.8 7.72 11.0 3.8 0.75 0. 05 0.00
4 13 76 23 50. 5. 32.20 16.91 5.86 0.00 7.24 6.64 3.7 7.82 11.0 4ot 0.75 0. 00 0.00
& 15 76 10 8000. 2000. 5859 18.51 4.76 0.00 24.33 19.33 8.3 8.03 11.0 3.1 0.00 0. 00 0.00
4 15 76 11 170. 20. 23.82 14.97 3.76 0.00 4,20 4.20 2.2 T.72 10.0 2.2 0.00 0. 00 0.00
& 15 76 12 1100. 33, wnawer 21,41 405 0.00 20.07 17.33 7.7 8.00 11.0 4.1 2.00 0.90 0.00
& 15 76 13 220. 1. eeseex 25,59 4.37 0.00 17.36 17.36 7.4 8.13 11.0 4.2 2.00 0. 83 0.00
4 15 76 14& 79. N. 46.20 19.80 3.84 0.00 17.95 17.10 6.9 8.16 11.0 4.5 2.00 0.75 0.00
L 15 76 15 79. bo wesxear 18,90 4.13 0.00 17.32 15.14 8.1 8.12 11.0 3.9 1.00 1.25 0.00
4 15 76 16 8. 0o wawtaw 22,13 4.17 0.00 20.68 1674 B.2 8.12 11.0 4.2 1.00 1.15 0.00
4 15 76 17 7. 0. 50.22 22.13 3.72 0.00 19.94 16.84 7.8 8.12 11.0 4.4 1.00 1.05 0.00
4 15 76 18 13. 0. ewexse 16.60 4.09 0.00 19.94 17.24 8.2 8.08 11.0 4.2 3.00 2.33 0.00
4 15 76 19 0. 0o  wwawes 22,86 3.72 0.00 21.07 17.40 8.2 8.12 11.0 3.9 3.00 230 0.00
4 15 76 20 0. (128 51.99 -11.99 3.52 0.00 20.55 17.13 7.8 8.02 11.0 4.5 3.00 2.25 0.00
4 15 76 21 é2. 0. wewmax 26,08 3.31 0.00 k.16 3.88 2.2 7.75 10.0 4.0 1.00 0.83 0.00
4 15 76 22 17. Qe wwasase 18,51 2.94 0.00 he O 372 Za2 Te73 1C.0 4.1 1.00 0. 80 0.00
4 15 76 23 17. 0. 27.85 17.70 2.98 0.00 4. 32 412 2.5 T.30 10.0 4.1 1.00 0. 80 0.00
4 2¢ 76 10 500. 200. 67.19 20.04 3.16 0.00 31.50 29.15 7.5 8.85 10.0 15.8 0.00 0. 00 0.00
L} 20 76 11 240. 8 30.38 18.08 2.78 0.00 10.50 9422 4.0 7.85 8.0 5.1 0.00 0. 00 0.00
& 20 76 12 110. T. seaxsr 20,12 3.24 0.00 31.93 28.29 8.7 7.95 11.5 11.6 0.50 0.25 0.00
4 2C 76 13 3. Se wewtax 21,64 2.87 0.00 27.39 27.39 8.0 7.90 11.5 13.2 0.50 0.17 0.00
4 20 76 14 20. te. 60.60 19.32 2.99 0.00 30.43 27.29 8.8 7.90 1G5 10.8 0.50 0.08 0.00
4 20 76 15 70. 2. rwenas 20,92 3.37 0.00 32.12 28.79 7.7 7.93 10.0 6.6 1.00 D. 14 0.00
L} 20 76 16 33. Do wxewse 20.12 2.95 0.00 30.79 26.78 9.2 7.90 11.0 9.0 1.00 0.03 0.00
& 20 76 17 33. 0. 60.20 22.3h 2.65 0.00 26092 2495 7.8 7.90 1C.5 10.6 1.00 0. 00 0.00
4 20 76 18 17. 0. erexsr 25,07 3.16 0.00 25.98 23.84 S.2 7.80 10.5 7.8 2.00 1.20 0.00
& 2C 76 19 2. Do wwsrer 19,08 3.29 0.00 27.56 22.99 8.2 7.75 10.5 8.8 2.00 1.12 0.00
& 20 76 20 1. Ve S7.49 21.72 3.24 0.00 28.05 23.54 7«6 7.75 1C.0 6.5 2.00 1.03 0.00
4 20 76 21 49. Je awesae 15,33 3,12 0.00 10.20 9.32 3.8 7.40 10.0 S.5 0.50 0.11 0.00
4 2C 76 22 110. Ne wxwxss 15,85 2.74 0.00 10.12 9.16 4.1 7.42 10.0 5.6 0.50 0.08 0.00
4 20 76 23 49 . J. 28.90 16.93 2.36 0.00 10.16 9.12 4.0 7.45 9.0 5.7 0.50 0.03 0.00
L3 22 76 10 160C0. 1309. 57.35 29.46 1.33 0.00 17.54 16.38 6.6 9.12 12.0 10.2 0.00 0. 00 0.00
L} 22 76 11 280. 2. 34. 43 16406 2.71 0.00 11.80 10.46 4.5 8.18 12.0 4.3 0.00 0. 00 0.00
4 22 76 12 54C0. 1100, axwxes 27 .42 1.54 0.00 11.32 10.48 6.2 9.CC 12.0 8.1 1.00 0.87 0.00
4 22 76 13 1300. 240. wmecar 26,48 1.50 0.00 16492 15.52 6.2 9.05 12.0 7.9 1.00 0.76 0.00
4 22 76 14 450. ‘R . 50.92 27.18 1.5% 0.00 16.48 15.8& 5.8 9.00 12.9 8.0 1.00 0.70 0.00
4 22 76 15 3100. 49Q. seseer 28,05 3.27 9.00 17.12 15.52 6.6 9.00 12.0 7.2 3.00 1.18 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILT FSILT AMMONIA SULFIDE SS VSS TURB PH TEMP DO APPLIED TOTAL FREE
NUMBER  /10CHL /100+L can can cLz RESIDUAL RESIDUAL
VG/L MG 7L MG/L MG/L MG/L MG/L JTU "C" MG/L  MG/L MG/ L MG /L

4 22 Te 16 330. 79. axesee 20.90 3.65 0.00 16.56 15.48 6.1 9.05 12.0 8.8 3.00 1.064 0.00
4 22 76 17 110. 49, 49.98 24.99 2.35 0.00 16.52 15.52 6.3 9.0C 12.0 9.5 3.00 0.98 0.00
4 22 76 18 140. 1. weswke 27,42 1.69 0.00 16.12 15.92 5.9 8.92 12.0 7.8 5.00 2.89 0.00
4 22 76 19 0. O. wsever 24.68 1.08 0.00 16.43 15.24 6.5 8.93 12.0 7.9 5.00 2.70 0.00
4 22 76 20 0. 0- Sh.fs  27.26 1.31 0.00 15.68 14.44 6.4 8.95 12.0 9.2 5.00 2.61 0.00
4 22 76 21 180. Yo ammasxr  16.90 2.73 0.00 16.40 14.56 4.5 8.20 11.0 5.1 0.50 0.11 0.00
4 22 76 22 170. 13 sesase 17,23 3,39 0.00 12.88 10.84 S.1 8.23 11.0 5.6 0.50 0.00 0.00
4 22 76 23 110. 7. 40.66 16445 2.58 0.00 13.04 11.4% 5.1 8.23 11.0 6.2 0.50 0.00 0.00
4 27 76 10 54C00. 7900. 68.51 31.79 1.69 0.00 24,92 23.88 6.2 8.62 9.5 6.6 0.00 0. 00 0.00
4 27 76 11 490. 2- 30.40 18.30 1t.02 0.00 25.12 23.68 7.2 8.30 6.5 7.2 0.00 0. 00 0.00
4 27 76 12 92¢0. 1700. *ewexsr 26.60 1.54 0.00 21.84 21.40 6.4 Bo47 9.0 6.9 0.50 0.39 0.00
4 27 76 13 5400. 1300. ‘+xwnes 31,02 1.65 0.00 23.24 21.84 6.8 8.53 9.0 6.6 0.50 0.33 0.00
4 21 76 14 160C0. 1400« 57.54 30.63 1.34 0.00 23.52 21.40 7.0 B.52 9.0 7.8 0.50 0.22 0.00
4 2r 76 15 24000. 1600. wsewsr 29.86 1.65 0.00 22.72 20.88 6.7 B.47 9.0 5.8 2.00 1.67 0.00
&4 27 76 16 460 . 230. wxesese 35,91 1.97 0.00 22.24 20.64 6.3 8.47 9.0 6.8 2.00 1.56 0.00
4 27 76 17 130. 17 . 60.80 30.01 1.34 0.00 20.96 22.56 6.7 8.51 9.0 7.9 2.00 1.39 0.00
4 2r 716 18 9200. 1300. weewex 37.84 1.61 0.00 22.48 20.76 6.9 8.51 9.0 7.4 1.00 0.67 0.00
L] 27 76 19 3500. T90a wxasxe 32,11 1.50 0.00 21.80 20.40 6.3 8.52 9.0 6.4 1.00 0.61 0.00
4 27 76 20 24C0. 173 . 53.51 26.75 1.38 0.00 22.52 20«44 7.0 B8.53 9.0 8.2 1.00 0.50 0.00
4 271 76 21 700. 13. wweewr 16.67 0.95 0.00 17.84 12.68 7.7 8.28 6.5 8.4 0.75 0. 44 0.00
4 27 76 22 790. 13. ewaxex 15,20 1.06 0.00 16.00 11.4%4 6.9 8.30 6.5 8.5 0.75 0.39 0.00
L3 27 76 23 230. S- 28.31 12.72 0.67 0.00 15.80 11.68 6.7 B.29 6.5 8.8 0.75 0.33 0.00
& 29 76 10 17000. 7900. 62.91 27.62 1.29 0.00 21.88 20.04 8.4 8.90 12.0 9.8 0.00 0. 00 0.00
4 29 76 11 220. T 31.62 13.01 0.57 0.00 17.16 16.1% 6.8 8.65 10.0 7.1 0.00 0. 00 0.00
& 29 76 12 110C0. 3300. aesxeasr 29,54 1.40 0.00 20.28 18.60 6.9 8.83 12.0 7.3 0.50 0.17 0.00
4 29 76 13 110C0. 3300, wxwx2e 25,23 1.40 0.00 19.04 17.88 6.4 8.82 11.0 8.9 0.50 0.03 0.00
& 29 16 14 79C0. 1700. 56437 27.15 1.27 0.00 19.64 17.32 9.0 8.85 11.0 8.3 0.50 0.00 0.00
L} 29 76 15 4900. 460. eesese 43,19 1.12 0.00 19.32 17.52 8.1 8.80 12.0 8.1 1.00 0. 86 0.00
4 29 76 16 330. 230.  sxawae  30.82 1.34 0.00 18.72 17420 7.5 8.77 12.0 7 .4 1.00 0.78 0.00
4 29 76 17 100. 110. S54.77 29.86 1.36 0.00 20.02 17.04 8.7 8.80 12.0 8.3 1.00 0.72 0.00
4 29 76 18 1300. 330, swewse 27,63 1.36 0.00 18.80 16.84 6.9 8.75 12.0 6.9 2.00 1.33 0.00
L] 29 76 19 230. 130. #wsare 26.51 1.21 0.00 17.84 16.40 7.9 8.75 12.0. 8.1 2.00 1.28 0.00
L] 29 76 20 170. 9. 55.01 " 31.46 2.02 0.00 1772 16832 7.2 8.80 12.0 8.4 2.00 1. 14 0.00
L] 29 76 21 110. 13, sxxwex 14,85 0.68 0.00 15.19 7.88 5.8 8.51 10.0 6.5 1.00 0.53 0.00
L) 29 76 22 h9. 23, weseaxr 11,66 Q.48 0.00 12.75 11.80 4.8 8.55 10.0 6.5 1.00 047 0.00
& 29 176 23 33. 8. 32.18 16.77 0.79 0.00 14.40 13.00 5.1 8.60 10.0 6.8 1.00 0.42 0.00
5 4 76 10 4600. 200. 95.61 33.83 0.82 0.00 41.24% 38.27 12.0 8.07 14.0 11.8 0.00 0. 00 0.00
5 & 76 11 23. 7. 22.91 16.65 0.17 0.00 S5.06 4.08 2.7 8.05 15.0 7.t 0.00 0. 00 0.00
5 4 76 12 23C0. 230s wexxesx  33.37 0.72 0.00 35.29 32.24 12.0 8.12 14.0 7.5 1.00 0. 46 0.00
5 4 76 13 3300. 170, weease 33,91 0.76 0.00 36-.28 31.59 12.0 8.10 14.0 8.3 1.00 0.29 0.00
5 4 76 14 1100. 130. 93.09 34.80 0.76 0.00 35.33 32.00 13.0 8.10 14.0 9.5 1.00 0.17 0.00
5 4 76 15 1100. 130. w#sxeswr 33,52 0.78 0.00 35.06 31.56 12.0 8.11 14.0 8.0 2.00 1.44 ¢.00
S5 4 76 16 750. 110, ersnes 34,29 0.72 0.00 34.60 30.60 12.0 8.10 4.0 9.3 2.00 1.26 0.00
5 4 76 17 3C0. 49. 67.89 38.72 0.71 0.00 3%19 29.75 13.0 8.10 14.0 9.3 2.00 1.21 0.00
S 4 76 18 1700. 23. esxmxsx 13,67 O0.74 0.00 33.80 30.67 12.0 9.15 14.0 9.0 3.00 2.07 0.00
5 4 76 - 19 330. 13. swasse 35,82 0.72 0.00 33418 28471 13.0 9.13 14.0 9.6 3.00 1. 84 0.00
S5 & 76 20 230. 1. 67.20 3672 0.T4 000 35.31 30.9% 13.0 9.12 14.0 9.6 3.00 1.72 0.00
5 b 76 21 17. 0o #wamer 19,47 0.24& 0.00 4.76 4.32 3.2 9.28 15.0 6.7 1.50 0.78 0.00
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TABLE A-1. CONTINUED

HONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILT FILY AMMONIA SULFIDE S$S VSS TURB PH TEMP DO APPLIED TOTAL FREE
NUMBER /10CHL /71004L cao cap cL2 RESIDUAL RESIDUAL
HG/L MG /L MG/L MG/L MG/L MG/L JTU *C" MG/L MG/L MG/ L MG /L
5 & 76 22 13. 0o swenanx 17,33 0.97 0.00 Se12 bbb 3.0 %9.27 15.0 6.6 1.50 0.72 0.00
5 & 76 23 13. [t 20.47 24.29 1.03 0.00 5.20 4.48 3.3 9.25 15.0 7.4 1.50 0.63 0.00
] 6 76 10 13000. 2300. 88.61 30.21 0.42 0.00 41.12 37.4% 11.0 8.32 15.0 124 0.00 0. 00 0.00
S 6 76 11 70. 8a 21.86 13.22 0.15 0.00 3.70 3.32 2.8 8.25 14.5 7.l 0.00 0. 00 0.00
S5 6 76 12 490. 130. steewr 34,62 0.39 0.00 31.95 28.564 12.0 8.50 15.0 9.3 2.00 1.78 0.00
5 6 76 13 1300. 140 e=e2exse 33,77 0.35 0.00 31.52 22.56 11.0 8,28 15.0 9.7 2.00 1.67 0.00
5 6 76 14 490. 70. Tha 67 35.79 0.35 0.00 31.59 27.81 11.0 8.32 15.0 9.5 2.00 1.61 0.00
5 6 76 15 80. 20. sewexr 36,79 0.38 0.C0 29.85 26.62 11.0 8.35 15.0 7.0 3.00 2.25 0.00
S 6 76 16 49, 13. w«wawewr 28.66 0.55 0.00 31.27 28.13 12.0 8.28 15.0 9.2 3.00 2.17 0.00
5 6 76 17 33. 5. 90.32 33.00 0.49 0.00 31.00 28.53 12.0 8.36 15.0 9.2 3.00 214 0.00
5 6 76 18 22.. 0. ssasse 34,82 0.25 0.00 31.53 28.73 12.0 8.30 15.0 7.6 5.00 2.94 0.04
5 6 76 19 0. 0o xe2xee 32,92 0.30 0.00 28.53 27.00 14.0 B8.34 15.0 6.9 5.00 2. 83 0.00
5 6 76 20 0. 0. 77.38 35.01 0.35 0.00 29.50 26.00 11.0 8.32 15.0 9.9 5.00 2.72 0.00
S 6 76 21 0. 0. #sexsse 15.10 0.03 0.00 Lok 3.44 2.7 B8.34 14.5 5.6 2.00 1.19 0.35
5 6 76 22 0. Ne wvxexr 15,96 0.08 0.00 3.56 2.96 2.5 8.37 14.5 6.0 2.00 1. 00 0.22
S 6 76 23 [ 0. 18.4 16.73 0.04 0.00 "~ 3.88 3.83 2.5 8.35 14.5 6.8 2.00 0.81 0.12
5 11 76 10 35000« 13000. 86.21 37.34 0.79 0.00 38.93 34.63 15.0 9.35 16.0 10.5 0.00 0. 00 0.00
5 11 76 11 3500. 490. 28.49 24.18 0.14 0.00 5.92 2.80 4.3 9.11 16.5 5.6 0.00 0. 00 0.00
5 11 76 12 5400. 79)e swawwxe 35,08 1.01 0.00 33.89 29.94 16.0 9.37 16.0 8.2 2.00 1.74 0.00
5 11 76 13 3500. 179, #+esxwx 36,66 1.01 0.00 3.3t 27.38 15.0 9.40 16.0 8.7 ~-2.00 1.63 0.00
5 11 76 14 1700. 170. 80.13 37.41 0.98 0.00 32.60 28.33 14.0 9.30 16.0 8.0 2.00 1.57 0.00
5 11 76 15 330. 130, esxeee 40.41 1.03 0.00 31487 27.94 15.0 9.45 16.0 4.4 4.00 3.46 0.00
5 11 76 16 49. B. weress 67,39 0.90 0.00 31.67 27.67 16.0 9.37 16.0 8.4 4.00 3.34 0.00
5 11 76 17 49« Je 76.99 40.25 0.97 0.00 30.45 25.96 15.0 9.30 16.0 7.9 4.00 3.23 0.00
S 11 76 18 S. D¢ seweew I7 .41 Q.74 0.00 31.80 26.47 15.0 9.26 16.0 7.3 9.92 S.48 0.24
S 11 76 19 J. Qe exxwae 40.11 0.70 0.00 31.87 26.32 15.0 2.25 16.0 8.1 9.92 4.86 0.06
5 11 76 20 Q. 2 71.51 40.41 0.60 0.00 31.40 26.20 150 9.23 16.0 7.8 2.92 4.29 0.03
5 11 76 21 8. Je wasener 23,17 Q.15 0.00 Se60 4012 4S5 9.18 16.5 4.7 2.00 1.11 0.00
5 11 7% 22 11. Do wrwwaw 24,44 Q.16 0.00 S« 72 4.C0 4.6 9.18 16.5 4.9 2.00 1.06 0.00
5 11 76 23 1. Je 32.16 25.41 0.17 0.00 6.00 4.C8 46 9.17 16.5 6.1 2.00 1.00 0.00
S 13 76 10 1700C0. 23000, 96.34 41.08 1.41 0.00 30.12 25.16 20.0 9.20 15.0 6.9 0.00 0. 00 0.00
5 13 76 11 49C0. 700, 30.97 24.21 0.31 0.00 10.32 €.84 7.0 9.00 15.0 5.2 0.00 0.00 0.00
S 13 76 12 350G0. 13007, sxawwe  36.30 1.48 0.00 27.19 22.08 20.0 9.20 15.0 5.0 1.00 0.65 0.00
5 13 76 13 170C0. 13007 sxwewe  33.37 1.54 0.00 30.50 24..31 19.0 9.20 15.0 5.6 1.00 0.55 0.00
S 13 76 14 17000 490). 7T7.86 39.36 1.43 0.00 28.77 23.57 20.0 9.20 15.2 6.3 1.00 0.52 0.00
5 13 76 15 160G0. 1100. «vseer 41,25 1.47 0.00 28.80 22.47 15.0 %.15 15.9 5.7 3.00 2.46 0.00
S 13 76 16 92C0. 330. wsxawae  36.8E 1.36 0.00 26.25 20.81 19.0 9.18 15.0 5.6 3.00 2.38 0.00
S 13 76 17 790. 7. 72.19 37.33 1.49 0.00 26.06 21.80 20.0 9.19 15.0 6.3 3.00 2435 0.00
5 13 76 18 17. 2. exsere 40.67 0.61 0.00 25.93 21.C7 17.0 8.75 15.0 5.3 19.48 S5.83 0.25
5 13 76 19 2. Je txwmex 39,05 0.59 0.00 27.56 21.63 18.0 8.80 15.0 5.9 19.48 5.12 0.04
5 13 76 20 2. Je 76.32 39.20 0.63 0.00 27.33 23.20 19.0 8.80 15.9 6.2 19.48 4.81 0.00
5 13 76 21 13¢0. 220 sxexex 28.42 0.33 0.00 6268 5412 7.0 9202 15.0 4.4 1.00 0.64 0.00
5 13 76 22 700. 49, swawer 29,10 0.31 0.00 6.88 S5.44 6.1 9.05 15.0 4.6 1.00 0. 52 0.00
5 13 76 23 250. 49. 35.46 25.36 0.35 0.00 e 28 S5.40 S.7 9.01 15.0 4.8 1.00 0.50 0.00
5 18 76 10 490C0. 17000. 147.13 45.641 4.32 0.00 27.48 23.44 18.0 7.93 17.5 3.8 0.00 0. 00 0.00
S 18 76 11 16 0CCO. 4900. 36.46 29.47 1.91 0.00 6.36 S5.36 4.2 8,13 17.5 3.8 0.00 0. 00 0.00
5 18 76 12 110C0. 700. «axsan 49.04 4.56 0.00 21.32 18.C4 17.0 8.31 17.0 3.9 3.00 1.57 0.00
5 18 76 13 2300. 490. wvawer 47,65 4.15 0.00 24.15 19.84 15.0 8.29 17.0 3.6 3.00 1.40 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE HMPN TC MPN FC UNFILT FILT AMMONIA SULFIDE §S VSS TLRE PH TEMP OC APPLIED TOTAL FREE
NUMBER /100ML /1004L cno coD cL2 RESIDUAL RE SIDUAL
MG/L MG /L MG/L MG/ L MG/L  MG/L JTU mC" MG/L MG/L MG/ L MG /L

S 18 76 14 1160. 20. 108.25 40.09 4.39 0.00 24.56 20.84 15.0 8432 17.0 4.1 3.00 1.24 0.00
5 18 76 1 220. Ja sxeser 49,79 3.30 0.00 22.85 19.80 15.0 7.89 17.0 3.4 19.48 17.75 0.00
5 18 76 16 0. Ne wwexwae 46.43 3.96 0.00 20,54 17.50 14.0 7.73 17.0 3.7 19.48 17.52 0.00
S 18 76 17 - 0. e 86.34 b63.68 3.28 0.00 20.15 16290 15.0 7.82 17.0 4.3 19.438 17.30 0.00
5 18 76 18 700. 130. svwaes 47.93 4.08 0.00 20.65 17.40 14.0 B8.34 17.0 3.8 4.00 2. 42 0.00
S 18 76 19 §9. §. rewver 47,74 4.20 0.00 17.95 16.25 14.0 8.32 17.0 4.0 4.00 2.30 0.00
5 18 76 20 25« 3. 162.98 43.86 4.03 0.00 18.76 16434 15.0 8.32 17.0 4.4 4.00 2.19 0.00
5 18 76 21 1700. 490, awreax 34,13 1.67 0.00 556 4.80 4.2 8.18 17.5 4.3 2.00 1. 40 0.00
5 18 76 2? 140. 2. *vuwxses 31,14 1.65 0.00 5.68 4.76 4.1 8.17 17.5 3.7 2.00 1.29 0.00
5 18 76 23 8. 2. 32.26 26.48 1.69 0.00 5.80 5.12 4.0 8.28 17.5 4.8 2.00 1.18 0.00
5 26 76 10 4%0C0. 5000 87.73 43.21 4.66 0.00 39.73 36.13 21.0 8.72 16.5 4.3 .0.00 0. 00 0.00
5 20 76 11 17000. 2000. 24.66 21.23 1.72 0.00 9.60 5.37 3.4 8.23 18.5 4.4 0.00 0. 00 0.00
5 20 76 12 49000. 1400. #seexa 36,35 4.50 0.00 30.68 26.C5 17.0 8.22 16.5 4.3 1.00 0.53 0.00
5 20 76 13 23000. 2300. axwnex 38,17 _4.62 0.00 29.78 25.17 20.0 8.23 16.0 4.1 1.00 0. &4 0.00
5 20 76 14 17000. 1109. 77.98 50.39 4.42 0.00 28.73 24.67 19.0 8.32 16.0 5.0 1.00 0.39 0.00
5 20 76 15 13. Co wawsex 39,16 4.06 0.00 31.40 27.00 20.0 7.92 16.5 4.1 9.92 9.39 0.00
5 20 76 16 8. 0o #xwxxr 38,17 4.20 0.00 29.47 25.13 18.0 7.93 16.0 5.0 9.92 9.17 0.00
5 20 76 17 8. 0. 78.89 42.05 4.12 0.00 28.90 23.95 19.0 8.02 16.0 5.3 °9.92 9.00 0.00
5 20 76 18 11C0. 946, extwxs 33,08 4£.02 0.00 35.67 29.27 18.0 8.11 16.5 4.5 4.00 2.h2 0.00
S 20 76 19 120. S. wxwrwr 41.06 4.06 0.00 37.73 27.60 20.0 8.08 16.0 4.3 4.00 2.33 0.00
5 20 76 20 130. S5 99.38 42.09 4.06 0.00 30.73 26.C7 18.0 8.31 16.0 5.1 4.00 2.25 0.00
5 20 76 21 170. 23. wmwxsr 21.73 1.69 0.00 5.52 5.04 3.8 8.21 18.0 4.3 1.50 1.06 0.00
5 20 76 22 2¢0. 11. #*esvxr 23,30 1.95 0.00 5.12 3.12 3.6 8.13 18.0 5.0 1.50 Q.94 0.00
5 20 76 23 240. 0. 24.12 24.564 1.70 0.00 520 -4.64 4.8 8.24 18.0 5.0 1.50 0.89 0.00
5 20 76 10 130000. 8000. sxsrax 59.4E€ 4.70 0.00 115.27101.87 25.0 8.28 19.0 3.7 0.00 0. 00 0.00
5 20 76 12 170000 . 7000. wxwmws 564,48 4.22 0.00 36.60 30.30 20.0 8.22 18.5 3.9 2.00 0.61 0.00
5 20 76 13 170C0. 110. srewas 57,17 4.10 0.00 36,07 29.47 21.0 8.15 18.5 3.9 2.00 0.53 0.00
5 20 76 14 33C0. 890. 110.70 56.84 4.08 0.00 35.67 29.20 20.0 8.22 18.5 &.5 2.00 0.47 0.00
5 20 76 1< 230. 20. wesesv 49,73 3,70 0.00 34.37 23.00 20.0 7.80 18.0 3.7 14.88 14.19 0.00
5 20 76 16 130. 2. azxerex 44,61 3.70 0.00 &0. 40 35..87 20.0 7.78 18.0 3.5 14.88 13.74 0.00
S 20 76 17 130. 2- 99.30 53.70 &.00 0.00 41.07 27.60 18.0 7.90 18.0 4.7 14.88 13.63 0.00
5 2¢C 76 18 79. 23, wteexr 56,34 3.62 0.00 39.13 32.67 19.0 B.07 18.0 4.0 5.00 2.82 0.00
5 20 76 19 79. 2. sxxxxx 59.98 3.68 0.00 32.27 25.80 18.0 8.12 18.0 4.1 5.00 2.74 0.00
5 20 76 20 79. J. 99.13 57.50 4.10 0.00 21.87 24.53 18.0 8.13 18.0 4.7 5.00 2.68 9.00
S 25 76 10 180000 20017. 49.56 12.68 3.29 0.00 46.73 40.45 22.0 8.28 17.0 5.5 0.00 0. 00 0.00
5 25 76 11 460C0. 1407. 1452 *#2dnesx  1.12 0.00 6e 16 616 4.5 B.12 18.0 4.6 0.00 0. 00 0.00
5 25 76 12 3500. 350.  wwawas 1]1.08 3.63 0.00 39.60 29.53 20.0 B8.11 17.0 6.7 5.00 2.68 0.00
5 25 76 13 330. 2. xwasan 8.21 3.89 0.00 40.80 34.27 18.0 8.27 17.0 6.2 5.00 2451 0.00
5 25 76 14 330. 2. 66.67 13.48 3.50 0.00 38.33 33.73 20.0 8.20 17.0 7.0 5.00 2.32 0.00
5 25 T8 15 79400. 1700, wxwawr 33,25 3,44 0.00 41.00 35.33 15.0 8.24 17.0 4.6 2.00 1.50 0.00
5 25 76 16 1300. 2. #vetwee 37,40 3.20 0.00 &3.27 36.60 18.0 8.20 17.0 5.0 2.00 1.38 0.00
5 25 76 17 700. 2. 90.03 33.81 3.73 0.00 34.20 31.93 15.0 8.28 17.0 5.4 2.00 1.27 0.00
S 25 76 18 %900, 330 xexrwx 26,06 3J.48 0.00 21.76 21.76 15.0 8.19 17.0 5.1 3.00 1.81 0.00
5 25 76 19 280. 22. xrexex 36,44 3.36 0.00 #4.00 33,32 19.0 8.17 17.0 5.7 3.00 1.67 0.00
5 25 76 20 250. 22. 73.06 10.93 3.34 0.00 45.13 30.80 15.0 8.26 17.0 6.1 3.00 1.58 0.00
5 25 176 21 £490. 11, #rexns sevanx 1,23 0.00 596 488 4.6 8.19 18.0 4.1 2.00 1.33 0.00
5 25 76 22 130. Q- srarax xevaxrsx 1.15 0.00 580 4%.92 3.8 8.03 18.0 4.5 2.00 1.27 0.00
5 25 T6 23 11. Re wrxmre sxrwvx 1,31 0.00 580 4.60 4.2 8.32 18.0 5.7 2.00 t.21 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILT FILT AMMONIA SULFIDE SS VSS TURB PH TEMP DC APPLIED TOTAL FREE
NUMBER /7100ML 710041 cop cop . cL2 RESIDUAL RESIDUAL
MG/L MG/L MG/ L MG/ L NG/L MG/t JTU "C" MG/L MG/L MG/L MG /L
5 27 76 10 79000. 79000. 99.84 3T.7h 2.62 0.00 4#8.88 43.59 20.0 8.92 17.0 11.0 0.00 0. 00 0.00
5 27 16 11 S54000. 260 2heB4 12.70 0.97 0.00 5.32 5.32 3-,1 8.19 17.0 6.0 0.00 0. 00 0.00
5 27 76 12 2300. 2302, ewsesve 31,51 3.13 0.00 43.10 37.15 20.0 8.68 17.0 7.3 3.00 1.18 0.00
5 27 78 13 9200. 1109 ssesas 31,67 2.54& 0.00 41.87 37.C0 20.0 8.68 17.0 7.0 3.00 1. 04 0.00
S 27 76 14 4900. 200. 91.43 36.43 2.94 0.00 40.93 35.93 18.0 8.67 17.0 8.9 3.00 0.93 0.00
5 271 76 15 9. 0. oewense 36,98 1.40 0.00 37.07 32.87 20.0 7.98 17.0 8.0 20.00 13.15 0.00
5 27 76 16 2. Ne sxanse 35,48 1.29 0.00 32.80 32.47 20.0 7.88 17.0 7.4 20.00 12.81 0.00
5 27 76 17 i. 0. 86.19 35.63 1.96 0.00 42.13 33.40 20.0 7.98 17.0 8.9 20.00 12.47 0.00
S 27 76 18 170. S. wxxxaxr 33,10 2.38 0.00 38.53 34.13 18.0 8.55 17.0 7.8 4.00 2.92 0.00
5 27 76 19 230. Se tesxdx 34,13 2.65 0.00 39.67 27.87 20.0 8.55 17.0 7.2 4.0 2.78 0.00
5 27 76 20 68. 5e 87.62 37.06 2.3S 0.00 38.40 27.60 18.0 8.58 17.0 8.5 4.00 2.72 0.00
5 27 76 21 0. 0. wwxaxar 15,79 0.33 0.00 4.08 3.72 2.7 7.79 17.0 5.0 20.00 13.27 11.01
5 27 76 22 O Oe sxaxpe 18,17 0.50 0.00 4e26 %.00 2.9 7.76 17.0 S.4 20.00 12. 04 10.22
5 2T 76 23 0. J. 17.86 15.32 0.23 0.00 h. 40 3.6 2.8 7.83 17.0 5.9 20.00 11.09 Fht
6 1 76 10 22060. 4000. 120.09 33.25 2.07 0.00 62.46 59.44 15.0 8.460 17.0 4.5 0.00 0. 00 0.00
6 1 76 11 79€0. 3300 34.57 23.12 0.57 0.00 6.06 5.50 3.6 B8.39 18.5 5.1 0.00 0. 00 0.00
6 1 76 12 0. 0. weswsx 35,58 2,00 0.00 50.00 47.77 15.0 7.72 17.0 4.9 20.00 16.87 0.00
6 1 78 13 0. 0. xewxwx 383,07 2.11 0.00 50.53 48.20 15.0 7.72 17.0 &.9 20.00 16.09 0.00
6 1 76 14 0. 9« 109.07 14.09 1.96 0.00 49.67 47.67 15.0 7.80 17.0 5.6 20.00 15.75 0.00
6 1 76 15 0. Ne asxesxxe I7.60 2.37 0.00 46.33 44,40 14.0 7.70 17.0 4.8 20.00 16. 87 0.00
6 1 76 16 0. 0, wnxees 37,60 1.89 0.00 43.67 42.87 13.0 7.65 17.0 4.9 20.00 15.87 0.00
6 1 76 17 0. %« 103.62 36.98 1.9% 0.00 45.20 43.40 13.0 7.75 17.0 5.6 20.00 14.86 0.00
6 1 76 18 5. Jo ewwsse 37,06 2.37 0.00 44.73 42.80 13.0 7.88 17.0 &.8 19.27 12.63 0.00
6 1 76 19 2. Qe weweae 37,60 2.37 0.00 43.33 41.27 12.0 7.90 17.0 4.9 19.27 11.84 0.00
6 1 76 20 l. 9. 101.29 &0.41 2.17 0.00 4127 39.27 13.0 7.92 17.0 5.9 19.27 11.28 0.00
6 1 76 21 0. 0. wnsxnr 23,43 0.06 0.00 S-36 3.36 4.4 T7.64 13.0 5.3 20.00 9.83 6.65
6 1 76 22 0. 0. sswxas 24,83 0.20 0.00 604 S5.40 4.2 7.71 18.0 5.3 20.00 9.72 6.60
6 1 76 23 Q. Ge 31.61 29.19 0.09 0.00 5.68 4.92 4.4 T7.79 18.0 6.7 20.00 9.50 670
[ 3 76 10 79000. 13000. 109.93 32.3& 0.53 0.00 53.43 48.90 15.0 9.20 18.5 10.5 0.00 0. 00 0.00
© 3 7% 11 33¢0. 8300. 30.36 20.74 0.27 0.00 T.00 7.00 3.0 8.66 19.0 4.4 0.00 0. 00 0.00
6 3 76 12 33. §. sxsene J4.71 0445 0.00 38.92 35.86 14.0 9.00 18.5 7.6 5.00 hebl 0.00
6 3 76 13 11. §. wessser 36,03 0.49 0.00 39.00 36.40 13.0 8.95 18.5 7.5 5.00 4.33 0.00
6 3 76 14 10. 2- 90.97 32.76 0.85 0.00 36.80 33.60 15.0 8.91 18.5 8.2 5.00 4.24 0.00
6 3 76 15 23. S. reeesr 31,05 0.38 0.00 39.70 38.15 14.0 8.91 18.5 7.2 5.00 4483 0.00
6 3 76 16 2. 2. wrwwiv 34,71 049 0.00 38.25 36.30 14.0 8.89 18.5 7.4 5.00 4.72 0.00
6 3 76 17 2. Q. swanrr 35,09 0.96 0.00 36.45 34.50 14.0 8.85 18.5 7.6 5.00 4463 0.00
6 3 76 18 23. 1T swesaxr 41.17 0.62 0.00 37.30 36.C0 13.0 8.92 18.0 5.4 5.00 4.21 0.00
6 3 76 19 Se. 0. #*+2xav 36.50 0.79 0.00 35.25 3€.15 14.0 8.88 1B.0 5.6 5.00 4.19 0.00
6 3 76 20 5. 0. »weasr 36,42 0.81 0.00 35.10 33.95 13.0 8.82 18.0 6.1 S.00 4. 16 0.00
6 3 7% 21 0. 0. sxesse 19,14 0.21 0.00 8.55 7.60 3.6 8.51 19.9 4.3 5.00 2.05 0.00
6 3 76 22 0. 0. *vesax 22,80 0.18 0.00 6.16 6.56 4.0 8450 19.0 4.9 5.00 1.88 0.00
6 3 76 23 0. 0- 31.75 16.81 0.22 0.00 5.68 35.52 3.5 8.60 19.0 5.3 5.00 1.69 0.00
6 8 76 10 340C0. 200G. 108.98 54.40 1.43 0.00 55.14 48.11 20.0 B.62 19.0 5.5 0.00 0.00 0.00
6 8 76 11 22000. 200. 25.75 23.55 0.45 0.00 .98 S5.92 4.4 B.42 21.5 3.9 0.00 0. 00 0.00
6 8 76 12 11000. 140, +xsxwex 53,19 1.56 0.00 38.64 32.32 21.0 B.69 19.0 5.6 0.92 0.50 0.00
6 8 76 13 33C0. 130. #eeese 46.21 1.63 0.00 29.93 25.73 1%.0 68.72 19.0 5.0 0.92 0.39 0.09
6 8 76 14 3000. 34, 83.79 48.63 1.53 0.00 32.07 26.67 1840 8.72 19.0 S.3 0.92 0.28 0.00
6 8 76 15 110. Ne 22emsx S7.88 1.55 0.00 33.93 30.67 21.0 B8.55 19.0 4.2 4.59 4.89 0.00
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TABLE A-~1. CONTINUED

