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ABSTRACT

Using water quality models to predict disinfectant concentrations in water
distribution systems requires a knowledge of the wall decay coefficient. In this
study, field water sampling was conducted in conjunction with a SynerGEE Water
hydraulic model for an area of the water distribution system of the City of
Edmonton to calibrate a wall decay coefficient for combined chlorine. Using the
least squares method, a unique wall decay coefficient, 0.0295 m/d, was obtained.
Using the same method it was found that the wall decay coefficient was 0.0455
m/d for a sub-section of the studied area with predominantly cast iron pipes, and
0.0160 m/d for another sub-section where the pipes had been extensively
renewed. By identifying wall decay coefficients for individual areas using this
method, it is feasible to turn SynerGEE Water hydraulic model into a working

model to predict water quality for the City of Edmonton.
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1 INTRODUCTION

1.1  Water Distribution Systems, Water Quality Control

1.1.1 Water Distribution Systems, Pipe Materials

Municipal water systems usually consist of water treatment plants, pump stations,
reservoirs and pipeline distribution systems covering the entire municipality.
Fresh water is drawn from rivers, lakes and/or from underground water sources,
and purified in the water treatment plants to make it potable. The treated water is

pressurized and stored in reservoirs that supply the water to the neighborhoods.

The most common pipe materials in the water distribution systems are cast iron,
asbestos cement and polyvinyl chloride (PVC). Pipes in the older neighborhoods
(built prior to the 1950s) were mostly made with cast iron. From the 1960s to the
1970s, asbestos cement pipes became more common than cast iron pipes. After
the 1980s, PVC became a predominant choice for pipe material in water

distribution systems.

1.1.2  Water Quality Control and Monitoring

In order to control the quality of the distributed water, a disinfectant is typically
used. Chlorine gas or hypochlorite salt has been used as a common disinfectant.
When added to water, chlorine gas and hypochlorite salt go through hydrolysis
and ionization processes and form hypochlorous acid (HOCI) or hypochlorite ions
(OCI"), which are referred to as “free available chlorine”, or “free chlorine” for
short. However, free chlorine is volatile and does not stay in water for long.
Alternatively, “combined chlorine”, a mixture of hypochlorite salt and ammonia,
can be used instead of free chlorine. When combined chlorine is used, free
chlorine and ammonia quickly react to form monochloramine (NH2CI),

dichloramine (NHCI2) and nitrogen trichloride (NCIs). Monochloramine is usually
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the dominant form so that combined chlorine is also referred to as
monochloramine, or simply chloramine. As the monochloramine is less volatile
and more chemically stable than free chlorine, it stays in water for a longer period
of time to protect the water quality (EPA, 1999). In this thesis, the term “chlorine”
is used in its generic sense so it can mean both the free chlorine and combined

chlorine, unless specified otherwise explicitly.

The concentrations of the disinfectants in water needs to be monitored to ensure
that water quality is maintained. As the disinfectant is typically added to the
treated water, its concentration tends to drop along the water flow lines due to
reactions with chemical and biological species in water (bulk decay) and with the
pipes (wall decay). It is known that cast iron and asbestos cement pipes are more
reactive with chlorine than PVC pipes. Biofilms and other deposits accumulated
over time on pipe walls can also react with chlorine. Therefore, materials of
construction and age of the pipes in the water distribution systems can

significantly affect chlorine concentration and water quality.

Currently there is no efficient and effective way to continuously monitor the
chlorine concentration and water quality in the water distribution systems. For
example, combined chlorine is used in EPCOR Water Services Inc. (EWSI)’s
water distribution system in the City of Edmonton, and EWSI monitors water
quality in its water distribution system by following a routine of field sampling at
selected locations and testing the chloramine concentration of the collected water
samples in the laboratory. However, this routine requires tremendous resources to
carry out and even then, cannot provide up-to-date real-time water quality

information for the entire water distribution system.

For many years, hydraulic models have been used to solve water flow problems in
water distribution systems but they have been used to a much lesser extent to
simulate water quality in the water distribution systems. EWSI installed a
hydraulic modeling software, SynerGEE Water, in 2002, to predict the hydraulics
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in its water distribution system. SynerGEE Water has a built-in water quality
model that can be used to predict water quality, that is, to calculate the chlorine
concentrations at all locations in the entire water distribution system, provided
that related water quality parameters are known. However, due to a lack of good
model parameters such as the bulk decay and wall decay coefficients of chlorine,
and also due to the difficulties in testing and validating the model, the water
quality model in SynerGEE Water has never been used at EWSI.

1.2 Objectives of the Research

The objective of this research was to use a water quality model to predict the
decay of combined chlorine in a water network with predominantly cast iron
pipes. More specifically, a methodology was adopted to determine the wall decay
coefficient of combined chlorine” in a selected area of the water distribution
system of EWSI. The determined wall decay coefficient could be used as input to
the water quality model of SynerGEE Water so that it could accurately predict the

chloramine concentration in the selected study area.

The establishment of such a working model for water quality prediction would
allow EWSI to develop solutions to water quality issues in existing water
distribution systems without trial and error, and to optimally design new water

distribution systems.
1.3 The Study Area
One area of EWSI’s water distribution system in the City of Edmonton,

approximately 1.5 square kilometers (determined through measurement from

Google Maps), was selected as the area to be studied in this research. Figure 1

* Bulk chloramine decay will also be determined as it is needed in the model to calculate
chloramine concentrations. However, as the bulk decay coefficients can be determined by routine
bottle tests, it is not the primary objective of this research.
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shows a map of the area. This area will be referred to as the Study Area from this
point on. The population in this area was 7776 based on the 2012 municipal
census conducted by the City of Edmonton, and the area mainly consists of
single-family dwellings built between the 1950s and 1970s. Therefore the pipe
material in the water distribution system is mainly cast iron, mixed with certain
percentages of asbestos cement and PVC pipes as a result of maintenance and
renewal over the years. There has historically been complaints and concerns about
the water quality in this area, which was partly the reason for its being selected as
the Study Area.

== STREET X

?
Nl

Figure 1 Map of the Study Area (EWSI, 2013).
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1.4 The Organization of this Thesis

Following this introductory chapter, Chapter 2 presents a literature review on the
development and the current status of water quality modeling, as well as on the
case studies in which the wall decay coefficient of chlorine was determined.
Chapter 3 presents the general methodologies, extraction and updating of the
hydraulic model, and laboratory experiment procedures used in this work. Chapter
4 presents results and discussions, and Chapter 5 summarizes the major findings
of the work, the conclusions and recommendations for further work. The raw data

and interim calculations are listed in the eleven appendices at the end.
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2 LITERATURE REVIEW

2.1 Constituents in the Supplied Water in Distribution Systems

The constituents in the supplied water in distribution systems can be classified
into two types depending on its reactivity (AWWA, 2012). A constituent is either
conservative or reactive. The concentration of a conservative substance does not
change as it moves through the water distribution system. Examples include
fluoride and sodium, which are usually used as tracers in water quality studies due
to their conservative nature. On the other hand, a reactive substance experiences
changes in concentration as it moves through the water distribution system.
Disinfection by-products (DBPs), such as trihalomethanes or haloacetic acids,
accumulate in distribution systems so that their concentrations increase (AWWA,
2012). Disinfectants, the most common being chlorine, can undergo reactions
with other substances in distribution systems and their concentrations decrease
over time. This literature review will only focus on water quality modeling and

studies that are associated with chlorine.

2.2 Water Quality Modeling

2.2.1 Principles of Water Quality Models

Water quality modeling is based on the fundamental principle of the conservation
of mass, that is, the mass of a modeled constituent remains the same in a water
distribution system, unless the constituent undergoes decay or growth reactions
(AWWA, 2012). In most water quality models, the movement and fate of a
constituent are modeled using the physical processes of transport and mixing, and

the chemical processes of decay or growth (Haestad Methods et al., 2007).
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2.2.1.1 Transport within Pipes

In most water quality models, one-dimensional advective transport is used to
model the concentration of a constituent as it moves through a pipe, as expressed
by Equation 1 (Haestad Methods et al., 2007). The growth or decay of the
constituent in an infinitesimal section of pipe, i.e. dx, can be modeled by
substituting for the reaction term in Equation 1 (Haestad Methods et al., 2007).

% = %aa—i +6(C,) Equation 1
Where C; = concentration in pipe i as a function of distance x and time ¢ (mol/m?3,
or mg/L)
Oi = volumetric flow rate in pipe i (m%/s, or m%/hr)
Ai = cross-sectional area of pipe i (m?)

0(C;) = reaction term (mol/m3/s, or mg/L/hr)

This equation assumes that the constituent is traveling at the average velocity of
the fluid and that the longitudinal dispersion in the pipe can be neglected
(AWWA, 2012; Haestad Methods et al., 2007). Also, complete radial mixing is
assumed for the bulk fluid, which is only valid under turbulent flow conditions
(Haestad Methods et al., 2007).

2.2.1.2 Mixing at Pipe Junctions or Nodes

In most water quality models, the constituent concentrations from individual pipes
are combined and mixed at pipe junctions or nodes, as expressed by Equation 2
(Haestad Methods et al., 2007). From this equation, it can be seen that the
concentration leaving the node is essentially the flow-weighted average of all
incoming concentrations (AWWA, 2012; Haestad Methods et al., 2007). The fluid
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mixing at the node is assumed to be complete and instantaneous (AWWA, 2012;
Haestad Methods et al., 2007).

ZQiCi,n,. + Uj
Cour, = = Equation 2

2.0

iOUT,

Where Cour; = concentration leaving the junction node j (mol/m?, or mg/L)
OUT; = set of pipes leaving node j
IN; = set of pipes entering node ;
0; = volumetric flow rate entering the junction node from pipe i (m®/s, or m*/hr)
Cini = concentration entering junction node from pipe i (mol/m2, or mg/L)

U; = concentration source at junction node ;j (mol/s, or mg/hr)

2.2.1.3 Chlorine Decay

Chlorine residuals in water distribution systems dissipate by reacting with natural
organic matter in the bulk flow, known as bulk chlorine decay, as well as by
reacting with biofilms and pipe material at the pipe walls, known as wall chlorine
decay (Haestad Methods et al.).

2.2.1.3.1 Bulk Chlorine Decay

Bulk chlorine decay can be modeled using Equation 3 (Haestad Methods et al.,
2007).

ac _ —k,C" Equation 3
dt

Where C = chlorine concentration (mol/m?, or mg/L)

¢t =time (s, or hr)
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k» = bulk chlorine decay reaction rate coefficient [(m*/mol)*/s, or
(L/mg)"Y/hr]

n = reaction rate order constant

Equation 3 shows that the reaction is modeled with respect to chlorine only. This
reaction model assumes that all other constituents in the water that can react with
chlorine are in excess of chlorine. Equation 3 also suggests that bulk chlorine

decay can be modeled to any order. Its unit depends on the reaction rate order.

2.2.1.3.2 Wall Chlorine Decay

In general, there are many uncertainties regarding various aspects of wall chlorine
decay, including but not limited to, the transport of chlorine to the pipe walls, the
reactions at the pipe walls and the limiting reagents in the reactions. At this point,
there is no universal model to describe wall chlorine decay and its reactions.
Nevertheless, there have been attempts to model this type of decay. The most
common and successful water quality models that include wall chlorine decay

will be discussed in this literature review.

2.2.2  Development of Water Quality Models

2.2.2.1 Early Developments

The development of water quality models for water distribution systems dates
back to the 1980s. Wood (1980) and Males et al. (1985) developed the first water
quality model that accounted for the movements of constituents in water
distribution systems. These early models were steady state. While a steady state
model can be useful as a first step in modeling the movements of constituents in
water distribution systems (Clark et al., 1988; Males et al., 1988), it does not
account for any temporal variation in the system. To overcome this shortcoming,
in the mid to late 1980s, Clark et al. (1986), Hart et al. (1986), Liou and Kroon
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(1987), and Grayman et al. (1988) developed time varying water quality models
that took into account the dynamics of water distribution systems.

A steady state water quality model requires a steady state hydraulic model as a
pre-requisite, just as a time varying water quality model requires a time varying

hydraulic model as a pre-requisite.

2.2.2.2 Rossman et al. (1994) Model

In 1994, Rossman, Clark and Grayman developed a mass-transfer-based water
quality model that became the most widely used model. This model describes the
movement of chlorine in distribution networks using the same principles of
transport and mixing as those discussed earlier. It also accounts for the bulk and
the wall chlorine decay reactions, as well as the mass transfer effect (that is, the
physical transport of chlorine from the bulk flow to the pipe walls) in distribution

networks.

The model assumes a first order overall decay process, as shown by Equation 4.
Both the bulk and the wall chlorine decay are assumed to be first order in this
model. The reaction rate coefficient K in Equation 4 is the overall decay
coefficient, which is defined by Equation 5. This coefficient accounts for the bulk
and the wall decay as well as the mass transfer effect. This model assumes that
chlorine is the limiting reagent and that all other constituents in the bulk flow and
at the pipe walls that can react with chlorine are in excess. The “+” sign in the
equation indicates that the reaction can be a decay process (choose the “~” sign),
or a formation process (choose the “+” sign).

ac _

=+KC Equation 4
dt

Where K = overall reaction rate coefficient (s, or hr?)
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k. k,

K=k +—2"
RH (kw +k/)

Equation 5

Where k» = bulk chlorine decay reaction rate coefficient (s, or hr?)
kw = wall chlorine decay reaction rate coefficient (m/s, or m/d)
kr = mass transfer coefficient (m/s, or m/d)

Ry = hydraulic radius of pipeline (m)

Equation 5 demonstrates that the mass transfer effect is accounted for by the mass
transfer coefficient, which is the rate at which chlorine is transported from the
bulk flow to the pipe walls. This parameter is calculated using Equation 6. The
Rossman et al. (1994) model assumes that the rate of wall chlorine decay is the
same as the rate of mass transfer of chlorine from the bulk flow to the pipe walls,

that is, chlorine does not accumulate at the pipe walls.

k, = Equation 6

Where Si = Sherwood number
d = molecular diffusivity of chlorine in water (m?/s, or m?/hr)

D = pipe diameter (m)

The Sherwood number is dimensionless and its value depends on the flow
regimes. It is equal to 2.0 for stagnant flow regimes where the Reynolds number
is less than 1. It is calculated using Equation 7 for laminar flow regimes where the
Reynolds number is between 1 and 2300, and using Equation 8 for turbulent flow

regimes where the Reynolds number is greater than 2300.



Page 12

0.0668(2)(Re)()
S, =3.65+ DL Vd Equation 7
1+0.04[(5)(Re)(—)]*"?
[( L)( ) d)]
S, =0.023Re"® (5)0-333 Equation 8

Where Re = Reynolds number
v = kinematic viscosity of bulk fluid (m?/s, or m?/hr)

L = pipe length (m)

2.2.2.3 Other Notable Water Quality Models

Another water quality model that is widely recognized is the model developed by
Biswas, Lu and Clark in 1993. Similar to the Rossman et al. (1994) model, this
model also assumes first order kinetics for both the bulk and the wall chlorine
decay. The main difference is that, unlike the Rossman et al. (1994) model, the
Biswas et al. (1993) model assumes that chlorine is transported from the bulk

flow to the pipe walls by diffusion.

In 1998, Zierolf et al. (1998) developed an input-output model to simulate
chlorine transport and decay in distribution networks. This model is different from
the “conventional” models such that in this model, the predicted chlorine
concentration at a particular time at a node is essentially the weighted average of
the chlorine concentrations at all the nodes that are upstream of this node.
Moreover, in 2002, Ozdemir and Ucak (2002) developed a computer program
DYNAQ, which can be used to model chlorine in distribution networks.
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2.2.2.4 Water Quality Modeling Software Packages

Water quality modeling theories and principles are implemented into user-friendly
modeling software packages. These software packages are very powerful as they
can be used to simulate chlorine transport and decay in large distribution
networks. These software packages also contain hydraulic modeling capabilities,
since hydraulic simulation is a pre-requisite for any water quality simulations.
Many water/utility organizations use these software packages for both the

hydraulic and the water quality modeling of their water distribution systems.

The most widely used software package is EPANET, which is essentially the
water quality model developed by Rossman et al. (1994). Other notable software
packages include, but are not limited to, Infoworks, MikeNet, PipelineNet and
WaterCAD (Clark, 2012). The software package used in the current study is
SynerGEE Water.

2.2.3 SynerGEE Water

SynerGEE Water is a network modeling software developed by GL Industrial
Services USA, Inc. This software has the capability to perform steady state and
time varying hydraulic and water quality simulations. The current study involved
only steady state analysis, thus only the steady state water quality modeling
functions of SynerGEE Water will be discussed. The current study used version
4.5.1 of the software and the following discussion draws heavily from the user

manual of this version.

2.2.3.1 Transport, Mixing and Decay

The water quality modeling module in SynerGEE Water can be used to simulate

the movement of chlorine in a network system. Its principles of chlorine transport

and mixing are the same as those described earlier. The bulk chlorine decay can
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be modeled as any order and the wall chlorine decay can be modeled as either
zero or first order. Equations 9 and 10 show the decay model that is a combination
of the n-th order bulk chlorine decay and zero or first order wall chlorine decay,

respectively.

k., k,(C-C;
a _ —k,(C—C,,)C"* —min(—=2, £ ( Ilm)) Equation 9
dt RH RH
k, .k .
EE (€= C)CT - (C=Cy) Equation 10
dt R, (k,, +k,)

Where Ciim = limiting concentration, which is the minimum concentration to
which a substance can decay for decay reactions (mol/m?, or mg/L)
kw,0 = zero order wall decay coefficient (m/s, or m/d)

kw,1 = first order wall decay coefficient (m/s, or m/d)

SynerGEE also accounts for the mass transfer effect of chlorine. The mass
transfer coefficient, ks, is calculated internally by SynerGEE, using results of
hydraulic simulations and user-specified values for water properties. The
equations used to calculate this coefficient are the same as those in the Rossman
et al. (1994) model (see Equations 6 to 8 on pages 11 to 12).

2.2.3.2 Water Quality Modeling Requirements
When modeling chlorine decay using SynerGEE, the bulk and the wall decay

coefficients, as well as the boundary and the initial conditions, are required as
model inputs.
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2.2.3.3 Bulk Decay Coefficient

In SynerGEE, the same bulk decay coefficient can be assigned globally to all
pipes in the system or each pipe can be assigned a unique bulk decay coefficient.
In both cases, the value of each pipe remains the same during model simulation.
On the other hand, a unique coefficient can be assigned to each water source, and
then the system hydraulics is used to calculate the coefficients of all pipes in the
system. In this particular case, when only steady state simulation is run, the value

of each pipe will remain the same during model simulation.

In reality, the bulk chlorine decay rate may vary throughout water distribution
systems (Powell et al., 2000a; Courtis et al., 2009). The bulk decay coefficient at
any location in the system can be determined by conducting bottle tests on water
samples collected at the location (see section 2.3). Usually, the coefficients at
water sources (inflows) and dead-ends in the system are determined, since
comparing the values of these extremities gives more insight as to how the decay
rate varies in the system. Ultimately, it is the decision of the modeler as to how

this parameter should be treated in the model.

2.2.3.4 Wall Decay Coefficient

In reality, the wall decay coefficient of each pipe in the system may be different.
In SynerGEE, the wall decay coefficient is considered as a property of pipes. A
unique value can be assigned to each pipe or a single value can be assigned to all
pipes in the system. Also, pipes with the same characteristics can be assigned the
same value. The wall decay coefficients of all pipes remain the same during

model simulation.
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2.2.3.5 Boundary Conditions

The boundary conditions in chlorine decay models are defined by sources of
chlorine in the system. In SynerGEE, nodes, reservoirs and tanks are considered
chlorine sources. At a source, a single value of chlorine concentration is assigned

for steady state water quality modeling.

2.2.3.6 Initial Conditions

The initial conditions in chlorine decay models are defined by the water ages and
chlorine concentrations at all nodes, pipes, reservoirs and tanks in the system at
time zero. In SynerGEE, each node, reservoir and tank in the system can be
assigned an initial water age and chlorine concentration. The initial values for

pipes are then interpolated by the model.

2.3 Methodology to Determine the Bulk Decay Coefficient

An experimental procedure known as the bottle test can be conducted and
regression analysis performed on the bottle test results to determine the reaction
rate order and the bulk decay coefficient (Rossman et al., 1994; Summers et al.,
1996; Vasconcelos et al., 1997; Powell et al., 2000a; Powell et al., 2000b; Jaeger
et al., 2003; Vieira et al., 2004).

2.3.1 Bottle Test

The bottle test is carried out in four steps, which are experiment preparation,
sample collection, sample testing and data analysis (Rossman et al., 1994;
Summers et al., 1996; Vasconcelos et al., 1997; Powell et al., 2000a; Powell et al.,
2000Db; Jaeger et al., 2003; Vieira et al., 2004).
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2.3.1.1 Experiment Preparation

Prior to starting a bottle test, the length of the bottle test and the frequency of
sample testing are planned. The length of the bottle test is typically set to, at a
minimum, the longest water age observed in the water distribution system under
study. The frequency of sample testing depends on the reactivity of the type of
chlorine tested. Free chlorine is very volatile and reacts readily, thus samples may
need to be tested several times a day. Chloramines are more stable, thus samples
may only need to be tested one to two times a day. Generally, samples are tested
at a higher frequency at the start of the bottle test and at a lower frequency

afterwards.

The bottles used in a bottle test should not react with chlorine in the water sample.
Summers et al. (1996) suggested that bottles be soaked in a concentrated solution
of chlorine, e.g. 10 mg/L, for about twenty-four hours and then rinsed with clean

water of the laboratory.

2.3.1.2 Sample Collection, Testing and Data Analysis

After the experiment is prepared, water samples are collected at selected locations
in the water distribution system. The samples are tested according to the pre-
determined testing frequency. All samples are stored at a constant temperature as
well as in total darkness during the entire bottle test period, as ambient light can
potentially affect the bulk decay reaction. After the experiment is completed,
regression analysis is performed to determine the order of the bulk decay reaction

and the bulk decay coefficient.

2.3.2 First Order Bulk Chlorine Decay

The first order decay model, which is the same as exponential decay, is most
commonly used to describe bulk chlorine decay (Rossman et al., 1994; Chambers
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et al., 1995; Vasconcelos et al., 1997; Kastl et al., 1999; Powell et al., 2000b).
Equation 11 shows the integrated form of the first order decay model (Vieira et
al., 2004). The differential form of the model is shown as Equation 3 on page 8.

C=C,e™ Equation 11

Where C, = initial chlorine concentration (mol/m3, or mg/L)

2.4 Methodologies to Determine the Wall Decay Coefficient

Literature suggests that there are three methods to determine the wall decay
coefficient. The methods are extracted from the reviews of case studies in the next

section (section 2.5) and listed in the following.

2.4.1 Field-based Methods

2.4.1.1 Method 1

The methodology used to determine the wall decay coefficient of a water
distribution system proves to be the most challenging. As a first step, water
quality data of the system in operation are required. Intensive water quality
surveys are typically conducted to gather such information. These surveys are
labor and resource intensive. Clark and Grayman (1998) devised a detailed

methodology on how to plan and conduct these surveys.

A modeling software package is used to perform the hydraulic and the water
quality simulations of the system. After the surveys are completed, the chlorine
concentrations obtained from the surveys are compared to the values predicted by
the water quality model, and the wall decay coefficient is adjusted during

calibration to minimize the discrepancy between the simulated data and field
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survey data. The value that provides the best fit between the model and the field
data is the resulting wall decay coefficient.

Both the hydraulic and the water quality model calibration are iterative processes.
Traditionally, models are calibrated manually, by adjusting model parameters
using the trial-and-error method to minimize the discrepancy between model and
field data. Manual calibration is difficult and labor-intensive. In recent years,
automated calibrations are becoming more popular. Algorithms for calibration
processes are derived and built into modeling software packages (Haestad
Methods et al., 2007). These algorithms can identify the optimized solution to
calibration problems (Haestad Methods et al., 2007).

2.4.1.2 Method 2

Another way to determine the wall decay coefficient is to find a very long
homogeneous pipe in the water distribution system, collect water quality data at
various points on the pipe, and then calculate the wall decay coefficient using
equations of developed water quality models. This method is field-based but
requires much less labor and resources than Method 1. The major difficulties of
this method are that the selected pipe has to be very long, i.e., at least a few
hundred meters, in order to yield a measurable amount of chlorine decay, and that
it has to be uniform in its properties, e.g., diameter, material, etc. Given the ways
by which most water distribution systems are built, it is usually very difficult to

find such pipes.

2.4.2 Lab-based Methods

2.4.2.1 Method 3

The wall decay coefficient can be determined by constructing a pipe section

reactor (PSR), a pipe loop, or a pilot water distribution system in the laboratory.
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Each of the structures is made with pipe materials of interest. All conditions are
controlled, including flow rates and water temperatures. Typically, the chlorine
concentrations are measured, along with other water quality parameters such as
pH and disinfection by-product concentrations. The wall decay coefficient is
calculated using the chlorine data and the equations of developed water quality

models.

Of the three structures, the PSR is the easiest to build and operate. The pipe loop
is larger in scale than the PSR and thus, it requires more labor and resources to
build and operate than the PSR. However, it provides a closer representation of an
actual water distribution system than the PSR. A pilot water distribution system
requires the most labor and resources to build and operate, but it is the closest
representation of an actual water distribution system that can be achieved in the
laboratory.

2.5 Case Studies of the Determination of the Wall Decay Coefficient

This section presents case studies in which the wall decay coefficient was
determined for either chloramine or free chlorine. Each study falls into one of the
three methods described in the previous section. Note that in all of these studies,
the bulk decay coefficient was determined as part of the process in determining
the wall decay coefficient, using the methodology and the kinetics discussed

earlier.

2.5.1 Chloramine Studies

2.5.1.1 Maier et al. (2000)

Maier et al. (2000) studied chloramine decay in a 1.3 km long pipe which was

constructed as a test water distribution system. The pipe was made of
predominantly medium density polyethylene (MDPE) and was buried



Page 21

underground. Free and total chlorine measurements were obtained by collecting
grab samples from the pipe and testing the samples using amperometric titration,
as well as by installing chlorine transducers on the pipes.

Bottle tests were conducted on grab samples collected from the pipes to determine
the bulk decay coefficients. The data was plotted versus elapsed time after sample
collection and the first order model was used to fit the data using regression
analysis. The bulk decay coefficient was found to be 0.125 hr? for free chlorine
and 0.0236 hr* for chloramine.

The authors used the Rossman et al. (1994) model to determine the chlorine decay
parameters. The overall chlorine decay was assumed to be first order, as
expressed by Equation 12. This model is first order with respect to chloramine,
and the overall decay coefficient, K, was assumed to be constant. The authors
determined K for chloramine by setting up the model as a nonlinear optimization
problem in which its minimum was K. The K values calculated ranged from
0.0173 t0 0.0972 hr.,

Equation 13 is the expression for the overall decay coefficient, K, in the Rossman
et al. (1994) model (it is the same as Equation 5, page 11). The authors
determined the entire second term in Equation 13, by subtracting the bulk decay
coefficient from the overall decay coefficient (i.e., K — k»). Three values of the
second term were found for chloramine, which were 1.95x107, 4.11x10® and
3.90x107 hrt. No separate values were determined for the wall decay coefficient

kw for chloramine.

C=Ce™ Equation 12

K=l +—2 " Equation 13
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2.5.1.2 Mutoti et al. (2007)

Mutoti et al. (2007) studied chloramine decay by constructing four pilot
distribution systems. Each system was made of one of PVC, lined cast iron,
unlined cast iron or galvanized iron pipes. The pipes were about forty years old

and were extracted from an existing water distribution system.

All pilot systems were fed a water source that was a blend of groundwater, treated
surface water, or reverse-osmosis-treated water. The bulk decay coefficients of
these types of water were determined in the laboratory using bottle tests. Samples
were stored at 21°C and 31°C and tested periodically for total chlorine
concentration using a spectrophotometer for over 14 days. A first order model
was used to fit the data and nonlinear regression was used to determine the bulk

decay coefficients. The value for the blend water at 20°C was 0.083 d.

The authors used the Rossman et al. (1994) model to determine the chlorine decay
parameters. An important finding of this study was that for galvanized and
unlined cast iron pipes, chloramine decay occurred predominantly at the pipe
walls, whereas for PVC and lined cast iron pipes, chloramine dissipated
predominantly in the bulk flow. As a result, wall chlorine decay in PVC and lined
cast iron pipes was assumed negligible and wall decay coefficients were not
calculated for these two pipe materials. The wall decay coefficient at 20°C was
calculated to be 0.103 m/d for galvanized iron pipe and 0.015 m/d for unlined cast

iron pipe.
2.5.1.3 Westbrook and Digiano (2009)
Westbrook and Digiano (2009) studied the wall decay of chloramine using a pipe

section reactor (PSR). The PSR were constructed of an old unlined tuberculated
cast iron pipe and a new cement-lined ductile iron pipe. The PSR was supplied
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with water treated with chloramine, and free chlorine was assumed negligible.

Total chlorine was measured using the DPD colorimetric method.

The water used in the PSR was from Raleigh’s E.M. Johnson Water Treatment
Plant (EMJWTP). Bottle tests were conducted using grab samples collected at
several locations in the Raleigh water distribution system to determine the bulk
decay coefficients. The water samples were collected in chlorine-demand free
glass bottles, stored in the dark at 12.0, 22.5 and 30.0°C, and tested for total

chlorine periodically over 3,500 hours.

The first and the second order model were linearized and linear regression
analysis was used to fit both models to the bulk chlorine decay data. It was found
that the first order model fitted the data well, and that the second order model did
not fit the data. The first order model also fitted the total chlorine data in the
ductile iron PSR. The bulk decay coefficients at 22.5°C are summarized in Table
1. This table shows that the bulk decay coefficient varied between locations in the
water distribution system. Only first order coefficients were used further in their
study.

Equations from the Rossman et al. (1994) model were used to calculate the wall
decay coefficients. For test conditions of varying velocities but with a constant pH
of 8 and temperature of 23.5°C, the average wall decay coefficient was found to
be 0.67 m/d for the cast iron PSR and 0.026 m/d for the ductile iron PSR.
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Table 1  The bulk decay coefficients of Raleigh’s water distribution system at
22.5°C (Westbrook and Digiano, 2009).

Sampling | First Order k;, [ Second Order k;,
Location* (hr'h) ((mg*hr/L)™)
EMJWTP 1.7E-04 2.7

FS17 2.8E-04 7.8

FS1 2.8E-04 10.0

FS2 3.0E-04 9.2

FS20 2.7E-04 7.4

*FS - Fire Station

2.5.2 Free Chlorine Studies

2.5.2.1 Vasconcelos et al. (1997)

The AWWA Research Foundation (AWWARF) and the EPA collaborated to
study the kinetics of free chlorine decay in five water distribution systems in the
U.S. in 1997. Field sampling, laboratory and modeling studies were carried out

for all five systems.

There were a total of eleven water sources for the five systems. Bottle tests were
conducted to determine the bulk decay coefficients of all eleven water sources.
Water samples were collected using chlorine-demand free glass bottles. The first
order model was used to fit the bulk chlorine decay data and nonlinear least
squares regression analysis was performed to determine the bulk decay
coefficients. The coefficients varied among the eleven water sources, ranging
from 0.082 d* to 17.7 d*.

For each system, the part in the system that was easily isolated in terms of
hydraulics or a long pipeline was selected as the sampling area. These sampling
areas were set to be as small as possible so that less data and effort were required
in the field sampling. The sampling areas consisted of one or more of the
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following types of pipe: unlined cast iron, asbestos cement, unlined galvanized
iron, cement-lined ductile iron. The pipes were more than thirty or forty years old.

A detailed sampling plan was devised for each sampling area. In four of the five
systems, hydraulic data were collected by using tracers. Each system had a
hydraulic model prior to this study. The hydraulic data collected were used for
hydraulic model calibration. For water quality data, grab samples were collected
in all five systems and tested for free chlorine concentrations using the DPD
colorimetric method. The number of sampling locations selected for all systems
ranged from eight to thirty-one. In particular, field sampling was conducted at one
of the systems from July 8 to 9, 1993 for a period of twenty-four hours and in
another system from October 11 to 13, 1993 every hour for a period of thirty-five
hours.

The EPANET model software package was used to model the chlorine decay
kinetics and to calibrate the wall decay coefficients of all systems. The chlorine
decay kinetics were set to either first order bulk decay and first order mass
transfer-limited wall decay, or first order bulk decay and zero order mass transfer-
limited wall decay.

The first order bulk decay coefficients found using the bottle tests were used in
modeling. For systems with multiple water sources, the bulk decay coefficient for

each water source was used.

The wall decay coefficient was adjusted when calibrating the water quality model
to minimize the discrepancy between the field and model data. The wall decay
coefficient was assigned to pipes in three ways. The first way was that all pipes in
a system were assigned the same coefficient. The second way was that all pipes in
specifically divided zones were assigned the same coefficient. The third way was
that the wall decay coefficient of each pipe was assumed to be inversely
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proportional to its Hazen-Williams roughness coefficient, as expressed by
Equation 14, in which the fitting coefficient was adjusted during calibration.

Equation 14

Where k. = wall decay coefficient
a = fitting coefficient

¢ = Hazen-Williams C-factor

The hydraulic and water quality models used in this study were all time varying
models. First order wall decay coefficients ranged from 0.03 m/d to 1.52 m/d and
zero order values ranged from 53.8 mg/m?/d to 215 mg/m?/d. It was observed in
this study that both the first and the zero order wall decay kinetics could model
the wall chlorine decay in the systems and that both models provided similar fits
to the field data.

2.5.2.2 Jaeger et al. (2003)

Jaeger et al. (2003) conducted a study to investigate the mixing of two water
sources in the water distribution system of the City of Caen in Normandy, France.
The study involved modeling, laboratory testing and field sampling work. The
authors used the SynerGEE Water software for both hydraulic and water quality
modeling.

The City of Caen was supplied by a surface water and a groundwater source and it
used free chlorine as a disinfectant to maintain the water quality in its water
distribution system. Its water distribution system was divided into six pressure
zones and one of the zones was chosen for the study. Eighty-five percent of the
pipes in this zone were unlined cast iron pipes installed in the 1950s and the

remaining pipes were cement-lined ductile iron pipes that were installed after the
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1970s. The study was conducted for three mixing ratios of the two water sources,
which were 50%-50%, 80%-20% and 100%-0% of surface water and
groundwater, respectively.

Field sampling was conducted in the summer season from August to October
2001 as well as in the winter season from January to March 2002. During field
sampling, hydraulic data including flow, pressure and tank level were collected
using telemetry systems and ground hydraulic devices, and water quality data
were collected using online chlorine analyzers. Hydraulic and water quality data
were collected for five consecutive days at a time, and data were collected several
times during each season. The frequency of hydraulic data collection was set to
five minutes and that of water quality data collection was set to ten minutes.
Locations in the system that were feasible to install the meters and that were
representative of the hydraulic and the water quality conditions in the system were
selected as field sampling locations.

The study area already had an existing hydraulic model that was constructed in
1999. This model was modified using SynerGEE Water. In addition, this
hydraulic model was calibrated and validated using the field hydraulic data. The
hydraulic model was calibrated to the extent such that the average discrepancy
between the field and the model data was less than 5%.

The bulk decay coefficients of the two water sources were determined by
conducting bottle tests in the laboratory. Samples of the two water sources were
collected in glass bottles, stored at system water temperatures and tested
periodically for over ninety-six hours. Only first order model was used to fit the
bulk chlorine decay data. Nonlinear least square regression analysis was
performed to determine the bulk decay coefficient, assuming a 95% confidence

interval. Their results are shown in Table 2 and Table 3.
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Table 2  The bulk decay coefficients determined for the summer season (Jaeger
et al., 2003).
100% Surface | 80% Surface Water - | 50% Surface Water -
Water Source | Parameters Water 20% Groundwater 50% Groundwater
August 2001 September 2001 October 2001
ky (hr) 0.03+0.03 0.03 £0.02 0.03+0.03
Surface Water
Temp:erature 29 19 16
9]
ky (hr™) n/a 0.005 = 0.006 0.004 +0.01
Groundwater
Tem;zerature n/a 29 14
9]
Table 3 The bulk decay coefficients determined for the winter season (Jaeger
et al., 2003).
100% Surface | 80% Surface Water - | 50% Surface Water -
Water Source | Parameters Water 20% Groundwater 50% Groundwater
January 2002 February 2002 March 2002
ky (hr™) 0.04 £ 0.02 0.04 £ 0.02 0.04 £0.02
Surface Water
Tem;zerature 8 9 7
9]
ky (hr™) n/a 0.003 + 0.005 0.003 + 0.005
Groundwater
Temg%r;"t”re n/a 11 10

After calibrating/validating the hydraulic model and determining the bulk decay
coefficients, the wall decay coefficients were calibrated using the water quality
model. During calibration, one wall decay coefficient was assumed for all pipes in
the study area and this value was adjusted until there was a reasonable
discrepancy between the model and field water quality data. Only first order wall
decay kinetics was considered. The wall decay coefficient was determined to be
0.2 m/d for the summer field season and 0.5 m/d for the winter field season. The
hydraulic and the water quality models considered in this study were all time

varying models.
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2.5.2.3 Digiano and Zhang (2005)

Digiano and Zhang (2005) studied the wall decay of free chlorine using a pipe
section reactor (PSR). The PSR was constructed of a 6” diameter old unlined cast
iron pipe and a 6” new cement-lined ductile iron pipe. Grab samples were
collected from the PSR. The water samples were tested for free chlorine using the
DPD colorimetric procedure, which included a spectrophotometer and chemical

pillows.

A series of bottle tests were conducted to determine the bulk decay coefficient of
the water that was used in the PSR. Two liter glass bottles were used and all water
samples were stored in the dark at 21°C. The samples were tested periodically
over either sixteen or seventy-two hours. The first order model was found to fit

the data well. The average bulk decay coefficient was found to be 0.033 hr.

In the cast iron PSR, the overall chlorine decay rate was found to be zero order.
The overall decay coefficient was assumed to be a combination of the bulk and
the wall decay coefficients. However, no wall decay -coefficients were

determined.

In the ductile iron PSR, the overall chlorine decay rate was found to be first order.
The Rossman et al. (1994) model was used to determine the chlorine decay
parameters. The overall decay coefficient, K, was determined by fitting the model
to the chlorine data. The entire second term of Equation 5 on Page 11 and
Equation 13 on Page 21 was obtained by subtracting the overall decay coefficient
by the average bulk decay coefficient (i.e., K - k»). The values were found to
range from 0.07 to 0.26 hr™.
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2.5.2.4 Clark and Haught (2005)

Clark and Haught (2005) conducted an experiment program to study the wall
decay of free chlorine in unlined ductile iron pipes. Pipe loops constructed of this
pipe material were set up at EPA’s Test and Evaluation Facility in Cincinnati,
Ohio. Several tanks were connected to the pipe loops, which acted as the water
source. This experimental set up was similar to that of a typical water distribution
system and all conditions were controlled.

Water was circulated in the pipe loops at a constant flow rate. Overall, the
experiment was conducted for seven flow rates, which are shown in Table 4. For
each flow rate, grab samples were collected from the tank and the pipe loops and
tested for chlorine concentration and other parameters. First order bulk decay
coefficients were determined by applying regression analysis to the chlorine data
of the tank and the times of decay, and the values for all flow rates are shown in
Table 4.

The authors used equations of both Rossman et al. (1994) and Biswas et al. (1993)
models to simulate chlorine transport and decay using the data from this
experiment. The wall decay coefficient was assumed to be a property of pipes and
had a fixed value, and it was calculated using the data for the flow velocity of
2.08 cm/s. The value was 0.118 m/d using the Rossman et al. (1994) model and
0.55 m/d using the Biswas et al. (1993) model. In addition, the authors came to
the conclusions that the Rossman et al (1994) model was more widely used than
the Biswas et al. (1993) model because it was simpler, but the latter had fewer

limitations in modeling chlorine transport and decay.
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Table4  Model parameters estimated by Clark and Haught (2005).

Flow kw (m/d)
Velocity | k, (hr') [ Rossmanetal. | Biswas etal.
(cm/s) (1994) Model | (1993) Model
0.69 0.00445

2.08 0.0018

5.20 0.0026

10.40 0.00296 0.118 0.55
20.80 0.0049

31.20 0.00296

41.60 0.00345

2.5.2.5 Clark et al. (2010)

Clark et al. (2010) conducted an experiment program to study the wall decay of
free chlorine in unlined ductile iron and PVC pipes, using pipe loops constructed
of these two pipe materials at EPA’s Test and Evaluation Facility in Cincinnati,
Ohio. A stainless steel mixing tank was connected to the pipe loops and acted as
the water source. This experimental set up was similar to that of a typical water

distribution system and all conditions were controlled.

Water was circulated in the pipe loops at a constant flow rate. Overall, the
experiment was conducted for five flow rates, which are shown in Table 5. For
each flow rate, grab samples were collected from the tank and the pipe loops and
tested for chlorine concentration and other parameters. A first order bulk decay
coefficient was determined by applying regression analysis to the chlorine data of
the tank and the times of decay, and its value was 0.042 hr* for all flow rates, as

shown in Table 5.

It was observed from the experiment that the wall decay of chlorine was
negligible in PVC pipes and thus, the decay coefficient was assumed to be zero.
The authors used the equations of the Rossman et al. (1994) model to calculate

the wall decay coefficients of the ductile iron pipe loops. The wall decay
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coefficients were calculated based on the assumption that the rate of the chlorine
wall decay was limited by the reaction rate of chlorine with the pipe walls, and
not by the mass transfer rate of chlorine from the bulk flow to the pipe walls,
which was assumed in the Rossman et al. (1994) model. Thus, the authors
modified the model according to the new assumption in this study. The wall decay
coefficients calculated for all five flow rates are tabulated in Table 5. All values

were obtained from the first order model.

It can be seen that the wall decay coefficients are negative at low flow rates. The
negative values have no physical meaning, which suggest that there are
limitations in modeling chlorine decay at low flow rates when the rate of the

chlorine wall decay is assumed to be limited by wall reaction.

Table5  Model parameters estimated by Clark et al. (2010).

Flow Rate (m%/s) | kp (hr'™) Ky (m/d)
0.0 0.042 -2.5861E-03
189.3 0.042 -9.7425E-03
378.5 0.042 -2.3847E-01
630.9 0.042 -3.6219E-01
6309.0 0.042 5.9495E-01

An important finding of the study by Clark et al. (2010) is that free chlorine reacts
very quickly in unlined ductile iron pipes while it is very stable in PVC pipes (this
was similar to an earlier study by Mutoti et al. (2007) who observed that the wall
decay of chloramine was negligible in lined cast iron pipes and PVC pipes).
Therefore, pipe wall demand for chlorine can be significantly different between
pipe materials, and that this is an important factor to consider in the design and

operation of water distribution systems.
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2.6 Considerations from the Literature Review

There are not many studies that have been carried out using the field-based
methods to determine the wall chlorine decay coefficient, and there are even less
studies for chloramine in general. These may be because field-based methods
require intensive field sampling, a lot of planning, labor and resources, and the
conditions in the water distribution systems cannot be controlled easily, if at all.
There are more studies that were done using the lab-based method. The latter is
much easier to carry out than the field-based methods, as it requires less work and
allows the control of all conditions in the system. However, the relevance of the
laboratory test is limited as it is often far removed from the actual water

distribution system.

The most important conclusion that can be drawn from this literature review is
that the bulk and the wall chlorine decay coefficients are very site-specific as their
values are a result of the combination of many conditions in the water distribution
system in which they are determined. These conditions include, but are not
limited to, water source, water temperature, pipe material, age, diameter, and flow
rate, etc. The effects of many of these conditions have been studied, mostly
separately, but not fully understood as to what their actual and quantitative effects
are on the bulk and the wall chlorine decay coefficients in the water distribution
system. As a result, the coefficients determined in each study should not be
applied directly to other systems. Therefore, if a utility company wants to know
the bulk and the wall decay coefficients for its water distribution system, field-
based methods, particularly Method 1 (page 18), must be carried out under the

operating conditions of the water distribution system.
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3 METHODOLOGIES

As outlined in Chapter 1, the objective of this research was to develop the water
quality model in SynerGEE Water into a working model so that it could be used

as a working model to predict the chloramine decay in the Study Area.

Based on a comprehensive literature review and taking into consideration of
available resources, the general methodology adopted to achieve the research
objective was as follows: SynerGEE Water hydraulic model was set up to
calculate the chloramine concentrations at all nodes and pipes in the Study Area.
This required the input of relevant model parameters as well as the chloramine
bulk and wall decay coefficients. The bulk decay coefficients were determined by
carrying out standard bottle tests on water samples taken from selected sites of the
Study Area, while the wall decay coefficients were determined by parametric
fitting using the least squares method.

The parametric fitting and least squares analysis were performed as follows: field
sampling programs were conducted to collect water samples from the Study Area.
Chloramine concentrations in the collected water samples were determined by
laboratory measurements. A wall decay coefficient was assumed so that the
SynerGEE Water hydraulic model could calculate chloramine concentrations in
all nodes and pipes in the Study Area. The calculated concentrations were
compared with measured concentrations. The difference was taken as a residual.
Through least squares analysis, a unique chloramine wall decay coefficient for the

Study Area was determined which led to the least sum of squared residuals.

Therefore, in the following, the description will be focused mainly on the
SynerGEE Water hydraulic model, the field sampling programs, and the methods
used to determine the chloramine concentration as well as the bulk and the wall

decay coefficients.
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3.1 SynerGEE Water Hydraulic Model

In this study, the average day demand (ADD) SynerGEE Water hydraulic model
that was built and calibrated by EPCOR Water Services Inc. (EWSI) in 2002 was
used” (Appendix A describes the status of EWSI’s hydraulic models). The portion
of the Study Area in the ADD hydraulic model was extracted as an independent
hydraulic model. The extracted model was then updated with respect to pipe

materials and water demands.

3.1.1 Extraction of the Hydraulic Model for the Study Area

SynerGEE Water has a module, named the Subsystem Management Module
(SMM), which is used to extract pieces of hydraulic models from an overall
hydraulic model (GL Industrial Services USA, Inc., 2010). An area that has its
piece of hydraulic model extracted from the overall hydraulic model is referred to
as a subsystem. The extracted hydraulic model for a subsystem is saved in a
separate SynerGEE Water model file. It is also hydraulically independent from
the overall hydraulic model and thus, it could be worked on independently. The
extracted hydraulic model could also be merged back into the overall hydraulic
model that it is extracted from (GL Industrial Services USA, Inc., 2010).

For this study, the hydraulic model for the Study Area was extracted from the
ADD hydraulic model using the SMM in SynerGEE Water. Figure 2 illustrates
this extracted model. In this figure, the circles represent nodes and the lines
represent pipes. As EWSI did not import all infrastructures in the water
distribution system of the City into its hydraulic models, valves and hydrants and
their associated components were missing in the extracted hydraulic model for the
Study Area (this was dealt with later, see section 4.3). Essentially, the model

representation of this area consisted of solely nodes and pipes. There are no tanks

* This was the latest version of the hydraulic model in EWSI for the water distribution system in
the City of Edmonton.
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or reservoirs in this area. The water distribution system of the Study Area is
connected to the rest of the water distribution system of the City of Edmonton by
the three red-colored nodes, as shown in Figure 2. When the hydraulic model for
the Study Area was extracted, these three nodes were the breaking points from the
ADD hydraulic model. They were therefore the boundaries of the hydraulic model
for the Study Area.
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Figure 2 Hydraulic model for the Study Area. The hydraulic model was

extracted using the Subsystem Management Module in SynerGEE
Water.

The node labeled "inflow 3" in Figure 2 was not a boundary in the original
SynerGEE Water hydraulic model in 2002. However, in 2008, a 46.61 m long
PVC pipe with a diameter of 200 mm was added to connect this node to the pipe
located to its south (EWSI, 2013), as shown in Figure 3. This change turned this
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node into a boundary of the Study Area. It was manually made as a boundary in
the extracted hydraulic model for the Study Area.

T

INFLOW 3

== 46.61m

INFLOW 1

Figure 3 Map of the two boundaries of the Study Area as of 2008.

There are three minimum requirements in SynerGEE Water hydraulic model
regarding the number of unknown and known parameters for the model to work
properly (that is, to yield a unique solution). The first is that pressure must be
unknown in at least one node. The second is that demand must be unknown in at
least one node. The third is that the number of nodes at which demands are
unknown must equal to the number of nodes at which pressures are known (GL
Industrial Services USA, Inc., 2010).

When the hydraulic model for the Study Area was extracted, the three
requirements were satisfied by eliminating the demands at the three boundary
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nodes (that is, the demands at the three boundaries were unknown). The pressures
at the three boundary nodes were known as they were calculated by the
SynerGEE Water hydraulic model before the extraction. The values are shown in
Table 6. The rest of the nodes in the Study Area had known demands and
unknown pressures. The demands at these nodes were obtained from the 2001
customer billing information from the Geographic Information System (GIS) at
EWSI.

Table 6  Pressures at the three boundaries.

Boundary | Node Pressure
Number (kPa)
1 410.39
2 475.65
3 411.82

Since the ADD hydraulic model is steady state, the extracted hydraulic model for
the Study Area is also steady state. This extracted piece of model was used for all
subsequent work involving hydraulic as well as water quality modeling for the
Study Area.

3.1.2 Updating Pipe Materials in the Extracted Hydraulic Model

The Study Area consists of predominantly cast iron pipes that were built around
the 1950s. Cast iron pipes are particularly susceptible to the accumulation of
residues and biofilms which can lead to blockage of the pipes, and old pipes are
also more susceptible to breakage. Consequently, the pipes in the water
distribution systems, especially cast iron pipes, need to be lined with epoxy resin
or replaced with PVC pipes. According to the GIS at EWSI, many cast iron pipes
in the Study Area have gone through such renewals in the last decade. However,
they have not been updated in the SynerGEE Water hydraulic model which was
last calibrated in 2002.
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Therefore, the pipe materials in the extracted hydraulic model for the Study Area
were updated manually in this research on a case-by-case basis using information
from the GIS at EWSI. The updating covered all pipe renewal projects in the
Study Area up to July 20, 2011, which was the only pipe renewal project in the
Study Area in 2011.

The SynerGEE Water ADD hydraulic model does not take pipe material as an
input parameter. Instead, all pipes were assigned as Darcy-Weisbach pipes, and
roughness factor was a required model input parameter for all pipes. Therefore,
roughness factors were used as a distinguishing parameter representing pipe
materials. It was noted in the extracted model that all the cast iron pipes were
assigned the same roughness factor of the order of 0.01 m. To update, for cast iron
pipes that were lined with epoxy, only their roughness factors had to be changed
in the hydraulic model. For cast iron pipes that were replaced with PVC pipes, in
addition to changing their roughness factors, their diameters were also changed to
those of the PVC pipes. At EWSI, pipes that have been renewed are assigned a
roughness factor of 0.0001 m in the hydraulic models (EWSI, 2011).

Also, pipes in the hydraulic model could be longer than those in the actual water
distribution system, since one pipe shown in the model could consist of several
pipes with the same attributes. This posed a challenge in updating the pipe
renewals. A number of cases were encountered in which only a section of but not
the entire pipe in the model had been renewed. To resolve this issue, nodes were
inserted on such a pipe to indicate the start and the end points of the renewed
section on the pipe. The length of the renewed section was obtained from the GIS.
Essentially, such a pipe in the hydraulic model was broken into shorter pipes by
the nodes that were inserted. Pipe length was then updated for each shortened
pipe. In addition, roughness factor and diameter were also updated for the

shortened pipe.
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Figure 4 shows the hydraulic model of the Study Area after all the pipe renewals
were updated. The green lines represent cast iron pipes and the purple lines
represent epoxy-lined cast iron and PVC pipes. As can be seen, renewals were
mainly done for pipes on the east side of the area. Cast iron pipes remain the

predominant type of pipe on the west side of the area.
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Figure 4 Hydraulic model for the Study Area with updated pipe materials.
3.1.3 Updating Demands in the Extracted Hydraulic Model
The node demands in the extracted hydraulic model were calculated using the
customer billing statements in 2001 when the SynerGEE Water model was last

calibrated by EWSI in 2002. Therefore, demands at nodes were updated.

EWSI classifies water usages of its customers into usage categories, which

include residential (single-family dwellings), multi-residential (apartment or
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condominium complexes), and commercial (businesses, schools, churches, etc.).
An address in the City can have one or more water usage categories. A customer
monthly billing statement shows the monthly water usage at an address. This is

stored in the GIS at EWSI together with water usage categories.

In the average day demand (ADD) hydraulic model, the average day demand at
each node was calculated by extracting the yearly water consumption of the node
under each water usage category from GIS and dividing by 365 days. However, to
be more accurate, in this research, the monthly water consumption information
was extracted from GIS and divided by 31 days, for both July and October 2011,

when the field sampling programs were performed.

Depending on the water usage category, the method of assigning water demands
to the nodes are different. Residential water usages are often very small in
magnitude and they tend to be fairly steady. It is very unlikely that one single-
family dwelling would use much more water than the other. Also, residential
water usage is the most common category of water usage in the City, especially in
the Study Area. Therefore, the residential water demand in the model can be
updated for a group of nodes at a time. On the other hand, the multi-residential
and commercial water usages can be small or large in magnitude depending on
the customer. Also, the multi-residential and commercial water usages are
scattered in the Study Area, so they only affect the water usages (demands) at
their locations. Therefore, the multi-residential and commercial demand

categories in the model were updated on a case-by-case basis.

3.1.3.1 Updating Demands for Residential Usages in the Study Area

As indicated previously, the extracted hydraulic model already had demands
associated with each node, although those were based on 2001 data. Therefore, to
update the demands, the water usages for either July 2011 or October 2011 were
extracted from the GIS at EWSI. These were then compared with the existing
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2001 demands data in the hydraulic model by noting a percent difference. The
percent difference was then used to adjust the existing 2001 demands to update
them to the July 2011 or October 2011 demands.

The assignment of residential usage demands to the nodes in the hydraulic model
of the Study Area was performed as follows. First, the nodes were divided into
groups”. As can be seen from Figure 5, the nodes were divided unevenly into
seven groups. The groups were numbered, and the number inside the brackets in
each group indicates the number of nodes in the group. The boundaries of each
group enclosed the "zones of influence” of all the nodes within it. Next, for each
group, the residential water usages for the month of July 2011 or October 2011 of
all the addresses within the group were extracted all at once from the GIS at
EWSI, and divided by 31 days to obtain the average day demand for the group
(the monthly average for July 2011 or October 2011). In the meantime, the
average day demands of residential usages for all nodes within the group based on
the 2001 annual water consumption data were summed to obtain the average day
demand for the entire group (the yearly average for 2001). These two average
daily demands for the group were compared, and a percent difference was
calculated using the average day demand in 2001 as the base. Finally, the average
day demand of the residential usage for each node in the group was adjusted by
the percent difference. Table 7 shows the average day demands, in cubic meters
(m3), for residential water usages in 2001, July and October 2011 for all groups,
as well as the percent differences calculated. Note that Group 7 did not have any
residential water usage, since this group only included a park and a wastewater
treatment plant.

* As there are more than 200 nodes in the extracted hydraulic model for the Study Area, manually
assigning demands to each node from water consumption data extracted from GIS would be
impossible.
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Figure 5 Division of the extracted hydraulic model for the Study Area for water

demand assignment.
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Table 7 Average day demands of residential water usages for 2001, July 2011
and October 2011.
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1| Year | 2534 SO 2O o
2 Year | 288.1 O(J;Olg or 2222 Z:
3 Year | 526.6 ngc:ger 22;8 ggg
4 | Year | 16038 Ogtjolger 182; §i§
5 Year | 260.8 OcJ:tonEJ/er 1222 ggg
6 | vear | 5824 S0 _ 4722 e

3.1.3.2 Updating Demands for Multi-Residential and Commercial Usages

For each of the multi-residential and/or commercial water usages at an address in
the Study Area, its value for the month of July 2011 or October 2011 was divided
by 31 days to yield the average day demand in July 2011 or October 2011. The
calculated average day demands were assigned to the corresponding multi-
residential and/or commercial demand categories of the node closest to the

address.

3.1.3.3 Results of the Demands Update

Once the demands were updated, the hydraulic model of the Study Area was run
for both the July and the October 2011 demand scenarios. From the hydraulic
model simulations, it was found that all three boundaries were inflows or water
sources for the Study Area. Table 8 shows the inflow volumetric flow rate at the
three boundaries for both demand scenarios.
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Table 8 Inflow volumetric flow rate at the three boundaries.

Boundary | July 2011 | October 2011
Number | (m®/d) (m*/d)
1 1852 1664
2 619 599
3 514 444

3.2  Field Water Sampling

Field sampling programs were carried out to collect water samples from the Study
Area to measure their chloramine concentrations. The water samples were used to
find the chloramine bulk decay coefficient which was required as input to the
extracted hydraulic model. The water samples were also used to calibrate the wall
decay coefficient in conjunction with the extracted hydraulic model for the Study

Area.

Several field sampling programs were carried out and each served different needs.

These are summarized in the following.

3.2.1 Water Sample Collection Method

In this research, all water samples were collected using the grab sample technique.
In this technique, a regularly-used tap at the field site, e.g., a kitchen or a
bathroom tap, not affected by any water filtration or softener devices, was
identified (EWSI, 2011). The tap was turned on with running cold water. The
water was adjusted to a fixed flow rate and ran for at least five minutes (EWSI,
2008). Bottles that were chlorine-demand free were used, e.g., glass and/or plastic
(HDPE) bottles. At the end of the five minutes water flow, a bottle was rinsed
three times with the water before it was filled to the neck with minimal headspace
(EWSI, 2008). The collected water samples were stored in a dark container and at

4+2°C for a maximum recommended storage time of 24 hours (EWSI, 2010).
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3.2.2  Preliminary Field Sampling

Prior to this study, there was very little knowledge regarding the behavior of
chloramine in the water distribution system in the Study Area. It was not clear if
the chloramine concentration at a fixed address changed with time (temporal
variation), and if different addresses had different chloramine concentrations
(spatial variation). Therefore, before planning for the formal field sampling

programs, preliminary field sampling was carried out.

The initial preliminary field sampling was carried out at the author’s residence on
two different dates. On June 14, 2011, water samples were collected from the
kitchen tap at the author’s residence from 12:00 to approximately 23:00. One
water sample was collected approximately every hour and the chloramine
concentration in the water sample was measured immediately. These samples
were intended to show the temporal variation of chloramine concentration at the
author’s residence during the daytime (light water use) and evenings (heavy water

use).

On June 21, 2011, starting from 8:00 and ending at 11:00 the next day (June 22,
2011), one water sample was again collected approximately every hour. The
chloramine concentration in the collected water sample was again measured
immediately. A total of twenty-seven water samples were collected. These
samples were intended to give a complete temporal variation of the chloramine

concentration at the author’s residence in a full 24-hour day cycle.

In conjunction with the initial preliminary field sampling at the author’s
residence, the third preliminary field sampling was conducted in the Study Area
on June 16, 2011 in an effort to gain a knowledge of both the temporal and spatial
variation of chloramine concentration in the Study Area. Three sampling points
were selected along the water flow line, starting at one of the inflows to the Study

Area, and ending at a “dead-end” in a park (a sampling route map is shown in the
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next chapter in Figure 11, page 64). The sampling started at about 9:00 and ended
at about 21:00. Water samples were collected from each point in rotation. At the
end, nine to ten water samples were collected from each point. These water
samples gave both the temporal variation of chloramine concentration at each

point, as well as the spatial variation between the three sampling points.

3.2.3 The First Field Sampling Program

The first formal field sampling program was conducted in the Study Area on July
28 and 29, 2011, starting at 8:00 and ending at 18:00 on each day. Resident
volunteers were chosen randomly so they scattered in the entire Study Area. A
water sample was collected by the resident volunteers from their residences
approximately every two hours. The field sampling program was intended to give
a “snapshot” of chloramine concentration in the entire Study Area during these

two days.

Resident volunteers were selected following a communication letter that was
dropped off to selected residents on April 20, 2011. The communication letter was
reviewed and approved by EWSI before distribution. In addition to distributing
the communication letter, an email was sent to all employees of EWSI to see if
they (and/or their friends) are living in the Study Area and if they would be
willing to participate. One of the requirements for a resident volunteer was that
they should be available on the sampling days and that they should collect the
water samples themselves into the supplied 500-mL plastic (high density
polyethylene, HDPE) bottles, and leave the bottles in a cooler box filled with ice

cubes (4°C+2°C) that was placed outside of their doors.

The search for resident volunteers for the first field sampling program resulted in
fifty resident volunteers, forty-three of which were respondents of the
communication letter and seven were respondents of the email that was sent to all

employees of EWSI.
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In order to observe and to compare the temporal and the spatial variation of
chloramine concentration at all of the selected sampling sites, a sampling plan
was drafted such that water samples were collected every two hours for the
duration of ten hours at all sample sites in one day. This sampling plan was fairly
intense for field sampling that was to be conducted in residential areas. As a
result, not all of the fifty resident volunteers were able to participate fully. In the
end, a total of twenty-two resident volunteers participated in this field sampling
program, either on a single day or for both days. One of the resident volunteers
lived at inflow 2 of the Study Area. In addition to the resident volunteers, inflow 3
was also sampled”. Adding inflow 3, there were a total of twenty-three sampling

sites for the field sampling program.

Many of the colleagues of the author’s at the University of Alberta helped with
collecting and transporting the water samples from sampling sites to a work
station temporarily set up in a park in the Study Area. Since there was only one
field chlorine measurement Kit, all of the collected water samples were analyzed

by the author.

3.2.4 The Second Field Sampling Program

The second formal field sampling program was conducted on October 5 and 6,
2011. The logistics of the second formal field sampling program were the same as
those of the first conducted in July 2011. The purpose of the second field
sampling program was to examine the effect of temperature on chloramine decay
and more importantly, to examine the spatial variation of chloramine
concentration along the routes of the three water flow lines (following the three
inflows). A sampling route map for the October field sampling program is shown
in the next chapter in Figure 19, page 76. Water samples were collected at 10:00

and 12:00 on both days by the resident volunteers and placed in a cooler box

* There were in fact three inflows to the Study Area. However, the chloramine concentrations at
inflow 1 were assumed the same as those at inflow 3 as these two inflows were connected.
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maintained at 4°C+2°C by ice cubes. The cooler boxes were collected starting
from about 12:30 on the sampling day and transported to the author’s residence
for testing.

A total of thirty-four resident volunteers participated in this program. Two
businesses (an ESSO gas station and an A&W restaurant) were also chosen as
they were on the inflow lines to the Study Area. Therefore, there were a total of
thirty-six sampling sites. On October 5, 2011, there were a total of thirty sampling
sites, with one at each inflow, and twelve, eight and seven on route 1, 2 and 3,
respectively. On October 6, 2011, there were a total of twenty-five sampling sites,

with one at each inflow, and eleven, six and five on route 1, 2 and 3, respectively.

Unlike in the first field sampling program conducted in July in which only inflow
2 and inflow 3 were sampled, in the October field sampling program, all three
inflows were sampled in order to verify the assumption that inflow 1 and inflow 3
indeed had the same chloramine concentration (see map in Figure 19, page 76).

3.2.5 Sampling and Data Processing to Determine Bulk Decay Coefficients

A working water quality model requires essentially three components: the
hydraulic model, the bulk chlorine decay coefficient and the wall chlorine decay
coefficient. In this study, the hydraulic model for the Study Area was extracted
from the SynerGEE Water hydraulic model. What was required then was the bulk
chloramine decay coefficient. Note that the wall decay coefficient for the Study
Area, which was another required model input, would be determined by using the
least squares analysis after comparing measured chloramine concentrations from
the two field sampling programs and the model calculated chloramine

concentrations (section 3.4).

The bulk decay coefficients can be determined by collecting water samples from

the water distribution systems and performing the bottle test on these water
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samples in the laboratory. In this study, this method was adopted, and the bottle
tests were conducted in the laboratories of EWSI.

3.2.5.1 Selection of Sampling Locations

One of the most important issues that need to be considered is whether or not the
bulk decay coefficient remains constant throughout the Study Area. The rate of
bulk chloramine decay depends on the types and quantities of constituents in the
water, especially those constituents that can react with chloramine. It is possible
that water at different locations in the Study Area carries different types and
quantities of constituents and thus, the rate of bulk chloramine decay may be

different at different locations in the area.

In this field sampling program, water samples were collected at three locations in
the Study Area. Bottle tests were performed on the water samples to determine the
bulk decay coefficient for each location. The obtained bulk decay coefficients for
these three locations were then compared to decide whether or not the rate of bulk

chlorine decay remained constant throughout the area.

Two of the three locations selected for sampling were the two locations where the
largest extent of chloramine decay was observed. It was suspected that the water
at these locations carry constituents that were more reactive with chloramine, and
thus determining the bulk decay coefficients at these locations might yield the
most information regarding the variability of this parameter in the Study Area.
Examination of data from the two field sampling programs (July and October,
2011) indicated that the largest extent of chloramine decay was observed in the
region surrounding inflows 1 and 3 and the region on the northern outer boundary
of the west side of the Study Area. The ESSO gas station at inflow 1, which was
selected as a sampling site in the two field sampling programs, was selected as
one of the three locations for the bulk decay coefficient study (site 1). A resident
volunteer who participated in the second field sampling program and who lived in
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the region on the northern outer boundary of the west side of the area agreed to
participate and this residence was selected as another location for the bulk decay
coefficient study (site 3).

It would be useful to know the bulk decay coefficients for all water sources of the
Study Area, in case they were required in the water quality model. Therefore, in
the bulk decay coefficient study, the resident volunteer who lived at inflow 2 and
who participated in both field sampling programs was contacted and the residence
was selected as the final location (site 2). The water sample collected at Site 2
also represented a “normal” water sample as it did not go through the largest
extent of chloramine decay. If the bulk decay coefficient determined for this water
sample was statistically the same as the other two samples, then it can be
concluded that the bulk decay coefficients are the same in the Study Area. Note
that inflow 3 was not sampled as it was considered the same as inflow 1. The
three sampling locations in the bulk decay coefficient study are shown in Figure
6.

