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STOCHASTIC ANALYSIS OF RESPONSE FUNCTIONS
OF NITROGEN IN STREAM WATER
Hyun A. Park
ABSTRACT

In the present study, a stochastic model of nitrogen in
streams is created using a new mathematical technique,
Probability Density Function/Moment technique (PDF/M). The
model is based on a set of four highly non-linear second order
equations for nitrogen species in streams (NH,, NO,, NO,, and
organic-N). The purpose of the PDF/M technique is to include
occurrence of natural variability. The first step is to
separate the stochastic terms from the non-stochastic terms
and solve the resulting set of equations simultaneously. The
moments of the output variables then are obtained using
expectation mathematics. The moments are used in a solution
of the Fokker-Planck equation to produce an analytical
solution for the probability density functions of the
dependent variables. Comparison of the present study to the
results of the Monte Carlo method showed the application of

PDF/M technique to nitrogen cycle simulation valid.

December 1992 Mark A. Tumeo, Ph.D, Advisor
University of Alaska Professor, Civil Engineering
Fairbanks, Alaska Environmental Quality Engineering
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CHAPTER 1
INTRODUCTION

Mathematical modeling of our environment has continuously
grown over the past few decades. Environmental quality
management requires more efficient management tools based on
greater knowledge of environmental phenomena. Management of
environmental controls has become more costly to implement
and judgement errors are resulting in more severe penalties
(Zielinski, 1988). As part of the search for more efficient
management tools, computer modeling has become a popular aid
to the decision-maker in balancing the complex factors which
must be considered in environmental management and pollution
control (Tumeo, 1988). In today’s high-tech, computer-
oriented, hardware/software-focused world, this trend has been
greatly enhanced (Heidtke et al., 1986).

A number of stochastic models for water quality processes
have been proposed in recent years. The most common stochastic
modeling approach is Monte Carlo simulation. Unfortunately the
technique may be limited because of the time required for the
computations. Another common approach involves transforming
the differential equations representing water quality from

deterministic to random or stochastic differential equations.
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The Fokker-Planck equation is commonly used to obtain the
probability density function (pdf). The moment equations are

used to obtain the expectation and variance (Zielinski, 1988).

In this study, a set of dependent nitrogen equations are
solved using PDF/M technique. The model is developed and
applied to the Withlacoochee River in Florida, and the results

are compared to QUAL2E-UNCAS.

1.1 A MATHEMATICAL MODELING TREND

The modeling of natural phenomena and the solutions of
differential equations were based on deterministic solutions
of differential equations representing environmental processes
up to the end of the nineteenth century. It was commonly
thought that if all initial data could be collected, one would
be able to predict the future with certainty (Gardiner, 1985).
It is still true that most available environmental models are
deterministic in nature. Selection of specific values of
input parameters such as reaction rates, diffusion
coefficients, or growth rates is required. The fact that
input parameters actually have a stochastic component is

ignored (Tumeo, 1988).
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The idea of including stochasticity in mathematical
models used for environmental management has been evolving for
quite some time (Tumeo, 1988). Unfortunately, the application
of stochastic method to environmental models is difficult, if
not impossible. The difficulty of including stochasticity in
mathematical models for environmental management restrains
modelers from more vigorous development.

The advantage in stochastic equations is that
uncertainties in model parameters are considered implicitly in’
the solution. Therefore, it is possible to use field
measurements that are impreéise as input parameters to the
model. The disadvantage of stochastic models is that extensive

numerical computations are usually required (Zielinski, 1988).

1.2 OBJECTIVES OF STUDY

The main objective of this study is to check the validity
and feasibility of the Probability Density Function/Moment
(PDF/M) technique (Tumeo and Orlob, 1989) as applied to non-
linear simultaneous equations. A set of four dependent, highly
non-linear second order equations modeling the nitrogen cycle

in a body of stream water is used to test the technique.
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A major goal of the study is to obtain an analytical
solution for the probability density functions using the PDF/M
technique, and to compare the results with the results of
QUAL2E-UNCAS, a widely used stream water model utilizing the

Monte Carlo technique (Brown and Barnwell, 1987).

1.3 ORGANIZATION OF THESIS

This study was aimed at developing a stochastic model of
the nitrogen cycle in streamwater using PDF/M technique and
evaluating the model by comparing the results with a Monte
Carlo model.

Chapter 2 provides an overview of the selected stochastic
methods currently used in environmental modeling. In Chapter
3, the technical approach to the new method is discussed, and
Chapter 4 presents the application of the new technique using
equations modeling the nitrogen cycle in streams. Results are
compared with the output from QUAL2E-UNCAS. Conclusions and

recommendations for future study are included in Chapter 5.
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CHAPTER 2

LITERATURE REVIEW

2.1 Nitrogen Cycle Modeling in Streams

Nitrogen transformations in streams have been modeled to
show either the direct variation of nitrogen species
concentration or the indirect effect on the dissolved oxygen
level (Warwick and McDonnell, 1985). Few attempts have been
made to describe nitrogen progression by deterministie
mathematical models, and over the last few decades, only a
limited number of nitrogen cycle analysis in streams were done
(Najarian and Harleman, 1977). A model developed by Warwick
and McDonnell (1985) uses nitrogen mass balance to include
complex nitrogen transformations in streams such as chemical
and biological activity, which can affect the concentrations
of the various nitrogen species. The model calculates
nitrification rates from observed in-stream variations in

organic-N, ammonia-N, nitrite-N, and dissolved oxygen.
Najarian and Harleman (1977) developed a real time

simulation of the nitrogen cycle in an estuary. The simulation

illustrates dynamic coupling between hydrodynamic transport
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processes and biochemical water quality transformation
processes such as advective transport, conservation of mass,
transformation of CBOD-DO and nutrients, and chemostat system
(Najarian and Harleman, 1977). In 1981, Najarian and Taft
evaluated improvements in Najarian’s biological model based on
the nitrogen-cycle to complement the added capabilities of the
existing two-dimensional estuarine circulation models
(Najarian and Taft, 1981). The study examines the sensitivity
of the model to transient changes in key parameters such as -
phytoplankton uptake rates, added complexity in zooplankton
grazing, phytoplankton settling, and phytoplankton preferences

for nutrients.

There have been a few other models developed to simulate
nitrogen cycle in streams and estuaries (Najarian and
Harleman, 1977). They commonly incorporate nitrification in
both nitrogen and dissolved oxygen mass balance. The selected
input values of nitrification do not necessarily satisfy both
the observed changes in nitrogen species and DO

concentrations.

EPA developed a model addressing stochasticity of the

nitrogen cycle in streams. QUAL2E-UNCAS developed in 1987 as
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an enhancement to QUAL2E released in 1985, allows the modeler
to perform uncertainty analysis on the steady state water
quality simulations (Brown and Barnwell, 1987). Three
uncertainty options are available: sensitivity analysis; first
order error analysis; and Monte Carlo simulations. The
uncertainty analysis enables the user to assess the effects of
model sensitivities and of uncertain input data on model
forecasts. The modeler can assess the risk of imprecise
forecasts and recommend measures for reducing the magnitude of

that imprecision.

QUAL2E-UNCAS is a widely used water quality model that
incorporates all four forms of nitrogen in streams: organic
nitrogen; ammonia; nit.rite; and nitrate. The Monte Carlo
simulation in QUAL2E-UNCAS uses input variables generated
randomly from pre-determined probability distributions. Input
requirements for the Monte Carlo simulation include the
variance and probability density function of the input
variable, and the number of the simulations to be performed
(Brown and Barnwell, 1987). The model provides summary
statistics and frequency distributions for the state variables

at specific locations in the system.
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2.2 Probability Density Function/Moment Technique

The probability density function/moment (PDF/M) technique
is based on the expansion of basic governing equations to
include stochastic terms. The stochastic terms are separated
from the non-stochastic terms and the resulting set of
equations solved simultaneously. The moments of the output
variables are obtained using expectation mathematics applied
to the solution set. The moments are then used in conjunction-
with the Fokker-Planck equation to produce an analytical
solution for the probability density functions of the

dependent variables (Tumeo and Orlob, 1989).

The method may provide analytical solutions for the
probability density function and associated moments of the
variables, and the technique gives the modeler the ability to
perform a detailed quantitative examination of the sources and
magnitude of uncertainty. Furthermore, the technique may
provide a means by which an optimum model could be selected,
given a specific purpose for the model. This could extend the
capabilities of computer models in management and decision
analysis (Tumeo, 1988). The method is not presented as a

replacement for existing methods, but rather, as a supplement.
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It will be most useful in the cases which are beyond the
current scope of stochastic differential equations, but are
not so complex as to present a set of non-tractable
differential equations. The in-depth theoretical background

of the PDF/M technique is presented in Chapter 3.

2.3 Monte Carlo Method

The Monte Carlo technique is a method for numerically
operating a complex system that has random components. It is
a procedure for solving non probabilistic-type problems
(problems whose outcomes do not depend on chance) by
probabilistic-type methods (methods where outcomes depend on
chance) (Farlow, 1982). Often a complex system is modeled into
a simpler form that is more convenient to use without some of
the troublesome side effects that confuse the original

situation.

A random event is one which the time of occurrence is
unpredictable, except in a probabilistic sense. Probability is
used to indicate the chance the a particular event will or
will not occur. A probability distribution or probability

density function describes the probability associated with
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selecting a particular event from a number of possible events.
The two most basic traits of Monte Carlo technique include
random sampling from a specified distribution and the use of

that sample in a specified equation.

To illustrate the method, the following integral is

evaluated:

I-fb £(x) dx Eq. 2-1
a

To employ the Monte Carlo technique, one may devise a game of
chance whose outcome is the value of the integral (or
approximates the integral) (Farlow, 1982). A simplistic game
to evaluate the integral with relative accuracy is throwing
darts at a rectangle board, R, where R = {(x,y):a<x<b, 0<y<max
f(x)} (Figure 2-1). The dart has equal probability to hit
anywhere on the rectangle board. If 100 or so darts are
randomly tossed at the rectangle enclosing the graph (Figure
2-1), the faction of darts hitting below the curve times the
area of the board will estimate the value of the integral.
The outcome of the game I = {fraction of tosses under £(x)}
x (area of R) is used to estimate the true value of the

integral I.
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b
= darts hitting above the curve
-] = darts hitting below the curve

Fig. 2-1 Evaluation of an integral by Monte Carlo Technique

In environmental modeling, the Monte Carlo methods are
used to randomly select input values or equation parameters.
To illustrate this application of the method, consider the

following equation.

K(T) = KrxATTr Eq. 2-2
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where T=Temperature of interest
K(T)=Reaction Rate at Temperature T
Tr=Reference Temperature (usually 20°C)

Kr=Reaction rate at reference temperature T

A=Constant

The equation is a modified form of the Arrhenius relationship,
which gives a reaction rate as a function of temperature.
Assuming temperature is a stochastic variable and varies
normally around a mean (T) with a standard deviation of o, the
determination of the distribution of possible K values using
a Monte Carlo technique involves three steps.
1) A random number (£) is generated. The random numbers
must be normally distributed with a mean of
zero and a standard deviation of one;
2) An input temperature (Ti) is selected using the
generated random numbers and the following

equation.