MONTH DAY YEAR SAMPLT  MPA TC MPN #C  UNFILY FILT AMMONIA SULFIDE SS ¥$SS TURB PH TEMP DC APPLIED TOTAL FREE
NUMBER /1GCML /100ML coD con cLz RESIDUAL RESIDUAL
MG/L MG /L MG/ L MG/ L MG/L  MG/L JTU "C®  MG/L  MG/L MG/L MG /L
6 8 76 16 0. O- sersse 43,32 1.46 0.00 28.40 23.73 15.0 8.54 19.0 5.9 459 4. 75 0.00
6 8 76 17 0. 0- 56.64 47.12 1.56 0.00 29.47 23433 20.0 8.59 19.0 6.0 4459 4.64 0.00
6 8 76 18 7¢C0. 1T. *xswasse 45,61 1.50 0.00 34467 29.87 18.0 8.68 19.0 5.6 2.75 1.84 0.00
6 8 76 19 49 . O. *ewxxx 41.58 1.53 0.00 25.80 22.20 17.0 8.65 19.0 4.7 2.75 1.786 0.00
L} & 76 20 35. o- 71.08 42.43 1.74 0.00 26440 22.80 16.0 8.68 19.0 6.7 2.75 1.68 0.00
6 8 76 21 S4C. 1§ #eeesx 23,15 (.38 0.00 5.80 4.76 5.5 B.42 21.0 4.2 2.75 1.48 0.00
6 8 76 22 130. 2. seevee 27.26 0.42 0.00 6.16 4.92 S.4 B8.43 21.0 4.6 2.75 1. 40 0.00
6 8 76 23 5. 0. 31.46 25.71 0.46 0.00 6. 68 S5.44 S.4 8.43 21.0 S.8 2.75 1.37 0.00
6 8 76 10 3100C0. 4007. 118.39 55.28 1.46 0.00 59.07 51.40 20.0 8.50 29.5 S.1 0.00 0. 00 0.00
6 8 78 12 940 . 79.  sawwas  45.92 1.44 0.00 34.33 29.87 21.0 8.63 20.5 5.0 1.83 1.23 0.00
6 8 76 13 240. 1T, eewawr 52019 1.26 0.00 31.20 27.40 15.0 B.6% 20.5 4.6 1.83 1.12 0.00
[ 8 76 14 240. 17 . 96.63 52.96 1.59 0.00 29.75 25.60 19.0 8.74 2C.5 4.9 1.83 1.03 0.00
6 8 76 15 17 . Ne swesker 48,32 1.75 0.00 33.33 29.73 20.0 8.45 20.5 4.3 5.50 5.75 0.00
6 8 76 16 0. 0, wwersxs 51,03 1.85 0.00 29.07 25.40 21.0 8.42 20.5 4.9 5.50 S.67 0.00
6 8 76 17 C. Ne 101.20 44.68 1.67 0.00 31.40 26.93 22.0 8.48 20.5 5.l 5.50 5.25 0.00
6 8 76 18 110. 17. swawese 50,41 1.34 0.00 39.53 34,40 25.0 B.58 20.5 4.6 3.67 235 0.00
6 8 76 19 33. 0. wesxrer 58,61 1.38 0.00 36.93 32.13 24.0 8.55 20.5 4.7 3.67 2415 0.00
6 8 76 20 17 . N. 109.9 52.73 1.42 0.00 3607 30.33 23.0 8.56 20.5 5.2 3.67 2.01 0.00
6 1¢ 7eé 10 350000. 2000. Th.66 43.80 2.04 0.00 32.40 26.90 15.0 8.08 20.0 3.8 0.00 0. 00 0.00
[ 10 76 11 35000. 200. 72.07 43.27 2.22 0.00 34.96 29.12 15.0 8.20 20.0 1.8 0.00 0. 00 0.00
6 10 76 12 S540C0. 20.  atwwex 4£5.05 2.14 0.00 16«50 14.00 15.0 B8.43 19.0 4.8 0.92 0.47 0.00
6 10 76 13 3500. 50. sxwxxr 48,40 2.14 0.00 16452 13.52 15.0 8.40 19.0 4.4 0.92 0. 36 0.00
6 10 76 14 3000. 50. 72.75 46.88 2.23 0.00 16.00 13.12 15.0 B.44 19.0 5.2 0.92 0.30 0.00
6 10 76 15 79. 0. wwsxexr £3.68 2.03 0.00 18.64 15.64 15.0 8.25 19.0 5.0 4.59 4.48 0.00
6 10 76 16 0. Qe wewese 44,60 2.12 0.00 15.08 12.16 14.0 8.24 19.0 4.5 &.59 4o 40 0.00
6 10 76 17 0. 137. 67.28 48.40 2.08 0.00 16416 12.28 14.0 8.22 19.0 5.1 4.59 4.31 0.00
6 10 76 18 35C0. 17. sxaswe 40441 1.79 0.00 17.84 14.24 15.0 8.34 19.0 4.8 2.75 1.65 0.00
6 10 76 19 130. Je wvsexs 43,84 1.95 0.00 15.68 12.52 14.0 8.38 19.0 4.9 2.75 1. 48 0.00
6 10 76 20 130. 0. 67.81 47.03 2.10 0.00 15.96 13.C8 14.0 8.40 19.0 5.4 2.75 1.35 0.00
6 10 76 21 4900. 3. wrsesr 24,05 1.05 0.00 5¢36 4.28 3.7 8.24 20.0 4.4 1.83 0.91 0.00
6 16 76 t-24 750. Je steass 24,05 (.97 0.00 5028 460 4.0 8.23 20.0 4.4 1.83 0.77 0.00
6 10 76 23 330. e 33.33 25.42 0.99 0.00 568 4.52 4.2 B.23 20.0 4.8 1.83 0.69 0.00
6 10 76 10 130000. 2000- 90.18 68.95 2.06 0.00 42.32 36.16 15.0 8.23 20.0 3.7 0.00 0. 00 0.00°
6 1¢ 76 12 760. 37, sxesaxs 51.39 2.08 0.00 19.76 17.92 15.0 8.33 20.0 4.2 1.83 1.13 0.00
6 10 76 13 130. be wxexss 52,21 2.22 000 19.00 16.C 16.0 8.32 2C.0 &.7 1.83 1.02 0.00
6 10 76 i4 130. &- 73.52 72.22 2.03 0.00 17.40 15.12 15.0 8.33 20.0 4.5 1.83 0. 96 0.00
6 1¢ 76 15 11. N. *xwwswr 66,89 2.02 0.00 20.56 17.76 16.0 8.15 20.0 3.8 5.50 5.82 0.00
6 10 76 16 2. Oe #stexs 66.97 2.03 0.00 16,52 14.16 15.0 8.13 2C.0 4.4 5450 Se.66 0.00
6 10 76 17 2. 0. 93.30 68.19 2.17 0.00 15.56 13.56 15.0 8.16 20.0 4.5 5.50 S5.49 0.00
6 1¢ 76 18 110. 2. txwxwx 72,00 1.76 0.00 19.23 11.28 16.0 8.28 20.0 &.0 3.67 3.53 0.00
6 10 76 19 13. 0« atxexx 74,81 2.02 0.00 18.56 15.60 15.0 8.25 20.0 4.0 3.67 349 0.00.
6 10 76 20 13. 0. Gha kb T2.7S 2.04 0.00 18.40 15.28 15.0 8.30 20.0 4.6 3.67 3. 44 0.00
6 15 76 10 54000. 3400. 52.52 24.96 2.91 0.00 18.94 17.08 8.6 8.06 14.0 6.2 0.00 0.00 0.00
6 15 76 11 350C0. 3300. 18.96 20.91 0.81 0.00 .62 2.84 4.0 B8.15 15.0 6.3 0.00 0.00 0.00
6 15 76 12 7000. 490, sxex2x 23,92 2.78 0.00 17.52 6.20 8.7 8.15 14.0 5.7 1.00 0.51 0.00
6 15 76 13 4600. 4990, wearar 22,21 2.72 0.00 17.28 15.56 8.9 8.19 14.0 5.6 1.00 0.45 0.00
6 15 76 14 3000« 7. 51.39 25.46 3.02 0.00 17.76 15.68 8.7 8.13 14.0 6.1 1.00 0.34% 0.00
6 15- 76 15 0. 0. swsens 25,46 2.93 0.00 16.64 14.96 8.7 7.99 14.0 5.5 6.00 6. 00 0.00
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TABLE A-~1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILY FILT ANMONIA SULFIDE sS VSS TURB PH TEMP DC APPLIED TOTAL FREE

NUMBER /100ML /1004L coo cob cL2 RESIDUAL RESIDUAL
MG/L MG /L MG/L MG/ L MG/L MG/L  JTU "C™ MG/L MG/L MG/L NG /L

6 15 76 16 0. 0. mxwxax 23,36 2.59 0.00 15.80 14.28 S.4 7.95 14.0 5.6 6,00 5«89 0.00
[ 15 76 17 0. de 54.91 29.99 2.76 0.00 15.76 14.36 8.6 8.00 14.0 5.4 6.00 5. 84 0.00
6" 15 76 18 700. 110, *xsewx 31,32 2.44% 0.00 16472 15.20 B.4& 8.11 14.0 6.3 3.00 2.19 0.00
6 15 76 19 540. 0o swevex 28,13 2.78 0.00 1616 14.36 8.3 8.02 14.0 6.1 3.00 2.08 0.00
6 15 76 20 3. 0. 55.26 27.90 2.44 0.00 15.12 14.00 B.4 8.07 14.0 5.3 3.00 2.08 0.00
6 15 76 21 9200. 79.  xewewsr 22,17 0.63 0.00 1,56 2.44 3.3 B.09 15.0 5.6 1.00 0.73 0.00
6 15 76 22 1100« 5« wxwsas 20,46 0.58 0.00 L'32 2.68 3.2 8.18 15.0 6.1 1.00 0.67 0.00
6 15 76 23 T0. 0. 17.72 25.67 0.71 04.00 3.04 2.60 3.1 8.12 15.0 6.9 1.00 0. 62 0.00
6 15 76 10 310000. 130000. 58.13 21.59 2.29 0.00 18.72 16.96 S.7 B8.55 16.0 8.0 0.00 0. 00 0.00
6 15 76 12 11C0. 330. «e2ewxs 29,10 2.05 0.00 15.12 13.83 8.7 B8.30 14.0 6.9 2.00 1.63 0.00
6 15 76 13 170. Q. stawes 24,46 2,18 0.00 15.20 13.64 9.2 8.30 15.0 7.6 2.00 1.54 0.00
6 15 76 14 LI e 57.97 25.77 2.35 0.00 14.96 13.76 7.9 8.25 14.5 7.8 2.00 1.40 0.00
6 15 76 15 0. Q. *rseas 25,31 1.96 0.00 14.40 12.86 8.3 7.98 15.0 6.2 10.00 9.89 0.00
6 15 76 16 0. 0, swwksa 25,62 2.13 0.00 15.04 13.64 8.6 7.93 15.0 7.6 10.00 9.78 0.00
& 15 76 17 0. e 57.82 21.08 2.18 G.00 14.32 13.12 8.6 8.09 15.0 7.5 10.00 9.66 0.00
6 15 76 18 7. Ne  wxetar 21,59 2.35 0.00 15.28 13.76 S.4 B.43 15.5 7.7 4.00 2.92 0.00
6 15 76 19 0. Jo wewxews 30,42 2.22 0.00 16,40 14.56 9.2 8.25 15.0 7.8 4.00 2.81 0.00
6 15 76 20 0. 0. S1.8 21.98 2.00 0.00 15.56 1436 8.6 8.13 15.0 7.6 4.00 2.75 0.00
6 17 76 10 790C0. 3300n. 62.51 23.76 2.57 0.00 25.24 22.40 8.9 7.77 16.0 5.3 0.00 0. 00 0.00
6 17 76 12 79000. 13000, sasxwwe 23,53 2,64 0.00 22.76 20.32 11.0 8.05 15.5 S.5 1..00 0. 00 0.00
6 17 76 13 49000. 11007. s=ewwwx 21,94 2.42 0.00 22.28 19.88 11.0 8.05 15.0 5.4 1.00 0. 00 0.00
b 17 76 14 79000. 3300. 58.90 25.43 2.490 0.00 21.96 1%2.44 10.0 7.10 15.0 5.9 1.00 0. 00 0.00
6 17 76 15 17. Nae exescasr 24,29 2.38 0.00 21.20 19.4% 11.0 7.95 15.0 5.4 6.00 3.68 0.00
6 17 76 16 13. L. sexran 26.87 2.54 0.00 20.68 18.72 t11.0 7.88 15.0 5.7 6.00 3.61 0.00
6 17 76 17 13. - S7.84 27.T0 2.30 0.00 20.72 13.48 11.0 7.80 15.0 6.0 6.00 3.53 0.00
6 17 76 18 330. o wxwwae 27,32 2.56 0.00 21.04 18.72 11.0 7.95 15.0 5.4 4.00 2.74 0.00
6 17 76 19 17. 0. *ewsasr 25.38 2.34 0.00 17.84 18.84 10.0 7.91 15.0 5.2 4.00 2.56 0.00
6 17 76 20 17. 0- S9%.81 27.32 2.48 0.00 24,16 18.80 10.0 8.02 15.0 5.7 4.00 2.49 0.00
6 17 76 10 4600C0. 110000, 68.54 16.85 1.75 0,00 27.52 24.76 12.0 8.28 16.0 7.6 0.00 0. 00 0.00
6 17 76 12 35¢0. 280 .  wexessr 23,91 1.99 0.00 22.32 20.12 9.1 8.15 16.0 6.0 2.00 1.58 0.00
6 ‘17 76 13 920. 0. *xt»*xex 16.7C 1.99 0.00 21.38 19.72 11.0 8.12 15.0 5.9 2.00 1.47 0.00
6 17 76 14 220. 2. 61.86 21.4E8 2.28 0.00 22.08 20.40 11.0 8.04 16.0 5.9 2.09¢ 1.37 0.00
6 17 76 15 J40. Q- srexws 3I3.09 2.08 0.00 20.50 19.24 12.0 8.15 16.0 6.1 S.00 2.99 0.00
6 17 75 16 7. 0. *rrrer 25,96 1.94 0.00 20.12 18.92 11.0 8.05 16.0 7.2 5.00 2.86 0.00
6 17 76 17 7. 0- 63.15 24.06 1.94 0.00 20.76 19.24 10.0 8.09 16.0 6.5 5.00 2.86 0.00
6 17 76 18 2. 0. +eesee 23,82 1.55 0.00 20.28 19.12 9.0 7.98 16.0 6.5 8.00 6.37 0.00
6 17 76 19 2. Yo kvrewan 24,36 1.73 0.00 20.52 18.12 9.4 8.05 15.0 7.0 8.00 6.32 0.00
6 17 76 20 2. Ja 32.68 25.5& 1.79 0.00 19.16 17.28 10.0 7.95 16.0 7.0 8.00 6e 17 0.00
6 22 76 10 430C0. 33000. 84.91 26.15 0.60 0.00 38.43 34.43 15.0 8.78 19.0 9.3 0.00 0. 00 0.00
6 22 76 11 54C00. 49Q- 22.65 16.89 0.17 0.00 554 S5.44 3.1 8413 29.5 5.5 0.00 0. 00 0.00
6 22 76 12 70000. 33000. *esese 21.60 0.76 0.00 29.66 27.11 12.0 8.78 18.5 4.5 1.00 0.38 0.00
6 22 76 13 49000. 1700p. **sxwe 22,10 0.78 0.00 28.75 27.70 12.0 8.72 17.0 3.1 1.00 0.33 0.00
6 22 76 14 230C0. 13000Q- 68.97 25.02 0.63 0.00 23.48 23.48 12.0 8.75 1%.0 5.1 1.00 0.25 0.00
6 22 76 15 54C0. 790. sxevax 24.35 0.65 0.00 23.20 22.20 12.0 8.55 18.0 6.7 3.00 1.50 0.00
6 22 76 16 3500. 260. swewwx 27,11 O0.48 0.00 27.55 25.40 13.0 9.65 17.0 4.5 3.00 1.30 0.00
6 22 76 17 790. Zg- 68.22 26.36 0.74 0.00 28.65 26.70 12.0 8.67 19.0 7.4 3.00 1.18 0.00
6 22 16 18 130. 1. sxsvee 26,36 0.75 0.00 27.10 25.25 12.0 8.58 16.0 4.1 5.00 3.33 0.00
6 22 76 19 13. §. sexses 25,77 0.A1 0.00 27.25 27.25 13.0 8.%51 17.0 6.0 5.00 3.10 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN C UNFILY FILT AMMONIA SULFIDE 55 ¥SS TURB PH TEMP DO APPLIED TOTAL FREE
NUMBER /100ML /71 00ML coo coo cLz RESIDUAL RESIDUAL

MG/L MG/L MG/ L MG/ L MG/L  MG/L  JTU "C" MG/L  MG/L MG/L MG /7L
6 22 76 20 11. 1. 68.72 29.27 0.63 0.00 21.00 21.00 11.0 8.60 19.0 7.4 5.00 2.95 0.00
6 22 76 21 7900. 490,  weerasr 15.76 0.13 0.00 5«60 5.36 3.1 8.25 20.0 5.9 0.50 0.25 0.00
6 22 76 22 24000. 790. »weswexr 15,43 0.15 0.00 6.08 5.864 3.2 8.25 20.0 6.1 0.50 0.20 0.00
6 22 76 23 240C0. 330. 2569 15.85 0.15 0.00 Se 86 5.84 3.4 8.25 2C.0 6.4 0.50 0.18 0.00
6 22 76 10 310000. 130000. 125.20 34.53 0.36 0.00 50.80 46.65 16.0 8.91 20.0 6.5 0.00 0. 00 0.00
6 22 76 12 14000. 4600, wrsrne 35.36 0.78 0.00 43.07 39.87 15.0 8.62 20.0 5.6 2.00 1.15 0.00
6 22 76 13 3500. 490. swsese 42,37 0.57 0.00 38.33 36.60 17.0 8.67 20.0 4.6 2.00 0.95 0.00
6 22 te 146 3000. 79. 102.92 37.7¢ 0,65 0.00 36.40 34.90 17.0 8.68 20.0 5.5 2.00 0. 85 0.00-
6 22 76 15 3500. 790, exwswa A47.37 0.59 0.00 39.93 37.73 15.0 8.67 20.0 5.1 %.00 295 0.00
6 22 76 16 490. 33, srawws 44,20 0.53 0.00 34. 40 32.93 13.0 8.65 20.0 5.1 4.00 1. 80 0.00
6 22 76 17 70. (U 86.99 35.61 0.60 0.00 31.27 29.33 14.0 8.67 20.0 5.2 4.00 1.65 0.00
6 22 76 18 130. 11. «xasxx 37.70 0.55 0.00 32.13 29.80 15.0 8.58 20.0 4.8 6.00 3.83 0.00
6 22 76 19 11. 2« wewkaw 38,53 0.50 000 29.73 29.26 13.0 8.57 20.0 &.5 6.00 3.63 0.00
6 22 76 20 11. 2. 78.57 40.28 0.53 0.00 25.20 24.87 14.0 8.57 20.0 4.9 6.00 3.40 0.00
6 24 76 10 17000. 500. 97.70 31.62 1.74 0.00 26.72 25.18 13.0 8.71 16.0 6.5 0.00 0. 00 0.00
6 24 76 11 160000. 790. 22.10 19.12 0.24 0.00 1370 6.50 10.5 8.62 17.0 3.9 0.00 0. 00 0.00
6 24 176 12 22000. 170. swewse 34,26 0.31 0.00 31.60 28.67 14.0 8.75 16.0 5.3 1.00 0.32 0.00
1 24 T6 13 130C0. 460. swwnxs 35,84 0.29 0.00 30.53 27.73 15.0 8.67 16.0 5.6 1.00 0.22 0.00
6 24 76 14 16000. 230. 86.99 34.43 0.32 0.00 31.93 29.C7 15.0 B8.75 16.0 6.0 1.00 0. 20 0.00
6 24 76 15 S400. 46, rwsxsee 36.91 0.33 0.00 31.07 29.20 16.0 8.65 165 5.2 3.00 1.35 0.00
6 24 76 16 24C0. 63, wesane 40.22 0.34 0.00 29.07 26.53 15.0 8.68 16.5 6.0 3.00 1.28 0.00
6 28 76 17 9200. 2- 91.87 41.22 0.33 0.00 30.67 27.67 15.0 8.70 16.0 5.9 3.00 1.23 0.00
6 24 76 18 1100. s. reanss 42,21 0.33 0.00 32,13 27.60 15.0 B8.62 16.0 3.2 5.00 2.76 0.00
6 24 76 19 490. 13. seersr  44.36 0.43 0.00 29.40 25.53 15.0 8.63 16.5 5.0 5.00 2.68 0.00
6 24 T6 20 4%0. 13. 83.26 38.57 0.40 0.00 27.73 26493 15.0 B.64 16.5 5.5 5.00 2.59 0.00
6 24 76 21 0. Qe sxttaxr 20,36 0.298 0.00 13.60 7.4% 11.0 8.18 17.0 3.9 2.00 1.35 0.00
6 24 76 22 240 . 2. wwnswe 20,03 0.24 0.00 12.76 7T.64 12.0 8.23 16.5 4.2 2.00 1.30 0.00
6 24 T6 23 8. 0. 27.81 16.55 0.23 0.00 1306 6.04:11.0 8423 16.0 4.4 2.00 1.26 0.00
6 24 T6 10 430000 9000. 130.68 34.76 0.39 0.00 49.07 %4%.80 17.0 8.10 17.0 6.3 0.00 1.26 0.00
6 24 76 12 700. 230. sxwxxxe 34.51 0.36 0.00 36.40 33.87 16.0 8.51 1.0 6.8 2.00 1.28 0.00
6 24 76 13 70. 11. soxvee T4.43 0.42 0.00 31.73 29.00 15.0 8.31 17.0 7.3 2.00 1.11 0.00
6 24 76 14 57 8- 87.56 48.91 exane 0.00 3320 28.30 15.0 8.35 17.0 6.5 2.00 1.03 0.00
6 24 76 1s 230. 2%. wxesex 34,60 O0.34 0.00 31.60 31.33 14.0 8.27 17.0 6.0 4.00 2.17 0.00
6 24 76 16 130. Do exasex 35,67 0.34 0.00 29.60 26.80 15.0 8.22 17.0 6.3 4.00 2.04 0.00
6 24 76 17 90. 0. 84.75 36.91 0.34 0.00 29.73 27.80 16.0 8.42 17.0 6.8 4.00 2.00 0.00
6 24 76 18 8. Do wxawer 35,91 0.29 0.00 29.80 25.20 15.0 7.98 17.0 7.0 9.92 3.72 0.00
6 24 76 19 B 0o ewwwww 108.92 0.26 0.00 29.53 27.73 15.0 8.12 17.0 6.8 9.92 3.45 0.00
6 24 76 20 8. J. 83.92 4&1.72 0.25 0.00 28.87 6-13 15.0 7.82 17.0 6.8 9.92 3.25 0.00
7 1 76 10 70000. 14000. 57.18 31.39 4.26 0.00 15.08 12.04 10.0 8.10 20.0 3.9 0.00 0. 00 0.00
7 1 76 11 49000. 2800 . 37.28 25.23 3.56 0.00 6.20 KP4 41 T.97 23.0 3.7 0.00 0. 00 0.00
7 1 76 12 220C0. 1200. sxsese 36.83 3.58 0.00 15.44 12.64 11.0 6.03 20.0 4.8 1.00 0.30 0.00
7 1 76 13 33000. 1300, esewss 38,44 4.20 0.00 16.80 12.20 11.0 8.00 20.0 5.0 1.00 . 0.25 0.00
7 1 76 14 33000. 4300. 62.30 30.11 4.20 0.00 14.72 11.92 10.0 8.05 2C.0 S.4 1.00 0.22 0.00
7 1 76 15 1700. 170, #ssaan’ 34,83 &.20 0.00 16.72 11.72 10.0 7.97 20.0 4.6 3.00 1.43 0.00
7 1 76 16 130. be wwrwar 40.92 3.45 0.00 12.88 12.08 10.0 7.98 20.0 4.7 3.00 1.33 0.00
7 1 76 17 50. 0. 62.9 38.92 3.58 0.00 13.52 11.28 11.0 8.05 20.0 5.5 3.00 1.26 0.00
7 1 76 18 49. 17+ sxseen 38,92 3.73 0.00 12.52 10.52 11.0 7.90 20.0 &.8 5.00 2. 088 0.00
7 1 76 19 33. S5« wxasan  36.75 4.05 0.00 13.20 10.52 11.0 7.88 19.5 &.7 5.00 2.78 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILT FILT AMMONIA SULFIODE Ss ¥$S TURB PH TENP DO APPLIED Tar AL FREE
NUMBER /100ML /10091 oo coD cL2 RESIDUAL RE SIDUAL

MG/L MG /L MG/L HG/L MG/L MG/L JTU ®C*" MG/L M&/L MG/L MG /L
7 1 76 20 7. 2e 67.58 &4.92 3.43 0.00 14.56 11.76 11.0 7.93 20.0 5.1 5.00 2.59 0.00
7 1 76 21 24000. 5400. wasessr 25,62 3.06 0.00 6.00 5.12 S.1 7.99 22.5 4.5 1.00 0.57 0.00
7 1 76 22 5400. 280, anexee 27.95 3,12 0.00 60.00 50.00/52.0 8.08 22.5 4.6 1.00 0.47 0.00
7 1 76 23 3500. 25 . 35.79 26.10 2.93 0.00 6.32 S.16 S.8 8.02 22.5 5.1 1.00 0. 44 0.00
7 1 76 10 310000. 230000. 53.40 32.03 3.23 0.00 13.84 11.96 8.7 7.95 20.5 3.6 0.00 0. 00 0.00
7 1 76 12 2300. 330. exawar 29,46 3.62 0.00 12.00 9.88 8.4 8.07 20.5 &.5 2.00 1.26 0.00
7 1 76 13 Z3. 5. satwwaxr 3T 39 I.43 0.00 15.36 9.36 8.5 8.01 20.5 4.2 2.00 1.16 0.00
7 1 76 14 23. 0a 55.26 33.79 3.54 0.00 11.80 10.32 8.9 8.00 20.5 4.4 2.00 1.08 0.00
7 1 76 15 230. T+ sesweaxr 37,15 3.69 0.00 10.40 19.16 8.6 7.95 20.5 &.5 4.00 1.63 0.00
7 1 76 16 11. Do wxsessr 36.83 485 0.00 10.80 9.24 8.6 7.99 20.5 4.8 4.00 1.58 0.00
7 1 76 17 0. 0. 54.20 34.35 3.60 0.00 11.40 9.84 8.7 8.00 20.5 4.9 4.00 1.50 0.00
7 1 76 18 0. N  exawsee 32,27 3.25 0.00 10.76 9.00 8.7 7.80 20.5 &.3 20.00 8.28 0.00
7 1 76 19 0. Oe axaxes 38.19 3.30 0.00 10.56 9.16 9.0 7.77 20.5 4.7 20.00 T.98 0.00
7 1 76 20 0. n. 48.06 37.87 3.75 0.00 10.92 9.2¢ 9.0 7.85 20.5 &.8 20.00 T7.68 0.00
7 1 76 21 3500. 1I7. ssasen 26,98 2.72 0.00 5.80 5.08 &7 T7.97 22.5 5.2 2.00 1.40 0.00
7 1 76 22 0. Qo easxsa 21.70 2.91 0.00 £.92 416 4.9 7.91 22.5 5.4 2.00 1.26 0.00
7 1 76 23 0. 0. 29.62 23.94&4 2.97 0.00 6.16 5.20 5.0 7.94% 22.5 5.8 2.00 1.16 0.00
L4 6 76 10 33000. 500. 109.35 43.67 2.53 0.00 64.53 48.93 28.0 8.90 21.0 3.3 0.00 0. 00 0.00
7 6 76 11 240C0. 1300. 37.32 30.88 2.45 0.00 SeB4 4.84 4.6 7.86 21.5 3.2 0.00 0.00 0.00
7 6 76 12 79. 0. wewses S3,47 1.66 0.00 30.96 25.16 18.0 7.92 21.0 3.7 5.00 2.24 0.00
7 6 76 13 5. 0o wxexex 51,69 1.51 0.00 31.87 26.40 17.0 7.95 21.0 3.2 5.00 2.11 0-00
7 6 76 14 0. 0. 84.59 59.52 1.58 0.00 60.07 20.07 19.0 7.95 21.0 4.5 5.00 2.01 0.00
7 6 76 15 23000. 490 wsexes 47,20 1.79 0.00 40.53 32.53 21.0 8.03 21.0 3.2 1.00 0.25 0.00
7 6 76 16 33000. 490. ssasax  {8.67 2.09 0.00 36.27 2847 21.0 B8.064 21.0 3.0 1.00 0.17 0.00
7 6 76 17 330¢0. 490. B4.95 41.70 2.83 0.00 33.27 26.73 20.0 8.12 21.0 4.1 1.00 0. 10 0.00
7 6 76 18 330. 130. ssesex 54,09 2.06 0.00 40.73 33.73 22.0 7.95 21.0 3.2 3.00 0.92 0.00
7 6 76 19 240. he wxxxwe &1.67 2.06 0.00 38.07 28.87 23.0 7.93 21.0 4.0 3.00 0-67 0.00
7 6 76 20 240. 2. B4.01 43.24 2.20 0.00 32.87 25.40 22.0 7.99 21.0 4.5 3.00 0.55 0.00
7 6 76 21 130. 11, sxasaxr 28,36 1.15 0.00 5.60 2.76 5.2 7.89 21.0 4.1 3.00 1.52 0.00
7 6 76 22 “14. Qo esssax 32,55 3.54 0.00 576 5.68 523 7.96 21.0 4.4 3.00 1.47 0.00
7 6 76 23 0. 0. 37.08 27.98 1.75 0.00 5.76 %.92 5.4 7.96 21.0 4.6 3.00 1. 42 0.00
7 6 76 10 79000. 2000. 95.9% 44.10 O0.74 0.00 25.07 22.C0 13.0 8.43 23.0 6.4 0.00 0. 00 0.00
7 6 76 12 Se Ne wesexe £6.50 0.75 0.00 16-88 14.12 12.0 8.00 23.0 4.5 10.00 6.12 0.00
7 6 76 13 0. 0 wawsexr 49.60 0.95 0.00 14.92 12.76 12.0 8.02 23.0 4.4 10.00 5. 92 0.00
7 6 76 14 0. Q. 68.66 43.79 0.61 0.00 16.96 14.64 11.0 8.00 23.0 5.8 10.00 5.72 0.00
7 6 76 15 80. 20. eseser 45.03 0.73 0.00 17.15 lée46 12.0 8.25 23.0 3.9 2.00 1.02 0.00
7 6 76 16 0. Jeo awaxaxr 43,24 0.78 0.00 15.48 13.60 11.0 8.26 23.0 3.8 2.00 0.85 0.00
7 6 76 17 0. Ne 66.65 42.47 0.75 0.00 16.08 13.72 11.0 8.23 23.0 5.6 2.00 0.67 0.00
7 6 76 18 49 . 2. evasae 45.72 0.73 0.00 17.04 l4.hs 12.0 8.18 23.0 4.4 4.00 1.27 0.00
7 6 786 19 7 Qe #oansx L4 64 0.79 0.00 16.32 13.40 12.0 8.20 23.0 3.9 4.00 1.12 0.00
7 6 76 20 0. 0. 72.54 48.05 0.87 0.00 15.32 13.C3 12.0 8.23 23.0 5.1 4.00 0.95 0.00
7 6 76 21 49 . 5. sxrane 34,56 1.05 0.00 5.72 7.21 5.0 7.88 23.0 3.7 4.00 1.87 0.00
7 6 T6 22 0. D- svnxnr 33,94 1.05 0.00 5.20 4.80 5.2 7.80 22.0 3.5 4.00 1.82 0.00
7 6 76 23 0. 0- 4479 32.01 0.89 0.00 9.56 9.48 S.8& 7.92 22.0 4.2 4.00 1.72 0.00
k4 8 76 10 7900. 500. 60.96 25.35 2.12 0.00 29.67 25.76 11.0 8.58 22.0 7.3 0.00 0. 00 0.00
7 8 76 11 330C0. 21N. 37.52 21.82 1.94 0.00 10.78 7.49 4.5 8.12 24.0 2.9 0.00 0. 00 0.00
7 8 76 12 26. . rvavwr 34,22 243 0.00 21.00 17.32 11.0 8.37 21.5 6.1 5.00 2.44 0.00
7 8 76 13 0. Do exwwwxr 31,49 1.92 0.00 19.92 1£.60 12.0 8.37 21.5 6.1 5.00 2.39 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC  UNFILT FILT AMMONTA SULFIDE $S VSS TULRB PH TENP 0C APPLIED TOTAL FREE
NUMBER /10CHML /7100ML c0d con cL2z RESIDUAL RESIDUAL
MG/L MG /L MG/ MG/ L MG/L  MG/L  JTU mC" MG/L MG/L MG/ L MG /L

7 B 76 14 0. 0- 64.57 37.25 1.57 0.00 20.40 17.64 12.0 8.38 21.5 6.2 5.00 2. 34 0.00
7 8 76 1€ 7900 . 790. wwwese 32,25 3.44 0.00 21.44 18.36 13.0 8.52 21.5 6.2 1.00 0.35 0.00
7 8 786 16 79C0. 490. xeeewe 37,70 2.08 0.00 19.84 18.96 12.0 8.52 21.5 5.7 1.00 0.32 0.00
7 8 76 17 4900. 170. 60.02 32.70 2.10 0.00 19.20 1€.80 11.0 8.48 21.5 6.0 1.00 0.27 0.00
7 8 76 18 14¢0. 3§, wrwwwe 34,45 2.08 0.00 19.44 16.76 11.0 8.50 22.0 5.3 3.00 0. 90 0.00
7 8 76 19 170. 4. sxeves 34,22 1.85 0.00 18.16 15.898 10.0 8.51 22.0 4.7 3.00 0. 80 0.00
7 8 76 20 170. - 60.02 35.36 1.99 0.00 18.40 16.08 10.0 8.10 22.0 ‘6.1 3.00 0.75 0.00
7 8 76 21 24Q0 . 110. weseewxse 22,15 1.78 0.00 9.36 83.32 5.8 8.07 23.5 3.5 1.00 0.65 0.00
7 8 76 22 490. . swesex 23,52 1.68 0.00 9. 48 9.C0 5.5 8.13 23.5 4.0 1.00 0.50 0.00
7 8 76 23 49. 0. 34.98 23.82 1.61 0.00 10.00 8.76 5.7 B8.09 23.5 2.9 1.00 0.40 0.00
7 8 76 10 79000. 2000. 78.22 40.17 1.87 0.00 32.20 27.88 13.0 8.52 23.0 7.5 -0.00 0. 00 0.00
7 8 76 12 Se 0. wxsene 36.49 1.29 0.00 20.06 14.12 12.0 4.90 23.0 6.0 20.00 9.20 0.00
7 8 76 13 0. Ne wwsess 33,85 1.01 0.00 19.24 16.88 13.0 7.90 23.0 5.9 20.00 8.76 0.00
4 8 746 14 0. 0. 62.67 35.74 1.15 0.00 19.20 16.40 12.0 7.91 23.0 6.5 20.00 8.56 0.00
7 8 76 15 23C. 20, wesrsx 33,76 1.66 0.00 19.32 17.04 12.0 B.45 23.0 6.5 2.00 0.77 0.00
7 8 76 16 0. 20. wxwsax 315,74 1.78 0.00 19.48 17.12 11.0 8.44 23.0 6.6 2.00 0.72 0.00
7 8 76 17 80. 29 . 63.05 41.81 1.94 0.00 18.32 15.80 12.0 8.38 23.0 6.5 2.00 0.67 0.00
7 8 76 18 79. T. evawer 35,66 1.92 0.00 18.68 15.76 12.0 8.39 23.0 5.9 4.00 1.27 0.00
7 8 76 19 2. Do wxewws 36,87 1.61 0.00 19.20 16.60 12.0 8.40 23.0 6.6 4.00 1.12 0.00
7 8 76 20 0. 0. 64.57 38.16 1.85 0.00 18.84 16.20 11.0 8.40 23.0 6.3 4.00 1.04 0.00
7 8 76 21 0. Do swtxxax 28,83 wwwws 0.00 10,26 9.4% 6.2 7.73 23.5 3.4 20.00 3.31 0.00
7 8 76 22 0. De wktkast 26,78 sewrw 0.00 9.86 9.48 6.4 7.62 23.5 3.7 20.00 3.18 0.00
7 8 76 23 0. 0. 41.81 23.60 xtens 0.00 976 B.48 6.3 7.70 23.5 4.0 20.00 2.99 0.00
7 13 76 10 490C0. 17000 - 54.33 34.16 3.18 0.00 11.28 8.70 13.0 B8.20 22.2 4.9 0.00 0. 00 0.00
14 13 76 11 17000. 3300. 39.18 30.11 2.72 0.00 6.38 5.00 S.7 7.91 23.5 2.2 0.00 0. 00 0.00
7 13 76 12 13C0. 27. axsxxe 38,49 2.90 0.00 10.00 7.88 12.0 8.04 22.0 4.8 5.00 1.92 0.00
7 13 76 13 17 . 2.  wewxex 3314 3.01 0.00 10.26 7.72 13.0 8.18.21.9 4.4 5.00 1. 85 0.00
7 13 76 14 4. 0. S4.54 36.22 2.90 0.00 10.36 7.56 12.0 8.19 21.9 3.9 5.00 1.77 0.00
7 13 76 15 17000 3300, wewsar 35,30 3.1%6 0.00 10.60 B8.40 12.0 8.28 22.0 3.9 1.00 0.26 0.00
7 13 76 16 49C0. 1100. svexes 39,22 3.28 0.00 10.24 8.00 12.0 8.30 20.0° 3.7 1.00 0. 24 0.00
7 13 76 17 4900. 940 56.62 38.25 3.31 0.00 10.48 B8.28 12.0 8.28 21.6 4.8 1.00 0.21 0.00
7 13 76 18 750. 490, xwanse 37,93 2.95 0.00 9.16 7.40 13.0 8.21 21.8 4.9 3.00 1.13 0.00
7 13 76 19 140. 13.  sewswx {1.57 2.97 0.00 10.00 7.60 13.0 8.22 21.8 5.2 3.00 0.98 0.00
7 13 76 20 33. & 41.98 35.49 3.07 0.00 10.28 7.76 13.0 8.27 21.8 4.2 3.00 0. 88 0.00.
7 13 76 21 750. 230, sexser 31 .85 2.80 0.00 5.76 4.92 6.8 8.11 23.2 3.6 2.00 1.13 0.00
7 13 76 22 LY 2., =wsews 28,77 2.52 0.00 6.00 4.80 6.7 8.10 23.1 3.9 2,00 1.08 0.00
7 13 76 23 2 0. 39.55 31.77 2.54 0.00 5-92 4.28 6.6 8.12 23.1 3.8 2400 1.08 0.00
7 13 76 10 23000. 3300. She 13 36.31 2.86 0.00 11.80 9.12 12.0 8.22 23.0 4.8 0.00 0. 00 0.00
7 13 76 12 0. 0. esaser 33 .63 2.90 0.00 9. 88 8.4k 12.0 8.09 24.0 6.1 10.00 5.19 0.00
7 13 76 13 0. 0. wswmae 33 .63 2.69 0.00 9.76 T.44 12.0 8.08 24.0 6.0 10.00 5. 04 0.00
7 13 76 14 0. 0. 55.75 37.12 2.59 0.00 9.6h 7.96 13.0 B.07 24.0 6.3 10.00 &. 94 0.00
7 13 76 15 33030. 130, wewswse 32,25 2.73 0.00 10.10 8.04 13.0 8.21 23.0 5.8 2.00 1.03 0.00
7 13 76 16 4. 20, wxewse 34,93 3.07 0.00 9o bh  7a52 11.0 B.19 24.0 5,7 2.00" 0.96 0.00
T 13 76 17 0. Je 50.08 37.93 2.95 0.00 9e48 TeT2 13.0 8.25 24.0 6.1 2.00 0.91 0.00
L4 13 76 18 1300. 490, wxawwsr 33 47 2.67 0.00 9. 44 7.16 11.0 8.19 23.0 6.0 4.00 1.50 0.00
7 13 76 19 23. e vvesxe 37,12 3.07 0.00 8.80 6.72 12.0 8.20 23.0 5.8 4.00 1.30 0.00
7 13 76 20 0. 0- 49.27 34.52 3.01 0.00 932 7.76 12.0 8.19 23.0 5.3 4.00 1.20 0.00
7 13 76 21 220. 260. sxaxvee 28,20 2.59 0.00 6.00 5.06 6.6 8.00 23.0 3.5 3.00 1.40 0.00
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TABELE A-1. CONTINUED

WONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILY FILT AMMONIA SULFIDE $s VSS TURB PH TEMP DO APPLIED TOTAL FREE
NUMBER 7100ML /1 00ML coo cob cL2 RESIDUAL RESIDUAL

MG/L MG/L MG/L MG/ L NG/L MG/L JTU "C* MG/L MG/sL MG/L HG /L
7 13 76 22 S5e S5e¢ aswswr 26,58 2.52 0.00 5.76 4.36 6.5 8.01 23.0 3.2 3.00 1.30 0.00
7 13 76 23 0. 0. 40.03 29.82 2.54 0.00 616 4.28 6.8 8.09 23.0 3.0 3.00 1.20 0.00
7 15 76 10 460. 800. B4.76 43.90 3.47 0.00 26.38 22.66 11.0 8.00 21.0 4.2 0.00 0. 00 0.00
7 15 76 it 11000. 330. 28.4 25.02 1.98 0.00 4.22 3.764 3.8 7.85 23.5 3.8 0.00 0. 00 0.00
7 15 76 12 4. 23, wesewr 37,12 3.51 0.00 12.84 11.32 8.4 7.91 20.5 5.2 5.00 2.11 0.00
7 15 76 13 49 . 11, wavswae 38,56 3.05 0.00 10.04 8.68 8.4 7.98 20.5 5.2 5.00 1.99 0.00
7 15 76 14 2. Oe 61.10 41.74 2.10 0.00 8.76 752 9.5 7.98 2C.5 6.3 5.00 1.89 0.00
7 15 76 15 4600. 330. wsanes 35.25 3.7 0.00 12.32 10.36 $.3 8.01 20.5 6.1 1.00 0.41 0.00
7 15 76 16 4600. 330. ewexee 35.17 3443 0.00 10.08 7.96 8.7 B.0k 20.5 4.6 1.00 0. 38 0.00
14 15 76 17 46C0. 499 60.23 46.52 3.47 0.00 10.12 8.98 8.7 8.00 20.5 4.5 1.00 0.33 0.00
7 15 76 18 2400. 490, mewenn  47.24 3.08 0.00 12.88 10.68 9.6 8.05 21.0 5.4 3.00 0.79 0.00
7 15 76 19 750. T9e swensr K9.47 3.28 0.00 11.48 10.08 9.3 8.02 21.0 5.8 3.00 0.67 0.00
7 15 76 20 490. 79. 59.27 41.03 2.99 0.00 10.8k 9.36 9.7 B.06 21.0 5.8 3.00 0.92 0.00
7 15 76 21 2200. 130, exwrwe 21.59 2.18 0.00 4.76 4.00 4e6 7.92 23.0 4.6 1.00 0.55 0.00
7 15 76 22 1700. T0. ssawen 23,74 2.22 0.00 4.16 3.84 4.5 7.98 23.0 5.1 1.00 0.50 0.00
7 15 76 23 220. Te 30.35 18.64 2.04 0.00 4.16 3.32 4.4 7.99 23.0 6.1 1.00 0. 50 0.00
7 15 76 10 13000. 1700. 68.03 37.76 3.35 0.00 14.64 12.52 9.0 8.05 22.0 4.4 0.00 0. 00 0.00
7 15 76 12 5. O ewexas 38.56 3.70 0.00 T.64 6.72 8.7 7.88 22.0 6.3 15.00 8.76 0.00
7 15 76 13 0. Je axasax 36,01 3,05 0.00 6.76 5.92 8.3 7.80 22.0 6.5 15.00 8.66 0.00
7 15 76 14 0. 0. 52.10 36.81 3.03 0.00 6.60 S5.96 8.2 7.78 22.0 6.8 15.00 8.47 0.00
7 15 76 15 460 . 230. swaewe 35.69 3.17 0.00 7.88 6.16 6.0 8.02 22.0 6.5 2.00 0.89 0.00
7 15 76 16 130. 20e wwxeesr 35,05 3.39 0.00 7.32 €.28 8.1 8.06 22.0 6.2 -2.00 0.79 0.00
? 15 76 17 20. 2e 49.47 35.21 3.28 0.00 6.76 5.60 8.0 8.03 22.0 6.8 2.00 0.74 0.00
7 15 76 18 220. 33, swieaxr  36.96 3.03 0.00 7.08 6.04 B.l 8.02 22.0 6.4 4,00 1.22 0.00
7 15 76 19 Se 2. amwewxr 35,37 3,14 0.00 7-24 6.28 8.2 B8.04 22.0 5.9 4.00 1.05 0.00
7 15 76 20 4. 0. 47.32 37.76 3.14 0.00 7.20 5.92 8.2 8.03 22.0 6.4 4.00 0.98 0.00
7 15 76 21 0. Je swasenr 245.86 2.08 0.00 5.00 4.40 4.6 7.70 23.0 S.1 15.00 9.90 0.00
7 15 76 22 0. G  wwxsxexr 27,41 1.29 0.00 .28 4eb46 4.5 7.75 23.0 5.3 15,00 9.52 0.00
7 15 76 23 0. Je 29.16 23.50 1.60 0.00 S« 04 4e&8 4.3 7.72 23.0 5.4 15.00 9.23 0.00
7 20 76 10 2300. 200 - 76.13 48.50 3.43 0.00 33.16 28.14 17.0 8.00 22.0 4.4 0.00 0. 00 0.00
7 20 76 11 79¢0. 460. 28.72 21.7T4 2.34 0.00 4.82 4.28 4.3 8.05 23.0 5.7 0.00 0. 00 0.00
T 20 76 12 79. 2. wxasesx 53,99 3.28 0.00 23.28 19.56 20.0 7.92 21.5 4.4 5.00 1.42 0.00
7 2C 76 13 3. Do axaxwvy 39,79 3,10 000 20.44 16.54 18.0 7.92 21.5 4.8 5.00 1.35 0.00
7 20 76 14 2. 0. 76.67 42.14 3.24 0.C0 19.28 17.24 18.0 7.84 21.5 4.1 5.00 1.30 0.00
7 20 76 15 23C0. 80. swarne 38,61 2.95 0.00 19.60 1628 18.0 7.98 21.8 4.3 1.00 0.29 0.00
7 20 76 16 22C0. 20« xewtax 34,29 3.15 0.00 21.16 18.00 17.0 8.07 21.5 4.3 1.00 0.22 0.00
7 20 76 17 1100. 0. T1.65 33.75 3.24 0.00 18.76 16.20 16.0 8.08 21.4 &.5 1.00 0.17 0.00
7 20 76 15 790. 1T7. saxx2es 31,94 3.28 0.00 19.32 15.68 16.0 8.09 21.3 4.5 3.00 0.74 0.00
7 20 76 19 130. Q- wvwsae 31,16 3.24 0.00 18.04 11.52 15.0 8.03 21.6 4.5 3.00 0.69 0.00
7 20 76 20 79. 0- 57.05 30.76 2.32 0.00 15.92 14.56 15.0 7.98 21.5 5.5 3.00 0.59 0.00
7 20 76 21 2. Q. sxexnx 35,94 2.14 0.00 5.00 4.04 4.6 7.98 22.5 4.9 4.00 1.81 0.00
7 20 76 22 0. O+ evsxer 41.91 2.8% 0.00 he76 432 he5 T.98 22.4 4.4 4.00 1.74 0.00
7 20 76 23 0. 0. 42.85 38.38 2.05 0.00 4. 88 4428 4.7 T.98 22.2 4.6 4.00 1.72 0.00
7 20 76 10 2300. 130. 48.89 33.51 3.43 0.00 37.72 31.00 20.0 7-.95 23.0 5.0 0.00 0. 00 0.00
7 20 76 12 0. B. seeses 40.73 3.23 0.00 14.88 13.00 16.0 7.38 23.0 6.4 20.00 11.52 0.00
7 20 76 13 0. 0. =swseesx 35,08 3.08 0.00 1260 11.20 17.0 7.51 23.0 6.6 20.00 t1.27 0.00
7 20 76 14 0. 0. 64e 43 39.40 3.02 0.00 12.64 11.40 17.0 7.52 23.0 6.8 20.00 11.20 0.00
7 20 T6 15 60. 20, wewwsr 34,84 . 2.99 0.00 21.56 17.80 16.0 7.75 23.0 6.1 2.00 0.76 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC UNFILT FILT AMMONIA SULFIDE $S VSS TURB PH TEMP DC APPLIED TOTAL FREE
cop

NUMBER /100ML 7100ML cap cL2 RESIDUAL RESIDUAL
MG/L MG /L MG/L MG/ L MG/t MG/L  JTU “C*" MG/L MG/L MG/L MG /7L

7 20 76 16 0. 2. wxwmasr 34,14 2.95 0.00 18.%44 15.08 16.0 7.89 23.0 5.9 2.00 0.64 0.00
7 20 76 17 2. Q. 66.90 36.10 3.08 0.00 17.96 14.56 18.0 7.92 23.0 6.0 2.00 0.59 0.00
7 20 76 19 490. To wwswes 33,20 3.04 0.00 19.08 15.36 17.0 7.90 23.0 6.3 4 .00 1.13 0.00
7 20 76 19 6. 0, *txese 36,49 3.11 0.00 18.60 14.84 17.0 7.92 23.0 6.3 6.00 0.93 0.00
7 20 7e 20 2. O 58.23 37.43 3.10 0.00 1B8.56 15.046 160 7.95 23.0 6.2 .00 .0.78 0.00
7 20 76 21 0. Q. sxvreaxr 18,60 2.03 0.00 4,72 4.16 4.7 7.85 23.0 6.8 5.00 2.60 0.00
7 20 76 22 0. N, wesrxr 20.25 1.88 0.00 4.16 3.68 5.0 7.89 23.0 6.8 5.00 2.55 0.00
7 20 76 23 0. 0. 25.35 21.97 1.84% 0.00 4,96 4. 04 4.7 7.85 23.0 6.9 5.00 2.50 0.00
7 22 76 10 7000. 230. 68.77 38.07 3.27 0.00 24.48 19.66 16.0 7.95 22.0 4.2 0.00 0. 00 0.00
7 22 76 11 4900 . 330. 32.20 20.04 2.06 0.00 6.96 5.70 3.9 7.94 23.5 4.8 0.00 Q. 00 0.00
7 22 76 12 23. Ve weerws 38,07 3.45 0.00 19.28 16.Ch 16.0 7.98 21.5 4.1 5.00 1.81 0.00
7 22 76 13 2. 0. wwdwer 39,77 3,49 0.00 18.24 14.92 16.0 8.08 21.5 4.6 5.00 1.67 0.00
7 22 76 14 0. 0. 61.62 &2.78 3.37 0.00 16.70 13.60 16.0 8.00 21.5 4.5 5.00 1.62 0.00
7 22 76 15 7000. 230, ewesesr 383,22 3.28 0.00 20.72 17.C8 16.0 8.03 21.0 5.0 1.00 0.25 0.00
7 22 76 16 4960. 130, sxwxexr 33,84 3,51 0.00 19.60 15.40 16.0 8.08 21.0 3.9 1.00 0.15 0.00
7 22 76 17 1700. 110. 62.39 35.75 3.7 0.00 19.00 14.92 16.0 8.12 21.0 4.0 1.00 0. 10 0.00
7 22 76 18 790. 33. axwxxaxr 39.61 3.28 0.00 18.56 14.52 16.0 7.98 21.0 4.3 3.00 0.83 0.00
7 22 76 19 49. 0. wewass 33,07 4.92 0.00 1308 10.C4 16.0 7.98 21.0 4.6 3.00 0Tl 0.00
7 22 76 20 49 . 0. 59.23 44.17 3.43 0.00 17.20 13.76 16.0 7.04 21.0 4.5 3.00 0. 64 0.00
7 22 76 21 350. 2. wexwwe 26,33 1.80 0.00 S« 76 465 4e5 7.96 23.0 &7 2.00 0.93 0.00
7 22 76 22 13. D. wwwxer 26,49 2.02 0.00 5.96 4.96 ka3 T.99 23.0 4.7 2.00 0. 88 0.00
7 22 76 23 0. 0. 31.76 24.79 1.61 0.00 5.88 4.32 4.0 7.98 23.0 S.5 2.00 0.83 0.00
7 22 76 10 1100. 500 - 90.27 10.39 3.26 0.00 29.68 2%.52 18.0 8.00 23.0 4.3 0.00 0. 00 0.00
7 22 76 12 4. 0. atwsasr 45,79 3.16 0.00 21.96 17.43 18.0 7.84 23.0 4.7 10.00 4. 66 0.00
7 22 76 13 2. Qs wxwease 47,10 3.26 0.00 21.92 17.64 18.0 7.86 23.0 4.4 10.00 he 61 0.00
7 22 76 14 0. Je T4.98 45.79 3.30 0.00 20.16 16.C4 18.0 7.85 23.0 3.6 10.00 4.51 0.00
7 22 76 15 130. 33. aswstan 44,25 3.89 0.00 22.84 18.36 18.0 7.98 23.0 3.9 2.00 0.78 0.00
7 22 76 16 49. 2. wxwsar 45,64 3.37 0.00 19.84 16.00 17.0 7.97 23.0 3.8 2.00 0.59 0.00
7 22 76 17 Se 2. 69.27 40.23 3.45 0.00 18.16 13.88 17.0 7.99 23.0 3.9 2.00 0.47 0.00
7 22 76 18 T0. 11, #exeax 38,30 3.26 0.00 17.12 13.60 17.0 7.97 23.0 4.0 §.00 1.08 0.00
7 22 76 19 2. 0. wvaxen 37,92 3.61 0.00 17.76 12.8%4 17.0 8.02 23.0 3.9 4.00 0. 96 0.00
7 22 76 20 0. J. 66.41 34.31 3.59 0.00 1636 13.60 17.0 7.98 23.0 3.7 4.00 0.83 0.00
7 22 76 21 26 . 0. xewsex 25,25 1.89 0.00 536 H.16 4.5 7.92 23.0 4.0 3.00 1.32 0.00
7 22 76 22 0. 0. wxxeae 26,62 2.00 0.00 5.68 4.48 4.2 7.98 23.0 3.8 3.00 1.18 0.00
7 22 76 23 0. 0. 33.45 33.60 2.02 0.00 576 4%.60 4.5 7.92 23.0 3.8 3.00 1.08 0.00
7 27 76 10 54000. 790. 68.45 35.60 2.92 0.00 23.02 13.48 15.0 8.95 22.0 5.7 0.00 0. 00 0.00
7 27 76 11 16000. 940 . 29.69 26.64 1.49 0.00 4.80 3.12 4.5 7.98 25.0 3.5 0.00 0. 00 0.00
7 27 76 12 3. 0. sxsxer  3I7T 45 2.29 0.00 18.92 15.40 14.0 8.18 21.0 0.5 5.00 2.15 0.00
7 27 76 13 13. 0., wsewar 35,60 1.90 0.00 19.40 15.56 14.0 8.19 22.0 3.8 5.00 2.03 0.00
7 27 7% 14 7. Oe 58.92 34.52 2.18 0.00 18.28 14.44 15.0 8.19 22.0 3.9 5.00 2. 00 0.00
7 27 76 15 24000. 700, weswse 36,68 2.13 0.00 20.20 16.36 15.0 B8.34 22.0 3.9 1.00 0.33 0.00
7 27 T6 16 13000. k90, sesrar 35.14 1.92 0.00 21.08 17.24 15.0 8.36 22.0 4.2 1.00 0.28 0.00
7 27 76 17 9200. 230.  weswer 41,24 2.13 0.00 19.56 17.64 15.0 8.36 22.0 3.7 1.00 0« 24 0.00
7 27 76 18 790. 70. »wewen 48,73 2.22 0.00 18.28 15.12 14.0 8.25 22.0 4.1 3.00 0. 85 0.00
7 27 T% 19 140. 21, wxwxse 47.63 2.48 0.00 19.28 15.40 14.0 8.24 22.0 3.9 3.00 0.71 0.00
7 27 176 20 110. 8. 64.79 42.55 2.11 0.00 19.32 15.96 15.0 8.27 22.0 3.5 3.00 0. 64 0.00
7 27 76 21 2200. 130,  wxwwes 27,88 1.41 0.00 4. 00 2.88 4.6 8.12 23.0 3.2 1.00 0.57 0.00
7 27 76 22 240. 23. wravex 33,531 1.76 0.00 4.76 3.16 4.5 8.02 25.0 3.0 1.00 0.50 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC NPNFC UNFILYT FILT AMMONIA SULFIDE $S VSS TURB PH TEMP OC APPLIED TOTAL FREE
NUMBER /100ML /710041 cap coo cL2 RESIDUAL RESIDUAL

RG/L MG /L MG/L MG/L MG/t MG/L  JTU "C" MNG/L M&/L MG/L MG /L
7 27 T6 23 34, 2. 28.65 26.49 1.71 0.00 hobh 2.60 4.8 8.12 25.0 3.1 1.00 0.45 0.00
7 27 76 10 3300. 330. 79.35 32.73 2.20 0.00 31.80 25.68 15.0 8.37 21.0 5.2 0.00 0. 00 0.00
7 27 76 12 0. 0. esseas 33,27 2.29 0.00 24.24 20.04 15.0 8.07 21.0 4.3 10.00 5.38 0.00
7 27 76 13 0. Ne wwaxes 35,97 1.88 0.00 22.64 19.00 15.0 8.00 21.0 4.8 10.00 5.14 0.00
7 27 16 14 0. 0. 69.93 43.77 1.76 0.00 14.20°11.72 15.0 7.87 21.0 5.0 10.00 5. 05 0.00
7 2T 76 15 170. 8. axsvenr 34,04 3.22 0.00 14.24 11.68 15.0 8.08 21.0 5.4 2.00 0.78 0.00
7 27 76 16 49. Te avannn 36,36 0.49 0.00 100.90 8.68 15.0 8.13 21.0 5.6 2.00 0.68 0.00
7 27 76 17 33. O. T0.78 35.97 2.94 0.00 12.92 10.48 15.0 8.22 21.0 4.8 2.00 0. 64 0.00
7 2T 76 18 79. 5. whkwense 33,73 2.25 0.00 13.48 10.92 16.0 8.12 21.0 5.0 4.00 1.32 0.00
7 27 76 19 8. 0o wxewss 39,98 1.90 0.00 12.44 10.20 16.0 8.10 21.0 5.4 4.00 1.13 0.00
7 27 76 20 T. 0. 65.07 35.28 2.32 0.00 12.96 10.52 16.0 8.13 21.0 5.4 4.00 1. 06 0.00
7 27 76 21 110. 20. emxawexr 28,48 1.09 0.00 5«08 340 4.7 7.86 24.0 3.7 3.00 1.42 0.00
7 27 76 22 2. 0o sexaser 26,17 1.67 0.00 h.58 2.84 4.7 B.12 24.0 3.8 3.00 1.32 0.00
7 27 76 23 0. 0. 32.83 30.26 2.01 0.00 ho6h 2.80 5.2 8.13 24.0 3.9 3.00 1.30 0.00
7 29 76 10 3300. 700. 70.67 35.53 0.72 0.00 22.90 19.66 13.0 9.00 23.0 11.1 0.00 0. 00 0.00
7 29 76 11 74000. 200. 37.29 26.60 1.56 0.00 9.92 B.44 3.7 8.03 24.5 3.2 0.00 0. 00 0.00
T 29 76 12 1100. 33, srsxxc 39.2F 0.71 0.00 19.56 16.56 12.0 8.89 23.0 7.1 5.00 2.31 0.00
7 29 76 13 8. Be wtasas  41.58 0.73 0,00 18.40 15.48 14.0 8.90 23.0 6.7 5.00 2.17 0.00
7 29 7% 14 0. Je 59.65 37.75 0.69 0.00 18.4k 15.C4 12.0 8.90 23.0 8.1 5.00 2.10 0.00
7 29 76 1s 33¢00. 330, exwxex 31,93 0.54 0.00 19.64 16.84 15.0 8.97 23.0 6.3 1.00 0. 31 0.00
7 29 76 16 3300. 170. sxcews 31,70 0.42 0.00 18.60 15.60 11.0 8.97 23.0 6.6 1.00 0.21 0.00
7 29 76 17 3300. 70, 57.87 4&3.87 0.9% 0.00 19.48 16.20 12.0 3.99 23.0 8.8 1.00 0. 14 0.00
7 29 76 18 450. 70. *rewwe 38,15 1.00 0.00 18.64 15.64 12.0 8.91 23.0 6.3 3.00 0. 94 0.00
7 29 76 19 140. 33. wxssax 39.05 0.83 0.00 18.00 14.92 12.0 8.%0 23.0 5.6 3.00 0.78 0.00
7 29 176 20 33. 8. 59.57 39.28 0.92 0.00 18.00 14.68 11.0 8.89 23.0 5.0 3.00 0.73 0.00
7 29 76 21 5. Ne wxexsx 23,35 0.65 0.00 B8.62 7.24 5.1 8.15 24.5 4.7 4.00 1.98 0.00
7 29 76 22 0. J. exasexr 26422 0.85 0.00 Ba52 Tel2Z S5e2 8416 26.5 4.1 4.00 1.96 0.00
7 29 76 23 0. Oe 35.48 24.73 0.4k 0.00 7.92 7.16 4.7 8.10 24.5 3.8 4.00 1.91 0.00
7 29 76 10 7000. 230. 98.16 46.17 0.83 0.00 32.88 27.08 13.0 9.03 23.0 10.6 0.00 0. 00 0.00
7 29 76 12 2. Vo ssasss 43.87 0.02 0.00 19« 4% 1636 14.0 B.43 23.0 7.2 20.00 2.48 0.42
7 29 76 13 0. Q0. srxvar 50,00 0.63 0.00 1B8.52 16.12 15.0 8.40 23.0 7.1 20.00 2.26 0.18
7 29 76 is 0. Ve 68.38 42.96 0.83 0.00 18.00 15.08 13.0 8.40 23.0 7.2 20.00 2.12 0.02
7 29 76 15 7C0. 49 .  wwweas 43,72 0.77 0.00 22.00 17.48 11.0 8.91 23.0 6.8 2.00 0.87 0.00
7 29 7% 16 230. 13. esaxar 40,05 0.79 0.00 22.16 18.20 12.0 8.94 23.0 6.8 2.00 0.83 0.00
7 29 76 17 170. 5. 69.14 40.05 0.75 0.00 19.48 16.20 13.0 8.92 23.0 6.8 2.00 0. 80 0.00
7 29 76 18 170. 33. wxxeex  41.58 0.92 0.00 19.16 16.16 13.0 8.90 23.0 7.0 4.00 1.34 0.00
7 29 76 19 13. 2. ewasesr 33,51 0.48 0.00 18.84 15.72 12.0 8.92 23.0 7.4 4.00 1.27 0.00
7 29 76 20 11. Q. 70.57 41.71 0.69 0.00 18.56 14.92 11.0 8.90 23.0 6.9 4.00 1.23 0.00
7 29 76 21 0. Jo. wxaear 33,92 0.52 0.00 9416 T.80 4e9 8.07 24.0 4.1 6.00 3.07 0.00
7 29 76 22 0. 0. w«xexeae 30,86 0.52 0.00 976 B.66 4.6 8.09 24.0 6.4 6.00 2.97 0.00
I4 29 76 23 0. 9. 45.18 37.75 0.48 0.00 Te96 T.48 5.2 8.07 24.0 4.4 6.00 2.92 0.00
-] 3 76 10 14C0. 200. 81.97 46.83 1.88 0.00 22.72 18.64 12.0 8.43 21.5 3.6 0.00 0. 00 0.00
8 3 76 11 2700. 200 . 27.01 28.95 1.25 0.00 6.08 5418 5.3 7.94 23.1 2.9 0.00 0. 00 0.00
8 3 76 12 0. Jo #wsxsxe #6.72 1.58 0.00 20.52 16.580 18.0 7.82 21.9 3.3 20.00 10.67 0.00
8 3 76 13 D« Ve exxwar K972 1.76 0.00 15.64 16,08 17.0 7.91 21.5 3.5 20.00 10.48 0.00
8 3 76 14 0. T 0. 65.03 46.72 2.45 0.00 15.56 13.C0 16.0 7.76 21.7 3.2 20.00 10.10 0.00
8 3 76 15 140. 20.  axaxxe 44,10 2.18 0.00 16.24 14.84 15.0 8.50 21.5 3.6 2.00 0. 86 0.00
8 3 76 16 33. Z. sxeses 37,33 1.51 0.00 16.36 13.32 14.0 8.33 21.3 3.2 2.00 0.76 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN “C UNFILT FILT AVMMONTA SULFIDE SS VSS TURB PH TEMP DO APPLIED TOT AL FREE
NUMRER /10CML /1000 con cno cLz RESTDUAL RESIDUAL
rL/L MG /L MG/ L MG/ L MG/L  MG/L  JTU "C" MG/L MG/L MG/L MG /L

3 3 76 17 a. 1. 55.03 41.94 1.58 0.00 15.56 13.24 15.0 8.37 21.3 3.3 2.00 0.67 0.00
8 3 76 18 230. Se exswxe 36.56 1.56 0.00 17.28 14.4% 15.0 8.25 21.8 3.6 4.00 1.29 0.00
8 3 76 19 Se Ve  wxewsr 42,71 1.60 0.00 14.92 12.16 14.0 8.29 21.5 3.2 4.00 1.19 0.00
8 3 78 20 17. e S56.34 38.33 2Z.43 0.00 13.76 11.40 14.0 8.31 21.5 3.0 4.00 1. 14 0.00
8 3 78 21 0. Te ttwnax 26,17 1.895 0.00 Se B84 4.72 5.3 7.93 23.0 3.6 4.00 2.17 0.00
8 I 78 22 Q. Ve wekwrs 29,64 1,36 0.00 572 4.96 S.4 7.91 22.9 3.0 4.00 2414 0.00
8 3 76 23 0. . 26.60 25.01 1.05 0.00 5.96 S5.Cs 6.2 8.01 23.0° 3.1 4.00 2. 10 0.00
3 3 76 10 14C0- 20%. 112.90 40.33 3.51 0.00 34,20 27.36 21.0 8.29 21.0 3.5 0.00 0. 00 0.00
8 LI 12 % Ve wtswex 37,33 2.31 0.00 21.16 16.88 18.0 7.89 21.0 4.0 15.00 9. 43 0.00
3 3 76 13 0. Ve stsase 39,56 2.03 0.00 17.36 14.16 17.0 7.86 21.0 4.1 15.00 914 0.00
8 3 76 14 0. [ 75.04 38.87 2.11 0.00 18.28 13.88 17.0 7.86 21.0 4.2 -15.00 8.95 0.00
8 3 76 18 1400. 2. wsewxwer 39,25 2,63 0.00 21.76 16.92 16.0 8.29 21.0 3.9 1.00 0.33 0.00
] 3 76 16 1400. 23. weawse 40,17 2.29 0.00 21.00 16.72 16.0 8.33 21.0 3.8 1.00 0. 26 0.00
3 3 76 17 14C0. Se 6ho 42 40.79 2.13 0.00 20.24 16.08 16.0 8.32 21.0 4.0 1.00 0.19 0.00
8 3 76 18 0. N. awexen  3FI4LE 2.14 0.00 20.60 16.60 17.0 8.29 21.0 4.0 5.00 1.76 0.00
8 3 76 19 0. Je weases 40,25 2.67 0.00 18.28 15.C0 17.0 8.20 21.0 4.5 5.00 1.57 0.00
8 3 76 20 Q. 0. 66.57 36.02 2.14& 0.00 18.36 14.84 17.0 8.18 21.0 4.4 5.00 1.48 0.00
8 3 76 21 0. Ne #xwxsxse  18.93 1.30 0.00 5.40 5.40 5.6 7.85 22.0 3.7 5.00 267 0.00
8 3 76 22 0. Ne exewsx 17,32 1.41 0.00 Se 46 4432 5.8 7.88 22.0 4.1 5.00 2.48 0.00
8 3 76 23 0. 0. 24.01 18.32 1.23 0.00 Se72 4488 5.6 7.40 22.0 4.1 5.00 ‘2445 0.00
3 5 76 10 1100. 1317. 57.32 34.44° 1.75 0.00 ,19.88 16.26 15.0 8.33 20.0 3.6 0.00 0. 00 0.00
8 S 76 11 110¢0. 200 - 34.75 21.53 0.76 0.00 5. 10 430 4.2 B.A3 22.0 2.7 0.00 0. 00 0.00
8 5 76 12 5. D. wrwseax 41.03 1.52 0.00 14.08 11.48 13.0 8.10 19.5 4.5 5.00 2.62 0.00
8 5 76 13 0. N. swsxewwr 36,22 1.57 0.00 13.20 11.28 13.0 8.17 19.5 3.7 5.00 2.57 0.00
8 S 76 14 0. 0. 68.80 35.91 1.52 0.00 132.16 11.00 14.0 8.18 19.5 4.l S.00 2.52 0.00
8 5 76 15 940. 20. eexesw 36,38 1.78 0.00 14.88 12.06 14.0 8.29 19.5 3.4 1.00 0.26 0.00
8 5 76 16 450 29, amaxwxx 35,99 1.57 0.00 13.28 10.92 12.0 8.29 19.5 3.8 1.00 0.19 0.00
8 5 76 17 330. 5. 55.15 35.84 1.63 0.00 12.72 10.96 12.0 8.28 19.5 4.2 1.00 0. 16 0.00
8 S 76 18 790. 8. exaver 41,11 1.26 0.00 12.80 10.24 13.0 8.20 19.5 3.8 3.00 0.91 0.00
8 5 76 19 130. 0. wwewae 36,91 1.36 0.00 13.56 10.96 13.0 8.19 19.5 3.7 3.00 0. 86 0.00
-] 5 76 20 170. 0. 48.09 40.41 1.47 0.00 1204 10.88 12.0 8.23 19.5 4.6 3.00 0. 84 0.00
8 5 76 21 11. De wverss 21,49 0.79 0.00 4. 76 halh 4ok T7.89 22.0 4.0 4.00 1.92 0.00
8 5 76 22 2. 0. aeaxss 21.56 0.84 0.00 4.80 4.16 4.5 7.87 22.0 3.3 4.00 1.87 0.00
8 5 76 23 0. 0. 28.70 24.82 0.84 0.00 ko16 4.16 4h.4 7.92 22.0 3.1 4.00 1. 85 0.00
a8 5 76 21 0. Qo weeeex 23,97 1.05 0.00 5.52 4.76 ‘4a6 7.80 22.0 3.1 10.00 6012 0.00
8 5 76 22 0. 0o staxer 21,56 0.94 0.00 5.16 3.96 4.4 7.78 22.0 3.3 10.00 5.98 0.00
8 5 76 23 0. 0. 37.07 23.89 0.94 0.00 5. 40 4.64 5.4 7.76 22.0 3.6 10.00 5.89 0.00
8 10 76 11 16000. 3500. 32.25 25.70 1.94 0.00 5.56 4.52 4.5 7.88 21.0 2.8 0.00 0. 00 0.00
8 10 76 12 13. 0. ewssse 36,82 2.19 0.00 11.80 7.36 12.0 7.98 20.0 2.9 5.00 2.17 0.00
8 10 76 13 7. Oe wewwar 36,43 2.40 0.00 11.00 9.20 11.0 7.97 19.9 3.0 5.00 2.12 0.00
8 10 76 14 2. Q. 62.56 &1.24 2.31 0.00 10.12 B8.52 11.0 8.00 19.9 3.1 5.00 2.03 0.00
8 10 76 15 13¢0. 20. axeases 42,25 2.84 0.00 11.32 9.68 11.0 8.10 20.0 3.1 1.00 0.28 0.00
8 10 76 16 330. 20. sxasar 41,71 2.56 0.00 10.28 9.C8 11.0 8.08 19.9 3.0 1.00 0. 24 0.00
8 10 76 17 330. 2. 55.81 33.49 2.33 0.00 9.76 9.20 11.0 8.12 19.9 2.7 1.00 0.19 0.00
8 10 76 18 170. 22. ewawax  §0.93 2.44 0.00 9.44 8.52 11.0 8.03 20.0 3.1 3.00 0.94 0.00
8 10 76 19 17. Ne wrxxrs 4147 2.12 0.00 10.76 9.C4 11.0 8.12 20.0 3.1 3.00 0.83 0.00
8 10. 76 20 5. 0. 67.29 39.92 2.48 0.00 18.68 B8.76 11.0 8.03 20.0 2.9 3.00 0.75 0.00
] 10 76 21 33¢0. 330, oxeaewse 33,18 2.09 0.00 5¢00 &%.20 4.8 7.95 20.8 3.3 1.00 0.61 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MHPN TC MPN FC UNFILT FILY AMMONIA SULFIDE - 55 VSS TURB PH TENP DO APPLIED TOTAL FREE
* NUMBER /100ML 71004 L coo coo cLz RESIDUAL RE SIDUAL