3.2.5.2 Selection of Water Temperature

The water temperature in the Study Area at the time of the first field sampling
program (July 28 and 29, 2011) was 17.4°C, and that at the time of the second
field sampling program (October 5 and 6, 2011) was 12.9°C (section 4.1.3.3 and
4.1.4.2). Therefore, the bulk decay coefficients for the Study Area at 17.4°C and

12.9°C were determined.
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Figure 6 Sampling sites for the bulk decay coefficient study.

As it was not possible to control the temperatures of the collected water samples
at exactly 17.4°C and 12.9°C, two water temperatures, one at lab bench ambient
temperature (which was 19.3°C), and one in a refrigerator (3°C+2°C), were used.
After determining the bulk decay coefficients at these two temperatures, values at
other temperatures were determined by using the Arrhenius equation, which states
that rate constant is related to an activation energy and temperature by an

empirical equation as shown in Equation 15 (Swaddle, 1990):

k=A exp(— E, J Equation 15
RT

Where k = rate constant,

A = a constant,
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E. = the activation energy (J)
R = gas constant, 8.314 J/(mol-K)
T = absolute temperature in Kelvin.

A and E. can be found by the experimentally determined bulk decay coefficients
(bottle tests) at the two temperatures of 19.3°C and 3°C.

3.2.5.3 Selection of Bottle Materials

Disposable plastic (HDPE) bottles (500-mL) were used to collect all water
samples in the two field sampling programs of July and October 2011. It was
assumed that this type of bottle did not have any chlorine demand. However, this
assumption need to be checked in the bulk decay coefficient study.

Therefore, for all three sampling sites, both glass and plastic (HDPE) bottles were
used to collect water samples. Half of each type of bottle were stored at lab bench
ambient temperature (19.3°C), and the other half of the bottles were stored in a

refrigerator (3°C).

By using this methodology, four bottle tests were conducted on the water samples
collected at each site, yielding four bulk decay coefficients for each site, that is,
the bulk decay coefficients in plastic (HDPE) or glass bottles, at either 19.3°C or
3°C. For the three sites, a total of twelve bottle tests were conducted yielding

twelve bulk decay coefficients.

To verify if there are significant variations in the obtained bulk decay coefficients,
for example, between the glass and plastic (HDPE) bottles, or between the
different sites, statistical analysis was performed by comparing the 95%

confidence intervals.
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3.2.5.4 Laboratory Experimental Work

The bulk decay coefficient study was carried out from November 2 to November
9, 2011. On November 2, the water samples were collected from all three sites by
the author (site 1) and the resident volunteers (sites 2 and 3). A total of twelve
glass bottles and four plastic (HDPE) bottles of water samples were collected
from site 1. Half of these were stored at lab bench ambient temperature (19.3°C)
and half in a refrigerator (3°C). Similarly, four glass bottles and four plastic
(HDPE) bottles of water were collected from each of sites 2 and 3, and half stored
at 19.3°C and half at 3°C. As there was only one field chlorine kit to measure the
chloramine concentration, it was not possible to obtain the chloramine
concentration at the absolute time zero for each bottle. Therefore, half of the same
types of bottles stored at each temperature for each site were analyzed within
three hours after sample collection, and the measured chloramine concentration
was taken as time zero chloramine concentration”. This was possible as
chloramine is fairly stable and the concentration determined within the first three
hours were within the experimental error as observed from the preliminary field
sampling tests. The other half of the bottles had an elapsed time when their
chloramine concentrations were measured. The data for the same type of bottle
stored at the same temperature from the same site were combined to calculate the

bulk decay coefficients.

As there were more glass bottles of water samples collected from site 1, some of
the glass bottles as well as plastic (HDPE) bottles were randomly selected and
their chloramine concentrations at a particular time point were measured three

times. These yielded statistical information about the repeatability and the

* For site 1, twelve glass bottles and four plastic (HDPE) bottles were used. Six glass bottles and
two plastic (HDPE) bottles were stored in a refrigerator at 3°C, and another six glass bottles and
two plastic (HDPE) bottles were stored at lab bench ambient temperature (19.3°C). Therefore,
three glass bottles and one plastic (HDPE) bottles stored at each of 19.3°C and 3°C were analyzed
within three hours after sample collection to determine the chloramine concentrations at time zero.
Similarly, for sites 2 and 3, one glass bottle and one plastic (HDPE) bottle stored at each of 19.3°C
and 3°C were analyzed to determine the chloramine concentrations at time zero.
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standard deviation of chloramine concentration measurements. Details are

presented in the next section.

3.3 Measurement of Chloramine Concentrations

3.3.1 Instrument and Method

In this study, all water samples were tested for total chlorine using a field chlorine
kit from Hach Company, which includes a pocket colorimeter and several 10-mL
sample cells. Total chlorine includes both free and combined chlorine. Since
chloramine is the most dominant species of chlorine present in the water
distribution system of the City of Edmonton, and there are no detectable free
chlorine in the system (EWSI, 2011), the total chlorine concentration

measurements were deemed as the chloramine concentrations.

The pocket colorimeter operates based on the DPD method (method 8167 of Hach
Company) to measure total chlorine concentration (Hach Company, 2001).
Method 8167 is adapted by Hach Company from Standard Method 4500-Cl G of
the Standard Methods for the Examination of Water and Wastewater (Hach
Company, 2001; Hach Company, 2008).

The powder pillow test of method 8167 was used. The powder pillows were the
DPD total chlorine reagents for 10-mL water samples. To test a water sample for
total chlorine, one powder pillow and two 10-mL sample cells were required
(Hach Company, 2001). The two sample cells were rinsed at least three times
with sample water and then filled to the 10-mL mark with the test water. One of
the sample cells was a blank to zero the pocket colorimeter. A powder pillow was
added to the other sample cell and after three minutes, the sample cell was
inserted into the colorimeter to obtain the total chlorine concentration reading in
mg/L to two decimal places (Hach Company, 2001). This method determined
total chlorine in the low range from 0 to 2.20 mg/L (Hach Company, 2001).
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3.3.2 Accuracy

The manual of the colorimeter states that it can operate from 0 to 50°C and that its
accuracy is £0.02 mg/L at 25°C (Hach Company, 2001). The absolute accuracy of
the colorimeter cannot be verified, since there is no chlorine standard (EWSI,
2011). At EWSI, total chlorine is tested at the Rossdale laboratory using
amperometric titration (EWSI, 2010). The Rossdale laboratory verifies the
accuracy of the pocket colorimeter by periodically testing a water sample using
both the colorimeter and the amperometric titration and comparing the results
(EWSI, 2011). If the two measured concentrations are within £0.2 mg/L of each
other, the pocket colorimeter is deemed reliable and its results are considered
consistent with those of the titration (EWSI, 2010).

All field water sampling of this study were conducted from June to November
2011. During this period, the pocket colorimeter was checked against the
amperometric method for four times. The results of all checks are shown in Table
9. For each check, water sample from the same bottle was used and the
measurements were conducted at the same time. From Table 9, it can be seen that
the difference between the two test methods was less than 0.2 mg/L for all four
checks. Therefore, the pocket colorimeter was reliable for the field water
sampling period of this study.

Table 9  Results of accuracy checking of the pocket colorimeter.

Total Chlorine Concentration (mg/L)
Date
Amperometric | Hach Chlorine Difference
Titration Field Kit
June 8, 2011 1.90 2.00 0.10
June 20, 2011 1.28 1.25 0.03
October 12, 2011 1.91 2.00 0.09
October 31, 2011 2.01 2.11 0.10
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3.3.3 Standard Deviation of Chloramine Concentration Measurements

Water samples in some of the glass and plastic (HDPE) bottles collected from site
1 in the bulk decay coefficient study were tested for three consecutive times for
chloramine concentration at a particular time point. The variance and the standard
deviation is calculated for each water sample. The raw data and calculations are
shown in Table 7 in Appendix F. The results are shown in Table 10 in the

following.

Table 10 The standard deviations of chloramine concentration measurements.

Test Bottle Type . Standard
Temperature Variance -
and Number Deviation
(°C)
Glass 1 0.00013 0.0115
Glass 2 0.00003 0.0058
19.3 Glass 3 0.00010 0.0100
Plastic 1 0.00003 0.0058
Plastic 2 0.00003 0.0058
Glass 1 0.00163 0.0404
Glass 2 0.00023 0.0153
3.0 Glass 3 0.00003 0.0058
Plastic 1 0.00023 0.0153
Plastic 2 0.00023 0.0153
Pooled Variance = 0.00012
Pooled Standard Deviation = 0.0109

It can be seen from Table 10 that the variance and the standard deviation of the
water sample collected in glass bottle 1 and stored at 3.0°C, which are marked in
red, were considerably larger than the other water samples. Thus, these values are

considered as outliers and were neglected.

The pooled variance is calculated, using the variances of all water samples except
the value marked in red. The pooled standard deviation is calculated using the
pooled variance. Because all water samples were tested an equal number of times,

the pooled variance is the same as the arithmetic average of all variances.
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The standard deviation of the chloramine concentration measurement was 0.01
mg/L. This was consistent with the repeatability of the measurement as specified
in the manual of the pocket colorimeter, which was also 0.01 mg/L (Hach
Company, 2001).

3.4 Least Squares Analysis

After inputting the required parameters and the bulk chloramine decay coefficient
into the extracted hydraulic model for the Study Area, the model was run to
calculate the chloramine concentration at all nodes and pipes in the Study Area
when a trial value of wall decay coefficient was entered. The calculated
chloramine concentrations at the nodes of interest (that is, nodes where a
measured chloramine concentration was available) were recorded manually and
entered to an Excel spreadsheet, and compared with the measured chloramine
concentrations from the field sampling program. The difference between the
calculated value and the measured value at each node was taken as a residual.
Each residual was squared, and all the squared residuals were summed, to give a
sum of squared residuals. A new trial value of wall decay coefficient was then
entered to the hydraulic model to calculate a new series of chloramine
concentrations, which led to a new sum of squared residuals. This process was
repeated until an appropriate wall decay coefficient was found that resulted in the
least sum of squared residuals. Such a wall decay coefficient was taken as the
wall decay coefficient for the area.

The least squares analysis was performed for the entire Study Area, as well as for
the west side of the Study Area and the east side of the Study Area separately in
view of the significant differences in the pipe materials on these two sides.
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4 RESULTS AND DISCUSSION

4.1 Field Sampling Studies

4.1.1 Preliminary Field Sampling at the Author’s Residence

The purpose of the preliminary field sampling at the author’s residence was to
observe the temporal variation of chloramine concentration in the water
distribution system. Two series of water samples were collected, one on June 14,
2011 over an 11-hour period, and the other from June 21 to June 22, 2011 over a
27-hour period.

4.1.1.1 Water Samples Collected on June 14, 2011

On Tuesday, June 14, 2011, eleven water samples were collected approximately
one hour apart starting at 12:00 and ending at 23:00 from the kitchen tap of the
author’s residence. The water temperature and chloramine concentration were
determined immediately after collecting each water sample. The variation of
chloramine concentration and water temperature over the 11-hour period is shown
in Figure 7 and Figure 8, while Table 11 summarizes the average, the highest and

the lowest values. The complete raw data are shown in Appendix B.

Table 11 Summary of the results of the preliminary field sampling conducted at
the author’s residence on June 14, 2011.

Parameter | Average Value | Lowest Value | Highest Value | Range
Water
Temperature 12.0 12.0 12.0 0.0
(°C)
Chloramine
Concentration 1.82 1.80 1.85 0.05
(mg/L)
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Figure 7 Temporal variation of chloramine concentration at the author’s

residence on June 14, 2011.
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Figure 8 Temporal variation of water temperature at the author’s residence on

June 14, 2011.
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It can be seen from Figure 7 that the chloramine concentration remained stable at
around 1.8 mg/L during the 11-hour sampling period. The data in Table 11
support this observation as they show a fluctuation of only 0.05 mg/L in the entire
11-hour period. It seems to indicate that the chloramine concentration in the area
was not affected significantly by changes in water demand as the sampling period
covered both the relatively low water demand interval and the high demand
intervals (dinner cooking, lawn watering and shower). Table 11 and Figure 8 also
show that the water temperature did not change in the sampling period and
remained at 12.0°C.

4.1.1.2 Water Samples Collected from June 21 to June 22, 2011

To observe the temporal variation of chloramine concentration and water
temperature during the entire 24-hour period, a second preliminary field sampling
was conducted at the author’s residence. It was started at 8:00 on June 21, 2011
and ended at approximately 11:00 the next day (June 22). A water sample was
collected approximately every hour, so that a total of 27 samples were collected.
The water sample was tested immediately after it was collected. The temporal
variation of the chloramine concentration and water temperature of the 27
samples are plotted in Figure 9 and Figure 10, with a summary shown in Table

12. The raw data of the samples can be found in Appendix B.

Table 12 Summary of the results of the preliminary field sampling conducted at
the author’s residence from June 21 to 22, 2011.

Parameter | Average Value | Lowest Value | Highest Value Range
Water
Temperature 11.8 11.0 12.0 1.0
(°C)
Chloramine
Concentration 1.76 1.68 1.82 0.14
(mg/L)
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Figure 9 Temporal variation of chloramine concentration at the author’s

residence from June 21 to 22, 2011.
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Figure 10 Temporal variation of water temperature at the author’s residence from

June 21 to 22, 2011.
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Figure 9 shows that the chloramine concentration remained relatively stable at
around 1.8 mg/L during the 27-hour period. Figure 10 shows that there were
slight water temperature fluctuations, by about 1°C, during the midnight and early
morning period, but overall the water temperature stayed around 12°C. The trend
was summarized in Table 12, which shows that the chloramine concentration
fluctuated between 1.68 and 1.82 mg/L, and water temperature between 11°C and
12°C.

Overall, the preliminary field sampling conducted at the author’s residence
showed that there were no significant variations in either the chloramine
concentration or water temperature during a 24-hour period. Although the
author’s residence is not located in the Study Area, the preliminary sampling
prepared the author for systematic water sampling in the Study Area and provided
the author with a knowledge of the temporal variations of the chloramine

concentration and water temperature in EWSI’s water distribution system.

4.1.2  Preliminary Field Sampling in the Study Area

As the author’s residence is not located in the Study Area, it was not clear
whether the observation, i.e., that there were no significant temporal variations in
chloramine concentration and water temperature, was applicable to the Study
Area. A preliminary field sampling was therefore also conducted concurrently in
the Study Area. The preliminary field sampling in the Study Area was designed so
that both the temporal and the spatial variations of chloramine concentration and

water temperature could be assessed.

This preliminary field sampling was carried out on June 16, 2011, starting at
approximately 9:00 and ending at approximately 21:00 on the same day. Rather
than staying at one fixed sampling site, water samples were collected from three
different sampling sites (Figure 11) by rotating between the sites during the 12-

hour sampling period. Nine water samples were collected from each of site 1 and
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site 2, and ten from site 3. Each water sample was tested immediately after
collection. The raw data of the chloramine concentration and water temperature
from all three sampling sites are shown in Appendix C. The data are plotted in
Figure 12 and Figure 13, and summarized in Table 13 and Table 14.
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Figure 11 Sampling sites for the preliminary field sampling in the Study Area on
June 16, 2011.

Table 13 Summary of the measured chloramine concentrations for the three

sampling sites in the Study Area on June 16, 2011.

Average Chloramine| Lowest Chloramine [ Highest Chloramine
. . . . Range
Site Number Concentration Concentration Concentration (mg/L)
(mg/L) (mg/L) (mg/L) J
1 1.86 1.83 1.92 0.09
2 1.81 1.79 1.83 0.04
3 1.28 1.08 1.44 0.36
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sites in the Study Area on June 16, 2011.
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Table 14 Summary of the measured water temperatures for the three sampling
sites in the Study Area on June 16, 2011.

Average Water [ Lowest Water | Highest Water
. Range
Site Number | Temperature Temperature Temperature °C)
(°C) (°C) (°C)
1 13.8 13.0 15.0 2.0
2 13.1 13.0 13.5 0.5
3 10.0 7.0 12.0 5.0

Figure 12 and Table 13 show that there was a spatial variation of chloramine
concentration. While the chloramine concentrations for site 1 and site 2 differed
slightly and stayed between 1.8 and 1.9 mg/L, they were much higher than site 3.
The average chloramine concentration was 1.86, 1.81 and 1.28 mg/L for sites 1, 2
and 3, respectively. Figure 11 shows that site 1 is close to the inflows, site 2 is in
the middle of the sampling area, and site 3 is at the north end of the sampling area
(a “dead-end” in a small recreational park). Therefore, it can be seen that the
chloramine concentration was the highest near the inflows and decreased away
from the inflows. The data indicate that there was a measurable spatial variation
of the chloramine concentration in the Study Area.

Figure 12 also shows that the patterns of the temporal variation in chloramine
concentration of the three sampling sites were different. For site 1 and site 2, the
chloramine concentration in the sampling period (9:00 to 21:00) fluctuated only
slightly and randomly, with site 1 ranging from 1.83 to 1.92 mg/L, and site 2
ranging from 1.79 to 1.83 mg/L. However, for site 3, the chloramine
concentration was the lowest (1.08 mg/L) in the morning when the sampling
started, and it increased steadily during the day and reached the highest point
(1.44 mg/L) close to the end of the sampling period (21:00). Clearly, as site 3 was
a dead-end, the chloramine in the stagnant water in the water pipe must have been
consumed overnight, leading to low chloramine concentration. As the day went
by, the occasional visitors to the park used the washrooms, replenishing the water

in the pipes, and thus causing a gradual increase in the chloramine concentration.
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In fact, the two rising segments of the chloramine concentration profile for site 3
may reflect such activities (note that this is not a very frequented park, and the
day when the sampling was carried out was a normal working day and not a
weekend). In this context, site 3 provides a useful site to study the wall
chloramine decay kinetics in the water distribution system. Detailed wall decay
kinetics study is out of the scope of this work, but any future wall decay kinetics

study should consider site 3 as potential test site.

The temporal variation of water temperature in the three test sites (Figure 13)
shows a similar trend, in that the variation for site 1 and site 2 are more or less
random, while that of site 3 was cyclic and rising. In general, the water
temperature in site 3 was lower than sites 1 and 2. It is also interesting to note that
the time when the rising water temperature was observed coincided with an

increase in chloramine concentration (compare Figure 13 with Figure 12).

The preliminary field sampling program at both the author’s residence and the
Study Area indicate that the chloramine concentration in the water supply system
did not show significant temporal variation as long as the water was not
“stagnant”, e.g., in a dead-end. The results also show that there was sufficient
spatial variation in chloramine concentration. These preliminary results provided
the basis of the water sampling programs carried out next, although the data from
the preliminary field sampling were not used in the hydraulic model to calibrate
the wall decay coefficients.

4.1.3 The First Field Sampling Program (July 28 and 29, 2011)

The first field sampling program was conducted on July 28 and 29, 2011. In this
program, water samples were collected from twenty-three sampling sites, eighteen
of which were sampled on July 28 and eleven on July 29 (some sites were

sampled on both dates).
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4.1.3.1 Spatial Variation of Chloramine Concentration

Figure 14 shows the locations of all twenty-three sampling sites. During the
sampling program the water samples were collected at a fixed time interval of two
hours. Table 15 lists the average daily chloramine concentration of all sites for the
two sampling days. The sample site numbers labeled in Figure 14 correspond to
those listed in Table 15. The raw data of the first field sampling program are

shown in Appendix D.

STREET X

WEST SIDE EAST SIDE

QUADRANT 1 QUADRANT 2

QUADRANT 4 7 QUADRANT 3

2

o 4 )
® ! 3
~=7— INFLOW 3
INFLOW 2 —— INFLOW 1

Figure 14 Sampling sites of the first field sampling program (July 28 and 29,
2011).
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Table 15 Awverage chloramine concentrations of all sampling sites of the first
field sampling program (July 28 and 29, 2011).

Sampling Average Chloramine Concentration (mg/L)
Inflow/Quadrant NUMbEr | oy nmber [Thursday, July 28, 2011 | Friday, July 29, 2011
Inflow 1 1 1.61 1.72
Inflow 2 2 1.35 1.45
Inflow 3 3 1.61 1.72
4 1.28 1.32
5 1.59 -
6 151 -
Quadrant 4 (West Side) 7 - 1.55
8 141 1.53
9 1.33 -
10 1.19 -
11 1.06 -
12 1.18 -
13 0.90 -
Quadrant 1 (West Side) 14 0.98 -
15 0.93 -
16 - 0.88
17 - 1.55
18 - 1.72
. 19 1.44 -
Quadrant 3 (East Side) 20 126 130
21 1.29 -
22 141 -
Quadrant 2 (East Side) 23 - 1.40
24 1.44 1.55

* Note that inflow 1 was not an actual sampling site. It was the same as inflow 3.

As discussed earlier, in the July 2011 hydraulic model, the three inflows are
sources of chloramine for the Study Area. As a result, the chloramine
concentration at each of the three inflows must be known. For the first field
sampling program, the measured chloramine concentrations at sites 2 and 3 were
considered as the source chloramine concentrations at inflows 2 and 3,
respectively. No sampling site was available at inflow 1. However, as inflows 1
and 3 were actually joined together as shown in Figure 3, the measured
chloramine concentration at site 3 was used to represent both inflows 1 and 3.
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Figure 14 shows that the sampling sites are scattered nearly uniformly in the
Study Area and have covered the entire area. The average chloramine
concentrations listed in Table 15 indeed show that there is a measurable spatial
variation of the chloramine concentration in the area, and that the chloramine

concentrations are highest near the inflows and decrease away from the inflows.

Table 16 Overall summary of the measured chloramine concentrations in the

first field sampling program (July 28 and 29, 2011).

Sampling Site with | Lowest Average | Sampling Site with | Highest Average | Difference in
Date the Lowest Average Chloramine | the Highest Average| Chloramine Chloramine
Chloramine Concentration Chloramine Concentration | Concentration
Concentration (mg/L) Concentration (mg/L) (mg/L)
7/28/2011 13 0.90 1/3 1.61 0.71
7/29/2011 16 0.88 1/3and 18 1.72 0.84

Table 16 shows an overall summary of the chloramine concentrations of all
sampling sites. The data are shown separately for July 28 and July 29. For each
day, what is shown is the number of sites with the lowest average chloramine
concentration, and the ones with the highest average chloramine concentration, as
well as values of the average chloramine concentration. As can be seen, on both
sampling days, the sites with the highest average chloramine concentration were
either at inflow 1/3 or close to inflow 1/3, which was as expected since the
inflows are sources of chloramine for the area. The sample sites that had the
lowest average chloramine concentrations were located in quadrant 1 (Table 15).
This was reasonable considering that the west side of the area consists of
predominately cast iron pipes and that the sampling sites in quadrant 1 are far
from the inflows. As shown in Table 16, the difference between the highest and
the lowest average chloramine concentrations is 0.71 and 0.84 mg/L on July 28
and 29, respectively. The magnitude of these differences indicates that the wall
chloramine decay in the water supply system in the Study Area may have played a
significant role in affecting the water quality in the Study Area. Therefore a wall

decay coefficient may be calibrated using the hydraulic model.
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4.1.3.2 Temporal Variation of Chloramine Concentration

In this field sampling program, the water sample collection times were set at
every two hours starting at 8:00 and ending at 18:00 on both days. This sampling
plan allows for the collection of six water samples for each site in the 10-hour
sampling period, which reveals the temporal variation of the chloramine

concentration in the area in addition to spatial variations.

The measured chloramine concentrations of all sample sites are plotted versus
time in Figure 15 (July 28) and Figure 16 (July 29). Note that in the first field
sampling program, the actual number of water samples collected from each
sampling site depended on the availability of the resident volunteer. That is, not
all sampling sites yielded six water samples on each sampling day. In both
figures, the sampling sites are grouped into four quadrants.

By examining Figure 15 and Figure 16, it can be seen that there are some patterns
in the temporal variations of chloramine concentrations for the sampling sites.

However, no generalizations could be made regarding the patterns.

Furthermore, six sites were sampled on both July 28 and July 29, 2011. Figure 17
shows the temporal variations of chloramine concentration of the six sites for the
two days. Again, some patterns in the temporal variations are observed for the
sampling sites. However, no generalizations could be made regarding the patterns.
Since no generalizations could be made, the average chloramine concentrations of

the sampling sites (Table 15) were used to calibrate the wall decay coefficient.
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Figure 15 Temporal variation of chloramine concentration on July 28, 2011 in

(a) quadrant 1, (b) quadrant 2, (c) quadrant 4 and (d) quadrant 3.
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Figure 16 Temporal variation of chloramine concentration on July 29, 2011 in

(a) quadrant 1, (b) quadrant 2, (c) quadrant 4 and (d) quadrant 3.
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Figure 17 Temporal variation of the chloramine concentration on July 28 and 29,

2011 at (a) site 1/3, (b) site 2, (c) site 4, (d) site 8, () site 20 and ()

site 24.

4.1.3.3 Water Temperature

Site 3 is a commercial building and the water samples were collected by one of

the student volunteers. Therefore, a complete record of water temperature was

available. The raw data of the water temperature are included in Appendix D and

plotted in Figure 18. Table 17 shows a summary of the average, the lowest and

the highest water temperatures on both sampling days for site 3.
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Figure 18 Temporal variation of water temperature at site 3 on July 28 and 29,
2011.

Table 17 Summary of the measured water temperatures in the first field

sampling program for site 3.

Average Water | Lowest Water | Highest Water
Range
Date Temperature Temperature Temperature °C)
(°C) (°C) (°C)
7/28/2011 17.4 16.6 18.1 1.5
7/29/2011 17.4 16.9 17.9 1.0

The values in Table 17 and the plots in Figure 18 suggest that there are slight
variations in the water temperature on both sampling days at site 3. The
preliminary field sampling on June 16, 2011 also showed that there was slight
variation of the water temperature both spatially and temporally in the Study Area
(Figure 13). Nevertheless, for this study, the water temperature in the area was
considered constant, both spatially and temporally, on each sampling day. For the

field sampling program conducted on July 28 and 29, 2011, the average water
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temperature at site 3 was assumed to be the constant water temperature in the area
on that day. Table 17 shows that the average water temperatures at site 3 on both
sampling days were 17.4°C. Therefore, this average water temperature was used

as the water temperature in the subsequent hydraulic model calculations.

4.1.4 The Second Field Sampling Program (October 5 and 6, 2011)

The second field sampling program was conducted on October 5 and 6, 2011. The
objectives of the second sampling program were to study the effect of water
temperature on the chloramine concentration, and the chloramine decay along
water flow directions. In this program, water samples were collected from thirty-
six sampling sites, thirty of which were sampled on October 5 and twenty-five on
October 6. Some sites were sampled on both dates. A water sample was collected
at 10:00 and 12:00 at each site on one or both dates.

4.1.4.1 Chloramine Decay along Water Flow Directions

Different from the first field sampling program which used scattered sampling
sites in the Study Area, three water flow paths were selected in the second field
sampling program. The three water flow paths were determined by running the
2002 SynerGEE Water steady state hydraulic model.

Figure 19 shows the locations of all thirty-six sampling sites. As can be seen, the
sampling sites on routes 1 and 2 have "enveloped” the west side of the Study
Area, while the sampling sites on route 3 are scattered in the east side of the Study
Area. The arrows on the figure represent water flow directions as predicted by the
SynerGEE Water hydraulic model for the October 2011 demand scenario.
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Figure 19 Sampling sites for the second field sampling program conducted on
October 5 and 6, 2011.

The daily average chloramine concentrations of all sites for each of the two
sampling days are calculated and listed in Table 18. The sampling site numbers
noted in Figure 19 correspond to those listed in Table 18. The raw data of all

sampling sites are shown in Appendix E.

Table 18 reveals a broad range of measured chloramine concentrations along the
three routes. Also, the chloramine concentration was the highest near the inflows
and decreased away from the inflows. Both observations were similar to the first

field sampling program performed in July 2011.
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Table 18 Awverage chloramine concentrations of all sampling sites in the second
field sampling program conducted on October 5 and 6, 2011.

Sampling Average Chloramine Concentration (mg/L)
Inflow/Route Number Site Number Wednesday, October 5, Thursday, October 6,
2011 2011
Inflow 1 1 1.91 1.89
Inflow 2 2 1.75 1.75
Inflow 3 3 1.90 1.90
4 1.84 1.86
5 1.89 1.86
6 1.88 -
7 1.84 1.68
Route 2 (West Side) 8 1.75 -
9 1.72 1.76
10 - 1.77
11 1.71 -
12 1.35 1.55
13 1.63 1.64
14 - 1.67
15 1.66 1.66
16 1.60 -
17 - 1.61
18 1.47 1.53
19 1.43 -
Route 1 (West Side) 20 - 1.48
21 1.30 1.43
22 1.22 1.34
23 1.20 -
24 1.16 1.33
25 1.12 1.29
26 1.11 -
27 1.11 1.17
28 - 1.88
29 - 1.86
30 1.81 -
31 1.72 -
Route 3 (East Side) 32 1.73 1.78
33 1.53 1.51
34 1.36 -
35 1.54 1.55
36 1.65 -

Figure 20 and Figure 21 show the daily average chloramine concentrations of the

sampling sites as a function of water flow direction along each route. As can be
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seen, all three routes showed a monotonous decrease in chloramine concentrations
on both dates. The exception to this observation is route 3 on October 5, 2011, in
which the chloramine concentration increased at the end of the route, as shown in
Figure 20(c). The extent and the uniformity of the decrease differed from routes to
routes, but the patterns of the decreases for the three routes are very similar on
both sampling days. Overall, route 1 showed the most significant decrease in
chloramine concentration along the water flow direction, and the decrease was
more uniform. Comparatively, routes 2 and 3 showed smaller decreases and the

decreases tend to be “jumpy”.
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Figure 20 Spatial variation of chloramine concentration on October 5, 2011 for
(@) route 1, (b) route 2 and (c) route 3.
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Figure 21 Spatial variation of the chloramine concentration on October 6, 2011
for (a) route 1, (b) route 2 and (c) route 3.

The highest and lowest daily average chloramine concentrations shown in Table
18 and the corresponding sampling sites are extracted and presented in Table 19.
As can be seen from this table, the sampling sites with the highest daily average
chloramine concentration were at inflows 1 and 3. This was similar to the
observation in the first sampling program and consistent with expectation, as
inflows should have higher chloramine concentrations. The sampling sites with
the lowest average daily chloramine concentration were located at the end of route
1. This result coincided with that of the first field sampling program, which
showed that the sampling sites with the lowest daily average chloramine
concentration were located in quadrant 1, where route 1 ran. This observation was
reasonable, since the west side of the area (quadrant 1) consisted of
predominantly cast iron pipes and that the sampling sites at the end of route 1
were the furthest away from the inflows, compared to all the other sampling sites
in this field sampling program. As a result, there would be greater chloramine

decay as water traveled from the inflows to these sampling sites.
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Table 19 Overall summary of the measured chloramine concentrations in the
second field sampling program (October 5 and 6, 2011).

Sampling Site with | Lowest Average | Sampling Site with | Highest Average | Difference in
Date the Lowest Average| Chloramine | the Highest Average Chloramine Chloramine
Chloramine Concentration Chloramine Concentration Concentration
Concentration (mg/L) Concentration (mg/L) (mg/L)
10/5/2011 26 and 27 111 1 191 0.80
10/6/2011 27 117 3 1.90 0.73

Table 19 also shows that the difference between the highest and the lowest daily
average chloramine concentration is 0.80 and 0.73 mg/L on October 5 and 6,
respectively. These were similar to the differences observed in the first field
sampling program conducted in July, 2011, i.e., 0.71 and 0.84 mg/L on July 28
and 29, respectively (Table 16).

4.1.4.2 Water Temperature

Similar to the first field sampling program, water temperature data were only
available for sites 1 and 3 as these water samples were collected by the author.
The measured water temperatures are listed in Table 20 and are also included with

the raw data of sites 1 and 3 in Appendix E.

Table 20 Water temperature in the second field sampling program (October 5

and 6, 2011).
. . Water Water Average Water
Sampling Site | Temperature at | Temperature at
Date . . . Temperature
Number First Sampling | Second Sampling °C)
Time (°C) Time (°C)
1 13.0 13.0
10/5/2011 12.9
3 12.7 12.7
10/6/2011 L 13.0 13.1 12.7
3 12.7 12.0
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As can be seen from Table 20, the water temperatures were slightly different
between sites 1 and 3, showing some slight spatial variation which was also
observed earlier. The average water temperature of 12.9°C was used in the
hydraulic model to calculate the wall decay coefficient for the area for the

October sampling program.

4.2 Determination of Bulk Decay Coefficients (Bottle Tests)

The spatial variation of chloramine concentration observed in the field sampling
programs in the Study Area hinted at the importance of wall decay in the
measured chloramine concentration. As the chloramine concentrations can be
calculated by the SynerGEE Water hydraulic model, the field sampling program
provided an opportunity to use the measured chloramine concentrations to
calibrate the chloramine wall decay coefficient in the hydraulic model. This can
be done as follows: first, the chloramine concentrations are calculated by the
hydraulic model by assuming a value of the wall decay coefficient. The calculated
values are then compared with the measured data from the field sampling
programs. The difference (i.e., the residuals) are squared and summed. A least
squares analysis of the sum of squares would likely lead to a unique wall decay

coefficient, which gives the lowest sum of squares of the residuals.

Besides requiring a wall decay coefficient, the calculation of chloramine
concentration by the hydraulic model also requires the input of a bulk decay
coefficient and the selection of several model parameters related to the properties
of water, such as viscosity, specific gravity, etc. The bulk decay coefficient is
dealt with in this section (section 4.2), while the selection of model parameters is
considered in the next section (section 4.3).
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4.2.1 Selecting Sampling Sites for the Determination of Bulk Decay Coefficient

On November 2, 2011, water samples were collected from three representative
locations in the Study Area (Figure 6, page 52) using both glass bottles and plastic
(HDPE) bottles. Both types of bottles were divided into two groups, with one
group stored in a refrigerator (3°C) and the other left in a cabinet at lab bench
ambient temperature (19.3°C). Both groups of the water samples were analyzed
for chloramine concentrations in the one-week period following sample
collection, i.e., from November 2 to November 9, 2011, to determine the bulk
decay coefficient. Details of the procedures of sample collection and bulk decay

coefficient determination are described in section 3.2.5, page 49.

4.2.2 The Test Temperatures

Throughout the bulk decay experiment, the temperatures inside the refrigerator
and the cabinet were monitored using a traceable total-range thermometer made
by Control Company. This thermometer was calibrated on February 23, 2010 and
the calibration was still valid at the time of this study. In addition to using the
total-range thermometer, a beaker filled with water in which was submerged an
alcohol thermometer was stored inside the refrigerator at the start of the
experiment to monitor the temperature. The two thermometers gave slightly
different temperature readings (Table 1 in Appendix F), and the average was used

as the water temperature, which was 3°C in the fridge and 19.3°C in the cabinet.

4.2.3 Initial Data Processing

The raw and the processed data of the bottle tests conducted for the bulk decay
water samples of sites 1, 2 and 3 are shown in Appendix F, Appendix G,
Appendix H, respectively. Details of the initial data processing are described

below.
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4.2.3.1 Initial Data Processing for Site 1

From site 1, twelve glass bottles and four plastic (HDPE) bottles of water samples
were collected on November 2, 2011. Half of the bottles (i.e., six glass bottles and
two plastic (HDPE) bottles) were stored in a refrigerator at 3°C and half left in a
cabinet at lab bench ambient temperature (19.3°C). As there was only one field
chlorine kit to measure chloramine concentration, it was not possible to
simultaneously determine the chloramine concentration for all bottles when the
water sample was collected. Since the chloramine in the water sample is fairly
stable, half of the bottles stored at each temperature for each site were analyzed as
quickly as possible and within three hours after sample collection, and the
measured chloramine concentration was taken as the concentration at time zero
for the bottle. The first chloramine concentration measured for the other half of
the bottles then had an elapsed time. The glass and plastic (HDPE) bottles at both
temperatures were analyzed in rotation and the time when the water sample was
analyzed was converted to time elapsed since time zero. The data for the same
type of bottles from the same site stored at the same temperature were combined
to find the bulk decay of chloramine, so that four datasets were obtained, for glass
or plastic (HDPE) bottles at either 19.3°C or 3°C.

At some time point (which was chosen randomly), the chloramine concentrations
in three glass bottles and two plastic (HDPE) bottles stored at each of 19.3°C and
3°C were measured repeatedly three times in order to determine the repeatability
and standard deviation of the chloramine concentration measurements. The
repeatability and standard deviation of chloramine concentration measurements

were discussed in section 3.3.3, page 57.

4.2.3.2 Initial Data Processing for Sites 2 and 3

The initial data processing for sites 2 and 3 were essentially the same as site 1,
except that only four glass bottles and four plastic (HDPE) bottles were collected
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from each of sites 2 and 3. No repeatability measurements of the chloramine
concentration was performed for samples from sites 2 and 3.

4.2.4 The Decrease of Chloramine Concentration versus Time

Figure 22, Figure 23 and Figure 24 show the decrease of chloramine

concentration as a function of elapsed time in the water bottles collected from

sites 1, 2 and 3, respectively. Note that the tests ended on different time periods.
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Figure 22 Chloramine concentration as a function of time for all bottle tests

conducted for site 1 (Note: some of the data points are average values

of repeated measurements. Refer to Appendix F for details).
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Figure 23 Chloramine concentration as a function of time for all bottle tests

conducted for site 2.
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Figure 24 Chloramine concentration as a function of time for all bottle tests

conducted for site 3.
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All three figures show that chloramine concentrations decreased non-linearly with
time. The decrease was more pronounced for water samples stored at the higher
temperature (19.3°C) than at the lower temperature (3°C).

4.2.5 Determination of the Bulk Decay Coefficients

4.2.5.1 For Site 1

As the decrease of chloramine concentration showed a non-linear dependence on
time, the first order and second order kinetic models were used to model the bulk
decay process.

The differential equation for the first order reaction is shown by Equation 16:

dc _

=—kC Equation 16
dt

where C = Chlorine Concentration
t=Time
k = Reaction Rate Coefficient (Bulk Decay Coefficient)
The solution to Equation 16 is shown by Equation 17.
C =C, exp(—kt) Equation 17

where C, = Initial Chlorine Concentration, and the rest are the same as above.

Equation 17 is changed into the form of a straight line, as defined by Equation 18,
by taking the natural logarithm of the equation.

INC=-kt+InC, Equation 18
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By plotting In C versus time ¢ on a log-linear plot and applying the linear
regression analysis, the bulk decay coefficient £ and the initial chloramine
concentration C, can be determined from the slope of the regression line and the

y-intercept of the line, respectively.

Table 21 lists the bulk decay coefficients, the initial chloramine concentrations
and the coefficients of determination (R?) of all bottle tests of site 1 using the first
order model. The detailed data are listed in Appendix F. The linear regression
analysis was performed using the built-in functions in Microsoft Office Excel
2003.

Table 21 The bulk decay coefficients and the initial chloramine concentrations

of the bottle tests of site 1 for the first and the second order models.

First Order Model Second Order Model
Test
Temperature Bottle First Order k C Second Order k C
cc) Type v man| R P N &
(hr™) (mg/L) ((mg*hr/L)™ | (mg/L)
19.3 Glass 2.27E-03 1.92 0.89 1.32E-03 1.93 0.91
Plastic 2.92E-03 1.94 0.96 1.67E-03 1.94 0.97
30 Glass 1.25E-03 1.98 0.98 6.80E-04 1.98 0.98
' Plastic 9.58E-04 1.97 0.97 5.03E-04 1.97 0.98

The fit of the site 1 chloramine concentration data to the second order reaction
model was also tested. The differential equation for the second order reaction is

shown by Equation 19.

ac _ —kC? Equation 19

dt

where C = Chlorine Concentration
t=Time
k = Reaction Rate Coefficient (Bulk Decay Coefficient)
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The solution to Equation 19 is shown by Equation 20.
1 -1
C= (kt + C_j Equation 20

where C, = Initial Chlorine Concentration, and the rest are as above.

Equation 20 is changed into the form of a straight line by taking the reciprocal of

both sides of the equation. Equation 21 shows the linearized form of Equation 20.

—=kt+— Equation 21
C C

By plotting 1/C versus time ¢ and then applying the linear regression analysis, the
bulk decay coefficient and the initial chlorine concentration could be determined,
as the slope of the regression line is £ and the y-intercept of the line is 1/Co. The
values for site 1 are also listed in Table 21 together with those of the first order

modeling results, and the detailed data are shown in Appendix F.

Examination of the R? values shown in Table 21 indicates that for each bottle test,
both the first and the second order reaction models fit fairly well to the test data.

Using the obtained bulk decay coefficients, the chloramine concentrations of all
bottle tests of site 1 can be calculated. The detailed calculation and calculated data
are shown in Appendix F. The calculated values are compared with the actual
measured values from Figure 25 to Figure 28. These four figures show that the
chloramine concentration values predicted from the first and the second order
models fit adequately with the measured chloramine concentrations. The figures
also show that the calculated chloramine concentration values by the first order
reaction model are essentially the same as those calculated by the second order

model.
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Figure 25 Comparison of the measured and predicted chloramine concentrations.
Water bottle tests of site 1, glass bottles, 19.3°C.
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Figure 26 Comparison of measured and predicted chloramine concentrations.
Water bottle tests of site 1, plastic (HDPE) bottles, 19.3°C.
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Figure 27 Comparison of measured and predicted chloramine concentrations.
Water bottle tests of site 1, glass bottles, 3.0°C.
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Figure 28 Comparison of measured and predicted chloramine concentrations.
Water bottle tests of site 1, plastic (HDPE) bottles, 3.0°C.
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4.2.5.2 For Sites 2 and 3

The same methodology was used to determine the bulk decay coefficients of the
water samples collected from sites 2 and 3. The detailed calculations and data are
listed in Appendix G and Appendix H, and the results are shown in Table 22,
Table 23, Figure 29 and Figure 30. These tables and figures confirmed the
observations of the bottle tests conducted for site 1, that is, the first order and
second order model predictions are essentially the same, and that the predicted

values are close to the measured values.

Table 22 The bulk decay coefficients and the initial chloramine concentrations

of the bottle tests of site 2 for the first and the second order models.

First Order Model Second Order Model
Test
Temperature Bottle First Order k C Second Order k C
°C Type ) b ° R? e ° R?
) () (mg/L) (mg*hriL)Y) | (maiL)
19.3 Glass 1.69E-03 1.80 0.90 1.05E-03 1.81 0.92
Plastic 1.76E-03 1.80 0.91 1.11E-03 1.80 0.93
3.0 Glass 8.00E-04 1.87 0.98 4.56E-04 1.87 0.98
' Plastic 8.15E-04 1.87 0.96 4.61E-04 1.87 0.97

4.2.6 Comparison of the Bulk Decay Coefficients

During the linear regression analyses, the lower and upper limits of the 95%
confidence intervals were generated for the determined bulk decay coefficients.
Table 24 and Table 25 present the bulk decay coefficients of all water bottle tests
and associated lower and upper limits of the 95% confidence intervals for the first
and the second order models, respectively. These confidence intervals are used to
compare the bulk decay coefficients obtained from the different sites and different

materials of construction for the bottles.



Page 92

1.90 1.90
d ° ® Experimental * ® Experimental
—&— First Order Model ® —&—First Order Model
1.80 H 1.80 H
—+—Second Order Model —#—Second Order Model
2 g
) )
E 170 E 170
< ° <
s s
& g °
§ 1.60 § 1.60
5 s °
[S) [$)
2 ° @ °
£ 150 £ 150
s s
= =
0 (a) ° : (b)
1.40 ° 1.40
\‘ \.\;
1.30 1.30
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time, hr Time, hr
1.90 1.90
° ® Experimental ® Experimental
> —&— First Order Model 22 —&— First Order Model
—4—Second Order Model —— Second Order Model
2 2
3 )
£ 180 £ 180
< <
S S
g s
5 5
g ° 2
s S
o [§)
2 2
£ 170 £ 170
S s
i (©) ’ i (d)
o
1.60 T T T T T 1.60 T T T T T T T
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160
Time, hr Time, hr

Figure 29 Comparison of the measured and predicted chloramine concentrations.
Water bottle tests of site 2, (a) glass bottles, 19.3°C, (b) plastic
(HDPE) bottles, 19.3°C, (c) glass bottles, 3.0°C and (d) plastic
(HDPE) bottles, 3.0°C.

Table 23 The bulk decay coefficients and the initial chloramine concentrations
of the bottle tests of site 3 for the first and the second order models.
First Order Model Second Order Model
Test
Bottle .
Temperature First Order k;, C Second Orderk, | C
oC Type o Rz o R2
(*©) (hr') (mg/L) ((mg*hr/LYY) | (ma/L)
193 Glass 1.63E-03 1.34 0.94 1.37E-03 1.34 0.95
' Plastic 1.59E-03 1.34 0.95 1.34E-03 1.34 0.97
30 Glass 9.50E-04 1.39 0.96 7.35E-04 1.39 0.96
' Plastic 6.23E-04 1.38 0.97 4.73E-04 1.39 0.97
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Figure 30 Comparison of the measured and predicted chloramine concentrations.
Water bottle tests of site 3, (a) glass bottles, 19.3°C, (b) plastic
(HDPE) bottles, 19.3°C, (c) glass bottles, 3.0°C and (d) plastic
(HDPE) bottles, 3.0°C.

Table24 The 95% confidence intervals of the bulk decay coefficients
determined for the first order model.
Site Test Bottle First Order k, | Lower 95% CI | Upper 95% ClI
Temperature 1 1 1
Number °C) Type (hr™) (hr?) (hr™)
19.3 Glass 2.27E-03 1.19E-03 3.35E-03
1 Plastic 2.92E-03 1.80E-03 4,04E-03
30 Glass 1.25E-03 9.87E-04 1.51E-03
Plastic 9.58E-04 6.73E-04 1.24E-03
19.3 Glass 1.69E-03 1.14E-03 2.23E-03
9 Plastic 1.76E-03 1.21E-03 2.30E-03
30 Glass 8.00E-04 6.77E-04 9.23E-04
Plastic 8.15E-04 6.36E-04 9.94E-04
19.3 Glass 1.63E-03 1.22E-03 2.04E-03
3 Plastic 1.59E-03 1.24E-03 1.93E-03
30 Glass 9.50E-04 7.29E-04 1.17E-03
Plastic 6.23E-04 5.08E-04 7.38E-04
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Table 25 The 95% confidence intervals of the bulk decay coefficients
determined for the second order model.

Site Test Bottle | Second Orderk, | Lower95%Cl | Upper 95% Cl
Number | cmperature Type *hr/L)* *hr/L)? *hr/L)™
°C) ((mg*hr/L)™) ((mg*hr/L)") ((mg*hr/L)")

103 Glass 1.32E-03 7.60E-04 1.88E-03

. Plastic 1.67E-03 1.10E-03 2.24E-03

20 Glass 6.80E-04 5.33E-04 8.28E-04

Plastic 5.03E-04 3.60E-04 6.46E-04

103 Glass 1.05E-03 752E-04 1.36E-03

, Plastic 1.11E-03 8.16E-04 1.40E-03

20 Glass 4.56E-04 3.90E-04 5.02E-04

Plastic 4.61E-04 3.63E-04 5.60E-04

104 Glass 1.37E-03 1.07E-03 1.68E-03

5 Plastic 1.34E-03 1.09E-03 1.58E-03

20 Glass 7.35E-04 5.68E-04 9.02E-04

' Plastic 4.73E-04 3.88E-04 5.57E-04

4.2.6.1 Comparison between Glass and Plastic (HDPE) Bottles

Theoretically, if the 95% confidence intervals of two bulk decay coefficients
overlap, then the two coefficients can be considered the same with 95%

confidence.

In the two field sampling programs conducted in July and October 2011, plastic
(HDPE) bottles were used to collect the water samples at all sample sites and all
water samples were stored at 4+2°C until they were tested. It was assumed that
the plastic (HDPE) bottles did not have any chlorine demand. This assumption
could be checked by comparing the bulk decay coefficients for glass bottles with
those determined for plastic (HDPE) bottles.

Figure 31, Figure 32 and Figure 33 show the comparison of the first order bulk
decay coefficients for glass and plastic (HDPE) bottles for sites 1, 2 and 3,
respectively. Figure 34, Figure 35 and Figure 36 show similar plots but for the
second order bulk decay coefficients. Note that the first, second and third point

(from left to right) in all plots represent the lower 95% confidence interval, the
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mean (i.e., the bulk decay coefficient) and the upper 95% confidence interval,

respectively.

Examination of the six figures (twelve plots) indicates that the confidence

intervals in each plot overlapped with each another, with the only exception of the

plot in Figure 36(b), i.e., site 3 at a water temperature of 3°C. The exception was

considered as an outlier to the general trend (one out of twelve) and was

neglected.

Therefore, it can be concluded that the plastic (HDPE) bottles used for water

sampling have no chlorine demand. Thus for the purpose of this study, the plastic

(HDPE) bottles and glass bottles could be used interchangeably.
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—&— Plastic —&— Plastic
*r———— 0
& A& A

0.0E+00

1.0E-03 2.0E-03 3.0E-03 4.0E-03 5.0E-03 0.0E+00

Bulk Decay Coefficient (), hr*

1.0E-03

Bulk Decay Coefficient (k,), hr*

2.0E-03

Figure 31 Confidence intervals of the first order bulk decay coefficients

determined for glass and plastic (HDPE) water bottle tests at site 1 and

stored at (a) 19.3°C and (b) 3.0°C.
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Figure 32 Confidence intervals of the first order bulk decay coefficients
determined for glass and plastic (HDPE) water bottle tests conducted
at site 2 and stored at (a) 19.3°C and (b) 3.0°C.
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Figure 33 Confidence intervals of the first order bulk decay -coefficients
determined for glass and plastic (HDPE) water bottle tests conducted
at site 3 and stored at (a) 19.3°C and (b) 3.0°C.
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Figure 34 Confidence intervals of the second order bulk decay coefficients
determined for glass and plastic (HDPE) water bottle tests conducted
at site 1 and stored at (a) 19.3°C and (b) 3.0°C.
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Figure 35 Confidence intervals of the second order bulk decay coefficients
determined for glass and plastic (HDPE) water bottle tests conducted
at site 2 and stored at (a) 19.3°C and (b) 3.0°C.
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Figure 36 Confidence intervals of the second order bulk decay coefficients
determined for glass and plastic (HDPE) water bottle tests conducted
at site 3 and stored at (a) 19.3°C and (b) 3.0°C.

4.2.6.2 Comparison between Sites

The bulk decay coefficients are compared between the three sites to determine
whether or not the bulk decay coefficient is constant throughout the Study Area.
Figure 37 compares the first order bulk decay coefficients obtained from the three
sites for the glass and plastic (HDPE) bottles stored at either 3°C or 19.3°C.

Figure 38 shows similar plots for the second order bulk decay coefficients.
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Figure 37 Confidence intervals of the first order bulk decay coefficients

determined for the bottle tests of all three sites conducted using water

samples that were collected (a) in glass bottles and stored at 19.3°C,
(b) in plastic (HDPE) bottles and stored at 19.3°C, (c) in glass bottles
and stored at 3.0°C and (d) in plastic (HDPE) bottles and stored at

3.0°C.

Figure 37 (b) and (d) are plots of the confidence intervals of the first order bulk

decay coefficients for the water samples collected in plastic (HDPE) bottles and
stored at 19.3°C and 3.0°C, respectively. Figure 38 (b) and (d) are plots of the

confidence intervals of the second order bulk decay coefficients for the same

water samples. On each of these plots, all three confidence intervals overlapped

one another, which suggests that the bulk decay coefficients, determined using

water samples collected in plastic (HDPE) bottles, are the same between the three

sites for both the first and the second order models.
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Figure 38 Confidence intervals of the second order bulk decay coefficients
determined for the bottle tests of all three sites conducted using water
samples that were collected (a) in glass bottles and stored at 19.3°C,
(b) in plastic (HDPE) bottles and stored at 19.3°C, (c) in glass bottles
and stored at 3.0°C and (d) in plastic (HDPE) bottles and stored at
3.0°C.

Figure 37 (a) and (c) are plots of the confidence intervals of the first order bulk
decay coefficients for the water samples collected in glass bottles and stored at
19.3°C and 3.0°C, respectively. Figure 38 (a) and (c) are plots of the confidence
intervals of the second order bulk decay coefficients for the same water samples.
The three confidence intervals on each of Figure 37 (a) and Figure 38 (a) have
overlapped one another, which suggests that the bulk decay coefficients,
determined using water samples collected in glass bottles and stored at 19.3°C,

are the same between the three sites for both the first and the second order model.

However, the confidence intervals for water samples collected with glass bottles

and stored at 3°C from site 2 do not overlap with those of site 1 (Figure 37 (c),
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first order bulk decay coefficients), or with those from either site 1 or site 3
(Figure 38 (c), second order bulk decay coefficients). It is therefore not conclusive
if the bulk decay coefficients determined from glass water bottles stored at 3°C is
the same throughout the Study Area. However, such a conclusion does not affect
the current study as the water samples were all collected with plastic (HDPE)
bottles in the field sampling programs, which have been shown to be consistent in

the foregoing discussion.

The bulk decay coefficients obtained from glass bottles were used in the extracted
SynerGEE Water hydraulic model for the Study Area to calibrate the wall decay
coefficients. The details are described in section 4.3.2.1.

4.3 Modeling Study

Through the bottle tests described in the previous section, the bulk decay
coefficients for the water supplied to the Study Area were determined. These
coefficients were used in the SynerGEE Water hydraulic model for the Study
Area to calibrate the wall decay coefficient. Before such calibration could be

conducted, model input parameters were selected.

Section 3.1 described in detail the methodologies used to extract the SynerGEE
Water hydraulic model for the Study Area, and to update pipe material and
demands in the extracted hydraulic model. In addition to those updates, valves in
the water distribution system were not represented in the hydraulic models, which
was equivalent to the state that all valves were open. The status of all valves in the
Study Area on July 28 and 29, and October 5 and 6, 2011 were checked, and it
was found that all valves were indeed open on the indicated dates. Thus, no
changes regarding valves were made to the models.
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4.3.1 Temperature Dependent Parameters

The average water temperatures in the July and October, 2011 field sampling
programs were found to be 17.4°C and 12.9°C, respectively (section 4.1.3.3 and
section 4.1.4.2). Thus, the hydraulic model was set to 17.4°C for the simulation of
water samples for July 28 and 29, 2011, and to 12.9°C for October 5 and 6, 2011.

In the SynerGEE Water hydraulic model, there is no option to set the model
temperature directly. Instead, the model requires the manual input of several
parameters whose values are temperature dependent. The default model
temperature in SynerGEE Water is 15.6°C (GL Industrial Services USA, Inc.,
2010), so that all the values of the temperature dependent parameters in the model
are default to values at this temperature. In order to set the July and the October
models to their respective temperatures, the temperature dependent parameters

were changed accordingly.

The following sections describe the method with which each temperature
dependent parameter was determined for 12.9°C and 17.4°C. Linear interpolation

was used when necessary.

4.3.1.1 Specific Gravity of Water

The SynerGEE model requires the input of the specific gravity of water. Table 26
lists the densities of water at temperatures from 0°C to 20°C. The water density at
12.9°C was interpolated using the water densities at 10°C and 15°C, and that at
17.4°C was interpolated using the water densities at 15°C and 20°C. The results
are tabulated in Table 27. Next, the specific gravity of water at 12.9°C and 17.4°C
are calculated by dividing the water density at each temperature by the water
density at 5°C, which is 1000 kg/m? as shown in Table 26. The results are also
tabulated in Table 27. The specific gravity was expressed to 4 decimal places as

required in SynerGEE Water hydraulic model.
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Table 26 Densities of water at temperatures from 0°C to 20°C (values taken
from Appendix A of SynerGEE Water 4.5.1 User Guide).

Temperature | Density
°C) (kg/m®)

0 999.9

5 1000.0

10 999.7

15 999.1

20 998.2

Table 27 The densities and the specific gravities of water at 12.9°C and 17.4°C.

Temperature | Density | Specific
(°C) (kg/m® | Gravity
12.9 999.4 0.9994
17.4 998.7 0.9987

4.3.1.2 Kinematic Viscosity of Water

Table 28 lists the kinematic viscosities of water at temperatures from 0°C to
20°C. The kinematic viscosity of water at 12.9°C was interpolated using the
values at 10°C and 15°C, and that at 17.4°C was interpolated using the values at
15°C and 20°C. The results are tabulated in Table 29.

Table 28 The kinematic viscosities of water at temperatures from 0°C to 20°C
(values taken from Appendix A of SynerGEE Water 4.5.1 User

Guide).
Temperature (°C) | Kinematic Viscosity (10 m?/s)
0 1.792
5 1.519
10 1.308
15 1.141

20 1.007
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Table 29 The kinematic viscosities of water at 12.9°C and 17.4°C.

Temperature (°C) | Kinematic Viscosity (10 m?/s)
12.9 1.211
17.4 1.077

4.3.1.3 Barometric Pressure Head

One standard atmosphere pressure is equal to 760 mmHg or Torr, which is the
pressure exerted by a 760 mm mercury column given that the density of mercury
is 13.5951 g/cm? (at 0°C), and that the gravitation constant is 9.80665 m/s? (Lide,
1997). The barometric pressure head required by SynerGEE Water hydraulic
model is essentially the equivalent height of a column of water that exerts one
standard atmosphere pressure when the density of water is at the specified model
temperature. The barometric pressure heads of water at 12.9°C and 17.4°C were
calculated and tabulated in Table 30. The water densities were taken from Table
27.

Table 30 The barometric pressure heads of water at 12.9°C and 17.4°C.

Temperature | Density Barometric
C) (kg/m®) Pressure
J Head (m)
12.9 999.4 10.34
17.4 998.7 10.35

4.3.1.4 Molecular Diffusivity of Chloramine in Water

The SynerGEE model requires the molecular diffusivity of combined chlorine in
water for water quality analysis. This parameter is temperature dependent. For
this study, the values at 12.9°C and 17.4°C were required. An extensive search
was performed to find the values at the two specified temperatures. It was found
that there were very few values for free chlorine, and even less for combined

chlorine. The values were only reported for 20°C and 25°C.
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In this study, in order to improve the reliability of the wall decay coefficient, the
values at the two specified temperatures were estimated and used in modeling.
The values were estimated using the Hayduk and Laudie method as described in
the Handbook of Chemical Property Estimation Methods. The following

description draws heavily from this book.

The Hayduk and Laudie method is usually used to estimate the diffusivity of
organic compounds in water. Nevertheless, it can be used to estimate the values
for other chemicals as well (US EPA, 2012).

This method is expressed by Equation 22:

13.26x10°°

1.14, ,+0.589
M~ Vs

d Equation 22

Where d = molecular diffusivity of a chemical in water (cm?/s)
nw = dynamic viscosity of water (cp)

Vs’ = LeBas molar volume of chemical (cm*/mol)

Table 31 lists the dynamic viscosities of water at temperatures from 0°C to 20°C.
The dynamic viscosity of water at 12.9°C was interpolated using the values at
10°C and 15°C and that at 17.4°C was interpolated using the values at 15°C and

20°C. The interpolated values are shown Table 33.
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(adapted from Lyman et al., 1990).

Temperature Dynamic
(°C) Viscosity (cp)
0 1.787
5 1.519
10 1.307
15 1.139
20 1.002

(adapted from Lyman et al., 1990).

water and the molecular diffusivity of chloramine in water at 12.9°C

Increment
Atom 3
(cm’/mol)
H 3.7
N (in prlmary 10.5
amines)
Cl 24.6

Table 31 The dynamic viscosities of water at temperatures from 0°C to 20°C

Table 32 The additive volume increments for calculating LeBas molar volume

Table 33 The LeBas molar volume of chloramine, the dynamic viscosities of

and 17.4°C.
- 5 ) LeBas Molar Molecular
emperature i ynz_imlc Volume Diffusivity
(°C) Viscosity (cp) 3 9
(cm*/mol) (cm’/s)
12.9 1.210 1.17E-05
42,5
17.4 1.073 1.34E-05

The most dominant form of combined chlorine is chloramine in the water
distribution system of the City of Edmonton, as discussed earlier (EWSI, 2011).
Thus, the LeBas molar volume of chloramine was calculated and assumed to be
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that for combined chlorine. Chloramine has the molecular formula NH2Cl, and it
was assumed to resemble a primary amine in which one of its hydrogen atoms is
substituted by a chlorine atom (Petrucci et al., 2002). The data in Table 32 was
used to calculate the LeBas molar volume of chloramine and the resulting value is

shown in Table 33.

After the dynamic viscosities of water at 12.9°C and 17.4°C and the LeBas molar
volume of chloramine were determined, the molecular diffusivity of chloramine
in water at 12.9°C and 17.4°C were calculated using Equation 22. The results are

shown in Table 33.

4.3.2  Bulk Decay Coefficients

4.3.2.1 Bulk Decay Coefficients at 12.9°C and 17.4°C

In this study, the bulk chloramine decay was accounted for in the calibration of
the wall decay coefficient. The bulk decay coefficient is associated with the
sources of water. All three boundaries in the Study Area act as inflows into the
area in both the July and October, 2011 hydraulic models. Therefore, the bulk

decay coefficients of all three boundaries were required as model inputs.

From the bulk chloramine decay experiments (section 4.2), the bulk decay
coefficients at 3.0°C and 19.3°C were determined for both inflows 1 and 2 (note
that inflow 3 is the same as inflow 1). The first order bulk decay coefficients of
inflow 1 obtained from water samples collected in glass bottles, shown in Table
34, were used to calculate the bulk decay coefficients at 12.9°C and 17.4°C for

inflow 1.
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Table 34 The first order bulk decay coefficients of inflow 1 at 3.0°C and

19.3°C.
Temperature | Temperature | First Order k;,
°C) (K) (hr')
3.0 276.0 1.25E-03
19.3 292.3 2.27E-03

The Arrhenius equation (Equation 15, page 52) was transformed into the

logarithmic form to eliminate the constant 4, as shown in Equation 23.

In—==—2(=--) Equation 23

Where k; = Rate constant at 77
k2 = Rate constant at 7>
E. = Activation energy (J/mol)
R = Gas constant (8.3145 J/(mol-K))
T1 = Temperature of k; (K)
T> = Temperature of 42 (K)

By substituting the data at two temperatures in Table 34 into Equation 23, the
activation energy E. is calculated to be 24,700 J/mol.

Next, using the activation energy obtained and the bulk decay coefficient at
3.0°C, the bulk decay coefficients at 12.9°C and 17.4°C were calculated by
Equation 23. The calculated values were checked using the bulk decay coefficient
at 19.3°C. The results are tabulated in Table 35.
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Table 35 The calculated first order bulk decay coefficients of inflow 1 at 12.9°C

and 17.4°C.

Temperature | Temperature | First Order ky* [ First Order k,
(°C) (K) (hr'h) Check** (hr')
12.9 285.9 1.81E-03 1.81E-03
17.4 290.4 2.13E-03 2.13E-03

*calculated using k; at 3.0°C
**calculated using kj, at 19.3°C

The same procedure was used to calculate the second order bulk decay

coefficients of inflow 1. The values in Table 36 are used for calculations and the
results are tabulated in Table 37.

Table 36 The second order bulk decay coefficients of inflow 1 at 3.0°C and
19.3°C and the resulting activation energy.

Activati
Temperature | Temperature | Second Order ki, Er?elr\g/ I(I)En
°C K -1 » a
(°C) (K) ((mg*hr/L)™) (3imol)
3.0 276.0 6.80E-04
19.3 292.3 TTE 03 2.73E+04

12.9°C and 17.4°C.

Table 37 The calculated second order bulk decay coefficients of inflow 1 at

Temperature | Temperature |Second Order ki,
(°C) (K) ((mg*hr/L)™)
12.9 285.9 1.03E-03
17.4 290.4 1.23E-03

The results in Table 35 and Table 37 were taken as the bulk decay coefficients of
inflow 3 as well.
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The bulk decay coefficients of inflow 2 were determined in the same way. The
values in Table 38 are used for calculations and the results are tabulated in Table
39.

Table 38 The first and second order bulk decay coefficients of inflow 2 at 3.0°C
and 19.3°C and the resulting activation energies.

First Order Model Second Order Model
Temperature | Temperature First Order k, Activation Second Order k, Activation
(°C) (K) 4 Energy, E, 4 Energy, E,
(hr) (3/mol) ((mg*hr/L)™) (3/mol)
3.0 276.0 8.00E-04 4.56E-04
3.07E+04 3.45E+04
19.3 292.3 1.69E-03 1.05E-03

Table 39 The calculated first and the second order bulk decay coefficients of
inflow 2 at 12.9°C and 17.4°C.

Temperature | Temperature | First Order k, | Second Order k,
(°C) (K) (hr'h) ((mg*hr/L)™)
12.9 285.9 1.27E-03 7.67E-04
17.4 290.4 1.55E-03 9.60E-04

4.3.2.2 Testing the Bulk Decay Coefficients in the Models

The first and second order bulk decay coefficients of inflows 1 and 2 were used to
simulate the bulk chloramine decay in the extracted and updated SynerGEE Water
hydraulic models for the Study Area prepared for the July and the October, 2011
datasets, prior to calibrating the wall decay coefficients. The July, 2011 model
was run both with the first and second order bulk decay coefficients at 17.4°C and
without any bulk decay coefficients. The simulated chloramine concentrations at
all nodes and pipes from the three model runs are compared. The same process
was carried out to the October, 2011 model, using the bulk decay coefficients at

12.9°C. The wall decay coefficient was set to zero in these simulations.
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The calculated chloramine concentrations for all nodes and pipes from both the
July and October model runs are presented in Appendix I. The results indicated
that for each of the July and October, 2011 model runs, using first and second
order bulk decay coefficients generated approximately the same results for almost
all nodes and pipes. However, the results were different when no bulk decay was

considered in the model runs.