Ti = T+fo Eq. 2-3
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where: T = Mean of T
£ = Random number, normally distributed with a
mean of zero and a standard deviation of
one
o = Standard deviation

3) The temperature found using Equation 2-3 is used to

calculate a reaction rate K(T) using Equation 2-2.

Monte Carlo methods are most commonly used in
environmental modeling where the problem has a stochastic
component (Esen and Bennet 1971; and Dewey 1984). However, the
method is limited in application. Usually, enough number of
runs are required to obtain a statistically valid sample, and

often it is not clear as to how many runs would be sufficient.

2.4 Other Stochastic Methods

There are other stochastic methods applied in
environmental modeling, including first-order uncertainty
analysis (Reckhow, 1973 and Lettenmaier and Richey, 1979), and

stochastic differential equations (Soong, 1973). First-order
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uncertainty analysis involves the use of an assumed function
to approximate the mean and variance of an output variable as
a function of one or more input variables. It involves a
truncation of terms which represents the functional
relationships of the state variable, and includes only the
first order term in a Taylor Series Expansion. Scavia et al.
(1981) reported a study on the comparison of first-order
uncertainty analysis and Monte Carlo simulation in time
dependent lake eutrophication models. The results showed that
estimates of variance for a nutrient cycle eutrophication
model calculated by first-order uncertainty analysis and Monte
Carlo analysis do not always agree. There are four causes for
the differences: (1) deterministic and stochastic mean
trajectories are different; (2) £first-order uncertainty
analysis employs a first-order linearization of the model
while Monte Carlo analysis uses the fully nonlinear model; (3)
ambigquous statistics were generated from skewed Monte Carlo
populations; and (4) there 1is a difference in the
interpretation of variances from the two analysis. A
comparison of estimates of state variables indicated that
Monte Carlo means are most like the measurements, and medians
are most like the deterministic model output. Best agreement

occurred between Monte Carlo and first-order estimates of both
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state variable values and their variances when Monte Carlo
output distributions are symmetric. The study concluded that
the Monte Carlo analysis has the advantages of estimating
variability about the quantity of interest, the mean
population, and of providing output frequency distributions.
The disadvantage was a high computational burden for both
long-term predictions and examination of relative error
sources in relatively complex models. The first-order error
analysis could provide error estimates and direct estimates of
model sensitivity.

The limitation of first-order uncertainty analysis is
that only the mean and variance of the output variables are
generated. Higher order moments such as skew are not
described using the analysis, thus a complete description of
distribution characteristics of a function is lacking. First-—
order analysis can be extended by truncating the Taylor Series
expansion after higher order terms, but this extensively
complicates the procedure.

Stochastic differential equations originated with work on
the well known differential equation for diffusion developed
by Einstein in 1905 (Gardiner, 1985). The major concepts in
Einstein’s description of the differential equation of

diffusion have been developed more generally and rigorously
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since then. For example, the Chapman—-Kolmogorov Equation, the
Fokker-Planck Equation and Kramers-Moyal expansions can be
identified as more general and rigorous development of
Einstein’s equation (Gardiner, 1985). Handbook of Stochastic
Methods by C.W. Gardiner (1985) is dedicated to a whole range
of stochastic methods branched out from Brownian motion and

the stochastic representation of diffusion.
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CHAPTER 3
TECHNICAL APPROACH

The development of the PDF/M technique is briefly
summarized in this section. Details of the development are

taken from Tumeo and Orlob (1989).

Development of Basic Equations for PDF/M

The fundamental basis of the derivation of the PDF/M
technique is the realization that the parameters of the
equations have stochastic properties which must be carried
forward in the solution process. A simple linear differential
equation is considered to demonstrate the application of the

technique.

dec(t) . g Eq. 3-1
dt

Solution of the above equation yields:

cle) = kx(t-t,) + Clt,) Eq. 3-2

17
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where: C(t) = concentration at time t
C(ty) = initial concentration at time t,

k = constant reaction rate

To apply the PDF/M technique, the reaction rate (k) is treated
as a stochastic variable. Therefore C(t) is also a stochastic
variable. With mean values (k, C(t)), and deviations about

their respective means (k’, C’(t)), equation 3-1 can then be

written as

diC(t) + c/(e)] %+ Kk Eq. 3-3
dt

Equation 3-3 may be separated into two terms involving mean

values and *“variation* terms.

de(e) Eq. 3-4
SE k q
o) o Eq. 3-5
- k q

Solving equations 3-4 and 3-5 yields:

C(t) = Ex(t-t,) +C(t,) Eq. 3-6
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C(t) = kis(t-t,)+C'(t,) Eq. 3-7

where: C‘(t) = Fluctuation in concentration at time t
C’(t,)= Random variation in initial concentration
k' = Random variation in reaction rate
Consequently the deviation of the variable [C’(t)] around the
mean [C(t)] as a function of the random variations of the

input parameters is represented by Eq. 3-7.

To determine the moments of the distribution of the
output variables, expectation mathematics are applied to the
above equations. By definition the first moment is the mean of

the variable and can be found by:

First Moment = E[C(t)] = E[C(t)]+E[¢/(t)] Eq. 3-8

If it is assumed that k’ and C’(t,) have normal distributions

with a means of zero, the expectation of C’(t) by definition

is zero, therefore the mean of the variable can be found
directly from Eq. 3-6.

The second moment, the variance is (Bendat and Piersol,

1971):

VIf(x)] =0 = E{f(x)2 - E [f(x)]?} Eq. 3-9
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where E, the expectation operator, is the mathematical
operator operating on f(x)? producing the expectation (mean)
of the function f(x)2. For example, using the variation

equation, Eq. 3-7, the operation can be performed as follows:

vIC'(£)2] = {t-t,)*»B[k2]+2#(t-t,) *B[k/xC/(t,)]

+B[C/(t,)2] -{(t-t,) E[K'] +B[C/(£,)1}2 Eq. 3-10

The actual expectation value of a variable depends on the type
of distribution the variable represents. If it is assumed that
k’ and C’(t,) have normal distributions with means of zero,

Eq. 3-7 yields:

vic/(t)?] = ok,;(t..co)Z,,.od Eq. 3-11

where: 0,2 = standard deviation of k (mg/l/day)
0,2 = standard deviation of initial
concentration (mg/l)
At this point probability density functions can be calculated
using the Fokker-Planck Equation. The Fokker-Planck Equation
was proved by Komogoroff (1931) to be a valid representation
of the conditional probability of a process P(x,t}x,,t,). The
Equation in differentiated form is:

8P(X, 15, t,)
3¢t

-V a, % 0 6PE, I, £,))
i=1 8x

1 82 =
+-2—$E;_1 2:;.1 -z;c—z {Bu (x, t)
*P(X, tiX,, t,)}

Eq. 3-12
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Where x is a vector set of state variables and
P(X,t|X,,ty) is the probability of x at time t given the vector
of initial conditions x, at time t,. A.,(x,t) has a physical
interpretation of the Drift Coefficient. The Drift Coefficient
is the rate of change in the general trend or mean of the
process. B,;(x,t) is the Diffusion Coefficient, the rate of
change of the variation of the process around the trend.
Because the coefficients are a function of time only in the

current example, Equation 3-12 reduces to:

8P(C, tixy, t,) 8P(C, tix,, t,)

3¢t - -alt) N 3x Eq. 3-13
1 P(cl t=Jf°: to)
+38(t) e

where x, is the initial condition of the state variables

affecting the concentration (C,, and k).

Solution of the Fokker-Planck Equation under the
appropriate initial and boundary conditions yields the
conditional probability density function for the variables in

question. The following conditions apply to a probabilistic

function:

P(x,tiX,t;) = £(x,0) at ¢, =0 Eq. 3-14
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The one time probability of any concentration [P(x,t)] by

definition is:

P(%, t) -L:P(s?, i3, t,) dx, Eq. 3-15

P(x,t) must satisfy the normalization requirement:

j_ “P(X,)8% = 1 Eq. 3-16

With the initial conditions given in Equation 3-14, the

solution to Equation 3-13 becomes (Gardiner, 1985):

P(C, tix,, t,) =

- Eq. 3-17
where: Z,= fo A(t)dt=-mean of process

zz--;- * j; “B(t) dt-—i;—avar.iance of process

which, from Equation 3-15 above and given the definition of

xX(0), becomes:

P(C, &) -[ = ["=p(C, 1%, £,) G0k Eq. 3-18
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The analytical solution of Equation 3-18 yields a
complicated function including error function terms. In
general, a computer program is developed to obtain the
conditional probabilities over specified ranges and
normalization is achieved by dividing each term by the total
sum of conditional probabilities as calculated over a

specified range.
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CHAPTER 4

MODEL DEVELOPMENT OF NITROGEN CYCLE IN PDF/M TECHNIQUE

Verification of the validity and feasibility of the
method was accomplished using a set of four dependent highly
non-linear second order equations that are used to model
Nitrogen species in streams. Analytical expressions for the
moments and probability density function of output variables
are the final product of this study. The solutions were
compared with the results of QUAL2E-UNCAS, a widely used

streamwater model.
4.1 Nitrogen Cycle Equations

Nitrogen has a stepwise transformation cycle in a body of
natural aerobic waters. The cycle starts from organic nitrogen
to ammonia, to nitrite, and finally to nitrate. Figure 4-1
shows the transformation of nitrogen in stream water. The
figure shows conceptualization of nitrogen interactions
including DO and phosphorous (Brown and Barnwell, 1987). The
terms used in the fiqure are defined in the nomenclature
section of this report. There are four dependent, non-linear,
first order equations which govern the transformation cycle of

nitrogen in a body of water (Thomann and Mueller, 1987).

24
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Fig. 4-1 Transformation of Nitrogen and Other Constituents
in Stream Water (taken from Brown and Barnwell,
1987)
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The four equations modeling the nitrogen cycle (ammonia
nitrogen, nitrite nitrogen, nitrate nitrogen and organic
nitrogen respectively) in differential form are shown below.