MG/L MG /L HG/L MG/ L NG/L HMGa/L JTU *C® MG/l MG/L MG/L MG /L
8 10 76 22 1100. 130. wewawn 30,85 1.76 0.00 S.28 4,36 4.8 B.02 20.7 3.1 1.00 0.52 0.00
8 10 76 23 110. 20. 37.60 23.53 1.61 0.00 4.32 2.C6 S.0 8.01 20.8 3.1 1.00 0.47 0.00
[} 10 76 10 940. 20. 68.68 &40.00 3.13 0.00 18.28 15.68 12.0 7.96 21.0 3.0 0.00 0. 00 0.00
8 10 76 12 0. Do wesssa 38,61 0.19 0.00 9.26 B.46 13.0 7T.4% 21.0 3.4 30.00 2.12 0.45
8 10 76 13 0. 0o axaxen  £2.09 0.15 0.00 10.16 8.88 14.0 7.40 21.0 3.& 30.00 1. 82 0.20
8 10 76 14 0. 0. 53.95 38.8% 0.19 0.00 10.48 9.00 15.0 7.62 21.0 3.2 30.00 1.60 0.20
8 10 76 15 33. 2e ewswes 41,85 3.59 0.00 12.16 10.00 12.0 8.02 21.0 3.3 2.00 0.99 0.00
8 10 76 16 0. 0. wvewann 50,47 2.69 0.00 12.28 10.44 11.0 8.02 21.0 3.2 2.00 0.85 0.00
8 10 76 17 0. D. 52.81 4&4.81 2.82 0.00 11.60 10.28 11.0 8.10 21.0 3.1 2.00 0.73 0.00
8 1¢ 76 18 240. 8. ewewws 47,13 2.50 0.00 14.28 12.16 12.0 8.03 21.0 3.4 4.00 1.42 0.00
8 10 76 19 Se 0. esesee 41,71 2.88 0.00 12.32 9.88 11.0 8.03 21.0 3.4 4.00 1.18 0.00
8 10 76 20 2. 0. 61.09 42.00 3.34 0.00 12 %0 10.36 12.0 8.04 21.0 3.6 4.00 1.08 0.00
8 10 76 21 7900. 170. swsess 30,85 1.76 0.00 640 5.20 5.5 T.92 21.0 2.7 2.00 1.27 0.00
8 10 76 22 130. 5. wwweexr 32,56 1.76 0.00 5.68 4.88 5.9 7.90 21.0 2.9 2.00 1.18 0.00
8 10 76 23 Q. 0. 40.16 33.64 1.77 0.00 6232 5.08 5.5 7.93 21.0 2.8 2.00 1.08 0.00
8 12 76 10 3300. S0. .58.11 37.84 3.06 0.00 16.90 13.58 10.0 7.88 19.5 2.6 0.00 0. 00 0.00
8 12 76 11 79000. 200. 33.92 27.91 2.47 0.00 4,12 3.34 3.7 7.92 21.5 2.2 0.00 0. 00 0.00
8 12 76 12 33. 0, sear2e 36,93 2.92 0.00 11.32 9.16 11.0 8.12 19.5 3.3 5.00 2. 03 0.00
8 12 76 13 2. N weanax 40,69 2.92 0.00 8.52 6.52 10.0 8.02 19.0 2.9 5.00 1.99 0.00
8 12 76 14 0. J. 51.22 36.10 2.84& 0.00 8.92 7.24 10.0 8.12 19.0 3.9 5.00 1.94 0.00
8 12 76 15 3100. 20, wsewer 38,81 3.08 0.00 10.08 B8.2& 10.0 8.20 19.5 2.9 1.00 0. 26 0.00
8 12 76 16 1700. 20. everaw 41,29 3.01 0.00 8.84 6.84 8.6 8.20 19.0 3.4 1.00 0.19 0.00
8 12 76 17 2200. 2% 51.07 38.59 6.00 0.00 8.60 6.84 8.5 8.25 19.0 3.7 1.00 0. 14 0.00
8 12 76 18 450. Jo. exawex 32,42 2.72 0.00 8.32 6.80 8.5 B8.23 19.5 3.5 3.00 0. 96 0.00
8 12 76 19 79« N. ssexes 35,21 2.88 0.00 7.84 6.32 8.5 8.20 19.5 3.3 3.00 0.93 0.00
8 12 76 20 49. 0. 42.05 41l.44 2.32 0.00 8.08 6.52 9.3 8.20 19.5 3.9 3.00 0.91 0.00
8 12 76 21 79C0. 79, sxwesx 38,29 3.06 0.0¢C 4.04 2.40 5.4 8.12 21.5 3.3 1.00 0.61 0.00
8 12 76 22 7C0. 20, swrxxax 36,18 2.80 0.00 4.16 3.20 4.7 B8.13 21.5 3.2 1.00 0. 54 0.00
8 12 76 23 110. 2a 29.08 23.24 2.52 0.00 3.96 3.28 4.7 8.14 21.5 2.7 1.00 0.51 0.00
8 12 76 10 79C0. 40. 63.18 38.44 2.80 0.00 10.52 38.88 11.0 8.00 20.0 2.6 0.00 0. 00 0.00
8 12 76 12 0. 0. svewnw 42,20 2.72 0.00 9.08 6.96 10.0 7.80 20.0 3.6 20.00 9.91 0.60
8 12 76 13 0. 0. owwessxs 39,64 2.94 0.00 8. 00 €.56 10.0 7.78 20.0 3.6 20.00 9.77 0.48
8 12 76 14 0. 0. 51.97 42,206 2.50 0.00 8.32 6.80 10.0 7.82 20.0 3.7 20.00 9.58 0.28
8 12 76 15 27 . 2. wxswne 40,54 2.86 0.00 9.24 6.96 11.0 8.06 20.0 2.7 2.00 0.98 0.00
8 12 76 16 2a Ne weweasr 40.25 2.9& 0.00 8.76 6.60 10.0 8.12 20.0 2.8 2.00 0.96 0.00
8 12 78 17 2. e S57.69 40,69 2.94 0.00 9.16 7.16 11.0 8.16 20.0 2.4 2.00 0. 91 0.00
8 12 7% 18 o7 . 3. w*xwees 38,59 2.96 0.00 9.68 7.96 10.0 8.08 20.0 2.9 4.00 1.26 0.00
8 12 76 19 0. Ja. wexawx 38,95 2.90 0.00 8.85 €.60 10.0 8.07 2¢C.0 3.1 4.00 1.19 0.00
8 12 786 20 S. J. S4.75 33,90 2.98 0.00 8.84 €.48 11.0 8.06 20.0 3.1 4.00 1.14 0.00
8 12 76 21 440. 11, sesxae 26,40 2.48 0.00 3.76 3.32 4.3 7.91 21.0 5.4 2.00 1.29 0.00
8 12 76 22 4o Yo weweax 26,63 2.38 0.00 .68 3.32 4.6 7.99 21.0 5.3 2.00 1.21 0.00
8 12 76 23 Je T 31.82 29.71 2.54 0.00 .56 3.28 4.2 8.00 21.0 5.8 2.00 1.17 0.00
8 17 76 10 17C0. S0, S4.96 36.65 4.27 0.00 12.82 9.30 10.0 8.42 20.0 4.0 0.00 0. 00 0.00
8 17 76 11 2300. 502. 32.45 26.92 2.97 0.00 .62 3.€2 3.7 7.92 20.0 6.1 0.00 0.00 0.00
8 17 76 1 %4 0. 0o wwxwews 33,12 3,65 0.00 9.76 B.28 8.6 7.95 20.0 4.5 10.00 4.86 0.00
8 17 76 13 0. J. sswvexr 33 .34 3.88 0.00 B.56 7.04 8.9 8.00 20.0 &.6 10.00 4. 81 0.00
8 17 76 14 0. 0. 46.49 30.89 3.49 0.00 8,98 6.64 S.4 B8.02 20.0 4.9 10.00 4. 77 0.00
8 17 76 15 940. SN,  assxxexr 35,27 3.83 0.00 10.36 8.52 8.9 8.10 20.0 4.7 1.00 0. 32 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC  UNFILT FILT AMMONIA SULFIDE SS VSS TURB PH TEW® DG APPLIED TOTAL FREE

NUMBER /100ML /1004L cobp cop cL2 RESIDUAL RE SIDUAL
MG/L MG/L MG/L MG/ L MG/L  MG/L  JTU mC" MG/L MG/L MG/L MG /L

8 17 76 16 230. 50. seaexe 32,23 3.99 0.00 9.16 8.06 8.6 8.09 20.0 4.8 1.00 0.28 0.00
8 17 76 17 170. 20. 51.53 35.50 3.83 0.00 9.92 7.80 9.1 8.11 20.0 4.9 1.00 0.23 0.00
8 17 76 18 230. Ne sxever 35,09 3.65 0.00 8.84 €.92 8.7 8.03 20.0 S.0 3.00 1.02 0.00
8 17 76 19 8. 0. wxexees 31,63 3.60 0.00 8. 40 6.32 9.2 8.01 20.0 4.8 3.00 0.97 0.00
8 17 76 20 17 . 0. 36.83 31.04 3.62 0.00 8.56 6.36 8.8 8.10 20.0 4.6 3.00 0.93 0.00
8 17 76 21 330. 5. wrexse 30.89 2.20 0.00 72 2.80 4.0 7.93 21.0 6.3 3.00 1.67 0.00
8 17 76 22 8. 0. swawes 26.5€ 2.73 0.00 .44 3.12 3.7 7.90 21.0 6.5 3.00 1.57 0.00
8 17 76 23 0. 0. 31.63 26.26 2.87 0.00 3.28 2.86 k.1l 7.96 21.0 6.4 3.00 1.53 0.00
8 17 76 10 1300. 20, 62.60 32.27 3.53 0.00 18.65 15.20 8.8 7.87 2C.0 4.0 0.00 0. 00 0.00
8 17 76 12 0. Qe wmawes 32,15 2.41 0.00 9.56 7.56 5.8 T.43 20.0 4.1 30.00 17.59 0.00
8 17 76 13 0. 0. wsawse 31.56 2.23 0.00 9.16 T.56 10.0 7.49 20.0 4.2 30.00 17.04 0.00
8 17 76 14 0. N 45.7h 35.27 2.16 0.00 8.96 7.80 11.0 7.70 20.0 4.3 30.00 16. 85 0.00
[} 17 76 15 13. De- sxeswn 35,35 3.56 0.00 11.00 9.60 9.2 7.98 20.0 4.0 2.00 1.1t 0.00
8 17 76 16 2. Te wtweaw 33,86 .3.37 0.00 9.36 7.60 B.6 7.92 20.0 3.8 2.00 1. 02 0.00
8 1T 78 17 S. 0. 51.68 28.66 3.65 0.00 6.96 5.76 9.3 7.99 20.0 4.2 2.00 0.97 Q.00
8 17 76 18 11. 2e wrwmess 33,64 342 0.00 10.28 B8.16 Su& 7.91 20.0 4.1 4.00 1.48 0.00
8 17 76 19 0. Oa stxwen 3386 3.65 0.00 9.24 6.64 9.2 7.95 20.0 4.3 4.00 1.37 0.00
8 17 76 20 0. Ce 85.77 37.57 3.33 0.00 8.12 660 9.0 7.93 20.0 4.0 4.00 1.30 0.00
8 17 76 21 0. De wtewwe 24.88 1.81 0.00 4. 08 3.80 3.7 7.52 21.0 6.5 20.00 12.96 0.00
8 17 76 22 0. 0. #xexse 23,47 1.97 0.00 4.84 3.68 3.6 7.60 21.0 6.4 20.00 12.87 0.00
8 17 76 23 0. J. 31.63 21.98 1.77 0.00 LT72 3.72 4.2 7.49 21.0 6.5 20.00 12.78 0.00
8 19 76 10 460. 8. 59.43 31.26 4.09 0.00 15.78 11.64 11.0 8.27 19.0 &.5 0.00 0. 00 0.00
8 19 76 11 7900. 500. 25.24 23.41 3.02 0.00 bo14 2.72 3.6 8.09 21.0 5.8 0.00 0. 00 0.00
8 19 76 12 2. Do wtawmax 32,67 4.10 0.00 1364 9.96 13.0 7.95 18.5 4.6 10.00 6.40 0.00
8 19 76 13 2. Qe wvexaw 37,40 435 0.00 41.92 B.84 12.0 7.98 18.5 4.8 10.00 6.31 0.00
8 19 76 14 0. 0. h&. 64 33.26 3.92 0.00 11.56 8.32 11.0 7.89 18.0 5.3 10.00 6.26 0.00
] 19 76 15 460. 20.  wwwwax- 30,08 4&.28 0.00 12.52 9.76 11.0 8.12 18.5 4.9 1.00 g.30 0.00
8 19 76 16 4EQ. 20. txwwan 27 .94 4.08 0.00 12.20° 8.96 10.0 8.18 18.5 4.9 1.00 0.21 0.00
8 19 76 17 460. 29. 66.52 29.56 4.51 0.00 12.4% 9.32 10.0 B.16 18.5 5.4 1.00 0.18 0.00
8 19 76 i8 180. 2. wamawe 32,45 3.76 0.00 11.72 8.28 11.0 8.03 19.0 4.8 3.00 1. 00 -0.00
8 19 76 19 130. 0o wextes 31,41 4.26 0.00 9.80 7.12 11.0 8.06 19.9 5.1 3.00 0.91 0.00
8 19 76 20 3. %« 45.53 31.41 3.94 0.00 11.76 8.68 11.0 8.12 19.0 5.8 3.00 0. 86 0.00
8 19 76 21 0. Je wxasews 22,17 2.34% 0.00 156 228 4.4& T.78 21.0 4.9 10.00 7.20 0.00
8 19 76 22 0. Qe avsese 21,43 2.39 0.00 .92 2.32 3.5 7.77 20.5 5.0 10.00 7.01 0.00
8 19 76 23 0. fe 25.20 21.58 2.12 0.00 3.88 2.32 4.0 7.91 20.5 5.% 10.00 6. 82 0.00
8 19 76 10 1400. 110. 76.96 30.60 &.39 0.00 24,00 18.36 14.0 B.10 19.5 4.2 0.00 0. 00 0.00
8 19 76 12 0. Do woeanwxe 22,76 3.67 0.00 18.60 14.20 13.0 7.72 19.5 &.4 20.00 13.46 0.00
8 19 76 13 0. 0. wwwxes 27,94 3.65 0.00 16.44 12.00 12.0 7.69 19.5 4.2 20.00 13.18 0.00
8 19 76 14 0. LS 56417 27.42 3.72 0.00 16.72 12.G0 13.0 7.70 19.5 4.5 20.00 13.08 0.00
8 19 76 15 350. 2. erewex 29,05 3.38 0.00 19.08 13.76 13.0 8.01 19.5 4.0 2.00 0.93 0.00
8 19 76 16 Se 0. zewsesr 31,72 3.96 0.00 16.24 12.00 12.0 8.01 19.5 4.3 2.00 0.89 0.00
8 19 76 17 9e 0. 4T.30 364.15 4.39 0.00 14.80 10.64 10.0 8.02 19.5 & .4 2.00 0. 84 0.00
8 19 76 18 240. 2. wwseaxr 28,97 4.23 0.00 16.68 12.32 13.0 8.01 19.5 3.5 4.00 1.21 0.00
8 19 76 19 14. Do wsswasr 29,27 4428 0.00 17.88 10.80 12.0 8.04 19.5 4.4 4.00 1.14 0.00
8 19 76 20 11. Je 45.68 27.20 3.87 0.00 1S5S.16 11.36 11.0 8.02 19.5 4.3 4.00 1. 10 000
8 19 76 21 0. Qe exsxsr 19,22 1.06 0.00 4.08 2.32 4.2 7.61 20.5 4.6 20.00 9.58 0.00
8 19 76 22 0. 0. =xsvae 17,00 0.59 0.00 3.92 2.80 4.1 7.72 20.5 4.8 20.00 Pe bt 0.00
8 19 76 23 0. e 26.9¢ 19.36 1.17 0.00 1.76 2.60 4.1 7.65 20.5 4.8 20.00 9.25 0.00
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TABLE A-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN “C UNFILT FILT ANMONIA SULFIDE §S VSS TURB PH TENP 0OC APPLIED TOTAL FREE
NUHMBER 7/ 10QOML 71004L cop cop cL2 RESTODUAL RESIDUAL

MG/L MG /L NG/L NG/L HG/L. MG/L  JTU “C® MG/L MG/L MG/L MG/L
8 24 T6 10 7900. 700. 73.03 34.51 2.40 0.00 32.93 28.69 18.0 8.53 20.0 4.5 0.00 0. 00 0.00
8 24 76 11 49¢0. 33c. 35.05 28.06 0.72 0.00 6. 40 6.20 «6.2 8.5 19.5 S.0 0.00 0. 00 0.00
8 24 T6 12 170. 11. wxavexr 39,99 2.78 0.00 30.10 27.50 17.0 8.40720.0 4.5 5.00 2.61 0.00
8 24 76 13 Se 2o mwatus srdaxs 2,13 0.00 21.30 19.90 15.0 8.35 20.0 4.5 5.00 2.48 0.00
8 24 T6 14 13. 9. 63.15 36.13 2.50 0.00 20.56 18.20 16.0 8.34 20.0 3.7 5.00 243 0.00
8 24 76 15 3300. 490, svwweer 32 42 2.24 0.00 21.00 19.12 16.0 8.46 20.0 4.5 1.00 0.18 0.00
8 24 76 16 2300. 250, wswxxe 38,68 2.76 0.00 22.80 21.C5 16.0 8.56 2C.0 4.7 1.00 0.09 0.00
8 24 76 17 2300. 110. 69.40 35.36 2.26 0.00 24.50 21.90 16.0 8.42 20.0 3.9 1.00 0. 05 0.00
8 24 76 18 2400. 170, seeesr 35,36 2.22 0.00 19.20 17.80 16.0 8.35 20.0 4.7 3.00 0. 83 0.00
8 24 76 19 240. 2. textxx 35,90 2.20 0.00 22.25 21.40 15.0 8.3%9 2C.0 4.8 3.00 0.69 0.00
8 24 T8 20 920. be 65.23 34.35 2.11 0.00 18.60 16.80 15.0 B8.40 20.0 3.6 3.00 0.55 0.00
8 24 76 21 2800. 79, wexeae 24,55 1.71 0.00 5628 6212 6.7 B.47 20.0 4.3 1.00 0. 46 0.00
8 24 76 22 330. 23. xwanan 33,04 0.63 0.00 4.60 6.04 6.8 8.50 20.0 5.0 1.00 0.39 0.00
8 24 76 23 130. 7. 36-.13 24.55 0.59 0.00 6. 32 6.16 6.5 B.54 20.0 4.6 1.00 0.32 0.00
8 24 76 10 130€0. 940 . 96.35 38.60 2.03 0.00 45.10 &#1.30 17.0 8.50 21.0 6.6 0.00 0. 00 0.00
8 24 76 12 2. 2. swexes 43,85 0.12 0.00 2324 21.56 18.0 7.53 21.0 6.9 30.00 3.21 0.55
8 24 76 13 0. O wxaxxwse 39,84 0.04 0.00 23.10 21.80 16.0 7.56 21.0 6.0 30.00 2. 89 0.35
8 24 76 14 0. 0. 70.87 &41.15 0.02 0.00 22.35 21.50 16.0 7.52 21.0 6.9 30.00 2.39 0.25
8 24 76 15 1100. 160, #seeax 39,84 1.61 0.00 27.90 26.85 15.0 B.49 21.0 6.8 2.00 0.78 0.00
8 24 76 16 70. 8. oesxeaw 33,60 1.79 0.00 25.50 22.10 15.0 8.40 21.0 6.7 2.00 0.69 0.00
8 24 76 17 70. e 75.50 39.99 1.93 0.00 21.70 23.85 16.0 8.38 21.0 6.9 2.00 0. 64 0.00
8 24 76 18 330. 75. wssaax 37,67 1.87 0.00 27.20 25.80 16.0 8.38 21.0 6.6 4.00 1.19 0.00
8 24 76 19 49. Qo wxxwrex 42 .38 2.74 0.00 23.50 21.25 14.0 B8.35 21.0 6.7 4 .00 1. 10 0.00
8 24 76 20 3. N, 80.90 38.37 1.93 0.00 22.70 21.55 15.0 8.36 21.0 6.8 4.00 1.01 0.00
8 24 76 21 79. 2. wwarxx 25,86 0.81 0.00 6.12 6.06 6.7 B8.28 21.0 5.0 2.00 1.19% 0.00
8 24 76 22 5. J. aweexs 26,87 0.59 0.00 6.98 6.32 6.7 8.28 21.0 S.1 2.00 1.15 0.00
8 24 76 23 0. 0. 31.50 24.55 0.96 0.00 8.28 6.4 6.1 8.30 21.0 5.0 2.00 1. 10 0.00

A ZERQO FOR MPN TC AND MPN FC INDICATES A COUNT OF LESS THAN TWO PER 100 ML. OATA NOT TAKEN IS REPRESENTED BY wawe,



APPENDIX B

SUMMARY OF REGRESSION STATISTICS

TABLE B-1. SUMMARY OF REGRESSION STATISTICS

Mean Squares Degrees of Freedom

. Correlation
Figure Slope Intercept . .
g p P Coefficient Model Error Model Error

19 0.222 1381 0814 322.38 10.951 1 15
18 L 0.024 0 0519 8.167 11.096 1 2
18 L) 0.059 0 0.980 54.875 0.754 1 3
18 1, 0.141 0 0.899 364.34 28.615 1 3
18 H, 0.065 0 0.940 77.069 3.375 1 3
18 H, 0.059 0 0.835 63.132 9.127 1 3
18 H, 0.172 0 0.950 537.72 19.386 1 3
24 1.019 0 0953 95105.6 57.630 1 167
25 0.978 0 0.974 701818, 64.161 1 585
30 0.649 0 0.883 4835.39 8.219 1 167
31 0.650 0 0.947 208690. 41.242 1 585
32 4.692 -2.948 0.547 1572.69 92.178 1 40
36 0, -1.139 0 0.922 66.918 0.302 1 39
36 0, -1.807 0 0.939 124.614 0.445 1 38
36 03 2161 0 0.908 158.162 0.905 1 37
0 0 1115 0 0.897 41.994 0.363 1 28
40 0, -1.764 0 0.884 66.106 0.743 1 25
40 03 -1.811 0 0.813 55.074 1.410 1 20
44 0 0.726 0 0.876 552.766 1.042 1 161
44 0, 0.992 0 0.843 545.390 1.627 1 137
44 03 -1.098 0 0.823 595.194 2.110 1 134
48 01 -0.881 0 0.883 314.131 0.721 1 123
48 02 -1.237 0 0.844 278.975 1.259 1 89
48 63 -1.399 0 0.804 274.744 1.862 1 81
49 0.509 0 0.954 1032.70 0.610 1 167
50 0.491 0 0.904 10186.6 3.896 1 585
54 01 0.534 0.062 0.933 245.001 0.674 1 54
sa 0, 0.505 0.007 0.933 219.241 0.605 1 54
sa 03 0.479 0.010 0.932 196.954 0.554 1 54
58 0 0.507 0.139 0.847 1911.03 3.868 1 194
58 02 0.481 0.098 0.833 1721.54 3.940 1 193
58 63 0.460 0.076 0.822 1557.94 3.861 1 1
66 T1 0.369 0918 0.813 460.512 2.035 1 122
66 T2 0.468 0.044 0.957 742.084 0.788 1
6 Ts 0.474 0.375 0.933 1244.27 1.371 1 5
66 Ts 0.534 0.458 0.851 3460.08 4.328 1 o
71 T 0.616 0.128 0.986 52.435 0.046 o
1n T, 0.725 0.140 0.957 62.071 0.132 i t
1T 0.595 0.036 0.977 34.860 0.043 i gg
71 T, 0.501 0.090 0.978 522.585 1.072
c18 V, 0.435 0 0.892 158.864 0.602 1 s
C18 V, 0.552 0 0.982 887.625 0.401 | %
C18 Vi 0.239 0 0.492 13.342 0.100 ! e
C24 V, 0.492 0 0.977 998.400 0.893 . 53
8%2 \\;z 8.451% 8 0.894 1909.94 3.958 i 13?

24 Vi i 0.887 1049.97 3.197 1 89
C24 v, 0.459 0 0923 2861.54 2.991

- . . 1 166
;: 24V, 0.622 0 0.918 3656.13 4.489 1 152

= 18 min. contact time. A = - - = initi
0; = 35 min. contact time. A; = gSOjglig}?EIa{N-N il - low %n%t!al SeoD at 4.2 Cly dose.
03 = 50 min. contact time. As 10 - 2.0 mg/I NH3N, e Sop 165 G G
V, = 0-5mg/lVSS. Aq 2.0 - 4.0 mg/i NHLN. ﬁs L o at 50.8 1 dose.
Va 5-10 mg/1 VSS. As = >40mgNH3N, L o at 4.2 Cla dose.
Ve - 1020 g/l VSS. TS .50 g 3-N. H, = h;gh initial SCOD at 16.9 Cl, dose.
Voo A Hmetvss. Tz e H3 = high initial SCOD at 50.8 Cl, dose.
Ve = > 30 mg/l VSS. T, = 10°-15°C. a -
Ta = > 15C. Is not significant to § percent confidence interval

or better.
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APPENDIX C
SOLUBLE COD DATA AND EFFECTS OF VOLATILE
SUSPENDED SOLIDS ON TOTAL CHLORINE RESIDUAL
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Figure C-1. Effects of 0-5 mg/l volatile suspended solids on observed changes
changes in soluble COD between chlorinated and unclorinated filter-
ed lagoon effluent samples. (ASCOD = treated minus untreated con-

centration.)
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Figure C-2. Effects of 5-10 mg/l volatile suspended solids on observed changes
in soluble COD between chlorinated and unclorinated filtered lagoon
effluent samples. (ASCOD = treated minus untreated concentration.)
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Figure C-3.

Figure C-4.

+20_[T T T T T T T T T ]

+15 | -

+10 N

+5 —

ASCOD {(mg/l)

—-20 |

I T T T T I T I T I
10 12 14 16 8 20 22 24 26 28 30

VOLATILE SUSPENDED SOLIDS (mg/I)

Effects of 10-30 mg/l volatile suspended solids on observed changes
in soluble COD between chlorinated and unchlorinated filtered lagoon
effluent samples. (ASCOD = treated minus untreated concentration.)
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Effects of 0-5 mg/1 volatile suspended solids on observed changes

in soluble COD between chlorinated and unchlorinated unflltered

lagoon effluent samples. (ASCOD = treated minus untreated con-
centration.)
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Figure C-5. Effects of 5-10 mg/l volatile suspended solids on observed changes
in soluble COD between chlorinated and unchlorinated unfiltered
lagoon effluent samples. (ASCOD = treated minus untreated con-

centration.)
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Figure C-6. Effects of 10~-20 mg/l volatile suspended solids on observed changes
in soluble COD between chlorinated and unchlorinated unfiltered
lagoon effluent samples. (ASCOD = treated minus untreated con-
centration.)
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ASCOD (mg/l)

Figure C-7.

ASCOD (mg/1)

Figure C-8.
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Effects of 20-30 mg/l volatile suspended solids on observed changes
in soluble COD between chlorinated an unchlorinated unfiltered
lagoon effluent samples. (ASCOD = treated minus untreated con-
centration.)
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Effects of 30-60 mg/l volatile suspended solids on observed changes

in soluble COD between chlorinated and unchlorinated unfiltered

lagoon effluent samples. (ASCOD = treated minus untreated con-
centration.)
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Figure C-9. Effects of 5-10 mg/l volatile suspended at chlorine dosages of 0-2
mg/l on observed changes in soluble COD between treated and untreated
filtered lagoon effluent samples. (ASCOD = treated minus untreated
concentration.)
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Figure C-10. Effects of 5-10 mg/l volatile suspended solids at chlorine dosages
of >2 mg/l on observed changes in soluble COD between treated and
untreated filtered lagoon effluent samples. (ASCOD = treated
minus untreated concentration.)
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Figure C-11. Effects of 20-30 mg/l volatile suspended solids at chlorine dosages
of 0-2 mg/l on observed changes in soluble COD between treated and
untreated unfiltered lagoon effluent samples. (ASCOD = treated
minus untreated concentration.)
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VOLATILE SUSPENDED SOLIDS (mg/!)
Figure C-12. Effects of 20-30 mg/l volatile suspended solids at chlorine dosages
of 2-4 mg/1l on observed changes in soluble COD between treated and

untreated unfiltered lagoon effluent samples. (ASCOD = treated
minus untreated concentration.)
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Figure C-13.

VOLATILE SUSPENDED SOLIDS (mg/I)

Effects of 20-30 mg/l volatile suspended solids at chlorine dosages
of >4 mg/l on observed changes in soluble COD between treated and
untreated unfiltered lagoon effluent samples. (ASCOD = treated
minus untreated concentration.)

VOLATILE SUSPENDED SOLIDS REDUCTION (mg/i)
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Figure C-14.
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Volatile suspended solids reduction from untreated to treated
unfiltered lagoon effluent samples with respect to free chlorine

raesidual.
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0-5mg/1 VOLATILE SUSPENDED SOLIOS
R= B92, Y =u 435X

TOTAL CHLORINE RESIDUAL (mg/1)
sse
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APPLIED CHLORINE DOSE (mg/1)

Figure C-15. Total chlorine residual after application of chlorine dosage using
filtered lagoon effluent at 0-5 mg/l volatile suspended solids
concentration.

5= 10 mg/l VOLATILE SUSPENDED SOLIDS
R=.982, Y = 0.552X

TOTAL CHLORINE RESIDUAL (mg/I)

T T 1
o 5 10 15 20

APPLIED CHLORINE DOSE (mg/I)

Figure C-16. Total chlorine residual remaining after application of chlorine

dosage using filtered lagoon effluent at 5-10 mg/l volatile
suspended solids concentration. i
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> 10 mg/) VOLATILE SUSPENDED SOLIDS
R = 492, Y=0 239X

TOTAL CHLORINE RESIDUAL (mg/!)

(1]
° T T T
o) 5 10 15 20

APPLIED CHLORINE DOSE (mg/1)

Figure C-17. Total chlorine residual remaining after application of chlorine
dosage using filtered lagoon effluent at >10 mg/l volatile sus-
pended solids concentration.

0-5mq/i VOLATILE SUSPENDED SOLIDS, R= 892
————— 5-10 mg/t " " ", R=.982
—_——— 10 mg/t " " ", R=.492

TOTAL CHLORINE RESIDUAL (mg/I)
\
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Figure C-18. Summary of volatile suspended solids concentration effects on the
relationship between total chlorine residual and applied chlorine
dosage using filtered lagoon effluents.
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Figure C-19. Total chlorine residual remaining after application of chlorine
dosage using unfiltered lagoon effluent at 0-5 mg/l volatile
suspended solids concentration.
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Figure C-20. Total chlorine residual remaining after application of chlorine
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suspended solids concentration.
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Figure C-21. Total chlorine residual remaining after application of chlorine
dosage using unfiltered lagoon effluent at 10-20 mg/l volatile
suspended solids concentration.
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Figure C-22. Total chlorine residual remaining after application of chlorine
dosage using unfiltered lagoon effluent at 20-30 mg/l volatile
suspended solids concentration.

267



20

10—

TOTAL CHLORINE RESIDUAL {(mg/l)

T T T T

0-5 mg/i VOLATILE SUSPENDED SOLIDS, R= 977
————— 510 mg/l h " " ,R=.894

—— —— 10-20 mg/I b " ', R=.887
— —— 20-30mg/l " , R=.923
csneeeesinn > 30 M/l " ,R= 918

I T T |

6 2 -] 24

APPLIED CHLORINE DOSE (mg/!)

30

Figure C-23. Total chlorine residual remaining after application of chlorine
dosage using unfiltered lagoon effluent at >30 mg/1 volatile
suspended solids concentration.
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Figure C-24. Summary of volatile suspended solids concentration effects on the
relationship between total chlorine residual and applied chlgrine
dosage using unfiltered lagoon effluent.
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Figure D-3. Total coliform removal efficiency, using filtered lagoon ef-
fluent, as a function of total chlorine residual at 50 minutes
of chlorine contact without a forced zero intercept.
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Figure D-4. Summary of total coliform removal efficiency, using filtered*
lagoon effluent, as a function of total chlorine residual at
various chlorine contact times without forced zero intercepts.
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Figure D-11. Total coliform removal efficiency, using unfiltered lagoon ef-
fluent, as a function of total chlorine residual at 50 minutes
of chlorine contact without a forced zero intercept.
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Figure D-12. Summary of total coliform removal efficiency, using unfilterned
lagoon effluent, as a function of total chlorine residual at
various chlorine contact times without forced zero intercepts.
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Figure D-13.
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Figure D-15. Fecal coliform removal efficiency, using unfiltered lagoon ef-
fluent, as a function of total chlorine residual at 50 minutes
of chlorine contact without a forced zero intercept.
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Figure D-16. Summary of fecal coliform removal efficiency, using unfiltered
lagoon effluent, as a function of total chlorine residual at
various chlorine contact times without forced zero intercepts.
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APPENDIX E

LAGOON EVALUATION DATA
JUNE 1, 1975 — AUGUST 24, 1976
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BOD and COD at sample station No. 1 (influent).

Figure E-1.
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Figure E-2. BOD and COD at sample station No. 9 (final effluent).
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Seasonal temperature, DO, and pH at sample station No. 4.
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Seasonal MPN coliform counts at sample station No. 1.
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Seasonal MPN coliform counts at sample station No. 4.
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Seasonal MPN coliform counts at sample station No. 5.
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Figure E-25. Seasonal membrane filter coliform counts at sample station No. 3.
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Figure E-26.

Seasonal membrane filter coliform counts at sample station No. 4.
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Seasonal membrane filter coliform counts at sample station No. 6.
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Figure E-29. Seasonal membrane filter coliform counts at sample station No. 7.
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TABLE E-1. WASTE STABILIZATION LAGOON PERFORMANCE EVALUATION DATA COLLECTED FROM JUNE 1, 1975 TO

AUGUST 24, 1976.

80¢

MONTH DAY VYEAR SAMPLE MPN TC MPN FC MF TC MF FC BODS UNFILY FILT AMMONTA Ss VSS TURB PH TEmMP DO
NUMBER  /100ML /100ML /100ML  s100ML cao coo.

MG/ MG/L MG/L MG/L MG/L  MG/L JTU "er o MG /L

& 9 7% 1 2400000, 1100000,2200000, 760000, *hkwhk Ahhwhkr mAwkn WhRA AR B RNk RhkNk kb kk AhhE Rkt k hkkR
& Q 7% 3 39000, 2300, 8600, 2700, Wk dkdkkok hkek Nk Rh ANkA KRR Rd
A 9 75 s 7%, 93, 340, 170, WARhUh N kAh KRR R kA k kAR AEAN
[} 9 75 ] ey, 23, 38, 31, WA e N khkhk RRAN AR kk kA kd kA k
& Q 7% 9 23, 3, 2. 2e HRANEF RAUARE KANRR AR b rk kkAhddk Rhkkh HhAA kkkk kv kk kkEd
A 12 1% 1 edona, 23000,1000000, 140000, *eewks whkudkhk Aidae REE R RRERNE ARNRE KRk ok RAAK Rk khkd
] 12 75 2 150000, 319000, {6000, 3400, Rk Rk kh ke Rkkk hwkd Ak kW
& 12 75 3 300, 300, 3500, 4000, I A I R IIT I I
& 12 758 4 1500, 150, Ip00, {40, Phk Nk REWRk khdk hhkk KRaw Hkkk
A 12 78 s %, 43, b4, 14, AW kwh Rkkhd Rk kk whhk KWAR KAk
] 12 75 3 93, 230, 7. 90, R EE e Khkhw kkd Kk HWkE kR R Whw
L] 12 75 ? 75, a3, u4s, 19, Whhkhh kwhwd kkdk KRN Ak kd NWEx
L] 12 75 8 390, 4, T 3, ChRE ok kE ARk ANk WRkkk kkkk AR
A 12 75 Q 9, 3. 3. T, Shkwkk hhkkhhd whdhd Whhkkhk khhhdd khkkdk wkAk ANk Nk kdk Adkk
6 17 75 1 930000, 430000, S7T0000, 100000, wwwwwd wwwkwr {7 18 (2322 TLU0 S, bk whkw Wukk Adwd Kkkw
A 17 15 2 23000, 4300, 13000, 2200, U2, TR 36,98 *hkk whkd dhdw hkww
] 17 78 3 °30, 230, 2300, 200, US,78 32,U) wakw dbwd kusk Fokw
L] 17 78 a4 2%00, [, &u, uB, U9,22 29,61 *hkd khik dnsk wkkk
& 17 75 s 40, 30, uu, 1. 22,68 11,90 wwdw Rehk wuiw kkkw
& 17 7% 6 as, 23, 1, T U,BR 2. .0U whak *kkk Whdw khkwk
& 17 75 7 230, 230, b, 130, 12,12 3,75 dunt wuwk wkwd sk
L] 17 75 8 a, 3. 2, 1, 28,60 24,20 %usk khkkk hidk kdkx
A 17 78 Q 23, 3, 0, {, *hrukw aakkkk JJ 28 curkt U R0 21,60 ki mkkk khkik whkw
[ 19 78 1 4600000, 2400000,1300000, 330000, **kwww s*kdwhd whkkw 2,2R 16,20 11,20 Awkk hk¥k wwa¥ kkwn
A 19 7S 2 23000, 23000, 9600, 1700, 38,40 32,30 *ekd kkkk wrwd kkhi
& 19 75 3 2300, 150, 0. 80. TR,B0 13,90 dxkd kakk 2ush whuk
) 19 75 4 430, a0, [ 15, US,55 33,00 *wkd *ktk Kkkw whkuw
[ 19 75 S a3, 4, 0, 7. GU,00 32,75 *wwd hkdkk *awd kkki
] 19 78 é 23, 4, 0, 1, TeO5 U, b0 %kt hukd whdw hrkw
[ 19 7% 7 150, 23, 1. 12, 12,70 S, U0 *wks whkk khkkd khkk
3 19 75 8 23, 3. 0, 0, B .60 U,75 *uwk *kkd wkdk Fknk
A 19 A Q T. 7. 0, 2o MNhhdk HANAWE wAk AN 3,16 7 .RS T3.00 wwww *xdk waik whkkw
A 23 75 1 2400000, 930000,1400000, S30000, 13,68 #exwws 13 99 eakxs 15,77 14,09 U6 7,12 wkxn wwnk
& 23 75 4 1640, 100, 3600, 50, 2h,20 25,08 15,0 7,50 *kww kakn
[ 23 75 X 3900, 90, 17, aag, 14,23 (1,49 B,9 T,15 *kax wxwwn
& 23 7% 4 40, 30, 1. 18, 13,09 B,37 7,9 7,20 #kkk kink
L3 23 75 s 19, 3, 1. 0. 6,63 S,89 9,1 7,33 awws whnn
& 23 15 [ 23, 4, 2. S Te23 5,71 8,2 7,29 %ekn hxks
A 3 75 7 93, 9, . 3. beRY 0,97 6,7 7,28 *xxx swuw
[ 23 75 & 18, 3, 0, 0. 1,83 3,29 6,2 T,PB kkkk wxkw
& 23 75 Q a, a, 0. 2, whwxrx 19 UT wewse LEA LR Tl 4,20 T,48 7,20 *xxk xwnn
& 2s 75 t 930000, 930000,1800000, 640000, 13 ,BB #dkwdk wkkhw 2,04 14,5 13,17 5,4 7,80 12,0 5,5
A 2% 7% 2 2100, 1500, 22000, BB00, 19,31 30,70 19,5 7.90 17.0 0.9
) 25 75 3 240000, 24n00, 1, 0. 12.49 11,57 8,3 7,70 17,0 0,8
& 25 15 4 930, 90, 27, 120, 17,97 14,00 17,0 8,30 17,0 3,0
.. > 7% 3 Quo0, 3, 11, 29, 14,60 6,57 15,0 7,90 17,0 1,2
s 25 15 6 ay, 23, 6, 18, AAF Rk hkhkk Rwkw khkxd 17 .0 2,3
L] 2% 78 7 230, 15, 3. 27, 9,29 4,94 12,0 A,10 17,0 2,5



60¢

MONTH

AN NN A dF M A "d N AN ANAAANAANAAANAANANAAAAANAANNNTTITFTTIIIPIPI>ITITIITIITO

DAY

YEAR

75
75
75
75
75
78
78
75
78
758
75
75
75
78
s
75
7%
78
75
75
78
75
75
7%
75
75
78
75
18
75
75
75
75
75
75
78
75
75
75
7S

75
75
78
75
75
7%
78

CODNTPTNE AN -~ 0D ATAE AN ODBDAPT AL AN ORI NFPADANS ODPNTFTARAN- O

SAMPLE MPN TC
NUMRER /100ML

230,

93,
4600000,
43900,
300,

70,

90,

2%,

azn,

75,

a3,
1500000,
23000,
2300,
90,

30,

3,

230,

q.

23,
2400000,
LI
9300,
an,

200,

39,

90,

23,

3,
1500000,
900,
a3o0o,
70,
2un00,
93,

1“01
910,
150,

. .
11000000,11000000,2400000,

4300,
ol
az00,
9100,
150,
150,
4600,
230,
600000,

TABLE F-1.

PN FC  MF TC

/100M /100ML
43, 7.
23, 2,

750000,1800000,
4300, 19000,

300, 12,
30, 3,
30, 12,

u' o.
30, 0,
“l ol

3, 2,
1500000,1300000,
9300, 11000,

300, 2,
30, 12,

30, 12,

3. 1.

30, 16,

q. Ol

q' ul
930000,2300000,
1500, 2400,
400, 0,
30, 9,

30, 0,

23, 10,

30, 19,

3' nl

q. 0'
930000,1600000,
300, 500,
300, 15,
30, 23,

30, 12,

3, 3,

30, 1.

3, 7,

3 4

4300, 1800,

0. 0.
40, &,
30, 15,

4, 11,
30, 1,

3. 0,

9, 15,

430000,1900000,

ME FC
7100ML

L
an
S70000,
3a00,
150,
4,

A

2,
to,

1.