Based on these observations, only the first order bulk decay coefficients were

used in the model when calibrating the wall decay coefficients.

4.4 Determination of Wall Decay Coefficients

4.4.1 Modifying July and October 2011 Datasets

In both sampling programs carried out on July 28 and 29, and October 5 and 6,
2011, there were some delays in measuring the chloramine concentrations of the
water samples due to the large number of samples collected and the availability of
only one chlorine measurement kit. The measured chloramine concentrations of
all water samples were therefore adjusted using the bulk decay coefficients to

improve their accuracies.

All water samples in both sampling programs were collected in plastic (HDPE)
bottles and stored at 4+2°C until testing. Therefore, the bulk decay coefficients
obtained using water samples that were collected in plastic (HDPE) bottles and
stored at 3.0°C were used to adjust the measured chloramine concentrations.
Table 40 shows the first and the second order bulk decay coefficients of all three
sites and their average values (plastic (HDPE) bottles, 3°C). These values were
obtained from Table 24 and Table 25 on page 94. The measured chloramine
concentration of each water sample was “extrapolated” to the chloramine
concentration at the time when the sample was collected using the average bulk
decay coefficients and the elapsed time. The extrapolated chloramine
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concentration was used as the “true” chloramine concentration at the time of
sample collection. The adjusted chloramine concentrations are shown together
with the raw data of the July and the October, 2011 sampling programs, in
Appendix D and Appendix E, respectively.

Table 40 The first and the second order bulk decay coefficients at 3.0°C (plastic
(HDPE) bottles) and their average values.

First Order Model Second Order Model
Site )
Number First Order k, | Averagek, | Second Order k, Average ki,
(hr'h) (hr'h) ((mg*hr/L)™) ((mg*hr/L)™)
1 9.58E-04 5.03E-04
2 8.15E-04 7.99E-04 4.61E-04 4.79E-04
3 6.23E-04 4.73E-04

The adjusted chloramine concentrations using the first and the second order
average bulk decay coefficients are about the same for all water samples.
Therefore, only the values adjusted using the first order average bulk decay
coefficient were used to calibrate the wall decay coefficients. Table 41 and Table
42 show the original and the adjusted average chloramine concentrations at all

sample sites for the July and the October sampling programs, respectively.

All water samples in the July sampling program were tested within 24 hours after
collection. From Table 41, it can be seen that the differences between the original
and the extrapolated values range from 0 to 0.02 mg/L. This indicates that the
chloramine in the water samples remained fairly stable within the 24-hour storage
period. All modified chloramine concentrations of the July sampling program

were used to calibrate the wall decay coefficients.
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Table 41 The original and the modified average chloramine concentrations of

the July field sampling program.

Thursday, July 28, 2011

Friday, July 29, 2011

_ Average Average
Sampling|  Average Chloramine Average Chloramine
Inflow/Quadrant Number | Site Chloramine | Concentration | Chloramine | Concentration
Number | concentration After Concentration After
(mg/L) Adjustment (mg/L) Adjustment
(mg/L) (mg/L)

Inflow 1 1 1.61 1.62 1.72 1.74

Inflow 2 2 1.35 1.36 1.45 1.45

Inflow 3 3 1.61 1.62 1.72 1.74

4 1.28 1.29 1.32 1.32
5 1.59 1.61
6 1.51 1.52

Quadrant 4 (West Side) 7 1.55 1.55

8 1.41 1.42 1.53 1.53
9 1.33 1.34
10 1.19 1.20
11 1.06 1.06
12 1.18 1.19
13 0.90 0.90
Quadrant 1 (West Side) 14 0.98 0.99
15 0.93 0.94

16 0.88 0.88

17 1.55 1.56

18 1.72 1.73
. 19 1.44 1.44

Quadrant 3 (East Side) 20 126 127 130 132
21 1.29 1.30
22 1.41 1.43

Quadrant 2 (East Side) 23 1.40 1.42

24 1.44 1.46 1.55 1.57
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Table 42 The original and the modified average chloramine concentrations of

the October field sampling program.

Wednesday, October 5, 2011

Thursday, October 6, 2011

Average Average
Sampling | Average Chloramine Average Chloramine
Inflow/Route Number|  Site Chloramine | Concentration | Chloramine | Concentration
Number | Concentration* After Concentration* After
(mg/L) Adjustment** (mg/L) Adjustment**
(mg/L) (mg/L)
Inflow 1 1 191 1.92 1.89 1.90
Inflow 2 2 1.75 1.76 1.75 1.76
Inflow 3 3 1.90 1.91 1.90 191
4 1.84 1.87 1.86 1.89
5 1.89 1.92 1.86 1.88
6 1.88 1.89
7 1.84 1.85 1.68 1.70
Route 2 (West Side) 8 1.75 1.77
9 1.72 1.80 1.76 1.77
10 1.77 1.82
11 1.71 1.74
12 1.35 1.36 1.55 1.57
13 1.63 1.64 1.64 1.65
14 1.67 1.72
15 1.66 1.68 1.66 1.68
16 1.60 1.61
17 1.61 1.62
18 1.47 1.49 1.53 1.55
19 1.43 1.44
Route 1 (West Side) 20 1.48 1.51
21 1.30 131 1.43 1.44
22 1.22 1.23 1.34 1.36
23 1.20 1.21
24 1.16 1.17 1.33 1.35
25 1.12 1.14 1.29 1.32
26 111 1.13
27 111 112 1.17 1.18
28 1.88 1.92
29 1.86 1.90
30 1.81 1.83
31 1.72 1.74
Route 3 (East Side) 32 1.73 1.75 1.78 1.79
33 1.53 1.55 151 1.53
34 1.36 1.37
35 1.54 1.56 1.55 1.58
36 1.65 1.67

Note:

*regular font: water samples were tested within 24 hours after collection
*italicized font: water samples were tested longer than 24 hours after collection

**regular font: data included in calibration
**red font: data excluded from calibration




Page 114

From Table 42, it can be seen that the differences between the original and the
modified values range from 0 to 0.08 mg/L. While most of the water samples in
the October sampling program were tested within 24 hours after collection, some
of the samples were tested after a 24-hour storage period. The chloramine
concentrations for these samples are marked with italicized fonts in Table 42. All
modified chloramine concentrations of the October sampling program were used
to calibrate the wall decay coefficients, except for the three values marked in red,
as shown in Table 42. The first value is the chloramine concentration at site 9 on
October 5. Site 8 to 11 were located on one pipe, as shown in Figure 39. Thus, the
concentration at site 9 should be between those at site 8 and 11. However, the
actual value was higher than the values at both site 8 and 11, which makes it
questionable. As a result, it was excluded from calibration. The second value is
the chloramine concentration at site 10 on October 6. Figure 39 shows that site 9
and 10 were at the same point in the water distribution system. However, their
chloramine concentrations were somewhat different. Since the samples of site 9
was tested within 24 hours and the samples of site 10 was tested after 24 hours,
the concentration at site 9 should be more reliable. Thus, the value at site 10 was
excluded from calibration. The third value is the chloramine concentration at site
28 on October 6. Site 28 was close to inflows 1 and 3, as shown in Figure 40. The
chloramine concentration at site 28 was higher than those at inflow 1 and 3, which
is possible due to measurement variability. However, in modeling, the
concentrations at the inflows would be the highest in the area. As a result, the
value at site 28 was excluded from calibration.

To avoid confusion, although the adjusted chloramine concentrations were used in
the wall decay coefficient calibration, in the following description, the phrase
“measured chloramine concentrations” was used rather than “adjusted chloramine

concentrations”.
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Figure 39 Map of Site 8 to 12 of October 2011 field sampling program.
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Figure 40 Map of Site 1, 3, 28, 29 and 30 of October 2011 field sampling
program.
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4.4.2 Determining the Wall Decay Coefficient at 12.9°C

4.4.2.1 Determining the Wall Decay Coefficient using October 5 Data

The measured chloramine concentrations from the October 5, 2011 field sampling
were used to calibrate a wall decay coefficient for the Study Area. Since the
average water temperature on October 5, 2011 was 12.9°C, the calibrated
coefficient was for this temperature. The measured chloramine concentrations
from the October 6, 2011 field sampling were used to validate the calibrated wall
decay coefficient.

Prior to calibration, the October model was set up for water quality modeling.
There were thirty-six sampling sites in the October sampling program with
twenty-nine sites on October 5, 2011 and twenty-three sites on October 6, 2011.
In the October model, the chloramine concentrations of the three sites at the
inflows were entered and the locations of the other thirty-three sites were geo-
coded. All sites were represented as nodes in the model. The initial chloramine
concentrations and the initial water ages at all nodes and pipes were set to zero.
Also, the bulk decay coefficient was set to be associated with sources and the first
order bulk decay coefficients at all three inflows (Table 37 and Table 39, page
108) were entered into the model. The wall decay coefficient was set to first

order.

The wall decay coefficient was assumed to be the same for all pipes in the Study
Area, regardless of their material types. The calibration was “manual”, which
involved entering a trial wall decay coefficient into the model, running the water
quality model simulation, exporting the predicted chloramine concentrations of
the twenty-six sites out of the model, and comparing these values to the measured
values using the least squares criteria. The value that resulted in the least sum of

squared residuals (SSR) between the predicted and the measured chloramine
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concentrations was the wall decay coefficient. When such a wall decay coefficient
was identified, the model calculation was considered “converged”.

The model was tested for convergence by assuming a total of forty-three wall
decay coefficient values, ranging from 0 to 100 m/d. The model calculation
results are summarized in Table 43 and plotted from Figure 41 to Figure 44. From
the table and the figures, it can be seen that using the least squares criteria, the
calibration had an absolute minimum, or a unique solution, which gave a unique
wall decay coefficient. In this case, the model converged at the value of 0.0382
m/d. The wall decay coefficient was calibrated to 3 significant figures, since the
measured chloramine concentrations were only accurate to 2 decimal places. Note

that the units for all sum of squared residuals (SSR) values in this thesis is mg?/L2.

Table 43 The wall decay coefficients from 0 to 100 m/d and their associated

sum of squared residuals (SSR).

Left of Convergence Convergence Right of Convergence
k, (m/d) SSR kw (M/d) SSR k, (m/d) SSR
0 3.47 0.038 0.3302006 0.0386 0.3303
0.0001 3.44 0.0381 0.3301689 0.039 0.3307
0.0005 3.34 0.0382 0.3301565 0.04 0.3330
0.001 3.21 0.0383 0.3301629 0.042 0.3426
0.005 2.36 0.0384 0.3301872 0.045 0.37
0.01 1.62 0.0385 0.3302304 0.05 0.44
0.02 0.76 0.06 0.65
0.03 0.40 0.07 0.92
0.035 0.3403 0.08 1.24
0.037 0.3316 0.09 1.57
0.0375 0.3306 0.1 1.92
0.0376 0.3305 0.5 10.20
0.0377 0.3304 1 13.43
0.0378 0.3303 15 14.86
0.0379 0.3303 2 15.67
3 16.55
5 17.33
10 17.95
20 18.28
50 18.48
70 18.52
100 18.55
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Figure 41 The SSR versus the wall decay coefficients from 0 to 100 m/d.
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Figure 42 The SSR versus the wall decay coefficients from 0 to 5 m/d.
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Figure 43 The SSR versus the wall decay coefficients from 0 to 0.1 m/d.
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Figure 44 The SSR versus the wall decay coefficients from 0.0375 to 0.0386 m/d.
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The final results of the calibration of the wall decay coefficient using the October,

2011 dataset are summarized in Table 44.

Table 44 The results of the calibration using the October 5, 2011 dataset.

Date of Field Data Number Of. Known Global k,, SSR for
Used Chlorine /d Global k
Concentration Points (m/d) w

October 5, 2011 26 0.0382 0.3302

Next, the residuals for the individual sampling site are calculated to examine how
well the model prediction fits the field sampling data. The measured and the
predicted chloramine concentrations, and their differences (i.e., residuals, which
are equal to the measured chloramine concentration minus the model predicted
chloramine concentration) are shown in Table 45. The residuals are plotted
against the locations of the sample sites as well as the measured chloramine
concentrations in Figure 45 and Figure 46, respectively. Note that the units of all

residual values in this thesis is mg/L.

Visual inspection of the residuals data shown in Figure 45 illustrates that the
residuals are scattered reasonably randomly among the sampling sites. Note that
although it appears that the residuals between sites 12 and 31 were negative, it
cannot be concluded that the residuals for sites 12 to 31 were all negative as some
of the sites were not measured on the sampling day as they were unavailable.

Close inspection of the data points of the residuals in Figure 46 indicate that for
the low chloramine concentration range (< 1.5 mg/L), all data points are negative,
that is, the model predicted values are larger than the measured values. On the
other hand, for the high chloramine concentration range (> 1.5 mg/L), nine data
points of residuals are positive and six data points are negative, indicating that for

the high chloramine concentrations, the majority of the model predicted values are
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smaller than the measured values. Furthermore, the six negative values are all

very close to zero.

Table 45 The measured and the predicted chloramine concentrations, and their

differences (residuals).

Average Chlorine .
. Simulated
Sample Site Concgntratlon (After Chlorine .
Inflow/Route Number Adjustment) on - Residual
Number Concentration
October 5, 2011 (mg/L)
(mg/L)
Inflow 1 1 1.92 1.92 0.00
Inflow 2 2 1.76 1.76 0.00
Inflow 3 3 1.91 1.91 0.00
4 1.87 1.89 -0.03
5 1.92 1.89 0.03
6 1.89 1.86 0.04
Route 2 (West Side) 7 1.85 1.75 0.11
8 1.77 1.68 0.09
11 1.74 1.64 0.09
12 1.36 1.46 -0.10
13 1.64 1.66 -0.02
15 1.68 1.69 -0.01
16 1.61 1.63 -0.01
18 1.49 1.55 -0.06
19 1.44 1.53 -0.09
. 21 1.31 1.44 -0.13
Route 1 (West Side) B 123 139 016
23 1.21 1.32 -0.11
24 1.17 1.24 -0.06
25 1.14 1.18 -0.04
26 1.13 1.16 -0.03
27 1.12 1.15 -0.04
30 1.83 1.87 -0.05
31 1.74 1.76 -0.02
32 1.75 1.55 0.20
Route 3 (East Side) 33 1.55 1.50 0.04
34 1.37 1.52 -0.15
35 1.56 1.28 0.28
36 1.67 1.42 0.25




Page 122

0.3

0.2

0.1 A

West Side

‘.

East Side
([

0.0

Residual

-0.1 A

-0.2

-0.3

®56 7 89101

T T ]g T ‘ ‘ T
1121314151617

181920212
o
 J

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
T
|
I
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

22324@‘?2829@@.323334353
([ J

(=2}

Sample Site Number

Figure 45 The residuals versus the locations of the sampling sites (October 5,

0.3

2011 dataset).

0.2

0.1 A

0.0

Residual

.p0

-0.1 A

-0.2 A

-0.3

1.20
o

Lon

1.30

1.40 1.50
([

o0 ©
160 ®

([
1.70 1.80.

®1.90

.00

Measured Chlorine Concentration, mg/L

Figure 46 The residuals versus the measured chloramine concentrations (October

5, 2011 dataset).



Page 123

Such a discrepancy is reasonable considering how the wall chloramine decay
coefficient was obtained. The Study Area consists of pipes that were made of
different materials and with different ages. They are likely to have different wall
chloramine decay coefficients. When only one global wall decay coefficient was
obtained by using the least squares analysis method, such a global value is likely
close to some sort of an “average” value. Obviously, using such an “average” wall
chloramine decay coefficient to calculate the chloramine concentration, the model
would tend to predict higher chloramine concentrations for regions with higher
wall decay coefficients (e.g., cast iron pipes, which should lead to lower
chloramine concentrations), leading to negative residuals. Conversely, the model
would predict lower chloramine concentrations for regions with lower wall decay
coefficients (such as renewed pipes or PVC pipes, which should lead to higher

chloramine concentrations), resulting in positive residuals”.

4.4.2.2 Validating the Wall Decay Coefficient using the October 6 Data

The calibrated wall decay coefficient using measured chloramine concentration
data on October 5, 2011 was validated using measured chloramine concentration
data on October 6, 2011. The results of the validation are shown in Table 46.

The calibrated wall decay coefficient, 0.0382 m/d, was considered validated as the
calculated SSR (0.2325) for the October 6, 2011 data was even lower than the
SSR (0.3302) for the October 5, 2011 data.

* The slight negative residuals for some of the sites with high chloramine concentrations was
probably because the sites were close to the inflows and/or because of random errors.
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Table 46 The measured and the model predicted chloramine concentrations for
October 6, 2011. The wall decay coefficient was developed from the

measured chloramine concentrations on October 5, 2011.

Average Chlorine .
. Simulated
Sample | Concentration (After .
Inflow/Route Number Site Adjustment) on Chlorlne_ Squ_ared
Concentration Residual
Number October 6, 2011 (mg/L)
(mg/L)
Inflow 1 1 1.90 1.90 0.0000
Inflow 2 2 1.76 1.76 0.0000
Inflow 3 3 1.91 1.91 0.0000
4 1.89 1.87 0.0004
5 1.88 1.87 0.0003
Route 2 (West Side) 7 1.70 1.73 0.0010
9 1.77 1.63 0.0203
12 1.57 1.45 0.0140
13 1.65 1.64 0.0002
14 1.72 1.72 0.0000
15 1.68 1.69 0.0001
17 1.62 1.62 0.0000
18 1.55 1.55 0.0000
Route 1 (West Side) 20 1.51 1.49 0.0001
21 1.44 1.44 0.0000
22 1.36 1.39 0.0011
24 1.35 1.24 0.0138
25 1.32 1.18 0.0200
27 1.18 1.15 0.0013
29 1.90 1.87 0.0007
. 32 1.79 1.54 0.0621
Route 3 (East Side) 33 153 1.49 0.0014
35 1.58 1.27 0.0958
SSR = 0.2325

4.4.3 Determining the Wall Decay Coefficient at 17.4°C

4.4.3.1 Determining the Wall Decay Coefficient using the July 28 Data

The chloramine concentrations obtained on July 28, 2011 were used to calibrate a

wall decay coefficient for the Study Area. Since the average measured water
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temperature on July 28, 2011 was 17.4°C, the calibrated wall decay coefficient
was at this temperature. The chloramine concentrations measured on July 29,

2011 were used to validate the calibrated wall decay coefficient.

The setup of the July, 2011 model for water quality modeling was the same as the
setup of the October, 2011 model except that the temperature dependent variables
were set to 17.4°C. There were twenty-three sampling sites in the July sampling
program with eighteen sites on July 28 and eleven sites on July 29 (the data for

inflow 3 were assumed to be the same for inflow 1).

All pipes in the study area were assumed to have the same wall decay coefficient.
The wall decay coefficient at 17.4°C was calibrated using the same methodology
as that used to calibrate the coefficient at 12.9°C. The calibration was done
manually, using the least squares criteria to compare the measured and the
predicted chloramine concentrations to find a unique wall decay coefficient that
results in the least SSR.

The final results of the calibration of the wall decay coefficient using the July,
2011 dataset are summarized in Table 47. In this calibration, the model converged

at the value of 0.0295 m/d, which results in the least SSR.

Table 47 The results of the calibration using the July 28, 2011 dataset.

Date of Field Data Number of_Known Global k,, SSR for
Used Chlorine /d Global k
Concentration Points (m/d) w

July 28, 2011 16 0.0295 0.2303

Next, the residuals were calculated to examine how well the model prediction fits
the field sampling data. The measured and the predicted chloramine
concentrations of the calibration and the residuals are shown in Table 48. The

residuals are obtained by subtracting the predicted values from the measured ones.
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The residuals are plotted versus the locations of the sample sites as well as the

measured chloramine concentrations in Figure 47 and Figure 48, respectively.

Table 48 The measured and the predicted chloramine concentrations of the

calibration and the residuals for the July 28, 2011 data set.

Average Chlorine .
. Simulated
Sample Concentration Chlorine
Inflow/Quadrant Number Site (After Adjustment) . Residual
Concentration
Number | onJuly 28, 2011 (mg/L)
(mg/L)
Inflow 1 1 1.62 1.62 0.00
Inflow 2 2 1.36 1.36 0.00
Inflow 3 3 1.62 1.62 0.00
4 1.29 1.34 -0.05
5 1.61 1.60 0.00
. 6 1.52 1.50 0.01
Quadrant 4 (West Side) 3 147 1ol 0,09
9 1.34 1.35 -0.01
10 1.20 1.17 0.03
11 1.06 1.21 -0.14
12 1.19 1.21 -0.02
Quadrant 1 (West Side) 13 0.90 1.20 -0.30
14 0.99 1.11 -0.12
15 0.94 1.00 -0.06
19 1.44 1.27 0.17
Quadrant 3 (East Side) 20 1.27 1.16 0.11
21 1.30 1.27 0.02
. 22 1.43 1.27 0.16
Quadrant 2 (East Side) o4 126 130 015

Figure 47 illustrates that the residuals are scattered randomly in the west side of
the study area, with the exception of the negative residual at site 13 that is
noticeably larger than the other negative residuals on this side of the area. The
random scatter of the residuals indicates that the model fits the data fairly well on
the west side of the area. On the east side, all five residuals were positive
numbers, which indicates that the model predicted lower chloramine

concentrations than the measured values on this side of the Study Area.
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Figure 47 The residuals versus the locations of the sample sites (July 28, 2011
data set).
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Figure 48 The residuals versus the measured chloramine concentrations (July 28,
2011 dataset).

Examination of Figure 48 indicates a similar trend as observed for the October

2011 data, that is, in the low chloramine concentration region the model tends to
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predict higher chloramine concentrations (thus negative residual), and in the high
chloramine concentration region the model tends to predict lower chloramine
concentrations (thus positive residual). In fact, as can be seen from Figure 48, all
five residuals below a chloramine concentration of 1.2 mg/L are negative, and
seven residual points at chloramine concentrations of > 1.2 mg/L are positive with
only three slightly negative.

4.4.3.2 Validating the Wall Decay Coefficient using the July 29 Data

The calibrated wall decay coefficient using data on July 28 was validated using

data on July 29. The results of the validation are shown in Table 49.

Table 49 The measured and the predicted chloramine concentrations of the
validation and the squared residuals (July 29, 2011 data set).

Average Chlorine .
) Simulated

Sample Concentration Chlorine Squared

Inflow/Quadrant Number Site [ (After Adjustment) . au
Concentration Residual

Number | on July 29, 2011 (mg/L)
(mg/L) ’

Inflow 1 1 1.74 1.74 0.0000
Inflow 2 2 1.45 1.45 0.0000
Inflow 3 3 1.74 1.74 0.0000
4 1.32 1.43 0.0116
Quadrant 4 (West Side) 7 1.55 1.63 0.0056
8 1.53 1.62 0.0082
. 16 0.88 1.06 0.0332
Quadrant 1 (West Side) T 16 1ol 0.0023
. 18 1.73 1.66 0.0050
Quadrant 3 (East Side) 0 137 125 0.0048
. 23 1.42 1.12 0.0855
Quadrant 2 (East Side) 4 157 140 0.0283
SSR = 0.1846
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The calibrated wall decay coefficient, 0.0295 m/d, was considered validated as the
calculated SSR (0.1846) for the July 29, 2011 data was even lower than the SSR
(0.2303) for the July 28, 2011 dataset.

4.5 Applications of the Developed Methodology

In this research, field water sampling was carried out in conjunction with
SynerGEE Water model simulation to calibrate the chloramine wall decay
coefficient in the Study Area. Although similar methodologies were reported in
literature (as summarized in section 2.5.2, page 24), those reported methodologies
were all used in the study of free chlorine, and the author did not find any paper in
which researchers had used the field sampling — model simulation to determine

the chloramine wall decay coefficients.

The developed methodology was applied in the following several case scenarios

to test its usability.

4.5.1 The Variation of the Wall Decay Coefficient with Temperature

The wall decay coefficients calibrated for the Study Area using both the July and
the October 2011 datasets are tabulated in Table 50. Theoretically, the wall decay
coefficient should increase as temperature increases. However, Table 50 shows
that the wall decay coefficient at 12.9°C is actually higher than at 17.4°C. One
explanation for this observation is that the number and the locations of sampling
sites for the two sampling programs were too different to yield wall decay
coefficients that could be compared directly. In other words, if the wall decay
coefficients at different temperatures are to be compared, field data from the exact
same sample locations should be used, which may yield correct information about

the effect of temperature provided that other conditions remain the same.
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Table 50 The chloramine wall decay coefficients at 12.9°C and 17.4°C.

Number of Known

Temperature | Date of Field Data . Global k,, | SSR for

°C) Used Chlorine /dy | Global k
Concentration Points (m/d) w

12.9 October 5, 2011 26 0.0382 0.3302

17.4 July 28, 2011 16 0.0295 0.2303

4.5.2 The Variation of the Wall Decay Coefficient with Location

Using the field sampling data on July 28, 2011, a wall decay coefficient was
calibrated for the west side of the Study Area, by using the least squares criteria to
compare the measured and the predicted chloramine concentrations of the sample
sites that are on this side only. Similarly, a wall decay coefficient was calibrated
for the east side of the Study Area. The results are tabulated in Table 51. Also,
using the field data on October 5, 2011, a wall decay coefficient was calibrated
for the west and the east side of the Study Area. The results are tabulated in Table
52.

Table 51 The west and the east side wall decay coefficients calibrated using the
July 28, 2011 dataset.

Part of Study | Date of Field Data Number Of. Known SSR for
Area Used Chlorine k,, (m/d) K
Concentration Points W
West Side July 28, 2011 11 0.0455 0.0711
East Side July 28, 2011 5 0.0160 0.0155
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Table 52 The west and the east side wall decay coefficients calibrated using the
October 5, 2011 dataset.

Part of Study | Date of Field Data Number Of. Known SSR for
Area Used Chlorine k,, (m/d) K
Concentration Points W
West Side October 5, 2011 19 0.0454 0.0851
East Side October 5, 2011 7 0.0221 0.1278

It is known that in the water distribution system for the Study Area, the pipes on
the west side remain predominantly cast iron, whereas the pipes on the east side
have been extensively lined with epoxy or renewed with PVC (Figure 4, page 40).
As can be seen from both Table 51 and Table 52, the wall decay coefficients for
the west side are larger than those for the east side. This suggests that pipe linings
and renewals do cause slower chloramine wall decay and positively impact water
quality in the area. The results also indicate that narrowing the study area will
generate more accurate results for the wall decay coefficients and more accurate

water quality predictions.

The residuals, obtained by subtracting the predicted chloramine concentrations
from the measured chloramine concentrations, are plotted against the sampling
sites and the measured chloramine concentrations for the west side (Figure 49)
and east side (Figure 50) of the July 28, 2011 dataset. Similar plots are generated
for the October 5, 2011 dataset in Figure 51 (west side) and Figure 52 (east side).
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Figure 52 The residuals versus (a) the sample sites and (b) the measured

chloramine concentrations (October 5, 2011 dataset, east side only).

As can be seen from Figure 49, the distribution of the residuals for the July 28,
2011 dataset for the west side of the Study Area is random with respect to both
the sampling sites and the measured chloramine concentrations. The trend that
was observed for the residuals for the July 28, 2011 dataset for the entire Study
Area (Figure 48, page 127), i.e., that the model tends to over-predict chloramine
concentrations for sites with low chloramine concentrations and under-predict
chloramine concentrations for sites with high chloramine concentrations, did not
appear when only the data from the west side were considered. This implies that
the pipes at the sampling sites on the west side of the Study Area on July 28, 2011
had similar chloramine wall decay coefficients so that the data did not show any

systematic bias and the residuals were random.

The data points for the east side of the Study Area of the July 28, 2011 dataset
(Figure 50) are too few to draw any conclusions, although the plot of the residuals

versus the sampling sites (Figure 50a) does show a random distribution.

However, although the data points for the east side of the Study Area of the
October 5, 2011 dataset also show a random distribution (Figure 52), those for the
west side (Figure 51) still show a bias that was observed when the data of October
5, 2011 for the entire Study Area were considered (compare with Figure 45 and
Figure 46 on page 122). As can be seen from Figure 51b, excluding the eight data

points on or very close to the horizontal axis, the remaining eleven data points
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show that they are either negative at low chloramine concentrations (six data
points), or positive at high chloramine concentrations (five data points). This
indicates that the model tends to over-predict chloramine concentrations for sites
with low chloramine concentrations, and under-predict chloramine concentrations
for sites with high chloramine concentrations. This is the same behavior observed
earlier when the October 5, 2011 dataset for the entire Study Area were

considered (Figure 46, page 122).

It is interesting to note that for the west side of the Study Area, the residuals of the
July 28, 2011 dataset showed random distributions with respect to sampling sites
and measured chloramine concentrations, whereas the October 5, 2011 dataset
showed a bias. This was probably caused by the non-random sampling of the
October 5, 2011 samples.

4.5.3 The Variation of the Wall Decay Coefficient with Bulk Decay

Using the field data on July 28, 2011, a wall decay coefficient was calibrated by
using the least squares criteria to compare the measured and the predicted
chloramine concentrations of all sample sites, without entering a bulk decay
coefficient in the model. The results are shown in Table 53. Also, using the data
on October 5, 2011, a wall decay coefficient was calibrated without entering a

bulk decay coefficient in the model. The results are shown in Table 54.

Table 53 The wall decay coefficients calibrated with and without the effects of
bulk decay using the July 28, 2011 dataset.

Accounted _for Date of Field Data Number of_Known Global k,, | SSR for

Bulk Chlorine Used Chlorine /d Global k
Decay? Concentration Points (m/d) W

Yes July 28, 2011 16 0.0295 0.2303

No July 28, 2011 16 0.0328 0.2225




Page 135

Table 54 The wall decay coefficients calibrated with and without the effects of
bulk decay using the October 5, 2011 dataset.

Accounted _for Date of Field Data Number of_Known Global k,, | SSR for

Bulk Chlorine Used Chlorine /d Global k
Decay? Concentration Points (m/d) W

Yes October 5, 2011 26 0.0382 0.3302

No October 5, 2011 26 0.0418 0.3126

Both Table 53 and Table 54 show that the wall decay coefficient calibrated
without bulk decay is larger than that calibrated with bulk decay. This suggests
that bulk decay does have a measurable contribution to the overall chloramine
decay in the area and thus, it should be included in the modeling of chloramine
decay.

4.6 The Determined Wall Decay Coefficient for the Study Area

As two field sampling programs were carried out (i.e., July and October 2011)
and two wall decay coefficients were obtained, the question arose as to which
value could be considered as the chloramine wall decay coefficient for the Study
Area. There were pros and cons of picking either value, but eventually the
chloramine wall decay coefficient determined from the July 28, 2011 sampling
program was chosen as the value for the Study Area. This was mainly because the
July 28, 2011 sampling sites were more randomly scattered in the Study Area, and
that the data were more representative of the entire area. Furthermore, as
discussed in section 4.4.3 and section 4.5.2, when using a wall decay coefficient
that was calibrated using the July 28, 2011 data for the entire Study Area, the
model showed a bias in that it over-predicted chloramine concentration for sites
with low chloramine concentrations, and under-predicted chloramine
concentrations for sites with high chloramine concentrations. However, such a
bias disappeared when only the data from a sub-section of the Study Area (e.g.,

the west side) were used to calibrate the wall decay coefficient, and the residuals
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were random. The water distribution system in the west side of the Study Area is
predominantly made of cast iron so the pipe material is more uniform. This shows
the validity of the developed methodology, i.e., to combine field sampling with
model calculation, to find a representative wall decay coefficient for a sub-section
of a water distribution system where the pipe materials are uniform. On the other
hand, the dataset for the October 2011 sampling program showed systematic
errors of over-predicting low chloramine concentrations and under-predicting
high chloramine concentrations, whether the dataset for the entire Study Area or
only for the west side were used. The October 2011 dataset is thus biased,
possibly due to the non-random sampling.

Therefore, the chloramine wall decay coefficient for the Study Area was
determined to be 0.0295 m/d. Furthermore, the chloramine wall decay coefficient
for the west side of the Study Area (where the dominant pipe material is cast iron)
was determined to be 0.0455 m/d, and that for the east side of the Study Area

(where extensive pipe renewal has been done) was determined to be 0.0160 m/d.

4.7 Comparison of the Determined Wall Decay Coefficients with Literature

The author was not able to find from literature any data on wall chloramine decay
using the hydraulic model - field sampling methodologies used in this work. The
wall chloramine decay coefficients reported in the literature were determined
using laboratory procedures (see section 2.5.1 on page 20). However, the wall
chloramine decay coefficients obtained from this work are compared with those

from the literature anyway.

As shown from the previous section, the chloramine wall decay coefficient for the
Study Area was determined to be 0.0295 m/d. For the west side of the Study Area,
where the predominant pipe material is cast iron, this coefficient was found to be
0.0455 m/d, whereas for the east side of the Study Area, where significant pipe

renewal has occurred in which some of the cast iron pipes have been epoxy-lined
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or replaced with PVC pipes, the wall decay coefficient was found to be 0.0160
m/d. The results indicated that the wall decay coefficient was indeed much higher

for the west side where cast iron pipes dominate.

Mutoti et al. (2007) built pilot water distribution systems using different pipe
materials. They had determined that at 20°C, the wall chloramine decay
coefficient was 0.015 m/d for cast iron pipes. This value is lower than the values
determined in this study. Moreover, Westbrook and Digiano (2009) built a PSR
and determined the wall chloramine decay coefficient for cast iron pipes as well.
They obtained a value of 0.67 m/d at 23.5°C, which is higher than the values

determined in this study.

Overall, the wall decay coefficients determined in this study are in-between the
available literature values. Since the values determined are comparable to those in

literature, the author is confident in the reliability of the values.

4.8 Applications and Limitations of the Determined Chloramine Wall

Decay Coefficient

Through the systematic study carried out in this project, the chloramine wall
decay coefficient for the Study Area was determined to be 0.0295 m/d. Such a
wall decay coefficient, together with chloramine bulk decay coefficient and other
model input parameters (section 4.3, page 100), can be used in SynerGEE Water
hydraulic model to calculate the chloramine concentrations at all nodes and pipes
in the Study Area, thus serving the purpose of quickly predicting the water quality
in the water distribution system in the area. Such predictions are deemed to have
reasonable accuracy as other influencing parameters, such as water temperature
and demand which may affect model predictions, are not expected to vary

significantly for the Study Area.



Page 138

As has been pointed out earlier (sections 4.4.2.1, 4.4.3.1, and 4.5.2, on pages 116,
124 and 130), the determined chloramine wall decay coefficient is a global value
for the entire Study Area which encompasses different pipe materials. With one
global chloramine wall decay coefficient the model therefore tends to over-predict
the chloramine concentrations for regions with mostly cast iron pipes (which
should have higher wall decay coefficients), and under-predict the chloramine
concentrations for regions with mostly epoxy-lined cast iron and PVC pipes
(which have lower wall decay coefficients). Clearly, selecting a smaller area
where the pipe materials are more uniform (section 4.5.2, page 130) would give
more representative chloramine wall decay coefficient and more accurate water

quality predictions.

As the chloramine wall decay coefficient (0.0295 m/d) was determined for the
Study Area, it is not advisable to use it directly in other areas of the water
distribution system of the City of Edmonton. This is because the pipe materials,
demands, and other conditions may be very different. It is conceivable that sub-
sections of the water distribution system at the City of Edmonton can be selected,
and the developed methodologies from this work can be used to calibrate a unique
chloramine wall decay coefficient for the individual sub-sections. The wall decay
coefficient determined in this work (0.0295 m/d) can be used as a starting point in
the model calculations for these sub-sections to minimize the amount of

simulation work required to make the model to converge.
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5 CONCLUSIONS AND RECOMMENDATIONS

A comprehensive study was carried out with the objective of turning the
SynerGEE Water hydraulic model of EPCOR Water Services Inc into a working
model to monitor the water quality for a selected Study Area of the water
distribution system of the City of Edmonton.

The general methodologies that were adopted and refined through this study
program were to extract an independent hydraulic model for the Study Area from
the SynerGEE Water hydraulic model, and to update the pipe materials and water
demands for the extracted model. Field water sampling campaigns were then
carried out to take water samples from selected locations in the Study Area and
measure chloramine concentrations in the water samples. The field sampling data
were used to calculate the bulk decay coefficients in the Study Area, which were
used as model input to the extracted hydraulic model together with other required
model input parameters. A wall decay coefficient was then assumed and entered
into the extracted hydraulic model, to calculate the chloramine concentrations at
all addresses in the Study Area. The calculated values were compared with
measured values from the field sampling programs, and the differences were
taken as residuals. By minimizing the sum of the squared residuals using the least
squares method, a unique wall decay coefficient was identified for the Study
Area, which could be used to predict water quality (chloramine concentration) for
the Study Area.

5.1 Conclusions

The major findings and conclusions of this study are:

1) The adopted and refined methodology of combining field sampling with

SynerGEE Water model calculation to determine the chloramine wall decay
coefficient through least squares analysis is applicable to the selected Study
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2)

3)

4)

Area of the water distribution system of the City of Edmonton. The model
calculations converged which led to a unique chloramine wall decay

coefficient for the Study Area.

The chloramine wall decay coefficient for the Study Area was determined to
be 0.0295 m/d. The chloramine wall decay coefficient for the west side of the
Study Area, where the predominant pipe material was cast iron, was 0.0455
m/d. On the other hand, the chloramine wall decay coefficient for the east side
of the Study Area, where significant pipe renewals were done in which the
cast iron pipes were lined with epoxy and/or replaced with PVC pipes, was
0.0160 m/d. The results indicated that the wall decay coefficient was indeed

much higher for the west side where cast iron pipes predominate.

Since only one global wall decay coefficient was determined for the entire
Study Area, and since the Study Area had regions with different types of
pipes, it was observed that the hydraulic model, using the determined wall
decay coefficient, tend to over-predict the chloramine concentrations for
regions and sections with primarily cast iron pipes, and under-predict
chloramine concentrations for regions and sections with epoxy-lined cast iron

or PVC pipes.

Therefore, accurate model prediction of water quality requires that the entire
water distribution system be divided into sub-sections with pipe materials and
other parameters as consistent within the sub-section as possible. Then the
calibrated wall decay coefficient, using the methodologies developed in this
work, can accurately represent the sub-section. When the wall decay
coefficients for all the sub-sections in a water distribution system are
identified, the SynerGEE Water hydraulic model can be used as a working
model to quickly provide accurate predictions of the water quality in the entire

water distribution system.
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5.2 Contributions

The contributions of this study to the field of water resources engineering are:

1)

2)

The adoption and refinement of a methodology for identifying chloramine
wall decay coefficient for a sub-section of the water distribution system using
field sampling, SynerGEE Water hydraulic model, and least squares analysis,
to make accurate model predictions of water quality in a sub-section of the

water distribution system of the City of Edmonton.

The identification of chloramine bulk decay and wall decay coefficients for
the Study Area.

5.3 Recommendations

The following are the recommendations for further work:

1)

2)

3)

To obtain more accurate water quality model predictions, time-varying
SynerGEE Water hydraulic model needs to be used rather than the steady-
state average day demand (ADD) model.

To test the developed methodology in other sub-sections of the water
distribution system of the City of Edmonton to verify its validity and
usefulness. When choosing other sub-sections, it is advised that each sub-
section is selected such that the pipe materials in the sub-section are uniform
(e.g. all cast iron or all PVC pipes), so that a more representative chloramine
wall decay coefficient can be determined to provide more accurate water

quality predictions for the sub-section.

To systematically study the effects of water temperature and demand on
chloramine wall decay coefficients using the developed methodology. In order
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to rule out complications, other conditions need to be maintained the same as
much as possible during these studies.
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APPENDIX A
Status of Existing Hydraulic Models at EWSI

Back in the year 2002, EWSI had built and calibrated a set of hydraulic models
for the WDS of the City of Edmonton. Constructions, such as pipe repairs and
replacements, as well as expansions are constantly being done in the WDS over
the last decade. As a result, there are large discrepancies between the set of
hydraulic models and the real WDS, both in terms of infrastructures in the WDS,
such as pipes, tanks and pumps, as well as hydraulic conditions of the WDS, such
as flows and pressures. In recent years, EWSI has built several new hydraulic
models for the WDS of the City to account for changes that had occurred in the
WDS over the last decade. However, these models are still being calibrated. The
set of hydraulic models from 2002 was used in the last decade and it is still the
dominant set of models being used by EWSI today.

EWSI uses the modeling software SynerGEE Water for all of its modeling work.
In general, one of the first steps in building a hydraulic model is to import the
infrastructures of the WDS into the model to obtain a model representation of the
WDS. At EWSI, all data associated with the WDS infrastructures is stored in its
geographic information system (GIS). When building the set of hydraulic models
in 2002, the infrastructure data was extracted from the GIS and imported into
SynerGEE Water to obtain a model representation of the actual WDS. In the
hydraulic models, components in the actual WDS were represented using symbols
such as dots, lines, circles and polygons. For example, a line in the models was to
indicate a pipe in the WDS and a particular pre-defined polygon in the models
was assigned to indicate a tank in the WDS. An important aspect of building the
models was the use of nodes in the models. Nodes were used in the models to
represent a number of things in the actual WDS. For the most part, a node was
used to represent the intersection of two or more pipes. It was also used to
represent a change, such as a change in pipe diameter, material or direction. In the
models, a line between two nodes was considered as a single pipe, and this pipe
had uniform diameter, material and extended in only one direction. This implies
that pipes in the models could have been much longer than that in the actual
WDS. For instance, assuming that in the WDS there were several pipes, with the
same diameter, material and direction that were installed in one long line. In the
models, this line of several pipes would have been considered as a single pipe,
with a node at each of its end indicating the start and the end of this long line of
pipes. The length of this single pipe in the models would have been equal to the
sum of the lengths of all the individual pipes in the WDS.

Generally, the degree of detail in which the WDS should be represented in a
hydraulic model is dependent on the purpose of the model. For the hydraulic
models at EWSI, not all infrastructures in the WDS of the City were imported into
the models. In regards to the Study Area which is the focus of this study, the
infrastructures that were missing in the hydraulic models for this area that could
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potentially affect this study were valves and hydrants, and their associated
components.

For hydraulic modeling in general, the water usages of customers are considered
as demands in the WDS. The demands are added to the hydraulic model as base
flows to “load” the model. This is usually done after the model representation of
the WDS is completely set up. Usually, demands are assigned to nodes in the
model. Every address that has a water service connected to the WDS is a demand.
Thus, for a single pipe in the WDS, there could be a number of addresses that
draw water from it. In the hydraulic model, to account for the demands for each
address, a node would have to be set up on this pipe for each address. If this is to
be done for all pipes in the model, it would require a lot of computing resources.
For simplification, EWSI used nodes in its hydraulic models as discussed
previously and the demand of each address was assigned to its nearest node. This
indicates that each node in the models had a particular “zone of influence”.

It is very difficult, if not impossible, to obtain the exact amount of water being
used at each address at any given time. Thus, some assumptions have to be made
in obtaining the demands that are to be assigned to the nodes in the hydraulic
model. In general, the method in which demands is to be estimated depends on the
purpose of the hydraulic model. At EWSI, the set of hydraulic models that were
built and calibrated in 2002 were the Average Day Demand (ADD), Max Day
Demand (MDD) and Peak Hour Demand (PHD) models. These three models had
the same model representation of the WDS for the City. In other words,
infrastructures imported into these models were exactly the same. These models
differ in terms of the demands that were assigned. In the ADD model, demands
were calculated based on the amount of water used as recorded in the customer
billing statements. Essentially, for each address in the City, its monthly billing
statement shows the total amount of water in cubic meters it has used for the
month in consideration. Since the ADD model was built and calibrated in 2002, it
could be deduced that monthly billing statements from 2001 were used to
calculate demands. For each address, EWSI calculated its total water consumption
for the year 2001 by summing up all of its monthly water consumptions in 2001,
and dividing this total water consumption by 365 days to obtain an average day
demand for the address. This average day demand was then assigned to the node
in the model that was nearest to the address. At each node in the model, the
average day demand of all the addresses within its “zone of influence” were
summed to obtain the average day demand for the node. This was the method in
which demands were estimated for the ADD hydraulic model.

As for the MDD hydraulic model, its demands were estimated based on a single
day in 2001 that had the highest water consumption for the City. Evidently, the
demands for the PHD model were estimated based on a single hour in 2001 that
had the highest water consumption for the City. Since this study only used the
ADD hydraulic model, the method in which demands were estimated for the
MDD and PHD hydraulic models will not be discussed in detail in this thesis.
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After the hydraulic models were built, they were calibrated by EWSI.
Unfortunately, considering the fact that these models were calibrated a decade
ago, the details in which the calibration was done could not be retrieved as
individuals who were involved in the calibration process had left and no
documents regarding the calibration could be found at EWSI either. However,
since EWSI had used these hydraulic models for the last decade and it still uses
these models, the calibration should have been done such that the results from the
models agreed with the hydraulic data collected from the WDS to a reasonable
degree, or to a degree as deemed acceptable by EWSI at the time the models were
calibrated.

It is important to note that the hydraulic models of 2002 were built and calibrated
to be steady state models, that is, the results from the models do not change with
time. EWSI does not have any time varying hydraulic models for the WDS of the
City or for the WDS of the Study Area.
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APPENDIX B

Raw Data of Preliminary Field Sampling at the Author’s Residence

Table 1

Raw data of the preliminary field sampling conducted at the

author’s residence on Tuesday, June 14, 2011.

Date:

Weather:

Sample Collection Location:
Sample Testing Location:
Sample Testing Method:

Tuesday, June 14, 2011

Mostly cloudy with rain, occasional sunshine

At the kitchen tap in the residence of the M.Sc. student

On the kitchen counter in the residence of the M.Sc. student
Using the chlorine field kit

Sample San_1p|e Sal_ﬂple ) Sar_nple _ Water _ ) Chlorine_
Number Collection Date | Collection Time | Collection Time | Temperature Sample Testing Time Concentration
(mm/dd/yr) (24 Hours) (AM/PM) (°C) (mg/L)
1 6/14/2011 12:10:00 12:10:00 PM 12.0 Immediately after collection 1.83
2 6/14/2011 13:00:00 01:00:00 PM 12.0 Immediately after collection 1.82
3 6/14/2011 14:02:00 02:02:00 PM 12.0 Immediately after collection 1.82
4 6/14/2011 15:20:00 03:20:00 PM 12.0 Immediately after collection 1.81
5 6/14/2011 16:27:00 04:27:00 PM 12.0 Immediately after collection 1.82
6 6/14/2011 17:27:00 05:27:00 PM 12.0 Immediately after collection 1.82
7 6/14/2011 18:22:00 06:22:00 PM 12.0 Immediately after collection 1.81
8 6/14/2011 19:36:00 07:36:00 PM 12.0 Immediately after collection 1.85
9 6/14/2011 20:51:00 08:51:00 PM 12.0 Immediately after collection 1.83
10 6/14/2011 21:54:00 09:54:00 PM 12.0 Immediately after collection 1.80
11 6/14/2011 22:58:00 10:58:00 PM 12.0 Immediately after collection 1.81
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Table 2

Raw results of the preliminary field sampling conducted at the

author's residence on Tuesday, June 21 and Wednesday, June 22,
2011,

Date:

Weather:

Sample Collection Location:
Sample Testing Location:
Sample Testing Method:

Tuesday, June 21, 2011 and Wednesday, June 22, 2011
Sunny, partly cloudy
At the kitchen tap in the residence of the M.Sc. Student

On the kitchen counter in the residence of the M.Sc. Student
Using the chlorine field kit

sample Sample Sample ' Sample ' Water _ _ Chloring
Number Collection Date| Collection Time| Collection Time [ Temperature Sample Testing Time Concentration
(mm/dd/yr) (24 Hours) (AM/PM) (°C) (mg/L)
1 6/21/2011 07:49:00 07:49:00 AM 12.0 Immediately after collection 1.71
2 6/21/2011 09:08:00 09:08:00 AM 12.0 Immediately after collection 1.68
3 6/21/2011 10:05:00 10:05:00 AM 12.0 Immediately after collection 1.72
4 6/21/2011 11:00:00 11:00:00 AM 12.0 Immediately after collection 1.73
5 6/21/2011 12:02:00 12:02:00 PM 12.0 Immediately after collection 1.73
6 6/21/2011 13:07:00 01:07:00 PM 12.0 Immediately after collection 1.73
7 6/21/2011 14:09:00 02:09:00 PM 12.0 Immediately after collection 1.76
8 6/21/2011 15:09:00 03:09:00 PM 12.0 Immediately after collection 1.74
9 6/21/2011 16:01:00 04:01:00 PM 12.0 Immediately after collection 1.75
10 6/21/2011 17:00:00 05:00:00 PM 12.0 Immediately after collection 1.76
11 6/21/2011 18:00:00 06:00:00 PM 12.0 Immediately after collection 1.76
12 6/21/2011 19:07:00 07:07:00 PM 12.0 Immediately after collection 1.77
13 6/21/2011 20:05:00 08:05:00 PM 12.0 Immediately after collection 1.80
14 6/21/2011 21:06:00 09:06:00 PM 12.0 Immediately after collection 1.81
15 6/21/2011 22:07:00 10:07:00 PM 12.0 Immediately after collection 1.82
16 6/21/2011 23:05:00 11:05:00 PM 115 Immediately after collection 1.79
17 6/22/2011 00:07:00 12:07:00 AM 115 Immediately after collection 1.80
18 6/22/2011 01:02:00 01:02:00 AM 115 Immediately after collection 1.78
19 6/22/2011 02:08:00 02:08:00 AM 11.0 Immediately after collection 1.79
20 6/22/2011 03:05:00 03:05:00 AM 12.0 Immediately after collection 1.80
21 6/22/2011 04:04:00 04:04:00 AM 11.0 Immediately after collection 1.76
22 6/22/2011 05:05:00 05:05:00 AM 11.5 Immediately after collection 1.76
23 6/22/2011 06:05:00 06:05:00 AM 12.0 Immediately after collection 1.79
24 6/22/2011 07:05:00 07:05:00 AM 115 Immediately after collection 1.74
25 6/22/2011 08:01:00 08:01:00 AM 115 Immediately after collection 1.78
26 6/22/2011 09:01:00 09:01:00 AM 12.0 Immediately after collection 1.80
27 6/22/2011 10:53:00 10:53:00 AM 12.0 Immediately after collection 1.79
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APPENDIX C

Raw Data of Preliminary Field Sampling in the Study Area

Table 1 Raw results of site 1 from the preliminary field sampling
conducted in the study area on Thursday, June 16, 2011.

Date: Thursday, June 16, 2011
Weather: Mostly cloudy with rain, occasional sunshine
Sample Collection Location: In the women's washroom at site 1
Sample Testing Location: In own vehicle parked at the parking lot of site 1
Sample Testing Method: Using the chlorine field kit
Sample Collection | Sample Collection Water Temperature Chlorine
and Testing Time and Testing Time °C) Concentration
(24 Hours) (AM/PM) (mg/L)
08:50:00 08:50:00 AM 15.0 1.88
10:05:00 10:05:00 AM 13.0 1.85
11:20:00 11:20:00 AM 13.5 1.85
12:40:00 12:40:00 PM 13.5 1.85
14:20:00 02:20:00 PM 14.0 1.92
15:40:00 03:40:00 PM 14.0 1.89
17:05:00 05:05:00 PM 13.0 1.83
18:35:00 06:35:00 PM 14.0 1.87
19:50:00 07:50:00 PM 14.0 1.84
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Table 2

Raw results of site 2 from the preliminary field sampling

conducted in the study area on Thursday, June 16, 2011.

Date:
Weather:

Sample Collection Location:
Sample Testing Location:
Sample Testing Method:

Thursday, June 16, 2011

Mostly cloudy with rain, occasional sunshine

In the women's washroom at site 2

In own vehicle parked at the parking lot of site 2
Using the chlorine field kit

Sample Collection | Sample Collection Water Temperature Chlorine
and Testing Time | and Testing Time °C) Concentration
(24 Hours) (AM/PM) (mg/L)
09:10:00 09:10:00 AM 13.0 1.79
10:30:00 10:30:00 AM 13.5 1.82
11:45:00 11:45:00 AM 13.0 1.83
13:15:00 01:15:00 PM 13.0 1.79
14:40:00 02:40:00 PM 13.0 1.83
16:10:00 04:10:00 PM 13.0 1.82
17:30:00 05:30:00 PM 13.0 1.83
18:55:00 06:55:00 PM 13.0 1.79
20:15:00 08:15:00 PM 13.0 1.80
Table 3 Raw results of site 3 from the preliminary field sampling

conducted in the study area on Thursday, June 16, 2011.
Date: Thursday, June 16, 2011
Weather: Mostly cloudy with rain, occasional sunshine

Sample Collection Location:

Sample Testing Location:
Sample Testing Method:

At the water drinking fountain in the public
washroom building located at site 3

In own vehicle parked at the parking lot of site 3
Using the chlorine field kit

Sample Collection | Sample Collection Water Temperature Chlorine
and Testing Time | and Testing Time °C) Concentration
(24 Hours) (AM/PM) (mg/L)
09:35:00 09:35:00 AM 10.0 1.15
10:55:00 10:55:00 AM 8.5 1.08
12:10:00 12:10:00 PM 12.0 1.16
13:40:00 01:40:00 PM 8.0 1.29
14:00:00 02:00:00 PM 8.0 1.33
15:05:00 03:05:00 PM 11.0 1.35
16:35:00 04:35:00 PM 12.0 1.32
18:00:00 06:00:00 PM 12.0 1.33
19:20:00 07:20:00 PM 7.0 1.44
20:35:00 08:35:00 PM 11.0 1.38
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APPENDIX D

Raw and Processed Data for First Field Sampling (July 2011)

The data are sorted by sampling sites.

Sample Collection

Sample Testing

Adjusted Chlorine
Concentration (mg/L)

Site 1/3 T'mefri:ip%d
;irr:’;fr ColIii?oTeDate Sample Collection|Sample Collection Ten\:\/ater T ngpllje Sa”;‘."e Tezsimg T SE”"“F’T’? c ChIorlne. C°||9C_ti0” untill - First Order | Second Order
Time (24 Hours) | Time (AM/PM) eerature esting Date ime ( esting Time | Concentration | Testing (hr) Model Model
(mm/dd/yr) (°C) (mm/dd/yr) Hours) (AM/PM) (mg/L)
1 7/28/2011 08:39:00 08:39:00 AM 16.6 7/28/2011 09:50:00 09:50:00 AM 1.61 1.18 1.61 1.61
2 7/28/2011 10:41:00 10:41:00 AM 17.8 7/28/2011 13:17:00 01:17:00 PM 1.67 2.60 1.67 1.67
3 7/28/2011 12:52:00 12:52:00 PM 18.1 7/28/2011 16:20:00 04:20:00 PM 1.58 3.47 1.58 1.58
4 7/28/2011 14:47:00 02:47:00 PM 16.9 7/28/2011 22:00:00 10:00:00 PM 1.56 7.22 157 157
5 7/28/2011 16:39:00 04:39:00 PM 17.8 7/29/2011 11:35:00 11:35:00 AM 1.65 18.93 1.68 1.68
6 7/28/2011 19:00:00 07:00:00 PM 17.0 7/29/2011 11:45:00 11:45:00 AM 1.60 16.75 1.62 1.62
7 7/29/2011 08:46:00 08:46:00 AM 17.9 7/30/2011 07:11:00 07:11:00 AM 1.71 22.42 1.74 1.74
8 7/29/2011 10:38:00 10:38:00 AM 17.0 7/30/2011 07:20:00 07:20:00 AM 1.70 20.70 1.73 1.73
9 7/29/2011 12:34:00 12:34:00 PM 16.9 7/30/2011 07:30:00 07:30:00 AM 1.66 18.93 1.69 1.69
10 7/29/2011 14:38:00 02:38:00 PM 17.9 7/30/2011 07:40:00 07:40:00 AM 1.78 17.03 1.80 1.81
11 7/29/2011 16:46:00 04:46:00 PM 16.9 7/30/2011 07:48:00 07:48:00 AM 1.69 15.03 1.71 1.71
12 7/29/2011 19:06:00 07:06:00 PM 17.8 7/30/2011 07:55:00 07:55:00 AM 1.78 12.82 1.80 1.80
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Adjusted Chlorine

Site 2 Sample Collection Sample Testing Tlmirl(i):;lpsed Concentration (mg/L)
Sample ; Collection
Numrk)Jer Sa”."p'e Sample Collection|Sample Collection S?mple ngplg ngple_ Chlorme_ until Testing | First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration Model Model
(mm/dd/yr) (mm/ddiyr) | (24 Hours) | (AM/PM) (mg/L) (hn)
1 7/28/2011 08:10:00 08:10:00 AM 7/28/2011 12:45:00 12:45:00 PM 1.21 4.58 1.21 1.21
2 7/28/2011 10:08:00 10:08:00 AM 7/28/2011 14:15:00 | 02:15:00 PM 1.28 412 1.28 1.28
3 7/28/2011 12:07:00 12:07:00 PM 7/28/2011 17:00:00 | 05:00:00 PM 1.39 4.88 1.40 1.39
4 7/28/2011 14:06:00 02:06:00 PM 7/28/2011 19:00:00 | 07:00:00 PM 1.38 4.90 1.39 1.38
5 7/28/2011 16:11:00 04:11:00 PM 7/29/2011 08:48:00 | 08:48:00 AM 1.41 16.62 1.43 1.43
6 7/28/2011 18:07:00 06:07:00 PM 7/29/2011 09:48:00 | 09:48:00 AM 1.45 15.68 1.47 1.47
7 7/29/2011 08:06:00 08:06:00 AM 7/29/2011 13:10:00 | 01:10:00 PM 1.22 5.07 1.22 1.22
8 7/29/2011 13:10:00 01:10:00 PM 7/29/2011 18:15:00 | 06:15:00 PM 1.43 5.08 1.44 1.43
9 7/29/2011 16:07:00 04:07:00 PM 7/29/2011 18:19:00 | 06:19:00 PM 1.56 2.20 1.56 1.56
10 7/29/2011 18:00:00 06:00:00 PM 7/29/2011 19:20:00 | 07:20:00 PM 1.59 1.33 1.59 1.59
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. . Adjusted Chlorine
Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 4 from
Sample Sample . Sample Sample Sample Sample Chlorine Collection )
Number | collection Date [S2mPIe Collection) o\, tion Time Testing Date | Testing Time | Testing Time | Concentration | until Testing First Order | Second Order
(mmiddryr) | 1"Me@GAHOUS) T emy | (mmiddiyr) | (24 Hours) | (AMIPM) (mg/L) (hr) Model Model
1 7/28/2011 08:07:00 08:07:00 AM 7/28/2011 11:00:00 11:00:00 AM 1.18 2.88 1.18 1.18
2 7/28/2011 10:20:00 10:20:00 AM 7/28/2011 15:28:00 03:28:00 PM 1.18 5.13 1.18 1.18
3 7/28/2011 12:08:00 12:08:00 PM 7/28/2011 15:55:00 03:55:00 PM 1.36 3.78 1.36 1.36
4 7/28/2011 14:08:00 02:08:00 PM 7/29/2011 00:40:00 12:40:00 AM 1.27 10.53 1.28 1.28
5 7/28/2011 16:08:00 04:08:00 PM 7/29/2011 09:05:00 09:05:00 AM 1.35 16.95 1.37 1.36
6 7/28/2011 18:12:00 06:12:00 PM 7/29/2011 12:45:00 12:45:00 PM 1.34 18.55 1.36 1.36
7 7/29/2011 08:05:00 08:05:00 AM 7/29/2011 19:40:00 07:40:00 PM 1.09 11.58 1.10 1.10
8 7/29/2011 10:07:00 10:07:00 AM 7/29/2011 19:47:00 07:47:00 PM 1.14 9.67 1.15 1.15
9 7/29/2011 12:08:00 12:08:00 PM 7/29/2011 19:50:00 07:50:00 PM 1.34 7.70 1.35 1.35
10 7/29/2011 14:07:00 02:07:00 PM 7/29/2011 19:55:00 07:55:00 PM 1.39 5.80 1.40 1.40
11 7/29/2011 16:08:00 04:08:00 PM 7/29/2011 20:05:00 08:05:00 PM 1.45 3.95 1.45 1.45
12 7/29/2011 18:07:00 06:07:00 PM 7/29/2011 20:15:00 08:15:00 PM 1.48 2.13 1.48 1.48
Sample Collection Sample Testing Time Elapsed Adjusted Chiorine
Site 5 from Concentration (mg/L)
Sample Sample Sample Sample Sample Sample Sample Chlorine Collection .
Number | Collection Date | Collection Time|Collection Time| Testing Date | Testing Time | Testing Time | Concentration | until Testing First Odrtljer SeconddOIrder
(mm/ddiyr) | (24 Hours) (AMPM) | (mmiddiyr) | (24 Hours) | (AM/PM) (mg/L) (hn) Mode Mode
1 7/28/2011 08:06:00 08:06:00 AM 7/28/2011 10:45:00 10:45:00 AM 1.62 2.65 1.62 1.62
2 7/28/2011 10:03:00 10:03:00 AM 7/28/2011 14:30:00 02:30:00 PM 1.60 4.45 1.61 1.61
3 7/28/2011 12:05:00 12:05:00 PM 7/28/2011 17:25:00 05:25:00 PM 1.62 5.33 1.63 1.63
4 7/28/2011 14:05:00 02:05:00 PM 7/28/2011 22:30:00 10:30:00 PM 1.57 8.42 1.58 1.58
5 7/28/2011 16:05:00 04:05:00 PM 7/29/2011 08:57:00 |08:57:00 AM 1.61 16.87 1.63 1.63
6 7/28/2011 18:05:00 06:05:00 PM 7/29/2011 12:55:00 12:55:00 PM 1.54 18.83 1.56 1.56
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Sample Collection

Sample Testing

Adjusted Chlorine
Concentration (mg/L)