(Thoman, 1987).

dn, S.
dtl-BsNd—BlNﬁ?i-FlaluA Eq. 4-la
dn.
—df"BfoBzNz Eq. 4-1b
%Nt-:l-BzNz-aum(l-Fl)aluA Eq. 4-lc
an,
—==pa,A- (B;+S,) N, Eq. 4-1d
dt
where,

F PN,

1 (PN, +N,-PN,)

A =A et

Terms in the above equations are defined in the nomenclature
section at the beginning of this document. F, is first
assumed to be constant to solve equations 4-la through 4-1d.
The assumption of F, to be constant is required to find an
analytic solution to the four equations. The steps in solving
the equations are provided in Appendix A. Solutions to the

differential equations 4-la through 4-1d are:
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N, =K;, (e7t-e™%%) -k , (e™%F-e™™%) 4K e 7B+ K, Eq. 4-2a

N, =K, (e-et-e75%) -K,, (e™f-e™5) +Ky3 (1-e7%%)

Eg. 4-2b
ri (67-07H) g o7t :
By =Ky (€761 #Kyp (€35-1) Gy (€745-1) Eq. 4-2c
+Ky, (@777-1) +K;g
A - -
=P (o-ut_g ety 4y (3) et Eq. 4-2d
Where the coefficients are shown as follows:
Sy S,
K, =(N,(0) E) K4 -—dBT
- B, K, B, K,
‘Igl Bz-a I(ZZ Bz'c1
K, B, (-K,,+K,,+K,,) B,
Ky =42 Koo -
3 B, a (B,~B,)
B. B
Kys =N, (0) K, '(-—2:-(2-3+-—f(1-F1)a1uA0)
B,K, B,K,
K., =222 -———2_2¢
32 c1 K33 Bl
Ky = (K=K, + K3+ K -N, (0) ) K5 =K,,B,t+N, (0)
a, - B,a,pA, a, - Fa, ul,
C, =B,+S,
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4.2 Application of PDF/M Technique

4.2.1 Derivation of Basic Equations

The first step in the application of the PDF/M method, as

outlined in Chapter 3 to the set of nitrogen equations (Eq. 4-

la through 4-1d), yields the following.

d[NMtL"N{“’” - (B;+B}) (W, (£) +N, (£)) - (B;+BY)
t &+s)) Eq. 4-3a
(R (£) +My (£) ) +—2= - Fya, uA
— o _ Eq. 4-3b
d(m, ( t;z"’é“” - (BB (6) - (B+B) (R (L) +M(E)) o
d[N4(t)d’;N:(t)] -pa,A- (E;'FB;'FE;"'S:) (E(t) +Nz(t)) Eq. 4-3d

Equations 4-3a through 4-3d are then expanded to yield:
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d[ﬁ;(t:i;:”{ (6)) =B, N, (t) +BiN, (t) +N, (t) Bi+N, (t) B,
- (BN, (t) +BiN, () +BIN| (£) +BiN (t))  Eq. 4-4a
+.§3_+-S;I-Fa uA
d d 1
din, IE -BN, (t) +BN, (t) Eq. 4-4b
- (B;i; (t) +BiN, (t) +B,N, (t) +BiN, (t) )
d[Ns(tzizN;(t)] B (£) 4B (£) - (1-F,) @, ua Eq. 4-4c
Eq. 4-4d

+S4N (t) +B;N, () +BIN{ ( t)
+BN; (£) +S{N ()

Equations 4-4a through 4-4d are separated into equations with
mean terms only and equations with variation and mixed mean

value/variation terms, yielding:

dN (t)

qE =B;N, (t) -B,N, (t) *%‘FN;”A Eq. 4-5a
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_ﬂé_%_ti_BlNl (6)-BR (£)
A0 () - (1-Fy) eua
d—lvzi—i-a-palA—Ba‘N‘ (€) -5, N, (¢)
d”ii" -BiN, (t) +N, (t) B+ N} (£) B,

- (B{N, (£) +B;N] (t) +B{N, (t)) +id;
%—Q-B{E(t) - (BiN; (£) +B;N, (£) +B3N; (t))
d”if:” -BIF; (t)
d"fi(tt’ == (B3N, (£) +S(N; (£) +B;N; ( £)

+BiN, (t) +S N, (t) +SIN,(t))
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Eq. 4-5d

Eq. 4-6a

Eq. 4-6b

Eq. 4-6c

Eq. 4-6d
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4.2.2 Analytic Solution of Basic Equations

Application of the PDF/M technique requires the
development of analytic solutions for equations 4-5a through
4-5d and 4-6a through 4-5d. To solve equations 4-5a through
4-5d, F, is first assumed to be constant. The assumption of
F, as constant is required to find an analytic solution. The
Gauss Seidel iterative technique is used in the model to find
the value of F,. The solutions for the equations are shown in
Appendix A. Equation 4-6d is solved using Eq.4-2d yielding
Eq. 4-7d. Equation 4-6a is solved, substituting Eq. 4-7d, Eq.
4-2d and Eq. 4-2a. If the effect of N,’(t) to N,’(t) is
ignored, Equation 4-6b may be solved yielding Equation 4-7b .
Using a similar technique, Equation 4-6c is solved by ignoring
the effect of N,’(t) to N;’(t) in the equation. The detailed

derivations of the equations are shown in Appendix A.
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- - Eq. 4-7a
A t_p Bt G t_ _-Bt -Gt _-
Nl(t) B3( lp 9 ( e - e e : e )+—“N-(o) e C,_ ‘e Bl't)

/1 -@ B, -« B,-C, ¢ B,-C,
S3 -Bt -B,t C.a pAoB e Ot_gBit
(1~ B¢ +N (0) e Br%4 2% 3 { e
- e (0) - Aelalp o™ e e gt g e
Bi-a C,-a B,-C, B,-C,
+_.___.NI(°)B3 (e Gt-gBrt) B,{ a,-d, ( g-st-g Bt _e 19;"'—9 B’t)
B,-G, B, -a B,-a B1
(T (0) -2y e =™ & W (0)B, ottt ohf
dB, B{ B,-C, B,-C,
-Bt_ _-Bt A
e e ) B (1-ehY)
By dB, B,

/
Aé(t;)-&l..Bl"_c_'zl_Bi(e-u_e-th)_clzB szBz( -Git_ g -Baty

/
+ Cy4B,-C,3B; (1-e7Bt) + ('C11+C12+C13)B1'02484
B, B,-B; Eq. 4-7b

(e_';it_e::) +N£ (0) e Bt (CZI—C22+023+C2‘_w2'(0) )
e -e”

B)

_ Eq. 4-7c
N3 (&) =N3 (0) -Bj [%‘- (e-et-1) +-%3 (e Gt-1)- L, (eHE-1)
1 B,
1 —_
+-§-2_ (C,y~C,y+Cy3+Cy—N, (0) ) (eH;c_l) 1

/. ql

N (£) =Bt S AP —tmsie_gaty , (77 (0) - AP

4 (Cy~a) (By+S,-a) (e %) + (N, (0) C';"“) Eq. 4-7d
(e-(B,#S.) C_e-qt) +N1(0) e'(B,#S‘)C
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4.2.3 Derivation of Moments of the Distribution
Following the rules and definitions shown in equations
B-1 through B-5 in Appendix B, the variance of process is
derived. For the derivations, it is assumed that the
stochastic terms, shown below, are mutually independent and

normally distributed with means of zero.

Fl(O)' wz-(o)l E;(O)I E(O)r S3I S‘I BJ_: le B3

The detailed derivations of the equations are shown in

Appendix B.

VIN] =E[N{*] - (E[N]] )2

- 1 2 2 mo sz
(Ez_a)z,,_aslimlﬂx, + oyz

B 2

D%, (e~2%t+E2B, -2EB @)

C-a

1 =2 2

* (e %%+ E2B, -2EC,B,)
1
(B,-C,)?+a 5 2+0
U,B,0 5,2
C,-a

(By*+0 5,%)

+Uj0 52-2

2 oczz 2
= ( [m; of +U32+°u.(0) ] Eq. 4-8a

* (By*+0 5%) +4 o ) (E2C,+E2B,-2EC,B, )
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(Eq. 4-8a ...Continued)

1 Uaml-égoa 2
F R [U,U,0,%2+m U0 %+ —n—"2
(Bl_a) (31'C1) "'0312 17278 1¥3%7 B, C,-a ]
* (E’231+e‘(“’c:.) t'EBlcl-EBla)
1 mio . ?(B*+0 52)

= = [m UG 2~
(B;-a) (B,-C,) +0 32 1439 8,

2+m U,B,0 52 m?o 5,255
= +

o)

] (E231+EC3¢—E31C3-381¢ )

C-a C,-a
Ue, 0 .2 U,5,0 5 2
(C,-a) (';:- y — - 3781_ 1 (EB,¢-E2B,)
! i dB, (B,-«) (B;_-Blc-boslz)
Um0 g2 - U, 5,02
o Bw e Sy
1@ @) E(BI-G) (Bl-aBl"'ona)
U,B,0 2
1 [U32-§;2+ml 3993,

* (E2B,+EC,C,~-EC,B, -EC,B,)
L [U,0,B;+0,U;] (EB,C,-E2B,)

+

Bl 1
1

B,-C,

1 — mUo,2
— [U,UBi+ ——— _
Bl_cl 4¥3* Cl-a ] (EB].CS EZB].)

1

Bl 1

+

[-0,0,e B°B;-0,U;] (e *-EB,)

+

— mUog2 _
1

2 —_
- [Ufe_x;c-b- 75, + S5;Us
d?(B+0 ) d(B+0,?)

M0 5, et (W, (0)-m)E; ,
- - 3_- « -EB.,) - 4 3 at_
(C,-a) (Bj-a) (e ) F-C, (e™**-EB,)
25505, (;(0) -m) B
(C,-e) (B;-C,) -0 ,2-0 42 + E-c, ) (EC,-EB,)

-U,EB,+U,e B} 2
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VING] ~E[N}?] - (E[N’] )2
C V+C o
Vit G0, (e~24t+E2B,-2EB,a)
"B ‘“)2*"3,
C2 V+C g
W12 22 3, (e
. C'14V1’*C'230;3a
Vs
V32V1+C224°a,2
BB o

"2Gt . E2B,-2EC,B;)

(1+E2B,-2EB,) Eq. 4-8b

(e"*Bit+E2B,-2EB, B,)

-28,¢
°a, —2_ (e B+ E2B,-2EB;B)) +0y, (o) 2E2B,
_ C11C1 V1 +C5 G000
(B;-a) (B;-C,) +0 52

(e “**+E2B,-EB,a-EB,C,)

. Cy1C14Vi*+C31Cp30 5.2
V,-¢B;

. C1 ViV + (5 G0 B,z

(B,-a) (B,-B;) +0 5?2

%2 (e-*t+E2B,-EB,-EB,a)

C11VzB1 (e m;")t+EZB ,-EB,u EBZB )
o5,
_ Clzcuvﬁ'czzcza"p,z (@Gt
V4"01§;
Co VWV +( G0 B,2

(BB (55 v0 ]

+E2B_EB,-EC, B,)

(e”'“*®t+p2p,-EB,C, - EB,B,)

CoViB, | -t
221 s ("% B¢, g2, - EB,C, - EB,E;)

o5’
2
. C14V3V +C23CZ‘OBI (e’Ec+E232'EB -EB F)
C V,B, , . B,
18271 (o B;‘4-.5,',24’:32--15'32"E'BzB:’.)
03:
V,V,B -~ (Bg+
_ : 271 (o (By+By) f:-0-E'ZB EBzB EBZBZ)
B,
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(Eq. 4-8b...continued)

C. B,

B et ¥ (e-¢t-EB,) - c1zB1 (e 'c’t-E’B ) #2601 14 B, (1-EB,)
UB - g

’ -a—-% e -E8,) +, (e - 158,) )2
2 1

VIN] =E[N{?) - (E[N3) )2

C.
- [- 2 (gnet-1) 4 2 (o701

- C, Eq. 4-8c
-2 (eE-1) + 20y (eF-1) 120 4240, ()2
1 BZ ?
VING =E[N] - (E[N])?
0.2(Aa,p)?2
- G L (E2C,+e~2%t-2EC,a)
(C,-@)2((C,-a)2+E[CE]) Eq. 4-8d
—_ Ac P -2¢,t .
+ (N (0) -—=—=— 1= )2(B2c,+e™45-2EC, C,)