460000,

CONTINUED

80ONS

MG/L

L2 X222 )
11,70

koW
dedr b ok b W

(X2 2221
10,80

[ EXE X 2
10,70

Rk kdk
24,00

L2 8822

UNFILTY
cob
MG /L

(A2 K22
ko h

oy koo
L X2 X2 X}

e o ok o
74,50

36,20
[ZXTE S

Kk AR
55,10

koW

FILY
coo
MG/

-l
LA LA

LE2 2 S
LER 2R

L& 28 2]
14,80

34,80
9,90

(2222
20,10

drdedk ok

AMMONT A

MB/L

3,78
ERE kS

AaEhE
1,74

2,55

kol wkd

*hk ko
1,79

L2 82K

S8

MG/L

9,91
12,94
11,00
33,04

3.77

R,97

5,R0

4,78

R.,B3

6,40
11,83

kR
L2282 R
e
e i b de W ok
L322 %R
L2222 R
i ok e
st vk ko ok
ok kohkd ok
22,11
21,55
4,57
10,54
4,17
3,74
2,43
ALAQ
8,86
10,37
(22 28 84
L2288 8
LA 822 X
bk ok
[ 22 24 %]
hkkkd R
L2 XA %R
[ 2 X223 %)

16,70
LA 83 X
ot ek
L2452 R
kb w
L2 2232
L2 202N
(X222 2]
kg d A

B,54

VS$

MG/L

4,37
5,34
11,40
32,R8
4,86
A,31
4,77
4, B9
5,66
4,23
5,09
ok W
L3 222
whedkk
ek
W wkd
LE 2223
LE2 22
L2 2 8 2
dwkdk A
20,43
21,44
5,37
10,54
4,34
u,u9
3,91
T.26
T.,46
Q.49
*kokd ok
Wk Wk
ok ok ko
LE2 22
ok ko
TRk
L2 22X
Wk d Rk
13,69
Ak k
[ 2 2 & X1
L2 2 2 £
Wk
LA A2 2
bk
L2 2 2 3
L1 R Z
9,06

TURB

JTu

Nl NDANWNNLD
© 5 5 o ® = s e e @

EN DO ODODNOWN

11,0

PH

8,10
8,10
7.83
R, U0
7.95
8,19
R,00
8,15
A, 18
A, 1R
8,19
LR X 83
ko o
okl
LA AR
ok
LR 2 2]
W h
whkw
kW
7.50
8,38
7.70
7,93
7,83
8,00
3,25
a,20
A,10
7,25
* ok A
ok k ok
ok ok
ok kW
LA R X ]
* kWl
* %Wk
LR X X1
7,20
* ko k
12 X 83
kA
L2 X 21
*hh
LR 24
LR X 22
vk
7.k0

TEMP

"c!

17,0
17,0
LR & X )
L3 2 24
kW
L2 2 R )
Rk
L2232 X1
E 2 2 X )
L2 3]
* ik k
Wl
LS R 2]
kR
* oW
L3 2 X
*dwk
* Wk k
L2 2 X3
whkh
14,0
23,0
25,0
24,0
25,0
25,0
25,0
25,0
25.0
t 2 & K
L2 R 21
* ok ke
* ok kW
LR R X
odok W
*kkk
[Z XX ]
LA 221
LER X §
(12 X X2
Wk
(AR X1
* Wk
LA R 2
* ook W
LA R R ]
LR 2 X
15,0



01¢

MONTH

BB BB TN AN AN NN NN A S N N N S 8~ g~ ~d 3~

DAY

16
16
16
16
16
16
16

24
24
24

21
21
21
21
21
23
23
23
23
23
23
23
23
23
28
28
28
28
28
2R
28
28
30
30
30
30
30
30
30
30

Y XK

YEAR

SAMPLE
NUMBER

AEHANS ODNC NEVUN- DN NN~ ODNPIAE RN DBNFT AL WN—~ ODT AL NN

MPN TC MPN FC
710080 /100ML

15000, 1500,
460000, 300,
280, 30,
24000, 30,
930, 93,
430, 30,
150, 3.
2400, 3,
1500000, 750000,
900, 400,
43000, 400,
210, 40,
110000, 30,
780, 9,
210, 30,
4600, 3.
4600, 7.
430000, 430000,
2300, 300,
9390, 2300,
2300, 30,
46000, 30,
1500, 9,
4300, 36,
750, 3,
1500, 3.
2400000, 2400000,
2300, 400,
300, 300,
40, 30,
2100, 30.
1500, 23,
7500, 30,
11000, 3,
230000, 93000,
2300, 400,
2300, 300,
80, a0,
2300, 30,
430, 430,
24000, a0,
11000, 4,
11000, a,
930000, 430000,
800, 300,
aoo, 300,
4300, 760,

43000, 30,

TABLE E-1.

MF TC

/100ML

1700000,
1500,

0,

20,

0,

a9,

29,

10,

16,
1400000,
600,

S.

32,

17,

31,

17,

S

38,
1700000,
2700,
21,

20,

2.

59,

4s,

4,
800000,
2000,

0,

20,

2s.,

50,

22,

4,

ol
16400000,
1200,
46,

2,

91,

MF FC
/73100ML

480000,
120,
1600,
40,

)

4s,

$00000,
te0,

0,

10,

7.

34,

13,

o,

CONTINUED

BODS

MG/L

LR AR L 2]
Wl hodek

LA S22 1)
LA S 22

LA AR d 2]
L2 22 X2

R R
12,30

LA L Es ]
LA A2 2]

UNFILT
cao
MG/L

LA AL R 2
LR A2 22

LS 2]
(X E 28]

(2382 2]
LA A AR A

wkkkd

33,50

otk de
(22 22 3 ]

FILY
cod
MG/L

dokkkk
kR

e ok
(2 LR 2]

ok b
hhk kol

LA L]
LA L2 8

(2 2 3 2
L2 2 2 2

AMMONTA

MG/L

o e ko
vk b A W

LEL A S
k&

ek ok
vk i

"ok ke
e ok e ok

o i o o
LA 2 22

§S

MG/L

Y2332}
RERARA
"TIT12;
I
11213
T332
YT
21338,
ARARER
T L
AR ek
T332,
MTIIL
T2
rHAA R
Ty
Y1113,
T3 L
ER kW
I L]
ERA ARk
21112
I
It
22121
31312
rhaRER
T
whRAAR
AAARE
I T]
I
T3 3L
wERwk

6,06
T2 22
(E 32232}
EES 2 %3]
T2
Y1221
23121

F12331

LA 2222
bl
o e e e W
ek
L X R 2 X2}
(X4 2 X 2]

VSsS§

MG/L

(22 2 2]
ot e ek
kW
Thkhw
LR RS 2]
ok
g ok
ok ok
LE 2224
LR 22
Yooy ok
L2222
LE S XX
Wk
kdddro
Wk
ke
s de e e
ook ok
LR 2]
L X222
(XX 3 2]
oW
el ko
Wbk ok
o
LE X R 2}
L322 RS
(X2 2]
L2338
e de o de ke
LA X2 K
e e e e ok
kW

5,06
s 3 XX
L2 22 21
L8 2 12
L8222
ko w
kddd ok
W
L2 2311
L2222
L2222
o e o
(22X 2]
rdwdn

TURB

JTU

wrkfk
LA 2]
LR A2 ]
ok ke
o e ok o
o e ok
ko
de ok ke
LA R 2
o e
[ R K]
devlr e o
hdrk
ookl
bk
LR 8
dkk ok
L A X
LR 4]
Wk
ok
bk ok
ook oo
ook
ok ok ok
o dr g
LR 2 2]
[ 124
12 3 2
ko
o o ok
L X R 2]
L2 2 21
LR 22
LE AR}
wdkk
L2 2 2]
L3 2 2 ]
ool ko
ko kd
kk
L2 2
L2 A2
L3 2 23
ek oh
i wk
L2 2 2]
L2 A 2]

PH

9,13
A, 64
8,70
8,15
B,16
B, 23
A,23
8,22
Ehhw
TTTL
khw
2227
ko
ke
Eawk
Rk
X 2
"k
"k
*hAR
ek
kR
koK
EhER
whd R
L E 2 23
hwk
31
AR
kR
RNk
ke
"
ITr
"k
Y
[T L
1222}
12
[T
32T
1123
hakw
T
wrns
T
thnk
Taww

TEMP
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MONTH

TR PPIRIDPPBPPIRPIEDDIEEPTRPPIPRPIRITIEIBTD®DIIP®DI»NEROIODIDTEDPPEEDDD

DAY

I GTPIPFrOEEC

YEAR

75
75
75
75
75
75
78
75
78
15
75
75
75
78
75
75
75
75
75
15
75
75
15
75
75
75
15
15
78
75
75
78
7%
75
75
75

75
78
78
78
75
75
75
78S
75
78
75

SAMPLE
NUMBER

DS PFPIE NN~ GBLF AL NN~ ODP NP AL WU OB NFTAEWN— ODIT AR 020

MPN TC
/100ML

2400,
24000,
46000,
24000,

1500000,
2300,
300,
430,
43000,
750,

1500,
15000,
46000,

930000,
15000,
900,
930,
93000,
750,

9400,

4300,

7%00,

750000,

2300,

1100,

2300,

9400,

9300,

2300,
24600,

s300,

430000,
400,
1500,
a0,
200,
7%00,
90,
9300,
9300,
930000,
2300,
400,
150,
1200,
4300,
930,
150,

TABLE E-1.

MPN FC MF TC MF FC
7100ML /100ML  /100ML
93, 15, 32,

30, 0, 11,

L 10, 0,

23, 37. 6,
2400000,1200000, 0.
400, 1200, 0,
100, 68, 0,
30, 120, 0,

aol AO 0'

43, 1, 0,

30, 0, 0,

3, 0, 0,

23, 0, 0,
430000, 710000, 0,
2300, ti100, 0,
400, 2, 0.
70, 0, 0,

90, 0, 0.

43, 0, 0.

S0, 8, 0.

30, 0. 0,

4, i9, 0.
93000, 850000, 220000,
300, 1600, 550,
300, 3, 390,
230, 0, 240,
ulo, S1, at,
39, 0, 168,
t1o, 2, as,

3. 3' 3!

4, 41, 3.
230000, 320000, 130000,
300, 200, 73,
300, 0, 192,
30, 0, 52,

30, e, 59,
4%0, 0, 128,
%0, 1. 260,

3, 0, 6,

31 0. ql
930000, 890000, 290000,
2300, 2200, sS40,
300, 1. ay,
30, 0, 28,

3o, 0, 31,

93, 0, 180,

30, 0. {A0,

23, i3, 24,

CONTINUED

8005

MG/L

LA LR 2D
7,40

ek ek R
5,48

LA 2 22 84

7.38

AakARE
6,33

TRERAR
7,35

UNFILT
con
MG/L

hkl kg

12,20

LER AR 2
wkkokhw

e o e

45,06

L2 8822

51,93

whhkkw

20,34

FILT
cno
MG/L

I
2.16

Rk ok
Wk kW

1T
78,34

whraw
7.56

(2 8 22

12,65

AMMONIA

MG/L

LEE S 2

1,95

L2 X2 2]
RN

Wi Wk

0,77

[ 2221
1,16

L2 2 22
L2 23

§S

MG/L

IS XS X R
[ 22 8 2 J
vk
I T2 22 21
6,57
X222 51
L X2 2 X 2]
(222X %)
vk ok e W
(2 X223 2]
ok W
Amwdkd
Wk kR
7,63

[ T2 2481
' 222 2
(22 32K}
kWi w
[Z X2 2 2]
2 22 X 2
I EE 22 2
2 2 X X}
6.51
(2228 0§ 3
IX 22 X2
ARk d
L2222 B
WRERBN
(28222
22222
It 228231
5,03
40,00
6,31
37,67
46,60
32,50
l2.47
30,14
tZ 2 2822
15,51
[ 22 X2 X1}
Tk wh N
2222 X}
223K E )
(2222 24
[ 22 2% X
[ X2 8 X )

vS§$

MG/L

kW
L X2 231
[ XX 2 3
[ Z 3 2 K]
6,37
(2 X 8 X1
(22 2 21
1 222 X3
L2221
Wwkdhw
222 X1
*l ik
L X2 2 K3
6,71
s o ol ol
L2 2 8 %1
i 2 2 2 X
L2 X2 2 4
ook ook
Wl ok
Wl
[ 2 X2 T ]
6,17
* o
Wb
Wik W
R W
ko
LR A& 31
L2 X 8 X7
L8 X2 X3
4,69
R wkw
LA 3 2 X1
L2 22 X1
LA R R X
(2 2 8 31
whkkdw
L2 22 2]
(2R 2]
14,17
ok o o W ok
[ X 22 X3
Wk E
L2 22 X3
L2 23
i
L 22231

TURB

JTU

L3 K2 ]
R
L X2 %]
LE AR ]
kR
222
twRd
LA A2
kW
whkkw
ke
L2 2]
L2 2 2]
L X2 3]
ek
W
LX 2§
EX 2 ] ]
(2 2 2
[ 2 2 2]
Wl
drode ol W
oWk
ook o
d ok
Wk ka
LA 2 3
LE R 2]
AR
ok
L A2
L2 AR ]
LA LK ]
L X R 2}
KRRk N
EE 2 S
LR R R
ke
gk ko
kW
wok ok
ok
W
e 2 2
hlrdk
whkkWw
L2 2 2]
o

PH

9,12
7.54
8,05
7.88
8,92
B, 60
8,8}
8,64
9,08
9,10
7.85
8,22
A1
9,12
9,30
9,42
8,90
9,21
9,20
7.59
8,12
8,32
B.90
9,32
8,70
8,85
8,32

TEMP

Ncl

L X X 23
L2 % 3 1
L2 X X
(X 2 XK1
15,0
21,0
22,0
22,0
22,0
22,0
21,0
22,0
22,0
15,5
21,0
22,0
22,0
22,5
22,0
21,0
21,5
21,5
15,5
20,5
21,5
21,0
22,0
21,0
21,0
21,5
21,0
16,0
20,5
20,5
20,5
21,0
20,5
20,0
20,0
20,0
16,5
19,5
19,5
20,0
20,0
20,0
19,0
19,5

o]0}

MG/L

L2 2 K
LEDS } ]
L2 4 2 1
[ 2 2 2]

[ 4

» un
* e
*

-
o

—
NN

we o e

-
* s o o @
O N=NN DY

- N
WOOw™DNOO B
. .

- NN e

[

——

>
Nt = AN NE DD ONG ERE = Ow~dDWMN e

NOIDEWIRrOTTPOOLOEIOINEDTENENVEFG DS AOO TGO

® ® @ 5 % 6 6 2 8 s 8 VS W e T N L E L e e E e E s e e e .



(AR

MONTH

w
D00000HDO0CDVO00VIVDOV000VIVDVDODO0ODOLOIOPTBBDEPIPIDRDPBEBPII WD DE@

DAY

NN
b Sl

NNV
B I - S S N s S o

YRV
0 o P

NN
n>»

NN
» 3

-
T FOODOODOVDOEELEEREDELENNNNNVNVYNNNIN:

YEAR

75
75
75
75
75
78
75
75
758
75
78
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
15
78
75
7%
75
75
75
75
75
75
75
7%
75
75

7%
75
75

SAMPLE
NUMBER

WN= OB AP ACWUN = ORNPTPAR NN = OB AP AL AN = O T AL W= 0D S0 AL WA — O

MPN TC
/100ML

4300,
430000,
400,
9300,
210,
15000,
280,
u30,
11000,
1500,
930000,
2300,
e30,
210,
110,
2300,
75,
4300,
930000,
600,
9300,
40,
780,
930,
o3,
2600,
7500,
230000,
930,
31900,
a0,
280,
390,
28,
2u00,
2300,
750000,
230,
2300,
150,
930,
930,
as,
4600,
640,
93000,
1500,
26000,

TABLE E-1.

MPN FC  MF TC
/100ML  /100ML
4, 0.
75000, 520000,
780, 550,
230, 17,
9, 34,

a0, 61,

3, 27,

23, 21,

°- 17-

30, 31,
93000, 62,
230, 430,
40, 91,
30, 2.
30, us,
40, ae,
20, 24,
a0, 9.
430000, 30,
90, 0.
750, 0.
30, 0,
90, 0.
10, 0.
15, 0,
23, 0,
90, 0,
230000, 460000,
70, 220,
930, 570,
a0, 53,
10, 73,
a0, 33,
15, 0,
13, a0,
30, s0,
75000, 540000,
230, 280,
a0, 390,
23, 20,
230, 31,
30, 67,

4, 20,

4, 0,

10, 0,
23000, 640000,
430, 340,
230, 590,

MF FC
/100ML

5.
12,
150,
99,
11,
21,
0,
15,
26,
i6,
8,
67,
as,
s¢,

CONTINUED

BODS

MG/L

whhkkhk
9,49

232 T2
7.52

Rhdhh
4,23

Wk ok

6,11

hhk kg
4,82

[ 22232
R, 06

UNFILTY
cob
MG/L

22T
19,63

AR kR
42,08

L2322 %3
96,36

AR AR
71,52

koW
20,069

12219
24,52

FILY
coo
MG/L

Rk AR
5.00

12 2 &2}
8,90

22 23]
R,83

(222 X1
5,88

'S2223

R,58

233t
9,08

AMMONTIA
MG /L

L 22 8 23
0,94

112220
0,21

khkk R
0,49

ooy

60,52

L R 2 34
0,44

[ 228 1]
0,50

S8

MG/L

e ko
7,00
L2222 X/
ek ek
L2 2 222
LEE 2R3}
[ 222221
Wb d
L 223 2 X 3
Wkl
11,97
Ak Rkk
o de W ok oW
Wk
kb dd
okl
ol hod ko
whwhhh
5,48
deddr b
Wk hdw
L X822
L2222 2
L2222 X3
L X232 23]
Wbk
hhhdh
6,28
hdkk
ok o ok
(2 2222 ]
ek
(2222 %)
L2222}
ko h
L X2 228}
6,24

o e e W
1 2 2 2 23}
Wi gl ol
[ 22 X 28}
LZ 228X
[ £ 2 2 3 3]
L ER 22T
hhwhh
6,56
L2222
L2222 )

VS8$§

MG/L

whkkdk
8,31
hkk AW
A3 222
ok ook
hkkkk
L2 X223
L34 2 X
e g e ok
12 & 5 24
13,54
L ER 2T
ook
L2 28 23
E2 22 21
o ek W
(32 8 X1
L8 22 33
6,10
Wk ok
LA 2 2 2]
L2 2 3 3]
L2 2 8 X
L 222 2]
L2 22 2]
Wy
22223
7.72
(3 22 X3
e de ok o
w ko
(222 X ]
hkkw
L2 X2 2]
Wl dk
Thkhw
7,06
L8 232
LA X2 3]
L2222
kbW
2 222
(22223
L2 22 2
12222
7,40
o e ek e
L X2 %3]

TURB

JTu

*hwk
' 1L
whhw
11
T a4
T
22
' 2L
' 2 L]
'YL
*hkk
'TTL
'S L
ek k
221
'L
T3 L
e kh
211
whkh
whkk
'YL
whh
T2 2y
Y11
TR L
AWk
*hkw
121
YT L
'L
T
'Y 1
ARk
'YL
'YL
Y224
T2 L
(T2 L]
T2 1]
hwk
T2 L
ARwE
1221
218
'T1 L
Rk
'T1T;

PH

8,90
7.87
8,57
R,00
A,90
9,62
9,31
9,03
9,00
9,02
LE R 2]
R, 62
8,22
B,B9
9,135
9,29
9,00
8,98
L2 2 2]
R,87
8,30
A,80
9,26
9,30
ThRW
9,27
9,23
8,08
B,A3
8,15
8,62
9,24
9,20
9,22
9,10
9,16
7.73
8,60
8,17
8,50
9,20
9,28
9,28
9,43
9,45
8,98
8,17
8,59

MG /L

20,0
16,0
19,5
19,5
19,5
19,0
19,5
18,5
18,5
18,5
16,5
19,90
19,0
19,5
19,5
19,5
19,0
19,0
15,0
18,0
18,0
18,0
18,0
18,0
18,0
18,0
18,0
16,0
19,0
19,0
19,0
19,0
19,0
19,0
18,5
19,0
16,0
19,0
19,0
19,0
19,0
19,0
1R, 0
18,0
18,0
Hhdkk fdkpn
whkdk Whdw
ThkWw kRS

-

— -

PN

-

- -

-
DN OD NI PN OO DNt e AN PO WD JTNOD =P O EEDOO = ONNEN

® ® @ ®# ® ® 8 ® ® ® ® ® 8 ¢ 4 € % 8 5 4 ° % % S W % W G S 0 s e S e»
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£1¢

MONTH

VD00V 00O DODI0O0VIOVDODODADDOVIIVOO00O0HIDO00H0000

DAY

16

156

16

16

16

16

18

18

18
18
18
18
18
1A
18
23
23
23
23
23
2%
23
23
23
2%
25
28
25
2%

2S
s
25
30
30
X0
X0
30
e
30
30

NMNNNOY NSNS

75
75
75
75
75
75
78
75
75
75
75

75
75
7%
75
7%
7%
75
75
75
75
75
75
75
75
75
75
75
75
75
75
7%
15
75
75
75
78
75
75
75
75
75
78
78
75
78
7%

YEAR SAMPLE
NUMRER

PUCWHN-= ODEITPNEUN=OIDINCAL AN - OB NCAREWN - P ITADT WU~ DD NT AL

MPN TC
/7100ML

930,
210,
1200,
430,
a30,
930,
930000,
4300,
43000,
93,
1500,
1200,
2400,
210,
30,
2400000,
azo,
39000,
230,
90,
1500,
23,

21,
230,
430000,
12000,
240000,
230,
210,
210,
43,
750,
150,
1500000,
24000,
43000,
4600,
30,
930,
2400,
430,
930,
1500000,
24000,
2300,
2400,
90,
750,

MPN FC
/7100ML

a3,
30,
40,
15,
23,
30,
430000,

TABLE E-1.

MF TC  MF FC
/100ML  /100ML
L1 20,

35' 6.

78, 11,

B. sl

32, S.

16, 2
$80000, 150000,
780, u10,
250, 31,

8, 17,

80, 10,

40, 10,

40, 9

4, 0,

0, .
1200000, 530000,
33, 96,
820, 0,

s, 49,

18, 14,

13, 1.

o, 1,

0, 6,

6, 0,
590000, 130000,
810, 700,
110, 0,
100, 110,
84, 12,

04 1.

a4, 0,

3. O,

1, S,
630000, 210000,
610, 3300,
170, 740,

8, 260,

40, 0.

8, 5.

a0, 13,

24, a,

9. S
730000, 130000,
3900, 870,
700, 96,
170, 130,
48, 3,

18, 3,

CONTINUED

BODS

MG/L

LA 2222

13,28

(X231 2]
13,28

RARARR
12,52

wRARNAR
11,04

Rk hRn
Rk bk

UNFILY
capb
MG/L

L2284l
26,97

Wl d ok ok
32,98

L2 882}
18,96

e
13,96

Wk o
LE 22 22

FILT
coo
MG/L

Wkl
7,45

12321}
7.62

L EX 3 2]
7.87

1311
3,82

ol
ook e

AMMONIA

MG/L

L2 32 ]
NeSh

L E X3 X3
0,79

LEX 2 2]
0,69

L1 2 23]
0.94

ol
L2222

$S

MG/L

Hrd Aok
[ 223 XX
L2222 %]
X222 X1
(22 X2 X1
LR ARXE ]

11,26
ke ok e ok
LA 2 223
L 22 2 X X
whwd b
i 2222 X
[ E 2222
[ 223221
(222 X2

10,40
(2828 24
Rwddw R
(A X223
whhkdd
LI R 22}
REER AR
L2 XX
o e ok ok

8,85
Akdkwd
1 28 2221
dhdkdkn
[ 228 2 X1
(2222 3]
Wl ot o
[ 222 XX
L2223 X ]

7.12
(X223 21
o e o o ok
LR 22X 2]
L2828 8§
(223221
[ X2 £ 23]
L X2 2 23]
TRk hwh
L2332
(282 %3]
(32 208 24
L2 22223
oo i ded ok
I 22322 2]

vSS

MG /L

ko w
LR 2 2 31
LA R R 2
(23 3 3]
Wkl ok
L2 2 2 X )
9,80
TRk
LR 2344
(XX 2 31
L X2 23]
[ 2 22X 23
hwkbw
L3 2 2 2]
kWwdwe
9,00
(22 X 2]
LR L2 2
ok dw
L X233
(223}
(X223 X1
o e ol W
(2 R 23]
8,16
L X 22 3
t2 22 33
L2 3 2]
L3 2 821
LX 22 2]
kWi
L2 2221
(X222
6,12
o o o W
L X2 2 2
i 222 X
rdddon
whwdw
o e oh Wk
(2 3 2 21
L2222
(2 22 X )
L 21X
hhwdh
whkbdw
o ok o
L2232 X )

TURB

JTU

*dwk
Wk
[ 2 2 2]
Wk
L2 A2
LA 22
LA S 2 4
Wk %
LA R A
(2244
whh®
L X224
LA A2
whwl
ik w
L2 22
LE g2
Thkd
* ek
L 22
L2 2 2]
L2 22
Rk
kR
L2 2 2]
wh At
LA 2 2
L2 22
L2 A 2
Wk
12 2 3
*dekok
Wk
* ki
kW
L3 22
Wk
L2 22
hhd
L2 A2
ik
[ 2 2 2
LA A2
LA A2
ik
kk ¥
LR 2]
Tk

PH

TEMP

lc'

t 2.3 % |
1 5.8 8 1
L 2 2 2
R
(X2 2]
(2 2 X3
16,0
17,5
17,5
1R, 0
18,0
18,0
17,0
17,0
19,0
15,0
16,0
15,0
16,0
16,0
16,0
16,0
16,90
16,0
15,0

16,0

16,0
16,0
16,0
16,0
15,0
16,0
16,0
16,0
16,0
16,0
16,0
16,0
16,0
15,0
16,0
16,0
LA X 24
L2 23]
t2 2 % J
(2 2 %)
LR X33
L 2 X % 3

DO

MG/L

T R A
O =N NN WL LW—= D IOENT~NDOP DN DD N

NABEWD—= DNEEWIDPNOUNmE L (W @O N

LA 4 2]
L2 8 8]
ko
[ X 2 3]
Thdkw
LA EZX ]



A%%

MONTH

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10
10
10
10
10
<10
10

Day

GO0 O0OVO 0T O IENIdI TN N

YEAR

SAMPLE MPN TC
NUMBER /100ML

S OB ATANEUNS DPNTAE AN 0D IPANEWN = OD AT UL AN ODdFAEWUN - O

93,

430,
4600000,
110000,
1160000,
24000,
2300,
48000,
2400,
230,
390,
230000,
24000,
24000,
24000,
90,

930,

3,

230,
930,
1100000,
13000,
1300,
2400,
40,

140,

22,

19,

490,
1100000,
160000,
13100,
9200,
20,

210,
180,
350,

90,
5400000,
92000,
70000,
24000,
1100,
7000,
1800,
150,
1800,
3500000,

MPN FC MF TC
/7100ML /100M
4, 12,

30, 9,
750000, 0,
9300, 3500,
75000, 740,
2400, 130,
210, 100,
930, 6,

9. 160,

3. 24,

30, 14,
93000, 710000,
9300, 9300,
éxo0o0, 3700,
430, 310,
30, 32,

40, 32,

43, 24,

3 4,

3o, 0,
230000, 840000,
3300, 150000,
130, 730,
230, 940,
20, 16,

20, 8,

22, 24,

ul lbl

20, 10,
460000, 550000,
1700, 13000,
20, 670,

70, 1400,

20, 20,

20, 20,

8, 12,

13, 0,

20, 0,
350000, 780000,
1700, 85000,
3500, S800,
220, 2400,
170, 210,
1700, 180,
220, 56,
46, 3.
170, 0.
490000, 100000,

TABLE E-1.

MF FC
/100ML

3,
76000,

CONTINUED

B8ODS
MG/L

wEANER
11,84

TRk R
9,23

L2 228}
ddkddkkh

RERAAR
15,25

kAW
10,49

o ok o e e
Wk

UNFILT
cop
MG/L

21T
32,63

e Aok
6,69

el de W e
17,39

AL e
T.96

121112
36,11

Thkkhw

(22133

FILY
coo
MG/L

2211
10,65

Ak
4,49

(211 1]
51,87

ko
5,21

(122
15,62

etk W
whWwhw

AMMONTA

MG/L

AN AN
3,76

[ 2 283 8}

1,44

12122
1,5%

ek
1,30

1111}
1,38

whkdw
LA RS A

SS

MG/L

kN
R kRN N

12,58
LIty
TTTTY
T L}
A
Rk ok
ko
3121t

Wk

5,90
Wi drdr i
(S22 223
o e o e ok o
Rk kA
(222X 2]
kAW
whkkdk
Wl kb

13,52
e koW
(22222}
L2222 2]
Wk k
A i 223 2]
(2222 X}
L2223 2]
kW d

11,64
W ok o ok e ok
(22222}
L T2 221}
(X 2822 ]
(22223}
ddrdok ok
E2 22213

Wk

7.80
L3222 22 ]
LA 2R ]
L2 2 222
Wl e
A2 2221
hwhhdkd
L2 22213
L2 222 2]
LA 23 3

VS§S

MG/L

ek ek
(222 X
9,84
hw kW
(3 4 221
(222 2]
(2 2 22
ok e b ok
whhdk
whkd ok
[ 2832
5,70
ek
(220 21
LA 2 22
L A2 2
Wk ok
L2 22 2]

EA2Ed]

L2121
9,44
12122
kAR
whkkn
Rhkk R
ek
[T
L2112
ol N
11,04
LTI
L2
222 2]
Wk
whwhh
[T
12221
[T
8,04
[ 2212
LTI
L2222
[ 22 %21
[ 22T T
[ 23T
2T
(222 1]
L2 223

TURB

JTU

"T2T;
T
Rk
o
T
" I2
e
o ww
e
ARAaE
e
L2 32}
T3
I
T3
W ok
1
' TIT)
T2
P21
L X B 23
122
T2
1L
T31]
hanE
rne
[ L 2]
rRRk

6,0
L X3 3]
e
112
Y22
e
2T
113
L2 3 2]
T}
[ 23 3 ]
" TT1
whaE
12T
T
I
LI E 1]
Y
Y

Ph

R
LR
8,10
7.90
T7.62
ek h ok
B,58
8,39
B,21
8,45
8,37
8,00
8,00
8,10
8,60
8,50
8,40
8,20
8,40
R,U0
7,90
8,52
7,98
8,50
8,09
8,11
8,00
7,98
8,02
7.90
8,60
8,00
A, 80
8,10
8,20
8,20
8,10
8,10
kN w
8,40
7,99
8,81
7,97
8,25
8,07
7.91
8,05
LTS

TEMP DO

"C" MG/L

hhhkd Whhw
ke d hkww
16,0 4,7
16,0 1,2
16,0 0,
16,0 10,
16,0 4,
16,0 4,
16,0 1,
16,0 2,
16,0 2,
15,5 3,
12,0 2,
17,0 2,
12,0 12,

u.

“I

1,

PO NODEUVDWOAWMEDDVODWH HNWIIDIVNWIFENARLOD DD WH- Fo3 VI e

#® % ® % B 6 0 2 5 % e B B W @ O P S S S S L TS NS



¢1e

MONTH

A S e A B s b R e el 8 S S B 3 S e
OO0 INDOIIDIODIAOD

- -
e -

- e ra
[Ty

- rs s e e > s ps 2a e pe
e N W R S

oy
—

s s b s hs e ba A b e e
e et b s s e e e e >

S
o ra pa

DAY

NN N
>3

NN
<0 W

[P RT RV RU RV RV R V.V,
DO OODI™®P

e
(== I

- s P PFIPFPIPIPFOTEEECEEEEE R

[ e
- e

e pa
o ra e

[ e e
P R? RV RV

YEAR

75
75
78
78
7%
78
75
75
78
78
75
75
75
75
7S5
75

75
75
75
75
15
75
75
18
75
75
75
75
75
75
75
758

75
75
75
75
s
7%
75
75
75
75
75
75
78
75

SAMPLE
NUMRER

BN 0O dPTALCWN- 0O TP AT WN“-IIATALGNUN—=ODIINTALCWN~OBITNEAN

MPN TC
7100M

92000,
33000,
5400,
220,
ag00,
us,

180,
1300,
2400000,
S4000,
49000,
5400,
330,
490,

14,

23,

20,
1300000,
s4000,
2800,
3500,
80,

210,
330,
280,
330,
1300000,
35000,
210,
1700,
20,

8o,

S.

13,

50,
1700000,
S4000,
220000,
790,
3300,
200,
as0,
330,

90,
S400000,
92000,
79000,
2400,

TABLE E-1.

MPN FC MF TC
7100ML /7100ML

17000, 42000,
4900, 8400,

33, 1700,
{10, 100,
8o, 120,
31, 28,
14, 0,
20, 0.

230000, 600000,
17000, 26000,
2Ro0o0, 8300,
700, 3300,

330, 110,
20, 72,
13, 12,
23. al
20, 04

330000, 100000,
3500, 32000,
00, 2000,
170, 1700,

20, 24,
10, Se,
9l ul
8, 2,
20, 0,

790000,1000000,
17000, 37000,

20, 130,
490, 2000,
20, 8,
20, 52,

0, 16,

5, 0,

20, 0.
330000,1700000,
54000, 83000,
49000, 0,
49, 1500,
790, 0.
20, 36,
110, 56,
8, a4,

20, 0.

1100000, 810000,
92000, 37000,
4600, {3000,
70, 950,

MF FC
/7100ML

200000,
16000,
0,

50,

0,

b4,

26,

1.