Site 6 Tlmirlé:zpsed
Sample i - -
Number Sa".‘p'e Sample Collection|Sample Collection Se_lmple ngple_ S?mple Chlorme_ Collection untill - First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration | Testing (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 7/28/2011 08:04:00 08:04:00 AM 7/28/2011 10:10:00 | 10:10:00 AM 1.51 2.10 1.51 1.51
2 7/28/2011 10:00:00 10:00:00AM | 7/28/2011 | 15:46:00 | 03:46:00 PM 1.46 5.77 1.47 1.47
3 7/28/2011 12:00:00 12:00:00 PM 7/28/2011 17:40:00 | 05:40:00 PM 1.56 5.67 157 157
. . . Adjusted Chlorine
Site 7 Sample Collection Sample Testing Tlme;rlé::psed Concentration (mg/L)
Sample ; - .
Number Sample Sample Collection| Sample Collection Sample Sample Sample chlorine | collection until| First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time [ Testing Time | Concentration | Testing (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 7/29/2011 07:30:00 07:30:00 AM 7/29/2011 14:23:00 | 02:23:00 PM 1.50 6.88 151 151
2 7/29/2011 09:30:00 09:30:00 AM 7/29/2011 14:33:00 | 02:33:00 PM 1.58 5.05 1.59 1.59
3 7/29/2011 11:30:00 11:30:00 AM 7/29/2011 19:00:00 | 07:00:00 PM 1.56 7.50 157 157
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. Sample Collection Sample Testing Time Elapsed Adjusted _Chlorlne
Slte? from Collection Concentration (mg/L)
Sample Sample Sample ) Sample  [Sample Testing|Sample Testing] ~ Chlorine ; ; .
Number | collection Date | Collection Time S:arrpple ZK/III/(;C;/'IW Testing Date Time (24 Time Concentration untll(‘rl]';a)stlng F':vISt artlier SeCK/Td dOIrder
(mm/dd/yr) (24 Hours) me ( ) | (mmiddiyr) Hours) (AM/PM) (mg/L) ode ode
1 7/28/2011 08:06:00 08:06:00 AM 7/28/2011 12:30:00 12:30:00 PM 1.32 4.40 1.32 1.32
2 7/28/2011 10:07:00 10:07:00 AM 7/28/2011 14:00:00 02:00:00 PM 1.47 3.88 1.47 1.47
3 7/28/2011 12:07:00 12:07:00 PM 7/28/2011 18:05:00 06:05:00 PM 1.45 5.97 1.46 1.46
4 7/28/2011 14:06:00 02:06:00 PM 7/28/2011 22:20:00 10:20:00 PM 151 8.23 1.52 1.52
5 7/28/2011 16:07:00 04:07:00 PM 7/29/2011 09:18:00 09:18:00 AM 1.31 17.18 1.33 1.32
6 7/28/2011 18:06:00 06:06:00 PM 7/29/2011 12:37:00 12:37:00 PM 1.39 18.52 1.41 1.41
7 7/29/2011 08:06:00 08:06:00 AM 7/29/2011 13:19:00 01:19:00 PM 1.49 5.22 1.50 1.50
8 7/29/2011 10:09:00 10:09:00 AM 7/29/2011 13:34:00 01:34:00 PM 1.55 3.42 1.55 1.55
9 7/29/2011 12:07:00 12:07:00 PM 7/29/2011 18:27:00 06:27:00 PM 1.46 6.33 1.47 1.47
10 7/29/2011 14:07:00 02:07:00 PM 7/29/2011 18:40:00 06:40:00 PM 1.50 4.55 1.51 1.50
11 7/29/2011 16:07:00 04:07:00 PM 7/29/2011 18:50:00 06:50:00 PM 1.53 2.72 1.53 1.53
12 7/29/2011 18:08:00 06:08:00 PM 7/29/2011 19:11:00 07:11:00 PM 1.64 1.05 1.64 1.64
. . Adjusted Chlorine
sie o Sample Collection Sample Testing Time Elapsgd Concentration (mg/L)
Sample Sample , , Sample Sample Sample Chlorine frzrr]r;”CTo‘IEI:t?;mn ,
Number . Sample Collection| Sample Collection - . . . : . 9 | First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 7/28/11 07:59:00 07:59:00 AM 7/28/11 12:40:00 12:40:00 PM 1.18 4.68 1.18 1.18
2 7/28/11 10:00:00 10:00:00 AM 7/28/11 15:20:00 03:20:00 PM 1.32 5.33 1.33 1.32
3 7/28/11 12:01:00 12:01:00 PM 7/28/11 17:35:00 05:35:00 PM 1.36 5.57 1.37 1.36
4 7/28/11 14:00:00 02:00:00 PM 7/28/11 19:05:00 07:05:00 PM 1.36 5.08 1.37 1.36
5 7/28/11 16:02:00 04:02:00 PM 7/28/11 23:50:00 11:50:00 PM 1.43 7.80 1.44 1.44
6 7/28/11 18:01:00 06:01:00 PM 7/29/11 11:00:00 11:00:00 AM 1.34 16.98 1.36 1.35
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. . Adjusted Chlorine
- Sample Collection Sample Testing - Concentration (mg/L)
Site 10 Time Elapsed
Sample i from Collection
NumFt))er Sample Collection| Sample Collection|Sample Collection Sz_imple S?mpl? Sfimple. Chlorlng until Testing (hr)| First Order | Second Order
Date (mmiddlyr) | Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration g (hr) Model Model
y (mm/dd/yr) | (24 Hours) (AM/PM) (mg/L)
1 7/28/11 08:00:00 08:00:00 AM 7/28/11 11:40:00 11:40:00 AM 1.20 3.67 1.20 1.20
2 7/28/11 10:00:00 10:00:00 AM 7/28/11 14:22:00 02:22:00 PM 1.12 4.37 1.12 1.12
3 7/28/11 11:50:00 11:50:00 AM 7/28/11 17:45:00 05:45:00 PM 1.13 5.92 1.14 1.13
4 7/28/11 14:00:00 02:00:00 PM 7/28/11 18:53:00 06:53:00 PM 1.27 4.88 1.27 1.27
5 7/28/11 16:00:00 04:00:00 PM 7/29/11 09:10:00 09:10:00 AM 1.18 17.17 1.20 1.19
6 7/28/11 18:00:00 06:00:00 PM 7/29/11 10:43:00 10:43:00 AM 1.24 16.72 1.26 1.25
. . . Adjusted Chlorine
_ Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 11 from
Sample Sample Sample Sample Sample Sample Sample Chlorine Collection | _
Number | Collection Date| Collection Time | Collection Time | Testing Date | Testing Time | Testing Time | Concentration | until Testing Flﬂoag?er Sec:/rlfdglrder
(mm/dd/yr) (24 Hours) (AM/PM) (mm/dd/yr) | (24 Hours) | (AM/PM) (mg/L) (hr)
1 7/28/11 08:01:00 08:01:00 AM 7/28/11 11:50:00 |11:50:00 AM 1.16 3.82 1.16 1.16
2 7/28/11 09:59:00 09:59:00 AM 7/28/11 14:45:00 | 02:45:00 PM 0.90 4.77 0.90 0.90
3 7/28/11 12:02:00 12:02:00 PM 7/28/11 17:55:00 | 05:55:00 PM 1.06 5.88 1.06 1.06
4 7/28/11 14:02:00 02:02:00 PM 7/28/11 19:15:00 | 07:15:00 PM 1.12 5.22 1.12 1.12
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. . . Adjusted Chlorine
_ Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 12 from
Sample Sam ; Collection
ple Sample Sample Sample Sample Sample Chlorine - ’ .
Number | cojection Date | Collection Time | Collection Time | Testing Date | Testing Time | Testing Time | Concentration | Until Testing F':\Aﬁo(g;?er SecK/r:g d(e)lrder
(mm/dd/yr) (24 Hours) (AM/PM) (mmiddiyr) | (24 Hours) | (AM/PM) (mg/L) (hr)
1 7/28/11 08:02:00 08:02:00 AM 7/28/11 10:25:00 10:25:00 AM 1.25 2.38 1.25 1.25
2 7/28/11 10:06:00 10:06:00 AM 7/28/11 13:10:00 01:10:00 PM 1.14 3.07 1.14 1.14
3 7/28/11 11:54:00 11:54:00 AM 7/28/11 16:11:00 04:11:00 PM 1.16 4.28 1.16 1.16
Sample Collection Sample Testing . Adjusted .Chlorlne
Site 13 Time Elapsed Concentration (mg/L)
from Collection
Sample i i . .
Number Sa’T‘p'e Sample Collection|Sample Collection Szflmple Sample Testing ngplg Chlorlne' until Testing | First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date Time (24 Testing Time | Concentration (hr) Model Model
(mm/dd/yr) (mm/dd/yr) Hours) (AM/PM) (mg/L)
1 7/28/2011 07:56:00 07:56:00 AM 7/28/2011 12:55:00 12:55:00 PM 0.91 4,98 0.91 0.91
2 7/28/2011 09:46:00 09:46:00 AM 7/28/2011 13:35:00 01:35:00 PM 0.92 3.82 0.92 0.92
3 7/28/2011 11:53:00 11:53:00 AM 7/28/2011 16:30:00 04:30:00 PM 0.87 4.62 0.87 0.87
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Sample Collection

Sample Testing

Adjusted Chlorine
Concentration (mg/L)

Site 14 Time EIapsc_ed
Sample from Collection
Sample . . Sample Sample Sample Chlorine until Testing .
Number | cojlection Date S?;E}Tiioﬂizt::)n Si?ﬂ?ée(iijlﬁc&?n Testing Date | Testing Time | Testing Time | Concentration (") Flzvlsto(ggcljer Seci;g d(glrder
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 7/28/2011 08:03:00 08:03:00 AM 7/28/2011 13:03:00 01:03:00 PM 0.98 5.00 0.98 0.98
2 7/28/2011 10:50:00 10:50:00 AM 7/28/2011 13:25:00 01:25:00 PM 1.06 2.58 1.06 1.06
3 7/28/2011 12:43:00 12:43:00 PM 7/28/2011 17:10:00 05:10:00 PM 0.96 4.45 0.96 0.96
4 7/28/2011 14:43:00 02:43:00 PM 7/29/2011 10:00:00 10:00:00 AM 0.94 19.28 0.95 0.95
5 7/28/2011 16:47:00 04:47:00 PM 7/29/2011 10:07:00 10:07:00 AM 0.95 17.33 0.96 0.96
6 7/28/2011 18:43:00 06:43:00 PM 7/29/2011 10:15:00 10:15:00 AM 0.99 15.53 1.00 1.00
Sample Collection Sample Testing Adjusted .Chlorlne
. Concentration (mg/L)
. Time Elapsed
Site 15 .
Sample Sample Sample Sample Sample Sample Sample Chlorine from Collection
until Testing i
Number | collection Date | Collection Time | Collection Time | Testing Date | Testing Time | Testing Time | Concentration (hr) Fl:vlsto(;):?er Secc'i/lng d(:Irder
(mm/dd/yr) (24 Hours) (AM/PM) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)

1 7/28/2011 08:00:00 08:00:00 AM 7/28/2011 11:25:00 11:25:00 AM 0.94 3.42 0.94 0.94
2 7/28/2011 10:00:00 10:00:00 AM 7/28/2011 14:40:00 02:40:00 PM 0.95 4.67 0.95 0.95
3 7/28/2011 12:00:00 12:00:00 PM 7/28/2011 16:05:00 04:05:00 PM 0.98 4.08 0.98 0.98
4 7/28/2011 14:00:00 02:00:00 PM 7/28/2011 22:40:00 10:40:00 PM 0.90 8.67 0.91 0.90
5 7/28/2011 16:00:00 04:00:00 PM 7/29/2011 00:55:00 12:55:00 AM 0.95 8.92 0.96 0.95
6 7/28/2011 18:00:00 06:00:00 PM 7/29/2011 10:28:00 10:28:00 AM 0.87 16.47 0.88 0.88
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Sample Collection Sample Testing Time Elapsed C?:égstfiigzl?r:gi)
Site 16 from
Sample Sam ; Collection
ple Sample Sample Sample Sample Sample Chlorine - . .
Number | ojection Date| Collection Time | Collection Time| Testing Date | Testing Time | Testing Time | Concentration| Until Testing F",\S/}Oa;?er Secmgdglrder
(mm/dd/yr) (24 Hours) (AMPM) | (mmiddiyr) | (24 Hours) | (aM/PM) (mg/L) ()
1 7/29/2011 07:56:00 07:56:00 AM 7/29/2011 14:44:00 | 02:44:00 PM 0.91 6.80 0.92 0.92
2 7/29/2011 10:01:00 10:01:00 AM 7/29/2011 15:21:00 | 03:21:00 PM 0.88 5.33 0.89 0.89
3 7/29/2011 12:20:00 12:20:00 PM 7/29/2011 15:41:00 | 03:41:00 PM 0.88 3.35 0.88 0.88
4 7/29/2011 13:50:00 01:50:00 PM 7/29/2011 16:10:00 | 04:10:00 PM 0.89 2.33 0.89 0.89
5 7/29/2011 16:08:00 04:08:00 PM 7/30/2011 05:55:00 | 05:55:00 AM 0.85 13.78 0.86 0.85
6 7/29/2011 18:10:00 06:10:00 PM 7/30/2011 06:20:00 |06:20:00 AM 0.84 12.17 0.85 0.85
. . Adjusted Chlorine
Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 17 .
Sample Samol Samol Samol Samol Chiori from Collection
ample . . ample ample ample orine until Testing .
Number | collection Date S%a?rwnile(z(ioﬂzitrl:)n Si?ﬂ?ée(ia%c&?n Testing Date | Testing Time | Testing Time | Concentration (hr) F'ﬁoag?er Sec:;]g dCe)Irder
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)

1 7/29/2011 07:58:00 07:58:00 AM 7/29/2011 16:30:00 04:30:00 PM 1.44 8.53 1.45 1.45
2 7/29/2011 10:05:00 10:05:00 AM 7/29/2011 16:40:00 04:40:00 PM 1.49 6.58 1.50 1.50
3 7/29/2011 11:50:00 11:50:00 AM 7/29/2011 16:49:00 04:49:00 PM 157 4.98 1.58 1.58
4 7/29/2011 14:20:00 02:20:00 PM 7/29/2011 17:10:00 05:10:00 PM 1.61 2.83 1.61 1.61
5 7/29/2011 16:03:00 04:03:00 PM 7/29/2011 17:12:00 05:12:00 PM 1.60 1.15 1.60 1.60
6 7/29/2011 18:00:00 06:00:00 PM 7/29/2011 19:30:00 07:30:00 PM 1.59 1.50 1.59 1.59
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Sample Collection

Sample Testing

Adjusted Chlorine

Site 18 Time Elapsed Concentration (mg/L)
Sample Sample . . Sample Sample Sample Chlorine errr]r:iIC:_?Lﬁ?:]lon .
Number | Collection Date | SamP'e Collection) Sample Collection Testing Date | Testing Time | Testing Time | Concentration 9| First Order | Second Order
Time (24 Hours) | Time (AM/PM) (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 7/29/2011 08:07:00 08:07:00 AM 7/30/2011 00:00:00 [ 12:00:00 AM 1.67 15.88 1.69 1.69
2 7/29/2011 10:08:00 10:08:00 AM 7/30/2011 00:10:00 [ 12:10:00 AM 1.77 14.03 1.79 1.79
3 7/29/2011 12:08:00 12:08:00 PM 7/30/2011 00:20:00 | 12:20:00 AM 171 12.20 173 173
4 7/29/2011 14:10:00 02:10:00 PM 7/30/2011 00:30:00 | 12:30:00 AM 1.73 10.33 1.74 1.74
5 7/29/2011 16:09:00 04:09:00 PM 7/30/2011 00:40:00 | 12:40:00 AM 171 8.52 1.72 1.72
6 7/29/2011 18:10:00 06:10:00 PM 7/30/2011 01:00:00 | 01:00:00 AM 171 6.83 1.72 1.72
Sample Collection Sample Testing Adjusted _Chlorme
. Concentration (mg/L)
Site 19 Tlm(; Elapsed
rom
sznr:]pblsr c Sample Sample Collection|Sample Collection Sample Sample |Sample Testing)  Chlorine Collection untill First Order | Second Order
ollection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time Time Concentration | Testing (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 7/28/11 08:00:00 08:00:00 AM 7/28/11 09:45:00 | 09:45:00 AM 1.49 1.75 1.49 1.49
2 7/28/11 10:00:00 10:00:00 AM 7/28/11 15:10:00 03:10:00 PM 1.38 5.17 1.39 1.38
3 7/28/11 12:00:00 12:00:00 PM 7/28/11 16:50:00 04:50:00 PM 1.48 4.83 1.49 1.49
4 7/28/11 14:00:00 02:00:00 PM 7/28/11 19:20:00 07:20:00 PM 1.25 5.33 1.26 1.25
5 7/28/11 16:00:00 04:00:00 PM 7/28/11 23:30:00 11:30:00 PM 1.49 7.50 150 1.50
6 7/28/11 18:00:00 06:00:00 PM 7/28/11 23:45:00 11:45:00 PM 1.54 5.75 1.55 1.55
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Sample Collection Sample Testing Adjusted _Chlorme
. Concentration (mg/L)
. Time Elapsed
Site 20 -
Sample Sampl Sampl Sample  [Sample Testi Chlori from Collection
Number CollegﬁopneDate Sample Collection| Sample Collection Test?:;]p;ate Test?rzz]pT?me ampT?mss nd Conceﬁ[:zzon untll('rll're)stlng First Order | Second Order
(mm/ddiyr) Time (24 Hours) | Time (AM/PM) (mmiddiyr) (24 Hours) (AM/PM) (mg/L) Model Model
1 7/28/2011 08:05:00 08:05:00 AM 7/28/2011 11:07:00 11:07:00 AM 1.26 3.03 1.26 1.26
2 7/28/2011 10:05:00 10:05:00 AM 7/28/2011 14:55:00 02:55:00 PM 1.26 4.83 1.26 1.26
3 7/28/2011 12:00:00 12:00:00 PM 7/28/2011 17:15:00 05:15:00 PM 1.25 5.25 1.26 1.25
4 7/28/2011 14:00:00 02:00:00 PM 7/28/2011 22:10:00 10:10:00 PM 1.29 8.17 1.30 1.30
5 7/28/2011 16:00:00 04:00:00 PM 7/29/2011 12:22:00 12:22:00 PM 1.27 20.37 1.29 1.29
6 7/28/2011 18:00:00 06:00:00 PM 7/29/2011 12:29:00 12:29:00 PM 1.25 18.48 1.27 1.26
7 7/29/2011 08:00:00 08:00:00 AM 7/30/2011 04:40:00 04:40:00 AM 1.29 20.67 1.31 1.31
8 7/29/2011 10:00:00 10:00:00 AM 7/30/2011 04:46:00 04:46:00 AM 1.28 18.77 1.30 1.29
9 7/29/2011 12:00:00 12:00:00 PM 7/30/2011 04:55:00 04:55:00 AM 1.35 16.92 1.37 1.36
10 7/29/2011 14:00:00 02:00:00 PM 7/30/2011 05:05:00 05:05:00 AM 1.19 15.08 1.20 1.20
11 7/29/2011 16:00:00 04:00:00 PM 7/30/2011 05:20:00 05:20:00 AM 1.33 13.33 1.34 1.34
12 7/29/2011 18:00:00 06:00:00 PM 7/30/2011 05:30:00 05:30:00 AM 1.37 11.50 1.38 1.38
. . Adjusted Chlorine
. Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
ite 21 .
Sample samol Sammole Test Samol chlort from_CoIIe(?tlon
Number |Sample Collection|Sample Collection|Sample Collection ampe ample festing amp'e orine until Testing |  Fjrst Order | Second Order
Date (mm/dd/yr) | Time (24 Hours) | Time (AM/PM) Testing Date Time (24 Testing Time | Concentration (hn) Model Model
(mm/dd/yr) Hours) (AM/PM) (mg/L)
1 7/28/2011 08:10:00 08:10:00 AM 7/28/2011 09:30:00 09:30:00 AM 1.57 1.33 1.57 1.57
2 7/28/2011 10:07:00 10:07:00 AM 7/28/2011 15:00:00 03:00:00 PM 1.30 4.88 1.31 1.30
3 7/28/2011 12:07:00 12:07:00 PM 7/28/2011 18:00:00 06:00:00 PM 1.43 5.88 1.44 1.44
4 7/28/2011 14:00:00 02:00:00 PM 7/28/2011 18:40:00 06:40:00 PM 1.06 4.67 1.06 1.06
5 7/28/2011 16:00:00 04:00:00 PM 7/29/2011 09:26:00 09:26:00 AM 1.08 17.43 1.10 1.09
6 7/28/2011 18:00:00 06:00:00 PM 7/29/2011 09:35:00 09:35:00 AM 1.30 15.58 1.32 1.31
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Sample Collection Sample Testing ' C?ndé:r?:re;ig:l?r:gfu
Site 22 Time Elapsed
Sample Sample Sample Sample Sample Sample Sample Chlorine rﬁ::” -?eset?nlon .
Number | collection Date | Collection Time | Collection Time Testing Date | Testing Time | Testing Time | Concentration (hr) ’ F':\S}It (Sr(ljer Seclcz/r:ddolrder
(mm/ddiyr) (24 Hours) (AMPM) | (mm/iddiyr) | (24 Hours) | (AMIPM) (mg/L) ode ode
1 7/28/2011 08:00:00 08:00:00 AM 7/28/2011 13:43:00 | 01:43:00 PM 1.40 5.72 1.41 1.41
2 7/28/2011 10:01:00 10:01:00 AM 7/28/2011 13:50:00 | 01:50:00 PM 1.43 3.82 1.43 1.43
3 7/28/2011 12:00:00 12:00:00 PM 7/28/2011 17:20:00 | 05:20:00 PM 1.40 5.33 1.41 1.41
4 7/28/2011 14:01:00 02:01:00 PM 7/29/2011 11:07:00 |11:07:00 AM 1.43 21.10 1.45 1.45
5 7/28/2011 16:00:00 04:00:00 PM 7/29/2011 11:15:00 | 11:15:00 AM 1.43 19.25 1.45 1.45
6 7/28/2011 18:02:00 06:02:00 PM 7/29/2011 11:38:00 |11:38:00 AM 1.39 17.60 141 141
Sample Collection Sample Testing Adjusted _Chlorlne
. Concentration (mg/L)
Site 23 from Collsoion
Sample Sample Sample Collection| Sample Collection Sample Sample Sample Chlorine until Testing | First Order | Second Order
Number | Collection Date |- - Testing Date | Testing Time | Testing Time | Concentration (hr)
(mm/ddiyr) Time (24 Hours) | Time (AM/PM) (mmiddiyr) (24 Hours) (AM/PM) (mg/L) Model Model
1 7/29/2011 08:05:00 08:05:00 AM 7/30/2011 02:50:00 | 02:50:00 AM 1.39 18.75 1.41 1.41
2 7/29/2011 10:01:00 10:01:00 AM 7/30/2011 03:00:00 | 03:00:00 AM 1.37 16.98 1.39 1.39
3 7/29/2011 12:05:00 12:05:00 PM 7/30/2011 03:10:00 | 03:10:00 AM 1.39 15.08 1.41 1.40
4 7/29/2011 14:04:00 02:04:00 PM 7/30/2011 03:25:00 03:25:00 AM 1.40 13.35 1.42 141
5 7/29/2011 16:03:00 04:03:00 PM 7/30/2011 03:35:00 | 03:35:00 AM 1.41 11.53 1.42 1.42
6 7/29/2011 18:05:00 06:05:00 PM 7/30/2011 03:45:00 | 03:45:00 AM 1.44 9.67 1.45 1.45
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Sample Collection

Sample Testing

Adjusted Chlorine

si Time Elapsed Concentration (mg/L)

ite 24 .

Sample Sample Sample Sample Testin Sample Sample Chlorine from Collection

Number Collectiopn Date Collectioz Time Sample Collection pDate ? Testin pT' Testi pT' C trati until Testing | First Order | Second Order

Time (AM/PM) g Time | Testing 1ime | t.oncentration (h) Model Model
(mm/dd/yr) (24 Hours) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)

1 7/28/2011 08:04:00 08:04:00 AM 7/28/2011 11:15:00 11:15:00 AM 1.41 3.18 1.41 1.41
2 7/28/2011 10:03:00 10:03:00 AM 7128/2011 14:05:00 02:05:00 PM 1.46 4.03 1.46 1.46
3 7/28/2011 14:03:00 02:03:00 PM 7128/2011 22:55:00 10:55:00 PM 1.44 8.87 1.45 1.45
4 7/28/2011 16:03:00 04:03:00 PM 7/29/2011 11:50:00 11:50:00 AM 1.46 19.78 1.48 1.48
5 7/28/2011 18:02:00 06:02:00 PM 7/29/2011 11:57:00 11:57:00 AM 1.45 17.92 1.47 1.47
6 7/29/2011 08:46:00 08:46:00 AM 7/30/2011 01:20:00 01:20:00 AM 1.48 16.57 1.50 1.50
7 7/29/2011 10:11:00 10:11:00 AM 7/30/2011 02:30:00 02:30:00 AM 1.50 16.32 1.52 1.52
8 7/29/2011 14:01:00 02:01:00 PM 7/30/2011 01:30:00 01:30:00 AM 1.63 11.48 1.65 1.64
9 7/29/2011 16:01:00 04:01:00 PM 7/30/2011 01:40:00 01:40:00 AM 1.55 9.65 1.56 1.56
10 7/29/2011 18:06:00 06:06:00 PM 7/30/2011 01:52:00 01:52:00 AM 1.61 1.77 1.62 1.62
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APPENDIX E

Raw and Processed Data for Second Field Sampling (October 2011)

The data are sorted by sampling sites.

Sample Collection Sample Testing Time Adjusted _Chlorlne
. Elapsed Concentration (mg/L)
Site 1 from
Sample . .
Numf)er Sample Sample Sample Sample Sample Sample Chlorine Collection | First Order | Second Order
Collection Date | Collection Time|Collection Time| Testing Date | Testing Time | Testing Time | Concentration until Testing|  Model Model
(mm/dd/yr) (24 Hours) (AM/PM) (mm/dd/yr) | (24 Hours) (AM/PM) (mg/L) (hn)
1 10/05/11 10:20:00 10:20:00 AM 10/05/11 17:45:00 | 05:45:00 PM 1.86 7.42 1.87 1.87
2 10/05/11 12:00:00 12:00:00 PM 10/05/11 18:00:00 | 06:00:00 PM 1.96 6.00 1.97 1.97
3 10/06/11 10:20:00 10:20:00 AM 10/06/11 21:35:00 ] 09:35:00 PM 1.87 11.25 1.89 1.89
4 10/06/11 12:00:00 12:00:00 PM 10/06/11 21:50:00 | 09:50:00 PM 1.90 9.83 1.91 1.92
. . Adjusted Chlorine
Site 2 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
from
Sample Sample Sample Sample Testing| ~ Sample Sample Chlorine ; ;
i Collection until| gj
Number | Collection Date | Collection Time Sa’.“p'e Collection Date Testing Time | Testing Time | Concentration | Tacsting (h First Order | Second Order
Time (AM/PM) esting (hr) Model Model
(mm/dd/yr) (24 Hours) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 09:00:00 09:00:00 AM 10/05/11 20:30:00 08:30:00 PM 1.76 11.50 1.78 1.78
2 10/05/11 13:00:00 01:00:00 PM 10/05/11 20:40:00 08:40:00 PM 1.73 7.67 1.74 1.74
3 10/06/11 09:45:00 09:45:00 AM 10/06/11 22:30:00 10:30:00 PM 1.74 12.75 1.76 1.76
4 10/06/11 11:36:00 11:36:00 AM 10/06/11 22:40:00 10:40:00 PM 1.75 11.07 1.77 1.77
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Adjusted Chlorine

Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 3 from
Sample i Collection
Number Sample Sample Collection| Sample Collection S"f‘mp'e ngple_: ngple_: Chlormg until Testin First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time [ Concentration 9 Model Model
(mm/dd/yr) (mm/ddiyr) | (24 Hours) | (AM/PM) (mg/L) (hr)
1 10/05/11 10:40:00 10:40:00 AM 10/05/11 18:15:00 06:15:00 PM 1.87 7.58 1.88 1.88
2 10/05/11 12:25:00 12:25:00 PM 10/05/11 18:25:00 06:25:00 PM 1.92 6.00 1.93 1.93
3 10/06/11 10:40:00 10:40:00 AM 10/06/11 22:05:00 10:05:00 PM 1.85 11.42 1.87 1.87
4 10/06/11 12:20:00 12:20:00 PM 10/06/11 22:15:00 10:15:00 PM 1.94 9.92 1.96 1.96
. . Adjusted Chlorine
Site 4 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
from
Sample Sample Sample Sample Sample  |Sample Testing|  Sample Chlorine ; ;
Collection until| F;j
Number | collection Date | Collection Time | Collection Time | Testing Date Time (24 | Testing Time | Concentration | Tegting (hr) Fn;\s/lto(ag(ljer Secﬁ;g d(zlrder
(mm/dd/yr) (24 Hours) (AM/PM) (mm/dd/yr) Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 07:15:00 07:15:00 AM 1.80 21.25 1.83 1.83
2 10/05/11 12:00:00 12:00:00 PM 10/06/11 07:25:00 07:25:00 AM 1.87 19.42 1.90 1.90
3 10/06/11 10:00:00 10:00:00 AM 10/07/11 13:35:00 01:35:00 PM 1.83 27.58 1.87 1.88
4 10/06/11 12:00:00 12:00:00 PM 10/07/11 13:45:00 01:45:00 PM 1.88 25.75 1.92 1.92
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. . Adjusted Chlorine
Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 5 from
Sample Sample . Sample Sample Sample  |Sample Testing]  Chlorine Collection )
Number | cojlection Date S??;p;iiogiztr':)n Collection Time | Testing Date | Testing Time Time Concentration | until Testing Fn;\s;ltoc(jgclier SecK:(()j dglrder
(mm/dd/yr) (AM/PM) (mm/ddiyr) | (24 Hours) | (AM/PM) (mg/L) (hr)
1 10/05/11 10:08:00 10:08:00 AM 10/06/11 05:20:00 05:20:00 AM 1.84 19.20 1.87 1.87
2 10/05/11 11:59:00 11:59:00 AM 10/06/11 05:30:00 05:30:00 AM 1.94 17.52 1.97 1.97
3 10/06/11 09:52:00 09:52:00 AM 10/07/11 04:55:00 04:55:00 AM 1.84 19.05 1.87 1.87
4 10/06/11 11:53:00 11:53:00 AM 10/07/11 05:00:00 05:00:00 AM 1.87 17.12 1.90 1.90
Sample Collection Sample Testing ) Adjusted _Chlorlne
. Time Elapsed Concentration (mg/L)
Site 6 .
Sample Samol Samol Samol Samol Chlori from Collection
ample . . ample ample ample orine until Testin .
Number | Collection Date S?;:Ei;f:iﬁ?;” S:_Tn?ée(z(slﬁc&?n Testing Date | Testing Time | Testing Time | Concentration (hr) g Flrl\/lstoigcljer Secmg dglrder
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:07:00 10:07:00 AM 10/05/11 20:50:00 08:50:00 PM 1.85 10.72 1.87 1.87
2 10/05/11 12:06:00 12:06:00 PM 10/05/11 21:00:00 09:00:00 PM 1.91 8.90 1.92 1.93
Sample Collection Sample Testing Adjusted _Chlorlne
. Concentration (mg/L)
. Time Elapsed
Site 7 -
Sample | | | | ) hiori from Collection
Number | Sample Collection|Sample Collection sample Sample sample | Sample Testing)  Chlorine | until Testing | First Order | Second Order
Date (mm/ddiyr) | Time (24 Hours) Collection Time | Testing Date | Testing Time Time Concentration (hr) Model Model
y (AM/PM) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:01:00 10:01:00 AM 10/05/11 23:20:00 11:20:00 PM 1.84 13.32 1.86 1.86
2 10/05/11 12:02:00 12:02:00 PM 10/05/11 23:30:00 11:30:00 PM 1.83 11.47 1.85 1.85
3 10/06/11 10:01:00 10:01:00 AM 10/07/11 00:20:00 12:20:00 AM 1.79 14.32 1.81 1.81
4 10/06/11 12:02:00 12:02:00 PM 10/07/11 00:30:00 12:30:00 AM 1.57 12.47 1.59 1.58
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. . Adjusted Chlorine
Site 8 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
from
Sample i - .
N E Sample Sample Collection sample Sample Sample Sample Chlorine Jeollection until| First Order | Second Order
UmDber | Collection Date Time (24 Hours) Collection Time | Testing Date | Testing Time | Testing Time | Concentration Testing (hr) Model Model
(mm/dd/yr) (AM/PM) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:05:00 10:05:00 AM 10/06/11 01:00:00 01:00:00 AM 1.76 14.92 1.78 1.78
2 10/05/11 12:06:00 12:06:00 PM 10/06/11 01:10:00 01:10:00 AM 1.74 13.07 1.76 1.76
. . Adjusted Chlorine
Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 9 from
Sample ; Collection
Number Sar_nple Sample Collection|{Sample Collection ngple ngplg ngplt_e Chlorme_ until Testing | FirstOrder | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration Model Model
(mm/dd/yr) (mm/ddyr) | (24 Hours) | (AM/PM) (mg/L) (hr)
1 10/05/11 10:00:00 10:00:00 AM 10/07/11 21:15:00 | 09:15:00 PM 1.70 59.25 1.78 1.79
2 10/05/11 12:00:00 12:00:00 PM 10/07/11 21:25:00 | 09:25:00 PM 1.74 57.42 1.82 1.83
3 10/06/11 10:00:00 10:00:00 AM 10/07/11 00:50:00 | 12:50:00 AM 1.75 14.83 1.77 1.77
4 10/06/11 12:00:00 12:00:00 PM 10/07/11 01:05:00 | 01:05:00 AM 1.76 13.08 1.78 1.78
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. . Adjusted Chlorine
Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 10 from
Sample Sample . Sample Sample  |Sample Testing|Sample Testing]  Chlorine Collection .
Number | Collection Date S??;]Tizioﬂizt:s)n Collection Time | Testing Date |  Time (24 Time Concentration | until Testing Flz\/ls,to(ggcljer Secc,i/lng d(;rder
(mm/dd/yr) (AM/PM) (mm/dd/yr) Hours) (AM/PM) (mg/L) (hr)
1 10/06/11 10:00:00 10:00:00 AM 10/07/11 23:20:00 11:20:00 PM 1.76 37.33 1.81 1.82
2 10/06/11 12:00:00 12:00:00 PM 10/07/11 23:30:00 11:30:00 PM 1.77 35.50 1.82 1.82
. . Adjusted Chlorine
Sample Collection Sample Testing - Concentration (mg/L)
. Time Elapsed
Site 11 :
Sample Sample Sample Sample Sample Sample Chlorine from_CoIIec_:tlon
Number np mple. Sample Collection AMp ample ampre . until Testing | First Order | Second Order
Collection Date | Collection Time Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration (hr) Model Model
(mm/dd/yr) (24 Hours) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:07:00 10:07:00 AM 10/06/11 06:05:00 | 06:05:00 AM 1.69 19.97 1.72 1.72
2 10/05/11 12:07:00 12:07:00 PM 10/06/11 06:10:00 [ 06:10:00 AM 1.73 18.05 1.76 1.76
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Sample Collection

Sample Testing

Adjusted Chlorine
Concentration (mg/L)

Site 12 T'miri:]ip%d
Sample i i i - .
Number Collistrropr:eDate Sample Collection|Sample Collection Tesst?rr:qplljeate San_llpi)rl:]ae'l'és:mg Samp_ll_?n'ql':stmg Coﬁ:elﬁ?rzgon Collection until} First Order | Second Order
Time (24 Hours) | Time (AM/PM) g Testing (hr) Model Model
(mm/dd/yr) (mm/dd/yr) Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 00:15:00 12:15:00 AM 1.37 14.25 1.39 1.38
2 10/05/11 12:00:00 12:00:00 PM 10/06/11 00:25:00 12:25:00 AM 1.33 12.42 1.34 1.34
3 10/06/11 10:00:00 10:00:00 AM 10/07/11 05:15:00 05:15:00 AM 1.57 19.25 1.59 1.59
4 10/06/11 12:00:00 12:00:00 PM 10/07/11 05:20:00 05:20:00 AM 1.52 17.33 1.54 1.54
Sample Collection Sample Testing Time Elapsed Adjusted Chlorine
Site 13 from Concentration (mg/L)
Sample i Collection
Number |Sample Collection Sample . |Sample Collection Sz_;lmple S?mplg ngplg Chlorme_ until Testing First Order | Second Order
Date (mm/dd/yr) Collection Time Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration Model Model
(24 Hours) (mm/ddiyr) | (24 Hours) | (AM/PM) (mg/L) (hr)
1 10/05/11 10:00:00 10:00:00 AM 10/05/11 21:35:00 09:35:00 PM 1.71 11.58 1.73 1.73
2 10/05/11 12:00:00 12:00:00 PM 10/05/11 21:45:00 09:45:00 PM 1.54 9.75 1.55 1.55
3 10/06/11 10:04:00 10:04:00 AM 10/06/11 23:55:00 11:55:00 PM 1.69 13.85 1.71 1.71
4 10/06/11 12:00:00 12:00:00 PM 10/07/11 00:05:00 12:05:00 AM 1.58 12.08 1.60 1.59
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Sample Collection Sample Testing Time Elapsed C?:g:i:?;ﬁ:'g::”ﬁ_)
Site 14 from g
Sample i i Collection
N E Sample Sample Collection| Sample Collection Sample S_amplg Samplg Testing Chlorlne_ til Testi First Order | Second Order
umber | Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time Time Concentration | until Testing Model Model
(mm/dd/yr) (mm/ddfyr) | (24 Hours) (AM/PM) (mg/L) (hr)
1 10/06/11 10:00:00 10:00:00 AM 10/07/11 22:50:00 10:50:00 PM 1.64 36.83 1.69 1.69
2 10/06/11 12:00:00 12:00:00 PM 10/07/11 23:00:00 11:00:00 PM 1.70 35.00 1.75 1.75
. . Adjusted Chlorine
. Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 15 from
Sample i i - .
Number Sample Sample Collection Sample. Sample sample \Sample Testing)  Chlorine | collection untill - First Order | Second Order
Collection Date Time (24 Hours) Collection Time | Testing Date | Testing Time Time Concentration | Testing (hr) Model Model
(mm/dd/yr) (AM/PM) (mm/dd/yr) | (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 04:15:00 | 04:15:00 AM 1.64 18.25 1.66 1.66
2 10/05/11 11:59:00 11:59:00 AM 10/06/11 04:25:00 | 04:25:00 AM 1.67 16.43 1.69 1.69
3 10/06/11 10:02:00 10:02:00 AM 10/07/11 03:55:00 | 03:55:00 AM 1.64 17.88 1.66 1.66
4 10/06/11 12:02:00 12:02:00 PM 10/07/11 04:00:00 | 04:00:00 AM 1.68 15.97 1.70 1.70
. . Adjusted Chlorine
Site 16 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
from
Sample i - .
Number Sample Sample Collection| Sample Collection Sample Sample Sample Chlorine | Collection until| First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration Testing (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/05/11 22:25:00 10:25:00 PM 1.56 12.42 1.58 1.57
2 10/05/11 12:03:00 12:03:00 PM 10/05/11 22:40:00 10:40:00 PM 1.64 10.62 1.65 1.65
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Sample Collection

Sample Testing

Adjusted Chlorine

. Time Elapsed Concentration (mg/L)
Site 17 :
Sample | | | | Hiori from Collection
Number |Sample Collection sample Sample Collection Sample Sample Sample Chlorine until Testing | First Order | Second Order

umber Date (mm/ddiyr) Collection Time Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration (hr) Model Model

y (24 Hours) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/06/11 10:02:00 10:02:00 AM 10/06/11 23:20:00 11:20:00 PM 1.59 13.30 1.61 1.61
2 10/06/11 12:01:00 12:01:00 PM 10/06/11 23:30:00 11:30:00 PM 1.62 11.48 1.63 1.63
Sample Collection Sample Testing - Adjusted _Chlorme
Site 18 Time Elapsed Concentration (mg/L)
from
Sample Sample Sample Collection|Sample Collection Sz?lmple Sfamplg S_amplg Chlorlne_ Collection until] First Order | Second Order
Number | Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration | Tegting (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:01:00 10:01:00 AM 10/06/11 05:00:00 05:00:00 AM 1.44 18.98 1.46 1.46
2 10/05/11 12:01:00 12:01:00 PM 10/06/11 05:10:00 05:10:00 AM 1.49 17.15 1.51 1.51
3 10/06/11 10:00:00 10:00:00 AM 10/07/11 03:25:00 03:25:00 AM 1.51 17.42 1.53 1.53
4 10/06/11 12:01:00 12:01:00 PM 10/07/11 03:35:00 03:35:00 AM 1.54 15.57 1.56 1.56
. . Adjusted Chlorine
. Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 19 -
Samole ] ] from Collection
p Sample Sample Collection Sample Sample Sample  |Sample Testing] ~ Chlorine until Testing | Eirst Order | Second Order
Number | Collection Date Time (24 Hours) Collection Time | Testing Date | Testing Time Time Concentration (hr) Model Model
(mm/dd/yr) (AM/PM) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:12:00 10:12:00 AM 10/05/11 23:45:00 11:45:00 PM 1.40 13.55 1.42 1.41
2 10/05/11 12:12:00 12:12:00 PM 10/06/11 00:00:00 12:00:00 AM 1.46 11.80 1.47 1.47
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Sample Collection Sample Testing Time Elapsed CAdJUSIEdt.Chlorme
Site 20 from oncentration (mg/L)
Sample Sample . . Sample Sample Sample Chlorine Collection .
Number [ Collection Date S?:;ﬂiioggit::)n Si?ﬁée(ii/llﬁc&?n Testing Date | Testing Time | Testing Time | Concentration | until Testing Fn;\s/lto(ggtlier Seci/?g dZ)Irder
(mm/dd/yr) (mm/dd/yr) | (24 Hours) (AM/PM) (mg/L) (hn)
1 10/06/11 10:06:00 10:06:00 AM 10/07/11 12:10:00 12:10:00 PM 1.46 26.07 1.49 1.49
2 10/06/11 12:06:00 12:06:00 PM 10/07/11 12:30:00 12:30:00 PM 1.49 24.40 1.52 1.52
. . Adjusted Chlorine
Site 21 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
from
Sample i i - .
N g Sample Sample Collection|Sample Collection Sample |Sample Testing| Sample Chlorine | collection until| First order | Second Order
umber | Collection Date Time (24 Hours) | Time (AM/PM) Testing Date |  Time (24 Testing Time | Concentration Testing (hr) Model Model
(mm/dd/yr) (mm/dd/yr) Hours) (AM/PM) (mg/L)
1 10/05/11 10:09:00 10:09:00AM | 10/05/I1 | 22:00:00 | 10:00:00 PM 1.28 11.85 1.29 129
2 10/05/11 12:07:00 12:07:00 PM 10/05/11 22:10:00 10:10:00 PM 1.32 10.05 1.33 1.33
3 10/06/11 10:07:00 10:07:00 AM 10/07/11 03:05:00 03:05:00 AM 141 16.97 1.43 143
4 10/06/11 12:07:00 12:07:00 PM 10/07/11 03:15:00 03:15:00 AM 1.44 15.13 1.46 1.46
Sample Collection Sample Testing Time Elapsed Adjusted Chlorine
Site 22 from Concentration (mg/L)
Sample Sample Sample . Sample Sample Sample Chlorine Collection .
Number | Collection Date | Collection Time S:—Tnﬁée(,iﬂl/?&?n Testing Date | Testing Time | Testing Time | Concentration | until Testing F'fﬂto(;;?er Secm: d(e)lrder
(mm/dd/yr) (24 Hours) (mm/dd/yr) | (24 Hours) (AM/PM) (mg/L) (hr)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 04:40:00 04:40:00 AM 1.22 18.67 1.24 1.23
2 10/05/11 12:00:00 12:00:00PM | 10/06/I1 | 04:50:00 | 04:50:00 AM 121 16.83 1.23 122
3 10/06/11 10:00:00 10:00:00 AM 10/07/11 02:45:00 02:45:00 AM 1.33 16.75 1.35 1.34
4 10/06/11 12:00:00 12:00:00 PM 10/07/11 02:55:00 02:55:00 AM 1.35 14.92 1.37 1.36
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Sample Collection Sample Testing Time Elapsed Adjusted _Chlorlne
Site 23 from Concentration (mg/L)
Sample i i Collection
N It)) Sample Collection Sample . Sample Collection Sample Testing Sfimpl? Sfimpl(_e Chlorme_ til Testi First Order | Second Order
umber Date (mm/dd/yr) Collection Time Time (AM/PM) Date Testing Time | Testing Time | Concentration | until Testing Model Model
y (24 Hours) (mm/ddiyr) | (24 Hours) (AM/PM) (mg/L) (hr)
1 10/05/11 10:00:00 10:00:00 AM 10/05/11 21:15:00 09:15:00 PM 1.19 11.25 1.20 1.20
2 10/05/11 12:02:00 12:02:00 PM 10/05/11 21:25:00 09:25:00 PM 1.21 9.38 1.22 1.22
. . Adjusted Chlorine
Site 24 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Sample Sample Sample Sample Sample Chiorine | oM Collection
N P Sample Collection - P . Sample Collection - P . P . . P . . until Testing | First Order | Second Order
umber Date (mm/ddiyr) Collection Time Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration (hr) Model Model
y (24 Hours) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 01:25:00 01:25:00 AM 1.17 15.42 1.18 1.18
2 10/05/11 12:00:00 12:00:00 PM 10/06/11 01:55:00 | 01:55:00 AM 1.15 13.92 1.16 1.16
3 10/06/11 10:03:00 10:03:00 AM 10/07/11 12:40:00 12:40:00 PM 1.31 26.62 1.34 1.33
4 10/06/11 12:00:00 12:00:00 PM 10/07/11 12:50:00 12:50:00 PM 1.34 24.83 1.37 1.36
. . Adjusted Chlorine
Site 25 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Sample ] ] from Collection
Number Sample Sample Collection|Sample Collection Sample Sample |Sample Testing)  Chlorine | ‘until Testing | First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time Time Concentration (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 05:45:00 05:45:00 AM 1.10 19.75 1.12 1.11
2 10/05/11 12:15:00 12:15:00 PM 10/06/11 05:55:00 05:55:00 AM 1.14 17.67 1.16 1.15
3 10/06/11 10:00:00 10:00:00 AM 10/07/11 13:05:00 01:05:00 PM 1.30 27.08 1.33 1.32
4 10/06/11 12:00:00 12:00:00 PM 10/07/11 13:20:00 01:20:00 PM 1.28 25.33 1.31 1.30
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. . Adjusted Chlorine
Site 26 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
from
Sample i - .
NumFt))er Sample Sample Sample Collection Sample Sample Sample Chlorine | colection until| First Order | Second Order
Collection Date | Collection Time Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration Testing (hr) Model Model
(mm/dd/yr) (24 Hours) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:05:00 10:05:00 AM 10/06/11 06:55:00 [ 06:55:00 AM 1.11 20.83 1.13 1.12
2 10/05/11 12:04:00 12:04:00 PM 10/06/11 07:00:00 | 07:00:00 AM 1.11 18.93 1.13 1.12
. . Adjusted Chlorine
Sie 27 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Sample ] - from Collection
Number Sample Sample Collection|Sample Collection Sample Sample _Sample Testing|  Chlorine until Testing | First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time Time Concentration (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/05/11 22:55:00 10:55:00 PM 1.10 12.92 1.11 1.11
2 10/05/11 12:00:00 12:00:00 PM 10/05/11 23:05:00 11:05:00 PM 1.11 11.08 1.12 1.12
3 10/06/11 10:00:00 10:00:00 AM 10/07/11 01:20:00 01:20:00 AM 114 15.33 1.15 1.15
4 10/06/11 12:00:00 12:00:00 PM 10/07/11 01:30:00 01:30:00 AM 1.20 13.50 1.21 121
. . Adjusted Chlorine
Site 28 Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Sample sampl sampl sample Testi sampl Chiori from Collection
Number ample Sample Collection|Sample Collection amp?e ample Testing ample orine until Testing | First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date Time (24 Testing Time | Concentration (hr) Model Model
(mm/dd/yr) (mm/dd/yr) Hours) (AM/PM) (mg/L)
1 10/06/11 10:07:00 10:07:00 AM 10/07/11 14:25:00 02:25:00 PM 1.86 28.30 1.90 1.91
2 10/06/11 12:08:00 12:08:00 PM 10/07/11 14:45:00 02:45:00 PM 1.89 26.62 1.93 1.94
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Sample Collection

Sample Testing

Adjusted Chlorine

Site 29 Tlmiri:zpsed Concentration (mg/L)
Sample i . .
Number Sample sample Sample Collection Sample Sample Sample Chlorine | collection until| First Order | Second Order
Collection Date | Collection Time Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration Testing (hr) Model Model
(mm/dd/yr) (24 Hours) (mm/dd/yr) | (24 Hours) (AM/PM) (mg/L)
1 10/06/11 10:00:00 10:00:00 AM 10/07/11 15:00:00 03:00:00 PM 1.83 29.00 1.87 1.88
2 10/06/11 12:00:00 12:00:00 PM 10/07/11 15:10:00 | 03:10:00 PM 1.88 27.17 1.92 1.93
Sample Collection Sample Testing Time Elapsed CAdJUStEd .Chlorm/eL
Site 30 from oncentration (mg/L)
Sample i Collection
Numrl;er Samp'e Sample Collection|Sample Collection Sé\mple S_amplg ngplg Chlorlne_ til Testi First Order | Second Order
Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration | until Testing Model Model
(mm/dd/yr) (mm/dd/yr) | (24 Hours) (AM/PM) (mg/L) (hr)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 02:05:00 02:05:00 AM 1.79 16.08 1.81 1.82
2 10/05/11 12:00:00 12:00:00 PM 10/06/11 02:15:00 02:15:00 AM 1.82 14.25 1.84 1.84
Sample Collection Sample Testing Time Elapsed CAdJUS:edt_Chlorme
Site 31 from oncentration (mg/L)
Sample i Collection
N g Sar_nple Sample Collection|Sample Collection ngple Sfample_: ngple_) Chlorlne_ til Testi First Order | Second Order
umber | Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration | untl Testing Model Model
(mm/dd/yr) (mm/dd/yr) | (24 Hours) (AM/PM) (mg/L) (hr)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 02:25:00 02:25:00 AM 1.69 16.42 1.71 1.71
2 10/05/11 12:00:00 12:00:00 PM 10/06/11 02:35:00 | 02:35:00 AM 1.74 14.58 1.76 1.76
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Sample Collection Sample Testing Time Elapsed CAdJus;[edt_Chlonn/eL
Site 32 from oncentration (mg/L)
Sample Sample . Sample Sample Testing] ~ Sample  |Sample Testing|  Chlorine Collection .
Number | Collection Date S?;;Tiiogzzt::)n Collection Time Date Testing Time Time Concentration | until Testing F':\AStocé;?er SeCK/Tg d(;rder
(mm/dd/yr) (AM/PM) (mm/ddiyr) | (24 Hours) (AM/PM) (mg/L) (hr)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 03:15:00 03:15:00 AM 1.72 17.25 1.74 1.74
2 10/05/11 12:00:00 12:00:00 PM 10/06/11 03:20:00 03:20:00 AM 1.74 15.33 1.76 1.76
3 10/06/11 10:00:00 10:00:00 AM 10/06/11 23:00:00 11:00:00 PM 1.76 13.00 1.78 1.78
4 10/06/11 12:00:00 12:00:00 PM 10/06/11 23:05:00 11:05:00 PM 1.79 11.08 1.81 1.81
. . Adjusted Chlorine
) Sample Collection Sample Testing Time Elapsed Concentration (mg/L)
Site 33 :
Sample I I I I - o from Collection
Number Sample Sample Collection|Sample Collection| _ S2™P® Sample - \Sample Testing)  Chlorine | unil Testing | First Order | Second Order
umbe Collection Date Time (24 Hours) | Time (AM/PM) Testing Date | Testing Time Time Concentration (hr) Model Model
(mm/dd/yr) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 03:35:00 03:35:00 AM 151 17.58 1.53 1.53
2 10/05/11 12:20:00 12:20:.00PM | 10/06/11 03:45:00 | 03:45:00 AM 1.54 15.42 1.56 1.56
3 10/06/11 10:27:00 10:27:00AM | 10/07/11 05:35:00 | 05:35:00 AM 1.49 19.13 151 1.51
4 10/06/11 12:20:00 12:20.00PM [ 10/07/11 05:45:00 | 05:45:00 AM 1.53 17.42 1.55 1.55
Sample Collection Sample Testing . Adjusted _Chlorlne
. Time Elapsed Concentration (mg/L)
Site 34 from
Sample i - .
Numzer Sample Sample Sample Collection Sample Sample Sample Chlorine e opiection until First Order | Second Order
Collection Date | Collection Time . Testing Date | Testing Time | Testing Time | Concentration :
Time (AM/PM) Testing (hr) Model Model
(mm/dd/yr) (24 Hours) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 02:50:00 [ 02:50:00 AM 1.36 16.83 1.38 1.38
2 10/05/11 12:12:00 12:12:00 PM 10/06/11 03:00:00 | 03:00:00 AM 1.35 14.80 1.37 1.36
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Sample Collection

Sample Testing

Adjusted Chlorine

Site 35 Tlmirlc_:)LipSEd Concentration (mg/L)
Sample ; . .
Number Sample Sample Sample Collection Sample Sample Sample Chlorine | Collection until| First Order | Second Order
Collection Date | Collection Time Time (AM/PM) Testing Date | Testing Time | Testing Time | Concentration | Testing (hr) Model Model
(mm/dd/yr) (24 Hours) (mm/dd/yr) (24 Hours) (AM/PM) (mg/L)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 07:55:00 | 07:55:00 AM 1.50 21.92 1.53 1.52
2 10/05/11 12:01:00 12:01:00 PM 10/06/11 08:00:00 | 08:00:00 AM 1.57 19.98 1.60 1.59
3 10/06/11 10:07:00 10:07:00 AM 10/07/11 16:35:00 04:35:00 PM 1.52 3047 1.56 1.55
4 10/06/11 12:02:00 12:02:00 PM 10/07/11 16:45:00 04:45:00 PM 1.57 28.72 1.61 1.60
Sample Collection Sample Testing Time Elapsed Adjusted 'Chlorlne
. Concentration (mg/L)
Site 36 from
Sample Sample . Sample Sample  [Sample Testing] ~ Sample Chlorine Collection .
Number | Collection Date S??;np;igloﬂzzt:;n Collection Time | Testing Date | Time (24 | Testing Time | Concentration | until Testing F':\Aﬁoag?er Seci/ln: dglrder
(mm/dd/yr) (AM/PM) (mm/dd/yr) Hours) (AM/PM) (mg/L) (hr)
1 10/05/11 10:00:00 10:00:00 AM 10/06/11 06:25:00 06:25:00 AM 1.68 20.42 1.71 1.71
2 10/05/11 12:00:00 12:00:00 PM 10/06/11 06:35:00 06:35:00 AM 1.61 18.58 1.63 1.63
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APPENDIX F

Raw and Processed Data for Bulk Decay Coefficient Determination (Site 1)

Table 1 Temperature measurements of the bulk chloramine decay experiment.
Thermometer Used to . Thermometer Used to .
. . .| Temperature Inside . Temperature Inside
Date Time Measure Temperature Inside . o Measure Temperature Inside . o
. Fridge (°C) . Cabinet (°C)
Fridge Cabinet

3:10 PM Total-Range 3.9 21.2

Nov/2/2011 5:10 PM Total-Range 4.4 18.5

7:40 PM Total-Range 1.0 18.3
. Total-Range 3.3

Nov/3/2011 3:35PM Alcohol 12 195
. Total-Range 2.0

Nov/4/2011 2:55 PM Alconol 38 19.4

Nov/5/2011 | 4:45PM Total-Range 3.1 Total-Range 19.5
Alcohol 4.0
. Total-Range 4.2

Nov/7/2011 3:45PM Alconol 33 19.1
. Total-Range 1.0

Nov/8/2011 3:55 PM Alcohol 51 19.2

Nov/9/2011 | 3:40PM Total-Range 10 18.9
Alcohol 3.1

Average Tempezature over 8 Inside Fridge: 3.0 Inside Cabinet: 19.3

Days (°C)

Note: The alcohol thermometer in a beaker of water apparatus was placed on the bottom layer of the fridge starting
at 4:15 pm on Nov/2/2011.
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Table 2(a) Raw results of the bottle tests conducted for the water samples of site 1 that were stored at the test temperature of
19.3°C.
Test Temperature 19.3°C
Bottle Type and Number (G -
Glass; P - Plastic) Gl G2 G3 G4 G5 G6 P1 P2
. Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sam_ple Chlorine
Date Testing Round Te_stlng Concentration Te_stlng Concentration Te§tlng Concentration Te§tlng Concentration Te§tlng Concentration Te§tlng Concentration Te§tlng Concentration Te_stlng Concentration
Number Time Time Time Time Time Time Time Time
@y | ™Y L @Y w9 [ @Y Jarmn] M9 [y | M99 ey | TID | ey | MY
Nov 2/2011 Testing Round 1 15:20 1.99 15:30 2.00 15:40 1.97 16:20 1.96
Testing Round 2 21:45 1.92 21:55 1.94 22:05 1.95 22:10 1.92
Nov 3/2011| Testing Round 3 20:15 1.73 20:25 1.75 20:30 1.75 20:40 1.74
Nov 4/2011| Testing Round 4 18:30 1.65 18:35 1.64 18:45 1.64 18:50 1.63
21:20 157 21:35 157 21:55 157 22:45 1.56 22:20 157
Nov 5/2011| Testing Round 5 21:25 1.55 21:45 1.57 22:00 1.56 22:50 157 22:30 1.56
21:30 1.55 21:50 1.58 22:10 1.58 22:55 1.57 22:35 1.56
Nov 7/2011| Testing Round 6 17:15 1.49 17:25 1.52 17:35 1.53
Table 2(b) Raw results of the bottle tests conducted for the water samples of site 1 that were stored at the test temperature of
3.0°C.
Test Temperature 3.0°C
Bottle Type and Number (G - 61 G2 63 G4 G5 G6 P1 P2
Glass; P - Plastic)
. Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sam_ple Chlorine
Date Testing Round Te_stlng Concentration Te_stlng Concentration Te§tlng Concentration Te§t|ng Concentration Te§tlng Concentration Te§tlng Concentration Te§t|ng Concentration Te_stlng Concentration
Number Time Time Time Time Time Time Time Time
@y | ™Y L @Y w9 [ @Y Jarmm] M9 (a9 ey | M99 | ey | MY
Nov 2/2011 Testing Round 1 18:05 1.97 18:10 2.01 18:15 1.97 18:35 1.97
Testing Round 2 20:35 1.97 20:45 1.95 20:50 1.97 20:55 1.97
Nov 3/2011| Testing Round 3 17:05 1.90 17:15 1.88 17:20 1.91 17:35 191
Nov 4/2011| Testing Round 4 16:30 1.84 16:40 1.87 16:50 1.85 17:00 1.87
17:05 1.74 17:30 1.83 17:55 1.82 19:00 1.85 18:30 1.85
Nov 5/2011| Testing Round 5 17:10 1.74 17:40 1.81 18:05 1.83 19:05 1.82 18:40 1.84
17:20 1.81 17:45 1.84 18:15 1.83 19:15 1.83 18:45 1.82
Nov 7/2011| Testing Round 6 16:00 1.69 16:10 1.70 16:20 1.69
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Table 3(a)

Calculating the average chloramine concentrations for the bottle tests conducted for the glass bottles of water samples
of site 1 that were stored at the test temperature of 19.3°C.

Test Temperature 19.3°C
Bottle Type and Number (G -
Glass: P - Plastic) Gl G2 G3 G4 G5 G6
Average Chlorine Average Chlorine
) Sample ] Chlorine Sample ) Chlorine Sample . Chlorine Concentration Sample ) Chlorine Sample . Chlorine Sample Time Chlorine Concentration
Date Testing Round TE§1|ng Time Concentration TE.SImg Time Concentration TE§t|ng Time Concentration (mg/L) Te.stlng Time Concentration TE§1|ng Time Concentration Te§1|ng Elapsed | Concentration (mg/L)
Number Time Elapsed (hr) (mglL) Time Elapsed (hr) (mg/L) Time Elapsed (hr)| (mglL) Time Elapsed (hr) (mglL) Time Elapsed (hr) (mg/L) Time o (mg/L)
(HH:MM) (HH:MM) (HH:MM) (HH:MM) (HH:MM) (HH:MM)
Nov 2/2011 Testing Round 1 15:20 0.00 1.99 15:30 0.00 2.00 15:40 0.00 1.97 1.99
Testing Round 2 21:45 7.25 1.92 21:55 7.42 1.94 22:05 7.58 1.95 1.94
Nov 3/2011 | Testing Round 3 20:15 29.75 173 20:25 29.92 175 20:30 30.00 1.75 1.74
Nov 4/2011 | Testing Round 4 18:30 52.00 1.65 18:35 52.08 1.64 18:45 52.25 1.64 1.64
21:20 78.83 157 21:35 79.08 157 21:55 79.42 157
Nov 5/2011 | Testing Round 5 21:25 78.92 155 21:45 79.25 157 22:00 79.50 156
21:30 79.00 155 21:50 79.33 158 22:10 79.67 158
Nov 7/2011 | Testing Round 6 17:15 123.75 1.49 17:25 123.92 1.52 17:35 124.08 1.53 151
Average Chlorine Concentration
(mgiL) 1.56 157 157 157

Table 3(b)

Calculating the average chloramine concentrations for the bottle tests conducted for the glass bottles of water samples
of site 1 that were stored at the test temperature of 3.0°C.

Test Temperature

3.0°C

Bottle Type and Number (G -

(mg/L)

N Gl G2 G3 G4 G5 G6
Glass; P - Plastic)
Average Chlorine Average Chlorine
} Sample ; Chlorine Sample ) Chlorine Sample . Chlorine Concentration |~ Sample ) Chlorine Sample . Chlorine Sample Time Chlorine Concentration
Testing Round Testing Time . Testing Time . Testing Time . (mg/L) Testing Time . Testing Time " Testing " (mg/L)
Date - Concentration y Concentration y Concentration g " Concentration . Concentration . Elapsed | Concentration 0
Number Time Elapsed (hr) (mglL) Time | Elapsed (hr)| (mg/L) Time  |Elapsed (hr) (mglL) Time Elapsed (hr) (mg/L) Time Elapsed (hr) (mg/L) Time o (mg/L)
(HH:MM) 9 (HH:MM) 9 (HH:MM) 9 (HH:MM) 9 (HH:MM) o (HH:MM) 9
Nov 2/2011 Testing Round 1 18:05 0.00 1.97 18:10 0.00 2.01 18:15 0.00 1.97 1.98
Testing Round 2 20:35 6.08 1.97 20:45 6.25 1.95 20:50 6.33 1.97 1.96
Nov 3/2011 | Testing Round 3 17:05 26.58 1.90 17:15 26.75 1.88 17:20 26.83 1.91 1.90
Nov 4/2011 | Testing Round 4 16:30 50.00 184 16:40 50.17 1.87 16:50 50.33 1.85 1.85
17:05 74.58 174 17:30 75.00 183 17:55 75.42 182
Nov 5/2011 | Testing Round 5 17:10 74.67 1.74 17:40 75.17 181 18:05 75.58 1.83
17:20 74.83 181 17:45 75.25 184 18:15 75.75 1.83
Nov 7/2011 | Testing Round 6 16:00 122.50 1.69 16:10 122,67 170 16:20 122.83 1.69 1.69
Average Chlorine Concentration
176 183 1.83 1.83
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Table 3(c) Calculating the average chloramine concentrations for the bottle tests conducted for the plastic (HDPE) bottles of water
samples of site 1.
Test Temperature 19.3°C 3.0°C
Bottle Type and Num_ber (G - Glass; p1 P2 p1 P2
P - Plastic) Average Average
Sample Sample Chlorine Sample Sample Chlorine
Testing Round Testing Time Chlorme. Testing Time Chlorlng Concentration Testing Time Chlorme. Testing Time Chlorlng Concentration
Date ; Concentration ; Concentration (mg/L) ; Concentration ; Concentration (mg/L)
Number Time (Elapsed (hr) (mg/L) Time Elapsed (hr) (mg/L) Time |Elapsed (hr) (mgiL) Time Elapsed (hr) (mg/L)
(HH:MM) 9 (HH:MM) & (HH:MM) & (HH:MM) 9
Testing Round 1 16:20 0.00 1.96 18:35 0.00 1.97
Nov 212011 i g Round 2 22:10 7.67 192 20:55 6.42 1.97
Nov 3/2011 Testing Round 3 20:40 30.17 1.74 17:35 27.08 191
Nov 4/2011 Testing Round 4 18:50 52.33 1.63 17:00 50.50 1.87
22:45 80.25 1.56 22:20 79.83 157 19:00 76.50 1.85 18:30 76.00 1.85
Nov 5/2011 |  Testing Round 5 22:50 80.33 1.57 22:30 80.00 1.56 19:05 76.58 1.82 18:40 76.17 1.84
22:55 80.42 1.57 22:35 80.08 1.56 19:15 76.75 1.83 18:45 76.25 1.82
Average Chlf();:r;ljoncentratlon 157 1.56 157 1.83 1.84 1.84
Table 4 Finalized results of the bottle tests conducted for the water samples of site 1.
Test Temperature 19.3°C 3.0°C
Bottle Type Glass Plastic Glass Plastic
Testing Round Sample Time Chlorine Sample Time Chlorine Sample Time Chlorine Sample Time Chlorine
Date Nu?nber Testing Time | Elapsed | Concentration | Testing Time | Elapsed | Concentration | Testing Time| Elapsed [ Concentration | Testing Time| Elapsed | Concentration
(HH:MM) (hr) (mg/L) (HH:MM) (hr) (mg/L) (HH:MM) (hr) (mg/L) (HH:MM) (hr) (mg/L)
Nov 2/2011 Testing Round 1 15:20 0.00 1.99 16:20 0.00 1.96 18:10 0.00 1.99 18:35 0.00 1.97
Testing Round 2 21:45 7.25 1.94 22:10 7.67 1.92 20:35 6.08 1.96 20:55 6.42 1.97
Nov 3/2011| Testing Round 3 20:15 29.75 1.74 20:40 30.17 1.74 17:05 26.58 1.90 17:35 27.08 1.91
Nov 4/2011| Testing Round 4 18:30 52.00 1.64 18:50 52.33 1.63 16:30 50.00 1.85 17:00 50.50 1.87
Nov 5/2011 | Testing Round 5 21:20 78.83 1.57 22:20 79.83 1.57 17:30 75.00 1.83 18:30 76.00 1.84
Nov 7/2011| Testing Round 6 17:15 123.75 1.51 16:00 122.50 1.69
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Table 5(a) Site 1, first order decay model linearization.

Test Temperature 19.3°C 3.0°C
Bottle Type Glass Plastic Glass Plastic
Sample . . . .
Testing Round Testing Time Chlorine Sample Time Chlorine Sample Time Chlorine Sample Time Chlorine
Date Number Time Elapsed (hr) Concentration, C InC Testing Time Elapsed (hr) Concentration, C InC Testing Time Elapsed (hr) Concentration, C InC | Testing Time Elapsed (hr) Concentration, C InC
(HHMMD P (mg/L) (HH:MM) P (mg/L) (HH:MM) |2 (mg/L) (HH:MMm) |52 (mg/L)
Nov 2/2011 Testing Round 1 15:20 0.00 1.99 0.69 16:20 0.00 1.96 0.67 18:10 0.00 1.99 0.69 18:35 0.00 1.97 0.68
Testing Round 2 21:45 7.25 1.94 0.66 22:10 7.67 1.92 0.65 20:35 6.08 1.96 0.67 20:55 6.42 1.97 0.68
Nov 3/2011| Testing Round 3 20:15 29.75 1.74 0.55 20:40 30.17 1.74 0.55 17:05 26.58 1.90 0.64 17:35 27.08 1.91 0.65
Nov 4/2011| TestingRound4 | 18:30 52.00 164 0.49 18:50 52.33 163 049 16:30 50.00 185 062 17:00 50.50 187 063
Nov 5/2011| Testing Round 5 21:20 78.83 1.57 0.45 22:20 79.83 1.57 0.45 17:30 75.00 1.83 0.60 18:30 76.00 1.84 0.61
Nov 7/2011] TestingRound6 | 17:15 | 12375 151 041 16:00 122,50 1.69 0.52
Table 5(b) Site 1, second order decay model linearization.
Test Temperature 19.3°C 3.0°C
Bottle Type Glass Plastic Glass Plastic
Testing Round _?_22:?”'2 Time Chlorine Sample Time Chlorine Sample Time Chlorine Sample Time Chlorine
Date Nugnber Timeg Elapsed (hr) Concentration, C 1/C Testing Time Elapsed (hr) Concentration, C 1/c Testing Time Elapsed (hr) Concentration, C 1/C | Testing Time Elapsed (hr) Concentration, C 1/C
(HHMMD) P (mg/L) (HH:MM) | 5P (mg/L) (HH:MM) |~ 2P (mg/L) (HH:MM) | =P (mg/L)
Nov 2/2011 Testing Round 1 15:20 0.00 1.99 0.50 16:20 0.00 1.96 0.51 18:10 0.00 1.99 0.50 18:35 0.00 1.97 0.51
Testing Round 2 21:45 7.25 1.94 0.52 22:10 7.67 1.92 0.52 20:35 6.08 1.96 0.51 20:55 6.42 1.97 0.51
Nov 3/2011| Testing Round 3 20:15 29.75 1.74 0.57 20:40 30.17 1.74 0.57 17:05 26.58 1.90 0.53 17:35 27.08 1.91 0.52
Nov 4/2011| Testing Round 4 18:30 52.00 1.64 0.61 18:50 52.33 1.63 0.61 16:30 50.00 1.85 0.54 17:00 50.50 1.87 0.53
Nov 5/2011| Testing Round 5 21:20 78.83 157 0.64 22:20 79.83 157 0.64 17:30 75.00 1.83 0.55 18:30 76.00 1.84 0.54
Nov 7/2011| Testing Round 6 17:15 123.75 1.51 0.66 16:00 122.50 1.69 0.59
Table 6 Site 1, chloramine concentrations in first and second order decay models.
Test Temperature 19.3°C 30°C
Bottle Type Glass Plastic Glass Plastic
. Sample Testing| N Chlorine . . . Chlorine First Order . Time Chlorine First Order . ) Chlorine First Order
Testing Round y Time s First Order | Second Order | Sample Testing[ ~ Time 3 Second Order | Sample Testing 3 Second Order | Sample Testing Time . Second Order
Date Time Concentration y y Concentration Model y y Elapsed | Concentration Model ) y Concentration Model
Number (HH:MM) Elapsed (hr) (mgiL) Model (mg/L)| Model (mg/L) | Time (HH:MM)|Elapsed (hr) (mglL) (mglL) Model (mg/L) [Time (HH:MM)| () (mglL) (mgiL) Model (mg/L) | Time (HH:MM) | Elapsed (hr) (mglL) (mgiL) Model (mg/L)
Nov 2/2011 |Testing Round 1 5:20 0.00 1.99 1.92 1.9 6:20 0.00 1.96 1.94 1.94 8:10 0.00 1.99 1. 1.98 8:35 0.00 1.97 1.97 1.97
esting Round 2 4 7.25 .94 89 8 2:10 7.67 .92 .90 90 0:35 6.08 6 97 0: 6.42 7
ov 3/20: esting Round 3 : 29.75 .74 80 .7 0:40 30.17 .74 .78 77 7:05 26.58 0 91 7: 27.08 91
ov 4/20: esting Round 4 : 52.00 .64 71 .70 8:50 52.33 .63 67 66 6:30 50.00 5 . 86 7: 50.50 87
ov 5/20: esting Round 5 : 78.83 57 61 .60 2:20 79.83 .57 54 54 7:30 75.00 83 80 80 8: 76.00 4
Nov 7/2011| Testing Round 6 17:15 12375 151 1.45 1.46 16:00 12250 1.69 1.70 1.70
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Table 7(a)

Calculation of the variance and the standard deviation.