1~
2
+Oy, (0)“E2C,

YA (o)-"° £) et (et )y
1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

where,
- J—
u, -2 2, U, ! E(O)Ba
_ 5,0,°
u =K (0)-m g -
dB,?
. ~ s
U, U,-0; N1(°)+El v =B,"+0
V2 =Csq V; =-C+Cp+ QY
0y* =(C-e)?+0,%+0,? 0c2 =0p%+0,2
Vi =Bj+o,’?
a,pA,
M C,-a
€, =B;+5, C, =B+
G =G+G
2 t? at?
EB, -eHte°% 2 EB, =g Tte’® 2
E2B, -e Fte*w't E2B, =g Etem't!
t2
EC, e Gte"S T goultY2 E2C, =-e2Gite?om’t o205’
EB,C, -EB, *e %¢ EB,a =-EB,xet
EC,C, =EC,xe a* EB,C, =EB,*EC,
EB,C, =EB,xe ¢ EB,& =EB,xe™%t
EB,B, =EB,xe Bt EB,B, =EB,xe 53¢
EC,a =EC;xe™"t
EC,B, =EB,C, EC,B, =EB,C,

EC,C, =EC,C,
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4.2.4 Derivation of the Probability Density Functions

The solution to the 1-D Fokker-Planck Equation with time
variant coefficients and probabilistic initial conditions can
be written as follows:

‘(C—Zl)z

p(c, t)-[ —L_e %= dx; Eq. 4-9

Xo «47‘22

2, and %, are functions of the initial conditions (x,). Using
the definitions outlined in the previous chapter with Equation
3-16, the probability density function for four Nitrogens are

obtained as:

P(N’t)_leﬂx N‘nx a‘ﬂx ohf&mfahlx
! P Nepin Y00ty “0304n VBigyy YBigyn
S(C-z)? Eq. 4-10a

1 ¥ —
e “ 8N, 8N, 80,80,3B,8B,

P(N,t)-fuzm Nigax [ Yeoax [ Otnax { P3nax BMfBzuxthu
2 Noutn Mg “Nigin %1y 79310 "Banin “Bagin YBipin
S(Cz)? Eq. 4-10b

(—22
1 _e ‘™ N, 8N, 8N, 80,80,85,35,35,
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P(N,, t) -f"’-n Finax, (Mimax Vonax [ Ftmax °»uf&.xf8=_,fa:..,, Eq. 4-10c
Montn Nagin Mipsn Negsy 7900 Y930 “Brgin YBonin “Brasn

..(c_zuh)a

1 T

8N, 8N, 3N, 3N, 80,30,8B,8B,85,

'(C-Zm)z

( e )
PN, £) = [T [ [P _L_o " ¥Ru gy o,88,  Eq. 4-10d
Niasn “%nin “Brain (AT Z,y 0

Where:

2,y ~mean of N, (t)
ZZNI-%variance of N, (t)
Z,y~mean of N,(t)
zmz-—;-variance of N,(t)
Z,y,~mean of N,(t)
Z;,_Ns-%variance of N,(t)
Z,y,~mean of N,(t)

Zw‘-%variance of N, (t)

The solutions to the above integrals were evaluated

numerically.
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CHAPTER 5

RESULTS AND COMPARISON OF METHODS

To demonstrate the validity and feasibility of applying
the new method, the model defined by equations 4-2a through
4-2d and 4-10a through 4-10d was used to model Nitrogen in the
Withlacoochee River in Florida. The input data used in

QUAL2E-UNCAS is included in Appendix C.

5.1 Case Study Description

Data obtained from a USEPA survey of the Withlacoochee
River during October 1984 and presented in the QUAL2E-UNCAS
example application were used (Brown and Barnwell, 1987). 1In
the original study, the results of QUAL2E-UNCAS were compared
to field data and found to correlate very well. A thirty mile
stretch of the river (see Fig. 5-1) was modeled from RM26
(Travel Time 0.52 days) to RM2 (Travel Time 7.91 days). The
river has a uniform low slope with alternating shoals and
pools. Average depths were 5.2 to 14.8 ft and widths were 90
to 140 ft with flow of 150 cfs at the headwater. The example
application in the USEPA application simulated ten state
variables which were temperature, dissolved oxygen,
carbonaceous BOD, two phosphorus forms, (organic and

dissolved), algae and four nitrogen forms, (organic, ammonia,

40
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Fig. 5-1 Location Map of the Withlacooche River Basin
(Taken from Brown and Barnwell, 1987)
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nitrite, nitrate).

To satisfy the purpose of the present application, the
state variables were reduced to the four nitrogen forms. The
state variables and constants used in the present application
are shown in Table 5-1 and 5-2.

In the PDF/M model development, the nine input variables
of interest (N, (t), Ny(t), N;(t), N, (t), By, B,, By, O3, O,) are
assumed to be independent and normally distributed. The values
for these parameters are shown in Table 5-2. The mean values
of the above parameters are the mean values used for the
headwater in QUAL2E-UNCAS and the standard deviation of the
values are calculated in QUAL2E-UNCAS using relative standard

deviations.
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Table 5-1 Values used for Normal Distributions
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Variables Standard Deviation
N,(0) (mg/L) 0.050 0.005
‘ N,(0) (mg/L) 0.002 0.001
N,(0) (mg/L) 0.100 0.007
"= N (0) (mg/L) 0.350 0.021
B, (1/day) 0.500 0.125
|| B, (1/day) 10.000 2.000
I B, (1/day) 0.040 0.008
S« (mg/£tday) 0.000 0.000
S (1/day) 0.000 0.000

Table 5-2 Values used for constants

N
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Constants Value
A, (mg/L) 0.030
_Hp., (1/day) 1.307
a, (l/day) 0.085

S, (1/day) 1.000
p (1/day) 0.150

d (feet) 8.000

P 0.500




44

The Monte Carlo method in QUAL2E-UNCAS with examination
of stochastic variations in the nitrogen cycle was used (Brown
and Barnwell, 1987). Complete listing of the input variables
required by the QUAL2EU of the values used for the modeling
study are shown in Appendix C. Three hundred iterations and
five hundred Monte Carlo iterations were performed in this
study. There were no significant differences to the results
generated by increasing the number of iterations. The result
from the five hundred iteration were adopted for the
comparison with PDF/M technique result. To reduce the number
of state variables and simplify the problem , the original
input data from QUAL2E-UNCAS example (Brown and Barnwell,
1987) application were modified by ignoring point loads along
the river. The point loads were ignored for the simplicity of
the modeling. Results of this simulation are included in

Appendix D.
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5.2 Application of the PDF/M modeling

The PDF/M computer model used the identical situation
simulated using QUAL2E-UNCAS. Refer to Appendix E for the
PDF/M computer model. An IBM 286 (AT) compatible computer with
a math coprocessor was used to run both the Monte Carlo and
PDF/M models. The approximate run time was five hours for the
monte carlo method and eight hours for the PDF/M method. A
complete listing of the input and output from the model are

included in Appendix F.
5.3 Comparison of Moments

The first moment and second moment were calculated for
times 0.52 days (RM 26), 2.09 days, 3.69 days (RM 20), and
7.91 days (RM 2). As can be seen in Tables 5-3 through 5-6,
the estimation of the first moments for all four nitrogens
match exactly the moments of QUAL2E-UNCAS. Some deviation can
be seen in estimation of second moment. The deviation is more
extensive for nitrite nitrogen and ammonia nitrogen. A little
less than ten percent of deviation has occurred in comparison
of nitrate nitrogen. It is speculated that the deviations
occurred in the process of simplifying the model. For organic
nitrogen, the results of second moment matches exactly with

the QUAL2E-UNCAS results.
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Table 5-3 Comparison of Moments of Ammonia Nitrogen

Time of First Moment Second Moment

Travel (Mean) (mg/L) (Variance) (mg/L)?
(day) Monte Carlo | New Method | Monte Carlo | New Method
0.00 0.050 0.050 0.0050 0.0050
0.52 0.045 0.045 0.0050 0.0045
2.09 0.035 0.035 0.0076 0.0063
3.69 0.029 0.030 0.0092 0.0073
7.91 0.027 0.027 0.0093

0.0075

Table 5-4 Comparison of Moments of Nitrite Nitrogen

* Computation was stopped by Exponential Argument Range
Error; Too large of a real value was encountered.

Time of First Moment Second Moment

Travel (Mean) (mg/L) (Variance) (mg/L)2
(day) Monte Carlo | New Method | Monte Carlo | New Method
0.00 0.002 0.0020 0.00100 0.00100
0.52 0.002 0.0023 0.00064 0.00056
2.09 0.002 0.0018 0.00050 0.00045 “
3.69 0.001 0.0015 0.00040 *

7.91 0.001 0.0014 0.00030 *
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Table 5-5 Comparison of Moments of Nitrate Nitrogen

_——— e

Time of First Moment Second Moment

Travel (Mean) (mg/L) (Variance) (mg/L)?2

(day) Monte Carlo | New Method | Monte Carlo New Method
0.00 0.10 0.10 0.007 0.0070
0.52 0.11 0.11 0.007 0.0074
2.09 0.14 0.14 0.011 0.0112
3.69 0.17 0.17 0.013 0.0156
7.91 0.18 0.18 0.015 0.0178

Table 5-6 Comparison of Moments of Organic Nitrogen

—_— e e
Time of First Moment Second Moment
Travel (Mean) (mg/L) (Variance) (mg/L)2
(day) Monte Carlo | New Method | Monte Carlo | New Method
0.00 0.35 0.35 0.021 0.021
II 0.52 0.34 0.34 0.020 0.021
2.09 0.32 0.32 0.020 0.020
3.69 0.30 0.30 0.020 0.020
7.91 0.29 0.29 0.021 0.020
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5.4 Algal Fraction Uptake

Comparison of fraction of algal nitrogen uptake ammonia
pool (F;) was also made. An initial value of F, was chosen to
compute the mean value of four nitrogens until F, converges,
then the converged value of F, was used for the final
computation of the mean value of nitrogens (See Fig. 5-6.)
The result of comparison of the fraction of the algal nitrogen

uptake ammonia pool is shown in Table 5-7.

Table 5-7 Comparison of F,

Time of Travel (day) Monte Carlo New Method
0.00 0.333 0.333
0.52 0.279 0.290
2.09 0.195 0.200
3.69 0.149 0.150
7.91 - __0.130 0.133

5.5 Comparison of Probability Density Functions

The cumulative density function for ammonia nitrogen,
nitrate nitrogen, and organic nitrogen at travel times of 2.09
days (Station 2) and 3.69 days (Station 4) have been
calculated. The results of this analysis are shown in Figures
5-2, 5-4 and 5-5. For nitrite nitrogen, the probability
density function was calculated at travel times of 0.52 days
(Station 2) and 2.09 days (Station 3). Results of this
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analysis are shown in Fig 5-3. As can be seen in Figures 5-2,
5-3, 5-4, and 5-5, the distribution of probability density
function of the new technique agrees well with QUAL2E-UNCAS
analysis for all nitrogens. A Kolmogoroff-Smirnov Test, a
commonly used statistical test, was performed to compare the
values at the Station 3, travel time of 2.09 days. The new
technique agrees with the results of the Monte Carlo
simulation at the 90 to 99 % confidence level. Refer to
Appendix G for Kolmogoroff-Smirnov statistical test results at
station 3.
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Fig. 5-6 Flow Chart

Read
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CHAPTER 6

CONCLUSIONS

A set of four highly non-linear second order nitrogen
equations were solved analytically using PDF/M method. The
nonlinear part (F,) of ammonia, nitrite and nitrate nitrogen
was considered as a constant during the derivation of the
model. A correct value of F, at each station was obtained by
numerically iterating the values of F, and nitrogens.