1.
110000,
4200,
600,
50,

CONTINUED

8nDpS

MG /L

SRR RRR
13,07

ekl
8,35

Wk ok
14,52

I T
2,25

NRAARE
12,72

UNFILTY
cob
MG /L

whwdw &
39,74

kRN
15,99

HERAAR
23,72

wkhhk
63,8%

ddrw ko
24,84

FILT
coo
MG/L

L]
18,82

AR
6,12

Ty
21,63

AT
21,01

RAA R
10,16

AMMONT A

MG/L

It
2,38

kAN
2,21

Whkkh
2,07

RRRAR
13,56

[T 22
1,93

58

MG/L

ARARRE
T332
1211
Rk RR
RkkhEw
111117
ERARRw
22132
7,80
ERR RN
Wk
22122
wRRREW
122332
I
ITTIIL)
(2 2 2 2%
10,82
e i ko
(2222 2]
dhkhdw
(22222
EaR kR
122223
IXTITY
HRkEwR
10,64
(T2 T]
L2 24X
12T
22322
T IR
[ S22 20
L X222 2]
ITIT T
15,28
ARk
IIT12L
ERRR e
Iy
XTIz
ERAEE S
T
(22222
17,67
122123
Aek RN
21T ]

\A-1]

MG/L

L2 22 d]
wlrdw ok
(2 2 2 2]
Wk ok
[ 22 2 8
L2 22 2]
L2 2 8 2
koW

6,17
ok ook %
Wl gk
Wk
LER 22
kW kW
ik oo
[Z XXX}
ek
9,28
kR kk
kool
L2222
el w
L2232
LA X 2]
LA X X2
L2 223
9,32
drkok Wk
L E 22 2]
[ 2 2 2§
vk e o e
dr W
Wl ok
whikw
hkdhk
13,46
L2 222
L2222
(2 2 2 2
(2 2 X2
(22 2 2]
LA 22 24
whhdd
L2 2223
12,92
(2232
(22 223
122 ] 3]

TURB

JTU

Wl
whkw
[ X2 8]
L X3 2 4
Wk W
wkk
LX 284
e
kW
L 2 2 2 )
[ 2 2 2]
Ak dkw
t 2 X3 J
(3 2 X1
wkh
L2 2 3
e e

4,5
L2 34
L2 2 X
ol bW
L2 223
(2 2 23
L2 2 2
E 2 2 2 )
L2 3 23
LR 3 2]
L2 R 3
L X 23]
L2 2 R
L E 2 84
L2 8 24
[ 2 8 2
L A2 2]
L XL 8]
5,5
L X 2 24
L2 22
L2 20
LA 2 A4
(X 22 )
LA 2R}
LA 2 2]
L X2 24
LR 2 24
(2 XX}
whwh
iR w

PH

AW
Wil R
L2 3 2
kK
122 %]
kbW
whdk
L3 4 3
whwk
8,63
8,00
8,90
8,10
R, 42
8,07
8,05
7.99
8,00
R,B3
8,00
9,12
A,08
A,58
a,02
8,06
A, 10
8,30
8,90
8,00
9,15
8,17
8,65
8,02
B.12
7,98
8,09
8,70
8,00
9,20
8,16
8,22
8,15
8,16
8,06
7.81
8,68
8,02
9,22

TEMP

ﬂc'

&k &
W
whad
L3 2]
L2 2
*wlrow
LA 2 4
wdkkw

-
~NdNN-NE
.
o un

—
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TABLE E-1. CONTINUED

MONTH DAY VYEAR SAMPLE MPN TC MPN FC MF TC MF FC BODS UNFILT FILY AMMONIA $S V8S TURB PH TEMP DO
NUMBER /100ML /100ML 7100ML  /100ML cap cob

MG/L MG/L MG/L MG/L MG/L MG/L JTU nCr MG/L
11 13 75 S 2200, 490, 540, 120, Wk Rn wknwn wawx B, 18 5,0 6,6
11 13 75 [ 1300, 230, 140, 80, wakhmd wikkux wxwx 8,82 S,0 1,5
1" 13 75 7 14, 8, 12, 9, whkhdn Rakwr wkww B 0B 5,5 S,
11 13 7% 8 11, 0, 0, 2, wkkkwd dkkwd wuww B,12 5,5 4,9
11 13 75 9 22, a, 0, 0, WhaAdd AAkNRRN hkhiw ERAAN Ahdhwd wwkes wawd A_.10 A, 0 4,8
11 18 7% 1 1300000, 490000, 920000, 88000, 7.28 20,17 20,79 B, 74 20,40 6,78 w*wxxe 7,82 11,0 5,3
11 1A 78 2 11000, 7000, 20000, 2300, EAwhkd whkkd wkww B B0 6,0 |S5,8
{1 18 75 3 4900, 330, 3500, 200, whkken Wakan wkek B, 03 H,0 H,4
11 18 78 [} 27, 17, 130, 0, RukhaR whkhk Rwwk Q.27 S .0 1R,?
11 18 15 L 1100, a0, 68, 20, RhkAAk khkAw kkwx B 20 5,0 7.2
11 18 78 6 430, 20, 28, 4, wekudkw hewke waak B 79 5.0 {]1,R
11 iR 78 7 220, 13, 24, 9, shhddn whkkdkd xhkr B .S1 5.0 R4
11 18 75 B 79, 2, 3. 2. whkhdkh whxkw hadkdx B 23 S.0 5,9
11 18 78 Q 490, S, 7. 0, Whmkhw Aukwdd whnkdw wkukh khkhwk whdkx hwwk B 19 5. 0 6,5
11 20 75 1 790000, 230000,1400000,1200000, wwdwwd wakiwk wkhid Wk wkdkhk whipue wxww 7,99 13,5 7,7
11 20 75 2 35000, 24000, 21000, 2900, wakhak wewsd swww 8,82 4.5 9,5
1 20 78 3 1100, 70, 690, 6, dhkhddh whhknd whwk B 20 4,5 5,5
114 20 7 4 1100, 230, 870, ut0, ERhdkh hwkwk wkaw 9 .20 4.0 17,4
11 20 78 8. 90, 20, 3, 0. waddes wakwds wwws 8,30 4,0 8,9
11 20 78 7 11, s, 10, 2. khrkehk wnkke wanw 3.S1 4,0 AR
1t 20 75 8 13, 8, 3. 3. khkkkh kaknx wwwr B .33 4,0 8,8
11 20 78 [-] 17, 0, 3. 1, ShaddN RANtAh wdwkw kAN dhakek dbkww whkww B .25 U5 9,3
11 25 78 1 22000000,11000000,25900000, 0, 61,20 148,79 44,74 10,79 6R, 15 52,295 **xx 7,70 13,0 5,3
11 25 7% 2 240000, 160000, 100000, 0, WhdRAk kwkwd wwkw B S2 6,0 10,4
11 25 75 3 7000, 2300, 8000, 0. dhakkh whkwk wwes A 12 4.0 9,7
11 2% 7S 4 2400, 4990, 900, 420, Rwkakk whawk skww G {8 3 .0 17,0
11 25 7S s 20, 20, t2, [V khakhk wnhkwk w¥wke 8,23 5.0 8,2
11 28 75 ] 90, 20, 24, 2. SENARE SANKN Awwx G 08 4,0 14,2
1B | 2s 7% 7 3500, 79, 52, 36, Rhkukwh kkwwx whwx 8,70 3 0 11,8
11 25 75 8 790, S, 15, 10, wkeakd Awkek eke B U6 3.0 11,8
11 25 78 9 350, 13, 30, Ty *hdhkh NhdkAk AANERN RRANk KSRk endak wndw 8,51 3.0 12,2
12 2 75 1 S4000000, 1700000,2700000, 780000, 57,10 71,00 4B, 21 6,90 71,10 52,35 29,3 7,65 13,0 4,9
12 2 75 2 160000, 92000, 73000, 0, wkAhwu wArwx wxwk B35 4,0 (12,4
12 ] 75 3 79000, 11000, 9000, 1800, whkhuh kAR k 2wkw T 97 4,0 9,5
12 2 78 4 4900, 2300, 2200, 0, whawuw whkwww wesd Q 03 4.0 15,2
12 2 75 5 1400, 79, 140, 20, wakawn wekwn wkxw 8,30 5,0 B,2
12 2 75 6 230, 23, 12, 4, Wk en wwkuk xwkw B,B9 5,0 10,2
12 2 75 7 790, 0, 4, 2. AN RSE kwkdk wwks B .90 5,0 13,0
17 2 78 8 210, 4, 0, 1. wadkdk whadkdr wwew B TR 4,0 10,6
12 2 78 Q 790, 0, 10, Of WhARNR NAKNRA ShwhW MR NR kkwhEk wkkwr kxww B T8 4,0 10,5
12 4 78 1 17000000, 2200000,7200000, 720000, 72,30 163,12 47,61 9,22 67,06 46,64 10,0 7,60 14,0 3,9
12 4 78 2 22000, 3300, 15000, 270, ok hhkk hkkdd ARA R wwko 4,5 11,58
12 4 75 3 1700, 1100, 530, 33, AERANR RRARN AAKN wxk¥ 5.5 7.8
12 4 7% o 1300, 220, 360, a7, AR NRN AR d wwse wwkw 4.5 15,3
12 4 78 s 330, 23, 12, 2 AREkER ARRAE Ak wdkr 5.0 7.6
12 u 75 [y 110, 13, 36, b, Ahdhkd ddkh whkwd Ak d 4,5 13,3
12 4 7% 7 17, 4, 0, 0, RERUNE kEWAN RANE wkAkwx 5.0 5,2
1?2 4 7% ] T 0, I 0. EREIAN KRR UR wxwN wxew 4.5 AR
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TABLE E-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN YC MPN FC MF TC MF FC BODS UNFILT FILT AMMONIA 88 vV8S TURB PH TEMP DO

NUMBER /100ML /100ML /7100ML  /100ML cab cap

MG/L MG/L MG /L MG/L MG/L  MG/L JTU "gr MG/L

12 4 15 9 8, 0, 2. O, WEwmRk widhnd AAkkw RRRAN REkRARR RARhE Ewww wkkx 4.5 8,S
12 9 78 1 7900000, 7900000,3800000, 900000, 68,00 174,27 51,30 9,76 66,68 49,52 23,0 8,05 13,0 3,3
12 9 75 2 35000, 4900, 10000, evo, ARarkd keakn wwrw 8 .52 6.0 13,2
12 9 75 3 35000, 2200, 8000, 730, ehkkeh whhkhk wwed 8,27 6,0 9,73
12 9 75 4 79, 5, 20, 0. wRARRE Akkwk wkkd 8 .90 5.0 16,7
12 9 75 S 230, 8, 12, 2, sesaer wwwww wewk 8,62 5,5 11,6
12 9 78 & 23, 0, 4, 3. wkawak whuww kkww 8 A3 5.0 11,2
12 9 75 7 2. 0, 4, 0. wekakh sunwe xweww 8,51 5,0 7,0
12 9 75 8 17, 0. 0, 0 ARk ER wawdx wxwxe 870 5,0 7,9
12 9 7% 9 °, 2. 1, 0. 3,62 23,16 19,24 2,07 4,80 6,48 4,6 B, 64 6,0 T,
12 11 7% 1 9400000, 2200000,2100000, 740000, 199,00 63,04 30,24 8,61 36,12 32,20 »exw §,55 (3.5 3.4
12 11 78 2 24000, 13000, 6300, 1100, FhRAAA RRRAE whkAd wwrx b 0 {1,0
12 11 78 3 1400, 270, 400, 33, wRWNEE wRkAk RwAk kkkx 6,0 18,5
12 11 78 4 49, 17. S. 0, AR R R wrkhe ARAW wakr 6,0 15 6
12 11 75 5 490, 17, 28, 5, PERREE kwwwd ARwR waww 5.5 15,5
1° 14 75 [ 33, 5, 4, 0, ARkRAR kkdkw Whkd wkwx 5.5 12 A
12 11 75 7 23, 9, 2. 0, WERERR AREAR wRRA kken § & T3
12 11 75 8 79, 6, 0, 0. RERREE kkddw wnkk akkr 5.5 3,8
12 11 75 Q 220, 9, 2, Of WhAANR RENkAE SWdhn RER Rk GRAERE whkdhd Nkwd wkwd 5.6 4.
12 16 75 1 14000000, 3500000,1900000, 420000, *wwwwk wwawwd *ukwws Rhwhd RhkkRN wRAwn kkkw T 72 12,0 kkww
12 th 75 2 18000, 1800, 670, 60, RRANRE AARkk ARk B, 20 12,0 wwws
12 16 75 3 3500, 1400, 2200, 270, HAERAE whkknr wrkw B 90 12,0 ween
12 16 78 4 700, 26, 20, S, PR EAN AeRwk Aewk B BB 12,0 wkaw
12 16 75 S 16000, 17, 51, 1, wkAhhy Awdee kkwk A AT {20 waws
1?2 1A 75 (] 790, 17, U, 0. RARERE waddk AANs B 26 (2.0 Wk
12 16 78 7 uae, 2. 3, 0, REdkkA Akdhk dwkd B 30 12,0 wkiw
12 16 78 8 26, 6, 0, 0, whkhhEk dhkkd hkkk B TT7 12 0 twkw
1? 1A 75 Q 790, 270, 0, O, SRARNN ARRRNE ARAAS REAEN REAEAR hhkukkd wwrk B U0 17,0 wrww
12 1A 7% 1 24000000, 240000, 0, Oy *hXUWN *ANNNR ARkRR 5,18 221,00 91,1A8 waww T .95 12 0 wwws
12 18 75 2 1700060, 13000, 4800, 260, ERRREE wRANE RARR 8 05 4,0 weww
12 18 75 ] 940, 94, 200, 6, wRARRE dhkne wkdw AR .92 4,0 wwew
1°? 1R 78 [} 380, 4, 15, 90, EARKEN wnndh kuwn B 66 3.0 wwwe
12 18 78 5 460, 34, 8, 1, CRRERN Anaaw wewd B B8R 3 0 waew
12 1R 75 [ vo, a3, 0, 2, HAEREE AwEkh whkwr B DA 3,0 kkax
12 18 75 7 13, 17, 0, 0, wRAERR pukwh wwwd 8,32 F 0 wwwn
1? 18 75 8 ay, 8, 0, 0, FRRRRE whakk wwkw A F5 X 0 dwwak
12 18 78 Q 34, 17, 0, Qo *RARER RARRRE SWAAN RRXANA RARRER Adkhwd wwwd B 32 T3 0 kwww
12 31 75 { 3300000, 800000, 0, 29000, ®hkwan Wakdkd whdnw dehdd Auwkwd xkxwn 10,0 R,00 11,5 7.3
12 3t 75 2 240000, 249000, 0, 0, AkARNN wmnws keaw 7 .90 4,5 3,9
12 31 15 3 15000, {1000, 88, 0. WkAEEE wwaws wwwe 8,70 4,0 11,2
1?2 31 75 4 16000, 3500, 0, 0, RERAAE wwnkw wwww 8,10 4,0 2,R
12 3 75 5 9, 4, o, 0, whewsh wkmwx wewd 8,90 4.0 B,1
1?2 31 75 3 110, 110, 79, 0, AwEsdd wkenn wawx 8,50 4,0 3,0
1?7 3 75 7 2. 0. 1. 0. wRkERh wwkdw wwww 8 40 4,0 2,7
12 L} 75 8 s, S, 1, 1. wukkk wkewy waws 8,30 S, 0 3,0
12 3 75 9 0, 0, 1, 0, WRARRR AERAAN SWRke MERhk FEedake akkwk srek A, 30 5,0 3.9
1 2 T& | 700000, 700000, 0, 290000, 25,00 wwiwwh swsdw ARk BWRAeR waARn wawwe 7,97 11,0 AR,0

1 2 T6 2 1600000, 540000, 0, 0. RN AN ahwww kawed 7 B 4.0 3.5
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MONTH

B SR S SR b S SR SR A kS S Sl 1A MBS R 6 bh S8 1S FA b A A R B b he e A S S hb e s ra pa e kB e FA b e sl b A s e

DAY

S b s sl eSS Pl b bk b8 s e b e e e
MANAANRANI AW AA NN AN ADDIDDIDIIDDOCITCIETS P NNV VYN

NNV
0ODOOD

YEAR

76
76
76
76
76
76
76
76
76
76
T4
76
76
Ta
76
76
76
76
76
76
1L
76
78
76
76
76
76
76
76
76
76
76
76
1L
76
76
76
76
76
76
76
74
76
Te
716
76

76

TABLE E-1.

SAMPLE MPN TC MPN FC MF TC MF FC
NUMBER /100ML /100M| 7100ML  /100ML

NEWNE OB NCVNEWNVNS ONPTNC W= 0D NP NE WM OB~ U E OPdNT AL W

4600, 3100, 0, 420,
20000, 24000, 0, 0.
17, 22, 0, 0.

110, 110, 0, 150,

Sl al ol 0.

2. o, 0. 4,

11, 0, 0, 2.
3300000, 1700000,1800000, 620000,
1300000, 1300000, 0, 120000,
150000, 11000, 610, o,
240000, 160000, 0, 0,
490, 70, 80, '
1300, 280, 1a0, 0.
23, 8, 0, 3,

13, 0, 0, 1,

s, 5, 0. 0,
790000, 330000, 0. 0.

22000000,22000000,3800000,2200000,
940000, 690000, 500000, 160000,
220000, 79000, 4200, 2400,

240000, 240000, 0. 0,
150, 110, 100, 10,
16000, 16000, 0, 0,
0, 0, 12, 2,

0, 0. 1. 1,

31, 17, 3, 1,

17000000, 4600000,5400000,2200000,
490000, 490000, 590000, 220000,

130000, 33000, 0, 0,
920000, 130000, 0, 0,
4b, 13, 27, 3.

94, 140, 130, 12,

63, 13, 3. 4,

17, 8, 0, 4,
92000000, 0,5500000,1%900000,
9200000, 0, 670000, 210000,
1600000, 0, 0, 0,
0, 0, 0, 0,
24000, o, 370, 110,
0, 0, 10, 16,

o, 0, S, 1,

0, 0, 17, 23,

0 0 3 0,

L ] L] .
22000000,24000000,6300000,2300000,
1700000, 1100000, S10000, 180000,
1600000, ©20000, 410000, S8000,
2400000, 2400000, 290000, 93000,
17000, 17000, [ 0.

CONTINUED

BODS
MG/L

LA LS 2 2]
L2223 4]

(2822 1)
25,040
42,10

Wk A kwok
68,80

4,58
73,16

3,04
74,81

UNFILY
cop
MG/L

Wkt h
LA 224l

(2 32 221
56,95
152,24

ltt!ii
150,44

33,25
143,04

34,13
155,58

FILY
cob
MG/L

v e ke ok
Wtk

(228 1]
41,09
46,08

L2 803
30,50

25,36
46,21

30,48
73,13

AMMONTA

MG/L

Thkkh
L2222 ]

Yok k ke
19,45
11,50

* kW
11,14

2,90
9,96

2,88
11,47

$S

MG/L

TI L]
Rk hpR
'TI12
Ty
RERAA
Y1222
'T2113;
30,34
T3,
I3t
wRA R
REkwen
I L
Iy
T3 L]
TIT11]
R,36
99,00
Ak Rk
T332
Y212
Y2121
TI112]
[ 233 2 X}
22312
T1122]
73,87
AR R
X231 L
12112
(22222

(A2 2 3 2 B

L 2222 X1
5,15
105,00
9,57
28,23
9,10
35,71
13,58
6,72
4,75
1,40
65,03
10,82
51,5¢
7.50
22,44

VSS
MG/L

TURB

JTU

LA AR ]

LAA A

L2323
2 2 2]
kW
LA A2 ]
LAA R
Wk
ko
LR RS ]
Wk
Wi
L2 A2
ke
ok e
okl

6,9
45,0
* RNk
L2 2 2]
ook ki
Wk Wk
L 2 22
ook
whkk
*kkd
28,0

PO WO N O WO = DO d=O PN~

——
VS¢EODPWEEIP PPN EWEDNANIN

7.95
8,75

8,29
8,71
8,29
8,01 1
7.75
8,18

ES
«o
~
(ol

[

—
O PTNOONDE=C IO DPUTNIOINGS I IONINE NP COWHGKEEED WW- DU -

O RO N e rr e O e e O L e 2NN R EWUTINNVNNDNN = WNOO DN WO N HWWN D -

pos
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MONTH

NVUNAUNNUNNNNY Y NYN RN >0 2 28 2o 5o 16 20 >0 1o bt 0 4 18 ko 12 6 @ Fo b b o Mo +6 >o =4 18 16 e +4 00 oo

DAY YEAR
20 76
20 76
20 76
20 76
22 76
e 76
22 76
22 76
22 76
22 76
22 76
22 A
22 76
27 74
27 76
27 76
27 76
27 74
27 76
27 76
27 76
27 76
269 76
29 T4
29 76
29 76
29 78
29 TA
29 Th
29 Th
29 76
3 76
3 T4
3 76
3 76
3 76
3 76
3 74
3 Th
3 76
S 76
S Te
5 76
S 74
S 76
S 76
S 76
S 76

SAMPLE MPN TC MPN FC
NUMBER /100ML /100ML
6 180, 33,
7 180, 23,
8 350, 18,
° 33, 33,
1 92000000,92000000,
2 S400000, S400000,
3 2800000, 1800000,
4 3500000, 3500000,
5 15000, 0,
& 350, 350,
7 180, 180,
8 3150, 350,
9 180, 180,
1 3300000, 1300000,
2 4600000, 790000,
3 790000, 490000,
4 1100000, 230000,
1 54000, 54000,
6 23, 7.
7 140, 2,
8 2300, 17,
° 16, 2,
1 11000000, 4600000,
2 4900000, 1100000,
3 1300000, 230000,
4 1700900, 1100000,
5 315000, 24000,
s 5, 2,
7 33, 2,
a 34, 8,
9 17, 2.
1 17000000,11000000,
2 7900000, 700000,
3 1300000, 330000,
a 700000, 700000,
5 15000, 13000,
s 8, 0,
7 17, 0,
8 4e, 2,
Q 17, 0,
1 4600000, 4600000,
2 2300000, 490000,
3 700000, 330000,
u 490000, 490000,
5 33000, 13000,
6 s, 2,
7 17, 0.
8 23, 2.

TA%LE E-1.

MF TC MF FC
/7100ML  7100ML
0, 8,

S, 2.

8. S,

0, 0,
5900000,1200000,
S$30000, 150000,
130000, 30000,
240000, 40000,
1400, 710,
7! a'

16, 1.

16, 15,

1. 1.

2400000,1100000,

670000, 280000,
280000, 66000,
210000, 72000,
0, 0.

3' 0'

ol 3.

14, 12,

2, 3.
4800000,2000000,
610000, 220000,
130000, S1000,
180000, 93000,
0, o,

67, o,

0, 0,

5. 3.

0. 3.
2400000, 840000,
660000, 280000,
290000, 86000,
270000, 53000,
7700, 3000,
20, 0,

4, 0,

bl al

‘I 0.
6800000,1900000,
670000, 210000,
230000, S8000,
190000, 58000,
14000, 3000,
10, 0,

12, 1.

4, 0,

CONTINUED

BODS UNFILY
cob

MG/L MG/L

RERREE
111,00

KRR RNR
241,30

3,42
61,00

25,44
81,78

3,98
122,00

34,64
351,93

6,27
320,00

114,50
321,95

8,82
126,00

26,89
131,13

FILY
cnob
MG/L

L1223 X K3
AS, 40

25,40
50,93

26,35
55,37

99,99
L2322

23,96
62,41

AMMONT A

MG/L

L2 234
19,24

13,42
8,28

3,12
14,52

§8

MG/L

23,21
6,92
7.28
4,17

607,00

12,00

31,68
7,46

17.18

312,50
6,61

12,24
9,60

$1,80

12,20

39,50

11,02

13,27

34,22
8,72
7,7t

24,20

72,60

14,40

28,75
8,91

14,49

48,92
6,81

10,09
4,72

97,40

20,46

28,26
1,50
9,90

28,59
7,60
8,06
2,56

109,00
L 24 X2 24

26,72
7,44

14,06

32,20

[ 22 2224
hdhhd

VSS

MG/L

L2 2 X
(2 8 23]
ed ik k
(2 X2 31
wkkww
12,00
31,68
7,46
17,18
32,50
6,61
12.24
9,60
43,37
Wl
whhkw
L2 22 X ]
ww Wk
[ X2 2 2]
kW W
L2 X33 )
(2 82 %]
67,20
14,44
28,75
8,91
14,49
48,92
6,81
10,09
4,72
(X238 31
LE R 3 2]
Wk ok
LE X2 8]
Wl el
L2 2 23]
E ok k
L 222X
LE 22 2]
W
(2 22 23
wrokfekk
L2 2 2 2]
L1223
LE 2] 2]
Wk wkok
(2 22 1]

-
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[N VRN

PH

8,28
8,12
R.22
8,27
7.88
7.68
a,01
7.20
8,12
8,42
R,2u
8,29
8,28
7,95
7.60
7,85
7,72
7,98
8,18
8,12
8,12
B, 20
7,91
7,48
7,89
7.68
7,92
B,S9
A.18
8,15
A, 14
7,82
7.56
7.80
7,63
7.92
8,45
A,13
8,09
8,15
B.08
7,70
7.88
7.84
8,06
B.T6
8,30
8,28
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TABLE E-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC MF TC MF FC  BODS UNFILT FILT AMMONIA S8 VSS TURB PH TEMP DO
NUMBER /100ML /100ML  /100ML /100ML cop cnd
MG/L  MG/L  MG/L  MG/L MG/L MG/L JTU

Ed
[¢)
x

MG/L

2 5 76 9 13, 0. 2. 5, 3,74 24,30 24,07 2,75 Telb »awnx 4,4 8,28 2,0 0,8
2 10 76 1 3300000, 2300000,4300000, 870000, 10%,00 216,40 84,26 11,70 BS5,00 74,00 47,0 8,10 10,0 4,2
2 10 76 e 1300000, 790000, 630000, 170000, weaxer xpakw 27,0 7,59 3,5 0,5
2 10 76 3 490000, 230000, 200000, 40000, suwwwn waker 10,0 7,82 3,0 0,6
2 10 76 4 330000, 330000, 280000, SS000, akhkud awkwn 22,0 7,63 3.0 0,4
2 10 76 s 79000, 49000, 12000, 3100, whAnkn Rkwwx & 2 T 88 2.5 0,%
2 10 76 [ 7. 2. 0, 3, Mewnhk Aekd% A4 R,TY 2,0 0,2
2 10 76 7 0, 0, 8, 0, wnahkw whksx 3.7 8,23 2,0 0,4
2 10 76 8 11, s, 0, 1, kukuwx wkwke S.1 B,12 2,0 0,4
2 10 76 9 2, 2, 1, 2, 5,01 28,16 25,36 3,30 whwwax §13.50 3,6 AR,10 2,0 0,3
2 12 76 1 4900000, 3300000,3300000, 910000, 76,60 176,35 43,91 T.69 T6,b7 awaxxr 25,0 8,00 11,0 3,2
2 12 76 2 1300000, 1300000, 620000, 170000, 10,83 suwxw 26,0 7,48 3,0 0,9
2 12 76 3 790000, 330000, 250000, 69000, 19,49 xxxwx 15,0 7,70 2,5 0,8
2 12 76 4 790000, 790000, 280000, #0000, 18,86 wawww 22,0 7,60 3,0 0,7
4 12 16 s 150000, 350000, 39000, 9000, To, 11 *kxwx 6,9 7,80 3.0 0,9
2 12 76 [} 11, 2. 0, 0, 10,32 sxexx A 1 8,68 2,0 7,8
2 12 76 7 S, 0, 4, 0, 6,89 wsxdx 5.5 A, 12 2,0 1,
2 12 76 8 23, 17, 2, 0, 1,63 waaw 4,9 8,15 3,0 1,0
2 12 76 Q 33, 17, 2, 0, 4,52 28,29 22,40 3,03 2.,R0 w#«wan 4,1 BR,11 3,0 1,0
2 17 76 { 700000, 1700000,2500000, 450000, 30,30 71,46 22,87 4,59 1,72 1,04 f0,0 8,03 10,0 4,9
2 17 T4 2 1300000, 790000, 670000, 200000, 2.,2% 1,33 20,0 7,61 3,5 0,9
? 17 76 3 330000, 130000, 150000, 4il00O, 4,48 2,81 B,2 7,92 3,5 0,6
2 17 76 a4 490000, 490000, 240000, S8000, 0,62 0,35 22,0 7,67 3,0 0,5
2 17 16 S 110000, 70000, 5S000, 8500, 26,26 w*xxx 8 .S 7,85 X .0 0,5
2 17 76 [ 23, 0, 0, 0, b,89 S,A2 6,6 B,22 2,5 0,4
2 17 76 7 a, 0, 2, 1 4,21 0,37 4,0 BT 2,0 0,7
2 17 76 8 5, 0. 0, i, 0,51 wwaxx 4 2 8,17 2,0 0,4
2 17 T6 Q S 0, 2. 3 5.18 29,85 24,38 3.17 0,36 0,0rR 4,2 R, 13 2,5 0,5
2 19 76 1 3000000, 2800000,3600000,1300000, 70,00 166,13 47,04 9,86 103,00 B6,60 35,0 7,80 10,0 4,2
2 19 T6 2 1700000, 1100000,1000000, 170000, 16,07 15,16 20,0 7,39 2,0 0,6
2 19 16 3 1400000, 4%0000, 370000, 110000, 14,77 12,77 $1,0 7,60 1,0 0,9
2 19 76 4 13000006, 790000, 340000, S0000, 11,60 11,60 17,0 7,50 1,0 0,6
2 19 T4 ] 110000, 46000, 73000, 6400, 17,08 17,05 7,% 7,90 {,0 11,0
2 19 76 [} 130, 33, 67, 18, 42,56 38,43 7,2 B,40 1,0 2,5
2 19 76 7 12, 49, 0, 0, 6,88 4,k 5,6 R,20 1,0 0,9
4 19 Th a 79, T 0. 0, 14,68 13,%0 3,5 8,50 1,0 1,
2 19 76 9 46, 8, 1, 0, 4,67 30,70 21,96 3,40 4,60 4,28 4,0 R,10 1,0 1,2
2 24 76 1 35000000, 3300000, n,5100000, 81,70 124,81 56,81 9,70 80,40 62,50 31,0 7,56 10,0 6,0
? 24 76 2 1300000, 790000,1000000, 160000, 16,18 14,27 30,0 7,20 4,0 0,3
P 24 76 3 1300000, 790000, 510000, 100000, 13,05 13,05 20,0 7,28 3,5 0,5
? 24 76 4 1700000, 460000, 450000, 110000, 11,67 11,49 25,0 7,20 3,0 0,5
2 24 76 S 330000, 170000, 130000, 10000, 11,16 10,89 9,0 7,48 3 0 0,4
2 24 76 6 2u000, 24000, 0, 0, 12,27 12,27 12,0 7,48 2,5 0,6
2 24 76 7 70, 49, 26, 20, 4,23 4,23 Aa,5 7,717 2.5 0,4
2 24 76 8 110, 46, 0, 319, 22,66 22,55 4,2 8,07 2,5 0,4
P 24 76 ] 1100, 700, 0, o, 7.50 39,70 27,66 3,54 4,72 4,56 S,2 T.30 2.5 0,5
Hd 26 Té6 1 3300000, 2300000,6700000,1500000, 61,00 200,58 58,30 7,44 73,00 61,47 30,0 B,13 11,0 2,9
=2 26 76 2 790000, 790000, 860000, 240000, 15,65 14,76 22,06 7,65 3,0 0,6
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SAMPLE MPN TC
NUMBER /100M{

790000,
2200000,
330000,
240000,
24000,
190,
16000,
490000,
3300000,
490000,
2300000,
490000,
350000,
49000,
24000,
56000,
22000000,
1300000,
1100000,
1300000,
31300000,
230009,
110000,
17000,
23000,
3300000,
330000,
2300000,
460000,
280000,
£90000,
350000,
110000,
23000,
80006000,
2300000,
35000000,
940000,
310000,
3130000,
170000,
49000,
110000,
790000,
1300000,
490000,
700000,
170000,

TABLE E-1.

MPN FC MF TC  MF FC
7100ML  /100ML /100ML
220000, 620000, 110000,
1300000, 440000, 120000,
170000, 100000, 25000,
160000, 0. 0,
26000, 0. 0,
790, 0, 0.
9200, 0. 0.
490000,2100000, 870000,
490000,1100000, 240000,
490000, 560000, 140000,
330000, 260000, 150000,
130000, 170000, &7000,
130000, 0o 0,
13000, 0, 0.
24000, 0. 0,
7900, 6700, 0,
3500000,3300000,1300000,
330000, BL0000, 230000,
460000, 470000, 170000,
230000, 380000, 140000,
330000, 210000, 45000,
230000, 0, 0,
46000, 0, 0,
17000, 0, 0.
7900, 7500, 0,
3300000,1300000, 470000,
1706000, 960000, 240000,
1300000, 480000, 210000,
176000, 350000, 100000,
220000, 260000, B1000,
220000, 160000, 43000,
170000, 88000, 0,
79000, 33000, 24000,
23000, 45000, 21600,
7600000,6100000,2100000,
490000,1100000, 260000,
31500000, 710000, 250000,
940000, 470000, 99000,
316000, 210000, 80000,
230000, 210000, AS000,
170000, 78000, 36000,
49000, S2000, 21000,
1160006, S0000, 22000,
330000,1700000, 430000,
490000, 750000, 170000,
220000, 480000, 120000,
1760000, 316000, 79000,
170000, 260000, 76000,

CONTINUED
BODS UNFILY

con

MG/L MG /L
8,35 3,53
46,90 66,30
10,63 42,40
648,10 126,42
9,79 28,28
36,54 128,11
13,15 45,75
80,00 wwwwee
15,23 43,50
67,60 42,20

FILY
coD
MG/L

26,56
25,30

24,80
35,71

18,62
24,23

30,09
49,72

29,05
33,74

AMMONT A

MG/L

58 VS§S

MG/L MG/L

12,50 12,50
12,22 12,22
10,60 14,60
18,92 15,92

5,00 S,00
8,66 8,66
4,48 3,60

41,64 24,20
22,93 28,94
12,35 11,82

13,56 14,07
8,07 8,00
10,57 10,51
9,11 7,81
6,58 4,80
5,68 5,24

94,00 &R, 40
19,43 18,21
13,50 1,13
17.86 15,24
10,95 9,99
10,09 10,57
16,00 2,40
13,3 11,57
A,40 8,90
73,30 46,90
21,72 22,08
15,26 14,42
19,40 17,18
12,85 11,90
13,11 13,11
11,3t 10,90
11,39 11,69
7.56 7,R8
74,51 54,51
23,47 23,16
t4,%0 15,00
18,90 18,40
13,00 11,80
14,50 13,70
12,90 13,00
11,50 10,90
21,00 21,80
61,25 33,13
25,70 23,13
15,78 12,81
20,44 17,72
14,61 11,48

TURSB

JTU

25,0

PH

7-52
T.71
8,05
A10
8,07
8,21
8,08
8,18
7.87
7,99
8,00
8,32
8,21
8,23
8,40
A 18
A, 14
7,8%
8,03
7.96
8,22
8,13
8,21
8,33
a,20
7,95
7,54
7,53
7.53
7.70
7,69
7.h9
7,73
8,78
7,90
7,88
7.79
R, 06
B, 10
A, 13
8,19
R,37
A,30
7,83
7,58
7,50
7,52
7,68

TEMP
e
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MONTH

EEE B C B R Wl s A s s G A it el L e A W el el ol et e A

DAY

16
16
16
16
18
18
18
18
18
18
18

1A
23
23
23
23
23
2%
23
23
23
25
25
2s
25
25
25
25
25
25
30
30
30
30
30
30
30
30
10

- a be b ba ta pa e

YEAR

76
76
76
76
76
76
76
76
76
kL)
Th
16
76
76
78
76
76
76
76
76
76
76
76
76
76
76
76
76
76
1)
76
76
T4
76
76
Tk
TA
76
76
L
Tk
76
76
76
76
76
76
76

SAMPLE
NUMBER

NP ALEHN = DO ATPTAELEWEUN~ DOPNFANEWN- ORI PAEWNS ORLP AW~ OO0 20

MPN TC
/100ML

330000,
170000,
110000,
130000,
4900000,
460000,
1300000,
330000,
220000,
330000,
79000,
130000,
70000,
790000,
490000,
790000,
790000,
790000,
160000,
330000,
33000,
110000,
700000,
700000,
490000,
170000,
280000,
230000,
170000,
33000,
330000,
1700000,
110000,
230000,
490000,
70000,
140000,
130000,
410000,
140000,
1700000,
17000,
20000,
20000,
130000,
230000,
170000,
79000,

MPN FC
7100ML

330000,
79000,
76000,

4900,
4900000,

230000,

330000,

330000,

220000,

280000,
79000,
33000,
46000,

490000,

230000,

790000,

790000,

490000,

140000,
79000,
33000,
46000,

170000,

110000,

170000,
50000,

170000,

130000,
49000,
23000,
49000,

496000,
20000,
20000,
80000,
331000,
94000,
33000,

110000,
U000,

1700000,
8000,
2000,

anooo,

130000,

130000,
70000,
49000,

TABLE

MF TC
/7100ML

190000,
84000,
46000,
€0000,

3100000,

710000,

500000,

320000,

210000,

170000,
80000,
47000,
67000,

740000,

520000,

390000,

230000,

210000,

200000,
71000,
32000,
53000,

800000,

280000,

200000,

110000,

180000,
s0000,
az000,
30000,
38000,

700000,

100000,
77000,

150000,
931000,

1a0000,
76000,
38000,
asoo00,

1500000,
33000,
22000,
34000,
45000,
92000,
50000,
34000,

E-1.

MF FC
/100ML

67000,
28000,
23000,
27000,
870000,
180000,
160000,
140000,
75000,
59000,
30000,
25000,
17000,
220000,
65000,
120000,
49000,
53000,
31000,
22000,
6300,
13000,
510000,
13000,
20000,
17000,
4s000,
25000,
15000,
6000,
9000,
140000,
4000,
2700,
17000,
30000,
32000,
27000,
14000,
17000,
740000,
2000,
1300,
2000,
2600,
15000,
10000,
4900,

CONTINUED
BODS UNFILY
cod
MG/L MG/L
14,85 51,02
55,00 83,51
18,50 50,51
48,30 138,99
18,45 42,59
26.30 94,81
18,00 53,78
64,70 223,12
16,75 57,57
43,53 13,48

FILTY
coo
MG/L

33,15
27.28

27,89
25,25

22,60
26,03

16,88
38,56

26,69
32,96

AMMONTA

MG/L

$8

MG /L

15,47
17,81
15,52
13,414
43,00
29,67
18,49
22,36
13,08
15,29
14,61
19,73
13,60
14,75
31,50
16,16
27,22
11,88
19,62
15,12
31,20
19,80
97,45
25,80
35,89
23,41
31,28
22,84
20,40
26,65
P2,A0
56,30
26,54
19,20
33,62
44 ,mR8
22,72
19,04
20,64
19,57
65,71
19,46
54,5%
26,715
44,93
23,93
75,00
37,73

vVSsS

MG/L

13,50
14,56
13,51

8,62
12,92
25,49
16,13
18,76

9,92
13,17
13,23
16,43
11,48
26,45
28,75
15,52
26,48
11,40
19,19
14,60
29,44
18,84
39,45
23,14
33,02
20,87
29,13
21,17
18,55
17,20
12,72
46,10
23,85
17,20
29,08
40,92
20,44
17,92
18,50
18,28
50,65
19,46
52,07
26,00
43,47
23,93
70,90
35,23

TURB

JTU

32,0
18,0
17,0
17,0
20,0
23,0
43,0
53,0
37,0
41,0
28,0
32,0
22,0
25,0
15,0
29,0
22,0
33,0

PH

7465

7,65

T.70

7.70

7,90

7.70

7.63
7.75
7,75
7.71

7.72
7.82
T.70
7,90
7.77
7.61

T.48
T.09
7,568
7.67
8,03
7,65
7.86
7.52
7.94
7.80
7.73
7,62
7.56
7,7%
7.83
7.80
7.87
7,95
7.80
8,61
7,82
7.69
7.79
7.70
7.82
R,62
8,60
a,02
B,91
7.98
8,72
T.92

TEMP

ncu
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TABLE E-1. CONTINUED

MONTH DAY YEAR SAMPLE MPN TC MPN FC MF TC MF FC BODS UNFILT FILY AMMONIA S$ VSS TURR PH TEMP DO

NUMBER /100ML /100ML 7100ML  /100ML coo coo

MG/L  MG/L  MG/L  MG/L MG/L MG/L JTU "L MG/L

4 1 76 9 79000, 33000, 36000, 9800, 1A,23 58,43 22,85 6,96 25,62 24,79 10,0 7,79 3,0 1,8
4 6 T4 1 790000, 230000,51000000, 300000, *axewx 160,76 61,33 5,14 &5,23 35,40 21,0 7,87 10,0 6,2
4 & 76 2 33000, 11000, 29000, 4200, 33,40 32,40 7,1 B,AR0 10,0 11,3
4 6 74 3 33000, 313000, 63000, 14000, 20,36 20,88 9,2 R, 61 9,5 9,2
4 6 76 4 1000, 1700, 10000, 2000, 32,47 30,07 9,6 A,92 5,5 11,0
4 6 76 5 6000, 2000, 110000, s30, 21,64 21,52 4,2 9,32 5,0 9,9
4 5 ) ) 1700, 8000, 21000, 1800, 29,65 21,80 8,2 R,05 5,0 5,4
4 [ 76 7 1300, 2000, 24000, aoo, 35,93 35,14 7,6 7,80 S,0 1,6
4 h 74 8 5000, 2000, 8000, 200, 53,67 50,67 7,2 8,00 4,5 {,1
4 6 76 9 2100, 2000, 10000, 300, wexnww V0,57 19,25 6,88 34,13 34,33 6,40 A, 56 §5,0 1,2
[ A 764 1 700000, 490000,1200000, 470000, 4,55 92,55 25,52 3,99 44,36 33,80 19,0 B, 00 9,5 7,7
u ] 74 2 17000, 3300, 28000, 3100, 47,20 42,73 13,0 9,12 11,5 11,8
4 ) 76 3 240000, 3300, 72000, 15000, 27,65 24,70 18,0 8,20 10,0 0,5
4 A 76 4 4900, 200, 3100, 400, 33,27 31,47 13,0 4,91 5,0 5,?
4 A 74 S 800, 200, 0. 0, 72,47 S8,20 16,0 9,20 6,0 5,8
4 R 74 6 4800, 500, 3600, 100, 27,10 24,40 8,0 8,28 #,0 8,2
4 A 78 7 2700, 200, 3300, 0, 46,33 43,33 12,0 8,22 5,0 8,5
4 A 76 8 2700, 200, 3400, 200, 42,73 40,40 $11,0 A,60 5,0 6,8
4 8 76 9 2%00, 200, 6200, 0, 23,53 79,01 20,87 4,04 36,89 39,02 6,6 8,03 S,0 7,0
4 13 76 1 940000, 490000,1500000, S50000, 66,10 158,71 27,37 5,08 6%,59 49,77 17,0 7,78 10,0 6,4
u 13 76 2 350000, 33000, S7000, 9100, 45,38 43,38 12,0 8,85 13,0 10,6
4 13 76 3 130000, 79000, 89000, 19000, 29,11 26,96 8,5 7,98 12,0 0,9
4 13 76 4 13000, 790, 6000, 570, 32,11 29,55 A,3 8,83 11,0 9,6
4 13 76 5 S400, 3500, 16000, 630, 20,19 20,19 7,% 7,91 10,0 0,9
4 13 76 6 170, 20, 1400, 33, 38,93 20,60 7,6 8,29 10,5 5,1
a 13 76 7 {40, 20, 670, 0. 24,93 22,43 9,4 8,20 10,0 5,6
a 13 76 8 790, 20, 1500, 0. 36,21 36,85 B,2 A,51 10,0 10,1
a 13 TA 9 310, 20, 1500, 0, 23,10 B82,12 24,07 3,52 33,36 31,82 8,3 8,48 10,0 9,7
4 15 76 1 1300000, 1300000,2200000, 940000, 87,60 290,22 59,15 6,83 79,00 62,95 4,1 7,90 10,0 5,9
u 15 76 2 140000, 33000, 110000, 18000, 47,50 45,10 9,2 8,98 12,0 10,2
4 15 76 3 130000, 13000, 58000, 1600, 28,80 27,90 7,2 A,31 12,0 5,0
4 15 76 4 17000, 460, 10000, 630, 37,93 35,40 11,0 8,96 11,0 9,4
4 15 76 5 790, 170, 15000, 130, 22.95 20,75 6,7 8,20 12,0 4,4
4 15 76 4 330, 130, 1500, 68, 26,30 23,30 9,6 8,61 12,0 6,7
4 15 76 7 170, 20, 500, 16, 1A,80 15,88 8,1 7,99 10,0 1,0
4 15 Te ) 20, 20, 270, 0, 13,88 12,68 5,4 8,10 10,0 1,7
n 15 78 9 70, 20, 370, 0, 12,38 09,58 20,60 3,47 16.8% 15,65 6,2 8,00 10,0 1,4
4 20 76 1 2200000, S400000,1800000, 710000, 60,07 64,67 34,49 6,11 74,87 57,13 27,0 7,42 10,5 6,2
u 20 ThA 2 7900, 700, 2500, 320, 4,80 4,38 11,0 A.18 11,5 20,0
4 20 74 3 1300, 500, 8300, 400, 43,67 40,33 8,0 A,10 10,5 20,0
4 20 Te 4 790, 80, 1700, 145, 28,30 25,70 8,8 8,13 11,0 17,°?
¢ 20 Te s 1200, 20, 1100, 10, ‘38,75 32,00 13,0 AR, 07 11,0 20,0
n 20 76 6 1100, 20, 480, 13, 28,73 25,20 10,0 7,97 11,0 15,2
it 20 Th 7 79, 0, 150, 3, 24,55 19,55 10,0 7,70 10,0 7,4
4 20 TA 8 26, 0, 100, 3, 19,65 18,05 8,3 7,62 10,0 7,3
4 20 74 9 17, 0, 76, 2, 9.80 48,22 21,72 413 19,90 17,15 6,8 7,60 10,0 6,5
n 22 76 1 490000, 330000, 980000, 380000, 38,00 142,58 37,60 5,62 71,13 55,73 20,0 B,12 11,0 5,9
4 22 T4 2 22000, 3300, 11000, 1300, 17,29 18,60 5,2 9,10 13,0 15,3



YZe

AAAARAAAAAANAAANAAANAINACECCERERREEERCEEPREREERERERE B

el SR S S s B o e o N i N R Y N 3

s b re pen

YEAR

76
76
76
76
T4
76
76
76
74
76
T4
76
76
74
Th
76
74
76
76
76
76
76
Th
76
76
76
76
764
76
76
76
T4
76
76
76
Tk
76
76
76
76
76
T4
76
76
T4
T4
76
76

SAMPLE
NUMRER

AEWN=-DDNAPASTWUN -~ ORST AL AN DO NPACLCWN~ O APADT WU OO~ AR

MPN TC MPN FC MF TC
/100ML  /100ML /7100ML
24000, 3300, 14000,
790, 330, 1300,
330, 20, 200,
50, 20, 60,
170, s, a8,
140, 0, 20,
180, 2, 25,
1300000, 1300000,1800000,
110000, 9400, 17000,
28000, 4600, 11000,
790, 330, 830,
1uo0, 20, 170,
220, 50, 4s,
33, 2, 25,

33, 7. 18,
110, 21, 25,
490000, 330000, 770000,
{1000, 3300, 11000,
23000, 13000, 14000,
1100, 80, 130,
130, 17, 150,
ito, 13, 13,
22, 0, 7

49, 2. 96,
130, 0, 11,
790000, 230000,1300000,
4900, 500, 8900,
70000, 33000, 30000,
4900, 80, 2500,
220, 21, 230,
49, a9, us,

63, L 28,

79, 4, 11,

7°| al qI
24000000,24000000,1300000,
4900, 8o0o0, 9600,
3300, 3300, 10000,
130, 20, 130,
170, Se 170,
33, 33, 20,

13, 0. 10,

2, 0, 9,

11, 2, 4,
3300000, 7Y00000,1200000,
130000, 9400, 34000,
7900, 1700, 8600,
1700, 40, 500,
140, 0, 150,

TABLE E-1.