Test Temperature 19.3°C
Bottle Type and Number (G - Glass; 61 G2 &3 G4 G5 c6 p1 P2
P - Plastic)
Testing Round Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine
Date Nu?nber Testing Time| Concentration | Testing Time | Concentration | Testing Time | Concentration | Testing Time | Concentration | Testing Time | Concentration | Testing Time [ Concentration | Testing Time| Concentration | Testing Time| Concentration
(HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L)
Nov 2/2011 Testing Round 1 15:20 1.99 15:30 2.00 15:40 1.97 16:20 1.96
Testing Round 2 21:45 1.92 21:55 1.94 22:05 1.95 22:10 1.92
Nov 3/2011 Testing Round 3 20:15 1.73 20:25 1.75 20:30 175 20:40 174
Nov 4/2011 Testing Round 4 18:30 1.65 18:35 1.64 18:45 1.64 18:50 1.63
21:20 1.57 21:35 1.57 21:55 1.57 22:45 1.56 22:20 1.57
Nov 5/2011 Testing Round 5 21:25 1.55 21:45 157 22:00 1.56 22:50 157 22:30 156
21:30 1.55 21:50 1.58 22:10 1.58 22:55 157 22:35 1.56
Nov 7/2011 Testing Round 6 17:15 1.49 17:25 1.52 17:35 1.53
Variance 0.00013 0.00003 0.00010 0.00003 0.00003
Standard Deviation 0.0115 0.0058 0.0100 0.0058 0.0058
Table 7(b)  Calculation of the variance and the standard deviation.
Test Temperature 3.0°C
Bottle Type and Number (G - Glass; 61 G2 &3 G4 G5 c6 p1 P2
P - Plastic)
Testing Round Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine
Date Nugnber Testing Time| Concentration | Testing Time | Concentration | Testing Time| Concentration | Testing Time| Concentration | Testing Time| Concentration | Testing Time | Concentration | Testing Time| Concentration | Testing Time| Concentration
(HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L)
Nov 2/2011 Testing Round 1 18:05 1.97 18:10 2.01 18:15 1.97 18:35 1.97
Testing Round 2 20:35 1.97 20:45 1.95 20:50 1.97 20:55 1.97
Nov 3/2011 Testing Round 3 17:05 1.90 17:15 1.88 17:20 1.91 17:35 1.91
Nov 4/2011 Testing Round 4 16:30 1.84 16:40 1.87 16:50 1.85 17:00 1.87
17:05 1.74 17:30 1.83 17:55 1.82 19:00 1.85 18:30 1.85
Nov 5/2011 Testing Round 5 17:10 1.74 17:40 1.81 18:05 1.83 19:05 1.82 18:40 1.84
17:20 1.81 17:45 1.84 18:15 1.83 19:15 1.83 18:45 1.82
Nov 7/2011 Testing Round 6 16:00 1.69 16:10 1.70 16:20 1.69
Variance 0.00163 0.00023 0.00003 0.00023 0.00023
Standard Deviation 0.0404 0.0153 0.0058 0.0153 0.0153
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APPENDIX G

Raw and Processed Data for Bulk Decay Coefficient Determination (Site 2)

Table 1 Site 2, raw data.
Test Temperature 19.3°C 3.0°C
Bottle Type and Number (G -
Glass; P - Plastic) G1 G2 P1 P2 G1 G2 P1 P2
Testing Round Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine Sample Chlorine
Date Number Testing Time | Concentration | Testing Time | Concentration | Testing Time | Concentration | Testing Time | Concentration | Testing Time | Concentration | Testing Time | Concentration | Testing Time | Concentration | Testing Time| Concentration
(HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L) (HH:MM) (mg/L)
Nov 2/2011 | Xesting Round 1] 16:30 1.88 16:45 1.88 16:55 1.86 17:15 1.87
Testing Round 2 21:10 1.85 21:20 1.84 19:55 1.88 20:05 1.87
Nov 3/2011 | Testing Round 3 19:35 1.67 19:45 1.65 16:25 1.84 16:35 1.83
Nov 4/2011 | Testing Round 4 17:55 1.59 18:00 1.57 15:10 1.80 15:50 1.78
Nov 5/2011 | Testing Round 5 20:45 1.52 20:55 1.52 19:30 1.74 19:40 1.74
Nov 7/2011 | Testing Round 6 17:40 1.44 17:50 1.43 16:30 1.68 16:40 1.67
Nov 8/2011 | Testing Round 7 17:00 1.41 17:10 1.39 16:15 1.66 16:20 1.68
Nov 9/2011 | Testing Round 8 16:55 141 17:05 1.38 16:00 1.65
Table 2 Site 2, finalized raw data.
Test Temperature 19.3°C 3.0°C
Bottle Type Glass Plastic Glass Plastic
Testing Round Sample Time Chlorine Sample Time Chlorine Sample Time Chlorine Sample Time Chlorine
Date Nu?nber Testing Time| Elapsed | Concentration | Testing Time| Elapsed | Concentration | Testing Time| Elapsed |Concentration| Testing Time | Elapsed [Concentration
(HH:MM) (hr) (mg/L) (HH:MM) (hr) (mg/L) (HH:MM) (hr) (mg/L) (HH:MM) (hr) (mg/L)
Nov 2/2011 Testing Round 1 16:30 0.00 1.88 16:45 0.00 1.88 16:55 0.00 1.86 17:15 0.00 1.87
Testing Round 2 21:10 6.67 1.85 21:20 6.83 1.84 19:55 5.42 1.88 20:05 5.58 1.87
Nov 3/2011| Testing Round 3 19:35 29.08 1.67 19:45 29.25 1.65 16:25 25.92 1.84 16:35 26.08 1.83
Nov 4/2011| Testing Round 4 17:55 51.42 1.59 18:00 51.50 1.57 15:10 48.67 1.80 15:50 49.33 1.78
Nov 5/2011| Testing Round 5 20:45 78.25 1.52 20:55 78.42 1.52 19:30 77.00 1.74 19:40 77.17 1.74
Nov 7/2011| Testing Round 6 17:40 124.17 1.44 17:50 124.33 1.43 16:30 123.00 1.68 16:40 123.17 1.67
Nov 8/2011| Testing Round 7 17:00 147.50 141 17:10 147.67 1.39 16:15 146.75 1.66 16:20 146.83 1.68
Nov 9/2011| Testing Round 8 16:55 171.42 1.41 17:05 171.58 1.38 16:00 170.50 1.65
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Table 3(a)

Site 2, linearization of the first order decay model.

Test Temperature 19.3°C 3.0°C
Bottle Type Glass Plastic Glass Plastic

Date Testing Round Samp’:’?n-lreesung Time Coné:ehnlt(:raltnign C InC Sample Testing Time Coné:er:t(:raltnign C InC Sample Testing Time Con;}:ggt?zn C InC Sample Testing Time Coné:er::zraltni:n C InC

Number (HH:MM) Elapsed (hr) (mg/lL) Time (HH:MM)| Elapsed (hr) (mg/L) Time (HH:MM)| Elapsed (hr) (mg/L) Time (HH:MM)| Elapsed (hr) (mg/L)
Nov 2/2011 Testing Round 1 16:30 0.00 1.88 0.63 16:45 0.00 1.88 0.63 16:55 0.00 1.86 0.62 17:15 0.00 1.87 0.63
Testing Round 2 21:10 6.67 1.85 0.62 21:20 6.83 1.84 0.61 19:55 5.42 1.88 0.63 20:05 5.58 1.87 0.63
Nov 3/2011 | Testing Round 3 19:35 29.08 1.67 0.51 19:45 29.25 1.65 0.50 16:25 25.92 1.84 0.61 16:35 26.08 1.83 0.60
Nov 4/2011 | Testing Round 4 17:55 51.42 1.59 0.46 18:00 51.50 1.57 0.45 15:10 48.67 1.80 0.59 15:50 49.33 1.78 0.58
Nov 5/2011 | Testing Round 5 20:45 78.25 1.52 0.42 20:55 78.42 1.52 0.42 19:30 77.00 1.74 0.55 19:40 77.17 1.74 0.55
Nov 7/2011 | Testing Round 6 17:40 124.17 1.44 0.36 17:50 124.33 1.43 0.36 16:30 123.00 1.68 0.52 16:40 123.17 1.67 0.51
Nov 8/2011 | Testing Round 7 17:00 147.50 1.41 0.34 17:10 147.67 1.39 0.33 16:15 146.75 1.66 0.51 16:20 146.83 1.68 0.52

Nov 9/2011 | Testing Round 8 16:55 171.42 1.41 0.34 17:05 171.58 1.38 0.32 16:00 170.50 1.65 0.50
Table 3(b)  Site 2, linearization of the second order decay model.
Test Temperature 19.3°C 3.0°C
Bottle Type Glass Plastic Glass Plastic

. Sample Testing . Chlorine . . Chlorine . . Chlorine . . Chlorine
Date Tes’t\;:gmze:rund Time EIaTsleTie(hr) Concentration, C 1/C .f;r?epziiﬁix/% EIaTslg(]ie(hr) Concentration, C 1/C ‘f;:epzil&i::/% EIaTslggie(hr) Concentration, C 1/C ?ﬁ:‘féix;‘&% EIaT;;]ie(hr) Concentration, C 1/C

(HH:MM) s (mg/L) : P (mg/L) : P (mg/L) : P (mg/L)
Nov 2/2011 Testing Round 1 16:30 0.00 1.88 0.53 16:45 0.00 1.88 0.53 16:55 0.00 1.86 0.54 17:15 0.00 1.87 0.53
Testing Round 2 21:10 6.67 1.85 0.54 21:20 6.83 1.84 0.54 19:55 5.42 1.88 0.53 20:05 5.58 1.87 0.53
Nov 3/2011 | Testing Round 3 19:35 29.08 1.67 0.60 19:45 29.25 1.65 0.61 16:25 25.92 1.84 0.54 16:35 26.08 1.83 0.55
Nov 4/2011 | Testing Round 4 17:55 51.42 1.59 0.63 18:00 51.50 157 0.64 15:10 48.67 1.80 0.56 15:50 49.33 1.78 0.56
Nov 5/2011 | Testing Round 5 20:45 78.25 1.52 0.66 20:55 78.42 1.52 0.66 19:30 77.00 1.74 0.57 19:40 77.17 1.74 0.57
Nov 7/2011 | Testing Round 6 17:40 124.17 1.44 0.69 17:50 124.33 1.43 0.70 16:30 123.00 1.68 0.60 16:40 123.17 1.67 0.60
Nov 8/2011 | Testing Round 7 17:00 147.50 1.41 0.71 17:10 147.67 1.39 0.72 16:15 146.75 1.66 0.60 16:20 146.83 1.68 0.60

Nov 9/2011 [ Testing Round 8 16:55 171.42 1.41 0.71 17:05 171.58 1.38 0.72 16:00 170.50 1.65 0.61
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Table 4

Site 2, chloramine concentrations in first and second order decay models.

Test Temperature 19.3°C
Bottle Type Plastic Glass Plastic
Date Testing Round | Sample Testing First Order Second Order | Sample Testing Ca(ri:;::::cn First Order Second Order Cn(ri:;::::cn First Order Second Order cm(ri:eI:::ra‘teinn First Order Second Order
Number Time (HH:MM)|Elapsed (hr) Model (mg/L) | Model (mg/L) |Time (HH:MM) Model (mg/L) | Model (mg/L) Model (mg/L) | Model (mg/L) Model (mg/L) | Model (mg/L)
(mg/L) (mg/L) (mg/L)
Nov 2/2011 Testing Round 1 16:30 1.80 16:45 1.88 1.80 180 1.86 187 187 187 187 187
Testing Round 2 178 21:20 1.84 178 1.78 1.88 1.86 1.86 1.87 1.86 1.86
Nov 3/2011 | Testing Round 3 172 9:45 1.65 171 170 1.84 18 1.8 1.83 183 183
Nov 4/2011 | Testing Round 4 165 8:00 157 164 163 1.80 1.8 1.8 178 179 179
ov 5/2011 | Testing Round 5 .58 0:55 .57 6 74 N N 174 175 175
lov 7/20. esting Round 6 46 7:50 44 4 .68 6! 6! 167 1.69 169
lov 8/20. esting Round 7 41 7:10 .39 9 66 66 66 168 1.66 166
[ Nov 9/2011 [ Testing Round 8 16:55 .35 7:05 3 4 .65 .63 .63
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APPENDIX H

Raw and Processed Data for Bulk Decay Coefficient Determination (Site 3)

Table 1 Site 3, raw data.
Test Temperature 19.3°C 3.0°C
Bome(;l;'?; ?,"d;\::sr::)ey @G- 61 G2 P1 P2 61 G2 PL P2
. . Chlorine . Chlorine . Chlorine . Chlorine . Chlorine . Chlorine " Chlorine . Chlorine
Testing Round Sample Testi 3 Sample Testi . Sample Testi - Sample Test . Sample Testi . Sample Testi N Sample Test 3 Sample Test 3
Pae | Fmoer | vime ) ST | i OO | ST | i ST i OO | i | MO | CMENON | ) Coneentton
Nov 2/2011 Testing Round 1 17:25 1.38 17:35 1.38 17:45 1.37 17:55 1.38
Testing Round 2 21:30 1.35 21:40 135 20:15 1.39 20:25 139
Nov 3/2011| Testing Round 3 19:55 1.26 20:05 1.25 16:45 1.37 16:55 137
Nov 4/2011 | Testing Round 4 18:10 1.19 18:20 1.20 16:00 1.30 16:10 1.34
Nov 5/2011 | Testing Round 5 21:00 1.15 21:10 1.15 19:50 1.29 20:00 1.31
Nov 7/2011| Testing Round 6 18:05 1.07 18:10 110 16:50 124 17:00 127
Nov 8/2011| Testing Round 7 17:20 1.05 17:30 1.06 16:30 1.20 16:40 1.26
Nov 9/2011| Testing Round 8 17:15 1.05 17:25 1.04 16:30 1.26
Table 2 Site 3, finalized raw data.
Test Temperature 19.3°C 3.0°C
Bottle Type Glass Plastic Glass Plastic
Testing Round Sample Time Chlorine Sample Time Chlorine Sample Time Chlorine Sample Time Chlorine
Date Nu?’nber Testing Time| Elapsed | Concentration | Testing Time [ Elapsed | Concentration | Testing Time| Elapsed | Concentration | Testing Time| Elapsed | Concentration
: r mg : r mg : r mg : r mg
HH:MM h /L HH:MM h /L HH:MM h /L HH:MM h /L
Nov 2/2011 Testing Round 1 17:25 0.00 1.38 17:35 0.00 1.38 17:45 0.00 1.37 17:55 0.00 1.38
Testing Round 2 21:30 7.00 1.35 21:40 7.17 1.35 20:15 5.75 1.39 20:25 5.92 1.39
Nov 3/2011| Testing Round 3 19:55 29.42 1.26 20:05 29.58 1.25 16:45 26.25 1.37 16:55 26.42 1.37
Nov 4/2011| Testing Round 4 18:10 51.67 1.19 18:20 51.83 1.20 16:00 49.50 1.30 16:10 49.67 1.34
Nov 5/2011| Testing Round 5 21:00 78.50 1.15 21:10 78.67 1.15 19:50 77.33 1.29 20:00 77.50 1.31
Nov 7/2011| Testing Round 6 18:05 124.58 1.07 18:10 124.67 1.10 16:50 123.33 1.24 17:00 123.50 1.27
Nov 8/2011| Testing Round 7 17:20 147.83 1.05 17:30 148.00 1.06 16:30 147.00 1.20 16:40 147.17 1.26
Nov 9/2011| Testing Round 8 17:15 171.75 1.05 17:25 171.92 1.04 16:30 171.00 1.26
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Table 3(a)

Site 3, linearization of the first order decay model.

Test Temperature 19.3°C 3.0°C
Bottle Type Glass Plastic Glass Plastic
. . . Chlorine . , Chlorine . . Chlorine . Time Chlorine

Testing Round Sample Testing Time . Sample Testing Time . Sample Testing Time . Sample Testing .
Date X X Concentration, C InC X R Concentration, C InC y i Concentration, C InC . R Elapsed [ Concentration, C InC

Number Time (HH:MM) |Elapsed (hr)| (mg/lL) Time (HH:MM)| Elapsed (hr) (mg/L) Time (HH:MM))| Elapsed (hr) (mg/L) Time (HH:MM) () (mg/L)
Nov 2/2011 Testing Round 1 17:25 0.00 1.38 0.32 17:35 0.00 1.38 0.32 17:45 0.00 1.37 0.31 17:55 0.00 1.38 0.32
Testing Round 2 21:30 7.00 1.35 0.30 21:40 7.17 1.35 0.30 20:15 5.75 1.39 0.33 20:25 5.92 1.39 0.33
Nov 3/2011 Testing Round 3 19:55 29.42 1.26 0.23 20:05 29.58 1.25 0.22 16:45 26.25 1.37 0.31 16:55 26.42 1.37 0.31
Nov 4/2011 Testing Round 4 18:10 51.67 1.19 0.17 18:20 51.83 1.20 0.18 16:00 49.50 1.30 0.26 16:10 49.67 1.34 0.29
Nov 5/2011 Testing Round 5 21:00 78.50 1.15 0.14 21:10 78.67 1.15 0.14 19:50 77.33 1.29 0.25 20:00 77.50 1.31 0.27
Nov 7/2011 Testing Round 6 18:05 124.58 1.07 0.07 18:10 124.67 1.10 0.10 16:50 123.33 1.24 0.22 17:00 123.50 1.27 0.24
Nov 8/2011 Testing Round 7 17:20 147.83 1.05 0.05 17:30 148.00 1.06 0.06 16:30 147.00 1.20 0.18 16:40 147.17 1.26 0.23
Nov 9/2011 Testing Round 8 17:15 171.75 1.05 0.05 17:25 171.92 1.04 0.04 16:30 171.00 1.26 0.23

Table 3(b) Site 3, linearization of the second order decay model.
Test Temperature 19.3°C 30°C
Bottle Type Glass Plastic Glass Plastic
. . . Chlorine . , Chlorine . . Chlorine . Time Chlorine

Testing Round Sample Testing Time X Sample Testing Time X Sample Testing Time . Sample Testing .
Date . X Concentration, C 1c X X Concentration, C 1/C y i Concentration, C 1c . X Elapsed [ Concentration, C 1c

Number Time (HH:MM) |Elapsed (hr)| (mg/l) Time (HH:MM)| Elapsed (hr) (mg/L) Time (HH:MM))| Elapsed (hr) (mg/L) Time (HH:MM) () (mg/L)
Nov 2/2011 Testing Round 1 17:25 0.00 1.38 0.72 17:35 0.00 1.38 0.72 17:45 0.00 1.37 0.73 17:55 0.00 1.38 0.72
Testing Round 2 21:30 7.00 1.35 0.74 21:40 7.17 1.35 0.74 20:15 5.75 1.39 0.72 20:25 5.92 1.39 0.72
Nov 3/2011 Testing Round 3 19:55 29.42 1.26 0.79 20:05 29.58 1.25 0.80 16:45 26.25 1.37 0.73 16:55 26.42 1.37 0.73
Nov 4/2011 Testing Round 4 18:10 51.67 1.19 0.84 18:20 51.83 1.20 0.83 16:00 49.50 1.30 0.77 16:10 49.67 1.34 0.75
Nov 5/2011 Testing Round 5 21:00 78.50 1.15 0.87 21:10 78.67 1.15 0.87 19:50 77.33 1.29 0.78 20:00 77.50 1.31 0.76
Nov 7/2011 Testing Round 6 18:05 124.58 1.07 0.93 18:10 124.67 1.10 0.91 16:50 123.33 1.24 0.81 17:00 123.50 1.27 0.79
Nov 8/2011 Testing Round 7 17:20 147.83 1.05 0.95 17:30 148.00 1.06 0.94 16:30 147.00 1.20 0.83 16:40 147.17 1.26 0.79
Nov 9/2011 Testing Round 8 17:15 171.75 1.05 0.95 17:25 171.92 1.04 0.96 16:30 171.00 1.26 0.79
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Table 4

Site 3, chloramine concentrations in first and second order decay models.

Test Temperature 193°C 30°C
Bottle Type Glass Plastic Glass Plastic
Chlorine Chlorine Chlorine Chlorine
Date Testing Round Sample Testing Time Concentration First Order Second Order | Sample Testing Time Concentration First Order Second Order | Sample Testing Time Concentration First Order Second Order | Sample Testing Time Concentration First Order Second Order
Number Time (HH:MM)|Elapsed (hr)| (mg/L) Model (mg/L) | Model (mg/L) |Time (HH:MM)|Elapsed (hr)| (mglL) Model (mg/L) | Model (mg/L) |Time (HH:MM)|Elapsed (hr)| (mglL) Model (mg/L) | Model (mg/L) | Time (HH:MM) | Elapsed (hr) (mglL) Model (mg/L) | Model (mg/L)
Nov 2/2011 Testing Round 1 17:25 0.00 138 134 134 17:35 0.00 138 134 134 17:45 0.00 137 139 139 17:55 0.00 138 138 139
Testing Round 2 21:30 7.00 135 132 132 21:40 717 135 132 132 20:15 5.75 139 138 138 20:25 5.92 139 138 138
Nov 3/2011| Testing Round 3 19:55 29.42 1.26 127 127 20:05 29.58 125 128 127 16:45 26.25 137 135 135 16:55 26.42 137 136 1.36
Nov 4/2011 | Testing Round 4 18:10 51.67 119 123 122 18:20 51.83 1.20 123 123 16:00 49.50 1.30 132 132 16:10 49.67 134 134 134
Nov 5/2011 | Testing Round 5 21:00 78.50 115 118 117 21:10 78.67 115 118 118 19:50 77.33 129 129 129 20:00 77.50 131 132 132
Nov 7/2011| Testing Round 6 18:05 12458 107 1.09 1.09 18:10 12467 110 110 110 16:50 123.33 124 123 123 17:00 123,50 127 128 128
Nov 8/2011 | Testing Round 7 17:20 147.83 1.05 1.05 1.05 17:30 148.00 1.06 1.06 1.06 16:30 147.00 1.20 120 121 16:40 147.17 1.26 126 1.26
Nov 9/2011| Testing Round 8 17:15 17175 1.05 101 1.02 17:25 171.92 1.04 1.02 1.03 16:30 171.00 1.26 124 125




Page 193

APPENDIX |

Model Simulation Results and Output

Table 1

July 2011 model simulation, comparing no decay to first and

second order bulk decay, nodes

Chlorine Concentration (mg/L) Chlorine Concentration (mg/L) Chlorine Concentration (mg/L) Chlorine Concentration (mg/L)
First | Second First Second No First Second First Second
N,:;(i)eer Ngoﬁf;y' Order Order N’::r?::)eer Ngoﬁf;y' Order Order N’:ﬁ\dbeer Decay, Order Order N,L\J‘rl;dbee " Ngoljrecc;y, Order Order
. Bulk Bulk . Bulk Bulk Sources Bulk Bulk o Bulk Bulk
Mixing Mixing - Mixing
only Decay | Decay only Decay Decay Mixing Decay Decay only Decay Decay
Only Only Only Only Only Only Only Only Only
1 1.36 1.36 1.36 69 1.62 1.59 1.59 137 1.61 1.58 158 205 1.62 1.59 1.59
2 1.62 1.58 1.58 70 1.62 1.60 1.60 138 1.57 1.53 1.53 206 1.62 1.59 1.59
3 1.37 1.37 1.37 71 1.62 1.60 1.60 139 1.62 1.59 1.59 207 1.62 1.59 1.59
4 141 141 1.41 72 1.62 1.60 1.60 140 1.62 1.59 1.60 208 1.62 1.59 1.59
5 1.62 1.61 1.61 73 1.62 1.60 1.61 141 1.59 1.55 1.55 209 1.62 1.59 1.59
6 1.62 1.60 1.60 74 1.62 157 1.58 142 1.62 1.57 1.58 210 1.48 1.47 1.47
7 1.62 1.61 1.61 75 1.62 1.59 1.59 143 1.62 1.58 1.59 211 1.62 1.57 1.58
8 1.62 1.61 1.61 76 1.62 1.54 1.55 144 1.62 1.59 1.59 212 1.62 1.61 1.61
9 1.62 1.61 1.61 77 1.62 1.55 1.56 145 1.62 1.58 1.58 213 1.62 1.59 1.59
10 1.62 1.61 1.61 78 1.62 1.53 1.54 146 1.62 1.59 1.59 214 1.62 1.61 1.61
11 1.41 1.41 1.41 79 1.62 1.56 1.57 147 1.62 1.58 1.58 215 1.62 1.59 1.60
12 1.38 1.37 1.37 80 1.62 1.59 1.59 148 1.62 1.58 1.58 216 1.62 1.60 1.60
13 1.38 1.37 1.37 81 1.62 1.58 1.59 149 1.62 1.58 1.58 217 1.62 1.60 1.60
14 1.41 1.41 1.41 82 1.62 1.60 1.60 150 1.62 1.57 1.58 218 1.62 1.60 1.60
15 1.49 1.48 1.48 83 1.62 1.60 1.60 151 1.62 1.57 1.57 219 1.62 1.59 1.59
16 1.59 1.58 1.58 84 1.62 1.60 1.61 152 1.59 1.55 1.55 220 1.62 1.60 1.60
17 1.62 1.61 1.61 85 1.62 1.60 1.60 153 1.62 1.62 1.62 221 1.62 1.58 1.58
18 141 1.40 1.40 86 1.62 1.60 1.60 154 1.62 1.62 1.62 222 1.62 1.59 1.59
19 1.43 141 141 87 1.62 1.59 1.59 155 1.62 1.62 1.62 223 1.62 1.59 1.59
20 148 143 143 88 1.62 159 1.59 156 1.62 1.62 1.62 224 1.62 1.60 1.60
21 141 1.39 1.39 89 1.62 1.59 1.59 157 1.62 1.62 1.62 225 1.62 1.59 1.60
22 1.41 1.40 1.40 90 1.62 1.59 1.59 158 1.62 1.62 1.62 226 1.62 1.59 1.59
23 1.47 1.45 1.45 91 1.62 1.60 1.60 159 1.62 1.62 1.62 227 1.62 1.59 1.60
24 1.47 1.45 1.45 92 1.62 1.59 1.59 160 1.62 1.62 1.62 228 1.62 1.58 1.58
25 1.48 1.46 1.47 93 1.62 1.59 1.59 161 1.62 1.62 1.62 229 1.62 1.59 1.59
26 148 1.47 1.47 94 1.62 1.58 1.58 162 1.62 1.62 1.62 230 1.62 1.59 1.59
27 1.51 1.49 1.49 95 1.62 1.58 1.58 163 1.38 1.37 1.37 231 1.62 1.58 1.59
28 151 1.49 1.49 96 1.62 1.59 1.59 164 1.38 1.37 1.37 232 1.48 1.42 1.43
29 1.48 1.47 1.47 97 1.62 1.58 1.59 165 1.62 1.60 1.60 233 1.48 1.43 1.43
30 1.62 1.58 1.59 98 1.62 1.58 1.59 166 1.42 1.40 141 234 1.62 1.59 1.59
31 1.61 1.59 1.59 99 1.62 1.59 1.59 167 1.42 141 141 235 1.62 1.59 1.60
32 1.62 1.60 1.60 100 1.62 1.59 1.59 168 1.41 141 141 236 1.62 1.57 1.58
33 1.62 1.60 1.60 101 1.62 1.58 1.58 169 1.62 1.61 1.61 237 1.62 1.58 1.58
34 0.00 0.00 0.00 102 1.43 1.40 1.40 170 1.62 1.61 1.61 238 1.62 1.58 1.58
35 1.43 141 1.41 103 1.47 1.45 1.45 171 1.62 1.62 1.62 239 1.62 1.58 1.58
36 1.48 1.47 1.47 104 1.47 1.44 1.45 172 1.62 1.62 1.62 240 1.62 1.58 1.58
37 1.48 1.47 1.47 105 1.49 1.46 1.46 173 1.62 1.62 1.62 241 1.62 1.58 1.58
38 1.48 1.47 1.47 106 1.52 1.49 1.50 174 1.62 1.62 1.62 242 1.62 1.58 1.59
39 151 1.49 1.49 107 151 1.48 1.49 175 1.62 1.61 1.61 243 1.62 1.58 1.59
40 151 1.49 1.49 108 1.54 151 1.51 176 1.62 1.62 1.62 244 1.41 1.39 1.39
41 1.51 1.49 1.49 109 1.61 1.58 1.58 177 1.62 1.62 1.62 245 1.37 1.37 137
42 1.62 1.61 1.61 110 1.61 1.59 1.59 178 1.62 1.61 1.61 246 1.62 1.62 1.62
43 1.62 1.61 1.61 111 1.61 1.59 1.59 179 1.62 1.61 1.61 247 1.62 1.61 1.61
44 1.62 1.61 1.61 112 1.46 143 1.44 180 1.62 1.61 1.61 248 1.62 1.61 1.61
45 1.62 1.60 1.61 113 1.45 1.41 1.41 181 1.62 1.60 1.60 249 1.62 1.61 1.61
46 1.62 1.61 1.61 114 1.47 1.43 1.43 182 1.62 1.61 1.61 250 1.48 1.47 1.47
47 1.62 1.61 1.61 115 1.47 1.44 1.44 183 1.62 1.59 1.59 251 1.48 1.46 1.46
48 1.62 1.61 1.61 116 1.47 1.44 1.44 184 1.62 1.60 1.60 252 151 1.49 1.49
49 1.62 1.60 1.60 117 1.48 1.45 1.45 185 1.62 1.58 1.58 253 1.51 1.49 1.49
50 1.62 1.60 1.60 118 1.50 1.46 1.46 186 1.62 1.58 1.58 254 1.51 1.49 1.49
51 1.62 1.60 1.61 119 1.53 1.50 1.50 187 1.62 1.59 1.60 255 1.43 1.40 1.41
52 1.62 1.61 1.61 120 1.55 1.49 1.50 188 1.61 1.59 1.59 256 1.45 1.41 1.41
53 1.62 1.61 1.61 121 1.54 151 1.51 189 1.61 1.59 1.59 257 1.48 1.43 1.44
54 1.62 1.61 1.61 122 1.61 1.59 1.59 190 1.57 1.53 1.53 258 1.62 1.60 1.60
55 1.62 1.60 1.60 123 1.61 1.58 1.58 191 1.59 1.55 1.55 259 1.62 1.61 1.61
56 1.62 1.60 1.60 124 1.62 1.60 1.60 192 1.62 1.49 1.50 260 1.62 1.58 1.59
57 1.62 1.61 1.61 125 1.43 1.40 141 193 0.00 0.00 0.00 261 1.62 1.56 157
58 1.62 1.61 1.61 126 1.43 1.40 1.41 194 1.62 1.26 1.31 262 1.62 1.58 1.59
59 1.62 1.61 1.62 127 1.45 141 1.41 195 0.00 0.00 0.00 263 1.62 1.59 1.59
60 1.62 1.60 1.60 128 1.48 1.43 1.44 196 1.59 1.32 1.36 264 1.62 1.57 1.58
61 1.62 1.60 1.60 129 1.48 1.43 1.44 197 1.62 1.61 1.61 265 1.62 1.59 1.59
62 1.62 1.61 1.61 130 1.48 1.43 1.43 198 0.00 0.00 0.00
63 1.62 1.59 1.60 131 1.48 1.43 1.44 199 1.62 1.59 1.59
64 1.62 1.60 1.60 132 148 143 143 200 1.62 1.59 159
65 1.62 1.60 1.60 133 1.62 1.58 1.58 201 0.00 0.00 0.00
66 1.62 1.61 1.61 134 1.62 1.59 1.59 202 1.62 1.59 1.59
67 1.62 1.61 1.61 135 1.62 1.58 1.58 203 1.62 1.59 1.59
68 1.62 1.59 1.60 136 1.62 1.59 1.59 204 1.62 1.59 1.59
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Table 2

July 2011 model simulation, comparing no decay to first and
second order bulk decay, pipes

Chlorine Concentration (mg/L) Chlorine Concentration (mg/L) Chlorine Concentration (mg/L) Chlorine Concentration (mg/L)
No Decay, [First Order| Second No Decay, |First Order| No Decay, Second No Decay, Second
Pipe Number| - soyrces Bulk |Order Bulk| Pipe Number | sources Bulk second | pipe Number [ sources | F1rSt OT0€T | oo k| Pipe Number | sources | FITStOMer| orer gy
L o Order Bulk o Bulk Decay| o Bulk Decay|

Mixing Decay Decay Mixing Decay Decay Only| Mixing only Decay Mixing only Decay

Only Only Only Only Only Only Only Only Only

1 143 141 141 89 1.62 157 158 177 1.62 1.62 1.62 265 1.62 159 159
2 143 141 141 90 1.62 157 158 178 1.62 1.62 1.62 266 0.00 0.00 0.00
3 141 139 139 91 162 157 1.58 179 162 162 162 267 162 159 1.60
4 141 1.40 140 92 1.62 158 159 180 1.36 1.36 1.36 268 1.62 159 159
5 141 1.39 139 93 162 158 1.58 181 162 160 1.60 269 162 159 159
6 141 139 140 94 1.62 159 159 182 137 137 137 270 1.62 159 159
7 147 1.45 145 95 1.62 159 159 183 137 137 137 271 1.62 159 159
8 147 145 145 96 162 159 1.60 184 162 157 157 272 162 159 159
9 147 145 145 97 1.62 159 159 185 1.62 1.60 161 273 1.62 159 159
10 147 1.45 145 98 162 158 1.58 186 162 161 161 274 162 159 159
11 148 1.46 1.46 99 1.62 158 158 187 1.62 161 161 275 1.62 159 159
12 151 149 149 100 1.62 158 158 188 1.62 1.61 1.61 276 1.62 159 159
13 151 149 149 101 162 159 159 189 138 137 137 277 162 159 159
14 151 149 149 102 1.62 158 159 190 138 137 137 278 148 145 145
15 162 155 156 103 159 155 1.55 191 138 137 137 279 148 147 147
16 1.62 159 159 104 1.62 157 158 192 138 137 137 280 1.62 1.60 1.60
17 151 149 149 105 162 159 1.59 193 162 159 159 281 162 1.60 1.60
18 161 159 159 106 162 158 159 194 142 141 14 282 162 161 161
19 1.62 1.60 1.60 107 1.62 157 157 195 141 1.40 1.40 283 1.62 1.61 1.61
20 162 1.58 158 108 162 158 1.58 196 141 140 140 284 162 158 1.58
21 1.62 1.60 1.60 109 1.62 158 158 197 141 141 141 285 1.62 1.62 1.62
22 148 1.45 146 110 162 158 1.58 198 141 140 140 286 162 161 161
23 151 149 149 111 162 157 1.58 199 141 138 138 287 162 161 161
24 151 149 149 112 1.62 159 1.60 200 148 147 147 288 1.62 158 158
25 151 149 149 113 141 141 141 201 151 149 149 289 162 158 1.58
26 1.62 1.61 161 114 1.62 1.60 1.61 202 0.00 0.00 0.00 290 1.62 1.62 1.62
27 162 1.60 160 115 141 141 141 203 162 160 1.60 291 162 160 1.60
28 162 1.60 1.60 116 162 161 161 204 162 161 161 292 162 1.60 1.60
29 162 1.60 1.60 117 1.62 161 161 205 1.62 161 161 293 1.62 1.60 1.60
30 162 1.60 160 118 141 140 1.40 206 162 161 161 294 162 161 161
31 1.62 1.60 1.60 119 141 141 141 207 1.62 161 161 295 1.62 159 159
32 162 1.60 1.60 120 141 140 141 208 162 160 1.60 296 162 162 1.62
33 162 161 161 121 149 148 148 209 162 161 161 297 162 157 157
34 143 1.40 140 122 159 158 158 210 1.62 1.60 161 298 1.62 161 161
35 143 140 140 123 148 147 147 211 162 162 1.62 299 162 159 159
36 147 144 145 124 148 147 147 212 1.62 1.62 1.62 300 1.62 161 161
37 147 144 144 125 148 147 147 213 162 161 1.62 301 162 159 1.60
38 152 149 150 126 148 147 147 214 162 162 162 302 162 159 1.60
39 149 1.46 1.46 127 148 147 147 215 1.62 1.62 1.62 303 1.62 1.60 1.60
40 149 146 146 128 162 161 161 216 162 162 162 304 162 1.60 1.60
41 154 151 151 129 1.62 161 1.61 217 1.62 1.62 1.62 305 1.62 1.60 1.60
42 152 149 150 130 162 161 161 218 162 162 1.62 306 162 159 159
43 151 148 148 131 162 161 161 219 162 161 161 307 162 1.60 1.60
44 151 148 148 132 1.62 1.60 1.60 220 1.62 1.61 1.61 308 1.62 158 158
45 153 150 150 133 162 161 161 221 162 162 1.62 309 162 159 159
46 161 158 158 134 1.62 161 161 222 1.62 1.62 1.62 310 1.62 159 159
47 154 151 151 135 162 161 161 223 162 160 1.60 311 162 160 1.60
48 161 1.58 158 136 162 1.60 1.60 224 162 161 161 312 162 159 1.60
49 161 158 159 137 1.62 159 1.60 225 1.62 1.60 1.61 313 1.62 159 159
50 162 1.60 1.60 138 162 1.60 1.60 226 162 161 161 314 162 159 1.60
51 161 158 158 139 1.62 159 159 227 1.62 1.62 1.62 315 1.62 158 158
52 161 159 159 140 162 160 1.60 228 162 161 161 316 162 159 159
53 161 155 156 141 162 159 159 229 162 161 161 317 162 159 159
54 161 158 159 142 1.62 1.60 1.60 230 1.62 161 161 318 1.62 158 159
55 147 144 145 143 162 1.60 1.60 231 162 161 161 319 148 142 143
56 143 139 139 144 1.62 1.60 1.60 232 1.62 161 161 320 148 143 143
57 146 143 143 145 162 160 1.60 233 162 159 159 321 162 159 1.59
58 145 141 141 146 162 161 161 234 162 159 159 322 162 159 159
59 147 143 143 147 1.62 1.60 1.60 235 1.62 1.60 1.60 323 1.62 158 158
60 147 144 144 148 162 161 161 236 162 1.60 1.60 324 162 158 159
61 147 144 144 149 1.62 161 161 237 1.62 158 159 325 1.62 158 158
62 147 144 144 150 162 161 161 238 162 160 1.60 326 162 158 1.58
63 148 1.45 145 151 1.62 159 159 239 1.62 159 159 327 1.62 158 158
64 155 149 150 152 1.62 1.60 1.60 240 1.62 1.60 1.60 328 1.62 158 158
65 154 151 151 153 162 159 159 241 162 159 159 329 162 158 1.58
66 154 1.50 151 154 1.62 1.60 1.60 242 1.62 159 159 330 1.62 158 159
67 143 1.40 141 155 162 161 161 243 162 160 1.60 331 141 139 1.39
68 1.45 1.40 141 156 1.62 1.60 1.60 244 161 159 159 332 137 137 137
69 148 143 144 157 1.62 155 1.56 245 1.61 159 159 333 1.62 1.62 1.62
70 148 143 144 158 162 1.60 1.60 246 161 159 159 334 162 161 161
71 148 143 144 159 1.62 159 159 247 157 153 153 335 1.62 161 161
72 148 1.40 141 160 162 157 157 248 157 153 153 336 148 147 147
73 148 143 143 161 1.62 159 159 249 1.62 159 1.60 337 151 149 149
74 148 143 143 162 1.62 155 155 250 1.62 158 159 338 151 149 149
75 148 143 143 163 162 156 1.56 251 159 155 155 339 151 149 149
76 161 158 158 164 1.62 154 155 252 1.62 153 154 340 143 140 141
1 162 159 159 165 162 151 152 253 0.00 0.00 0.00 341 145 141 141
78 1.62 159 159 166 1.62 158 159 254 1.62 137 141 342 148 143 144
79 1.62 1.60 1.60 167 1.62 159 159 255 1.62 1.62 1.62 343 1.62 159 1.60
80 162 1.60 1.60 168 162 1.60 1.60 256 162 1.60 1.60 344 162 161 161
81 1.62 159 159 169 1.62 159 159 257 0.00 0.00 0.00 345 1.62 157 158
82 162 159 159 170 162 162 1.62 258 162 1.60 1.60 346 162 156 1.56
83 1.62 159 159 171 1.62 1.62 1.62 259 151 149 149 347 1.62 158 158
84 1.62 158 158 172 1.62 1.62 1.62 260 159 143 145 348 1.62 159 159
85 162 1.58 158 173 162 162 1.62 261 150 145 146 349 162 157 1.58
86 1.62 158 159 174 1.62 1.62 1.62 262 0.00 0.00 0.00 350 1.62 159 159

87 162 1.58 159 175 162 162 1.62 263 162 159 159
88 1.62 1.58 159 176 1.62 161 1.61 264 1.62 159 159
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Table 3

October 2011 model simulation, comparing no decay to first and

second order bulk decay, nodes

Chlorine Concentration

Chlorine Concentration

Chlorine Concentration

Chlorine Concentration

(mg/L) (mg/L) (mg/L) (mg/L)

Node No First | Second Node No First | Second Node No First | Second Node No First | Second
Number Decay, | Order | Order Number Decay, | Order | Order Number Decay, | Order | Order Number Decay, | Order | Order
Sources | Bulk Bulk Sources | Bulk Bulk Sources | Bulk Bulk Sources | Bulk Bulk

Mixing | Decay | Decay Mixing | Decay | Decay Mixing | Decay | Decay Mixing [ Decay | Decay

Only Only Only Only Only Only Only Only Only Only Only Only

1 176 1.76 1.76 71 1.91 1.88 1.88 141 1.92 1.88 1.88 211 191 1.88 1.88
2 1.92 1.84 1.84 72 1.91 1.89 1.89 142 1.92 1.88 1.88 212 1.92 1.88 1.88
3 176 176 1.76 73 191 1.89 1.89 143 1.89 1.84 1.84 213 1.92 1.88 1.88
4 1.79 1.78 1.78 74 1.91 1.89 1.89 144 1.92 1.88 1.88 214 1.92 1.88 1.88
5 1.92 1.90 1.90 75 1.91 1.89 1.89 145 1.92 1.89 1.89 215 1.92 1.88 1.88
6 1.92 1.90 1.89 76 191 1.90 1.89 146 1.90 1.85 1.85 216 1.92 1.88 1.88
7 1.92 191 1.91 77 1.91 1.86 1.85 147 1.92 1.86 1.85 217 1.92 1.88 1.88
8 1.92 1.91 1.91 78 1.91 1.88 1.87 148 1.92 1.87 1.87 218 1.83 1.81 1.81
9 1.92 191 1.91 79 1.91 1.82 1.82 149 1.92 1.88 1.88 219 191 1.86 1.86
10 1.92 191 1.90 80 191 1.84 1.83 150 1.92 1.86 1.85 220 191 1.90 1.90
11 1.79 1.78 1.78 81 1.91 1.81 1.81 151 1.92 1.88 1.87 221 1.91 1.88 1.87
12 176 176 1.76 82 1.91 1.85 1.84 152 1.92 1.86 1.86 222 1.92 191 191
13 176 1.76 1.76 83 1.92 1.88 1.88 153 1.92 1.86 1.86 223 191 1.89 1.88
14 1.79 1.78 1.78 84 1.92 1.87 1.87 154 1.92 1.87 1.87 224 1.92 1.89 1.89
15 1.83 1.82 1.82 85 1.92 1.90 1.90 155 1.92 1.85 1.85 225 1.92 1.89 1.89
16 1.90 1.88 1.88 86 1.92 1.90 1.90 156 1.92 1.85 1.85 226 1.92 1.89 1.89
17 1.92 191 1.91 87 1.92 1.90 1.90 157 1.90 1.85 1.85 227 1.92 1.88 1.88
18 1.79 1.77 1.77 88 1.92 1.89 1.89 158 1.91 1.91 1.91 228 1.92 1.89 1.89
19 1.80 1.77 177 89 1.92 1.89 1.89 159 1.92 1.92 1.92 229 191 1.87 1.86
20 1.83 1.77 1.77 90 1.92 1.88 1.88 160 1.92 1.92 1.92 230 1.92 1.88 1.88
21 1.79 1.76 1.76 91 1.92 1.88 1.88 161 1.92 1.92 1.92 231 1.92 1.88 1.88
22 179 177 177 92 1.92 1.88 1.88 162 1.92 1.92 1.92 232 1.92 1.89 1.89
23 1.82 1.80 1.80 93 1.92 1.88 1.88 163 1.92 1.92 1.92 233 1.92 1.89 1.89
24 1.82 1.80 1.80 94 1.92 1.89 1.89 164 1.92 1.91 1.901 234 1.92 1.89 1.88
25 1.83 1.81 1.81 95 1.92 1.88 1.88 165 1.91 191 191 235 1.92 1.89 1.89
26 1.83 1.81 1.81 96 1.92 1.88 1.88 166 1.91 191 191 236 1.92 1.87 1.87
27 1.85 1.82 1.82 97 1.91 1.87 1.86 167 1.92 1.92 1.92 237 1.92 1.88 1.88
28 1.85 1.83 1.82 98 1.92 1.87 1.87 168 1.76 1.76 176 238 1.92 1.88 1.88
29 1.83 1.81 1.81 99 1.92 1.88 1.87 169 1.76 1.76 1.76 239 1.92 1.87 1.87
30 1.92 1.88 1.88 100 1.91 1.88 1.87 170 1.92 1.89 1.89 240 1.83 1.76 176
31 1.92 1.89 1.89 101 1.92 1.87 1.87 171 1.81 1.79 1.79 241 1.83 1.77 1.77
32 1.92 1.90 1.90 102 1.92 1.88 1.87 172 1.81 1.79 1.79 242 1.92 1.89 1.89
33 1.92 1.90 1.90 103 1.91 1.88 1.87 173 1.79 1.78 1.78 243 1.92 1.89 1.89
34 0.00 0.00 0.00 104 1.92 1.86 1.86 174 1.92 1.91 1.91 244 1.92 1.86 1.85
35 1.80 1.77 177 105 1.80 176 176 175 1.92 1.91 1.91 245 1.92 1.86 1.86
36 1.83 1.80 1.80 106 1.82 1.80 1.79 176 1.92 1.91 1.91 246 1.92 1.86 1.86
37 1.83 1.82 1.81 107 1.82 1.79 1.79 177 1.92 1.92 1.92 247 1.92 1.86 1.86
38 1.83 1.82 1.81 108 1.84 1.80 1.80 178 1.92 1.92 1.92 248 1.92 1.86 1.86
39 1.83 1.81 1.81 109 1.86 1.83 1.83 179 1.92 1.92 1.92 249 1.92 1.87 1.86
40 1.85 1.82 1.82 110 1.85 1.82 1.82 180 1.92 1.92 1.92 250 1.92 1.87 1.87
41 1.85 1.82 1.82 111 1.87 1.84 1.84 181 1.92 1.91 191 251 1.92 1.87 1.87
42 1.85 1.83 1.83 112 1.92 1.88 1.88 182 1.92 1.91 1.91 252 179 176 176
43 1.92 1.90 1.90 113 1.92 1.89 1.88 183 1.91 1.91 1.91 253 1.92 1.92 1.92
44 1.92 1.90 1.90 114 1.92 1.89 1.88 184 1.92 1.91 191 254 1.92 1.92 1.92
45 1.92 191 1.91 115 1.82 178 178 185 1.91 1.90 1.90 255 1.92 191 191
46 1.92 1.90 1.90 116 1.81 1.76 1.76 186 1.91 1.90 1.90 256 1.92 1.90 1.90
47 1.92 1.90 1.90 117 1.82 1.78 1.77 187 1.91 1.89 1.88 257 1.92 1.90 1.90
48 1.92 191 1.91 118 1.82 1.79 1.79 188 1.91 1.90 1.90 258 1.92 1.90 1.89
49 1.92 191 1.91 119 1.82 1.79 1.78 189 1.91 1.88 1.87 259 1.92 1.90 1.89
50 1.92 1.90 1.90 120 1.83 1.79 1.79 190 1.92 1.89 1.89 260 1.92 1.87 1.86
51 191 1.89 1.89 121 1.85 1.80 1.80 191 191 1.87 1.87 261 1.92 1.88 1.87
52 191 1.90 1.90 122 1.86 1.83 1.83 192 1.91 1.87 1.87 262 176 176 176
53 1.91 1.90 1.90 123 1.88 1.83 1.82 193 1.92 1.84 1.83 263 1.79 1.78 1.78
54 1.92 191 1.90 124 1.87 1.84 1.83 194 1.92 1.89 1.89 264 179 178 178
55 1.92 191 1.91 125 1.92 1.89 1.88 195 1.92 1.89 1.89 265 179 178 178
56 1.92 1.90 1.89 126 1.92 1.88 1.88 196 1.89 1.84 1.84 266 1.79 1.77 1.77
57 1.92 1.90 1.90 127 1.92 1.90 1.90 197 1.90 1.85 1.85 267 1.79 1.77 177
58 1.92 1.90 1.90 128 1.80 177 177 198 1.92 1.73 1.73 268 179 1.77 177
59 1.92 191 1.91 129 1.80 1.76 1.76 199 0.00 0.00 0.00 269 1.79 1.77 176
60 1.92 1.91 1.91 130 1.81 1.76 1.76 200 1.92 1.42 1.45 270 1.79 1.76 1.76
61 1.92 1.89 1.89 131 1.83 178 177 201 0.00 0.00 0.00 271 1.80 1.77 177
62 1.92 1.89 1.89 132 1.83 1.78 1.78 202 1.90 1.72 171 272 1.80 176 176
63 1.92 1.91 1.91 133 1.83 1.77 1.77 203 1.91 1.90 1.90 273 1.80 1.76 1.76
64 191 1.88 1.88 134 1.83 178 178 204 0.00 0.00 0.00 274 1.80 176 175
65 191 1.89 1.89 135 1.83 1.77 1.77 205 1.92 1.88 1.87 275 1.81 1.76 176
66 191 1.89 1.89 136 1.92 1.87 1.87 206 1.92 1.88 1.87 276 1.92 1.92 1.92
67 191 1.90 1.90 137 1.92 1.88 1.88 207 0.00 0.00 0.00 277 1.92 1.92 1.92
68 191 1.90 1.90 138 1.92 1.87 1.87 208 1.91 1.88 1.88 278 1.92 191 191

69 1.92 191 1.91 139 1.91 1.88 1.88 209 191 1.85 1.84
70 191 1.88 1.88 140 191 1.88 1.88 210 1.91 1.87 1.87
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Table 4

October 2011 model simulation, comparing no decay to first and

second order bulk decay, pipes

Chlorine Concentration Chlorine Concentration Chlorine Concentration Chlorine Concentration Chlorine Concentration

No First | Second No First [ Second No First | Second No First | Second No First | Second

Pipe | Decay, | Order | Order Pipe | Decay, | Order | Order | Pipe | Decay, | Order | Order Pipe | Decay,| Order | Order Pipe | Decay, | Order | Order
Number| Sources| Bulk Bulk [ Number| Sources | Bulk Bulk |Number| Sources| Bulk Bulk [Number|Sources| Bulk Bulk | Number| Sources| Bulk Bulk
Mixing | Decay | Decay Mixing | Decay | Decay Mixing [ Decay | Decay Mixing [ Decay | Decay Mixing | Decay | Decay

Only Only Only Only Only Only Only Only Only Only Only Only Only Only Only

1 1.80 1.77 1.77 74 1.92 1.86 1.85 147 1.92 1.92 1.92 220 1.92 1.88 1.87 293 1.83 1.77 1.77
2 1.80 177 177 75 1.92 1.85 1.85 148 1.92 1.92 1.92 221 0.00 0.00 0.00 294 1.83 177 177
3 1.79 1.76 1.76 76 1.92 1.86 1.85 149 191 191 191 222 191 1.88 1.88 295 1.83 177 177
4 1.79 1.76 1.76 77 1.92 1.87 1.87 150 1.76 1.76 1.76 223 1.91 1.88 1.88 296 1.92 1.88 1.88
5 179 176 1.76 78 192 1.87 1.87 151 1.92 1.85 1.85 224 191 1.88 1.88 297 192 188 1.88
6 179 177 1.76 79 192 1.88 1.88 152 1.76 1.76 1.76 225 1.92 1.88 1.88 298 1.92 188 1.88
7 1.82 1.80 1.80 80 1.92 1.88 1.88 153 1.76 1.76 1.76 226 1.92 1.88 1.88 299 1.92 1.89 1.89
8 1.82 1.80 1.80 81 1.92 1.89 1.89 154 0.00 0.00 0.00 227 1.92 1.88 1.88 300 1.92 1.89 1.89
9 1.82 1.80 179 82 192 1.88 1.87 155 1.92 1.90 1.90 228 1.92 1.88 1.88 301 192 188 1.88
10 1.82 1.80 179 83 1.92 1.87 1.87 156 1.92 191 191 229 1.92 1.88 1.88 302 1.92 1.88 1.88
11 1.83 1.81 1.81 84 1.92 1.87 1.87 157 1.92 1.91 1.91 230 1.92 1.88 1.88 303 1.92 1.88 1.88
12 1.85 1.82 182 85 192 1.86 1.86 158 1.92 191 191 231 1.92 1.88 1.88 304 1.92 1.86 1.86
13 1.85 1.82 1.82 86 1.92 1.88 1.88 159 1.76 1.76 1.76 232 1.92 1.88 1.88 305 1.92 187 1.86
14 1.85 1.82 1.82 87 1.92 1.88 1.87 160 1.76 1.76 1.76 233 1.83 1.79 1.79 306 1.92 1.87 1.87
15 1.92 1.87 1.86 88 1.90 1.85 1.85 161 1.76 1.76 1.76 234 1.83 1.81 1.81 307 1.92 1.87 1.87
16 1.92 1.89 1.89 89 192 1.86 1.85 162 176 175 175 235 191 1.90 1.90 308 1.92 187 1.87
17 1.85 1.82 1.82 90 1.92 1.88 1.88 163 1.92 1.89 1.89 236 191 1.89 1.89 309 1.80 175 175
18 1.92 1.89 1.88 91 1.92 1.87 1.87 164 1.81 179 179 237 191 1.90 1.90 310 1.81 1.76 1.76
19 1.92 1.90 1.89 92 1.92 1.85 1.84 165 1.79 1.78 1.78 238 1.91 1.90 1.90 311 1.92 1.92 1.92
20 1.92 1.89 1.89 93 1.92 1.86 1.86 166 179 177 177 239 191 1.87 1.86 312 191 187 1.87
21 1.92 1.90 1.90 94 1.92 1.86 1.86 167 179 1.78 1.78 240 191 191 191 313 1.91 1.83 1.83
22 1.83 1.80 1.80 95 1.92 1.87 1.86 168 1.79 1.77 1.77 241 1.91 1.90 1.90 314 1.91 1.84 1.84
23 1.85 1.83 182 96 192 1.85 1.85 169 179 172 171 242 191 1.90 1.90 315 191 182 182
24 1.85 182 182 97 192 1.87 1.87 170 1.83 181 181 243 191 1.87 1.87 316 191 179 1.78
25 1.85 1.82 1.82 98 1.79 1.78 1.78 171 1.85 1.83 1.82 244 1.91 1.87 1.87 317 1.92 1.87 1.87
26 1.92 1.90 1.90 99 1.92 1.91 1.90 172 0.00 0.00 0.00 245 1.91 1.90 1.90 318 1.92 1.88 1.88
27 1.92 1.90 1.90 100 179 178 1.78 173 1.92 1.90 1.89 246 191 1.88 1.88 319 1.92 189 1.89
28 1.92 1.90 1.90 101 1.92 1.90 1.90 174 1.92 1.90 1.90 247 191 1.89 1.89 320 191 1.88 1.87
29 1.92 1.90 1.90 102 1.92 191 1.91 175 1.92 1.91 1.91 248 1.91 1.89 1.89 321 1.91 191 1.91
30 1.92 1.90 1.90 103 179 178 1.78 176 1.92 191 191 249 191 1.90 1.90 322 1.92 1.92 192
31 1.92 1.90 1.90 104 179 178 1.78 177 1.92 191 191 250 191 1.88 1.87 323 1.92 1.92 1.92
32 1.92 1.89 1.89 105 1.79 1.78 1.78 178 1.92 1.78 1.78 251 191 1.91 1.91 324 1.92 1.92 1.92
33 1.92 1.90 1.90 106 1.83 1.82 1.82 179 1.92 1.91 1.91 252 1.91 1.86 1.85 325 1.92 1.92 1.92
34 1.80 176 176 107 1.90 1.88 1.88 180 1.92 1.90 1.90 253 191 1.90 1.90 326 1.92 1.92 192
35 1.80 1.76 1.76 108 1.83 181 1.81 181 1.92 1.92 191 254 191 1.87 1.87 327 1.92 191 191
36 1.82 179 1.79 109 1.83 1.81 1.81 182 1.92 1.92 1.92 255 1.92 1.91 1.91 328 1.92 1.92 1.92
37 1.82 1.79 1.79 110 1.83 1.81 1.81 183 1.92 1.91 1.91 256 1.91 1.88 1.88 329 1.92 1.91 1.91
38 1.86 1.83 1.82 111 1.83 1.82 181 184 1.92 1.92 1.92 257 1.92 1.89 1.88 330 1.92 191 191
39 184 1.80 1.80 112 1.83 181 1.81 185 1.92 1.92 191 258 1.92 1.89 1.89 331 1.92 1.89 1.89
40 1.84 1.80 1.80 113 1.92 1.91 1.91 186 1.92 1.91 1.91 259 1.92 1.89 1.89 332 1.92 1.88 1.88
41 1.87 1.84 1.83 114 192 1.90 1.90 187 1.92 1.92 1.92 260 1.92 1.89 1.89 333 1.90 185 1.85
42 1.86 1.83 1.83 115 1.92 191 191 188 1.92 1.92 1.92 261 1.92 1.88 1.88 334 1.92 179 179
43 1.85 1.82 1.81 116 1.92 191 1.91 189 1.92 1.91 191 262 1.92 1.89 1.89 335 0.00 0.00 0.00
44 1.85 1.82 1.81 117 1.92 1.90 1.89 190 1.92 1.91 1.91 263 1.91 1.87 1.86 336 1.92 1.58 1.59
45 1.86 1.83 1.83 118 1.92 191 191 191 1.92 191 191 264 1.92 1.88 1.88 337 1.92 1.92 191
46 1.92 1.88 1.88 119 1.92 191 191 192 1.92 191 191 265 1.92 1.88 1.88 338 1.92 1.90 1.90
47 1.87 1.84 1.83 120 1.92 1.90 1.90 193 1.91 1.89 1.89 266 1.92 1.89 1.89 339 0.00 0.00 0.00
48 1.92 1.88 1.88 121 1.92 1.90 1.90 194 1.91 1.90 1.90 267 1.92 1.89 1.89 340 1.92 1.90 1.90
49 1.92 1.89 1.88 122 191 1.89 1.88 195 191 1.90 1.90 268 1.92 1.89 1.88 341 1.85 1.82 1.82
50 1.92 1.89 1.89 123 191 1.89 1.89 196 191 191 1.91 269 1.92 1.89 1.89 342 1.90 1.78 1.78
51 1.92 1.88 1.88 124 1.91 1.87 1.87 197 1.92 1.91 1.91 270 1.92 1.87 1.87 343 1.85 1.80 1.79
52 1.92 1.89 1.88 125 191 1.89 1.89 198 1.92 191 191 271 1.92 1.88 1.88 344 0.00 0.00 0.00
53 1.92 1.88 1.87 126 191 1.88 1.88 199 1.92 1.90 1.90 272 1.92 1.88 1.87 345 1.92 1.88 1.87
54 1.92 1.88 1.88 127 1.92 1.89 1.89 200 191 1.90 1.90 273 1.92 1.87 1.87 346 1.92 1.88 1.87
55 1.82 1.79 1.79 128 1.92 1.90 1.90 201 1.92 1.91 1.91 274 1.83 1.76 1.76 347 1.91 1.89 1.89
56 1.80 175 175 129 1.92 1.89 1.89 202 1.92 191 191 275 1.83 177 177 348 191 1.80 1.80
57 1.82 177 177 130 1.92 1.90 1.89 203 191 1.86 1.86 276 1.92 1.89 1.88 349 191 1.89 1.88
58 1.81 1.76 1.76 131 1.92 191 191 204 1.91 1.88 1.88 277 1.92 1.89 1.89 350 1.92 1.90 1.89
59 1.82 177 177 132 192 1.89 1.89 205 1.92 1.89 1.89 278 1.92 1.86 1.86 351 1.92 1.90 1.89
60 1.82 178 1.78 133 1.92 191 191 206 1.92 1.89 1.89 279 1.92 1.87 1.87 352 1.92 185 1.85
61 1.82 179 1.78 134 1.92 191 1.91 207 1.91 1.87 1.87 280 1.92 1.86 1.86 353 1.92 1.90 1.89
62 1.82 1.78 1.78 135 1.92 1.91 1.91 208 1.92 1.87 1.86 281 1.92 1.86 1.86 354 1.76 1.76 1.76
63 1.83 179 179 136 191 1.88 1.88 209 1.92 1.88 1.88 282 1.92 1.86 1.86 355 179 178 178
64 1.88 1.83 1.82 137 191 1.88 1.88 210 1.92 1.89 1.89 283 1.92 1.86 1.86 356 1.79 178 1.78
65 1.87 1.83 1.83 138 191 1.88 1.88 211 1.92 1.88 1.88 284 1.92 1.87 1.86 357 1.79 177 177
66 1.87 1.81 1.80 139 1.91 1.89 1.89 212 1.92 1.88 1.87 285 1.92 1.87 1.87 358 1.79 1.77 1.77
67 1.80 177 176 140 191 1.90 1.90 213 1.92 1.90 1.90 286 179 176 176 359 179 177 177
68 1.81 1.76 1.75 141 191 1.88 1.88 214 1.92 1.89 1.89 287 1.92 1.92 1.92 360 1.79 177 177
69 1.83 1.78 1.77 142 1.91 1.88 1.88 215 1.92 1.89 1.89 288 1.92 1.92 1.92 361 1.79 1.77 1.77
70 1.83 178 178 143 191 1.89 1.89 216 1.92 1.89 1.89 289 1.92 191 191 362 179 176 1.76
71 1.83 178 178 144 191 187 1.87 217 1.89 1.84 1.84 290 1.92 1.90 1.90 363 1.80 177 177

72 1.92 177 177 145 191 1.85 1.85 218 1.89 1.84 1.84 291 1.92 1.90 1.90
73 1.80 1.76 1.75 146 1.91 1.84 1.83 219 1.91 1.86 1.86 292 1.80 1.76 1.76
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APPENDIX J

Model Calibration of Ky (October 2011 Conditions)

Table 1 (1 of 6)

Calibration of global kw.

Kw=0 Kw =0.0001 m/d Kw =0.0005 m/d Kw =0.001 m/d Kw =0.005 m/d Kw =0.01 m/d Kw =0.02 m/d
Node Average Chlgrine
| Numberin Concentration . . . . . . .