Comparison of the present study to the results of the
Monte Carlo method (first moment, second moment, and
cumulative density functions) showed the application of PDF/M
technique to nitrogen cycle simulation valid.

However, the complexity involved in the nitrogen
equations has left the process of obtaining a set of
analytical solutions very tedious and time consuming. As
Tumeo and Orlob (1989) mentioned, PDF/M is not a replacement
for existing methods but rather a supplement. Though more
complexity is involved and more time is required for an
analytical solution to nitrogen equations, the method is
potentially a powerful tool for management and decision
analysis. The method provides the modelers with an ability to
perform a detailed examination of the sources of uncertainty

and quantify their magnitudes.
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It is the authors’s hope that further studies on the
PDF/M modeling of nitrogen cycle will find a direct numerical
way of setting the variational values from nitrogen cycle
equations. For example, at each time step of solving the
stochastic numerical equations by Euler method, the solved
variables will evaluate mean and variation of the variables
numerically. Also, it is author’s desire to find other
techniques for treating the set of non-linear nitrogen cycle

equation.
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APPENDIX A

DERIVATION OF THE DIFFERENTIAL EQUATIONS

Appendix A details the derivation Equations 4-5a to 4-5d.
Exactly the same approach is used in deriving Equations 4-2a
to 4-2d, as they are equivalent in equation format. Equation

4-5d is solved first, as it is independent of all other

equations. Then the solution to Equation 4-5d is used to
solve 4-5a, the solution of which can be used in Equation 4-

5b, and then Equation 4-5b is used to solve for Equation 4-5c.

Eq. 4-5a is rearranged and multiplied by eht yielding.

(€% (ciiﬁt; +Bie™'N,) - (_Bs-ﬁ:+%_F1“l-‘Aoe-") B Eq. a-1

The both sides of the Equation A-1 are integrated as

producing:
zr —_— S,

Equation A-2 is then solved for N,(t) yielding:

N, (t)=e B[ f: (B,N,+ i}’ -Fa,pAe*t) ePtdt+N; (0) ] Eq. A-3
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Assuming F, is constant, the solution of the Equation A-3 is:

N, =C,, (e7*t-e B —C,, (™9t -e Tf) +C e B4 Cy, EQ. A-4
Where,
- (al'az) C - (aj_—-N-:(o)-B:)
— EA S,
C,, = (N (0)-—= Cy =—=
13 1 dEI 14 fl

Re—-arranging equations 4-5(b,c,d) and multiplying by the
integrating factors shown below each equation, the rest of the

equations are developed as follows:

& (t)-e T [[ "BeBtdt+T; (0)]

Integrating factor: et

Eq. A-S

W (t) -f: (B ;- (1-F,) a,pad,e ) A+, (0) Eq. A-6
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F‘(t) _e"(z;*.y‘-)t[f talpAoe-ﬁte (B;"‘y‘-) tdt+—N—‘(o) ] Eq. A—?
o

Integrating factor: e P50t

The solutions of the above equations are:

N, =C,, (e-%t-e7%) -, (6" %F-e %) 4C,, (1-075F)

Eq. A-8
+C24 (e-B;t-e-B;t) +C25e—Et
N, =Cy; (e7-1) 4Gy, (€%°-1) 4Gy (6 725-1) Eq. A-9
*+Csq (e™%-1) +Cys |
W, - 21P (o-ac_g-Git) 1 (0) G¢ Eq. A-10

C,-«

Where the coefficients are shown as follows:

B.C B.C
G = =21 Caz -2
Bz-a Bz-cl
N (-C11+C1,+Ci3) By
023 - F C24 - (B—_F)
2 2=5
— B,C,, B,
Cps =N, (0) Can -(_—ﬂ+72(1_F1) @,uA,)
B,C. B,C
C32 - 20122 C33 -— 2—124
Cag =(Cp=Cpp*Cp3+Cy~N; (0)) Gy =Cpy B t+N;(0)
a - B,a,p4, a. - Fe,ua,
1 I ) 2 —_—
(C,-a) B,-«a
C, =By+5,
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APPENDIX B
DERIVATION OF THE VARIANCE EQUATIONS FOR
AMMONIA, NITRITE, NITRATE AND ORGANIC NITROGEN

Important relationships of the expectation operation used

in this study may be found in Introduction to Probability and

Mathematical Statistics (Bain and Engelhardt, 1987).

If any two random variables, a and b, are mutually
independent, then:

E(a+b) =E(a) +E(b) Eq. B-1

E(a*b)=E(a) *E(D) Eq. B-2

If ’'a’ is a normally distributed random variable with a mean

of zero and standard deviation of o, then:

E(a)=0 Eq. B-3

E(a?) =g? Eq. B-4

E(e a) -eg(az)-eaz th B-5
67
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For the following derivations, it 1is assumed that the
stochastic terms, shown below, are all independent and

normally distributed with a mean of zero.

N1(°)' Nz(o): N3(0), M(o)c 531 S‘I Bll le B3

B.1l DERIVATION OF VARIANCE IN AMMONIA NITROGEN
The deviation in ammonia concentration can be expressed

in terms of the process deviation from the mean as:

o, = EIN1-(EIN])? Eq. B-6

The solution of differential equation of ammonia variance (Eq.

4-6a), is obtained from the following direct integration.

- s/
N/ (t) =e Bt [f:(Bgfz'v;+331vj+_;_-31’N1) eBtde+N, (0)] Eq. B-7

Each part of the integration is solved seperately as follows:
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Eq. B-8

. A i ) ]
e Bt BN,,eBl"dt: - 31th [ 1P 0( (By-a)t_ (B C,)t) +N, (O)G(B" C;)t] de

-e'BltB;[ lpAo ( e(B" ~e)e_ -1 _ e(B" ale_ -1

C-a B -a B,-C,
E(o) (8,-) ¢t
-pj 2o (e te ™ oo (o) £ me
C,-a B -a B,-C, ‘ B,-C,
B[ tp ol Bit Bt [t G0 P4, (B,-Cy) t__ (By-a)t
e B,N;e ' "dt=e ™"B -
[, B 3f[(c ~@) (G,a) © e
_ AP B-ce_ o tBG)E
+ (N, (0) Ti-a (e )

+N: (0) e(Bx-C;.) C] dt
o G0PA B, e OETAE
(C-a) (Cy-a) B,-C,

i:f;e-—} w; (0) - 2o “1"}3,

+———N: (0)B; (omare_gmity

{ec’-e"*" e Glg™B
B,-C, B,-C,

- |-y — t - - /
e B, ¢ | B{Nlesztdt_e-a-ch{]; [011(3(81 G)C) _eB{C) C12 (e(ax G) C_eB:.t)

+C eBtrc, eBt) dt
/{ a,-a, (& “et_g B‘t e Bt _g Bt

)
B,-a B ~a B}

+(1—VI(0)- E) e Bt -e'th_ al—II:(()“T3 o-Git_ g Bt

b B{ B-C, B,-C,
He_gBt 5 ]
By dB, B,
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The variance of ammonia nitrogen (N,) is solved as following

Eq- B_g
A -at_o-Bit -Gt_ _-Bit Gt_ _-Bit
" 1P 0 (€ %-e e e TR e e
N (t)=Bj (5= o) (0) A
1
-Gyt __-Byt
-e"B) 4N (0) e7Brt4 Cy8,pA B, e 3-e
1 (C],'a) (C3‘a) 81-03
- e i (0) - AP e TR oo
B,~a C-a B,-C, B,-C,
+____.N’(0)B3 (e"Gt-g Bty B/ a1 a, (& at_g Bt o B;':—e 81")
_— A “Eit_ -5t -N;(0)B; , g~Ct_g it
(M (0)-—x) &= (0)B, (e™%-e
dB, B! B,-C, B,-C,
-Bt__-Bt A }
- ) = (1-e 7))
B dB, B,

Rearraging the above equation by the terms with common

exponentials, Eg. B-9 becomes:

N{(t) =P, (e"%t-e ) + p, (e Ut-7B1f)
+P, (e %t-g™Bit) 4 p,e Bt p,

, where
T
Bm [- (% (0) - 2220 By al'gf_‘gl’ z B{1/(8,-C)
p,- [(C ;‘;‘zﬁz_ ) (E(o)—‘%l 1P ) 1N (0) 1B,/ (B,-C;)

P--% +x.(0) - "Bll_a;z al'gf_(glm” (NI(O)'_;S:; d?;
al_E(o)E-(E(O)-—;;—;))e'

P.= S3_SBl+(a1a2_
"dB, dB,B, B, -a B,-C,
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Then, Eq. B-10 is squared yielding:

N{Z-plpl (@28t 3Bit_o o~ (a+By) t)
+P,P, (e 72Gt g 2Bit_5 o~ (CitBy) £
+P,P, (e720ts g 3Bt 5o (Grax)E)
+PPe *ht+p P,
+24P, P, (e 2Bt (0 QI E_o- (B t_ - (Bysa)t)
+2*P1P3 (e-zﬂlt_l_e-(uc,) t_e-(31+c,) t-e’“’"’“’ c)
+2*P1P‘(e"""°1’°-e‘”1°) Eq. B-11
+24P,P, (676 75)
+2*P,P, ( e Bt o (GG E_ - (GeB) E_ - (Cy+By) )
+25P,P, (o™ (B*G E_g-2B1t)
+24P,P; (e 4f-e™Af)
+2%P,P, (o™ (B*@) E_o-2B1E)
+2+P,P, (e 0-e"B%) 424 P, B 0Bt

There are some repeated patterns in expectation of the above

equations, such as:

E[V?] =VZ4+q 2
Ele-Vt] =g 0¥tz
E[e-2V't] =g 20t
E[e V] =e-VtE[eVt]
E[(V-k,) (V-k,) ] = (V-k,) (V-k,) +0%
ElC-k,1=C,-k,
E[C,B;] =02
E[C;B,] =B; (0 5 2+0 4 ?)
E[C,BJ1=24B,0 2 .
E[CiB{]1=(0,%+0,4?) (B}+0 2)
E[ (Ca-kt) 1=(Cy-k;) 240 240 g 2
E[C,B;B,] B0 52
E[(V-G;) 2] = (V-T}) 2+ V24 CL2

Eq. B-12
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Where, k,, k, are constants and V is stochastic variable

defined as:

The expectations of the constants of each exponantial terms

are:

2 2
mo

1 2
E[P?] - mio 2%+
LPil (B—l-a)2+0812[ 1A

25 2
+Uf0 22— 3
105, "2 G -a ]
1 252
E[P2] = — [U2B2+Ufa , 2]
2
1 29%¢ =2
— ([mE—1+U2+0, 2] (B:2+0 ,2)
(BI~C'1)2+0812+0G‘2 1 ps 379N (0) 3 B,
o . - 4
%03330832 Eq. B-1
4o ———3)
C,-a

E[P?]) =

+

(Continued...)
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(...Continued)

U,m,B,0 5 2
E[P,P,] e 1 (U, 0.0 . 2+m U, 0 o 24— B
2 2152 2
mo .%(B, “+0 ;%)
E[P,P,] - = = [m Uy0 5 2- 1a s b

(B,-a) (B,-C,) +0,,
2xm,UB.0,° mio,%B,
_ 173908, ™05 5

o

Umag.?2 U,S5,0,2
E[PP,]=[——298 — ]
(C,-a) (Bi-¢) 4B (B[-a) (B2-B,a+0 8>
Umo 2 US,0,2
E[P:LPs] -[- Ca’ _B._:' e'E*-°+ ! .3__31 ]
(C,-a) (B;-a) dB; (B-e) (B{-aB,+0 5 2)
U,B,0 52
BlpP) -t ppe. s
(B-C,)%+0 5, C-a
E[P,P] = =" [U,U,B+L,0;]
1" %
E[P,B] ~—2— [-U,U,e B°B;- U, U]
=G
. mU0,2
E[P,P,] -- _1 [U‘U333+M_]
1™ -
U052
E’[P:;Ps]'.__l [U‘U3§;+_’“1_4 > ]e;a;t

2 —
o Sy - SBUS

d*(B?+a ) d(B*+0,7?)