MF FC
/7100ML

s700,
272,
12,
a,

b,

4,

0,
490000,
6600,
950,
420,
12,

2,

490000
340,
9400,
170,
20,

CONTINUED
BODS UNFILT

cap

MG/L MG/L
7.97 48,34
1,48 35,28
7.88 39,78
66,60 67,55
10,06 41,12
70,50 188,24
13,80 41,92
35,60 144,06
8,34 42,29
Sh 90 wkdkw

FILTY
cob
MG/L

29,69
16,67

19,54
32,42

15,01
53,38

18,86
15,88

12,63
35,01

AMMONT A

MG/L

$§

MG/L

41,00
26,68
21,34
32,31
20,60
21,00
19,48
13,80
24,92
318,29
18,00

5,04
19,24
14,52
15,92
15,56
Th. b4
27,24
40,20
24,84
56,00
21,12
f0,24
18,72
18,16
160,00
uo,80
36,R0
S1,40
27,20
29,76
34,48
24,72
22,40
93,87
50,28
20,24
32,52
12,80
21,80
19,96
21,88
20,16
62,75
319,02
24,36
15,20

A,92

V8S

TURB

MG/L JTU

37,60
18,32
17,84
26,21
16,85
17,40
17,96
12,64
23,40
37,43

5,08

4,69
17,20
13,92
14,84
14,76
65,36
25,28
3A,90
21,72
43,70
19,96
18,00
17-2“
16,72
81,30
33,53
30,38
38,25
23,10
21,96
24,00
19,52
18,53
71,47
42,4u
19,96
27,04

9,24
21,80
15,R8
17,88
17,04
47,20
32,68
25,20
12,04

6,84

w
MWWNF P AN DODFNEWADEDAEIINN OO

—

-

-
WRONN DD A®E D

PH

9,05
9,21
£,99
8,92
R,62

R,59
LY
7,76
8,50
9,11
9,15
9,25
9,07
8,75
R, 71
8,73
8,05
8,90
9,48
9,47
9,70
9,39
9,22
9,20

9,17

7.80
8,27
R 1T
8,32
B, 40
8,35
8,30
[ 2 2 21
8,15
7.50
8,39
B,04
A,.58
B,62
8,07
8,32
8,ub
A,50
8,43
9,52
9,62
9,78
9,90

TEMP

ICH

11,0
12,0

12,0

12,0

12,0

12,0

12,9

10,5
10,0
10,9

10,0
10,0
10,0
10,0
10,0
16,0
10,5
12,5
12,5
12,5
11,5
12,0
12,5
12,5
13,0
11,0
18,0
14,0
14,5
14,0
15,0
16,0
15,0
15,0
12,0
16,0
16,5
16,0
15,5
16,0
15,5
15,5
15,5
12,0
17,5
17,0
17,5
17,0

P R N
OO N DHAANNAF DO ENNT

NU N e

- o
@ ® ® ®» ® s % 8 5 2 e e B e e e = e e .
OV ONANTONIPTNURDEENV— NHEON

L
| B
-
v

17,6

8,3
23,0
12,4
18,7
18,9
17,7
15,5
18,2
17,5

5,6
22,7
20,5
21,8
16,8
19,5
15,0
18,0
17,5

5,8
17,4
14,9
14,5
10,9



Gee

MONTH

ANAAAAPANADNAAAAAAAAAAAAAANAAAAAAANAAAAVTARAAAAANANA

DAY

YEAR

SAMPLE
NUMRER

D AT AL U= OD AP AE NN ODAPACLWN = OD LTI WM~ ODNT A AW~ 0@

TABLE E-1.

MPN TC MPN FC MF TC  MF FC
7100ML  /100ML /100ML  /100ML

33, 4, 36, Te
220, LI 0, 0,
130, 0, 3, 0,
220, 0, 11, 0.

490000, 490000,1300000. 110009,
170000, 79900, S1000, 10000,

200, 200, 270, 14,
790, 40, 880, 75,
170, 0, 20, 2,
63, 2, 12. 1
26, 0. 3. 1.
170, 0, 15, i,
180, 0 3, 0,

4600000, 3100000,1100000, 150000,
330000, 14000, 110000, 34000,

700, 140, 530, 130,
1100, 90, 680, 30,
13, 0. 40, 1,
130, 27. 37, 9,
46, 5' al 4,
23, 0, n, 3,
7°n 2' ul 3-
1700000, 1300000,1000000, 220000,
23000, 2000, 44000, 2300,
92000, ue00, 5300, 0,
1000, 170, 410, 120,
33, 2, 20, e
110, 22, a3, 17,
220, 70, 3. 53,
3500, e, 4, Se

790, 13, 28, 5,
1300000, 1300000, 800000, 170000,
110000, 79000, 95000, 16200,

3300, 1400, 1800, 88,
3100, 700, a00, ar,
49, 23, 4u, .,
280, 46, 49, 3.
170, 94, 6, 6.
140, 13, 20, L
34, 17. 36, 12,
290000, 110000, 790000, 110000,
49000, 2000, 19000, 2600,
1300, 200, 200, 25,
2100, 200, 460, 110,
430, 4, 36, 1.
280, L 49, 4,
Yo, t1, 26, Te

110, 0, 2, 0.

CONTINUED

BODS

MG/L

3.14
57.10

5,01
21,93

9,60
41,73

31.73
w240

3,87
22,67

UNFILTY
con
“G/L

LIS
183,14

25,06
44,85

50,35
88, uA

75,20
63,96

0,08
79.21

FILY
coo
MG/L

22,56
35.98

24,24
25.73

16,88
21,48

25,36
20,68

*RRN
15,48

AMMONIA

MG/L

1.514
2

SS

MG/L

9,20
5,80
8,20
7.40
7“-13
35,07
34,35
16,32
8,32
7.72
5.76
4,92
7,48
20,80
23,36
59,32
25,24
6,92
13,20
31,32
38,36
4,76
SR, 44
48,33
33,25
18,03
12,12
13,44
7.72
5,00
9,16
3e,04
46,93
28,80
85,20
12,08
16,24
7,20
6,24
6,80
27,12
28,56
30,33
7,64
16,52
9,04
5,48
4,96

VS8S

MG/L

6,36
4,12
6,20
5,84
59.80
20,53
24,70
9,16
5,84
1,88
3,52
3,64
6,24
(2 2 821
kW
ko k
[ A 2 2 3 1
Wk
W wrd
ok b ok
12X 3 X
1223 31
19,76
41,53
26,30
22,35
B, 16
5,92
3,56
3,32
5,88
12,60
46,80
17,27
77,00
9,32
9,24
u,60
1,52
4,76
22,16
?2n60
20,40
5,32
11,72
5,76
3,80
4,76

TURSB

JTU

- NN

-
HANDARAAWNEr A ANEDE L ONVINWLHE Y

® @ & 4 ®w o ® ® ® &8 & @ ® e 2 8 8 s 8 e =

[T Ty —_ N e ey
~NENTFNVNADANVNRNRNENDDDO0EL N NIOIDOD

.y

-
OOOO\‘OOOI:OU‘ODO‘:OOWO‘\IODOOOO\BONO\IOOOOO’QF‘ONOOOOO“NO

® & ®» 8 8 8 @ 8 8 B e e W S e S e OGS B G e e S e

PH

9.77
9,64
9,65
9,47
8,00
9,34
9,58
9,60
9,81
9,57
9,40
9,42
9,40
8,81
8,40
9.81
8,R0
A,58
B,20
R, 12
B.,10
[ 1
7.85
8,15
9,48
8,82
9,14
8,14
9,10
9,10
9,12
7,90
8,42
9,59
8,65
9,86
9,14
8,97
A, 88
8,87
7,84
9,00
9,75
5,85
9,71
9,10
A,90
8,80

TEMP

LYo}

17.5
17,5
17.5
17.5
12,0
16,5
16,0
16,5
17,0
17,0
17,0
16,5
16,5
11,8
17,0
19,0
19,5
19,0
18,5
18,5
19,0
19,0
11,8
19,0
17,0
1¢,0
19,0
19,5
13,5
18,5
19,0
12,0
17,5
17,0
18,5
1A .S
19,0
19,5
18,5
18,5
12,0
]Q.O
19,0
19,0
19,0
19,0
18,8
19,0

pls}

MG/L

UV OO0 ~0

e 3D

-

-

[ Y

-

-

N -
RV e N e ONe 2 N ENO PO et Dt Dt PO ODOO D W A NI NTO D d =
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O P EOTENTEPO A WNDINOCED VNI O ON e ~dADD®ENTDEN



9¢¢e

MONTH

*

CPIPITTITIIIIPIPIPIPIIITIIOIPIIIITIIPIIIAERITRIIIIIPIIPCN

DAY

PP PO DD Dl e h ) e e e sa e s pa e e

- s A et 1B e e SR e bl e hh A e bl 8 bl A e b
~NNMAANAAANANO OO OD

YEAR

76
76
76
T4
76
76
76
1L
76
76
76
74
16
76
76
76
76
76
78
76
T6
76
74
76
76
764
764
76
76

76
76
76
76
16
76
76
76
Tée
76
76
T6
16
76
76
76
76
Te

SAMPLE MPN TC MPN FC MF TC
NUMBER /100ML /7100ML /7100ML
9 19, 0, 1.
1 2300000, 1300000,1200000,
2 11000, 3300, 16000,
3 4900, 70, 1300,
4 2300, 70, 320,
5 13, 2, 4,
6 17, 0, a3,
7 1100, 17, 170,
) . 0, 2.
Q 17, 2, 10,
1 1300000, 490000, 670000,
2 33000, 4600, 23000,
3 940, 330, 1400,
4 20, 20, 60,
5 460, T, 190,
6 17, 0, 80,
7 aso0, 8, 32,
] 130, 0, 6,
L] T, 0, 0,
1 3500000, 1800000,1300000,
2 so00, 200, 588,
3 330, 70, 150,
a 260, 20, 43,
5 27, 0. 0,
6 350, 240, 0,
7 17, 2. 20,
8 33, 2, 0.
9 23, 11, 13,
{1 24000000, 1800000, 840000,
2 3300, 460, 400,
3 1300, 490, 1100,
4 110, 20, 3S.
s 170, 4, 16,
6 49, 2, 36,
7 3%, 2, 18,
8 17. ol 0'
9 17, T 4,
1 9200000, 460000, S30000,
2 13000, 2800, 6900,
3 2200, 130, 1200,
4 13, 2, 60,
S 17, 2. 16,
] 1t, 0, a,
7 ' 0. 6,
8 11, 0, 0,
9 2, 0, 0.
{1 16000000, 9200000,1700000,
2 92000, 1%000,. 49000,

TABLE E-1.

MF FC
/7100ML

CONTINUED
BODS UNFILT

cop

MG/L MG/L
6,05 27,30
23,90 40,20
4,18 32,31
25,1° 88,79
4,83 35,64
24,97 87,26
.75 32,13
exkEdk 52 g7
xkdkke 39 27
wokdedow ok S1.,87
ekkwwk 41,30
16,80 59,13

FILY
cob
MG /L

23,89
17,36

31,06
19,61

32,30
18,58

31,75
15,68

30,29
13,17

29,18
12,68

AMMONIA

MG/L

2,59

2,20

88

MG/L

8,28
35,88
36,08
52,20
20,92
18,36
13,84

6,32

3,72

5,44
36,60
42,36
37,00
17,88

15,64

6,76
11,52
5.56
5,44
39,98
24,70
30,95
36,76
24,04
6,60
S,04
9,60
T.12
23,44
2h,b6d
27,84
40,00
12,20
5,56
14,52
31,R8
5,80
34,92
21,84
22,88
10,546
5,04
8,44
31,36
5,92
7,16
38,36
23,56

VS§S TURSB
MG/L JTU
5,00 6,1

25,84 12,0

30,92 15,0

47,44 16,0
16,68 18,0
15,40 6,5
6,52 8,4
4,32 6,6
1,28 6,0
3,12 6,5

29,80 14,0

38,44 13,0

27,40 12,0
14,12 14,0

13,68 7,0
4,96 71,6
9,80 S,S
4,20 S,
3,68 S.S

30,20 10,0
19,35 17,0

27,30 11,0

19,68 10,0
18,96 10,0
6,20 6,2
4,168 5,0
7,92 5,5
5,64 4,7
19,03 14,0
19,72 14,0

26,32 12,0

40,32 12,0
8,80 7,7
3,60 6,0
11,36 5,6

23,72 5,5
4,32 4,2

29,20 A&,3
19,76 8,7

20,24 7,8
R,060 8,2
2,48 5,7
S,40 6,9
2,24 8,3
4,00 5,7
4,68 6,3

28,92 13,0

21,78 11,0

PH

8,80
7.92
9,46
9,74
8,66
9,80
9,18
8,84
8,80
A, 77
8,00
9,63
9,65
8,73
9,78
9,10
8,75
8,75
8,75
B,08
9,03
9,72
B 42
9,70
9,10
8,76
8,72
8,72
7,79
8,25
9,4A
8,32
9,58
8,99

A, 65

8,32
A u2
7,85
8,22
9,15
8,248
9,39
8,55
A, 42
8,34
8,29
7,31
6,90

TEMP

llCll

19,0
12,0
19,3
19,0
19,0
20,0
20,5
20,0
20,0
20,0
12,5
20,0
20,5
20,5
21,5
21,5
21,0
21,0
21,0
13,5
20,5
21,0
21,5
22,0
22,0
21,5
21,0
21,0
12,0
20,5
20,5
21,5
21,5
20,90
21,5
21,0
21,0
15,3
16,2
15,3
16,3
17,0
17,4
17,0
17,0
17,0
12,0
16,5

NAANE = WV EDWNI E e FPNODDOWIIAALENIU~DNOEEENDDUA DV~ OT

Ot Yra EF Pt s NO= P = O e e P EOONIN—= T NENNG O &



XA

TABLE E-1. CONTINUED

MONTH DAY VYEAR SAMPLE MPN TC MPN FC MF TC MF FC  BODS UNFILT FILT AMMONIA S8  ¥SS TURE FH TEMP DO

NUMBER /100ML /100ML 7100ML  /100ML con cno

MG/L  MG/L MG /L MG/L MG/L MG/L JTU ®Cw  MG/L

6 17 76 3 5400, 50, 390, 34, 24,56 21,48 7,4 9,10 18,0 12,2
6 17 76 4 22, 2. 0, 3. 12,44 8,24 9,1 7,08 17,5 0,1
5 17 76 5 180, 2. 4, 2. 9,96 &,48 5,8 7,33 1R,0 4,9
[ 17 16 [ 140, 0, 0, 0, 9,36 7,24 8,3 7,29 19,5 0,1
b 17 74 7 17, 0, 0, 0, 3,68 2,24 4,7 7,78 25,5 t,3
6 17 76 8 33, 0, 8, 0, 5,16 3,16 5,3 8,20 14,0 1,5
[ 17 76 ] 2%, 0, 0, 5, 2.35 31,12 28,08 1,77 6,16 4,5 5,5 7,72 18,0 4,1
h 22 76 i 9200000, 2400000, 730000, 77000, 24,64 77,98 9,59 1,81 4R, 92 37,76 12,0 7,78 14,0 6,0
) 22 76 2 49000, 7000, 28000, a200, 30,56 28,08 11,0 B,76 19,0 9,8
- 2? Th 3 11000, 490, 0, 300, 23,24 21,16 7,4 9,22 21,0 14,6
5 2? 76 4 33, 8, 0. 7. 11,60 7,40 10,0 B,16 21,5 1,7
. 22 76 5 350, 17, 200, 18, 10,24 9,32 4,6 9,11 21,5 6,2
A 2? 76 6 700, 0, 24, 1, 13,48 9,20 S,R 8,38 21,0 1,1
) 2? 76 7 31, 2, 0. 1, 4,60 3,36 5,2 8,32 21,0 1,4
[ 22 76 8 23, 0, 10, 0, 3,60 2,72 3,8 A,P8 21,0 1,3
3 22 7h 9 13, 2, 0, 4, 3,14 37,11 30,53 1,%9 10,80 8,00 4,0 8,18 21,0 0,9
6 24 76 | 3500000, 1700000, 600000, 70000, 19,28 &7,32 17,48 0,25 30,92 23,36 12,0 0,78 12,0 6,3
b 24 76 2 22000, 7000, 20000, 4100, 26,32 23,00 13,0 8,76 19,0 7,0
b 24 74 3 170, 20, 100, 3, 11,12 10,04 3,8 9,02 19,0 4,0
b 20 76 4 70, 8, 0, 7. 24,08 15,56 16,0 8,23 19,0 1,0
6 24 76 S 220, S. 4a, S. 9,84 1,04 5,6 9,52 20,0 7,2
b Pu 76 6 To, 0, 20, 0, 14,04 10,84 7,7 8,38 (9,5 1,0
6 20 76 7 17, 0, 0, 04 12,32 8,12 7,6 A28 20,0 0,8
) 24 T4 ] 17, 5. 7. 0, 10,88 9,08 6,1 8,28 20,0 O,R
3 24 74 L 23, 0, 0, 3, 2.83 35,67 33,52 fold 7.36 7,% 5,5 8,20 20,0 1,9
s 29 76 1 3300006, 330000, 640000,1300000, waswws 47,21 18,20 1.78 15,00 12,88 12,0 7,80 15,0 5,6
) 29 T4 2 7900, 800, 4800, 250. 4R, BU 40,RB 10,0 7,98 22,0 0,9
I3 29 76 3 3300, 20, 1100, Te 4,16 4,76 3,8 8,46 22,0 1,4
" 29 Th 4 70, S, 50, 1, 52,24 44,84 13,0 9,16 21,0 1.5
b 29 76 5 140, 13, 14, 2. 9,36 7,48 5,2 9,45 22,0 16,4
(s 29 76 6 {7, 7. 20, 3, 6,64 5,76 5,4 8,42 23,0 2,9
7 1 76 1 13000000, 330000, S00000, 60000, 24,20 39,16 11,93 1,62 37,20 32,72 10,0 7,72 15,0 &,2
7 1 76 F 17000, 800, Te00, 170, 12,24 10,R8 9,4 8,00 21,0 A,0
7 i Th 3 3300, 230, 1000, 46, 4,48 5,00 3,2 8,40 21,5 4,6
7 1 76 4 1400, 13, 25, 10, 42,60 35,36 10,0 B 14 21,0 1,2
v 1 76 ) 16000, 170, 0, 37, 21,72 17,84 10,0 9,25 22,0 8,9
7 ¢ 76 1 5400000, S400000, 670000, 120000, 9,98 50,45 16,12 0,68 60,48 42,12 4,3 7,82 15,0 6,5
7 - Te F] 34000, 1300, 0, 570, 99,99 92,33 23,0 8,33 23,0 4,6
7 6 74 3 9200, 110, 880, 72, 23,44 {7,00 8,5 9,08 22,0 2,5
b 6 74 4 170, 17, 33, 8, 45,84 40,16 14,0 8,30 23,0 2,8
7 ] 76 5 23, 23, 50, 1s, 11,84 6,72 7,8 8,37 23,0 8,2
7 6 7k 6 46, 13, 0, S, 33,24 22,40 9,5 8,36 23,5 1,6
7 8 76 1 5400000, 2400000, 730000, 95000, 31,20 134,60 {5,71 1,80 54,52 37,16 14,0 wwxew 15,0 4,9
7 A T4 2 2300, 500, 1300, 60, 20,48 {7,64 11,0 B,56 23,0 12,2
7 A/ 76 3 790, 20, 470, 18, B,64 7,24 3,9 R,98 22,0 12,k
7 A 76 4 23, 2, 0, 9, 14,72 t2,00 2,0 R, Ul 24,0 6,7
7 ) 76 5 2uon, 31, 1000, 0, 22,92 18,47 8,9 9,43 23,0 15,6
? A TA 6 31, 0, 7. 2, 6,16 3,72 6,9 8,58 24,0 4,5



8¢¢

TABLE E-1. CONTINUED
MONTH DAY VYEAR SAMPLE MPN TC MPN FC MF TC MF FC BODS UNFILT FILT AMMONIA s8 VSS TURB PH TEmP

NUMBER  /100ML  /100ML  /100ML  /100ML cop coo
MG/L  MG/L  MG/L MG/L MG/L  MG/L JTU "
7 13 76 1 2400000, 2400000, 810000, 300000, 22,10 53,32 10,08 1,95 35,46 24,46 10,0 7,99 15,3
7 13 76 2 13000, 13000, 14000, 0, 13,44 10,60 13,0 8,28 23,1
7 13 76 3 22000, 7000, 0, 04 19,20 18,08 4,0 8,70 23,8
7 13 Th 4 46, 7. 0, 14, 6,12 4,04 7,6 B,39 24,0
7 13 76 5 5400, 330, 940, 0, 23,88 20,40 7,8 9,41 24,8
7 13 76 6 1100, 170, 480, 0, 5,80 5,04 10,0 8,71 23,2
7 13 74 7 1400, 49, 860, 0, 15,36 11,64 6,2 B,50 25,0
7 13 76 8 280, a9, 400, 20, 16,00 10,80 4,2 R,52 24,9
14 13 76 9 3500, 790, 0, 0, 4,36 42,95 38,33 2,10 3,34 3,34 4,6 8,50 24,8
7 15 74 1 9200000, 3500000, 590000, 220000, 18,93 68,83 96,40 1,31 41,20 32,04 12,0 B,01 16,0
7 15 76 2 22000, 000, 13000, 1700, 17,12 13,52 8,0 8,05 22,0
7 15 76 3 4900, 170, 230, 80, 11,68 9,92 4,9 B,78 23,5
7 15 74 a4 330, .33, 33, 17, 13,52 10,84 7,8 R,03 23,5
7 15 76 ] 1300, 240, 300, 180, 15,16 10,80 7,3 9,34 23,5
7 15 76 4 s400, 330, 113, as, T.28 4,32 6,5 8,81 23,5
7 15 76 7 5400, 10, s20, 98, 4,2 3,00 4,9 8,53 24,0
7 15 76 8 24000, 1100, 0, 0, 3,40 3,08 4,0 AR, 02 23,5
7 15 76 9 9200, 700, 2. 24, 2,92 72,18 38,56 3,00 5,00 4,32 3,8 8,40 24,5
7 20 76 ! 330000, 170000, 360000, 40000, 20,85 30,06 27,62 1,62 24,36 22,48 10,0 7,83 16,0
7 20 76 2 1700, 200, 1600, 130, 18,40 »wxws 15,0 8,06 23,0
7 20 76 3 100, 70, 0, 0, 9,72 8,84 4,2 B,B7 24,0
7 20 74 4 70. o, 0, 6, 17,16 14,44 10,0 B,29 24,0
7 20 76 S 1100, 80, 0, 28, 11,24 8,72 7,8 9,38 24,5
7 20 76 6 50, 2. 25, 3, 14,56 9,48 10,0 8,73 2u,0
7 20 76 ? 920, 33, 100, 8, 6,68 S,28 5,2 8,99 25,0
7 20 76 () s90, 20, 0, 8, 15,08 10,72 6,0 8,05 24,0
7 20 76 9 2200, 20, 0. A, 3,92 51,80 36,73 2,45 S,12 4,76 3,4 8,62 25,0
7 22 76 1 1300000, 230000,1100000, 130000, 11,20 36,37 13,44 0,70 18,32 15,04 5,0 7,80 15,0
7 22 76 2 100, 400, 3800, 200, 20,76 15,80 15,0 8,18 24,0
7 22 76 3 s4000, 1700, 0, 240, 15,64 14,52 5,5 B,B1 24,0
7 22 76 4 220, 46, 0, 24, 16,76 12,04 12,0 R,18 24,0
b4 22 76 3 quo, 70, 67, 39, 11,52 9,56 7,5 9,28 24,5
7 22 Tk L) 3130, 79, 100, 32, 11,72 4,08 6,2 8,87 23,0
? 22 76 7 490, 17, 0, 12, 11,44 11,48 S,7 B,75 24,0
7 22 76 8 490, 33, 50, 18, 5,92 S,40 4,5 B,67 24,0
7 22 76 @ 1700, 230, 0, 0, 6,41 S0,42 40,39 1,12 11,32 10,32 4,5 8,51 .24,0
7 27 T4 t 460000, 170000, 610000, 160000, 16,80 S4,13 8,57 2,30 41,12 29,72 11,0 7,78 16,3
7 27 Th 2 1700, 20, 200, 60, 23,24 21,48 16,0 8,72 23,0
7 27 76 3 170, 20, 0, 8, 4,40 4,16 3,6 R,9 24,6
7 27 76 4 170, 27, 100, 33, 21,40 13,8R 14,0 8,22 24,6
7 27 L) 5 940, 17. S200, 11, 10,44 5,92 8,6 9,36 24,0
7 27 76 6 700, t3e, 2300, 34, 10,92 6,48 8,3 9,36 24,0
7 27 76 7 49, S, 800, 0, 10,28 7,56 S,6 9,10 23,0
7 27 76 8 4s0, 33, 780, 10, 9,52 7,84 3,7 9,02 24,0
7 27 76 ° 179, 23, 0. 10, 5,69 43,78 33,2R 0,09 9,52 8,20 4,0 8,98 24,0
7 29 76 i 1300000, 790000, 830000, 230000, 20,57 47,70 17,46 1,17 16,48 14,16 10,0 8,12 17,0
7 29 76 2 790, 330, 1000, 120, 23,36 19,52 11,0 8,88 24,5
fr 29 76 3 a0, 20, 100, 8, 25,32 25,68 2,7 A,43 24,5
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TABLE E-1. CONTINUED

MONTH DAY VYEAR SAMPLE MPN TC MPN F( MF TC MF FC BODS UNFILT FILY AMMONIA SSs vSS TURB PH TEMP DO
NUMBER /100ML /100ML 7100ML  /100ML cop con

MG /L MG/L MG/L  MG/L MG/L  MG/L JTU nge  MG/L
7 29 76 4 140, 130, 67, 49, 20,08 15,20 10,0 8,75 25,0 13,5
7 29 76 5 1700, 13, 67, 7. B,64 6,64 5,5 9,12 24,5 4,0
7 29 76 3 940, 70, 0, 13, 6,80 4,048 5,7 9,30 25,0 13,9
7 29 74 7 130, 14, 100, 7. 5,0 4,12 3,8 9,29 24,5 10,0
7 29 76 8 460, 5, 250, 4, 6,60 5,28 3,2 7,23 24,5 9,1
7 29 76 9 460, 13, 110, 6, 31,12 39,43 20,29 0.50 5,32 4,28 3,3 9,24 25,0 9.8
] 3 76 1 790000, 790000, 0, 0. 8,87 53,49 28,01 3,31 25.24 20,08 12.0 7,76 15,8 4,5
a 3 7% 2 1490, 110, 730, 2A, 18,36 14,80 14,0 8,50 23,0 4,5
A 3 76 3 1100, 33, 600, 34, 4,76 4,76 3,0 7,98 23,2 i,!
A 3 76 4 330, 33, 100, 14, 23,68 18,60 12,0 9,02 23,8 10,6
8 3 76 S 220, 49, 1, 12, 4,04 3,60 3,8 8,52 24,1 1,8
L] 3 76 6 3500, 33, 200, 21, 31,60 27,20 12,0 9,12 24,0 6,5
] 3 76 7 170, 33, 1, 15, 22,12 14,92 14,0 9,15 24,2 7,2
8 3 Te [ 130, a, 1. 2. 7,16 6,00 4,8 9,13 26,0 5,5
[ 3 76 9 220, 11, 33, 6, 2,71 45,02 41,33 1,08 5,94 S,48 3,8 9,10 24,5 3,9
8 5 74 1 1700000, 260000, 720000, 80000, 13,R0 23,34 8,53 1,15 39,20 22,28 15,0 7,33 {6,5 3,8
] 5 L) 2 4900, 110, 400, 20, 15,32 12,24 14,0 8,12 21,5 4,3
A ] 76 3 16000, 170, 470, 79, 4,76 0,76 3,1 B,04 21,0 2,2
A s 76 4 280, {10, 170, 34, 20,68 (4,84 16,0 A,12 22,0 5,0
[ 5 76 5 110, 31, 100, 11, 8,28 6,92 4,6 A,53 22,5 4,4
) 5 76 & 3500, 70, &7, 26, 11,64 9,32 6,4 9,00 23,0 7,1
A 5 74 7 33, S. 1, 1. 8,64 7,12 5,6 9,07 23,0 5,4
A S 76 8 a0, 0, 1, 2. 14,44 10,60 8,3 9,02 23,0 4,7
[ 5 Th 9 5400, 13, 100, 10, 3,75 46,39 36,07 1,31 5,40 8,12 4,8 9,00 23,0 3,9
R 10 Tk 1 1300000, 330000, 7u0000, 150000, 23,75 &5,74 9,53 1,98 35,52 24,28 12,0 7,68 16,8 3.9
) 10 76 2 1300, 80, 240, 31, 20,20 16,72 15,0 7,93 21,8 0,8
A 10 76 3 3500, 700, 1300, 130, 17.84 15,48 6,4 7,97 21,4 10,2
A 10 76 s 130, 79, 100, 29, 31,00 25,48 22,0 9,13 22,0 11,1
A 10 76 5 280, a, 50, 3, 11,00 10,40 5,4 9,09 22,9 14,0
A 10 76 6 3500, 22, 200, 33, 24,28 19,04 12,0 9,08 22,5 7,9
R 10 76 7 31, 13, 50, 2. 25,88 21,84 12,0 9,05 22,5 3,7
R 10 T4 e 280, P S0, 1. 38,08 29,20 22,0 8,99 22,5 2,7
) 10 74 9 27. 5, 50, 1, 4,99 54,88 43,33 4,18 12,20 11,00 8,5 A,95 22,8 2,5
) 12 78 1 Qu0000, 230000, 910000, 160000, 13,88 S4,91 14,07 1,57 60,20 54,88 A,0 7,82 15,5 3,3
A 12 T4 2 3300, 130, 1100, 208, S3,40 4u,44 7,5 7,90 21,0 0,7
8 12 76 3 13000, 50, 470, 69, 15,80 13,48 7,7 8,54 21,0 7,5
A 12 76 4 130, 23, 100, 19, 32,60 25,16 19,0 9,18 21,0 7.6
A 1? 74 5 1800, 13, S0, 8, 10,76 9,08 4,9 9,18 22,0 9,3
A 12 74 6 1700, 33, S0, 26, 19,40 15,08 17,0 9,00 21,0 3,0
A 12 76 7 140, S, 50, S. 16,24 11,16 14,0 8,97 22,0 2,7
a 12 76 8 630, 0, 50, 2, 13,96 9,92 9,5 8,93 22,0 2,0
R 12 76 Q 790, 0, 50, 3, 4,17 S1,97 45,96 1,73 8,60 7,04 7,6 8,91 22,0 2,0
R 17 76 1 330000, 230000,2000000, 3300, $4,75 &B,69 4,78 2,48 22,52 17,64 13,0 7,75 16,0 5,5
] 17 76 2 230, 50, 286, 23, 14,76 19,56 10,0 8,23 20,0 1,3
A 17 74 3 170, 20, 20, 32, 11,68 10,20 7,1 R,60 20,0 4,3
A 17 76 4 130, 27, 20, 18, 36,96 29,72 22,0 9,21 20,0 10,4
8 17 76 3 170, 49, 27, 43, 12,80 9,52 8,4 9,00 20,0 5,9
A 17 74 6 1790, 79, 20, 2%, 25,92 23,84 21,0 9,20 20,0 6,3
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MONTH DAY YEAR

8 17 76
A 17 Th
A 17 76
a 19 76
A 19 76
A 19 716
] {9 76
A 19 76
A 19 76
8 19 Th
A 19 76
8 19 76
8 24 76
A 24 76
A 24 76
A 24 76
L 24 76
A 24 T
A 24 76
a 24 76
L 24 76

SAMPLE
NUMBER

OPNAFPAECE NN T ITF AR AN~ 3D

MPN TC
7100ML

140,
94,
Qu,

490000,
28000,
1700,
a90,

130,

2800,
2mr00,
1800,
2800,
790000,
7900,
17000,
2800,
1800,
7900,
1700,
940,
9200,

MPN EC
/100ML

TABLE E-1.

MF TC
/7100ML

A ZERO FOR MPN TC AND MPN FC INDICATES A COUNT OF

MF FC
7100ML

13,
12,
7.
35,
°l
7.