Inflow/Route  [Sample Site] (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number SynerGEE Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
(Oct 2011 October 5,2011 | Concentration | Residual Concentration Residual | Concentration | Residual | Concentration | Residual | Concentration | Residual | Concentration | Residual | Concentration | Residual

Model) (mg/L) (mg/L) (mglL) (mg/L) (mo/L) (mg/L) (mg/L) (/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.92 0.0028 1.92 0.0027 1.92 0.0027 1.92 0.0027 1.91 0.0024 1.91 0.0021 1.91 0.0016
5 5 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.91 0.0000 1.91 0.0001 1.90 0.0003
Route 2 (West 6 6 1.89 1.91 0.0004 1.91 0.0004 1.91 0.0003 1.91 0.0003 1.91 0.0001 1.90 0.0000 1.88 0.0002
Side) 7 7 1.85 1.90 0.0026 1.90 0.0026 1.90 0.0024 1.90 0.0021 1.88 0.0007 1.86 0.0000 1.81 0.0016
8 8 1.77 1.90 0.0165 1.90 0.0163 1.89 0.0155 1.89 0.0145 1.86 0.0083 1.83 0.0032 1.77 0.0000
11 11 1.74 1.90 0.0252 1.89 0.0250 1.89 0.0238 1.89 0.0225 1.85 0.0135 1.81 0.0060 1.75 0.0001
12 12 1.36 1.87 0.2524 1.86 0.2503 1.86 0.2420 1.85 0.2322 1.78 0.1706 1.71 0.1188 1.60 0.0571
13 13 1.64 1.88 0.0565 1.87 0.0556 1.87 0.0522 1.86 0.0483 1.81 0.0282 1.77 0.0159 1.71 0.0055
15 15 1.68 1.78 0.0103 1.78 0.0103 1.78 0.0100 1.78 0.0097 1.77 0.0076 1.75 0.0055 1.73 0.0026
16 16 1.61 1.78 0.0261 1.78 0.0259 1.77 0.0253 1.77 0.0245 1.75 0.0189 1.73 0.0133 1.69 0.0057
18 18 1.49 1.77 0.0816 1.77 0.0812 1.77 0.0794 1.76 0.0773 1.74 0.0619 1.70 0.0463 1.64 0.0241
19 19 1.44 1.77 0.1064 1.77 0.1059 1.77 0.1037 1.76 0.1010 1.73 0.0817 1.69 0.0621 1.63 0.0338
Route 1 (West 21 21 1.31 1.77 0.2059 1.76 0.2048 1.76 0.2006 1.75 0.1954 1.71 0.1580 1.66 0.1203 157 0.0667
Side) 22 22 1.23 1.76 0.2816 1.76 0.2801 1.76 0.2741 1.75 0.2668 1.70 0.2153 1.64 0.1641 1.54 0.0923
23 23 1.21 1.77 0.3119 1.77 0.3099 1.76 0.3022 1.75 0.2928 1.69 0.2270 1.61 0.1634 1.49 0.0793
24 24 1.17 1.76 0.3465 1.76 0.3440 1.75 0.3342 1.74 0.3223 1.66 0.2404 1.58 0.1637 1.43 0.0680
25 25 1.14 1.76 0.3851 1.76 0.3822 1.75 0.3705 1.73 0.3563 1.65 0.2597 1.55 0.1710 1.39 0.0647
26 26 1.13 1.76 0.3947 1.75 0.3916 1.74 0.3794 1.73 0.3646 1.64 0.2638 1.54 0.1720 1.38 0.0632
27 27 1.12 1.76 0.4161 1.76 0.4125 1.75 0.3985 1.73 0.3817 1.64 0.2708 1.53 0.1740 1.37 0.0632
30 30 1.83 1.91 0.0074 1.91 0.0073 1.91 0.0073 1.91 0.0072 1.91 0.0064 1.90 0.0055 1.89 0.0041
31 31 1.74 1.91 0.0294 1.91 0.0292 1.91 0.0286 1.90 0.0278 1.88 0.0220 1.86 0.0161 1.82 0.0075
Route 3 (East 32 32 1.75 1.88 0.0171 1.88 0.0168 1.88 0.0154 1.87 0.0137 1.82 0.0045 1.77 0.0002 1.67 0.0061
Side) 33 33 1.55 1.88 0.1127 1.88 0.1116 1.87 0.1072 1.86 0.1020 1.81 0.0682 1.74 0.0396 1.64 0.0093
34 34 1.37 1.88 0.2596 1.88 0.2582 1.87 0.2525 1.87 0.2457 1.82 0.1983 1.76 0.1511 1.66 0.0845
35 35 1.56 1.85 0.0817 1.84 0.0797 1.83 0.0723 1.81 0.0638 1.71 0.0208 1.60 0.0018 1.45 0.0112
36 36 1.67 1.87 0.0398 1.87 0.0390 1.86 0.0361 1.85 0.0327 1.78 0.0127 1.71 0.0015 1.59 0.0072
SSR (All Sites) 3.4704 3.4430 3.3361 3.2081 2.3618 1.6177 0.7599
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Table 1 (2 of 6)

Calibration of global kw.

Kw =0.03 m/d Kw =0.035 m/d Kw =0.037 m/d Kw = 0.0375 m/d Kw =0.0376 m/d Kw =0.0377 m/d Kw = 0.0378 m/d
Average Chlorine
Sample Node Number [ Concentration . . . . . . .
Inflow/Route N in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Site (Oct 2011 Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Number Model) October 5, 2011 | Concentration | Residual | Concentration | Residual | Concentration | Residual Concentration Residual | Concentration | Residual | Concentration | Residual | Concentration | Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 191 0.0000 191 0.0000 191 0.0000 1.91 0.0000 1.91 0.0000 191 0.0000 1.91 0.0000
4 4 1.87 1.90 0.0012 1.90 0.0010 1.90 0.0009 1.90 0.0009 1.90 0.0009 1.89 0.0009 1.89 0.0009

5 5 1.92 1.89 0.0007 1.89 0.0009 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0011

Route 2 (West 6 6 1.89 1.87 0.0007 1.86 0.0011 1.86 0.0013 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014
Side) 7 7 1.85 1.78 0.0060 1.76 0.0090 1.75 0.0103 1.75 0.0106 1.75 0.0107 1.75 0.0107 1.75 0.0108

8 8 1.77 1.71 0.0032 1.69 0.0064 1.68 0.0080 1.68 0.0084 1.68 0.0085 1.68 0.0085 1.68 0.0086

11 11 1.74 1.69 0.0024 1.66 0.0058 1.65 0.0074 1.65 0.0079 1.65 0.0080 1.65 0.0081 1.65 0.0081

12 12 1.36 1.52 0.0245 1.49 0.0147 1.47 0.0116 1.47 0.0109 1.47 0.0108 1.47 0.0107 1.47 0.0105

13 13 1.64 1.68 0.0015 1.66 0.0006 1.66 0.0004 1.66 0.0003 1.66 0.0003 1.66 0.0003 1.66 0.0003

15 15 1.68 1.71 0.0009 1.70 0.0004 1.70 0.0003 1.69 0.0003 1.69 0.0003 1.69 0.0002 1.69 0.0002

16 16 1.61 1.66 0.0016 1.64 0.0006 1.63 0.0003 1.63 0.0003 1.63 0.0003 1.63 0.0002 1.63 0.0002

18 18 1.49 1.59 0.0105 1.56 0.0062 1.56 0.0048 1.55 0.0045 1.55 0.0044 1.55 0.0044 1.55 0.0043

19 19 1.44 1.57 0.0161 1.55 0.0102 1.54 0.0083 1.53 0.0079 1.53 0.0078 1.53 0.0077 1.53 0.0076

Route 1 (West 21 21 1.31 1.49 0.0334 1.46 0.0223 1.45 0.0186 1.44 0.0178 1.44 0.0176 1.44 0.0174 1.44 0.0173
Side) 22 22 1.23 1.45 0.0481 141 0.0331 1.40 0.0282 1.40 0.0270 1.40 0.0268 1.40 0.0266 1.39 0.0263

23 23 1.21 1.39 0.0326 1.35 0.0186 1.33 0.0143 1.33 0.0134 1.32 0.0132 132 0.0130 1.32 0.0128

24 24 1.17 1.32 0.0209 1.27 0.0089 1.25 0.0057 1.24 0.0050 1.24 0.0049 1.24 0.0048 1.24 0.0047

25 25 1.14 1.26 0.0163 1.21 0.0054 1.19 0.0029 1.19 0.0024 1.18 0.0023 1.18 0.0022 1.18 0.0021

26 26 1.13 1.25 0.0149 1.19 0.0045 1.17 0.0022 1.17 0.0017 1.17 0.0016 1.17 0.0016 1.17 0.0015

27 27 1.12 1.24 0.0150 1.18 0.0046 1.16 0.0023 1.16 0.0018 1.16 0.0017 1.16 0.0017 1.16 0.0016

30 30 1.83 1.88 0.0029 1.88 0.0024 1.87 0.0022 1.87 0.0022 1.87 0.0022 1.87 0.0022 1.87 0.0022

31 31 1.74 1.79 0.0026 1.77 0.0012 1.76 0.0008 1.76 0.0007 1.76 0.0007 1.76 0.0007 1.76 0.0006

Route 3 (East 32 32 1.75 1.60 0.0230 157 0.0339 1.56 0.0386 1.55 0.0398 1.55 0.0400 1.55 0.0402 1.55 0.0405
Side) 33 33 1.55 1.56 0.0002 1.52 0.0005 151 0.0013 151 0.0016 1.50 0.0017 1.50 0.0017 1.50 0.0018

34 34 1.37 1.58 0.0432 1.54 0.0292 1.53 0.0246 1.53 0.0235 1.52 0.0233 1.52 0.0231 1.52 0.0229

35 35 1.56 1.35 0.0455 1.30 0.0664 1.29 0.0751 1.28 0.0773 1.28 0.0777 1.28 0.0782 1.28 0.0786

36 36 1.67 1.49 0.0343 1.44 0.0524 1.43 0.0602 1.42 0.0621 1.42 0.0625 1.42 0.0629 1.42 0.0633

SSR (All Sites) 0.4023 0.3403 0.3316 0.3306 0.3305 0.3304 0.3303
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Table 1 (3 of 6)

Calibration of global kw.

Kw = 0.0379 m/d Kw =0.038 m/d Kw =0.0381 m/d Kw = 0.0382 m/d Kw =0.0383 m/d Kw =0.0384 m/d Kw = 0.0385 m/d
Average Chlorine
Node Number| Concentration

Inflow/Route | 2™l |y SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Site (Oct2011 | Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Number Model) October 5, 2011 | Concentration | Residual | Concentration Residual Concentration Residual Concentration Residual | Concentration | Residual Concentration Residual | Concentration | Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0009
5 5 1.92 1.89 0.0011 1.89 0.0011 1.89 0.0011 1.89 0.0011 1.89 0.0011 1.89 0.0011 1.88 0.0011
Route 2 (West 6 6 1.89 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014
Side) 7 7 1.85 1.75 0.0109 1.75 0.0109 1.75 0.0110 1.75 0.0111 1.75 0.0112 1.75 0.0112 1.75 0.0113
8 8 1.77 1.68 0.0087 1.68 0.0088 1.68 0.0089 1.68 0.0090 1.67 0.0090 1.67 0.0091 1.67 0.0092
11 11 1.74 1.65 0.0082 1.64 0.0083 1.64 0.0084 1.64 0.0085 1.64 0.0086 1.64 0.0087 1.64 0.0088
12 12 1.36 147 0.0104 1.47 0.0103 1.47 0.0101 1.46 0.0100 1.46 0.0099 1.46 0.0098 1.46 0.0096
13 13 1.64 1.66 0.0003 1.66 0.0003 1.66 0.0003 1.66 0.0003 1.66 0.0003 1.65 0.0003 1.65 0.0002
15 15 1.68 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002
16 16 1.61 1.63 0.0002 1.63 0.0002 1.63 0.0002 1.63 0.0002 1.63 0.0002 1.63 0.0002 1.63 0.0002
18 18 1.49 1.55 0.0043 1.55 0.0042 1.55 0.0041 1.55 0.0041 1.55 0.0040 1.55 0.0040 1.55 0.0039
19 19 1.44 1.53 0.0075 1.53 0.0075 1.53 0.0074 1.53 0.0073 1.53 0.0072 1.53 0.0071 1.53 0.0070
Route 1 (West 21 21 1.31 1.44 0.0171 1.44 0.0169 1.44 0.0168 1.44 0.0166 1.44 0.0164 1.44 0.0163 144 0.0161
Side) 22 22 1.23 1.39 0.0261 1.39 0.0259 1.39 0.0257 1.39 0.0255 1.39 0.0252 1.39 0.0250 1.39 0.0248
23 23 1.21 1.32 0.0126 1.32 0.0125 1.32 0.0123 1.32 0.0121 1.32 0.0119 1.32 0.0117 1.32 0.0116
24 24 1.17 1.24 0.0045 1.24 0.0044 1.24 0.0043 1.24 0.0042 1.24 0.0041 1.24 0.0040 1.24 0.0038
25 25 1.14 1.18 0.0020 1.18 0.0019 1.18 0.0018 1.18 0.0018 1.18 0.0017 1.18 0.0016 1.18 0.0015
26 26 1.13 1.17 0.0014 1.16 0.0013 1.16 0.0013 1.16 0.0012 1.16 0.0011 1.16 0.0011 1.16 0.0010
27 27 1.12 1.15 0.0015 1.15 0.0014 1.15 0.0014 1.15 0.0013 1.15 0.0012 1.15 0.0011 1.15 0.0011
30 30 1.83 1.87 0.0022 1.87 0.0022 1.87 0.0022 1.87 0.0021 1.87 0.0021 1.87 0.0021 1.87 0.0021
31 31 1.74 1.76 0.0006 1.76 0.0006 1.76 0.0006 1.76 0.0006 1.76 0.0006 1.76 0.0005 1.76 0.0005
Route 3 (East 32 32 1.75 1.55 0.0407 1.55 0.0410 1.55 0.0412 1.55 0.0414 1.55 0.0417 1.55 0.0419 1.55 0.0422
Side) 33 33 1.55 1.50 0.0018 1.50 0.0019 1.50 0.0019 1.50 0.0020 1.50 0.0021 1.50 0.0021 1.50 0.0022
34 34 1.37 1.52 0.0227 1.52 0.0225 1.52 0.0223 1.52 0.0221 1.52 0.0219 1.52 0.0217 1.52 0.0215
35 35 1.56 1.28 0.0791 1.28 0.0795 1.28 0.0800 1.28 0.0804 1.28 0.0808 1.28 0.0813 1.27 0.0817
36 36 1.67 1.42 0.0637 1.42 0.0642 1.42 0.0646 1.42 0.0650 1.42 0.0654 141 0.0658 1.41 0.0662
SSR (All Sites) 0.3303 0.3302006 0.3301689 0.3301565 0.3301629 0.3301872 0.3302304
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Table 1 (4 of 6)

Calibration of global kw.

Kw =0.0386 m/d Kw =0.039 m/d Kw =0.04 m/d Kw =0.042 m/d Kw = 0.045 m/d Kw =0.05 m/d Kw =0.06 m/d
Average Chlorine
Node Number| Concentration

Inflow/Route |Sample Site| in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (Oct 2011 | Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) October 5,2011 | Concentration | Residual | Concentration | Residual Concentration | Residual Concentration Residual | Concentration Residual Concentration Residual Concentration Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.89 0.0009 1.89 0.0009 1.89 0.0008 1.89 0.0008 1.89 0.0007 1.89 0.0005 1.88 0.0003
5 5 1.92 1.88 0.0011 1.88 0.0011 1.88 0.0012 1.88 0.0013 1.88 0.0014 1.88 0.0017 1.87 0.0023
Route 2 (West 6 6 1.89 1.86 0.0015 1.86 0.0015 1.85 0.0016 1.85 0.0018 1.85 0.0021 1.84 0.0028 1.83 0.0041
Side) 7 7 1.85 1.75 0.0114 1.75 0.0116 1.74 0.0123 1.74 0.0138 1.73 0.0160 1.71 0.0200 1.68 0.0286
8 8 1.77 1.67 0.0093 1.67 0.0096 1.67 0.0105 1.66 0.0124 1.65 0.0154 1.63 0.0208 1.59 0.0329
11 11 1.74 1.64 0.0089 1.64 0.0092 1.64 0.0102 1.63 0.0122 1.61 0.0155 1.59 0.0215 1.55 0.0352
12 12 1.36 1.46 0.0095 1.46 0.0090 1.45 0.0079 1.44 0.0058 1.42 0.0034 1.40 0.0010 1.35 0.0004
13 13 1.64 1.65 0.0002 1.65 0.0002 1.65 0.0001 1.65 0.0001 1.64 0.0000 1.63 0.0001 1.61 0.0009
15 15 1.68 1.69 0.0002 1.69 0.0002 1.69 0.0001 1.69 0.0001 1.68 0.0000 1.67 0.0000 1.66 0.0005
16 16 1.61 1.63 0.0002 1.63 0.0001 1.62 0.0001 1.62 0.0000 1.61 0.0000 1.59 0.0004 1.57 0.0022
18 18 1.49 1.55 0.0039 1.55 0.0036 1.54 0.0031 1.53 0.0022 1.52 0.0012 1.50 0.0002 1.46 0.0005
19 19 1.44 1.53 0.0070 1.53 0.0066 1.52 0.0059 1.51 0.0045 1.50 0.0029 1.48 0.0010 1.44 0.0001
Route 1 (West 21 21 1.31 1.44 0.0160 1.44 0.0154 1.43 0.0139 1.42 0.0112 1.40 0.0078 1.37 0.0037 1.32 0.0001
Side) 22 22 1.23 1.39 0.0246 1.39 0.0238 1.38 0.0217 1.37 0.0180 1.35 0.0133 1.32 0.0073 1.26 0.0010
23 23 1.21 1.32 0.0114 1.31 0.0107 1.31 0.0092 1.29 0.0065 1.27 0.0034 1.23 0.0006 1.17 0.0015
24 24 1.17 1.23 0.0037 1.23 0.0033 1.22 0.0024 1.21 0.0010 1.18 0.0000 1.14 0.0010 1.07 0.0100
25 25 1.14 1.17 0.0014 1.17 0.0012 1.16 0.0006 1.14 0.0000 1.12 0.0004 1.08 0.0037 1.00 0.0175
26 26 1.13 1.16 0.0009 1.15 0.0007 1.14 0.0003 1.13 0.0000 1.10 0.0008 1.06 0.0048 0.99 0.0202
27 27 1.12 1.15 0.0010 1.14 0.0008 1.13 0.0003 1.12 0.0000 1.09 0.0007 1.05 0.0045 0.98 0.0191
30 30 1.83 1.87 0.0021 1.87 0.0021 1.87 0.0020 1.87 0.0018 1.87 0.0016 1.86 0.0013 1.85 0.0008
31 31 1.74 1.76 0.0005 1.76 0.0005 1.75 0.0003 1.75 0.0001 1.74 0.0000 1.73 0.0001 1.70 0.0015
Route 3 (East 32 32 1.75 1.55 0.0424 1.54 0.0434 1.54 0.0458 1.53 0.0508 1.51 0.0585 1.49 0.0716 1.44 0.0988
Side) 33 33 1.55 1.50 0.0022 1.50 0.0025 1.49 0.0032 1.48 0.0048 1.46 0.0076 1.43 0.0134 1.38 0.0281
34 34 1.37 1.52 0.0213 1.52 0.0205 1.51 0.0186 1.50 0.0152 1.48 0.0109 1.45 0.0056 1.39 0.0004
35 35 1.56 1.27 0.0822 1.27 0.0840 1.26 0.0884 1.25 0.0975 1.23 0.1111 1.19 0.1341 1.14 0.1797
36 36 1.67 1.41 0.0666 1.41 0.0682 1.40 0.0723 1.39 0.0807 1.37 0.0935 1.33 0.1156 1.27 0.1611
SSR (All Sites) 0.3303 0.3307 0.3330 0.3426 0.3685 0.4373 0.6479
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Table 1 (5 of 6)

Calibration of global kw.

Kw=0.07 m/d Kw =0.08 m/d Kw =0.09 m/d Kw=0.1 m/d Kw = 0.5 m/d Kw=1m/d Kw = 1.5 m/d
Average Chlorine
Sample Node Number| Concentration . . . ) ) . .
Inflow/Route N in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Site (Oct 2011 Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Number Model) October 5, 2011 | Concentration Residual | Concentration | Residual | Concentration | Residual Concentration Residual Concentration Residual | Concentration | Residual Concentration Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000

4 4 1.87 1.88 0.0002 1.87 0.0001 1.87 0.0000 1.86 0.0000 1.77 0.0096 1.72 0.0206 1.70 0.0275

5 5 1.92 1.86 0.0029 1.86 0.0036 1.85 0.0043 1.85 0.0050 173 0.0349 1.68 0.0569 1.65 0.0692

Route 2 (West 6 6 1.89 1.82 0.0057 181 0.0074 1.80 0.0092 179 0.0111 1.60 0.0844 1.53 0.1330 1.50 0.1589
Side) 7 7 1.85 1.66 0.0379 1.64 0.0476 1.61 0.0575 1.59 0.0676 1.26 0.3527 1.15 0.4935 1.10 0.5601

8 8 1.77 1.55 0.0463 1.52 0.0606 1.50 0.0753 1.47 0.0903 1.07 0.4904 0.95 0.6695 0.90 0.7508

11 11 1.74 1.51 0.0505 1.48 0.0666 1.45 0.0833 1.42 0.1002 1.01 0.5331 0.89 0.7176 0.84 0.7999

12 12 1.36 1.30 0.0040 1.26 0.0104 1.23 0.0187 1.20 0.0283 0.78 0.3437 0.67 0.4773 0.63 0.5354

13 13 1.64 1.59 0.0022 1.58 0.0040 1.56 0.0060 1.55 0.0082 1.34 0.0924 1.26 0.1409 1.23 0.1651

15 15 1.68 1.64 0.0014 1.63 0.0026 1.61 0.0041 1.60 0.0059 1.36 0.1006 1.26 0.1749 1.21 0.2178

16 16 1.61 1.54 0.0051 1.52 0.0089 1.50 0.0133 1.48 0.0182 1.15 0.2195 1.03 0.3433 0.98 0.4075

18 18 1.49 1.43 0.0033 1.40 0.0078 1.37 0.0137 1.34 0.0204 0.95 0.2909 0.83 0.4343 0.78 0.5035

19 19 1.44 1.40 0.0019 1.37 0.0059 1.34 0.0113 1.31 0.0179 0.91 0.2904 0.79 0.4321 0.74 0.4997

Route 1 (West] 21 21 1.31 1.28 0.0011 1.24 0.0053 1.20 0.0118 1.17 0.0198 0.74 0.3288 0.63 0.4690 0.58 0.5324
Side) 22 22 1.23 1.22 0.0003 1.17 0.0034 1.14 0.0092 1.10 0.0169 0.67 0.3200 0.56 0.4515 0.52 0.5098

23 23 1.21 1.12 0.0086 1.07 0.0197 1.03 0.0334 0.99 0.0486 0.54 0.4524 0.44 0.5955 0.40 0.6550

24 24 117 1.01 0.0253 0.96 0.0442 0.92 0.0650 0.88 0.0868 0.43 0.5459 0.35 0.6844 0.31 0.7394

25 25 1.14 0.94 0.0375 0.89 0.0607 0.84 0.0854 0.80 0.1105 0.37 0.5821 0.29 0.7112 0.26 0.7612

26 26 1.13 0.92 0.0415 0.87 0.0659 0.83 0.0916 0.78 0.1177 0.36 0.5910 0.28 0.7174 0.25 0.7660

27 27 1.12 0.92 0.0396 0.86 0.0630 0.82 0.0877 0.78 0.1127 0.36 0.5701 0.28 0.6933 0.26 0.7406

30 30 1.83 1.85 0.0004 1.84 0.0002 1.83 0.0000 1.83 0.0000 1.69 0.0185 1.64 0.0365 1.61 0.0470

31 31 1.74 1.67 0.0040 1.65 0.0075 1.63 0.0117 1.61 0.0164 1.28 0.2064 1.18 0.3114 1.13 0.3619

Route 3 (East 32 32 1.75 1.40 0.1264 1.36 0.1539 1.33 0.1809 1.30 0.2072 0.89 0.7471 0.78 0.9457 0.74 1.0313
Side) 33 33 1.55 1.33 0.0453 1.29 0.0640 1.26 0.0835 1.22 0.1032 0.80 0.5488 0.70 0.7124 0.66 0.7819

34 34 1.37 1.34 0.0008 1.30 0.0051 1.26 0.0122 1.23 0.0212 0.76 0.3734 0.65 0.5240 0.61 0.5885

35 35 1.56 1.09 0.2241 1.04 0.2668 1.01 0.3073 0.97 0.3458 0.57 0.9873 0.48 1.1746 0.44 1.2493

36 36 1.67 1.22 0.2069 1.17 0.2520 1.13 0.2958 1.09 0.3379 0.63 1.0845 0.53 1.3080 0.49 1.3972

SSR (All Sites) 0.9232 1.2370 1.5723 1.9178 10.1988 13.4289 14.8569
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Table 1 (6 of 6)

Calibration of global kw.

Kw=2m/d Kw =3 m/d Kw =5 m/d Kw =10 m/d Kw =20 m/d Kw =50 m/d Kw =70 m/d Kw =100 m/d
Average Chlorine
Node Number| Concentration
Inflow/Route | Sample Site| in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (Oct 2011 Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) October 5,2011 | Concentration | Residual [ Concentration | Residual | Concentration | Residual [ Concentration | Residual [ Concentration | Residual | Concentration | Residual | Concentration Residual Concentration | Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 191 1.91 0.0000 191 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 191 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.69 0.0319 1.67 0.0374 1.66 0.0427 1.65 0.0473 1.64 0.0499 1.64 0.0515 1.64 0.0518 1.64 0.0520
5 5 1.92 1.64 0.0771 1.62 0.0864 1.61 0.0951 1.60 0.1026 1.59 0.1067 1.59 0.1093 1.59 0.1098 1.59 0.1102
Route 2 (West 6 6 1.89 1.48 0.1748 1.46 0.1932 1.44 0.2102 1.42 0.2245 1.41 0.2322 1.41 0.2370 141 0.2379 1.41 0.2386
Side) 7 7 1.85 1.08 0.5988 1.05 0.6419 1.03 0.6800 1.01 0.7110 1.00 0.7273 0.99 0.7374 0.99 0.7394 0.99 0.7409
8 8 1.77 0.88 0.7970 0.85 0.8477 0.83 0.8918 0.81 0.9272 0.80 0.9458 0.79 0.9572 0.79 0.9594 0.79 0.9610
11 11 1.74 0.82 0.8464 0.79 0.8971 0.77 0.9410 0.75 0.9761 0.74 0.9944 0.73 1.0056 0.73 1.0078 0.73 1.0094
12 12 1.36 0.61 0.5677 0.59 0.6027 0.57 0.6327 0.55 0.6565 0.55 0.6688 0.54 0.6764 0.54 0.6779 0.54 0.6789
13 13 1.64 1.22 0.1794 1.20 0.1957 118 0.2104 117 0.2225 1.16 0.2289 1.16 0.2329 1.16 0.2337 1.15 0.2343
15 15 1.68 1.18 0.2454 115 0.2787 112 0.3105 1.10 0.3383 1.08 0.3537 1.08 0.3634 1.07 0.3653 1.07 0.3667
16 16 1.61 0.95 0.4466 0.91 0.4919 0.88 0.5337 0.86 0.5689 0.85 0.5880 0.84 0.6000 0.84 0.6023 0.84 0.6040
18 18 1.49 0.75 0.5444 0.72 0.5904 0.69 0.6319 0.67 0.6661 0.66 0.6844 0.65 0.6958 0.65 0.6980 0.65 0.6996
19 19 1.44 0.71 0.5394 0.68 0.5840 0.65 0.6240 0.63 0.6569 0.62 0.6744 0.62 0.6853 0.62 0.6875 0.61 0.6890
Route 1 (West 21 21 1.31 0.56 0.5686 0.53 0.6086 0.51 0.6437 0.49 0.6722 0.48 0.6873 0.48 0.6966 0.48 0.6984 0.47 0.6997
Side) 22 22 1.23 0.50 0.5428 0.47 0.5790 0.45 0.6106 0.43 0.6361 0.43 0.6495 0.42 0.6578 0.42 0.6594 0.42 0.6606
23 23 121 0.38 0.6877 0.36 0.7226 0.34 0.7525 0.33 0.7762 0.32 0.7885 0.32 0.7960 0.32 0.7974 0.32 0.7985
24 24 117 0.30 0.7690 0.28 0.8003 0.26 0.8266 0.25 0.8472 0.25 0.8578 0.24 0.8643 0.24 0.8655 0.24 0.8665
25 25 114 0.25 0.7877 0.23 0.8155 0.22 0.8388 0.21 0.8569 0.21 0.8662 0.20 0.8718 0.20 0.8729 0.20 0.8737
26 26 1.13 0.24 0.7917 0.22 0.8186 0.21 0.8411 0.20 0.8585 0.20 0.8674 0.19 0.8729 0.19 0.8739 0.19 0.8747
27 27 1.12 0.24 0.7658 0.23 0.7920 0.21 0.8139 0.20 0.8310 0.20 0.8397 0.20 0.8450 0.20 0.8460 0.20 0.8468
30 30 1.83 1.60 0.0536 1.58 0.0616 1.56 0.0690 1.55 0.0755 1.55 0.0790 1.54 0.0812 1.54 0.0816 1.54 0.0820
31 31 1.74 1.11 0.3914 1.08 0.4244 1.06 0.4536 1.05 0.4775 1.04 0.4901 1.03 0.4979 1.03 0.4994 1.03 0.5006
Route 3 (East 32 32 1.75 0.71 1.0790 0.69 1.1305 0.67 1.1747 0.65 1.2099 0.64 1.2281 0.64 1.2393 0.64 1.2415 0.64 1.2431
Side) 33 33 1.55 0.64 0.8204 0.62 0.8618 0.60 0.8972 0.58 0.9252 0.58 0.9397 0.57 0.9486 0.57 0.9503 0.57 0.9516
34 34 1.37 0.58 0.6242 0.56 0.6625 0.54 0.6951 0.52 0.7209 0.52 0.7342 0.51 0.7424 0.51 0.7439 0.51 0.7451
35 35 1.56 0.43 1.2894 0.41 1.3317 0.39 1.3671 0.38 1.3947 0.37 1.4088 0.37 14174 0.37 1.4191 0.37 1.4203
36 36 1.67 0.47 1.4451 0.45 1.4955 0.43 1.5377 0.42 1.5706 0.41 1.5875 0.41 1.5977 0.41 1.5997 0.41 1.6011
SSR (All Sites) 15.6656 16.5516 17.3256 17.9502 18.2783 18.4807 18.5197 18.5491
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Table 2 (1 of 9)

Calibration of kw for west side of Study Area.

Kw =0 Kw =0.0001 m/d Kw = 0.0005 m/d Kw =0.001 m/d Kw =0.005 m/d Kw =0.01 m/d Kw =0.02 m/d
Node Number Average Chlorine
Inflow/Route |Sample Site| in SynerGEE Cuncgntratlon (After Simulated Simulated Simulated . N . . Simulated . N
Adjustment) on Simulated Chlorine Simulated Chlorine| Simulated Chlorine|
Number Number (Oct 2011 Chlorine Squared Chlorine Squared Chlorine Squared N Squared . Squared Chlorine Squared N Squared
October 5, 2011 - 3 y . . N Concentration 3 Concentration N . N Concentration .
Model) . Concentration Residual Concentration Residual Concentration Residual (mglL) Residual (mglL) Residual Concentration Residual (mgl) Residual
(o) (mg/L) (mg/L) (mg/L) 9 o (mg/L) 9

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000

4 4 1.87 1.92 0.0028 1.92 0.0027 1.92 0.0027 1.92 0.0027 1.91 0.0024 1.91 0.0021 1.91 0.0016

5 5 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.91 0.0000 1.91 0.0001 1.90 0.0003

Route 2 (West 6 6 1.89 1.91 0.0004 1.91 0.0004 1.91 0.0003 1.91 0.0003 191 0.0001 1.90 0.0000 1.88 0.0002
side) 7 7 1.85 1.90 0.0026 1.90 0.0026 1.90 0.0024 1.90 0.0021 1.88 0.0007 1.86 0.0000 1.81 0.0016

8 8 1.77 1.90 0.0165 1.90 0.0163 1.89 0.0155 1.89 0.0145 1.86 0.0083 1.83 0.0032 1.77 0.0000

11 11 1.74 1.90 0.0252 1.89 0.0250 1.89 0.0238 1.89 0.0225 1.85 0.0135 181 0.0060 175 0.0001

12 12 1.36 1.87 0.2524 1.86 0.2503 1.86 0.2420 1.85 0.2322 1.78 0.1706 1.71 0.1188 1.60 0.0571

13 13 1.64 1.88 0.0565 1.87 0.0556 1.87 0.0522 1.86 0.0483 1.81 0.0282 1.77 0.0159 1.71 0.0055

15 15 1.68 1.78 0.0103 1.78 0.0103 1.78 0.0100 1.78 0.0097 1.77 0.0076 1.75 0.0055 1.73 0.0026

16 16 1.61 1.78 0.0261 1.78 0.0259 1.77 0.0253 1.77 0.0245 1.75 0.0189 1.73 0.0133 1.69 0.0057

18 18 1.49 177 0.0816 1.77 0.0812 1.77 0.0794 1.76 0.0773 1.74 0.0619 1.70 0.0463 1.64 0.0241

19 19 1.44 177 0.1064 1.77 0.1059 1.77 0.1037 1.76 0.1010 1.73 0.0817 1.69 0.0621 1.63 0.0338

Route 1 (West 21 21 1.31 177 0.2059 1.76 0.2048 1.76 0.2006 1.75 0.1954 1.71 0.1580 1.66 0.1203 157 0.0667
Side) 22 22 1.23 1.76 0.2816 1.76 0.2801 1.76 0.2741 1.75 0.2668 1.70 0.2153 1.64 0.1641 154 0.0923

23 23 1.21 1.77 0.3119 1.77 0.3099 1.76 0.3022 1.75 0.2928 1.69 0.2270 1.61 0.1634 1.49 0.0793

24 24 1.17 1.76 0.3465 1.76 0.3440 1.75 0.3342 1.74 0.3223 1.66 0.2404 1.58 0.1637 1.43 0.0680

25 25 1.14 1.76 0.3851 1.76 0.3822 1.75 0.3705 1.73 0.3563 1.65 0.2597 1.55 0.1710 1.39 0.0647

26 26 1.13 1.76 0.3947 1.75 0.3916 1.74 0.3794 1.73 0.3646 1.64 0.2638 1.54 0.1720 1.38 0.0632

27 27 1.12 1.76 0.4161 1.76 0.4125 1.75 0.3985 1.73 0.3817 1.64 0.2708 1.53 0.1740 1.37 0.0632

30 30 1.83 1.91 0.0074 1.91 0.0073 1.91 0.0073 1.91 0.0072 1.91 0.0064 1.90 0.0055 1.89 0.0041

31 31 1.74 1.91 0.0294 1.91 0.0292 1.91 0.0286 1.90 0.0278 1.88 0.0220 1.86 0.0161 1.82 0.0075

Route 3 (East 32 32 1.75 1.88 0.0171 1.88 0.0168 1.88 0.0154 1.87 0.0137 1.82 0.0045 177 0.0002 1.67 0.0061
Side) 33 33 1.55 1.88 0.1127 1.88 0.1116 1.87 0.1072 1.86 0.1020 1.81 0.0682 174 0.0396 1.64 0.0093

34 34 1.37 1.88 0.2596 1.88 0.2582 1.87 0.2525 1.87 0.2457 1.82 0.1983 176 0.1511 1.66 0.0845

35 35 1.56 1.85 0.0817 1.84 0.0797 1.83 0.0723 1.81 0.0638 1.71 0.0208 1.60 0.0018 1.45 0.0112

36 36 1.67 1.87 0.0398 1.87 0.0390 1.86 0.0361 1.85 0.0327 1.78 0.0127 171 0.0015 1.59 0.0072

SSR (West Side Only) 2.9228 2.9012 2.8168 2.7152 2.0289 1.4019 0.6300
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Table 2 (2 of 9)

Calibration of kw for west side of Study Area.

Kw =0.03 m/d Kw = 0.035 m/d Kw =0.037 m/d Kw =0.0375 m/d Kw =0.0376 m/d Kw =0.0377 m/d Kw =0.0378 m/d

Inflow/Route | Sample Site | in SynerGEE (After Adjustment) |Simulated Chlorine| Simulated Chlorine Slmula.ted Simulated Chlorine] Slmule%ted Slmula.ted Simulated Chlorine

Number Number (Oct 2011 . Squared . Squared Chlorine Squared N Squared Chlorine Squared Chlorine Squared N Squared
on October 5,2011| Concentration - Concentration N 8 - Concentration - . - . N Concentration -
Model) (mg/L)‘ (mglL) Residual (mgl)) Residual Concentration Residual (mglL) Residual Concentration Residual Concentration Residual (mglL) Residual
(mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.90 0.0012 1.90 0.0010 1.90 0.0009 1.90 0.0009 1.90 0.0009 1.89 0.0009 1.89 0.0009
5 5 1.92 1.89 0.0007 1.89 0.0009 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0011
Route 2 (West 6 6 1.89 1.87 0.0007 1.86 0.0011 1.86 0.0013 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014
Side) 7 7 1.85 1.78 0.0060 1.76 0.0090 1.75 0.0103 1.75 0.0106 1.75 0.0107 1.75 0.0107 1.75 0.0108
8 8 1.77 1.71 0.0032 1.69 0.0064 1.68 0.0080 1.68 0.0084 1.68 0.0085 1.68 0.0085 1.68 0.0086
11 11 1.74 1.69 0.0024 1.66 0.0058 1.65 0.0074 1.65 0.0079 1.65 0.0080 1.65 0.0081 1.65 0.0081
12 12 1.36 1.52 0.0245 1.49 0.0147 1.47 0.0116 147 0.0109 147 0.0108 1.47 0.0107 147 0.0105
13 13 1.64 1.68 0.0015 1.66 0.0006 1.66 0.0004 1.66 0.0003 1.66 0.0003 1.66 0.0003 1.66 0.0003
15 15 1.68 1.71 0.0009 1.70 0.0004 1.70 0.0003 1.69 0.0003 1.69 0.0003 1.69 0.0002 1.69 0.0002
16 16 1.61 1.66 0.0016 1.64 0.0006 1.63 0.0003 1.63 0.0003 1.63 0.0003 1.63 0.0002 1.63 0.0002
18 18 149 1.59 0.0105 1.56 0.0062 1.56 0.0048 1.55 0.0045 155 0.0044 1.55 0.0044 1.55 0.0043
19 19 1.44 1.57 0.0161 1.55 0.0102 1.54 0.0083 1.53 0.0079 1.53 0.0078 1.53 0.0077 1.53 0.0076
Route 1 (West 21 21 1.31 1.49 0.0334 1.46 0.0223 1.45 0.0186 1.44 0.0178 1.44 0.0176 1.44 0.0174 1.44 0.0173
Side) 22 22 1.23 1.45 0.0481 1.41 0.0331 1.40 0.0282 1.40 0.0270 1.40 0.0268 1.40 0.0266 1.39 0.0263
23 23 121 1.39 0.0326 1.35 0.0186 1.33 0.0143 1.33 0.0134 132 0.0132 1.32 0.0130 1.32 0.0128
24 24 117 1.32 0.0209 1.27 0.0089 1.25 0.0057 1.24 0.0050 1.24 0.0049 1.24 0.0048 1.24 0.0047
25 25 1.14 1.26 0.0163 1.21 0.0054 1.19 0.0029 1.19 0.0024 1.18 0.0023 1.18 0.0022 1.18 0.0021
26 26 1.13 1.25 0.0149 1.19 0.0045 1.17 0.0022 117 0.0017 1.17 0.0016 1.17 0.0016 1.17 0.0015
27 27 112 1.24 0.0150 1.18 0.0046 1.16 0.0023 1.16 0.0018 1.16 0.0017 1.16 0.0017 1.16 0.0016
30 30 1.83 1.88 0.0029 1.88 0.0024 1.87 0.0022 1.87 0.0022 1.87 0.0022 1.87 0.0022 1.87 0.0022
31 31 174 179 0.0026 177 0.0012 1.76 0.0008 176 0.0007 1.76 0.0007 1.76 0.0007 1.76 0.0006
Route 3 (East 32 32 1.75 1.60 0.0230 1.57 0.0339 1.56 0.0386 1.55 0.0398 1.55 0.0400 1.55 0.0402 1.55 0.0405
Side) 33 33 1.55 1.56 0.0002 1.52 0.0005 1.51 0.0013 151 0.0016 1.50 0.0017 1.50 0.0017 1.50 0.0018
34 34 137 1.58 0.0432 1.54 0.0292 1.53 0.0246 1.53 0.0235 1.52 0.0233 1.52 0.0231 1.52 0.0229
35 35 1.56 1.35 0.0455 1.30 0.0664 1.29 0.0751 1.28 0.0773 1.28 0.0777 1.28 0.0782 1.28 0.0786
36 36 1.67 1.49 0.0343 144 0.0524 143 0.0602 142 0.0621 142 0.0625 1.42 0.0629 1.42 0.0633
SSR g’xf;)‘ Side 0.2506 0.1543 0.1288 0.1234 0.1224 01214 0.1204
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Table 2 (3 0f 9)

Calibration of kw for west side of Study Area.

Kw = 0.0379 m/d Kw =0.038 m/d Kw =0.0381 m/d Kw =0.0382 m/d Kw = 0.0383 m/d Kw =0.0384 m/d Kw = 0.0385 m/d
Node Number Average Chlgrine
Inflow/Route |Sample Site| in SynerGEE Concen_trauon " . Simulated . . . . . . ’ . . .
(After Adjustment) | Simulated Chlorine N Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine
Number Number (Gct 2011 Concentration Squ.ared Chlormg Sqqared Concentration SqL{ared Concentration SqL{ared Concentration Squ.ared Concentration Sqqared Concentration Sqqared
Model) on October 5, 2011 Residual Concentration Residual Residual Residual Residual Residual Residual
(mg/L) (/L) i) (mg/L) (mg/L) (mg/L) (mglL) (mglL)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 1.87 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0009
5 5 1.92 1.89 0.0011 1.89 0.0011 1.89 0.0011 1.89 0.0011 1.89 0.0011 1.89 0.0011 1.88 0.0011
Route 2 (West 6 6 1.89 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014 1.86 0.0014
Side) 7 7 1.85 1.75 0.0109 1.75 0.0109 1.75 0.0110 1.75 0.0111 1.75 0.0112 1.75 0.0112 1.75 0.0113
8 8 1.77 1.68 0.0087 1.68 0.0088 1.68 0.0089 1.68 0.0090 167 0.0090 1.67 0.0091 1.67 0.0092
11 11 1.74 1.65 0.0082 1.64 0.0083 1.64 0.0084 1.64 0.0085 1.64 0.0086 1.64 0.0087 1.64 0.0088
12 12 1.36 147 0.0104 147 0.0103 147 0.0101 1.46 0.0100 1.46 0.0099 1.46 0.0098 1.46 0.0096
13 13 1.64 1.66 0.0003 1.66 0.0003 1.66 0.0003 1.66 0.0003 1.66 0.0003 1.65 0.0003 1.65 0.0002
15 15 1.68 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002
16 16 161 163 0.0002 1.63 0.0002 1.63 0.0002 1.63 0.0002 1.63 0.0002 1.63 0.0002 1.63 0.0002
18 18 1.49 1.55 0.0043 1.55 0.0042 1.55 0.0041 1.55 0.0041 1.55 0.0040 1.55 0.0040 1.55 0.0039
19 19 144 153 0.0075 153 0.0075 153 0.0074 1.53 0.0073 1.53 0.0072 153 0.0071 1.53 0.0070
Route 1 (West 21 21 131 1.44 0.0171 1.44 0.0169 1.44 0.0168 1.44 0.0166 1.44 0.0164 1.44 0.0163 1.44 0.0161
Side) 22 22 123 139 0.0261 139 0.0259 139 0.0257 1.39 0.0255 1.39 0.0252 139 0.0250 1.39 0.0248
23 23 1.21 1.32 0.0126 1.32 0.0125 1.32 0.0123 1.32 0.0121 1.32 0.0119 1.32 0.0117 1.32 0.0116
24 24 117 124 0.0045 1.24 0.0044 124 0.0043 1.24 0.0042 1.24 0.0041 124 0.0040 1.24 0.0038
25 25 1.14 1.18 0.0020 1.18 0.0019 1.18 0.0018 1.18 0.0018 1.18 0.0017 1.18 0.0016 1.18 0.0015
26 26 113 117 0.0014 1.16 0.0013 1.16 0.0013 1.16 0.0012 1.16 0.0011 1.16 0.0011 1.16 0.0010
27 27 112 115 0.0015 115 0.0014 115 0.0014 1.15 0.0013 1.15 0.0012 115 0.0011 1.15 0.0011
30 30 1.83 1.87 0.0022 1.87 0.0022 1.87 0.0022 1.87 0.0021 1.87 0.0021 1.87 0.0021 1.87 0.0021
31 31 174 1.76 0.0006 1.76 0.0006 176 0.0006 176 0.0006 176 0.0006 176 0.0005 176 0.0005
Route 3 (East 32 32 1.75 L= 0.0407 1.55 0.0410 1.55 0.0412 1.55 0.0414 1.55 0.0417 1.55 0.0419 1.55 0.0422
Side) 33 33 1.55 1.50 0.0018 1.50 0.0019 1.50 0.0019 1.50 0.0020 1.50 0.0021 1.50 0.0021 1.50 0.0022
34 34 1.37 152 0.0227 1.52 0.0225 152 0.0223 152 0.0221 152 0.0219 1.52 0.0217 152 0.0215
35 35 1.56 1.28 0.0791 1.28 0.0795 1.28 0.0800 1.28 0.0804 1.28 0.0808 1.28 0.0813 1.27 0.0817
36 36 1.67 142 0.0637 142 0.0642 1.42 0.0646 142 0.0650 142 0.0654 141 0.0658 141 0.0662
SSR g";leys)t Side 0.1194 0.1184 01175 0.1165 0.1156 0.1147 0.1138
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Table 2 (4 of 9)

Calibration of kw for west side of Study Area.

Kw = 0.0386 m/d Kw =0.039 m/d Kw =0.04 m/d Kw =0.042 m/d Kw =0.043 m/d Kw =0.044 m/d Kw = 0.0445 m/d
Noge Numper| 08 CLCTTe
Inflow/Route | Sample Site | in SynerGEE (After Adjustment)|Simulated Chlorine| Simulated Chlorine Simulated Chlorine Simulated Chlorine Chlorine| Simulated Chlorine Slmula.ted
Number Number (Oct 2011 Concentration Squvared Concentration Squ.ared Concentration Squ.ared Concentration Squfired Concentration Squvared Concentration Squgred Chlurmg Squgred
Model) on October 5, 2011 Residual Residual Residual Residual Residual Residual Concentration Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (/L) (mglL) )

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000

4 4 1.87 1.89 0.0009 1.89 0.0009 1.89 0.0008 1.89 0.0008 1.89 0.0007 1.89 0.0007 1.89 0.0007

5 5 1.92 1.88 0.0011 1.88 0.0011 1.88 0.0012 1.88 0.0013 1.88 0.0013 1.88 0.0014 1.88 0.0014

Route 2 (West 6 6 1.89 1.86 0.0015 1.86 0.0015 1.85 0.0016 1.85 0.0018 1.85 0.0019 1.85 0.0020 1.85 0.0021
Side) 7 7 1.85 1.75 0.0114 1.75 0.0116 1.74 0.0123 1.74 0.0138 1.73 0.0145 1.73 0.0153 1.73 0.0157

8 8 177 167 0.0093 167 0.0096 1.67 0.0105 1.66 0.0124 1.65 0.0134 1.65 0.0143 1.65 0.0148

11 11 1.74 1.64 0.0089 1.64 0.0092 1.64 0.0102 1.63 0.0122 1.62 0.0133 1.62 0.0144 1.61 0.0150

12 12 1.36 1.46 0.0095 1.46 0.0090 145 0.0079 144 0.0058 143 0.0050 143 0.0042 143 0.0038

13 13 1.64 1.65 0.0002 1.65 0.0002 1.65 0.0001 1.65 0.0001 1.64 0.0000 1.64 0.0000 1.64 0.0000

15 15 1.68 1.69 0.0002 1.69 0.0002 1.69 0.0001 1.69 0.0001 1.68 0.0000 1.68 0.0000 1.68 0.0000

16 16 1.61 1.63 0.0002 1.63 0.0001 1.62 0.0001 1.62 0.0000 1.61 0.0000 161 0.0000 161 0.0000

18 18 1.49 1.55 0.0039 1.55 0.0036 1.54 0.0031 1.53 0.0022 1.53 0.0018 1.52 0.0015 1.52 0.0013

19 19 144 153 0.0070 153 0.0066 152 0.0059 151 0.0045 151 0.0040 1.50 0.0034 1.50 0.0031

Route 1 (West 21 21 131 1.44 0.0160 1.44 0.0154 143 0.0139 142 0.0112 141 0.0100 141 0.0089 1.40 0.0083
Side) 22 22 123 139 0.0246 139 0.0238 1.38 0.0217 137 0.0180 1.36 0.0164 135 0.0148 1.35 0.0140

23 23 1.21 1.32 0.0114 131 0.0107 131 0.0092 1.29 0.0065 1.28 0.0053 1.28 0.0043 1.27 0.0038

24 24 117 123 0.0037 123 0.0033 122 0.0024 121 0.0010 120 0.0005 119 0.0002 1.18 0.0001

25 25 1.14 1.17 0.0014 1.17 0.0012 1.16 0.0006 1.14 0.0000 1.13 0.0000 1.13 0.0001 1.12 0.0002

26 26 113 1.16 0.0009 115 0.0007 114 0.0003 113 0.0000 112 0.0001 111 0.0004 1.10 0.0006

27 27 112 1.15 0.0010 114 0.0008 113 0.0003 112 0.0000 111 0.0001 110 0.0003 1.09 0.0005

30 30 1.83 1.87 0.0021 1.87 0.0021 1.87 0.0020 1.87 0.0018 1.87 0.0018 1.87 0.0017 1.87 0.0016

31 31 1.74 176 0.0005 176 0.0005 175 0.0003 1.75 0.0001 1.75 0.0001 1.74 0.0000 174 0.0000

Route 3 (East 32 32 75 1.55 0.0424 1.54 0.0434 1.54 0.0458 1.53 0.0508 1.52 0.0533 1.52 0.0559 1.51 0.0572
Side) 33 33 jI855] 1.50 0.0022 1.50 0.0025 1.49 0.0032 148 0.0048 147 0.0056 1.46 0.0066 1.46 0.0071

34 34 137 152 0.0213 152 0.0205 151 0.0186 1.50 0.0152 1.49 0.0137 148 0.0123 148 0.0116

35 35 1.56 1.27 0.0822 1.27 0.0840 1.26 0.0884 1725 0.0975 1.24 0.1020 1.23 0.1066 1.23 0.1088

36 36 1.67 141 0.0666 141 0.0682 1.40 0.0723 1.39 0.0807 1.38 0.0849 1.37 0.0892 137 0.0914

SSR g’zleys)t Side 01130 0.1096 0.1023 0.0917 0.0883 0.0862 0.0855
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Table 2 (5 0f 9)

Calibration of kw for west side of Study Area.

Node Number

Average Chlorine

Kw = 0.0446 m/d

Kw = 0.0447 m/d

Kw = 0.0448 m/d

Kw = 0.0449 m/d

Kw =0.045 m/d

Kw = 0.0451 m/d

Kw = 0.0452 m/d

Only)

Inflow/Route Sample in SynerGEE Concen.tratlon " : " : " : " : " ; " : " :

Site (After Adjustment) | Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine
Number (Oct 2011 . Squared . Squared N Squared . Squared . Squared N Squared . Squared
Number Model) on October 5, 2011  Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 191 0.0000 191 0.0000 191 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.89 0.0007 1.89 0.0007 1.89 0.0007 1.89 0.0007 1.89 0.0007 1.89 0.0007 1.89 0.0007
5 5 1.92 1.88 0.0014 1.88 0.0014 1.88 0.0014 1.88 0.0014 1.88 0.0014 1.88 0.0014 1.88 0.0014
Route 2 (West 6 6 1.89 185 0.0021 1.85 0.0021 1.85 0.0021 1.85 0.0021 1.85 0.0021 1.85 0.0022 185 0.0022
Side) 7 7 185 173 0.0157 173 0.0158 173 0.0159 173 0.0160 173 0.0160 173 0.0161 173 0.0162
8 8 177 1.65 0.0149 1.65 0.0150 1.65 0.0152 1.65 0.0153 1.65 0.0154 1.65 0.0155 1.64 0.0156
11 11 174 1.61 0.0151 1.61 0.0152 161 0.0153 161 0.0154 1.61 0.0155 1.61 0.0156 1.61 0.0157
12 12 1.36 1.43 0.0037 142 0.0037 142 0.0036 142 0.0035 142 0.0034 142 0.0034 1.42 0.0033
13 13 1.64 1.64 0.0000 1.64 0.0000 1.64 0.0000 1.64 0.0000 1.64 0.0000 1.64 0.0000 1.64 0.0000
15 15 1.68 1.68 0.0000 1.68 0.0000 1.68 0.0000 1.68 0.0000 1.68 0.0000 1.68 0.0000 1.68 0.0000
16 16 1.61 1.61 0.0000 1.61 0.0000 1.61 0.0000 1.61 0.0000 1.61 0.0000 1.61 0.0000 1.61 0.0000
18 18 1.49 152 0.0013 152 0.0013 152 0.0012 152 0.0012 152 0.0012 152 0.0012 152 0.0011
19 19 144 1.50 0.0031 1.50 0.0030 1.50 0.0030 150 0.0029 150 0.0029 1.50 0.0029 1.50 0.0028
Route 1 (West 21 21 131 1.40 0.0082 140 0.0081 140 0.0080 140 0.0079 140 0.0078 140 0.0077 1.40 0.0076
Side) 22 22 1.23 1.35 0.0139 1.35 0.0137 135 0.0136 1.35 0.0134 1.35 0.0133 135 0.0132 1.35 0.0130
23 23 121 1.27 0.0037 1.27 0.0037 1.27 0.0036 1.27 0.0035 1.27 0.0034 1.27 0.0033 1.27 0.0032
24 24 117 1.18 0.0001 1.18 0.0001 1.18 0.0001 1.18 0.0001 118 0.0000 1.18 0.0000 1.18 0.0000
25 25 1.14 112 0.0003 1.12 0.0003 1.12 0.0003 112 0.0004 112 0.0004 1.12 0.0004 112 0.0005
26 26 1.13 1.10 0.0006 1.10 0.0006 1.10 0.0007 1.10 0.0007 1.10 0.0008 1.10 0.0008 1.10 0.0009
27 27 112 1.09 0.0005 1.09 0.0006 1.09 0.0006 1.09 0.0006 1.09 0.0007 1.09 0.0007 1.09 0.0008
30 30 1.83 1.87 0.0016 1.87 0.0016 1.87 0.0016 1.87 0.0016 1.87 0.0016 1.87 0.0016 1.87 0.0016
31 31 174 1.74 0.0000 1.74 0.0000 174 0.0000 1.74 0.0000 1.74 0.0000 174 0.0000 1.74 0.0000
Route 3 (East 32 32 75 1.51 0.0574 151 0.0577 AL 0.0579 1.51 0.0582 151 0.0585 AL 0.0587 1.51 0.0590
Side) 33 33 1.55 1.46 0.0072 1.46 0.0073 1.46 0.0074 1.46 0.0075 1.46 0.0076 1.46 0.0077 1.46 0.0078
34 34 1.37 1.48 0.0114 1.48 0.0113 1.48 0.0112 1.48 0.0111 1.48 0.0109 1.48 0.0108 1.48 0.0107
35 35 1.56 123 0.1093 1.23 0.1098 123 0.1102 1.23 0.1107 1.23 0.1111 1.23 0.1116 1.23 0.1120
36 36 1.67 1.37 0.0918 137 0.0922 137 0.0927 1.37 0.0931 137 0.0935 1.36 0.0940 1.36 0.0944
SSR (et Side 0.0854 0.0854 0.0853 0.0852 0.0852 0.0851259 0.0850968
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Table 2 (6 of 9)

Calibration of kw for west side of Study Area.

Average Chlorine

Kw = 0.0453 m/d

Kw = 0.0454 m/d

Kw = 0.0455 m/d

Kw = 0.0456 m/d

Kw = 0.0457 m/d

Kw =0.0458 m/d

Kw =0.046 m/d

Only)

Node Number N
Inflow/Route | Sample Site| in SynerGEE Concen.tratlon " ; " ; " : " : " ; " ; " ;
(After Adjustment)| Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine
Number Number (Gct 2011 Concentration Squ.ared Concentration Squ.ared Concentration Sql{ared Concentration Squ.ared Concentration SqL{ared Concentration Sqn{ared Concentration SqL{ared
Model) on October 5, Residual Residual Residual Residual Residual Residual Residual
2011 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 1.87 1.89 0.0007 1.89 0.0007 1.89 0.0007 1.89 0.0007 1.89 0.0007 1.89 0.0007 1.89 0.0006
5 5 1.92 1.88 0.0014 1.88 0.0014 1.88 0.0014 1.88 0.0014 1.88 0.0014 1.88 0.0015 1.88 0.0015
Route 2 (West 6 6 1.89 1.85 0.0022 1.85 0.0022 1.85 0.0022 1.85 0.0022 1.85 0.0022 1.85 0.0022 1.85 0.0023
Side) 7 7 1.85 1.73 0.0163 1.73 0.0163 1.73 0.0164 172 0.0165 1.72 0.0166 1.72 0.0167 1.72 0.0168
8 8 1.77 1.64 0.0157 1.64 0.0158 1.64 0.0159 1.64 0.0160 1.64 0.0161 1.64 0.0162 1.64 0.0164
11 11 1.74 1.61 0.0159 1.61 0.0160 161 0.0161 1.61 0.0162 161 0.0163 161 0.0164 1.61 0.0167
12 12 1.36 142 0.0032 142 0.0032 142 0.0031 142 0.0031 142 0.0030 1.42 0.0029 142 0.0028
13 13 1.64 1.64 0.0000 1.64 0.0000 1.64 0.0000 1.64 0.0000 1.64 0.0000 1.64 0.0000 1.64 0.0000
15 15 1.68 1.68 0.0000 1.68 0.0000 1.68 0.0000 1.68 0.0000 1.68 0.0000 1.68 0.0000 1.68 0.0000
16 16 1.61 1.61 0.0001 1.61 0.0001 1.61 0.0001 1.61 0.0001 1.61 0.0001 1.61 0.0001 1.61 0.0001
18 18 1.49 152 0.0011 152 0.0011 152 0.0010 152 0.0010 152 0.0010 152 0.0010 152 0.0009
19 19 1.44 1.50 0.0028 1.50 0.0027 1.50 0.0027 1.50 0.0026 1.50 0.0026 1.49 0.0025 149 0.0024
Route 1 (West 21 21 131 1.40 0.0075 1.40 0.0074 140 0.0073 1.40 0.0072 1.40 0.0072 1.40 0.0071 1.39 0.0069
Side) 22 22 1.23 1.35 0.0129 1.35 0.0127 1.34 0.0126 1.34 0.0125 1.34 0.0123 1.34 0.0122 1.34 0.0119
23 23 1.21 1.27 0.0031 1.27 0.0031 1.26 0.0030 1.26 0.0029 1.26 0.0028 1.26 0.0028 1.26 0.0026
24 24 117 1.18 0.0000 1.18 0.0000 1.18 0.0000 1.18 0.0000 1.17 0.0000 1.17 0.0000 1.17 0.0000
25 25 114 111 0.0005 111 0.0005 111 0.0006 111 0.0006 111 0.0007 111 0.0007 111 0.0008
26 26 113 110 0.0009 110 0.0010 1.10 0.0010 1.09 0.0011 1.09 0.0012 1.09 0.0012 1.09 0.0013
27 27 1.12 1.09 0.0008 1.09 0.0009 1.09 0.0009 1.08 0.0010 1.08 0.0010 1.08 0.0011 1.08 0.0012
30 30 1.83 1.87 0.0016 1.87 0.0016 1.87 0.0016 1.87 0.0016 1.87 0.0016 1.87 0.0016 1.87 0.0015
31 31 174 1.74 0.0000 174 0.0000 174 0.0000 174 0.0000 174 0.0000 174 0.0000 174 0.0000
Route 3 (East 32 32 1.75 151 0.0592 151 0.0595 151 0.0598 151 0.0600 151 0.0603 151 0.0605 151 0.0611
Side) 33 88 1.55 1.46 0.0079 1.46 0.0080 1.46 0.0081 145 0.0082 1.45 0.0083 1.45 0.0085 1.45 0.0087
34 34 1.37 147 0.0105 1.47 0.0104 147 0.0103 147 0.0102 147 0.0100 1.47 0.0099 147 0.0097
B5) 35 1.56 1.23 0.1125 1.22 0.1130 1.22 0.1134 1.22 0.1139 1.22 0.1143 1.22 0.1148 1.22 0.1157
36 36 167 136 0.0948 1.36 0.0953 1.36 0.0957 1.36 0.0962 136 0.0966 1.36 0.0970 136 0.0979
SSR (West Side 0.0850787 0.0850719 0.0850751 0.0850899 0.0851145 0.0852 0.0853
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Table 2 (7 of 9)

Calibration of kw for west side of Study Area.

Kw = 0.047 m/d Kw = 0.05 m/d Kw = 0.06 m/d Kw =0.07 m/d Kw =0.08 m/d Kw =0.09 m/d Kw =0.1 m/d
Average Chlorine
Node Number | Concentration

Inflow/Route | Sample Site | in SynerGEE . (After Simulated Chlorine| Slmule?ted Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Slmula.ted
Number Number (Oct 2011 Adjustment) on Concentration Squfired Chlormg Squ.ared Concentration Squ.ared Concentration Squ_ared Concentration Squ_ared Concentration Squ.ared Chlormg Squ_ared
Model) October 5, 2011 (mglL) Residual Concentration Residual (mglL) Residual (mglL) Residual (mglL) Residual (mglL) Residual Concentration Residual

(mg/L) (mg/L) (mg/L)

Inflow 1 1 1 192 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 1.91 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 1.87 1.89 0.0006 1.89 0.0005 1.88 0.0003 1.88 0.0002 1.87 0.0001 1.87 0.0000 1.86 0.0000
5 5 192 1.88 0.0015 1.88 0.0017 1.87 0.0023 1.86 0.0029 1.86 0.0036 1.85 0.0043 1.85 0.0050
Route 2 (West 6 6 1.89 1.85 0.0024 1.84 0.0028 1.83 0.0041 1.82 0.0057 1.81 0.0074 1.80 0.0092 1.79 0.0111
Side) 7 7 1.85 1.72 0.0176 1.71 0.0200 1.68 0.0286 1.66 0.0379 1.64 0.0476 1.61 0.0575 1.59 0.0676
8 8 177 1.64 0.0175 1.63 0.0208 1.59 0.0329 1.55 0.0463 1.52 0.0606 1.50 0.0753 1.47 0.0903
11 11 1.74 1.60 0.0179 1.59 0.0215 1.55 0.0352 1.51 0.0505 1.48 0.0666 1.45 0.0833 1.42 0.1002
12 12 1.36 141 0.0022 140 0.0010 1.35 0.0004 1.30 0.0040 1.26 0.0104 1.23 0.0187 1.20 0.0283
13 13 1.64 1.63 0.0000 1.63 0.0001 1.61 0.0009 1.59 0.0022 1.58 0.0040 1.56 0.0060 1.55 0.0082
15 15 1.68 1.68 0.0000 1.67 0.0000 1.66 0.0005 1.64 0.0014 1.63 0.0026 1.61 0.0041 1.60 0.0059
16 16 1.61 1.60 0.0001 1.59 0.0004 1.57 0.0022 1.54 0.0051 1.52 0.0089 1.50 0.0133 1.48 0.0182
18 18 149 151 0.0007 1.50 0.0002 1.46 0.0005 1.43 0.0033 1.40 0.0078 137 0.0137 134 0.0204
19 19 1.44 1.49 0.0020 1.48 0.0010 1.44 0.0001 1.40 0.0019 1.37 0.0059 1.34 0.0113 131 0.0179
Route 1 (West 21 21 131 139 0.0060 137 0.0037 132 0.0001 1.28 0.0011 124 0.0053 120 0.0118 117 0.0198
Side) 22 22 1.23 1.34 0.0106 132 0.0073 1.26 0.0010 1.22 0.0003 117 0.0034 114 0.0092 1.10 0.0169
23 23 121 1.25 0.0019 1.23 0.0006 1.17 0.0015 1.12 0.0086 1.07 0.0197 1.03 0.0334 0.99 0.0486
24 24 117 1.16 0.0001 114 0.0010 1.07 0.0100 1.01 0.0253 0.96 0.0442 0.92 0.0650 0.88 0.0868
25 25 1.14 1.10 0.0013 1.08 0.0037 1.00 0.0175 0.94 0.0375 0.89 0.0607 0.84 0.0854 0.80 0.1105
26 26 113 1.08 0.0020 1.06 0.0048 0.99 0.0202 0.92 0.0415 0.87 0.0659 0.83 0.0916 0.78 0.1177
27 27 1.12 1.07 0.0018 1.05 0.0045 0.98 0.0191 0.92 0.0396 0.86 0.0630 0.82 0.0877 0.78 0.1127
30 30 1.83 1.87 0.0015 1.86 0.0013 1.85 0.0008 1.85 0.0004 1.84 0.0002 1.83 0.0000 1.83 0.0000
31 31 1.74 1.73 0.0000 il 774 0.0001 1.70 0.0015 1.67 0.0040 1.65 0.0075 1.63 0.0117 1.61 0.0164
Route 3 (East 32 32 175 1.50 0.0637 1.49 0.0716 1.44 0.0988 1.40 0.1264 1.36 0.1539 1.33 0.1809 1.30 0.2072
Side) 33 33 1.55 1.45 0.0098 1.43 0.0134 1.38 0.0281 1.33 0.0453 1.29 0.0640 1.26 0.0835 1.22 0.1032
34 34 137 1.46 0.0085 1.45 0.0056 1.39 0.0004 1.34 0.0008 1.30 0.0051 1.26 0.0122 1.23 0.0212
35 35 1.56 121 0.1203 il 1l 0.1341 1.14 0.1797 1.09 0.2241 1.04 0.2668 1.01 0.3073 0.97 0.3458
36 36 167 135 0.1023 1.33 0.1156 127 0.1611 122 0.2069 117 0.2520 113 0.2958 1.09 0.3379
SSR g"n’f;; Side 0.0864 0.0956 0.1776 0.3152 0.4876 0.6809 0.8862
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Table 2 (8 of 9)

Calibration of kw for west side of Study Area.