E[PP,] -- [UZe "+
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Thus, the expectation of Eq. B-11 is:

a 2
EIN®) - =L [nf0, 2+ i
(By-@)®+0 5

o
m{B,0 ;2
%] (e~28t+E2B, ~2EB, )

(B,*+0 5>)

+Uf6 5 %-2

1

1 iy 2
+ (BB +Us0 5 2]
(B,-C,)2+a,2 > ° *°h

B
* (e 2%*+E2B,-2EC,B,)
1 ([m? O +UE+0, 0)2]
('B_l—cl)"mafwcf o K@ Eq. B-15
m,U,B,0 . 2
* (By2+0 5 2) +4%’-) (E2C,+E2B,-2EC,B, )
-
ag 2
(0 g2¢—2)
Sy B2

(Continued...)
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(...Continued)

- 1
(B,-a) (B,-C,) +0 5°
* (E2B,+e™**%)t_EB, C,-EB,a)
. 1 mio ;2 (B;*+0 5 2)
(B,-a) (B,-C,) +0

o
2#mU,B,0,2 mie 2B,
~— 23 5 , = 5% 3)(E2B,+EC,a-EB,C,~EB,)

U,mB;0 a,z ]

[0,U,0 5 2+m Uy0 5 2+

C - C-a
Umop® 0,539 5," 1 (EB,a~E2B,)
(C,-a) (B,-a) dB,(B,-a) (BZ-B,e+0 5" 1 1
: 1%
b [ MO 5 B, Ulsiga‘z 1 (e™**-EB,)
C-0) B-®) 4, (B-a) (Bi-aBra 5
- 2
1 (22 120

(E-cl)z"'oalz Cl-a
1

+ = [UUB;+U,U;] (EB,C,~E2B,)
1 1
+ =t [-U,U,e B°B;-U,U,] (e % -EB,)
B -G
1 — mUo0,°
-—— [U,U,B,+—2>2_] (EB,C,-
1 = MmU05% g,
+ UUB+—2 5 -
5- 1[ U, B, + s 1 e ™" (EC,-EB,)

2 —_—
- [p2e B, s U5
d?(B’+0z) d(Bl+0,?)
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The expecation of Eq. B-9 is solved as following:

Egqg. B-16
E[N] -E[P, (e-*t- %) +p, (e Cf-g™5")
+Py (e"%f-e™%) +p e B+ p]
mloaaz -at (T\I:(O)-ml)'E; -Gt
- — e a _EB - — 1 "EB
2m,B,0 ;2 N (0)-m.) B
+( “M.530 5, . (N‘(_E_) ml)B3) (EC,-EB,)
(Cl-a) (Bl-cl) -0 3’2-0 5‘2 BI-CI

~U,EB,+U,e B¢
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B.2 DERIVATION OF NITRITE NITROGEN EQUATION

For the differential equation of nitrite variance shown

in Eq. 4-6b, the solution is obtained from the following

integration.

N/ (£)~e ¢ ([ *(BW-B{N;) €™ dr+N/(0)]  Eq. B-17
o

Where,

Eq. B-18

e Bt wiﬁlea’cdt-e""t tBl (G, (e7st-e ) ¢, (™4~ 7BF)
0 0

+CeBlecy,) eBtde
at_g Bt e Ct_g Bt
B-a 2T ¢
2 2= Cy
Bt He__-me
i 7, (-C,+Cp,+Cy5) = <

B, B,-B;

=B, [cu e

+Cyy

]

- t - t - - -
e Bt A BjN,e%‘dt-e 5" A By (Cy, (e72t-e 5% ¢, (e OE- o Tt)

+C; (1-e ) 1 (e Bit-e7 Bty 1, 0 7Bo8) oPat

/ eat_g Bt e Gf_g Bt
-B;[Cy, -G
1-e7Bat -
+Cza_§_+cza'——":—
2 Bz'BJ.
Bt_g Bt

= (G =Gy #Cyy +Cy = Cis) e_—B',_ ]

2
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The variance of nitrite nitrogen (N,) is solved as follows:

/ /
Ng (t) = C1,B,-C,,B; (e"‘t-e"B‘t) - Ci2B,-C;,B; (e-qc_e-B,c)

!
+ C,4B,-C,,B; (1—e'B’°) + ('Cn*Clz*Cn)BszaBé
B, B,-B; Eq. B-19

(e-:;-t'eua’t) +N;(0) @75~ (Cpy~Cyp+ Gy + Gy - T (0) )
Bt -B;t
e "-e

B,
Re-arranging the equation B-19 yields:

N (t) =P, (e~*t-e™Fst) 4 p, (e"Gt- ™%t
+P, (1-e7%%) +p, (e - Bt) 4 p e et Eq. B-20

where,

/
- C11B, -G B,
/
- Ci2,B,-Cy0 B2
B,-C,
/
- Ci4B,-Ca3Ba
B,
/
_(=Cy+Ci,+C13) B,-C, By
B, '-E;

P,
Py=

P, Eq. B-21

P,

Pe"N; (0)
Pg==(Cy=Cop+Cp3+Cy~Cy) /Bj
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Eq. B-20 is then squared yielding:

BB, (o ets o 500 g - terny
+P,P, (o3t g 2Bt _5 o-(Ci+By) £
+P,P, (1+e'282‘_29'3at)
+P,P, (e 2Bty o 2Bst_g o~ (FivB)) £
+P,P, (e Bty g 2Bt _g o~ (E+By) £y
+PsP e %"
+2#P P, (e 2Bty o (@ QIE_o-(BeC) E_ - (Byva) £y
+2%P P, (e %t+g 2Bt g Bit_ -(asBy) ¢t
+2*p1p‘ (e-aﬂzt+e- (a+B) t__e-(B,+B;) t_e"wz"ﬁ) ,_.)
+2%P P, (07 B, Bt (gat, o Bty ooBit)
+24B,, (o7 B e g 20t Eq. B-22.
+2%P,P, ( e'zﬂnt*e-c,c_e-a,c_e- (Cy+B) £y
+2#P,P, (e” FA by go28t_ (e7%f+e7Bt) o Bit)
+2xPyP; (o™ (G RIEL o 2B _ (oGt o Bty e 5f)
+2%P,P, (e~ (G*B) €_g 2Bt)
+2%P,P, (e Bit. g (Bi+B) P )
+2%P, P, (e Bt_g (B5+B) t+e'23’t—e'8=‘)
+2+P,p, (e %t g 25st)
+2%P Py (e BRI €y o 2B (eFif4e7Bt) o-muxt)
+2+P P, (o™ (B*B) E_ o -2B;¢)
+2+P,P; (e BB E_ o 2Byt

The expectations of the constants of each exponantial

terms are:
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ChiV,+Cho 8’
(B,-a) 2+0 52
CiaVy+C50 5 2

(B,-Cy)%+0 52
CluVy+Cho .

Ve
V3V, +C30 5 2 Eq. B-23
(B;-B;)2+0 52
v
2
2 °5

E[Ps] =0y, (0’
C11C1 V1 +C51C,20 5 2
(B,-e) (B;~C,) +0 2

E[P?] -

E[P}] -

E[P?]-

E[P?] -

E[P%] =

E[P,P,] -~

C11C V1 #G;, G0 5 2

E[P,P,] - 225
Vi-aB,
E[P.P,] - €y V3V1+Cy1 G0 52
Y (B-a) (B-B) +0 .2
2 2011 +0 p,
C,,V,B,
E,'[plps]--ﬁ.’*_f’1
0322
C,C Vi +C,,Con0 , 2
E[P,P,] =- 22514717 22C23% 5,
283 —
Vi-GB,
E[P,P,] - Ci2V3Vi+C30p00 5. 2
2 —_———
4 (B;-E,) (5;-T;) +0 5
c vE
Js:LPzPs]-LVzﬂ
o 2
B
ELP.P,] - C V3V, +C3Cp00 5.2
i Va‘ErBz
C1 V2B,
E[P,P,]--—222
B;
V,V,B,
E[P4P5] -3 2B1

B,
E[P,P] =E[P,P,] =E[P,P,] =E[P,P,] =E[P,P,] =0
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Thus, the expectation of Eq. B-22 is:

Cc? V+C o
E[N?] = —=2 2 5 (e~24t+E2B,-2EB,a)

C V.+Co

(B2 -C,)? +aJBz

CL V. +Cho
P IV’" 5’ (1+E2B,-2EB,)

4
Eq. B-24
V2V +C2‘°82 'ZF;C q
— (e"B*+E2B,~2EB, B,)

+—Xz—(e""’3"+Ez —2EEB,) + 2

52 B, 2B2) +0y, (o) “E2B;

B,

Cy1C1,V1+C51 G50 ,
- ~Gat

e +E2B,~EB,a-EB,C.
(B.-a) (B,-C )+° ( P) 2 2Cy)

+ Cncu‘:,f"cz;__cﬂo N (e “*+E2B,-EB,-EB,a)
-a
C11V3V:+ Cz:C24o a,2 (e'B;‘t+EZBz-E'Bzd-EBz-B—1-)
(-B—z-a) (-B-;"-EI) +0 3,2
_El.‘_:ﬂ (e Tt p2B ,-EB,0-EB,B,)
By
CHC“: f”;”o”* (e *+E2B_EB,-EC,B,)
4 142
B RN (o T man, BB
+£1_2V_Bl. (e -(+E) =+£,'232 -EB,C,-EB,B,)

5’
2
#4558 (B, paps_pp, - £BE)
V‘ Ble 2 21
C, V,B, , -
- 1327 (e Bt E2B,-EB,-EB,5;)
05’
V,V,B, , -
-2k (e B+E)t, E2B, - EB,B, - EB, B;)
B,
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The expectation of Eq. B-20 is solved as following:

E[N;] =E[P, (e-*t-g™%%) +p, (e ™1f-g75:F)
+P, (1-e™%%) +P, (e Ti*-g7Baf) 4 p o %a*
+P, (e Bt_g Bt ]
C,,B; c;,B, , .
- 2121 (e-*t-EB,)) - 121 (e %"-EB,) Eq. B-25

C, B, U,B;
+% (1-EB,) + =22
2 B,-B,

+U, (e *-EB,)

(e B:t_EB,)
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B.3 DERIVATION OF NITRATE NITROGEN EQUATION

For the differential equation of nitrate variance shown
in Eq. 4-6c, the solution is obtained from the following

integration.
/ € / -
/() -[ “B/Wde+n (0) Eq. B-26
o

The variance of Nitrate nitrogen (N;) is solved as follows:

C C Eq. B-27
Ng(t) 'N; (0) 'Bg, [i (e"t-l) +—22 (e'clt_l) _écz4 (e'z;‘-l)
« G B,
"'Bé (Cy1-Cyy+Cyy+Cy =N, (0) ) (en;c—l) ]
2

The expectation of the squared variance of N; is:

EIN?) ~1-22 (e-eto1) + 2 (om0t
c * 101 Eq. B-28
-2 (e Bfo1) v =, (€7B-1) 120
Bl Bz

2 2
B tOx(0)

The expectation of Eq. B-27 is zero.
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B.4 DERIVATION OF ORGANIC NITROGEN EQUATION

For the differential equation of organic nitrogen
variance shown in Eq. 4-6d, the solution is obtained from the

following integration.