CONTINUED
BODS UNFILT
£op
MG/L  MG/L
6,36 89,33
28,77 102,66
7,40 83,37
14,07 63,92
8.17 77,74

LESS THAN TWO PER 100

FILTY
cop
MG/L

ui,49
16,19

46,93
14,67

38,45

ML,

AMMONT A

MG/L

e

DATA NOT

S8

MG/L

34,72
46,52
24,72
ug, 28
9,24
13,24
34,24
29,60
39,00
45,84
19,20
32,20
23,48
22,08
25,55
67,33
20,00
2,10
21,44
315,24
34,70

VSS§

MG/L

17,80
40,12
19,28
31,80

8,12
10,84
25,00
22,68
29,60
34,72
36,00
25,72
18,48
19,08
22,60
S6,80
17,90
18,96
28,12
29,85
30,04

TURB

JTU

24,0
26,0
18,0
10,0

9,0

T.7
23,0
12,0
26,0
31,0
29,0
21,0
12,0
12,0
10,0
43,0
11,0
20,0
30,0
28,0
28,0

FH

9,11
9,00
9,06
7,92
8,10
8,50
9,32
8,98
9,40
9,39
9,31
9,30
7.57
8,75
8,73
9,31
9,03
9,52
9,48
9,60
9,59

TEMP

Ilcll

20,0
20,0
20,0
16,5
20,0
20,0
20,0
20,5
20,0
20,5
21,0
21,0
16,0
20,0
20,0
21,0
21,0
21,0
21,0
21,0
21,0

Do

MG/L

-
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APPENDIX F

CHLOR-I

DIMENSION RCL,45),SChs4)»SUMCL),SSUMCA ), ASUMCA ), SECA4)»RSAC4) SC V(4D
*GET (4)
DATA GET/17 .5,35.C» 49.5»999./
c COEFFICIENTS ARE READ IN.
READ(S»54)SRATIO»TADJ,CORNKH 3, TADJ2

54 FORMAT(4F10.5)
WRITE(6,55)SRATID»TAD J» CORNH3

55 FORMATUC14Xs *SRATIO = *5FS.2,14X»'TEMP ADJUSTMENT = ', F6.2,14X,?0RG
«ANIC NITROGEN CORRECTYION = %FS.2/7)
READ(S»100)F» NN

100 FORMAT(FS5.2,15)
READ(5, 200)CHOCLY »CTCOD,CNH2CL,CTYOTAL,CFECAL,BNH2CL »bBHOCLT

200 FORMAT(8F10.5)
WRITE(6»300)F»CHOCLTY» CTCOD, CNK2CL»CTOTAL, CFECAL.»BNH2CL, BHOCLY

300 FORMAT(S3IXs *SETTLING FRACTION = *,F5.2//54X»*STOICIOMETRIC CONSTAN
*TSY/15Xs *CHOCLY = *5F 5.2, 15X 'CTCOD = *"»F5.2, 15X, *CNH2CL = ' F5.2»
*15Xs *CTOTAL = ",F5.2/715%X» *CFECAL = *'»F5.2,15X,*"BNH2CL = *,FS5.2,15X
#p "BHOCLTY = '5FS.2,15X»*ALPHA - %, f5.2/)

READ(5»,500)CC1,CC2,CC3pCC Ay LC5»CLH,CCT»CCBCCHY

500 FORMAT(3F20.5)

WRITE(6,600)CC1,CC2,CC3,CC4sCC5,CLH6,CCTHCCBHCCY

600 FORMAT(S7X» YRATE COEFFICIENTS*/19X»?CC1 = v,F12.5,19X,%CC2 ~ %, E12
2.50 19X 'CCY = Y,E12.5/19X»'CC4&4 = "5 E12.5,19%X0%CCS = '5,E12.5519X»*C
*C6 = 'HSEL12.5/719Xs'CC7 = *'HE12.5,19X,'CC8 = "5E12.5519X»"CCI = *HE1
*2.57)

READ(S, 4000)DT, TF IN»PRI
4000 FORMAT{3FS. 2)

D0 160 JJJ=1sNN
ANH2CL=0.
ATPRNT=0.

c THE INITIAL CONDITIONS OF FIELD DATA ARE READ IN.
READCS, 1000)IM, IDAY,IYR,TOTALC,FECALC,»TCCDsSCOD»ANH 2T»SULF»SS»PH, T
=EMP

1000 FORMATCAX,125 125115 2X902FB8.092F5.25F 4e2sF322+F542s8XsFle2,F3.1)

READ(S,1100)CL2

1100 FORMAT(FS.2)

[ CHLOGRINE AND COLIFORM DATA ARE STORED FOR FUTURE USE IN MAKING A
C COMPARISON BETWEEN ACTUAL AND PRECICTED VALUES.

R(1,1)=CL2

R{2,1)=CL2

R{3,1)=FECALC

R{&»1)=TOTALC

5¢1,1)=CL2

5(2,1)=CL2

S(3,1)=FECALC

SC4,1)=TOTALC

WRITE(6,3000)

3000 FORMATC'0%» 1X»*TIME", 4Xs*FREE CHLOR®*»5X»*COMB CHLOR"» 3X»*SULF IDE*,
*6Xs "NH3T*eS5Xs YFECAL COLI®*»2X» *TOTAL COLI'»6X,*SS?»9Xs*SCOD*/1Xs (M
2INI?,6X o CMG/L) %5 IX»* (MG/L) 6 Xs *UMG/LY? »5X» *{MG/L)I?* s5X»* (/100 ML )" >»
#LXs *(/7100ML)I Y sS X YAMG /L)Y »6 X» *(MG/L)Y)

C INITIAL CONDITIONS ARE WRITTEN.
WRITEC6+3500)T»CL2» ANHZCL»SULFsANH3I T FECALC,TOTALC, SS»SC00
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3500 FORMAT(1X»F6.3,3X»8E12.5)
RHOCL=0.
TPRNT=0.
SLINIT=0.1
COEFFICIENTS ARE ADJUSTED FOR TEMPERATURE.
FACT1=TADJ*=(TEMP~20.)
FACT2=TADJ2**(TEMP~20.)
BC4=CCh+FACT2
BCS5=CC5+FACT2
BC6=CCH+FACT1
BCT =CC7+FACTL
BCa=CCB+FACT1
BCI=CCI*FACTL
THE UPTAKE OF CHLORINE 8Y SULFILE IS CALCULATED.
IF(SULF.LE.SLINITIGO 10 5
SULFR=SLIMIT¢ (SULF~SLIMIT)I~EXP(~. 146094+CL2)
SULFU=(SULF=SULFR)/32G00.
SULF=SULFR
RHOCL =SRATIO*SULFU
FOR CONDITIONS WHERE BREAKPCINT CHLORINATION IS A POSSIEILITY, THE
FREE AND COMBINED CHLORINE AFTER BREAKPOINY REACTIONS HAVE OCCURRED
IS ESTIMATED.
5 HOCLT=CL2/71000.
HOCLT=HOCLT=RHOCL
IFCHOCLT.LELO.)HOCLT=0.
ANH3T=ANH2T/17000.
IF(ANH3T.LE.0.00)GO TO 6
ARATIO=HOCLT/ANHIT
G0 10 7
ARATIO=1.0
BP=1.65
IFCARATIO.6T.1.0)G0 TO 10
ANH2CL=HOCLT
HOCLT=0.
GO 1D 40
10 PEAK=1. 0+CORNH3
IFCARATIOL.GT.PEAK)IGO TO 20
ANHZ2CL=HOCLT
HOCLT=0.
GO 10 40
20 BBP=BP+CORNH3
SLOPE=(~1.0/(BBP~PEAK))
IFCARATI0.GT.BBP)GO TO 30
ANHZ2CL=CC(ARATIO-PEAK)*SLOPE) ¢PEAK) «ANH 3T
ANHIT=ANH IT~{ (ARATIO0=-PEAK )&« ANK3T)
HOCLT=0.
G0 T0 40
30 ANH2CL=(((BEP=PEAK) aSLOPE Y+PE AK)* ANH3T
HOCLT =CARATIO=B8BP )~ ANHIT
ANH3T=0.
40 CONTINUE
ANH3IT=ANHIT+17000.
HOCLT=HOCLY=*71000.
ANHZ2CL=ANH2CL *710(0.
IFCHOCLT.LE.O0ICLX=.01
IF(HOCLY.GT.0.)CLX=HOCLT
IFCANHZCL .LE. 0.)CLY=.01
IFCANH2CL «GT.0.)CLY=ANH2CL
$5=5S=F +SS
ITIC=1
JP=0

~ o
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c
c

OO0

c
c

50 IF(FECALC.LE.C.01)FECALC=0.
IFCTUTALC.LE.0.01)TOT ALC=0.
IFCHOCLY.LE.O.0.AND.ANH2CL.LE.0.0)GO 10 80
IFCHICLTeLT.0.01)HOCL T=0.
IFCANH2CL L T.0.01)ANH 2CL=0.
THE DIFFERENTIAL RATE EXPRESSIONS ARE DEF INED.
DSCOD=CCL1*HOCLT+«{ TCOD=SCOD)
DSS=(CC2«HOCLT+SS)+(CCI+ANHZCL*SS)
DHOCLT=BC&4* (CHOCLT/CLX) «*CHOCLT)«( T COD*+CTCOD)
DNH2CL=BCS~(CANH2CL/CLY)*2CNH2CL) ( TCCD »+ CTCOD)
DTOTAL=BC6~(TOTALC##CTOTAL) +C ANH2CL ««BNH2 CL)#BC7+ (T CTALC*«CTO TAL) *
«(HOCLT#«BHOCLT)
DFECAL=BC 8% (FECALC*+*CFECAL) #( ANH2CL **BNH2 CL)#B8C 9« (FECAL C#++«CFECAL) «
+(HOCLT*«BHOCLT)
IFCTLLELGET(ITIC))GO 10 101
K=ITIC+1
CALCULATED VALUES OF CHLORINE AND COLIFORM ARE STORED FOR FUTURE USE .
RC1,K)=HOCLT
R{2,K)= ANH2CL
R(3,K)=FECALC
R(4,K)=TOTALC
ITIC=ITIC+1
101 CONTINUE
IFCTPRNT.EQ.0.)GO TO 70
ATPRNT=TPRNT=0.00 C1
IF(T.GE.ATPRNT)GO TO 60
GO T0 70
PREDICTED VALUES ARE WRITTEN AT VTIME INTERVALS SPECIFIED BY PRINT
COMMAND S.
60 WRITE(6,5000)T>HOCLY» ANH2CL »SULLF, ANH3T» FECALC »TOF ALC» SS»SCOD
5000 FORMAT C1X»F 6. 3, 3X,B8E1 2.5)
70 IF(T.GE.ATPRNT)TPRNT=TPRNT+PR1]
IF(T.GE.TFIN)GO TO 80
INITIALIZATION SUBROUTINE IS CALLED.
CALL INTICT,DT,2, JP)
A SUBROUT INE FOR SOLVING FIRST, SECOND» OR FOURTH ORDER ORDINARY
DIFFERENTIAL EQUATIONS BY A GENERAL RUNGE KUTTA SOLUTION TECHNIQUE
IS CALLED.
CALL INT(SCCD,DSCOD)
CALL INT(SS,DSS)
CALL INTCHDCLT,» DHOCLT)
CALL INTCANH2CL,DNH2CL)
CALL INTCTOTALC,DTOTAL)
CALL INT(FECALC,DFECAL)
GO TO 50
80 WRITE(655500)
5500 FORMAT(*0%,58X, *OBSERVED VALUES'/)
OBSERVED DATA AT THREE TIME INTERVALS ARE PRINTED AND SYORED FOR
COMPARISON WITH PREDICTED VALUES AT THOSE SAME TIME INTERVALS.
DG 90 J=1,3
READCS»6000)ISs TOTALC »FECALCs SCODsANH3T »SULF» SS»ANH2CL, HOCLT
6000 FORMAT(9X 12, 2F 8 Cr 5K sFS5e2sFba2sF3e2sF5.2522Xr2Fk.2)
IFCCISeEQ12) .0ReCISeEQa15)0Ra(IS+EQ.18)0R.CIS.EQ.21))ITT=17.5
IFCCISeEN<13) ORe (15« EQa16) 0R.(IS.EQ.19).0R.CIS.EQ.22))TT=35.0
IFC(ISe€Q014)0ReCISeEQ17)0FeCIS.EQ-20)<0R.(IS.EQ.23))TT=49.6
L=J+i
S(1,L)=HOCLT
SC(2,L)=ANH2CL
S(3,L)=FECALC
SC4sL)=TOTALC
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WRITE(6»7000) YTLHOCLY pANH2CL» SULFLANHIT,FECALC» TOTALC 55, SCOD
7000 FORMAT(1X»F 6e3»3X»BEL12.5)
90 CONTINUE
c VALUES OF R SQUARED, STANDARD ERRORs AND COEFFICIENT OF VARIATION
C ARE CALCULATED FOR FREE AND COMBINED AND TOTAL AND FECAL COLIFORM.
DO 103 I=1s4
D0 102 L=1»4
SUMCII=SUMCI) +((RCI,LI=SCI,L))Ine2.)
102 CONTINUE
103 CONTINUE
DO 131 I=1,2
DO 130 t=1»4
K=1+42
ASUMCII=ASUNMCI) +5(15L)
IF(S(KsL) EQ.0.)S(KsL)=1.
ASUMCK)=ASUM(K) +ALOG(S(XsL))
130 CONTINUE
131 CONTINUE
AN=4.
DD 140 I=1,2
K=142
ASUMCI)=ASUMCI)I/ZAN
140 ASUM(K)=EXPCASUMCK)I/AN)
D0 121 I=1,4
D0 120 L=1»4
SSUNCI)=SSUMCI) ¢((SUI,L)=ASUM(I))*«2,)
120 CONTINUE
121 CONTINUE
DD 104 I=1,4
SECI)=SQRTCSUMCI)/AN)
IF(SSUM(I).EQ.0.)6G0 TO 110
R5Q(I)=1.=-(SUM{I)/SSUN(I))
110 IFCASUM(I).EQ.0.)GO TO 104
CVII)=SECI)/ASUNMCT)
104 CONTINUE
00 108 I=1,4
IF(RSQ(I).EQ.0.)G0 TO 105
GO 10 106
105 RSQ(I)=10.0E10
GO TO 107
106 RRSQ=RRSQ+RSQ(I)
Ni=N1¢1
107 STDE=STDE+SE(I)
M=M+]
IFCCV(I).EQ.0.)CV(I)=10.0E10
IF(CV{I).GT.10.0EC9)G0 TG 108
COV=COve+CVCD)
N2=N2+1
108 CONYINUE
IF(NL.EQ. Qs INI=1
IF(M.EQ.Q0IN=1
IF{N2.EQ.0)N2=1
RRSQ=RRSQ /N1
STYDE=STODE/M
COV=COV/N2
WRITEC(6,80090)
8000 FORMAT(*0%, 14X, *FREE CHLOR®»14X,?COMB CHLOR®, 14X, *FECAL COLI® 514X,
** TOTAL COLI'>14X, *AVERAGE *//)
WRITE(659000) (RSQCI)»I=1, 4),RRSQ
9000 FORMATC1X,»*R SQUARED® »5XsF9 el »15XsF 9 ks 15X»F9 2t p 15X »F 9 &s 13X» FI.04)
WRITE(6,9100)(SECI)»1=1,4)5STLE

334



9100 FORMATC1X»*STD ERROR' »3Xs E1244»12Xo E12.4512Xs E124 4» 12XsEL12. 40 10X5 E
*12.4)
WRITE(H,9200)CCV(I)»I=1,4),C00¥
9200 FORMATU1Xs9COEF OF VAR'»3X»F9obslSXsFPe 4r15XsFPobs15XsFPa4s13%XsF9.

x4 )

DO 150 I=1»,4

SUM(1)=0.

SSUM(I)=0.

ASUM(I)=0.

SE(I)=0.

RSQ(I)=0.

150 Cv(I)=0.

N1=0

N2=0

M=0

RR5Q=0.

STDE=0.

Cov=0.

160 CONTINUE
sT0P
END

SUBROUTINE INTICTD»OTD»ICD,JP)
c THIS IS AN INITIALIZATION SUBROUTINE WHICH IS USED IN CONJUNCTION
c WITH THE SUBROUTINE INT. IT KEEPS TRACK OF THE TOTAL TVIME.
COMMON/ CINT/T»DTsJS» JNsDXALS00) »XACS500) 10, US4
IF(JP.EQ.1) GO YO 10
Js5=90
JS4=0
JpP=1
10 CONVINUE
I10=10D
JN=0
GO TO (6,5,151),I0
6 JS=2
GO Y0 7
5 JS=JS+t
IF(JS.EQ. 1) JUS=1
IFCJS.EQ.2)RETURN
7 DT=DTD
3 TD=TDe¢DT
T=T0
RETURN
1 JS&=JS4+]
IF(JS4.EQ.5)IS54=1"
IFCJS4.EQ.1) GO TO 2
1FCJS4.EQ.3) GO TO &
RETURN
2 DT=0TD/ 2.
GO 10 3
4 TD=TD+DT
DT7=2.+DT
T=T0D
RETURN
END
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[er]

SUBROUTINE INT(X»DX)
THIS SUBROUTINE SOLVES AN ORDINARY DIFFERENTIAL ZQUATION FOR THE
DEPENDENT VARIABLE USING EITHER A FIRST, SECOND» OR FOURTH ORDER
RUNGE KUTTA SOLUTION TECHNIGUE.
COMMON/CINT/T DT, JS»IN,OXACES0C)»XALSCO)»10,J54
JN=UN+]
GO 10 (9%9,8,3,3),10
9 X=X+DX«DT
RETURN
8 GO TO (1.2)04S
1 DXACUJINI=DX
X=X+DX«DT
RETURN
2 X=X+(DX=DXA(JN))IxDT/2.
RETURN
3 GO TO C(4s5s6sT7)»JSH4
XACUN)=X
DXACJN)=DX
X=X¢DX* DT
RETURN
S DXACINI=DXACJN) +2,.+DX
X=XACJINI+OX*DT
RETURN
6 DXACJUNI=DXACINY +2,.+DX
X=XACJIN)+DX DT
RETURN
7 DXACJINI=C(DXACINI*+DX)/ 6
X=XKACJIN)+DXACIUN)I=DT
RETURN
END

&~
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LIST OF VARIABLES USED IN CHLOR-I

ANH2CL. = Combined chlorine, mg/1l

ARATTIO = Ratio of chlorine to NH3 at T=20

BHOCLT = Empirical constant--define effect of free chlorine on bacti destruction

BNH2CL = Empirical constant--~defines effect of combined chlorine on bacti
destruction

CC1-CC9 = Empirical rate constants

CFECAL = Empirical constant used to describe rate of fecal coliform destruction

CHOCLT = Empirical constant used in defining rate of exertion of chlorine demand

CLX = The initial amount of free chlorine

CLY = The initial amount of combined chlorine

CNH2CL = Empirical constant used in defining rate of exertion of combined

chlorine demand

CORNH3 = An empirical correction factor to change the shape of the breakpoint
curve to compensate for the reaction of chlorine with organic nitrogen

CTCOD = Empirical constant used in defining rate of exertion of chlorine
demand

CTOTAL = Empirical constant used to describe rate of total coliform destruction

cv = Coefficient of variation

DT = The time step used in calculating the dependent variable (min.)

F = An empirical constant which specifies the settling fraction of SS

which will settle out in a plug flow .reactor

HOCLT = Free chlorine, mg/1l

NH3T = Total ammonia, mg/l

NN = The number of times the program is to be run

PRI = A print command which specifies at what time interval an answer is

to be printed out
RSQ = R squared

SRATI0O = The ratio of moles chlorine consumed per mole of sulfide consumed
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STDE = Standard error

T = Time, the independent variable, minutes

TADJ = The temperature adjustment factor to account for the changes in bacterial
kill with changing temperature

TADJ2 = The temperature adjustment factor to compensate for changes in the
rate at which chlorine demand is exerted with changing temperature

TFIN = A control command specifying the length of time for which the simulation

is to be made
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APPENDIX G

CHLOR-II

HIS PROGPAM < 0OLY'S A SYSTEM OF N FIPST CPDED ORCINARY DIFFEPENTIYAL
RUATTONS. WE TS MEGE OF A GENMERAL RUNGE KUTTA METHTD OF ORDFR TWO
ITH A SUEBROUTINT IMPLEMENTING A VARIABLE STEP ST2E PPOCEDURC.
DIMENSICN Y{ 11 ) DY(10)»YMAX{10U)eERROR(10D)

REAN(S »1UN P HyTEFMP T

FORMAT{(2FS5.2)

READ (5200 ) To T MINeDTOUT s TMAX sEPSH N

FORMAT(SF5.2 215}

READIS 22003 YCT)»T=1,4N)

FORMATIBF1 U. 1)

(1IZHOCLT» Y23 NH3Tr YE3)ISNH2CLe YUHITNHCL2e YUS5)I=NOH, YU(B)I= TOTAL
OLIFNRM» Y(TYZFETAL COLIFORM» Y{R)ZNO3

READ (S v4 00 M YMAX (L) eIZ1N)

FOPMATIRFS5 (1)

Y{) (Y1) 100 0. 2771

Y{(?2)=(Y(2) 721 U0N) /717

TEMPK= T MPC+27 3

HPLUST 1) , * (=P 1)

T=0.

CKW=10 .t -1 ¢

CKNH3=1.717-US+{ {TEMPC =20 >, 016F-051))

CKY0CL =2 o5F~ (8 +{ (TFMPC-20e)x(.05E-08))

CO=(CL*CKW )/ (CKNH3*CLHOCL)

Cl=(CSe7508 )*EXP(-3000«/(193872*TEMPK))

C2=( (T 6 E0 T #E P (~7300e/7(1+2372¢TEMPK )Y 2 1o +HPLUS)
FACT1Z1.07 12 »s{TEMPO-20,)

C3=.05+FACTL

C4=1.0FN5+FACT 1

Cs=2.0F07sF&CT1

Co=Y4 ,26F US*FACTL

CT=2.1F04

C8-€E.2002

Ca=25.

OUMIN=CKW/H LU

WRITE(Ge 50 LIDT W TMIN o DTOUT # TMAX

FORMATI(L X, 0T TFRAI/ZIXe"NTMIN = *3FEa3/ WX e *DTOUT = "+FB3/1 X "7
«MAX — "»F1l0s3)

WRITE(Co»60LILY (T ) e IT 1N »PH,,TEMPC

FORMAT(LXe *INLIT AL CONDITIONS 35X 98F124 5/ 1Xs"PH = "oF 5.7 5X o' TE
*MPC = *4F5.2)

WRITEtE. 7010

FORMAT( (" »* TIM "o SX s "DT s REX 2T HOCL e 8X»*OCL" #18Xe "HOCLT * 248X »*NH3T %y
«8X e "NH2CL® # Xo "NHCL2® yBXs*NDOH?® 38X *TOTC* #8Xs» "FECALC®)

TOUT=D .

JSTART-1

K=1

KZK+1

IFIK.ER.B) T TC S5

THE FUNCTION® ARE DEFINED.

CALL OIFFUM ToYsDY +COoCLoC2¢C3sCHrCEsCE9CT +CB89CI2HOCLOCLY ANHZ » ANH
4 )
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L2
UL
56 %
Fox
7%
rq.
S92
Bl
Rl
Lo
T3
LU
ES*
Gob*
6T+
698 »
G9=
70
71»*
72

73
Ty

75+
Te»

THE RUNGT KUTTA SUBROUTINE IS CALLED WITHOUT USING THE STEP
OPTIMIZATTON PROCEDURE.
CALL RKZIN sToY DY eDTsCOvCLIC2+C39CHeC59CEI T eCE8eCI9HOCL +OCLY ANH3 A
«NHG4)
T=T+07
TOUTZTOUT+ T
Co 10 %5
EVERY FIFTH TITME 7 TEPy THE MAIN PROGFAM CALLS THE STEP OPTIMIZATION
SUBROUTINE «
5 CALL DIFSUM Ne To Yo'YsDTeDTMINIEPSeYMAX I ERRCR P KFLAG »JSTART Y COI#C1eC2
*2C30CUHsCHeCEWCTrCB1CS o HOCL v OCLIANHI e ANHY ,TOUT)
6 HOCL=Z(HPLUS*Y( 1) }/ICKHCCL+HPLUS)
ANHIZ (CYMTIN*Y( 2) P/ ACANHI+OHMINY
ANHUGZY (2 )-ANHZ
oCL=Y(1)-HCCL
IFIK.EQeSYK=U
IF{TOUTLTHTOUTIGO TO 3
TOUT=0.
NN=N-1
WKRTITECE» BO i3 ToPT yHOCL olOCLo (Y (T) e I=1oNN)WKFLAG
U0 FOPMATILXeT o8 oL XoFS ol 21 Xs9F12e401X213)
3 IF{T«GT.THAXICO TO 4
co 70 1
4 STOP
END
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1»
2%
3
4»
%)
(<% ]
T
8»
gx
10+
11=
12»
13»
14 %
15»
16»
17+
18+
19»
20*
21»
22»
23+
24
25*
26 *
27 »
28»
29
30
31x
32
33
34
35»
36
37
38»
39
40
41
g2+
43%
4oy
45»*
4o *
47
48»*
49
Cl»
51+
52%
53
54+
55«
56%
57»
58s
59s

O

SUBROUTINE DIFSUB (N»TsYsDYeDT)DTMIMIEPS yYMAXsERROP+KFL AGs JSTART,C
*09sC1eC20C3 C4sCS +CEICT2CBeCIAIHOCLIGCL ¢ ANHZ ¢ANHU, TOUT)
THIS SUBROUTINE SELECTS THE LARGEST STEP SIZF WHICH WILL KEEP THE
ERROR BELCW THAT WHICH IS SPFECIFIED.
DIMENSION Y(10 )eDY(10)sYMAX(10) »YSAVE(LIO) o Y1010) »Y2(10U) e Y3(1U)»ERR
*OR(LO)»CYN(L L) s YMAXSYV (10)
IFLUSTART.LT W0 IGO TO 2
SAVE THE VALUES OF Y AND YMAX IN CASE A RESTART IS NECESSARY. YMAX
SHOULD BE INITIALIZED TO +1.0 PEFORE THE FIRST ENTPY.
00 1 Icz1,N
YSAVE(TI)ZY(])
1 YMAXSVIT)IZYMAX(T)
CALCULATE THE INITIAL DERIVATIVES,
CALL DIFFUN (TsYsDYN»COsCLrC2¢C31CHsCS51CE9CT 1C8yC2rHOCL +0CLe ANHI 4 A
«NHY )
CO TO 4
RESTORE THE NITTAL VALUES OF Y AND YMAX FOR A RESTART.
2 DO 3 Izl N
Y(IYZYSAVE(T)
3 YMAX(I)=YMAXSV (D)
4 KFLAGZ1
SAVE THE FINAM VALUE OF T AND CALCULATE THE HALF STEP,
5 A=DT+T
AAZDT+T0UT
HHALF=DT =0 ."
PERFORM ONE FULL RUNCYZ KUTTA STEP,
CALL RKLUN »T»Y “AVE sDYNsDTo Y1 2COrCLsC2+C3sCUsC5»CEeCT1CByCI»HOCLeOC
sLeANH3 vANHY)
PERFORM TWO HALF 1 NTFRVAL RUNCGF KUTTA STEPS.
CALL RKL(N T oY DA VEIDYNIHHALF »Y29C0sC1sC2sC3sC4»C5+CH2CT7oCB»CSeHOCL
*« s OCLsANHZy ANHY )
THALF=T+HHALF
CALL OIFFUNITHA FoeY2sDYeCUWC1vC29CZeC49C59C5+CT79C32C3¢HCCL,CCLy ANH
«3 ¢ ANHG4 )
CALL RKL (N sTHALF oY ZeDY s HHALF +Y34C02C1sC2sCZeCl¢L5,C62CTeC89C3 HOCL
¢« »0CL P ANH3 ¢ ANHYE )
ERRMAX=0. °
CALCULATE THF NEW MAX Y*S» THE ERRORSe AND THE MAX RELATIVE ERRORS.
DO & I=1 N
YMAX(IIZAMAX 1CARSEYL(I)) sABSEY2(T) )} sABS(YI(IN))
IF(YMAX(I)LEDa)GO TO 9
ERROR(IIZASSU(YI(INI-Y1(I))/3.0) .
ERRMAX-AMAXL (ERRMAX/ERROR(I) /(EPS«YMAX(TI))})
CALCULATF THE IMTROVED VALUE OF Y By ELIMINATTNG THE S©STIMATED CRROR.
9 Y(IV)=(4,0=cY3(I)-Y1(I))/3.0
6 CONTINUE
IF(ERRHAXQ LE-U."DT:DT‘ZQU
IF(ERRMA X« CT o0 «}DT=DT*ERRMAX#% (-0,2) 2099
IFLERRMAX.CT «1 8 )G0 TO 8
KFLAG=1
7 T=A
TOUT=AA
RETURN
8 IF{DT.CT.OMINIRO TO 5
IF(KFLAG.LT.0)CO TC 7
DT=DTMIN
KFLAG=-1
Go YOS
END
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12 =
13 =
14»

jo}

SUBROUTINE “ KLIMsT oY sDYeDTeY1sCO2C1eC29C3¢CUsCE91CE+CTeCB2CI HOCL,O
*CLsANH3e ANHR )
THIS SUBROCUTINE FFRFORMS ONE RUNGE KUTTA STEP OF ORDER THOI-
IT IS USED IN CONJUNCTION WITH THE STEP OPIMIZATICON SUBROUTINE .
DIMENSION Y(1D),DY{t10)»Y1{10)»Y2(10),0Y1(10).,DY2(10)
DO 1 I=1,N
DY2(I}I=DY( D)
1 Y2(I)=Y(I)+2Y( Ty DT
CALL DIFFUM To ¥ #0Y2sCOsCLeC2eC39CH+CS59CHoCT+CBrCIyHOCLI»OCL, ANH3 4 A
«NH4)
DO 2 IZ1N
2 YI(II=YZ(I W ({DY2(TY-DY1(I))*DT/2.)
RETURN
END

SUBROUTINE K2 (N eT»YsDYsDT+COeC1sC2+¢C31C84C5sCErCT2CByCAvHOCL#OCL,
s ANH3 s ANHY)
JHTS SUBROUTNE FERFCRMS ONE RUNGE KUTTA STEP OF ORDER TWO.
IT IS USED WITHOUT THE STEP CPTIMIZATION SUBROUTINE.

DIMENSION Y(103eDY(10)»YY(10)DY1(10)

Do 1 I=ly

DY1(¢I)=DY(T)
1 YY(ID)=Y(I)y+4DY(I)sDT

CALL DTFFUNMITo Y sDYsCOrCLloC20oC3sC4+C54C6,C7¢CBsCOeHOCL s OCL sANH3 s AN
sHy )

DO 2 I=1N
2 YCI)ISYY(I)+( (CY(T)-DYL(I))*DT/2.)

RETURN

END
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1= SUBROUTINE DIFFUN{T,»YsDYsC0yC1eC2+C3sC4sC5+CE4CTsCRyCIIHOCL, OCLy AN

2 «H3 JANHUG) )
3 c THIS SUBROUT NE SVALUATES THE DERIVATIVES AT THE SPECIFIEC PCINTS
4 c (T'Y(I)).

S DIMENSION Y(103,0Y(10)

E»* TCOD=9€,. 35

T cCu=.003

8s cC5=.0016

Qs cce=.,0009

10» CC7=.003

11 ccaz-.uuln

12= CC9=.006

13» cCrL2=3a.

14 R1=C1+«HOCL % NH 3

15% R2=C2+HOCL %Y(3)

16» R3=C3*Y{(4)

17» RUZCH*Y(5) ¥ (4 )

18 RETC5%Y(S5)sY {3 )

19» RE=CE*Y(5) »{ HOCL *+ 2. )

20+ Y(1)=Y(1})+7100 G

21 Y(3)=Y(3)+71000.

22= Y(4)ZY(4)«71000.

23% TF(Y(1).LE.OL0)GO TO 6

24 s RB8(CCUs{Y{(L })/CCLZ)*%245)sTCOD
25+ 6 SUMZY(3)+Y(4)

26* IF(SUM.LE«U.0)® TO 1

27 RYT(CCS*+t ( SUM/CCL2 )% *T o4 )+ TCOD)
28+ R1O=CCE# (Y5 121l 41 )+l (SUM)2%1.35)
29 R12=CC8+ (Y{T )x»1 .08)+ ({SUM)I*21.35])
30 GO TO 2

31» 1 R9=0.

2% R10=0.

23 R12=0.

34 2 IFIY(1).LEL) «0)CO TO 3

35 IF(Y(6)sLE.D.0)"11-0.0

26+ IF(R11.LE. . O)CO TO 4

37 R1IZCCT7+(Y(E )x21 .11+ ({Y(1)&21.3)
38 4 TF(Y(7).LE.O.3IR13-N.0

39 IFIR13.LE«U.0)CO TO 5

L(ye R1I3ZCCO* (Y(T7 Jx+1 0812 (Y(1)*s1.3)
41» . 60 T0 5

uz» 3 R11=0.0

43* R13=0.0

hy» 5 R8=R8/71000.

45+ R9=-R9/71000.

46 s DY(1)=-R1-R2+4R 4-R6 R 8

47+ DY (2)=-R1

48 DY(3)=R1 —-R2- RS -R3

49» DY(4)=R2-R3-RY -R9

50# DY(5)=R3~-R4-RS -RE

51» DY{6)=-R10-R11

52+ DY(7)=-R12-R13

53 DY (8)=Rg

54 » Y(1)=Y{(1)/ 100G

55% Y(3)¥=Y{(3)3)/TL00C.

56 Y(4)=Y(4)/71000.

57» RETURN

58» END
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C1-C9

CC4-CCY

DT

DTMIN

DTOUT

DY

EPS

ERROR

JSTART

KFLAG

TMAX

YMAX

LIST OF VARIABLES USED IN CHLOR-II

Rate constants, breakpoint reactions

Rate constants developed in CHLOR-I

The initial step size

The minimum step size that should be allowed

The interval for printing out the values of dependent variables
The values of the derivatives at the start of the interval

The error test constant

The estimated single step error in each component

An initialization indicator, JSTART = -1 means to repeat the
last step, JSTART = +1 means take a new step

A completion code, KFLAG = +1 means the step was successful,
KFLAG = -1 means the requested error was not achieved

The number of first order differential equations
The independent variable, time (seconds)

The end of the interval being considered

The dependent variables

The maximum values of the dependent variables
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LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)

APPENDIX H

COMPARISON OF MOST PROBABLE NUMBER (MPN) AND MEMBRANE FILTER (MF) TECHNIQUE FOR
ENUMERATING TOTAL AND FECAL COLIFORM BACTERIA

I I . |
2 3 4 5 6 7

LOG MF TOTAL COLIFORM COUNTS (COUNTS 7/ 100mil)

Figure H-1.

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con~
centration determined by the MF
technique for June, 1975.

LOG MPN TOTAL COLIFORM COUNTS (COUNTS 7/ 100mil)

LOG MF TOTAL COULIFORM COUNTS (COUNTS /7 100mi)

Figure H~2. The relationship between the log of

the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for July, 1975.
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LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)
: »
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! 2 3 4 5 6 7

LOG MF TOTAL COLIFORM -COUNTS (COUNTS /I00mI)

Figure H-3.

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for August, 1975.

LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)

! | l | L

2 3 4 5 € 7

LOG MF TOTAL COLIFORM COUNTS (COUNTS /100mt)

Figure H-4.

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for September, 1975.
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LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)

|

Figure

LOG MF TOTAL COLIFORM COUNTS (COUNTS /I00mI)

H-5.

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for October, 1975.

LOG MPN TOTAL. COLIFORM COUNTS (COUNTS /100m!)

LOG MF TOTAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-6.

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for November, 1975.
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LLOG MPN TOTAL COLIFORM COUNTS (COUNTS /t00ml)

LOG MF TOTAL COLIFORM-COUNTS (COUNTS /100mb)

Figure H-7. The relationship between the log of

the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for December, 1975.

LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)

LOG MF TOTAL COLIFORM-COUNTS (COUNTS /I00ml)

Figure H-8. The relationship between the log of

the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for January, 1976.
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LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)

LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100mi)

Figure

LOG MF TOTAL COLIFORM COUNTS (COUNTS/I00mI)

H-9.

PO | I N S RS

The relationship between the log of Figure H-10.
the total coliform concentration

determined by the MPN technique and

the log of the total coliform con-

centration determined by the MF

technique for February, 1976.

2 3 4 5 (-] 7

LOG MF TOTAL COLIFORM COUNTS (COUNTS /100ml)

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for March, 1976.
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LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)

LOG MF

Figure H-11.

2 3 4 5 ) 7

TOTAL COLIFORM -COUNTS (COUNTS / 100ml)

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for April, 1976.

LLOG MPN TOTAL COLIFORM.COUNTS (COUNTS /100ml)

Figure
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LOG MF TOTAL COLIFORM-COUNTS (COUNTS /I00mI)

H-12. The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for May, 1976.
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LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100mi)
»

Figure

LOG MF TOTAL COLIFORM COUNTS (COUNTS /I100ml)

H-13. The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF

technique for June, 1976.

LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-14.

LOG MF TOTAL COLIFORM COUNTS (COUNTS /100ml)

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform con-
centration determined by the MF
technique for July, 1976.
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LOG MPN TOTAL COLIFORM COUNTS (COUNTS /100ml)

LOG MF

Figure H-15.

TOTAL COLIFORM COUNTS (COUNTS /I00mi)

The relationship between the log of
the total coliform concentration
determined by the MPN technique and
the log of the total coliform comn-
centration determined by the MF
technique for August, 1976.

LOG MPN FECAL. COLIFORM COUNTS (COUNTS /100ml)

LOG MF FECAL COLIFORM COUNTS (COUNTS /100mi)

Figure H-16.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for June, 1975.
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LOG MPN FECAL COLIFORM COUNTS (COUNTS 7 100ml)

LOG MF FECAL COLIFORM COUNTS (COUNTS /100mi)

Figure H-17.

The relationship betweeh the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for July, 1975.

LOG MPN FECAL COLIFORM COUNTS (COUNTS /100m!)

LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-18.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for August, 1975.
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LOG MPN FECAL COLIFORM COUNTS (COUNTS /100m!)

LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-19.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for September, 1975.

LOG MPN FECAL. COLIFORM COUNTS (COUNTS /100ml)

LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-20.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for October, 1975.



19193

LOG MPN FECAL COLIFORM COUNTS (COUNTS /100ml)

LLOG MF FECAL COLIFORM COUNTS (COUNTS /100mil)

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for November, 1975.

Figure H-21.

LOG MPN FECAL COLIFORM COUNTS (COUNTS / 100ml)
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LOG. MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-22.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for December, 1975.
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LOG MPN FECAL COLIFORM COUNTS (COUNTS /100ml)

LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-23.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for January, 1976.

LOG MPN FECAL COLIFORM COUNTS (COUNTS / |I00ml)
»
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LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-24.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for February, 1976.
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LOG MPN FECAL COLIFORM COUNTS (COUNTS /100ml)
LLOG MPN FECAL COLIFORM COUNTS (COUNTS 7/ I00Oml)
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LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml) LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)
Figure H-25. The relationship between the log of Figure H-26. The relationship between the log of

the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for March, 1976.

the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for April, 1976.
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LOG MPN FECAL COLIFORM COQUNTS (COUNTS / 100ml)

LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-27.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for May, 1976.

LOG MPN FECAL. COLIFORM COUNTS (COUNTS /100ml)
»
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LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)
Figure H-28. The relationship between the log of

the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for June, 1976.
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LOG MPN FECAL COLIFORM COUNTS (COUNTS /100ml)

LOG MF FECAL COLIFORM COUNTS (COUNTS /iOOml)

Figure H-29.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for July, 1976.

LOG MPN FECAL COLIFORM COUNTS (COUNTS /100ml)

LOG MF FECAL COLIFORM COUNTS (COUNTS /100ml)

Figure H-30.

The relationship between the log of
the fecal coliform concentration
determined by the MPN technique and
the log of the fecal coliform con-
centration determined by the MF
technique for August, 1976.
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