Kw = 0.5 m/d Kw =1 m/d Kw = 1.5 m/d Kw =2 m/d Kw =3 m/d Kw =5 m/d Kw =10 m/d
Average Chlorine
Node Number |  Concentration

Inflow/Route Sample Site | in SynerGEE . (After Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Slmula}ted Simulated Chlorine Simulated Chlorine|
Number Number (Oct 2011 Adjustment) on Concentration Squared Concentration Sqqared Concentration Sqqared Concentration Sqqared Chlormg Sql{ared Concentration Sql{ared Concentration Squared
Model) October 5, 2011 (mglL) Residual (mglL) Residual (mglL) Residual (mglL) Residual Concentration Residual (mglL) Residual (mglL) Residual

(mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 176 0.0000 176 0.0000 1.76 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 1.87 1.77 0.0096 1.72 0.0206 1.70 0.0275 1.69 0.0319 1.67 0.0374 1.66 0.0427 1.65 0.0473
5 5 1.92 1.73 0.0349 1.68 0.0569 1.65 0.0692 1.64 0.0771 1.62 0.0864 1.61 0.0951 1.60 0.1026
Route 2 (West 6 6 1.89 1.60 0.0844 1.53 0.1330 1.50 0.1589 1.48 0.1748 1.46 0.1932 1.44 0.2102 142 0.2245
Side) 7 7 1.85 1.26 0.3527 115 0.4935 110 0.5601 1.08 0.5988 1.05 0.6419 1.03 0.6800 1.01 0.7110
8 8 177 1.07 0.4904 0.95 0.6695 0.90 0.7508 0.88 0.7970 0.85 0.8477 0.83 0.8918 0.81 0.9272
11 11 1.74 1.01 0.5331 0.89 0.7176 0.84 0.7999 0.82 0.8464 0.79 0.8971 0.77 0.9410 0.75 0.9761
12 12 1.36 0.78 0.3437 0.67 0.4773 0.63 0.5354 0.61 0.5677 0.59 0.6027 0.57 0.6327 0.55 0.6565
13 13 1.64 1.34 0.0924 1.26 0.1409 1.23 0.1651 1.22 0.1794 1.20 0.1957 1.18 0.2104 117 0.2225
15 15 1.68 1.36 0.1006 1.26 0.1749 121 0.2178 118 0.2454 115 0.2787 112 0.3105 110 0.3383
16 16 1.61 115 0.2195 1.03 0.3433 0.98 0.4075 0.95 0.4466 0.91 0.4919 0.88 0.5337 0.86 0.5689
18 18 1.49 0.95 0.2909 0.83 0.4343 0.78 0.5035 0.75 0.5444 0.72 0.5904 0.69 0.6319 0.67 0.6661
19 19 1.44 0.91 0.2904 0.79 0.4321 0.74 0.4997 0.71 0.5394 0.68 0.5840 0.65 0.6240 0.63 0.6569
Route 1 (West 21 21 131 0.74 0.3288 0.63 0.4690 0.58 0.5324 0.56 0.5686 0.53 0.6086 0.51 0.6437 0.49 0.6722
Side) 22 22 1.23 0.67 0.3200 0.56 0.4515 0.52 0.5098 0.50 0.5428 0.47 0.5790 0.45 0.6106 0.43 0.6361
23 23 121 0.54 0.4524 0.44 0.5955 0.40 0.6550 0.38 0.6877 0.36 0.7226 0.34 0.7525 0.33 0.7762
24 24 1.17 0.43 0.5459 0.35 0.6844 0.31 0.7394 0.30 0.7690 0.28 0.8003 0.26 0.8266 0.25 0.8472
25 25 1.14 0.37 0.5821 0.29 0.7112 0.26 0.7612 0.25 0.7877 0.23 0.8155 0.22 0.8388 0.21 0.8569
26 26 113 0.36 0.5910 0.28 0.7174 0.25 0.7660 0.24 0.7917 0.22 0.8186 0.21 0.8411 0.20 0.8585
27 27 112 0.36 0.5701 0.28 0.6933 0.26 0.7406 0.24 0.7658 0.23 0.7920 0.21 0.8139 0.20 0.8310
30 30 1.83 1.69 0.0185 1.64 0.0365 1.61 0.0470 1.60 0.0536 1.58 0.0616 1.56 0.0690 155 0.0755
31 31 174 128 0.2064 118 0.3114 113 0.3619 111 0.3914 1.08 0.4244 1.06 0.4536 1.05 0.4775
Route 3 (East 32 32 1.75 0.89 0.7471 0.78 0.9457 0.74 1.0313 0.71 1.0790 0.69 1.1305 0.67 1.1747 0.65 1.2099
side) &4 28} 1.55 0.80 0.5488 0.70 0.7124 0.66 0.7819 0.64 0.8204 0.62 0.8618 0.60 0.8972 0.58 0.9252
34 34 137 0.76 0.3734 0.65 0.5240 0.61 0.5885 0.58 0.6242 0.56 0.6625 0.54 0.6951 0.52 0.7209
35 35 1.56 0.57 0.9873 0.48 1.1746 0.44 1.2493 0.43 1.2894 0.41 1.3317 0.39 1.3671 0.38 1.3947
36 36 1.67 0.63 1.0845 0.53 1.3080 0.49 1.3972 0.47 1.4451 0.45 1.4955 0.43 1.5377 0.42 1.5706
SSR g’xf;)‘ Side 6.2328 8.4163 9.3998 9.9624 10.5837 111310 115759
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Table 2 (9 of 9)

Calibration of kw for west side of Study Area.

Inflow/Route

Sample Site,

Node Number
in SynerGEE

Average Chlorine
Concentration

Kw =20 m/d

Kw =50 m/d

Kw =70 m/d

Kw =100 m/d

Only)

Number Number (Oct 2011 (After Adjustment) S"EUIatEd Cr:!orlne Squared Simulated Chlorine Squared Slrgulatedtcr:!orlne Squared Slrréulated Cr:!orlne Squared
Model) on October 5, 2011 oncentration Residual [Concentration (mg/L)| Residual oncentration Residual oncentration Residual

(mg/L) (mg/L) (mg/L) (mglL)
Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 191 1.91 0.0000 191 0.0000 1.91 0.0000 191 0.0000
4 4 1.87 1.64 0.0499 1.64 0.0515 1.64 0.0518 1.64 0.0520
5 5 1.92 1.59 0.1067 1.59 0.1093 1.59 0.1098 1.59 0.1102
Route 2 (West 6 6 1.89 1.41 0.2322 1.41 0.2370 1.41 0.2379 1.41 0.2386
Side) 7 7 1.85 1.00 0.7273 0.99 0.7374 0.99 0.7394 0.99 0.7409
8 8 1.77 0.80 0.9458 0.79 0.9572 0.79 0.9594 0.79 0.9610
11 11 1.74 0.74 0.9944 0.73 1.0056 0.73 1.0078 0.73 1.0094
12 12 1.36 0.55 0.6688 0.54 0.6764 0.54 0.6779 0.54 0.6789
13 13 1.64 1.16 0.2289 1.16 0.2329 1.16 0.2337 1.15 0.2343
15 15 1.68 1.08 0.3537 1.08 0.3634 1.07 0.3653 1.07 0.3667
16 16 1.61 0.85 0.5880 0.84 0.6000 0.84 0.6023 0.84 0.6040
18 18 1.49 0.66 0.6844 0.65 0.6958 0.65 0.6980 0.65 0.6996
19 19 1.44 0.62 0.6744 0.62 0.6853 0.62 0.6875 0.61 0.6890
Route 1 (West 21 21 1.31 0.48 0.6873 0.48 0.6966 0.48 0.6984 0.47 0.6997
Side) 22 22 1.23 0.43 0.6495 0.42 0.6578 0.42 0.6594 0.42 0.6606
23 23 121 0.32 0.7885 0.32 0.7960 0.32 0.7974 0.32 0.7985
24 24 1.17 0.25 0.8578 0.24 0.8643 0.24 0.8655 0.24 0.8665
25 25 1.14 0.21 0.8662 0.20 0.8718 0.20 0.8729 0.20 0.8737
26 26 1.13 0.20 0.8674 0.19 0.8729 0.19 0.8739 0.19 0.8747
27 27 1.12 0.20 0.8397 0.20 0.8450 0.20 0.8460 0.20 0.8468
30 30 1.83 1.55 0.0790 1.54 0.0812 1.54 0.0816 1.54 0.0820
31 31 1.74 1.04 0.4901 1.03 0.4979 1.03 0.4994 1.03 0.5006
Route 3 (East 32 32 1.75 0.64 1.2281 0.64 1.2393 0.64 1.2415 0.64 1.2431
Side) 33 33 1.55 0.58 0.9397 0.57 0.9486 0.57 0.9503 0.57 0.9516
34 34 1.37 0.52 0.7342 0.51 0.7424 0.51 0.7439 0.51 0.7451
85 35 1.56 0.37 1.4088 0.37 1.4174 0.37 1.4191 0.37 1.4203
36 36 1.67 0.41 1.5875 0.41 1.5977 0.41 1.5997 0.41 1.6011
SSR (West Side 11.8108 11.9561 11.9842 12,0053
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Table 3 (1 of 7)

Calibration of kw for east side of Study Area.

Kw=0 Kw = 0.0001 m/d Kw =0.0005 m/d Kw =0.001 m/d Kw = 0.005 m/d Kw =0.01 m/d Kw =0.015 m/d
e e .

Inflow/Route. | Sample Site] in SynerGEE Adjustment) on | Simulated Chlorine Simulated Chlorine] Slmulated Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine
Number Number (Oct2011 Concentration Squared Concentration Squared Chlorine Squared Concentration Squared Concentration Squared Concentration Squared Concentration Squared
Model) October 5, 2011 Residual Residual Concentration Residual Residual Residual Residual Residual

(mg/L) (mg/L) (mg/L) (mgiL) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 191 0.0000
4 4 1.87 1.92 0.0028 1.92 0.0027 1.92 0.0027 1.92 0.0027 1.91 0.0024 191 0.0021 191 0.0019
5 5 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.91 0.0000 1.91 0.0001 1.90 0.0002
Route 2 (West 6 6 189 1.91 0.0004 1.91 0.0004 191 0.0003 191 0.0003 191 0.0001 190 0.0000 189 .0000
Side) 7 7 1.85 1.90 0.0026 1.90 0.0026 1.90 0.0024 1.90 0.0021 1.88 0.0007. 1.86 0.0000 1.83 .0004
8 8 177 1.90 0.0165 1.90 0.0163 1.89 0.0155 189 0.0145 1.86 0.0083 183 0.0032 1.80 .0006
11 11 174 1.90 0.0252 1.89 0.0250 1.89 0.0238 1.89 0.0225 1.85 0.0135 1.81 0.0060 178 0.0018
12 12 1.36 1.87 0.2524 1.86 0.2503 1.86 0.2420 1.85 0.2322 178 0.1706 171 0.1188 1.65 0.0829
13 13 1.64 1.88 0.0565 1.87 0.0556 1.87 0.0522 1.86 0.0483 181 0.0282 1.77 0.0159 174 0.0094
15 15 1.68 178 0.0103 178 0.0103 178 0.0100 1.78 0.0097 177 0.0076 %75 0.0055 174 0.0039
16 16 1.61 178 0.0261 178 0.0259 187474 0.0253 177 0.0245 L5 0.0189 %78 0.0133 171 0.0090
18 18 1.49 1877474 0.0816 1877474 0.0812 187474 0.0794 1.76 0.0773 1.74 0.0619 1.70 0.0463 1.67 0.0339
19 19 1.44 1.77 0.1064 177 0.1059 177 0.1037 1.76 0.1010 1.73 0.0817 1.69 0.0621 1.66 0.0463
Route 1 (West 21 21 131 177 0.2059 1.76 0.2048 1.76 0.2006 1.75 0.1954 171 0.1580 1.66 0.1203 1.61 0.0904
Side) 22 22 1.23 1.76 0.2816 1.76 0.2801 1.76 0.2741 1.75 0.2668 1.70 0.2153 1.64 0.1641 158 0.1239
23 23 121 177 0.3119 177 0.3099 176 0.3022 175! 0.292 1.69 0.2270 1.61 0.1634 1i55) .1154
24 24 1.17 1.7 0.3465 1.76 0.3440 A7k 0.3342 1.74 0.322: 1.66 0.2404 1.58 0.1637 150 .1080
25 25 1.14 1.7 0.3851 1.76 0.3822 A7k 0.3705 173 0.356: 1.65 0.2597 155! 0.1710 147 .1084
26 26 1.13 1.7 0.3947 A7k 0.3916 1.74 0.3794 1.73 0.364 1.64 0.2638 154 0.1720 1.46 .1076
27 27 112 176 0.4161 176 0.4125 175 0.3985 1.73 0.3817 1.64 0.2708 153 0.1740 144 0.1080
30 30 1.83 191 0.0074 191 0.0073 191 0.0073 191 0.0072 191 0.0064 1.90 0.0055 1.90 0.0048
31 31 174 191 0.0294 191 0.0292 191 0.0286 1.90 0.0278 1.88 0.0220 1.86 0.0161 1.84 0.0113
Route 3 (East 32 32 175 1.88 0.0171 1.88 0.0168 1.88 0.0154 1.87 0.0137 1.82 0.0045 177 0.0002 172 0.0012
Side) 33 33 1.55 1.88 0.1127 1.88 0.1116 1.87 0.1072 1.86 0.1020 1.81 0.0682 174 0.0396 1.69 0.0210
34 34 137 1.88 0.2596 1.88 0.2582 1.87 0.2525 1.87 0.2457 1.82 0.1983 1.76 0.1511 171 0.1139
35 35 1.56 1.85 0.0817 1.84 0.0797 1.83 0.0723 1.81 0.0638 171 0.0208 1.60 0.0018 1.52 0.0015
36 36 1.67 1.87 0.0398 1.87 0.0390 1.86 0.0361 1.85 0.0327 1.78 0.0127 171 0.0015 1.64 0.0007
SSR (East Side Only) 0.5477 0.5418 0.5193 0.4929 0.3329 0.2157 0.1544
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Table 3 (2 of 7)

Calibration of kw for east side of Study Area.

Kw =0.018 m/d

Kw =0.019 m/d

Kw =0.02 m/d

Kw =0.021 m/d

Kw = 0.0215 m/d

Kw =0.0216 m/d

Kw =0.0217 m/d

Average Chlorine

Only)

Node Number| :

InlowrRoute | Sample Site | in SynerGEE |, cOPR | (L Simulated Chlori Simulated Chlori Simulated Chlori Simulated Chiori Simulated Chlori Simulated Chlori
Number Number (OC[ 2011 (After Ad]ustmem) imulate .OI'InE Squared imulate -Orlﬂe Squared imulate _onne Squared imulate _onne Squared imulate .DI'InE Squared imulate .OI'InE‘ Squared imulate -Oflﬂe Squared
Model) on October 5, 2011} Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 192 0.0000 192 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 176 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 191 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 191 0.0000
4 4 1.87 191 0.0017 191 0.0017 191 0.0016 1.90 0.0016 1.90 0.0015 1.90 0.0015 1.90 0.0015
5 5 1.92 1.90 0.0003 1.90 0.0003 1.90 0.0003 1.90 0.0004 1.90 0.0004 1.90 0.0004 1.90 0.0004
Route 2 (West 6 6 1.89 1.89 0.0001 1.88 0.0001 1.88 0.0002 1.88 0.0002 1.88 0.0002 1.88 0.0002 1.88 0.0002
side) 7 7 1.85 1.82 0.0010 1.82 0.0013 1.81 0.0016 1.81 0.0019 1.81 0.0021 1.81 0.0021 1.81 0.0022
8 8 177 178 0.0001 177 0.0000 1.77 0.0000 1.76 0.0001 176 0.0001 1.76 0.0002 176 0.0002
11 11 1.74 1.76 0.0005 .75 0.0003 175 0.0001 1.74 0.0000 174 0.0000 174 0.0000 174 0.0000
12 12 1.36 1.62 0.0664 161 0.0616 1.60 0.0571 1.59 0.0528 1.59 0.0508 1.59 0.0504 i) 0.0500
13 13 1.64 1.72 0.0068 172 0.0061 1.71 0.0055 1.71 0.0049 171 0.0046 1.71 0.0046 171 0.0045
i3 15 1.68 173 0.0031 173 0.0028 173 0.0026 173 0.0024 173 0.0023 173 0.0023 173 0.0022
16 16 1.61 170 0.0069 1.69 0.0063 1.69 0.0057 1.69 0.0052 1.68 0.0049 1.68 0.0049 1.68 0.0048
18 18 1.49 1.65 0.0277 1.65 0.0258 1.64 0.0241 1.64 0.0224 1.63 0.0215 1.63 0.0214 1.63 0.0212
19 19 1.44 1.64 0.0385 1.63 0.0361 1.63 0.0338 1.62 0.0316 1.62 0.0305 1.62 0.0303 1.62 0.0301
Route 1 (West 21 21 131 159 0.0755 158 0.0710 157 0.0667 1.56 0.0626 1.56 0.0606 1.56 0.0602 156 0.0598
Side) 22 22 1.23 155 0.1041 155 0.0980 1.54 0.0923 1.53 0.0868 152 0.0842 1.52 0.0837 152 0.0832
23 23 121 AL 0.0925 1.50 0.0857 1.49 0.0793 1.48 0.0732 1.48 0.0703 147 0.0697 147 0.0692
24 24 117 1.46 0.0824 1.45 0.0749 1.43 0.0680 1.42 0.0615 142 0.0585 141 0.0579 141 0.0573
25 25 114 1.42 0.0803 1.41 0.0722 1.39 0.0647 1.38 0.0578 137 0.0546 137 0.0540 137 0.0533
26 26 113 141 0.0789 139 0.0708 1.38 0.0632 1.36 0.0562 1.36 0.0530 1.36 0.0523 1.36 0.0517
27 27 112 1.40 0.0790 138 0.0708 1.37 0.0632 1.35 0.0562 135 0.0530 134 0.0523 134 0.0517
30 30 1.83 1.89 0.0044 1.89 0.0042 1.89 0.0041 1.89 0.0040 1.89 0.0039 1.89 0.0039 1.89 0.0039
31 31 1.74 1.83 0.0089 1.83 0.0082 1.82 0.0075 1.82 0.0069 1.82 0.0066 1.82 0.0065 1.82 0.0065
Route 3 (East 32 32 175 1.69 0.0038 1.68 0.0049 167 0.0061 167 0.0074 1.66 0.0081 1.66 0.0082 1.66 0.0084
side) 33 33 1.55 1.66 0.0133 1.65 0.0112 1.64 0.0093 1.63 0.0076 1.63 0.0069 1.63 0.0067 1.63 0.0066
34 34 137 1.68 0.0954 1.67 0.0898 1.66 0.0845 1.65 0.0794 1.65 0.0769 1.65 0.0764 1.65 0.0760
35 35 1.56 148 0.0065 147 0.0087 1.45 0.0112 1.44 0.0140 1.44 0.0154 1.44 0.0157 143 0.0160
36 36 1.67 1.61 0.0039 1.60 0.0054 1.59 0.0072 157 0.0092 1.57 0.0102 1.57 0.0105 1.57 0.0107
SSR (East Side 01361 01325 01299 01284 0.1280 0.1280 0.1279
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Table 3 (3 0f 7)

Calibration of kw for east side of Study Area.

Inflow/Route

Sample Site|

Node Number
in SynerGEE

Average Chlorine
Concentration

Kw =0.0218 m/d

Kw =0.0219 m/d

Kw =0.022 m/d

Kw =0.0221 m/d

Kw =0.0222 m/d

Kw =0.023 m/d

Kw =0.025 m/d

Only)

After Adjustment)| Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine
Number Number (?’T})gg;l t(m Octobejr 5,2011| Concentration :g:izr:; Concentration sg:i?ﬁ:l Concentration ;g;zf:l Concentration :gss::l Concentration sg;zf; Concentration sg:i?ﬁ:l Concentration :S:i?if:I
(mgiL) (mgiL) (mgiL) (mgiL) (mgiL) (i) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.90 0.0015 1.90 0.0015 1.90 0.0015 1.90 0.0015 1.90 0.0015 1.90 0.0015 1.90 0.0014

5 5 1.92 1.90 0.0004 1.90 0.0004 1.90 0.0004 1.90 0.0004 1.90 0.0004 1.90 0.0004 1.90 0.0005

Route 2 (West 6 6 1.89 1.88 0.0002 1.88 0.0002 1.88 0.0002 1.88 0.0002 1.88 0.0002 1.88 0.0003 1.88 0.0004
Side) 7 7 1.85 181 0.0022 181 0.0023 181 0.0023 1.81 0.0023 1.80 0.0024 1.80 0.0027 179 0.0035
8 8 177 176 0.0002 1.76 0.0002 (%75} 0.0002 %75} 0.0002 75| 0.0002 dni75) 0.0004 174 0.0009

11 11 1.74 1.73 0.0000 1.73 0.0000 1.73 0.0000 1.73 0.0000 1.73 0.0000 1.73 0.0001 172 0.0004

12 12 1.36 1.59 0.0496 1.59 0.0492 1.59 0.0488 1.58 0.0484 1.58 0.0481 1.58 0.0451 1.56 0.0382

13 13 1.64 171 0.0045 A7, 0.0044 a7l 0.0044 170 0.0043 1.70 0.0043 170 0.0039 1.69 0.0031

15 15 1.68 173 0.0022 1.73 0.0022 172 0.0022 172 0.0022 172 0.0021 172 0.0020 172 0.0016

16 16 161 1.68 0.0048 1.68 0.0047 1.68 0.0047 1.68 0.0046 1.68 0.0046 1.68 0.0042 1.67 0.0033

18 18 1.49 1.63 0.0211 1.63 0.0209 1.63 0.0207 1.63 0.0206 1.63 0.0204 1.62 0.0192 1.61 0.0164

19 19 1.44 1.62 0.0299 1.62 0.0297 1.62 0.0295 1.62 0.0293 1.62 0.0291 1.61 0.0275 1.60 0.0238

Route 1 (West 21 21 ALl 1.56 0.0594 55 0.0590 155 0.0587 1.55 0.0583 1.55 0.0579 155 0.0549 153 0.0480
Side) 22 22 123 152 0.0827 152 0.0822 152 0.0816 152 0.0811 152 0.0806 151 0.0767 149 0.0675
23 23 121 147 0.0686 147 0.0681 147 0.0675 1.47 0.0669 147 0.0664 1.46 0.0621 144 0.0523

24 24 1.17 1.41 0.0567 1.41 0.0561 1.41 0.0555 141 0.0549 141 0.0544 140 0.0499 137 0.0399

25 25 114 1.37 0.0527 1.37 0.0521 1.36 0.0515 1.36 0.0509 1.36 0.0503 125 0.0456 1.32 0.0352

26 26 ALk J18a5] 0.0511 1835 0.0504 18351 0.0498 J1835] 0.0492 J%35] 0.0486 134 0.0439 AL 0.0336

27 27 112 134 0.0510 134 0.0504 134 0.0498 1.34 0.0492 1.34 0.0486 133 0.0439 1.30 0.0336

30 30 183 1.89 0.0039 1.89 0.0038 1.89 0.0038 1.89 0.0038 1.89 0.0038 1.89 0.0037 1.89 0.0035

31 31 1.74 1.82 0.0064 1.82 0.0064 1.82 0.0063 1.82 0.0062 1.81 0.0062 1.81 0.0057 1.80 0.0047

Route 3 (East 32 32 175 1.66 0.0085 1.66 0.0087 1.66 0.0088 1.66 0.0089 1.66 0.0091 1.65 0.0103 1.64 0.0136
side) 33 33 155 1.63 0.0065 1.62 0.0063 1.62 0.0062 1.62 0.0060 1.62 0.0059 1.62 0.0049 1.60 0.0028
34 34 137 1.65 0.0755 1.65 0.0750 1.65 0.0745 1.64 0.0741 1.64 0.0736 1.64 0.0699 1.62 0.0613

35 35 1.56 143 0.0163 143 0.0166 143 0.0169 143 0.0172 143 0.0175 142 0.0200 1.40 0.0267

36 36 1.67 1.57 0.0109 1.57 0.0111 1.56 0.0114 1.56 0.0116 1.56 0.0118 1.55 0.0137 1.53 0.0189

SSR (Bast Side 01279 01279 0.1278547 01278496 0.1278540 01282 01314
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Table 3 (4 of 7)

Calibration of kw for east side of Study Area.

Kw =0.03 m/d Kw =0.035 m/d Kw = 0.037 m/d Kw =0.038 m/d Kw =0.039 m/d Kw =0.04 m/d Kw =0.042 m/d
Node Number Average Chlgrine

Inflow/Route | Sample Site | in SynerGEE Concen.tratlon imulated Chlori imulated Chlori imulated Chlori imulated Chlori imulated Chlori imulated Chlori imulated Chlori
Number Number (Oct 2011 (After Adjustment)|Simulate Vorlne Squared Simulatet .onne Squared Simulated Cl .onne Squared Simulate lorine Squared Simulate lorine Squared Simulate lorine Squared Simulate Vorlne Squared
Model) on October 5, 2011|  Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual

(mg/L) (i) (mgiL) (mgiL) (mglL) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.90 0.0012 1.90 0.0010 1.90 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0008 1.89 0.0008
5 5 1.92 1.89 0.0007 1.89 0.0009 1.89 0.0010 1.89 0.0011 1.88 0.0011 1.88 0.0012 1.88 0.0013
Route 2 (West 6 6 1.89 1.87 0.0007. 1.86 0.0011 1.86 0.0013 1.86 0.0014 1.86 0.0015 1.85 0.0016 1.85 0.0018
Side) 7 7 1.85 178 0.0060 1.76 0.0090 .75 0.0103 175 0.0109 fi%75) 0.0116 1.74 0.0123 174 0.0138
8 8 177 Aol 0.0032 1.69 0.0064 1.68 0.0080 1.68 0.0088 1.67 0.0096 1.67 0.0105 1.66 0.0124
11 11 1.74 1.69 0.0024 1.66 0.0058 1.65 0.0074 1.64 0.0083 1.64 0.0092 1.64 0.0102 1.63 0.0122
12 12 1.36 1.52 0.0245 1.49 0.0147 147 0.0116 1.47 0.0103 1.46 0.0090 1.45 0.0079 1.44 0.0058
13 13 1.64 1.68 0.0015 1.66 0.0006 1.66 0.0004 1.66 0.0003 1.65 0.0002 1.65 0.0001 1.65 0.0001
15 15 1.68 171 0.0009 1.70 0.0004 1.70 0.0003 1.69 0.0002 1.69 0.0002 1.69 0.0001 1.69 0.0001
16 16 161 1.66 0.0016 1.64 0.0006 1.63 0.0003 1.63 0.0002 1.63 0.0001 1.62 0.0001 1.62 0.0000
18 18 1.49 1.59 0.0105 1.56 0.0062 1.56 0.0048 1.55 0.0042 1.55 0.0036 1.54 0.0031 1.53 0.0022
19 19 1.44 1.57 0.0161 1.55 0.0102 1.54 0.0083 1.53 0.0075 1.53 0.0066 1.52 0.0059 1.51 0.0045
Route 1 (West 21 21 %31} 1.49 0.0334 1.46 0.0223 1.45 0.0186 1.44 0.0169 1.44 0.0154 1.43 0.0139 1.42 0.0112
Side) 22 22 123 1.45 0.0481 141 0.0331 1.40 0.0282 139 0.0259 139 0.0238 1.38 0.0217 137 0.0180
23 23 1.21 1.39 0.0326 1.35 0.0186 1.33 0.0143 1.32 0.0125 1.31 0.0107 1.31 0.0092 129 0.0065
24 24 1.17 1.32 0.0209 1.27 0.0089 1.25 0.0057 1.24 0.0044 1.23 0.0033 1.22 0.0024 1.21 0.0010
25 25 114 1.26 0.0163 1.21 0.0054 1.19 0.0029 118 0.0019 117 0.0012 1.16 0.0006 1.14 0.0000
26 26 ] 1.25 0.0149 fI8I0] 0.0045 117 0.0022 1.16 0.0013 15 0.0007 1.14 0.0003 8153 0.0000
27 27 112 124 0.0150 1.18 0.0046 1.16 0.0023 115 0.0014 114 0.0008 113 0.0003 112 0.0000
30 30 1.83 1.88 0.0029 188 0.0024 187 0.0022 1.87 0.0022 1.87 0.0021 187 0.0020 187 0.0018
31 31 1.74 1.79 0.0026 177 0.0012 1.76 0.0008 1.76 0.0006 1.76 0.0005 1.75 0.0003 1.75 0.0001
Route 3 (East 32 32 175 1.60 0.0230 157 0.0339 1.56 0.0386 1.55 0.0410 1.54 0.0434 1.54 0.0458 1.53 0.0508
side) 33 33 1.55 1.56 0.0002 1.52 0.0005 151 0.0013 1.50 0.0019 1.50 0.0025 1.49 0.0032 1.48 0.0048
34 34 1.37 1.58 0.0432 1.54 0.0292 1.53 0.0246 1.52 0.0225 1.52 0.0205 151 0.0186 1.50 0.0152
35 35 1.56 135 0.0455 1.30 0.0664 129 0.0751 1.28 0.0795 127 0.0840 1.26 0.0884 1.25 0.0975
36 36 1.67 1.49 0.0343 1.44 0.0524 1.43 0.0602 1.42 0.0642 1.41 0.0682 1.40 0.0723 1.39 0.0807
SSR ((;?;‘) Side 01517 0.1860 0.2028 0.2118 0.2211 0.2307 0.2509
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Table 3 (5 0f 7)

Calibration of kw for east side of Study Area.

Kw =0.045 m/d Kw =0.05 m/d Kw =0.06 m/d Kw =0.07 m/d Kw =0.08 m/d Kw =0.09 m/d Kw=0.1m/d
Node Number Average ChI?rine

Inflow/Route |Sample Site| in SynerGEE COI’!CSH}[&(IOH imulated Chlori imul hlori imul hlori imulated Chlori imulated Chlori imulated Chlori Simulated
Number Number (Oct 2011 (After Adjustment) | Simulate Ch.urlne Squared Simulated Cl lorine Squared Simulated Cl lorinel Squared Simulated Cl lorine Squared Simulated C lorine Squared Simulate Ch.urlne Squared Chiorine Squared
Model) on October 5,2011(  Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 192 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 192 0.0000 192 0.0000
Inflow 2 2 2 176 1.76 0.0000 176 0.0000 176 0.0000 1.76 0.0000 176 0.0000 176 0.0000 176 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 1.87 1.89 0.0007 1.89 0.0005 1.88 0.0003 1.88 0.0002 187 0.0001 1.87 0.0000 1.86 0.0000
5 ] 1.92 1.88 0.0014 1.88 0.0017 1.87 0.0023 1.86 0.0029 1.86 0.0036 1.85 0.0043 1.85 0.0050
Route 2 (West 6 6 1.89 1.85 0.0021 1.84 0.0028 1.83 0.0041 1.82 0.0057 1.81 0.0074 1.80 0.0092 1.79 0.0111
Side) 7 7 1.85 173 0.0160 Ll 0.0200 1.68 0.0286 1.66 0.0379 164 0.0476 161 0.0575 1.59 0.0676
8 8 177 165 0.0154 1.63 0.0208 1.59 0.0329 155 0.0463 1.52 0.0606 150 0.0753 147 0.0903
11 11 174 161 0.0155 159 0.0215 155 0.0352 151 0.0505 148 0.0666 1.45 0.0833 142 0.1002
12 12 1.36 142 0.0034 1.40 0.0010 135 0.0004 1.30 0.0040 1.26 0.0104 123 0.0187 120 0.0283
13 i3 1.64 1.64 0.0000 1.63 0.0001 1.61 0.0009 1.59 0.0022 1.58 0.0040 1.56 0.0060 fi855) 0.0082
15 15 1.68 1.68 0.0000 1.67 0.0000 1.66 0.0005 1.64 0.0014 1.63 0.0026 1.61 0.0041 1.60 0.0059
16 16 1.61 1.61 0.0000 1.59 0.0004 1.57 0.0022 1.54 0.0051 1.52 0.0089 1.50 0.0133 1.48 0.0182
18 18 1.49 1.52 0.0012 1.50 0.0002 1.46 0.0005 143 0.0033 1.40 0.0078 137 0.0137 1.34 0.0204
19 19 144 1.50 0.0029 148 0.0010 144 0.0001 1.40 0.0019 137 0.0059 134 0.0113 131 0.0179
Route 1 (West 21 21 131 1.40 0.0078 137 0.0037. 132 0.0001 1.28 0.0011 124 0.0053 1.20 0.0118 117 0.0198
Side) 22 22 123 135 0.0133 132 0.0073 1.26 0.0010 122 0.0003 117 0.0034 114 0.0092 110 0.0169
23 23 121 127 0.0034 123 0.0006 117 0.0015 112 0.0086 1.07 0.0197 1.03 0.0334 0.99 0.0486
24 24 117 118 0.0000 114 0.0010 1.07 0.0100 1.01 0.0253 0.96 0.0442 0.92 0.0650 0.88 0.0868
25 25 114 112 0.0004 1.08 0.0037 1.00 0.0175 0.94 0.0375 0.89 0.0607 0.84 0.0854 0.80 0.1105
26 26 ALk 1.10 0.0008 1.06 0.0048 0.99 0.0202 0.92 0.0415 0.87 0.0659 0.83 0.0916 0.78 0.1177
27 27 112 1.09 0.0007 1.05 0.0045 0.98 0.0191 0.92 0.0396 0.86 0.0630 0.82 0.0877 0.78 0.1127
30 30 1.83 1.87 0.0016 1.86 0.0013 1.85 0.0008 1.85 0.0004 1.84 0.0002 1.83 0.0000 1.83 0.0000
31 31 174 174 0.0000 173 0.0001 170 0.0015 1.67 0.0040 1.65 0.0075 163 0.0117 161 0.0164
Route 3 (East 32 32 175 151 0.0585 149 0.0716 144 0.0988 140 0.1264 1.36 0.1539 133 0.1809 130 0.2072
side) 33 33 155 1.46 0.0076 143 0.0134 138 0.0281 133 0.0453 129 0.0640 1.26 0.0835 122 0.1032
34 34 137 148 0.0109 145 0.0056 139 0.0004 1.34 0.0008 1.30 0.0051 1.26 0.0122 123 0.0212
35 35 1.56 1.23 0.1111 119 0.1341 114 0.1797 1.09 0.2241 1.04 0.2668 1.01 0.3073 0.97 0.3458
36 36 1.67 1.37 0.0935 1.33 0.1156 1.27 0.1611 1.22 0.2069 117 0.2520 113 0.2958 1.09 0.3379
SSR éiali‘) Side 0.2833 0.3417 0.4703 0.6080 0.7495 0.8914 1.0316
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Table 3 (6 of 7)

Calibration of kw for east side of Study Area.

Kw=0.5m/d Kw=1m/d Kw = 1.5 m/d Kw =2 m/d Kw=3m/d Kw =5 m/d Kw =10 m/d
Node Number Average Chlorine

Inflow/Route | Sample Site| in SynerGEE Concen.tratlon imulated Chlori Simulated Chlori imulated Chlori imulated Chlori Simulated Chlori Simulated Chlori imulated Chlori
Number Number (Oct 2011 (After Adjustment) | Simulated Cl _O”"E Squared imulate Vurlne Squared Simulated C .orme Squared Simulate loring Squared imulate lorine Squared imulate orine Squared Simulated Chlorine: Squared
Model) on October 5, 2011 Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.77 0.0096 1.72 0.0206 1.70 0.0275 1.69 0.0319 1.67 0.0374 1.66 0.0427 1.65 0.0473
5 5] 1.92 a7 0.0349 1.68 0.0569 1.65 0.0692 1.64 0.0771 1.62 0.0864 161 0.0951 1.60 0.1026
Route 2 (West 6 6 1.89 1.60 0.0844 153 0.1330 1.50 0.1589 1.48 0.1748 1.46 0.1932 144 0.2102 142 0.2245
Side) 7 7 1.85 1.26 0.3527 N 5] 0.4935 110 0.5601 1.08 0.5988 1.05 0.6419 1.03 0.6800 1.01 0.7110
8 8 177 1.07 0.4904 0.95 0.6695 0.90 0.7508 0.88 0.7970 0.85 0.8477 0.83 0.8918 0.81 0.9272
11 11 1.74 1.01 0.5331 0.89 0.7176 0.84 0.7999 0.82 0.8464 0.79 0.8971 0.77 0.9410 0.75 0.9761
12 12 1.36 0.78 0.3437 0.67 0.4773 0.63 0.5354 0.61 0.5677 0.59 0.6027 0.57 0.6327 0.55 0.6565
13 13 1.64 1.34 0.0924 1.26 0.1409 j1808] 0.1651 1.22 0.1794 1.20 0.1957 118 0.2104 Ly 0.2225
15 15 1.68 1.36 0.1006 1.26 0.1749 121 0.2178 1.18 0.2454 115 0.2787 112 0.3105 110 0.3383
16 16 161 %5} 0.2195 1.03 0.3433 0.98 0.4075 0.95 0.4466 0.91 0.4919 0.88 0.5337 0.86 0.5689
18 18 1.49 0.95 0.2909 0.83 0.4343 0.78 0.5035 0.75 0.5444 0.72 0.5904 0.69 0.6319 0.67 0.6661
19 19 1.44 0.91 0.2904 0.79 0.4321 0.74 0.4997 0.71 0.5394 0.68 0.5840 0.65 0.6240 0.63 0.6569
Route 1 (West 21 21 AL, 0.74 0.3288 0.63 0.4690 0.58 0.5324 0.56 0.5686 0.53 0.6086 0.51 0.6437 0.49 0.6722
Side) 22 22 1.23 0.67 0.3200 0.56 0.4515 0.52 0.5098 0.50 0.5428 0.47 0.5790 0.45 0.6106 0.43 0.6361
23 23 121 0.54 0.4524 0.44 0.5955 0.40 0.6550 0.38 0.6877 0.36 0.7226 0.34 0.7525 0.33 0.7762
24 24 117 0.43 0.5459 0.35 0.6844 0.31 0.7394 0.30 0.7690 0.28 0.8003 0.26 0.8266 0.25 0.8472
25 25 1.14 0.37 0.5821 0.29 0.7112 0.26 0.7612 0.25 0.7877 0.23 0.8155 0.22 0.8388 0.21 0.8569
26 26 A7) 0.36 0.5910 0.28 0.7174 0.25 0.7660 0.24 0.7917 0.22 0.8186 0.21 0.8411 0.20 0.8585
27 27 112 0.36 0.5701 0.28 0.6933 0.26 0.7406 0.24 0.7658 0.23 0.7920 0.21 0.8139 0.20 0.8310
30 30 183 1.69 0.0185 1.64 0.0365 161 0.0470 1.60 0.0536 1.58 0.0616 1.56 0.0690 155 0.0755
31 31 1.74 1.28 0.2064 1.18 0.3114 1.13 0.3619 111 0.3914 1.08 0.4244 1.06 0.4536 1.05 0.4775
Route 3 (East 32 32 1.75 0.89 0.7471 0.78 0.9457 0.74 1.0313 0.71 1.0790 0.69 1.1305 0.67 1.1747 0.65 1.2099
side) 33 33 1.55 0.80 0.5488 0.70 0.7124 0.66 0.7819 0.64 0.8204 0.62 0.8618 0.60 0.8972 0.58 0.9252
34 34 1.37 0.76 0.3734 0.65 0.5240 0.61 0.5885 0.58 0.6242 0.56 0.6625 0.54 0.6951 0.52 0.7209
35 35 156 0.57 0.9873 0.48 1.1746 0.44 1.2493 0.43 1.2894 0.41 1.3317 0.39 1.3671 0.38 1.3947
36 36 1.67 0.63 1.0845 0.53 1.3080 0.49 1.3972 0.47 1.4451 0.45 1.4955 0.43 1.5377 0.42 1.5706
SSRgEn‘":;‘) Side 3.9660 5.0126 54571 5.7032 5.9679 6.1945 6.3743
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Table 3 (7 of 7)

Calibration of kw for east side of Study Area.

Node Number

Average Chlorine
Concentration

Kw =20 m/d

Kw =50 m/d

Kw =70 m/d

Kw =100 m/d

Only)

Inflow/Route Sample Site | in SynerGEE (After Adjustment)| Simulated Chlorine Simulated Chlorine Simulated Chlorine Simulated Chlorine
Number Number (Oct 2011 ) Squared . Squared . Squared . Squared
Model) on October 5, Concentration Residual Concentration Residual Concentration Residual Concentration Residual

2011 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 1.87 1.64 0.0499 1.64 0.0515 1.64 0.0518 1.64 0.0520
5 5 1.92 1.59 0.1067 1.59 0.1093 1.59 0.1098 1.59 0.1102
Route 2 (West 6 6 1.89 1.41 0.2322 1.41 0.2370 1.41 0.2379 1.41 0.2386
Side) 7 7 1.85 1.00 0.7273 0.99 0.7374 0.99 0.7394 0.99 0.7409
8 8 1.77 0.80 0.9458 0.79 0.9572 0.79 0.9594 0.79 0.9610
11 11 1.74 0.74 0.9944 0.73 1.0056 0.73 1.0078 0.73 1.0094
12 12 1.36 0.55 0.6688 0.54 0.6764 0.54 0.6779 0.54 0.6789
13 13 1.64 1.16 0.2289 1.16 0.2329 1.16 0.2337 1.15 0.2343
15 15 1.68 1.08 0.3537 1.08 0.3634 1.07 0.3653 1.07 0.3667
16 16 1.61 0.85 0.5880 0.84 0.6000 0.84 0.6023 0.84 0.6040
18 18 1.49 0.66 0.6844 0.65 0.6958 0.65 0.6980 0.65 0.6996
19 19 1.44 0.62 0.6744 0.62 0.6853 0.62 0.6875 0.61 0.6890
Route 1 (West 21 21 1.31 0.48 0.6873 0.48 0.6966 0.48 0.6984 0.47 0.6997
Side) 22 22 1.23 0.43 0.6495 0.42 0.6578 0.42 0.6594 0.42 0.6606
23 23 1.21 0.32 0.7885 0.32 0.7960 0.32 0.7974 0.32 0.7985
24 24 1.17 0.25 0.8578 0.24 0.8643 0.24 0.8655 0.24 0.8665
25 25 1.14 0.21 0.8662 0.20 0.8718 0.20 0.8729 0.20 0.8737
26 26 1.13 0.20 0.8674 0.19 0.8729 0.19 0.8739 0.19 0.8747
27 27 1.12 0.20 0.8397 0.20 0.8450 0.20 0.8460 0.20 0.8468
30 30 1.83 1.55 0.0790 1.54 0.0812 1.54 0.0816 1.54 0.0820
31 31 1.74 1.04 0.4901 1.03 0.4979 1.03 0.4994 1.03 0.5006
32 32 1.75 0.64 1.2281 0.64 1.2393 0.64 1.2415 0.64 1.2431
Route 3 (East

Side) 33 33 1.55 0.58 0.9397 0.57 0.9486 0.57 0.9503 0.57 0.9516
34 34 1.37 0.52 0.7342 0.51 0.7424 0.51 0.7439 0.51 0.7451
35 35 1.56 0.37 1.4088 0.37 1.4174 0.37 1.4191 0.37 1.4203
36 36 1.67 0.41 1.5875 0.41 1.5977 0.41 1.5997 0.41 1.6011
SSR (East Side 6.4675 6.5246 6.5355 6.5438
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Table 4 (1 of 3)

Calibration of global kw for no bulk decay scenario.

Kw=0 Kw =0.02 m/d Kw =0.03 m/d Kw =0.035 m/d Kw =0.038 m/d Kw =0.04 m/d Kw =0.041 m/d

Inflow/Route | Sample Site | in SynerGEE (After Adjustment) Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (Oct 2011 Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) on October 5, 2011 Concentration Residual Concentration [ Residual | Concentration | Residual Concentration Residual Concentration Residual | Concentration | Residual Concentration Residual

(mai) (mg/L) (mgiL) (mgiL) (mg/L) (mg/L) (mo/t) (mgiL)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000
4 4 187 192 0.0030 191 0.0018 1.90 0.0013 1.90 0.0011 1.90 0.0010 1.90 0.0010 1.90 0.0009
5 5 1.92 192 0.0000 1.90 0.0002 1.89 0.0005 1.89 0.0007 1.89 0.0009 1.89 0.0010 1.89 0.0010
Route 2 (West 6 6 1.89 1.92 0.0006 1.89 0.0000 187 0.0004 187 0.0008 1.86 0.0010 1.86 0.0012 1.86 0.0013
Side) 7 7 185 1.92 0.0044 1.83 0.0007 179 0.0041 177 0.0066 176 0.0083 176 0.0095 175 0.0102
8 8 177 1.92 0.0225 179 0.0003 173 0.0014 171 0.0038 1.69 0.0057 1.69 0.0071 1.68 0.0079
11 11 174 1.92 0.0336 177 0.0010 171 0.0008 1.68 0.0030 1.67 0.0050 1.66 0.0065 1.65 0.0073
12 12 1.36 1.92 0.3063 1.65 0.0796 1.56 0.0390 153 0.0259 151 0.0198 1.49 0.0163 1.49 0.0147
13 13 1.64 1.92 0.0790 1.75 0.0129 172 0.0061 1.70 0.0040 1.69 0.0031 1.69 0.0025 1.69 0.0023
15 15 1.68 1.79 0.0116 1.73 0.0032 171 0.0013 1.70 0.0007 1.70 0.0004 1.70 0.0003 1.69 0.0002
16 16 161 179 0.0293 170 0.0071 1.66 0.0024 1.65 0.0011 1.64 0.0005 1.63 0.0003 1.63 0.0002
18 18 149 179 0.0898 1.65 0.0281 1.60 0.0131 1.58 0.0082 1.56 0.0059 1.55 0.0046 1.55 0.0040
19 19 144 179 0.1165 1.64 0.0390 158 0.0196 1.56 0.0130 154 0.0098 153 0.0080 153 0.0072
Route 1 (West 21 21 1.31 1.79 0.2251 1.59 0.0764 151 0.0400 148 0.0276 1.46 0.0215 145 0.0180 144 0.0164
Side) 22 22 1.23 179 0.3064 1.56 0.1047 147 0.0566 143 0.0400 141 0.0319 1.40 0.0272 1.39 0.0251
23 23 121 1.80 0.3466 1.52 0.0941 141 0.0416 137 0.0253 134 0.0179 133 0.0139 132 0.0121
24 24 117 1.80 0.3905 1.46 0.0841 135 0.0294 1.29 0.0145 1.27 0.0084 1.25 0.0054 1.24 0.0042
25 25 114 1.80 0.4379 1.42 0.0822 1.29 0.0247 1.24 0.0104 121 0.0051 1.19 0.0027 1.18 0.0018
26 26 113 1.80 0.4500 1.41 0.0810 1.28 0.0231 1.22 0.0092 1.19 0.0042 117 0.0020 1.16 0.0012
27 27 112 181 0.4799 1.40 0.0830 127 0.0242 122 0.0099 118 0.0047 116 0.0024 1.16 0.0016
30 30 1.83 1.92 0.0080 1.89 0.0045 1.88 0.0033 1.88 0.0028 1.88 0.0025 1.87 0.0023 1.87 0.0022
31 31 174 1.92 0.0328 1.83 0.0092 1.80 0.0036 178 0.0019 177 0.0011 176 0.0007 176 0.0006
Route 3 (East 32 32 175 191 0.0260 170 0.0026 1.63 0.0159 159 0.0253 157 0.0316 1.56 0.0359 1.56 0.0382
Side) 33 33 1.55 191 0.1359 1.67 0.0156 159 0.0016 1.55 0.0000 153 0.0003 151 0.0009 151 0.0014
34 34 137 191 0.2932 1.69 0.1014 161 0.0548 157 0.0386 155 0.0307 1.53 0.0261 1.53 0.0240
35 35 1.56 191 0.1245 151 0.0029 1.40 0.0272 135 0.0445 132 0.0558 131 0.0636 1.30 0.0675
36 36 1.67 191 0.0590 1.62 0.0024 1.52 0.0229 1.47 0.0384 1.45 0.0488 143 0.0561 143 0.0599
SSR (All Sites) 4.0126 0.9182 0.4591 0.3572 0.3258 0.3155 0.3131
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Table 4 (2 of 3)

Calibration of global kw for no bulk decay scenario.

Kw =0.0415 m/d Kw =0.0416 m/d Kw =0.0417 m/d Kw =0.0418 m/d Kw =0.0419 m/d Kw =0.042 m/d Kw =0.0421 m/d
Noge Nurmoe | A8 LUl

Inflow/Route | Sample Site | in SynerGEE (After Adjustment) Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (Oct 2011 Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) on October 5, 2011 - ¢ centration Residual Concentration Residual Concentration Residual Concentration Residual | Concentration Residual Concentration Residual Concentration Residual

(mg/t) (mg/t) (mgiL) (mg/L) (mg/t) (mgiL) (mgiL) (mgiL)
Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 176 176 0.0000 176 0.0000 176 0.0000 176 0.0000 176 0.0000 176 0.0000 176 0.0000
Inflow 3 3 3 191 1.91 0.0000 191 0.0000 191 0.0000 1.91 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 1.87 1.90 0.0009 1.90 0.0009 1.90 0.0009 1.90 0.0009 1.90 0.0009 1.90 0.0009 1.90 0.0009
5 5 1.92 189 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010
Route 2 (West 6 6 1.89 1.86 0.0013 1.86 0.0013 1.86 0.0013 1.86 0.0013 1.86 0.0014 1.86 0.0014 1.86 0.0014
side) 7 7 185 175 0.0105 175 0.0106 175 0.0106 175 0.0107 175 0.0108 175 0.0108 175 0.0109
8 8 1.77 1.68 0.0082 1.68 0.0083 1.68 0.0084 1.68 0.0085 1.68 0.0086 1.68 0.0086 1.68 0.0087
11 11 174 1.65 0.0077 1.65 0.0078 1.65 0.0079 1.65 0.0079 1.65 0.0080 1.65 0.0081 1.65 0.0082
12 12 1.36 1.48 0.0140 1.48 0.0138 1.48 0.0137 1.48 0.0135 1.48 0.0134 1.48 0.0132 1.48 0.0131
13 13 164 1.69 0.0022 1.69 0.0021 1.68 0.0021 1.68 0.0021 1.68 0.0021 1.68 0.0020 1.68 0.0020
15 15 1.68 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002 1.69 0.0002
16 16 161 163 0.0001 1.63 0.0001 1.63 0.0001 163 0.0001 1.63 0.0001 1.63 0.0001 1.63 0.0001
18 18 1.49 1.55 0.0037 1.55 0.0037 1.55 0.0036 1.55 0.0036 1.55 0.0035 1.55 0.0035 1.54 0.0034
19 19 144 153 0.0068 153 0.0067 153 0.0066 153 0.0065 152 0.0065 152 0.0064 152 0.0063
Route 1 (West 21 21 1.31 1.44 0.0157 1.44 0.0155 1.44 0.0154 1.43 0.0152 1.43 0.0151 1.43 0.0149 1.43 0.0148
Side) 22 22 1.23 1.39 0.0240 139 0.0238 139 0.0236 139 0.0234 138 0.0232 138 0.0230 138 0.0228
23 23 1.21 1.32 0.0112 1.32 0.0111 1.31 0.0109 1.31 0.0107 131 0.0106 131 0.0104 131 0.0103
24 24 117 123 0.0036 123 0.0035 123 0.0034 123 0.0033 123 0.0032 123 0.0031 123 0.0030
25 25 1.14 117 0.0014 117 0.0013 117 0.0013 1.17 0.0012 117 0.0011 117 0.0011 117 0.0010
26 26 113 116 0.0009 116 0.0009 116 0.0008 116 0.0008 115 0.0007 115 0.0007 115 0.0006
27 27 1.12 1.15 0.0012 1.15 0.0011 1.15 0.0011 1.15 0.0010 1.15 0.0010 1.15 0.0009 1.14 0.0008
30 30 1.83 1.87 0.0022 1.87 0.0022 1.87 0.0022 1.87 0.0021 1.87 0.0021 1.87 0.0021 1.87 0.0021
31 31 174 176 0.0005 1.76 0.0005 176 0.0005 176 0.0005 176 0.0005 176 0.0004 176 0.0004
Route 3 (East 32 32 175 155 0.0393 1.55 0.0395 1.55 0.0397 1.55 0.0400 1.55 0.0402 1.55 0.0404 1.55 0.0407
side) 33 33 155 1.50 0.0016 1.50 0.0017 1.50 0.0017 1.50 0.0018 1.50 0.0018 1.50 0.0019 1.50 0.0020
34 34 1.37 1.52 0.0230 1.52 0.0228 1.52 0.0226 1.52 0.0224 1.52 0.0222 1.52 0.0220 1.52 0.0218
35 35 156 1.30 0.0695 1.30 0.0699 1.30 0.0703 129 0.0707 129 0.0711 129 0.0715 129 0.0719
36 36 1.67 1.42 0.0618 1.42 0.0621 1.42 0.0625 1.42 0.0629 1.42 0.0633 1.42 0.0637 1.42 0.0641
SSR (All Sites) 0.3127 0.3126098 0.3125833 0.3125732 0.3125818 0.3126072 0.3126498
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Table 4 (3 of 3) Calibration of global kw for no bulk decay scenario.
Kw =0.0422 m/d Kw = 0.0425 m/d Kw =0.043 m/d Kw = 0.045 m/d Kw =0.05 m/d Kw = 0.06 m/d
e Numper| ~Z0E T

Inflow/Route | Sample Site | in SynerGEE (After Adjustment) Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (Oct 2011 J Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) on October 5, 2011 - oncentration Residual | Concentration | Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual

(mo/L) (molL) (mylL) (mg/L) (mg/L) (mylL) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 1.91 191 0.0000 191 0.0000 191 0.0000 191 0.0000 1.91 0.0000 191 0.0000
4 4 1.87 1.89 0.0009 1.89 0.0009 1.89 0.0009 1.89 0.0008 1.89 0.0007 1.89 0.0004
5 5 1.92 1.89 0.0010 1.89 0.0011 1.88 0.0011 1.88 0.0012 1.88 0.0014 1.87 0.0020
Route 2 (West 6 6 1.89 1.86 0.0014 1.86 0.0014 1.86 0.0015 1.85 0.0017 1.85 0.0022 1.84 0.0034
Side) 7 7 1.85 1.75 0.0110 175 0.0112 1.75 0.0115 174 0.0129 172 0.0165 1.70 0.0244
8 8 1.77 1.68 0.0088 1.67 0.0090 1.67 0.0095 1.66 0.0112 1.64 0.0159 1.61 0.0269
11 11 1.74 1.65 0.0083 1.64 0.0086 1.64 0.0090 1.63 0.0109 1.61 0.0161 1.57 0.0283
12 12 1.36 1.48 0.0129 1.48 0.0125 147 0.0118 1.46 0.0094 1.43 0.0047 1.38 0.0003
13 13 1.64 1.68 0.0020 1.68 0.0019 1.68 0.0018 1.68 0.0015 1.67 0.0007 1.65 0.0001
15 15 1.68 1.69 0.0002 1.69 0.0002 1.69 0.0001 1.69 0.0001 1.68 0.0000 1.66 0.0003
16 16 1.61 1.62 0.0001 1.62 0.0001 1.62 0.0001 1.62 0.0000 1.60 0.0002 1.58 0.0015
18 18 1.49 154 0.0034 154 0.0032 154 0.0030 1.53 0.0021 151 0.0007 147 0.0002
19 19 1.44 1.52 0.0063 1.52 0.0060 1.52 0.0057 1.51 0.0044 1.49 0.0020 1.45 0.0000
Route 1 (West 21 21 131 1.43 0.0146 1.43 0.0142 1.43 0.0135 1.42 0.0109 1.39 0.0059 1.34 0.0007
Side) 22 22 1.23 1.38 0.0226 1.38 0.0220 1.38 0.0211 1.36 0.0176 1.33 0.0105 1.28 0.0023
23 23 1.21 1.31 0.0101 1.31 0.0097 1.30 0.0089 1.29 0.0063 1.25 0.0020 1.19 0.0004
24 24 1.17 1.23 0.0029 1.23 0.0027 1.22 0.0022 1.20 0.0009 1.17 0.0001 1.10 0.0061
25 25 1.14 1.17 0.0010 1.17 0.0008 1.16 0.0006 1.14 0.0000 1.10 0.0013 1.03 0.0119
26 26 1.13 115 0.0006 1.15 0.0004 114 0.0003 113 0.0000 1.08 0.0019 1.01 0.0140
27 27 1.12 114 0.0008 1.14 0.0006 1.14 0.0004 1.12 0.0000 1.08 0.0015 1.00 0.0126
30 30 1.83 1.87 0.0021 1.87 0.0021 1.87 0.0020 1.87 0.0019 1.87 0.0015 1.86 0.0010
31 31 1.74 1.76 0.0004 1.76 0.0004 1.75 0.0003 1.75 0.0001 1.73 0.0000 1.71 0.0009
Route 3 (East 32 32 1.75 1.55 0.0409 1.55 0.0416 1.55 0.0427 1.53 0.0474 1.51 0.0595 1.46 0.0849
Side) 33 33 1.55 1.50 0.0020 1.50 0.0022 1.50 0.0025 1.48 0.0039 1.45 0.0083 1.40 0.0207
34 34 1.37 1.52 0.0216 1.52 0.0211 1.51 0.0201 1.50 0.0167 1.47 0.0097 1.42 0.0019
35 35 1.56 1.29 0.0723 1.29 0.0736 1.29 0.0756 1.27 0.0838 1.24 0.1046 1.18 0.1468
36 36 1.67 1.42 0.0645 1.41 0.0656 1.41 0.0676 1.40 0.0754 1.36 0.0959 1.30 0.1387
SSR (All Sites) 0.3127 0.3130 0.3138 0.3209 0.3636 0.5306
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Table 5 (1 of 3)

Calibration of global kw for the demand multiplier of 1.23.

Kw =0 m/d Kw=0.01 m/d Kw =0.02 m/d Kw =0.03 m/d Kw =0.04 m/d Kw =0.045 m/d Kw = 0.0455 m/d
Average Chlorine
Node Number|[ ~Concentration

Inflow/Route | Sample Site | in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (Oct2011 | Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) October 5,2011 | Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 192 0.0000 1.92 0.0000 192 0.0000 192 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 176 176 0.0000 176 0.0000 1.76 0.0000 176 0.0000 176 0.0000 176 0.0000 176 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 1.87 1.92 0.0028 191 0.0023 191 0.0019 1.90 0.0015 1.90 0.0011 1.90 0.0010 1.90 0.0010
5 5 1.92 1.92 0.0000 191 0.0001 1.90 0.0002 1.90 0.0005 1.89 0.0008 1.89 0.0009 1.89 0.0009
Route 2 (West 6 6 1.89 1.92 0.0004 1.90 0.0001 1.89 0.0000 1.88 0.0003 1.87 0.0008 1.86 0.0012 1.86 0.0012
side) 7 7 1.85 191 0.0029 1.87 0.0002 1.83 0.0005 1.80 0.0030 177 0.0071 1.76 0.0096 175 0.0099
8 8 1.77 1.90 0.0176 1.84 0.0055 1.79 0.0005 1.75 0.0005 171 0.0041 1.69 0.0068 1.69 0.0071
11 11 174 1.90 0.0268 1.83 0.0094 178 0.0015 172 0.0001 1.68 0.0033 1.66 0.0062 1.66 0.0065
12 12 1.36 1.88 0.2644 175 0.1496 1.66 0.0875 159 0.0498 153 0.0262 150 0.0181 150 0.0174
13 13 1.64 191 0.0722 1.86 0.0486 182 0.0324 178 0.0211 175 0.0133 174 0.0103 174 0.0100
15 15 1.68 179 0.0128 176 0.0073 174 0.0038 172 0.0016 170 0.0004 1.69 0.0001 1.69 0.0001
16 16 1.61 179 0.0301 174 0.0169 171 0.0084 167 0.0033 1.64 0.0007 1.63 0.0001 1.63 0.0001
18 18 149 178 0.0889 172 0.0548 1.66 0.0318 1.62 0.0166 157 0.0072 1.55 0.0041 1.55 0.0039
19 19 1.44 1.78 0.1148 171 0.0725 1.65 0.0436 1.60 0.0242 1.55 0.0117 1.53 0.0075 1.53 0.0071
Route 1 (West 21 21 131 1.78 0.2183 1.68 0.1385 1.60 0.0849 1.53 0.0490 1.47 0.0257 1.44 0.0176 1.44 0.0168
Side) 22 22 123 178 0.2965 167 0.1880 157 0.1166 150 0.0692 143 0.0382 140 0.0272 1.39 0.0263
23 23 121 179 0.3320 1.65 0.1962 154 0.1110 145 0.0579 137 0.0261 134 0.0159 133 0.0150
24 24 117 178 0.3703 1.62 0.2022 149 0.1029 1.39 0.0457 1.30 0.0153 1.26 0.0070 1.25 0.0064
25 25 114 178 0.4125 1.60 0.2147 1.46 0.1026 134 0.0413 124 0.0112 120 0.0039 120 0.0034
26 26 113 178 0.4230 1.59 0.2170 145 0.1017 133 0.0396 123 0.0099 118 0.0031 118 0.0027
27 27 112 178 0.4462 1.59 0.2222 144 0.1038 132 0.0410 122 0.0108 118 0.0037 117 0.0032
30 30 1.83 191 0.0074 1.90 0.0060 1.90 0.0047 1.89 0.0037 1.88 0.0028 1.88 0.0025 1.88 0.0024
31 31 1.74 191 0.0299 1.87 0.0186 1.84 0.0108 1.81 0.0054 178 0.0021 177 0.0011 177 0.0010
Route 3 (East 32 32 1.75 1.89 0.0189 1.80 0.0021 1.73 0.0007 1.66 0.0079 1.61 0.0202 1.59 0.0276 1.58 0.0284
Side) 33 33 155 1.60 0.0032 121 0.1116 112 0.1801 107 0.2283 1.03 0.2682 1.01 0.2862 1.01 0.2880
34 34 137 1.89 0.2686 1.80 0.1806 172 0.1188 1.65 0.0754 159 0.0454 1.56 0.0342 1.55 0.0332
35 35 1.56 1.86 0.0907 1.66 0.0101 153 0.0009 143 0.0163 135 0.0426 132 0.0579 132 0.0594
36 36 1.67 1.88 0.0443 175 0.0065 164 0.0007 155 0.0137 148 0.0380 144 0.0528 144 0.0544
SSR (All Sites) 3.5956 2.0815 1.2523 0.8171 0.6331 0.6066 0.6059
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Table 5 (2 of 3)

Calibration of global kw for the demand multiplier of 1.23.

Kw =0.0456 m/d Kw = 0.0457 m/d Kw = 0.0458 m/d Kw = 0.0459 m/d Kw =0.046 m/d Kw =0.0461 m/d Kw =0.0462 m/d
Average Chlorine
Node Number| ~Concentration
Inflow/Route | Sample Site | in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (Oct2011 | Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) October 5,2011 | Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 176 176 0.0000 176 0.0000 176 0.0000 176 0.0000 176 0.0000 176 0.0000 176 0.0000
Inflow 3 3 3 1.91 1.91 0.0000 1.91 0.0000 191 0.0000 191 0.0000 1.91 0.0000 191 0.0000 1.91 0.0000

4 4 187 1.90 0.0010 1.90 0.0010 1.90 0.0010 1.90 0.0010 1.90 0.0010 1.90 0.0010 1.90 0.0010

5 5 1.92 1.89 0.0009 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010

Route 2 (West 6 6 1.89 1.86 0.0012 1.86 0.0012 1.86 0.0012 1.86 0.0012 1.86 0.0012 1.86 0.0012 1.86 0.0012
Side) 7 7 185 175 0.0099 175 0.0100 175 0.0100 175 0.0101 175 0.0101 175 0.0102 175 0.0103

8 8 177 1.68 0.0072 1.68 0.0073 1.68 0.0073 1.68 0.0074 1.68 0.0075 1.68 0.0075 1.68 0.0076

1 11 174 1.66 0.0066 1.65 0.0066 1.65 0.0067 1.65 0.0068 1.65 0.0068 1.65 0.0069 1.65 0.0070

12 12 1.36 1.50 0.0173 1.50 0.0171 1.49 0.0170 1.49 0.0168 1.49 0.0167 1.49 0.0166 1.49 0.0164

13 13 164 174 0.0100 174 0.0099 174 0.0099 174 0.0098 174 0.0098 174 0.0097 174 0.0097

15 15 1.68 1.69 0.0001 1.69 0.0001 1.69 0.0001 1.69 0.0001 1.69 0.0001 1.69 0.0001 1.69 0.0001

16 16 161 163 0.0001 1.62 0.0001 1.62 0.0001 1.62 0.0001 1.62 0.0001 162 0.0001 1.62 0.0001

18 18 1.49 155 0.0038 1.55 0.0038 1.55 0.0037 1.55 0.0037 155 0.0036 155 0.0036 155 0.0035

19 19 144 153 0.0070 153 0.0070 153 0.0069 153 0.0068 153 0.0067 153 0.0067 153 0.0066

Route 1 (West 21 21 1.31 1.44 0.0167 1.44 0.0166 1.44 0.0164 1.44 0.0163 1.44 0.0162 1.44 0.0160 144 0.0159
Side) 22 22 123 139 0.0261 139 0.0259 139 0.0257 139 0.0255 1.39 0.0253 139 0.0251 1.39 0.0250

23 23 1.21 1.33 0.0149 1.33 0.0147 1.33 0.0145 1.33 0.0144 1.33 0.0142 1.33 0.0140 1.33 0.0139

24 24 117 125 0.0063 125 0.0061 125 0.0060 125 0.0059 125 0.0058 125 0.0057 125 0.0056

25 25 1.14 1.19 0.0033 1.19 0.0033 1.19 0.0032 1.19 0.0031 1.19 0.0030 1.19 0.0029 1.19 0.0028

26 26 113 118 0.0026 118 0.0025 118 0.0024 118 0.0023 118 0.0023 117 0.0022 117 0.0021

27 27 1.12 117 0.0031 117 0.0030 117 0.0029 117 0.0028 1.17 0.0027 117 0.0027 1.17 0.0026

30 30 183 188 0.0024 1.88 0.0024 1.88 0.0024 1.88 0.0024 1.88 0.0024 188 0.0024 1.88 0.0024

31 31 174 177 0.0010 177 0.0010 177 0.0010 177 0.0010 177 0.0009 177 0.0009 177 0.0009

Route 3 (East 32 32 1.75 158 0.0285 1.58 0.0287 1.58 0.0289 1.58 0.0290 1.58 0.0292 1.58 0.0293 1.58 0.0295
side) 33 33 155 1.01 0.2883 1.01 0.2887 1.01 0.2890 1.01 0.2894 1.01 0.2897 1.01 0.2901 1.01 0.2904

34 34 1.37 155 0.0330 1.55 0.0328 1.55 0.0326 1.55 0.0324 1.55 0.0322 155 0.0320 155 0.0318

35 35 1.56 132 0.0598 132 0.0601 132 0.0604 131 0.0607 131 0.0610 131 0.0613 131 0.0617

36 36 1.67 144 0.0547 1.44 0.0550 1.44 0.0553 1.43 0.0557 143 0.0560 1.43 0.0563 143 0.0566

SSR (All Sites) 0.6058 0.6057 0.6056 0.6056 0.6055 0.6055 0.6054486
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Table 5 (3 of 3)

Calibration of global kw for the demand multiplier of 1.23.