N/(£)=C,Ce 5 [ “Mie@ de+N, (0)]
o

Eq. B-29
where, C,=(Bj+S) 4

C,= (B,+5,+B3+S,)

The variance of organic nitrogen (N,) is solved as follows:

(B3+5;) A,&p —(By+S)E_ _aty . (3 Aep
N(e) (C,-a) (B,+S,-a) ‘© eI+ (N (0 -Z=2)  Eq. B-30
(e'(B;fS‘)C_e-C;C) +Ni(0) e-(B_'#S‘)C
Equation B-30 is squared yielding:
CZy?
Niz- 2 (e Gt.g-et)2
(dd) 2
+ (F(0) -4 2 (e7%%-e76):2
+(N; (0) e7%%) 2
Eq. B-31

+Hx% (e°%-e7%)) [N (0) - (76759

2 [% (e™Gt_e=et)] (N] (0) e~%¢)

+2[ (E(o)-%) (e"Gt-g Gt) ] N (0) e Gt
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where,

Y=2,0p
¢-C,-a

The expectation of Eq. B-31 is:

0.%2(Aa,p)?
EIN?] - G \Ao%,P — (E2C,+e"2*t-2EC,q)
(Cl-a)z((cl-a)2+E[C'2])
— A - Eq. B-32 .
+ (N, (0) -%)Z(E?Cﬁe 2at2EC,C)) 4
=
+0y, () E2C,
The expectation of Eq. B-30 is:
N1 (T Ayxp -Gt
E[N¢] - (N (0) - C-a) (ECy-e ")
1 Eq. B-33

— A0 _ 242 2
- (W (0)-F=)e Gt (gt /20aEY2_y
1
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APPENDIX C
QUAL2E-UNCAS INPUT DATA

MAIN INPUT DATA

TITLEOT FILE WEXP.DAT - WITHLACOOCHEE RIVER, 1984 DATA
TITLEO2 MODIFIED QUAL2EU DEMO. DATA

TITLEO3 NO CONSERVATIVE NINERAL 1

TITLEOL NO CONSERVATIVE MINERAL 1II

TITLEOS NO CONSERVATIVE NINERAL III

TITLEOS NO TEMPERATURE

TITLEO? NO BIOCHEMICAL OXYGEN DEMAND IN MG/L

TITLEGB NO ALGAE AS CHL-A IN UG/L

TITLEO9 NO PHOSPHORUS CYCLE AS P IN MG/L

TITLE10 (ORGANIC-P; DISSOLVED-P)

TITLE11 YES NITROGEN CYCLE AS N IN MG/L

TITLE12 (ORGANIC-N; AMMONIA~N; NITRITE-N; NITRATE-N)
TITLE13 NO DISSOLVED OXYGEN IN MG/L

TITLE14 NO FECAL COLIFORMS IN NO./100 ML

TITLETS NO ARBITRARY NON-CONSERVATIVE

ENDTITLE

LIST DATA INPUT

WRITE OPTIONAL SUMMARY

NO FLOW AUGNENTATION

STEADY STATE

DISCHARGE COEFFICIENTS .
PRINT SOLAR/LCD DATA

PLOT DO AND BOD

FIXED DNSTRM CONC(YES=1)= 0.0 5D-ULT BOD CONV K COEF = 0.00
INPUT METRIC (YES=1) = 0.0 OUTPUT METRIC (YES=1) = 0.0
NUMBER OF REACHES = 1.0 NUMBER OF JUNCTIONS = 0.0
NUM OF HEADWATERS s 1.0 NUMBER OF POINT LOADS = 0.0
TIME STEP (HOURS) = LNTH. COMP. ELEMENT (DX)= 0.50
MAXIMUM ROUTE TIME (HRS)= 30.0 TIME INC. FOR RPT2 (HRS)=

LATITUDE OF BASIN (DEG) = 30.50 LONGITUDE OF BASIN (DEG)= 85.3
STANDARD MERIDIAN (DEG) = 75.0 DAY OF YEAR START TIME = 290.0
EVAP. COEF..(AE) = 0.0006800 EVAP. COEF..(BE) = 0.0002700
ELEV. OF BASIN (ELEV) = 100.0 DUST ATTENUATION COEF. = 0.130
ENDATA1

O UPTAKE BY NH3 OXID(MG O/MG N)= 3.500 O UPTAKE BY NO2 OXID(MG O/MG N)= 1.200
O PROD BY ALGAE (MG O/MG A) = 1.600 O UPTAKE BY ALGAE (MG O/MG A) = 2.000
N CONTENT OF ALGAE (MG N/MG A) = 0.085 P CONTENT OF ALGAE (MG P/MWG A) = 0.012
ALG MAX SPEC GROWTH RATE(1/DAY)= 1.307 ALGAE RESPIRATION RATE (1/DAY) = 0.150
N HALF SATURATION CONST (MG/L)= 0.200 P HALF SATURATION CONST (MG/L)= 0.030
LIN ALG SHADE CO (1/H-UGCHA/L) = 0.0027 NLIN SHADE (1/H-(UGCHA/L)¥**2/3)= 0.0165
LIGHT FUNCTION OPTION (LFNOPT) = 1.0 LIGHT SATURATION COEFF(INT/MIN)= 0.030
DAILY AVERAGING OPTIONCLAVOPT) = 1.0 LIGHT AVERAGING FACTOR(AFACT) = 0.920
NUNBER OF DAYLIGHT HOURS (DLH) = 11.2 TOTAL DAILY SOLAR RADTN (INT) = 400.0
ALGY GROWTH CALC OPTION(LGROPT)= 1.0 ALGAL PREF FOR NH3-N (PREFN) = 0.500
ALG/TEMP SOLAR RAD FACT(TFACT) = 0.450 NITRIFICATION INHIBITION COEF = 10.00
ENDATATA

ENDATAB

STREAM REACH 1.0RCH =0 FROM 27.50 TO 27.00
STREAM REACH 2.0RCH =0 FROM 27.00 To 25.00
STREAM REACH 3.0RCH =0 FROM 25.00 To 20.00
STREAM REACH 4.0RCH =0 FROM 20.00 TO 17.00
STREAM REACH 5.0RCH =0 FROM 17.00 TO 14.00
STREAM REACH 6.0RCH =0 FROM 14.00 TO 12.00
STREAM REACH 7.0RCH =0 FROM 12.00 TO 10.00
STREAM REACH 8.0RCH =0 FROM 10.00 TO 7.50
STREAM REACH 9.0RCH =0 FROW 7.50 TvO 6.00
STREAM REACH 10.0RCH =0 FROM 6.00 TO 4.00

86
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00000000000
00000000000

00000000000
00000000000

0CO0O000000O0O00
00000000000

00000000000
[-X-X-N-N-N-R-N YN Y]

00000000000

88888888888

CO00000O0O00O0

FROM

00000000000

00000000000

00000000000

11.0RCH =0

FLOW AUGMT SOURCES
FLOW AUGMT SOURCES
FLOW AUGMT SOURCES
FLOW AUGMT SOURCES
FLOW AUGMT SOURCES
FLOW AUGNT SOURCES
FLOW AUGMT SOURCES
ENDATA3

FLOW AUGHT SOURCES
FLOW AUGMT SOURCES

FLOW AUGMT SOURCES

FLOW AUGMT SOURCES

STREAM REACM
ENDATA2

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

CNANNNNNNNNN

00000000000

14.0!66445348

00000000000

LipaiessLey
s xacxxacaca
33333333333
33333333333

ENDATA4

00000000000

HEHE T

00000000000

ER L

47757558765

3 fgRsaeanaee

00000000000

i

-----------

ooooooooooo
OO0 0O000000O0

8323323328

00000000000

H=
H=
Hx
H=
H=
He=
H=
H=
M=
H=
H=

HYDRAULICS RC
HYDRAULICS RC
HYDRAULICS RC
HYDRAULICS RC
HYDRAULICS RC
HYDRAULICS RC
HYDRAULICS RC
HYDRAULICS RC
HYDRAULICS RC
HYDRAULICS RCi
ENDATAS

HYDRAULICS RC

ENDATASA

(-X-N-X-N-N-N-¥-¥-N-N-]

355333333833
8858888888

00000000000

LEEEELEREL

-----------
P el sk ek al el

L EELL

OCO0OO00O0OO0O0O0O0O0C0

888288888888

00000000000

22305333333

ooooooooooo

00000000000

I TP TEL XL
22888828888
ryrgrgrgririrrinivin
SES55505335
cEcacxxcxacca

ENDATA6

5888888888

[-F-X-X-R-J-N-N-N-N- N}

88888888888

00000000000

Q0000000000
5555555555
NNANN NNNNN

00000000000

88888888888

...........
CO0OO0O0000O0000
LR R R Rl R o

88888888888

00000000000

o 000000000
nunnunnunununnnan

ooooooooooo

88888888888

00000000000

33333333333

123‘56789-@1

diddiasiisd
Egaxadacacacxcaxaxax
EEEELEEELE
acooacocaooa
- -N-N-N-N-R-N-N-N-N-]
3333332332
EZZTZZTZTZTZTZLELZT

ALG/OTHER COEF RC!
ALG/OTHER COEF RC

ENDATAGA
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ALG/OTHER COEF RCH=
ALG/OTHER COEF RCH=
ALG/OTHER COEF RCH=
ALG/OTHER COEF RCH=
ALG/OTHER COEF RCH=
ALG/OTHER COEF RCH=
ALG/OTHER COEF RCH=
ALG/OTHER COEF RCH= 1
ALG/OTHER COEF RCH= 1
ENDATAGB

INITIAL COND-1 RCH=
INITIAL COND-1 RCH=
INITIAL COND-1 RCH=
INITIAL COND-1 RCH=
INITIAL COND-1 RCH=
INITIAL COND-1 RCH=
INITIAL COND-1 RCH=
INITIAL COND-1 RCH=
INITIAL COND-1 RCH=
INITIAL COND-1 RCH= 1
INITIAL COND-1 RCH= 1
ENDATA?