Kw =0.0463 m/d Kw =0.0464 m/d Kw =0.0465 m/d Kw =0.0466 m/d Kw =0.047 m/d Kw =0.05 m/d Kw =0.06 m/d Kw=0.07 m/d
Node Number A\(/:erage Chlorine
Inflow/Route | Sample Site | in SynerGEE oncentration Simulated Simulated Simulated Simulated Chiorinel Simulated Simulated Simulated
Number Number (Oct 2011 (After Adjustment) Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Concentration Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) on October 5, 2011f  concentration Residual Concentration Residual Concentration Residual Concentration Residual (mglL) Residual Concentration | Residual | Concentration Residual Concentration Residual
(mglL) (/L) (mg/L) (/L) (mglL) 9 (mg/L) (mglL) (/L)

Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 1.91 0.0000 191 0.0000 191 0.0000

4 4 1.87 1.90 0.0010 1.90 0.0010 1.90 0.0010 1.90 0.0010 1.90 0.0009 1.89 0.0009 1.89 0.0006 1.89 0.0004

5 5 1.92 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.89 0.0010 1.88 0.0011 1.88 0.0015 1.87 0.0020

Route 2 (West 6 6 1.89 1.86 0.0012 1.86 0.0013 1.86 0.0013 1.86 0.0013 1.86 0.0013 1.86 0.0015 1.85 0.0024 1.84 0.0035
Side) 7 7 1.85 1.75 0.0103 1.75 0.0104 1.75 0.0104 1.75 0.0105 1.75 0.0107 1.74 0.0124 1.72 0.0186 1.69 0.0254

8 8 1.77 1.68 0.0077. 1.68 0.0077 1.68 0.0078 1.68 0.0078 1.68 0.0081 1.67 0.0102 1.64 0.0181 1.60 0.0274

11 11 1.74 1.65 0.0070 1.65 0.0071 1.65 0.0072 1.65 0.0072 1.65 0.0075 1.64 0.0097 1.60 0.0184 1.57 0.0288

12 12 1.36 1.49 0.0163 149 0.0162 1.49 0.0160 1.49 0.0159 1.49 0.0154 1.47 0.0119 143 0.0039 1.39 0.0004

13 13 1.64 1.74 0.0096 1.74 0.0096 1.74 0.0095 1.74 0.0095 1.74 0.0093 1.73 0.0079 1.70 0.0042 1.68 0.0019

15 15 1.68 1.69 0.0001 1.69 0.0001 1.69 0.0001 1.69 0.0001 1.69 0.0001 1.68 0.0000 1.66 0.0002 1.65 0.0009

16 16 161 1.62 0.0001 1.62 0.0001 1.62 0.0001 1.62 0.0001 1.62 0.0000 1.61 0.0000 159 0.0008 1.56 0.0027

18 18 1.49 1.55 0.0035 1.54 0.0034 1.54 0.0034 1.54 0.0034 1.54 0.0032 1.53 0.0020 1.49 0.0001 1.46 0.0006

19 19 1.44 1.53 0.0065 1.53 0.0065 1.52 0.0064 1.52 0.0063 1.52 0.0061 1.51 0.0043 1.47 0.0007 1.44 0.0001

Route 1 (West 21 21 131 1.44 0.0158 144 0.0156 144 0.0155 1.44 0.0154 1.43 0.0148 1.42 0.0113 137 0.0034 133 0.0002
Side) 22 22 1.23 1.39 0.0248 1.39 0.0246 1.39 0.0244 1.39 0.0242 1.39 0.0235 1.37 0.0186 1.32 0.0071 1.27 0.0014

23 23 1.21 1.33 0.0137 1.33 0.0136 1.33 0.0134 1.33 0.0133 1.32 0.0126 1.30 0.0086 1.24 0.0011 1.19 0.0004

24 24 117 1.25 0.0054 1.25 0.0053 1.25 0.0052 1.25 0.0051 1.24 0.0047 1.22 0.0022 1.15 0.0004 1.10 0.0061

25 25 1.14 1.19 0.0027 119 0.0026 1.19 0.0026 1.19 0.0025 1.18 0.0022 1.16 0.0005 1.09 0.0023 1.03 0.0118

26 26 1.13 117 0.0020 117 0.0020 1.17 0.0019 1.17 0.0018 1.17 0.0016 1.14 0.0002 1.07 0.0031 1.01 0.0139

27 27 1.12 1.17 0.0025 1.16 0.0024 1.16 0.0023 1.16 0.0023 1.16 0.0020 1.14 0.0004 1.07 0.0025 1.01 0.0122

30 30 1.83 1.88 0.0024 1.88 0.0024 1.88 0.0024 1.88 0.0024 1.88 0.0023 1.87 0.0021 1.87 0.0016 1.86 0.0011

31 31 1.74 1.77 0.0009 177 0.0009 1.77 0.0009 1.77 0.0009 1.76 0.0008 1.76 0.0004 1.73 0.0000 1.71 0.0006

Route 3 (East 32 32 1.75 1.58 0.0296 1.58 0.0298 1.58 0.0300 1.58 0.0301 1.58 0.0308 1.56 0.0357 1.52 0.0532 1.48 0.0719
Side) 33 33 155 1.01 0.2908 1.01 0.2911 1.01 0.2915 1.01 0.2918 1.00 0.2932 0.99 0.3034 0.97 0.3354 0.94 0.3651

34 34 1.37 1.55 0.0316 1.55 0.0314 1.55 0.0312 1.55 0.0310 1.55 0.0303 1.53 0.0250 1.48 0.0119 1.44 0.0042

35 35 1.56 1.31 0.0620 131 0.0623 1.31 0.0626 1.31 0.0629 1.31 0.0642 1.29 0.0740 1.23 0.1076 1.18 0.1419

36 36 1.67 1.43 0.0569 1.43 0.0572 1.43 0.0575 1.43 0.0579 1.43 0.0591 1.41 0.0689 1.35 0.1034 1.30 0.1398

SSR (Al Sites) 0.6054337 0.6054302 0.6054400 0.6055 0.6057 0.6132 0.7025 0.8645
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Table 6 (1 of 2)

Calibration of global kw for the demand multiplier of 0.59.

Kw =0 m/d Kw =0.01 m/d Kw = 0.02 m/d Kw =0.021 m/d Kw = 0.0211 m/d Kw = 0.0212 m/d Kw =0.0213 m/d
Average Chlorine
Sample Nude Number Con(g:;:n(t:ration imulated imulated imulated imul imulated

Inflow/Route |~y ™ | in SynerGEE | o a justment) Simulate Simulate Simulated Chlorine Simulated Chlorine Simulate Simulated Simulate
Number (Oct 2011 Chlorine Squared Chlorine Squared Concentration Squared Concentration Squared Chlorine Squared Chlorine Squared Chlorine Squared
Number Model) |°" October 5, 2011|  concentration | Residual | Concentration | Residual " Residual " Residual Concentration Residual Concentration Residual Concentration Residual

(mL) (molL) (mglL) (o) (o) (mgL) (mglL) (mglL)
Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 1.76 1.76 0.0000 1.76 0.0000 176 0.0000 176 0.0000 1.76 0.0000 1.76 0.0000 1.76 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 187 1.92 0.0026 1.90 0.0016 1.89 0.0009 1.89 0.0008 1.89 0.0008 1.89 0.0008 1.89 0.0008
5 5 1.92 1.92 0.0000 1.90 0.0002 1.89 0.0007 1.89 0.0008 1.89 0.0008 1.89 0.0008 1.89 0.0008
Route 2 (West 6 6 1.89 191 0.0003 1.89 0.0001 1.86 0.0009 1.86 0.0010 1.86 0.0011 1.86 0.0011 1.86 0.0011
Side) 7 7 185 1.90 0.0018 1.82 0.0008 177 0.0072 176 0.0081 176 0.0082 176 0.0083 176 0.0084
8 8 177 1.88 0.0127 177 0.0000 1.69 0.0060 1.68 0.0072 1.68 0.0074 1.68 0.0075 1.68 0.0076
11 11 174 1.88 0.0198 175 0.0003 1.66 0.0061 1.65 0.0074 1.65 0.0076 1.65 0.0077 1.65 0.0078
12 12 1.36 181 0.1959 155 0.0336 1.40 0.0016 1.39 0.0008 1.39 0.0007 1.39 0.0007 1.39 0.0006
13 13 1.64 175 0.0131 171 0.0055 1.68 0.0016 1.68 0.0013 1.68 0.0013 1.67 0.0013 1.67 0.0013
15 15 1.68 1.76 0.0062 173 0.0030 171 0.0013 171 0.0011 171 0.0011 171 0.0011 171 0.0011
16 16 1.61 1.75 0.0189 1.70 0.0073 1.66 0.0018 1.65 0.0015 1.65 0.0015 1.65 0.0014 1.65 0.0014
18 18 149 175 0.0673 1.66 0.0294 159 0.0101 158 0.0088 1.58 0.0087 1.58 0.0086 1.58 0.0085
19 19 144 174 0.0897 1.65 0.0408 157 0.0154 1.56 0.0137 1.56 0.0135 1.56 0.0134 1.56 0.0132
Route 1 (West 21 21 131 174 0.1804 1.60 0.0811 149 0.0311 148 0.0278 148 0.0275 148 0.0272 148 0.0269
Side) 22 22 123 173 0.2508 157 0.1123 144 0.0445 143 0.0401 143 0.0397 143 0.0392 143 0.0388
23 23 121 173 0.2677 151 0.0928 1.36 0.0231 135 0.0193 135 0.0190 135 0.0186 135 0.0183
24 24 117 172 0.2961 1.46 0.0815 1.28 0.0111 1.26 0.0081 1.26 0.0079 1.26 0.0076 1.26 0.0074
25 25 114 171 0.3287 142 0.0792 122 0.0072 121 0.0047 1.20 0.0045 1.20 0.0043 120 0.0041
26 26 1.13 171 0.3366 141 0.0779 121 0.0062 1.19 0.0039 119 0.0037 119 0.0035 118 0.0033
27 27 112 171 0.3488 1.39 0.0776 1.20 0.0074 1.19 0.0050 118 0.0048 118 0.0046 118 0.0044
30 30 1.83 1.91 0.0075 1.90 0.0047 1.88 0.0026 1.88 0.0025 1.88 0.0024 1.88 0.0024 1.88 0.0024
31 31 174 1.90 0.0276 1.83 0.0082 176 0.0007 176 0.0005 176 0.0004 176 0.0004 176 0.0004
Route 3 (East 32 32 175 1.82 0.0050 157 0.0347 144 0.0978 143 0.1041 143 0.1047 143 0.1053 143 0.1059
Side) 33 33 155 1.86 0.1012 167 0.0162 1.56 0.0001 155 0.0000 155 0.0000 154 0.0000 154 0.0000
34 34 137 1.85 0.2315 1.64 0.0702 149 0.0142 148 0.0114 1.48 0.0112 1.48 0.0109 148 0.0107
35 35 1.56 179 0.0527 1.40 0.0246 122 0.1174 1.20 0.1273 1.20 0.1283 1.20 0.1293 1.20 0.1302
36 36 1.67 1.84 0.0272 158 0.0091 141 0.0655 1.40 0.0724 1.40 0.0731 1.40 0.0738 140 0.0745

SSR (All Sites) 2.8901 0.8924 0.4827 0.4797771 0.4797548 0.4797779 0.4798492
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Table 6 (2 of 2)

Calibration of global kw for the demand multiplier of 0.59.

Kw =0.0214 m/d Kw =0.0215 m/d Kw = 0.022 m/d Kw =0.023 m/d Kw =0.025 m/d Kw =0.03 m/d Kw =0.04 m/d
Average Chlorine
Node Number| Concentration X

Inflow/Route | Sample Site | in SynerGEE (After Simulated Simulated Chlorine Simulated Chlorine Chloring] Simulated Chlorine Simulated Chlorine| Simulated Chlorine
Number Number (Oct2011 | Adjustment) on Chlorine Squared Concentration Squared Concentration Squared Concentration Squared Concentration Squared Concentration Squared Concentration Squared
Model) Octo(b;;/SL)ZDH Con(?;z;;rl_a)uon Residual (mglL) Residual (mglL) Residual (mglL) Residual (mglL) Residual (mgiL) Residual (mglL) Residual
Inflow 1 1 1 1.92 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000 1.92 0.0000
Inflow 2 2 2 176 176 0.0000 1.76 0.0000 1.76 0.0000 176 0.0000 176 0.0000 176 0.0000 176 0.0000
Inflow 3 3 3 191 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000 191 0.0000
4 4 1.87 1.89 0.0008 1.89 0.0008 1.89 0.0008 1.89 0.0007 1.89 0.0006 1.88 0.0004 1.88 0.0001
5 5 1.92 1.89 0.0008 1.89 0.0008 1.89 0.0009 1.89 0.0009 1.89 0.0011 1.88 0.0014 1.87 0.0023
Route 2 (West 6 6 1.89 1.86 0.0011 1.86 0.0011 1.86 0.0012 1.86 0.0013 1.85 0.0017 1.84 0.0026 1.83 0.0048
Side) 7 7 1.85 1.76 0.0085 1.76 0.0086 1.76 0.0091 175 0.0100 174 0.0121 172 0.0177 1.68 0.0304
8 8 177 1.68 0.0077 1.68 0.0079 1.68 0.0085 167 0.0099 1.66 0.0128 1.62 0.0212 157 0.0412
11 11 1.74 1.65 0.0080 1.65 0.0081 1.64 0.0089 1.63 0.0105 1.62 0.0139 1.58 0.0237 1.52 0.0475
12 12 1.36 1.39 0.0006 1.39 0.0005 1.38 0.0003 1.37 0.0000 1.35 0.0002 1.30 0.0039 1.22 0.0200
13 13 1.64 1.67 0.0013 1.67 0.0012 1.67 0.0011 1.67 0.0009 1.66 0.0006 1.65 0.0001 1.62 0.0002
15 15 1.68 171 0.0011 171 0.0011 171 0.0010 171 0.0009 171 0.0007 1.70 0.0003 1.68 0.0000
16 16 161 1.65 0.0014 1.65 0.0013 1.65 0.0012 1.65 0.0009 164 0.0005 1.62 0.0000 159 0.0008
18 18 1.49 1.58 0.0084 1.58 0.0083 1.57 0.0077 1.57 0.0066 1.56 0.0048 1.53 0.0016 1.48 0.0001
19 19 1.44 1.56 0.0131 1.56 0.0129 1.55 0.0121 1.55 0.0107 1.53 0.0081 1.50 0.0035 1.45 0.0000
Route 1 (West 21 21 131 1.47 0.0266 147 0.0263 147 0.0248 1.46 0.0220 1.44 0.0170 1.40 0.0079 1.33 0.0003
Side) 22 22 1.23 143 0.0384 143 0.0380 142 0.0360 141 0.0321 1.39 0.0254 1.35 0.0128 1.27 0.0011
23 23 121 1.34 0.0179 134 0.0176 134 0.0160 1.32 0.0130 1.30 0.0081 125 0.0012 115 0.0033
24 24 117 1.26 0.0071 1.26 0.0069 125 0.0057 123 0.0038 121 0.0011 115 0.0008 1.04 0.0175
25 25 1.14 1.20 0.0039 1.20 0.0037 1.19 0.0028 117 0.0014 1.15 0.0001 1.08 0.0034 0.97 0.0277
26 26 113 1.18 0.0031 1.18 0.0029 117 0.0021 1.16 0.0009 113 0.0000 1.06 0.0043 0.95 0.0306
27 27 112 118 0.0042 118 0.0040 117 0.0031 1.16 0.0017 113 0.0002 1.07 0.0024 0.97 0.0225
30 30 1.83 1.88 0.0024 1.88 0.0024 1.88 0.0023 1.87 0.0022 1.87 0.0019 1.86 0.0013 1.85 0.0005
31 31 174 176 0.0004 175 0.0003 175 0.0002 175 0.0001 174 0.0000 171 0.0007 1.66 0.0055
Route 3 (East 32 32 1.75 1.43 0.1065 1.43 0.1072 1.42 0.1103 141 0.1164 1.39 0.1286 1.36 0.1580 1.29 0.2128
Side) 33 33 1.55 1.54 0.0000 1.54 0.0000 1.54 0.0001 1.53 0.0003 1.51 0.0012 147 0.0054 141 0.0194
34 34 137 147 0.0104 147 0.0102 147 0.0090 1.46 0.0069 1.43 0.0037 1.38 0.0001 1.29 0.0060
35 35 1.56 1.20 0.1312 120 0.1322 119 0.1371 118 0.1470 115 0.1664 110 0.2139 1.01 0.3017
36 36 167 140 0.0752 140 0.0759 1.39 0.0795 138 0.0866 135 0.1011 130 0.1381 121 0.2122
SSR (All Sites) 0.4800 0.4801 0.4816 0.4878 0.5118 0.6267 1.0085
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APPENDIX K

Model Calibration of Ky (July 2011 Conditions)

Table 1 (1 of 3)

Calibration of global kw.

Kw =0 Kw =0.02 Kw = 0.025 Kw =0.028 Kw = 0.0285 Kw = 0.029 Kw = 0.0291
Average Chlorine
Node Number| Concentration
Inflow/Quadrant | Sample Site| in SynerGEE After . N Simulated Simulated Simulated Simulated N . Simulated
Nugber Nupmber (Ju};y 2011 Adju(slmem) on SIT;;IE:THEQ:E:“E Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Slncchl)I:éee?“(r;h[:zLIne Squared Chlorine Squared
Model) July 28, 2011 (mglL) Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual (mgiL) Residual Concentration Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000

4 4 1.29 1.37 0.0061 1.35 0.0034 1.34 0.0029 1.34 0.0026 1.34 0.0026 1.34 0.0026 1.34 0.0026

5 5 1.61 1.62 0.0002 1.61 0.0000 1.61 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000

Quadrant 4 (West 6 6 1.52 1.61 0.0085 1.53 0.0003 1.52 0.0000 151 0.0000 1.51 0.0001 1.51 0.0001 1.51 0.0001
Side) 8 8 1.42 1.61 0.0362 1.54 0.0147 1.53 0.0112 1.52 0.0094 1.51 0.0091 1.51 0.0089 1.51 0.0088

9 9 1.34 1.47 0.0162 1.39 0.0021 1.37 0.0008 1.36 0.0003 1.36 0.0003 1.35 0.0002 1.35 0.0002

10 10 1.20 1.49 0.0848 1.23 0.0013 1.20 0.0000 1.18 0.0004 1.18 0.0005 117 0.0006 117 0.0007

11 11 1.06 1.46 0.1534 1.27 0.0420 1.23 0.0289 1.21 0.0227 121 0.0217 1.21 0.0208 121 0.0206

Quadrant 1 (West 12 12 1.19 1.49 0.0920 1.28 0.0082 1.24 0.0028 1.22 0.0010 1.22 0.0008 1.21 0.0007 121 0.0006
Side) 13 13 0.90 1.49 0.3439 1.28 0.1403 1.24 0.1112 1.21 0.0963 121 0.0940 1.21 0.0917 121 0.0913

14 14 0.99 1.40 0.1726 1.18 0.0384 1.14 0.0234 1.12 0.0167 111 0.0157 111 0.0147 111 0.0145

15 15 0.94 1.41 0.2199 1.10 0.0266 1.04 0.0114 1.01 0.0058 1.01 0.0050 1.00 0.0044 1.00 0.0042

Quadrant 3 (East 19 19 1.44 1.58 0.0198 1.35 0.0080 1.31 0.0177 1.29 0.0248 1.28 0.0261 1.28 0.0274 1.28 0.0276
Side) 20 20 1.27 1.56 0.0839 1.25 0.0005 1.20 0.0051 1.18 0.0096 117 0.0104 117 0.0113 117 0.0115

21 21 1.30 1.58 0.0815 1.36 0.0034 1.31 0.0002 1.29 0.0001 1.28 0.0002 1.28 0.0004 1.28 0.0004

Quadrant 2 (East 22 22 1.43 1.59 0.0252 1.35 0.0059 1.30 0.0151 1.28 0.0221 1.27 0.0234 1.27 0.0247 127 0.0249
Side) 24 24 1.46 1.59 0.0173 1.38 0.0058 1.34 0.0138 1.32 0.0198 1.31 0.0209 1.31 0.0220 131 0.0223

SSR (All Sites) 1.3614 0.3007 0.2445 0.2317 0.2309 0.2304 0.2304
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Table 1 (2 of 3)

Calibration of global kw.

Kw = 0.0292 Kw =0.0293 Kw =0.0294 Kw = 0.0295 Kw = 0.0296 Kw =0.0297 Kw =0.0298
Average Chlorin
Node Number | Concentration
Inflow/Quadrant | Sample Site | in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (July 2011 Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) July 28, 2011 Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 162 0.0000 1.62 0.0000 162 0.0000 162 0.0000 162 0.0000 162 0.0000 162 0.0000

4 4 1.29 134 0.0025 1.34 0.0025 134 0.0025 134 0.0025 134 0.0025 134 0.0025 134 0.0025

5 5 1.61 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000

Quadrant 4 (West 6 6 1.52 1.51 0.0001 1.50 0.0001 1.50 0.0001 1.50 0.0001 1.50 0.0001 1.50 0.0001 1.50 0.0001
Side) 8 8 1.42 1.51 0.0087 1.51 0.0087 1.51 0.0086 1.51 0.0086 1.51 0.0085 1.51 0.0085 1.51 0.0084

9 9 1.34 1.35 0.0002 1.35 0.0002 1.35 0.0002 1.35 0.0002 1.35 0.0002 1.35 0.0002 1.35 0.0001

10 10 1.20 117 0.0007 117 0.0007 117 0.0008 117 0.0008 117 0.0008 117 0.0009 117 0.0009

11 11 1.06 121 0.0205 1.21 0.0203 121 0.0201 121 0.0199 120 0.0198 120 0.0196 120 0.0194

Quadrant 1 (West 12 12 1.19 121 0.0006 1.21 0.0006 121 0.0005 121 0.0005 121 0.0005 121 0.0004 121 0.0004
Side) 13 13 0.90 1.20 0.0908 1.20 0.0904 1.20 0.0900 1.20 0.0895 120 0.0891 120 0.0886 120 0.0882

14 14 0.99 1.11 0.0143 1.11 0.0142 1.11 0.0140 1.11 0.0138 1.10 0.0136 1.10 0.0134 1.10 0.0133

15 15 0.94 1.00 0.0041 1.00 0.0040 1.00 0.0039 1.00 0.0038 1.00 0.0036 1.00 0.0035 1.00 0.0034

Quadrant 3 (East 19 19 1.44 1.28 0.0279 1.28 0.0282 1.28 0.0284 1.27 0.0287 1.27 0.0289 1.27 0.0292 1.27 0.0295
Side) 20 20 1.27 117 0.0117 1.16 0.0119 1.16 0.0120 1.16 0.0122 1.16 0.0124 1.16 0.0126 1.16 0.0128

21 21 1.30 128 0.0004 1.28 0.0005 128 0.0005 127 0.0006 127 0.0006 127 0.0006 127 0.0007

Quadrant 2 (East 22 22 1.43 127 0.0252 1.27 0.0255 127 0.0257 127 0.0260 127 0.0262 126 0.0265 126 0.0268
Side) 24 24 1.46 1.31 0.0225 1.31 0.0227 131 0.0229 1.30 0.0232 1.30 0.0234 1.30 0.0236 1.30 0.0239

SSR (All Sites) 0.2303311 0.2303035 0.2302889 0.2302880 0.2302998 0.2303257 0.2304
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Table 1 (3 of 3)

Calibration of global kw.

Kw = 0.03 Kw = 0.031 Kw = 0.032 Kw = 0.035 Kw = 0.04 Kw = 0.05
Average Chlorine
Node Number| Concentration

Inflow/Quadrant |Sample Site| in SynerGEE (After Simulated Simulated Simulated Chlorine Simulated Simulated Simulated
Number Number (July 2011 | Adjustment) on Chlorine Squared Chlorine Squared Concentration Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) July 28, 2011 Concentration Residual Concentration Residual n(mn ! Residual Concentration Residual Concentration Residual Concentration Residual

/L)
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
4 4 1.29 1.34 0.0025 1.34 0.0024 1.34 0.0023 1.34 0.0021 1.33 0.0018 1.33 0.0012
5 5 1.61 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0001
Quadrant 4 (West 6 6 152 150 0.0002 1.50 0.0002 1.50 0.0003 1.49 0.0007 1.48 0.0016 1.45 0.0041
Side) 8 8 1.42 1.51 0.0083 1.51 0.0078 1.50 0.0073 1.50 0.0060 1.48 0.0041 1.46 0.0015
9 9 1.34 1.35 0.0001 1.35 0.0001 1.34 0.0000 1.34 0.0000 1.32 0.0004 1.29 0.0022
10 10 1.20 117 0.0010 1.16 0.0014 1.16 0.0018 1.14 0.0035 111 0.0071 1.07 0.0167
11 11 1.06 1.20 0.0191 1.20 0.0174 1.19 0.0159 1.17 0.0118 1.15 0.0066 1.10 0.0010
Quadrant 1 (West 12 12 1.19 1.21 0.0004 1.20 0.0002 1.19 0.0000 1.17 0.0001 1.15 0.0016 1.10 0.0083
Side) 13 13 0.90 1.20 0.0873 1.19 0.0831 1.18 0.0791 1.16 0.0679 1.13 0.0520 1.07 0.0288
14 14 0.99 1.10 0.0129 1.09 0.0113 1.09 0.0098 1.07 0.0060 1.03 0.0019 0.97 0.0003
15 15 0.94 0.99 0.0032 0.98 0.0022 0.97 0.0014 0.95 0.0001 0.91 0.0010 0.83 0.0108
Quadrant 3 (East 19 19 1.44 1.27 0.0300 1.26 0.0327 1.26 0.0355 1.23 0.0441 1.20 0.0596 1.14 0.0929
Side) 20 20 1.27 1.16 0.0131 1.15 0.0150 1.14 0.0170 1.12 0.0235 1.09 0.0353 1.02 0.0619
21 21 1.30 1.27 0.0008 1.26 0.0013 1.25 0.0019 1.23 0.0043 1.20 0.0102 1.13 0.0271
Quadrant 2 (East 22 22 1.43 1.26 0.0273 1.25 0.0301 1.25 0.0329 1.22 0.0419 1.19 0.0582 1.12 0.0944
Side) 24 24 1.46 1.30 0.0243 1.29 0.0267 1.29 0.0291 1.26 0.0368 1.23 0.0509 1.17 0.0823
SSR (All Sites) 0.2305 0.2318 0.2344 0.2488 0.2923 0.4337
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Table 2 (1 of 4)

Calibration of kw for west side of Study Area.

Kw=0 Kw=0.01 Kw=0.02 Kw = 0.025 Kw = 0.028 Kw = 0.0285 Kw =0.029
Average Chlorine
Inflow/Quadrant | Sample Site Node Number in Concen.tration Simulated Simulated . . Simulated . . Simulated Simulated
Number Number SynerGEE (July | (After Adjustment) Chlorine Squared Chlorine Squared Simulated Ch!orme Squared Chlorine Squared Simulated Ch!orme Squared Chlorine Squared Chlorine Squared
2011 Model) | on July 28, 2011 Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual
(mg/L) (mgiL) ) (el gLy e/ (mgL) (moiL)

Inflow 1 1 28069 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 20139 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 28043 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000

4 4 1.29 1.37 0.0061 1.36 0.0045 1.35 0.0034 1.34 0.0029 1.34 0.0026 1.34 0.0026 1.34 0.0026

5 5 1.61 1.62 0.0002 1.61 0.0001 1.61 0.0000 161 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000

Quadrant 4 (West 6 6 1.52 1.61 0.0085 1.57 0.0026 1.53 0.0003 1.52 0.0000 1.51 0.0000 151 0.0001 151 0.0001
Side) 8 8 142 1.61 0.0362 157 0.0237 1.54 0.0147 153 0.0112 1.52 0.0094 151 0.0091 151 0.0089

9 9 1.34 147 0.0162 1.42 0.0069 1.39 0.0021 1.37 0.0008 1.36 0.0003 1.36 0.0003 1.35 0.0002

10 10 1.20 1.49 0.0848 1.33 0.0164 1.23 0.0013 1.20 0.0000 1.18 0.0004 1.18 0.0005 117 0.0006

11 11 1.06 1.46 0.1534 1.35 0.0820 1.27 0.0420 1.23 0.0289 1.21 0.0227 121 0.0217 121 0.0208

Quadrant 1 (West 12 12 119 149 0.0920 137 0.0322 1.28 0.0082 1.24 0.0028 1.22 0.0010 122 0.0008 121 0.0007
Side) 13 13 0.90 1.49 0.3439 1.37 0.2199 1.28 0.1403 1.24 0.1112 1.21 0.0963 1.21 0.0940 1.21 0.0917

14 14 0.99 1.40 0.1726 1.28 0.0866 1.18 0.0384 114 0.0234 112 0.0167 111 0.0157 111 0.0147

15 15 0.94 1.41 0.2199 1.23 0.0878 1.10 0.0266 1.04 0.0114 1.01 0.0058 1.01 0.0050 1.00 0.0044

Quadrant 3 (East 19 19 1.44 1.58 0.0198 1.46 0.0002 1.35 0.0080 1.31 0.0177 1.29 0.0248 1.28 0.0261 1.28 0.0274
side) 20 20 127 1.56 0.0839 137 0.0101 1.25 0.0005 1.20 0.0051 118 0.0096 117 0.0104 117 0.0113

21 21 1.30 1.58 0.0815 1.46 0.0260 1.36 0.0034 1.31 0.0002 1.29 0.0001 1.28 0.0002 1.28 0.0004

Quadrant 2 (East 22 22 143 1.59 0.0252 1.46 0.0008 1.35 0.0059 1.30 0.0151 1.28 0.0221 1.27 0.0234 1.27 0.0247
Side) 24 24 1.46 1.59 0.0173 147 0.0003 1.38 0.0058 134 0.0138 1.32 0.0198 1.31 0.0209 1.31 0.0220

SSR g’:f;)’ Side 1.1339 0.5626 0.2772 0.1927 0.1552 0.1498 0.1446




Page 231

Table 2 (2 of 4)

Calibration of kw for west side of Study Area.

Kw=0.03 Kw=0.031 Kw = 0,032 Kw = 0.035 Kw=0.04 Kw = 0.042 Kw=0.043
Average Chlorine
Inflow/Quadrant |Sample Site ’?:g?:é?ggg Concentration Simulated Simulated Simulated Simulated
Number Number (July 2011 (After Adjustment) f Simulated Ch!onne Squared Simulated Ch!onne Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Simulated Ch!onne Squared
on July 28, 2011 Concentration N Concentration - ! - - N . - ! - Concentration N
Model) mg/L) Residual (mglL) Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual (mglL) Residual
(malL) (e o (mgL) (mglL) (mglL) (/L) o
Inflow 1 1 28069 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 20139 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 28043 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
4 4 1.29 1.34 0.0025 1.34 0.0024 1.34 0.0023 1.34 0.0021 1.33 0.0018 1.33 0.0017 1.33 0.0016
5 5 1.61 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0001
Quadrant 4 (West 6 6 1.52 1.50 0.0002 1.50 0.0002 1.50 0.0003 1.49 0.0007 1.48 0.0016 1.47 0.0020 147 0.0022
Side) 8 8 1.42 1.51 0.0083 151 0.0078 1.50 0.0073 1.50 0.0060 1.48 0.0041 1.48 0.0034 1.48 0.0031
9 9 1.34 1.35 0.0001 1.35 0.0001 1.34 0.0000 1.34 0.0000 1.32 0.0004 1.32 0.0006 1.31 0.0008
10 10 1.20 117 0.0010 1.16 0.0014 1.16 0.0018 1.14 0.0035 1.11 0.0071 1.10 0.0088 1.10 0.0097
11 11 1.06 1.20 0.0191 1.20 0.0174 119 0.0159 117 0.0118 1.15 0.0066 1.14 0.0050 113 0.0043
Quadrant 1 (West 12 12 119 121 0.0004 1.20 0.0002 119 0.0000 117 0.0001 1.15 0.0016 1.14 0.0026 1.13 0.0032
Side) 13 13 0.90 1.20 0.0873 1.19 0.0831 1.18 0.0791 1.16 0.0679 1.13 0.0520 1.12 0.0465 1.11 0.0440
14 14 0.99 1.10 0.0129 1.09 0.0113 1.09 0.0098 1.07 0.0060 1.03 0.0019 1.02 0.0009 1.01 0.0006
15 15 0.94 0.99 0.0032 0.98 0.0022 0.97 0.0014 0.95 0.0001 0.91 0.0010 0.89 0.0022 0.88 0.0029
Quadrant 3 (East 19 19 1.44 1.27 0.0300 1.26 0.0327 1.26 0.0355 1.23 0.0441 1.20 0.0596 AL Ik 0.0660 1.18 0.0693
Side) 20 20 1.27 1.16 0.0131 1.15 0.0150 1.14 0.0170 112 0.0235 1.09 0.0353 1.07 0.0404 1.07 0.0430
21 21 1.30 1.27 0.0008 1.26 0.0013 1.25 0.0019 1.23 0.0043 1.20 0.0102 1.18 0.0131 1.18 0.0146
Quadrant 2 (East 22 22 1.43 1.26 0.0273 1.25 0.0301 1.25 0.0329 1.22 0.0419 1.19 0.0582 1.17 0.0651 117 0.0687
Side) 24 24 1.46 1.30 0.0243 1.29 0.0267 1.29 0.0291 1.26 0.0368 1.23 0.0509 1.22 0.0569 121 0.0599
SSR g’:le;)‘ side 0.1349 0.1261 0.1180 0.0982 0.0780 00739 0.0725
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Table 2 (3 of 4)

Calibration of kw for west side of Study Area.

Kw = 0.044 Kw = 0.0445 Kw = 0.045 Kw = 0.0452 Kw = 0.0453 Kw =0.0454 Kw =0.0455
Average Chlorine
[ Node Number| = - e tration : i i i i i
Inflow/Quadrant | Sample Site| in SynerGEE (After Adjustment) Simulated Slmul;ted Simulated Simulated Simulated Simulated Chlorinel Slmula}ed
Number Number (July 2011 on July 28, 2011 Chlonne. Squ.ared Chlurlng Squ.ared Chlormg Squ_ared Chlormg Squ.ared Chlonne_ Squ_ared Concentration Squ.ared Chlonne. Squ.ared
Model) ' Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual ) Residual Concentration Residual
(mait) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) ms (mg/L)

Inflow 1 1 28069 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 20139 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 28043 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000

4 4 1.29 1.33 0.0016 1.33 0.0015 1.33 0.0015 1.33 0.0015 1.33 0.0015 1.33 0.0015 1.33 0.0015

5 5 1.61 1.60 0.0001 1.60 0.0001 1.60 0.0001 1.60 0.0001 1.60 0.0001 1.60 0.0001 1.60 0.0001

Quadrant 4 (West 6 6 1.52 1.47 0.0025 1.46 0.0026 1.46 0.0027 1.46 0.0028 1.46 0.0028 1.46 0.0028 1.46 0.0029
Side) 8 8 1.42 1.47 0.0029 1.47 0.0027 1.47 0.0026 1.47 0.0025 1.47 0.0025 1.47 0.0025 1.47 0.0025

9 9 1.34 1.31 0.0009 1.31 0.0010 1.31 0.0011 1.31 0.0011 1.31 0.0012 1.31 0.0012 1.31 0.0012

10 10 1.20 1.10 0.0107 1.09 0.0111 1.09 0.0116 1.09 0.0118 1.09 0.0119 1.09 0.0120 1.09 0.0121

11 11 1.06 1.13 0.0037 1.12 0.0034 1.12 0.0031 1.12 0.0030 112 0.0030 112 0.0029 112 0.0029

Quadrant 1 (West 12 12 119 112 0.0038 1.12 0.0041 112 0.0044 112 0.0046 112 0.0046 112 0.0047 112 0.0048
Side) 13 13 0.90 1.11 0.0415 1.10 0.0403 1.10 0.0391 1.10 0.0387 1.10 0.0384 1.10 0.0382 1.10 0.0380

14 14 0.99 1.01 0.0003 1.00 0.0002 1.00 0.0002 1.00 0.0001 1.00 0.0001 1.00 0.0001 1.00 0.0001

15 15 0.94 0.88 0.0038 0.87 0.0043 0.87 0.0048 0.87 0.0050 0.87 0.0051 0.87 0.0052 0.86 0.0053

Quadrant 3 (East 19 19 1.44 1.17 0.0726 1.17 0.0743 117 0.0759 1.17 0.0766 1.17 0.0769 1.17 0.0773 1.17 0.0776
Side) 20 20 1.27 1.06 0.0456 1.06 0.0470 1.05 0.0483 1.05 0.0488 1.05 0.0491 1.05 0.0494 1.05 0.0496

21 21 1.30 117 0.0163 1.17 0.0171 1.16 0.0179 1.16 0.0183 1.16 0.0184 1.16 0.0186 1.16 0.0188

Quadrant 2 (East 22 22 1.43 1.16 0.0722 1.16 0.0740 1.15 0.0759 1.15 0.0766 1.15 0.0770 115 0.0773 115 0.0777
Side) 24 24 1.46 121 0.0630 1.20 0.0646 1.20 0.0662 1.20 0.0668 1.20 0.0671 1.20 0.0674 1.20 0.0677

SSR g’:le;; Side 0.0716 0.0714 0.0712 0.0712 0.0711480 0.0711402 0.0711369
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Table 2 (4 of 4)

Calibration of kw for west side of Study Area.

Kw =0.0456 Kw = 0.0457 Kw =0.0458 Kw =0.046 Kw =0.047 Kw =0.05 Kw =0.055 Kw =0.06
Average Chlorine

Inflow/Quadrant | Sample Site ,;‘:gi:éfggzr Concentration Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (July 2011 (After Adjustment) S'T:UIaIEd!Ch[!O”"e Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Slmculaledlchl!orme Squared Chlorine Squared Chlorine Squared
Model) on July 28, 2011 oncen/ra fon Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual oncen/ra fon Residual Concentration Residual Concentration Residual

(mg/L) () ) ) ) () () ) (o)

Inflow 1 1 28069 1.62 162 0.0000 162 0.0000 1.62 0.0000 162 0.0000 162 0.0000 162 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 20139 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 28043 1.62 162 0.0000 162 0.0000 1.62 0.0000 162 0.0000 162 0.0000 162 0.0000 1.62 0.0000 1.62 0.0000
4 4 129 133 0.0015 133 0.0015 1.33 0.0015 133 0.0014 133 0.0014 133 0.0012 1.32 0.0010 132 0.0008
5 5 161 1.60 0.0001 1.60 0.0001 1.60 0.0001 1.60 0.0001 1.60 0.0001 1.60 0.0001 159 0.0001 159 0.0002
Quadrant 4 (West 6 6 1.52 146 0.0029 1.46 0.0029 146 0.0029 146 0.0030 1.46 0.0033 145 0.0041 144 0.0057 143 0.0076
Side) 8 8 1.42 147 0.0024 147 0.0024 147 0.0024 147 0.0023 147 0.0021 1.46 0.0015 1.45 0.0007 1.43 0.0002
9 9 134 130 0.0012 130 0.0012 1.30 0.0013 130 0.0013 130 0.0015 129 0.0022 128 0.0036 127 0.0052
10 10 120 1.09 0.0122 1.09 0.0123 1.09 0.0124 1.09 0.0126 1.08 0.0136 107 0.0167 1.05 0.0223 1.03 0.0283
11 11 1.06 112 0.0028 112 0.0028 112 0.0027 112 0.0026 111 0.0021 110 0.0010 1.07 0.0001 1.05 0.0001
Quadrant 1 (West 12 12 1.19 112 0.0048 112 0.0049 112 0.0050 111 0.0051 111 0.0059 110 0.0083 1.07 0.0130 1.05 0.0184
Side) 13 13 0.90 110 0.0378 110 0.0375 110 0.0373 110 0.0369 1.09 0.0347 107 0.0288 1.05 0.0205 1.02 0.0140
14 14 0.99 1.00 0.0001 1.00 0.0001 1.00 0.0001 0.99 0.0000 0.99 0.0000 0.97 0.0003 0.94 0.0019 0.92 0.0048
15 15 0.94 0.86 0.0054 0.86 0.0055 0.86 0.0056 0.86 0.0058 0.85 0.0069 0.83 0.0108 0.80 0.0185 0.77 0.0274
Quadrant 3 (East 19 19 144 116 0.0779 116 0.0783 116 0.0786 116 0.0793 116 0.0827 114 0.0929 Al 0.1103 1.09 0.1279
Side) 0 0 .27 .0499 .0502 0! 0.0504 0.0510 .04 .0637 .02 .0619 .00 0.0760 0.97 .0903
1 1 .30 .0190 .0191 1 0.0193 0.0196 .15 .0214 .13 .0271 11 0.037: 1.0 .0483
Quadrant 2 (East 2 2 .43 .0780 .0784 il 0.0788 0.0795 .14 .0832 .12 .0944 .09 0.113 1.0 .1334
Side) 4 4 .46 .0681 .0684 ik 0.0687 0.0693 9 .0725 17 .0823 14 0.099: il .1166
SSR gxf;‘ Side 0.0711377 0.0711426 0.0712 0.0712 0.0716 0.0750 0.0875 0.1070
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Table 3 (1 of 4)

Calibration of kw for east side of Study Area.

Kw Kw =0.01 Kw =0.012 Kw =0.014 Kw =0.015 Kw =0.0155 Kw =0.0156
Average Chlorine
Node Number| Concentration
Inflow/Quadrant | Sample Site| in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (Quly 2011 | Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) July 28, 2011 Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual
(mglL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000

4 4 1.29 1.37 0.0061 1.36 0.0045 136 0.0042 135 0.0040 L5 0.0039 135 0.0038 L& 0.0038

5 5 1.61 1.62 0.0002 161 0.0001 161 0.0000 161 0.0000 161 0.0000 161 0.0000 161 0.0000

Quadrant 4 (West 6 6 1.52 1.61 0.0085 157 0.0026 1.56 0.0019 1.55 0.0014 155 0.0011 1.55 0.0010 155 0.0010
Side) 8 8 1.42 1.61 0.0362 1.57 0.0237 1.57 0.0217 1.56 0.0198 1.56 0.0188 1.55 0.0184 1.55 0.0183

9 9 134 1.47 0.0162 1.42 0.0069 142 0.0057 141 0.0046 1.40 0.0041 1.40 0.0038 1.40 0.0038

10 10 1.20 1.49 0.0848 1.33 0.0164 1.30 0.0113 1.29 0.0075 1.28 0.0060 127 0.0053 1.27 0.0052

11 11 1.06 1.46 0.1534 1.35 0.0820 1.33 0.0721 132 0.0633 131 0.0593 130 0.0573 1.30 0.0569

Quadrant 1 (West 12 12 119 149 0.0920 137 0.0322 135 0.0255 133 0.0199 132 0.0174 131 0.0163 131 0.0161
Side) 13 13 0.90 149 0.3439 137 0.2199 135 0.2012 133 0.1840 132 0.1760 132 0.1721 132 0.1713

14 14 0.99 1.40 0.1726 1.28 0.0866 1.26 0.0746 124 0.0639 123 0.0590 123 0.0566 123 0.0562

15 15 0.94 141 0.2199 123 0.0878 120 0.0713 118 0.0572 116 0.0510 116 0.0480 116 0.0475

Quadrant 3 (East 19 19 144 158 0.0198 1.46 0.0002 143 0.0001 141 0.0009 140 0.0017 140 0.0021 1.40 0.0022
Side) 20 20 127 1.56 0.0839 137 0.0101 135 0.0052 132 0.0021 131 0.0011 130 0.0008 1.30 0.0007

21 21 1.30 158 0.0815 1.46 0.0260 144 0.0194 142 0.0139 141 0.0116 140 0.0105 1.40 0.0103

Quadrant 2 (East 22 22 1.43 1.59 0.0252 1.46 0.0008 1.43 0.0000 141 0.0002 1.40 0.0007 140 0.0010 139 0.0011
Side) 24 24 1.46 1.59 0.0173 1.47 0.0003 1.45 0.0000 1.43 0.0005 143 0.0010 142 0.0013 142 0.0013

SSR gf]al;; Side 0.2276 0.0373 0.0247 00177 0.0160 0.0156 0.0156
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Table 3 (2 of 4)

Calibration of kw for east side of Study Area.

Kw =0.0157 Kw=0.0158 Kw =0.0159 Kw =0.016 Kw =0.0161 Kw =0.0162 Kw =0.0165
Average Chlorine
Node Number| Concentration
Inflow/Quadrant | Sample Site | in SynerGEE (After Simulated Chlorinel Simula{ted Simula}ted Simula.ted Simula}ted Simula}ted Simula.ted
Number Number (July 2011 | Adjustment) on Concentration Squ.ared Chlormg Sql{ared Chlorlng Squ.ared Chlorlng Squ.ared Chlorlng Sqt{ared Chlorlng Sql{ared Chlorlne. Squ.ared
Model) July 28, 2011 (mglL) Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000

4 4 129 135 0.0038 135 0.0038 135 0.0038 135 0.0038 135 0.0038 135 0.0037 135 0.0037

5 5 161 161 0.0000 161 0.0000 161 0.0000 161 0.0000 161 0.0000 161 0.0000 161 0.0000

Quadrant 4 (West 6 6 1.52 1.55 0.0010 1.55 0.0010 155 0.0009 1.55 0.0009 155 0.0009 155 0.0009 154 0.0008
Side) 8 8 1.42 155 0.0182 1.55 0.0181 155 0.0180 1.55 0.0179 155 0.0179 155 0.0178 155 0.0175

9 9 134 1.40 0.0037 1.40 0.0037 1.40 0.0036 140 0.0036 1.40 0.0036 1.40 0.0035 140 0.0034

10 10 1.20 1.27 0.0051 1.27 0.0049 1.27 0.0048 127 0.0047 1.27 0.0046 1.27 0.0045 1.26 0.0041

11 11 1.06 1.30 0.0566 1.30 0.0562 1.30 0.0558 1.30 0.0554 1.30 0.0551 1.30 0.0547 1.30 0.0536

Quadrant 1 (West 12 12 1.19 131 0.0158 131 0.0156 131 0.0154 131 0.0152 131 0.0150 131 0.0148 131 0.0142
Side) 13 13 0.90 132 0.1705 132 0.1697 131 0.1690 131 0.1682 131 0.1675 131 0.1667 131 0.1645

14 14 0.99 122 0.0557 122 0.0553 122 0.0548 122 0.0544 1.22 0.0539 1.22 0.0535 122 0.0521

15 15 0.94 115 0.0469 1.15 0.0463 115 0.0458 115 0.0452 1.15 0.0447 1.15 0.0441 114 0.0425

Quadrant 3 (East 19 19 1.44 140 0.0023 140 0.0024 139 0.0025 1.39 0.0026 139 0.0027 139 0.0028 139 0.0031
Side) 20 20 127 1.30 0.0006 1.30 0.0006 1.30 0.0005 130 0.0005 129 0.0004 129 0.0004 129 0.0003

21 21 1.30 1.40 0.0101 1.40 0.0099 140 0.0097 1.40 0.0095 139 0.0093 139 0.0091 1.39 0.0085

Quadrant 2 (East 22 22 1.43 139 0.0011 1.39 0.0012 139 0.0013 1.39 0.0014 1.39 0.0014 1.39 0.0015 139 0.0018
Side) 24 24 1.46 142 0.0014 142 0.0015 142 0.0016 1.42 0.0016 142 0.0017 141 0.0018 141 0.0020

SSR C()EHT}S/; Side 0.0156 0.0155404 0.0155290 0.0155282 0.0155381 0.0156 0.0157
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Table 3 (3 of 4)

Calibration of kw for east side of Study Area.

Kw =0.017 Kw = 0.02 Kw = 0.021 Kw = 0.025 Kw = 0.028 Kw = 0.0285 Kw = 0.029
Average Chlorine
Node X
. Concentration
Inflow/Quadrant Sample | Number in (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Site SynerGEE Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Number | (July 2011 July 28, 2011 Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual
Model) (mglL) (mgfL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mglL)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 136 0.0000 1.36 0.0000 1.36 0.0000 136 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
4 4 129 135 0.0037 135 0.0034 135 0.0033 134 0.0029 134 0.0026 134 0.0026 134 0.0026
5 5 161 1.61 0.0000 161 0.0000 161 0.0000 161 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000
Quadrant 4 (West 6 6 152 154 0.0007 1.53 0.0003 1.53 0.0002 152 0.0000 151 0.0000 151 0.0001 151 0.0001
Side) 8 8 142 JIRE5) 0.0171 154 0.0147 154 0.0139 153 0.0112 152 0.0094 A5l 0.0091 A5 0.0089
9 9 134 140 0.0032 139 0.0021 138 0.0017 137 0.0008 1.36 0.0003 1.36 0.0003 135 0.0002
10 10 1.20 1.26 0.0036 123 0.0013 123 0.0008 1.20 0.0000 118 0.0004 118 0.0005 117 0.0006
11 11 1.06 129 0.0518 127 0.0420 1.26 0.0391 123 0.0289 21 0.0227 A2 0.0217 21 0.0208
Quadrant 1 (West 12 12 i 1.30 0.0132 1.28 0.0082 1.27 0.0068 1.24 0.0028 1.22 0.0010 122 0.0008 1.21 0.0007
Side) 13 13 0.90 1.30 0.1608 1.28 0.1403 127 0.1340 124 0.1112 121 0.0963 121 0.0940 121 0.0917
14 14 0.99 121 0.0500 118 0.0384 118 0.0350 114 0.0234 112 0.0167 111 0.0157 111 0.0147
i3 15 0.94 114 0.0399 110 0.0266 1.09 0.0229 1.04 0.0114 101 0.0058 101 0.0050 1.00 0.0044
Quadrant 3 (East 19 19 1.44 1.38 0.0037 1.35 0.0080 135 0.0097 131 0.0177 1.29 0.0248 1.28 0.0261 1.28 0.0274
Side) 20 20 127 1.28 0.0001 125 0.0005 124 0.0011 1.20 0.0051 1.18 0.0096 117 0.0104 117 0.0113
21 21 1.30 139 0.0076 1.36 0.0034 135 0.0024 131 0.0002 129 0.0001 128 0.0002 128 0.0004
Quadrant 2 (East 22 22 1.43 1.38 0.0022 1.35 0.0059 1.34 0.0074 1.30 0.0151 1.28 0.0221 1.27 0.0234 1.27 0.0247
Side) 24 24 1.46 141 0.0024 138 0.0058 137 0.0071 134 0.0138 132 0.0198 131 0.0209 131 0.0220
R (()Eni:;t)SIde 0.0161 0.0235 0.0277 0.0519 0.0765 0.0811 0.0858
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Table 3 (4 of 4)

Calibration of kw for east side of Study Area.

Kw =0.03 Kw =0.031 Kw =0.032 Kw = 0.035 Kw = 0.04 Kw =0.05
Average Chlorine
Node Number| Concentration
Inflow/Quadrant | Sample Site| in SynerGEE (After Simule}ted Simulated Chlorine| Simula'ted Simulated Chlorine Simulated Chlorine Simulgted
Number Number (July 2011 | Adjustment) on Chlorine Squared Concentration Squared Chlorine Squared Concentration Squared Concentration Squared Chlorine Squared
Model) July 28, 2011 Concentration Residual (mg/L) Residual Concentration Residual (mg/L) Residual (mg/L) Residual Concentration Residual
(mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000

4 4 1.29 1.34 0.0025 1.34 0.0024 1.34 0.0023 1.34 0.0021 1.33 0.0018 1.33 0.0012

5 5 1.61 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0001

Quadrant 4 (West 6 6 1.52 1.50 0.0002 1.50 0.0002 1.50 0.0003 1.49 0.0007 1.48 0.0016 1.45 0.0041
Side) 8 8 1.42 1.51 0.0083 1.51 0.0078 1.50 0.0073 1.50 0.0060 1.48 0.0041 1.46 0.0015

¢ 9 134 1.35 0.0001 135 0.0001 1.34 0.0000 134 0.0000 132 0.0004 1.29 0.0022

10 10 1.20 1.17 0.0010 1.16 0.0014 1.16 0.0018 1.14 0.0035 1.11 0.0071 1.07 0.0167

11 11 1.06 1.20 0.0191 1.20 0.0174 1.19 0.0159 1.17 0.0118 1.15 0.0066 1.10 0.0010

Quadrant 1 (West 12 12 119 121 0.0004 1.20 0.0002 119 0.0000 117 0.0001 115 0.0016 1.10 0.0083
side) 13 13 0.90 1.20 0.0873 1.19 0.0831 1.18 0.0791 1.16 0.0679 1.13 0.0520 1.07 0.0288

14 14 0.99 1.10 0.0129 1.09 0.0113 1.09 0.0098 1.07 0.0060 1.03 0.0019 0.97 0.0003

15 15 0.94 0.99 0.0032 0.98 0.0022 0.97 0.0014 0.95 0.0001 0.91 0.0010 0.83 0.0108

Quadrant 3 (East 19 19 1.44 1.27 0.0300 1.26 0.0327 1.26 0.0355 1.23 0.0441 1.20 0.0596 1.14 0.0929
Side) 20 20 1.27 1.16 0.0131 1.15 0.0150 114 0.0170 112 0.0235 1.09 0.0353 1.02 0.0619

21 21 1.30 1.27 0.0008 1.26 0.0013 1.25 0.0019 1.23 0.0043 1.20 0.0102 1.13 0.0271

Quadrant 2 (East 22 22 1.43 1.26 0.0273 1.25 0.0301 1.25 0.0329 1.22 0.0419 1.19 0.0582 1.12 0.0944
Side) 24 24 1.46 1.30 0.0243 1.29 0.0267 1.29 0.0291 1.26 0.0368 1.23 0.0509 1.17 0.0823

SR (()Enalf/‘) Side 0.0955 0.1058 0.1164 0.1506 0.2143 0.3587
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Table 4 (1 of 3)

Calibration of global kw for no bulk decay.

Kw=0 Kw=0.01 Kw =0.02 Kw =0.025 Kw =0.027 Kw=0.03 Kw =0.032
Average Chlorine
Sample Node Number| Concentration . . ) ) ) . .
Inflow/Quadrant N in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Site (uly 2011 | Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Number Model) July 28, 2011 Concentration | Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration | Residual Concentration Residual
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000

4 4 1.29 1.37 0.0066 1.36 0.0049 1.35 0.0037 1.35 0.0032 1.35 0.0030 1.34 0.0028 1.34 0.0026

5 5 1.61 1.62 0.0002 1.62 0.0001 1.61 0.0000 1.61 0.0000 1.61 0.0000 1.61 0.0000 1.61 0.0000

Quadrant 4 (West 6 6 1.52 1.62 0.0109 1.58 0.0040 1.54 0.0008 1.53 0.0002 1.52 0.0001 1.51 0.0000 1.51 0.0000
Side) 8 8 1.42 1.62 0.0403 1.58 0.0270 1.55 0.0172 1.54 0.0134 1.53 0.0121 1.52 0.0102 151 0.0091

9 9 1.34 1.48 0.0197 1.44 0.0092 1.40 0.0033 1.38 0.0016 1.37 0.0011 1.36 0.0005 1.36 0.0003

10 10 1.20 1.51 0.0995 1.35 0.0222 1.25 0.0031 1.22 0.0004 1.20 0.0000 1.19 0.0002 117 0.0006

11 11 1.06 1.48 0.1735 1.37 0.0956 1.29 0.0513 1.26 0.0364 1.24 0.0315 1.22 0.0251 1.21 0.0213

Quadrant 1 (West 12 12 1.19 1.51 0.1072 1.39 0.0405 1.30 0.0122 1.26 0.0053 1.24 0.0034 1.22 0.0015 121 0.0006
Side) 13 13 0.90 1.51 0.3729 1.39 0.2409 1.30 0.1558 1.26 0.1246 1.24 0.1137 1.22 0.0988 1.20 0.0899

14 14 0.99 1.43 0.1972 131 0.1027 1.21 0.0484 1.16 0.0310 1.15 0.0255 1.12 0.0185 1.11 0.0146

15 15 0.94 1.45 0.2609 1.27 0.1107 1.13 0.0382 1.08 0.0190 1.05 0.0135 1.02 0.0073 1.00 0.0044

Quadrant 3 (East 19 19 1.44 1.62 0.0309 1.49 0.0020 1.39 0.0035 1.34 0.0108 1.32 0.0146 1.30 0.0210 1.28 0.0257
Side) 20 20 1.27 1.62 0.1201 1.42 0.0225 1.30 0.0005 1.25 0.0008 1.23 0.0022 1.20 0.0053 1.18 0.0080

21 21 1.30 1.62 0.1036 1.49 0.0379 1.39 0.0081 1.34 0.0019 1.32 0.0007 1.30 0.0000 1.28 0.0002

Quadrant 2 (East 22 22 1.43 1.62 0.0372 1.49 0.0035 1.38 0.0024 1.33 0.0092 1.31 0.0129 1.29 0.0194 1.27 0.0243
Side) 24 24 1.46 1.62 0.0266 1.50 0.0022 1.41 0.0024 1.37 0.0084 1.35 0.0116 1.33 0.0171 1.31 0.0213

SSR (All Sites) 1.6075 0.7259 0.3509 0.2661 0.2458 0.2277 0.2229
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Table 4 (2 of 3)

Calibration of global kw for no bulk decay.

Kw =0.0325 Kw =0.0326 Kw =0.0327 Kw =0.0328 Kw =0.0329 Kw =0.033 Kw =0.0331
Average Chlorine
Sample Node Number| Concentration . . . . . . .

Inflow/Quadrant N in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Site (July 2011 | Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Number Model) July 28, 2011 Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual | Concentration Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
4 4 1.29 1.34 0.0026 1.34 0.0026 1.34 0.0026 1.34 0.0026 1.34 0.0025 1.34 0.0025 1.34 0.0025
5 5 1.61 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000
Quadrant 4 (West 6 6 1.52 1.51 0.0001 1.51 0.0001 1.51 0.0001 1.51 0.0001 1.51 0.0001 1.51 0.0001 1.51 0.0001
Side) 8 8 1.42 1.51 0.0088 1.51 0.0088 1.51 0.0087 1.51 0.0087 1.51 0.0086 1.51 0.0086 1.51 0.0085
9 9 1.34 1.36 0.0002 1.35 0.0002 1.35 0.0002 1.35 0.0002 1.35 0.0002 1.35 0.0002 135 0.0002
10 10 1.20 1.17 0.0007 1.17 0.0008 1.17 0.0008 1.17 0.0008 1.17 0.0009 1.17 0.0009 117 0.0009
11 11 1.06 1.21 0.0205 1.21 0.0203 1.21 0.0201 1.21 0.0199 1.20 0.0198 1.20 0.0196 1.20 0.0194
Quadrant 1 (West 12 12 1.19 1.21 0.0005 1.21 0.0005 1.21 0.0004 1.21 0.0004 1.21 0.0004 1.21 0.0004 1.20 0.0003
Side) 13 13 0.90 1.20 0.0878 1.20 0.0873 1.20 0.0869 1.20 0.0865 1.20 0.0861 1.20 0.0857 1.20 0.0853
14 14 0.99 1.11 0.0137 1.10 0.0135 1.10 0.0133 1.10 0.0132 1.10 0.0130 1.10 0.0128 1.10 0.0127
15 15 0.94 1.00 0.0038 1.00 0.0037 1.00 0.0035 1.00 0.0034 1.00 0.0033 0.99 0.0032 0.99 0.0031
Quadrant 3 (East 19 19 1.44 1.28 0.0270 1.28 0.0272 1.28 0.0275 1.28 0.0277 1.28 0.0280 1.28 0.0282 1.28 0.0285
Side) 20 20 1.27 1.18 0.0087 1.18 0.0089 1.18 0.0090 1.18 0.0092 1.18 0.0093 1.18 0.0095 1.18 0.0096
21 21 1.30 1.28 0.0003 1.28 0.0004 1.28 0.0004 1.28 0.0004 1.28 0.0005 1.28 0.0005 1.28 0.0005
Quadrant 2 (East 22 22 1.43 1.27 0.0256 1.27 0.0258 1.27 0.0261 1.26 0.0263 1.26 0.0266 1.26 0.0269 1.26 0.0271
Side) 24 24 1.46 1.31 0.0224 1.31 0.0226 1.31 0.0228 1.30 0.0230 1.30 0.0232 1.30 0.0235 1.30 0.0237
SSR (All Sites) 0.2226 0.2225328 0.2225091 0.2224970 0.2224980 0.2225115 0.2225365
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Table 4 (3 of 3)

Calibration of global kw for no bulk decay.

Kw =0.0332 Kw =0.0335 Kw =0.034 Kw =0.035 Kw =0.037 Kw =0.04 Kw =0.05
Average Chlorine
Node Number| Concentration

Inflow/Quadrant | Sample Site| in SynerGEE (After Simulated Simulated Simulated Simulated Simulated Simulated Simulated
Number Number (July 2011 | Adjustment) on Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared Chlorine Squared
Model) July 28, 2011 Concentration Residual | Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual Concentration Residual

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Inflow 1 1 1 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
Inflow 2 2 2 1.36 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000 1.36 0.0000
Inflow 3 3 3 1.62 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000 1.62 0.0000
4 4 1.29 1.34 0.0025 1.34 0.0025 1.34 0.0025 1.34 0.0024 1.34 0.0022 1.34 0.0020 1.33 0.0014
5 5 1.61 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0000 1.60 0.0001
Quadrant 4 (West 6 6 1.52 1.51 0.0001 1.50 0.0001 1.50 0.0002 1.50 0.0002 1.50 0.0004 1.49 0.0008 1.46 0.0028
Side) 8 8 1.42 1.51 0.0085 1.51 0.0083 1.51 0.0081 1.51 0.0076 1.50 0.0066 1.49 0.0054 1.47 0.0023
9 9 1.34 1.35 0.0002 1.35 0.0001 1.35 0.0001 1.35 0.0001 1.34 0.0000 1.33 0.0001 1.30 0.0013
10 10 1.20 1.17 0.0010 1.17 0.0011 1.16 0.0013 1.16 0.0017 1.15 0.0027 1.13 0.0045 1.09 0.0127
11 11 1.06 1.20 0.0193 1.20 0.0188 1.20 0.0180 1.19 0.0165 1.18 0.0137 1.16 0.0101 1.11 0.0026
Quadrant 1 (West 12 12 1.19 1.20 0.0003 1.20 0.0003 1.20 0.0002 1.19 0.0000 1.18 0.0000 1.16 0.0005 1.11 0.0055
side) 13 13 0.90 119 0.0849 1.19 0.0836 1.19 0.0816 1.18 0.0777 1.17 0.0704 1.15 0.0604 1.09 0.0347
14 14 0.99 1.10 0.0125 1.10 0.0120 1.09 0.0112 1.09 0.0098 1.07 0.0072 1.05 0.0041 0.99 0.0000
15 15 0.94 0.99 0.0030 0.99 0.0027 0.98 0.0023 0.98 0.0015 0.96 0.0004 0.93 0.0000 0.86 0.0063
Quadrant 3 (East 19 19 1.44 1.27 0.0287 1.27 0.0295 1.27 0.0308 1.26 0.0334 1.25 0.0388 1.23 0.0473 1.16 0.0782
Side) 20 20 1.27 1.17 0.0098 1.17 0.0102 1.17 0.0110 1.16 0.0127 1.15 0.0163 1.12 0.0222 1.06 0.0449
21 21 1.30 1.27 0.0006 1.27 0.0007 1.27 0.0009 1.26 0.0014 1.25 0.0027 1.22 0.0054 1.16 0.0192
Quadrant 2 (East 22 22 1.43 1.26 0.0274 1.26 0.0282 1.26 0.0295 1.25 0.0323 1.23 0.0380 1.21 0.0472 1.14 0.0811
Side) 24 24 1.46 1.30 0.0239 1.30 0.0246 1.30 0.0257 1.29 0.0281 1.27 0.0330 1.25 0.0408 1.19 0.0701
SSR (All Sites) 0.2226 0.2228 0.2233 0.2253 0.2325 0.2508 0.3630