INITIAL COND-2 RCH=
INITIAL COND~2 RCH=
INITIAL COND-2 RCH=
INITIAL COND-2 RCH=
INITIAL COND-2 RCH=
INITIAL COND-2 RCH=
INITIAL COND~2 RCH=
INITIAL COND-2 RCH=
INITIAL COND~2 RCH=
INITIAL COND-2 RCH= 1
INITIAL COND~2 RCh= 1
ENDATA7A

INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH=
INCR INFLOW-1 RCH= 1
INCR INFLOW-1 RCH= 1
ENDATAS

INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH=
INCR INFLOW-2 RCH= 1
INCR INFLOW-2 RCH= 1
ENDATABA

ENDATAS

HEADWTR-1 HDW= 1.OWITHLACOOCHEE 400.000 72.68 6.40 2.63 0.0 0.0 0.0
ENDATA10

HEADWTR-2 HDW= 1.0 0.000  0.019.26 0.350 0.050 0.000 0.100 0.040 0.0750
ENDATAT0A

ENDATA11

ENDATA11A

-3 333

THHET
HITET
HIHEE
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ENDATAT2

DOWNSTREAM BOUNDARY-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ENDATA13

DOWNSTREAM BOUNDARY-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ENDATAT3A

BEGIN RCH 1
PLOT  RCM 1 2 3 4 5 6 7 8 9 10 1"

VARIANCE_INPUT DATA

INPUT VARIANCE DATA FOR QUAL2E-UNCAS; WITHLACOOCHEE (1984)

INPUT VARIABLE NAME INPUT CODE TYPE COEF VAR PDF
EVAPORATION COEF ~ AE ECOEF-AE 1 0.100 NM
EVAPORATION COEF ~ BE ECOEF~BE 1 0.100 NM
OXYGEN UPTAKE BY NH3 OXDTN NH30XYUP 1A 0.100 NN
OXYGEN UPTAKE BY NO2 OXDTN NO20XYUP 1A 0.100 NM
OXYGEN PROD BY ALGAE GRWTH AGYOXYPR 1A 0.100 NM
OXYGEN UPTAKE BY ALGY RESP AGYOXYUP 1A 0.100 NM
NITROGEN CONTENT OF ALGAE AGYNCON 1A 0.100 NM
PHOSPHORUS CONTENT OF ALGY AGYPCON (1) 0.100 NM
ALGY MAX SPEC GROWTH RATE AGYGROMX 1A 0.100 NM
ALGAE RESPIRATION RATE AGYRESPR (1) 0.100 NM
NITROGEN HALF SAT'N COEF NHALFSAT 1 0.100 NN
PHOSPHORUS HALF SAT'N COEF PHALFSAT 1A 0.100 NM
LINEAR ALG SELF SHADE COEF AGYEXTLN 1A 0.100 NM
NON-LIN ALG SELF SHADE CO AGYEXTNL 1A 0.100 NM
LIGMT SAT'N COEFFICIENT LSATCOEF 1A 0.100 NM
LIGMT AVERAGING FACTOR LAVGFACT 1A 0.020 NM
NUMBER OF DAYLIGHT HOURS NUMBDLH 1A 0.020 NM
TOTAL DAILY SOLAR RADT'N TDYSOLAR 1A 0.100 NM
ALG PREF FOR AMMONIA-N APREFNH3 1A 0.100 NM
ALG TO TEMP SOLAR FACTOR A/TFACT 1A 0.010 NM
NITRIFICATION INHIB FACT NHIBFACT 1A 0.100 NM
5-D TO ULT BOD CONV R-COF 5TouBODK 1 0.100 NM
TEMP COEF BOD DECAY TC/B0DDC 18 0.030 NM
TEMP COEF BOD SETTLING TC/BODST 18 0.030 NM
TEMP COEF 02 REAERATION TC/REAER 18 0.030 NN
TEMP COEF SED 02 DEMAND TC/s0D 18 0.030 NM
TEMP COEF ORGANIC-N DECAY TC/NH20C 18 0.030 NM
TEMP COEF ORGANIC-N SET TC/NH2ST 18 0.030 NM
TEMP COEF AMMONIA DECAY TC/NH3DC 18 0.030 NM
TEMP COEF AMMONIA SRCE TC/NH3SC ] 0.030 NM
TEMP COEF NITRITE DECAY TC/NO20C ] 0.030 NM
TEMP COEF ORGANIC-P DECAY TC/PRGDC 18 0.030 NM
TEMP COEF ORGANIC-P SET TC/PRGST 18 0.030 NM
TEMP COEF DISS-P SOURCE TC/PO4SC ] 0.030 NM
TEMP COEF ALGY GROWTH TC/ALGRO 18 0.030 NM
TEMP COEF ALGY RESPR TC/ALRES 1B 0.030 NM
TEMP COEF ALGY SETTLING TC/ALSET 18 0.030 NM
TEMP COEF COLI DECAY TC/CLIDC 1B 0.030 NM
TEMP COEF ANC DECAY TC/ANCDC 18 0.030 NM
TEMP COEF ANC SETTLING TC/ANCST 18 0.030 NM
TEMP COEF ANC SOURCE TC/ANCSC (] 0.030 NM
DAILY AVERAGING OPTION DIURNOPT 1A 0.000 NM
LIGMT FUNCTION OPTION LFNOPTN 1A 0.000 NM
ALGAE GROWTH CALC OPTION AGYGROPT 1A 0.000 NM
DISPERSION CORR CONSTANT DISPSN-K 5 0.200 NM
COEF ON FLOW FOR VELOCITY COEFQV-A 5 0.080 NM
EXPO ON FLOW FOR VELOCITY EXPOQV-B 5 0.001 NM
COEF ON FLOW FOR DEPTH COEFQH-C 5 0.080 NM
EXPO ON FLOW FOR DEPTH EXPOQH-D 5 0.001 NM
MANNING'S ROUGHNESS N MANNINGS 5 0.100 NM
SIDE SLOPE 1 TRAP-SS1 5 0.050 NM
SIDE SLOPE 2 TRAP-SS2 5 0.050 NM
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BOTTOM WIDTH TRAP-WTH 5 0.050 NM
SLOPE OF CHANNEL TRAP-SLP 5 0.050 NN
MEAN ELEVATION OF REACM ELEVATIN SA 0.100 NM
DUST ATTENUATION COEF DUSTATTN SA 0.100 NM
FRACTION OF CLOUDINESS CLOUD SA 0.130 NM
DRY BULB AIR TEMPERATURE DRYBULB SA 0.020 NM
WET BULB AIR TEMPERATURE WETBULS SA 0.020 NM
ATMOSPHERIC PRESSURE ATMPRES SA 0.010 NM
WIND VELOCITY WINDVEL 5A 0.150 NM
SOLAR RADIATION ATTN FCTR SRADATN SA 0.100 NM
CBOD OXIDATION RATE BOD DECA ] 0.150 NM
CBOD SETTLING RATE BOD SETT 6 0.150 NM
SOD UPTAKE RATE SOD RATE 6 0.120 NM
REAERATION RATE OPTION 1 K2-0PT1 6 0.130 NM
COEF OF FLOW FOR K2 OPT-7 CQaR-0P7 ] 0.100 NM
EXPO OF FLOW FOR K2 OPT-7 EQK2-0P7 ] 0.100 NM
COEF FOR K2 (TSIV) OPT-8 K2COEF~8 6 0.100 NM
SLOPE FOR K2 (TSIV) OPT-8 K25L0P-8 6 0.100 NM
ORGANIC-N HYDROLYSIS RATE NH2 DECA 6A 0.200 NM
ORGANIC-N SETTLING RATE NH2 SETT 6A 0.150 NM
AMMONIA-N DECAY RATE NH3 DECA 6A 0.250 NM
AMMONIA-N BENTHAL SOURCE NH3 SRCE 6A 0.250 NM
NITRITE-N DECAY RATE NO2 DECA 6A 0.200 NH
ORGANIC-P HYDROLYSIS RATE PORG DEC 6A 0.200 NM
ORGANIC-P SETTLING RATE PORG SET 6A 0.150 NM
DISSOLVED-P BENTHAL SRCE DISP SRC 6A 0.250 NM
CHLA TO ALGAE RATIO CHLA/ART é8 0.200 NN
ALGAE SETTLING RATE ALG SETT 68 0.150 NN
LIGMT EXT COEFFICIENT LTEXTNCO é8 0.050 NN
COLIFORM DECAY RATE COLI DEC 68 0.150 NN
ANC DECAY RATE ANC DECA 68 0.150 NM
ANC SETTLING RATE ANC SETT é8 0.150 NM
ANC BENTHAL SOURCE ANC SRCE 68 0.150 NM
INITIAL TEMPERATURE INITTEMP 7A 0.030 NH
REAERATION EQUATION OPT. K20PTION ] 0.000 NM
INCREMENTAL FLOW INCRFLOW 8 0.030 NM
INCR-TEMPERATURE INCRTEMP 8 0.010 NM
INCR-DISSOLVED OXYGEN INCRDO 8 0.030 NM
INCR-BOD INCRBOD 8 0.150 NM
INCR-CONSV MIN 1 INCRCH1 8 0.020 NM
INCR-CONSV MIN 2 INCRCM2 8 0.020 NM
INCR-CONSV MIN 3 INCRCH3 8 0.020 NM
INCR-ARBITRARY NON-CONS INCRANC 8 0.030 NM
INCR-COLIFORM INCRCOLI 8 0.050 NM
INCR-ALGAE INCRCHLA 8A 0.130 NM
INCR~ORGANIC-N INCRNH2N 8A 0.250 NM
INCR-AMMONIA-N INCRNH3N 8A 0.150 NM
INCR-NITRITE-N INCRNO2N 8A 0.150 NM
INCR-NITRATE-N INCRNO3N 8A 0.150 NM
INCR-ORGANIC-PHOS INCRPORG 8A 0.250 NM
INCR-DISSOLVED-PHOS INCRDISP 8A 0.200 NM
MEADWATER FLOW MUTRFLOW 10 0.030 NN
MWTR-TENMPERATURE HWTRTEMP 10 0.010 NM
MWTR-DISSOLVED OXYGEN MWTRDO 10 0.030 NM
MWTR-BOD MWTRBOD 10 0.150 NM
METR~CONSV MIN 1 MWTRCMY 10 0.040 NM
MWTR-CONSV MIN 2 MWTRCH2 10 0.040 NM
MUTR-CONSV MIN 3 MWTRCH3 10 0.040 NM
MWTR-ARBITRARY NON-CONS MUTRANC 10A 0.060 NN
MUTR~COLIFORM MWTRCOLI 10A 0.100 NN
HWTR-ALGAE MWTRCHLA 10A 0.040 NM
HWTR-ORGANIC-N MWTRNH2N 10A 0.060 NM
HNTR~AMMONIA-N MUTRNH3N 10A 0.100 NM
HWTR-NITRITE-N MWTRNO2N 10A 0.100 NM
HWTR-NITRATE-N MWTRNO3N 10A 0.070 NM
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HWTR-ORGANIC-PHOS MWTRPORG 10A 0.250 NM
HWTR-DISSOLVED-PHOS HWTRDISP 10A 0.070 NM
PTLD-TRTMNT FACTOR PTLOTFCT 1 0.020 NM
POINT LOAD FLOW PTLDFLOW 1 0.030 NM
PTLD-TEMPERATURE PTLOTEMP 1 0.010 NN
PTLD-DISSOLVED OXYGEN PTLODO 11 0.030 NM
PTLD-BOD PTLDBOD 11 0.150 NM
PTLD-CONSV MIN 1 PTLOCM1 1 0.040 NN
PTLD-CONSV MIN 2 PTLOCM2 11 0.040 NM
PTLDO-CONSV KIN 3 PTLOCH3 1 0.040 NM
PTLD-ARBITRARY NON-CONS PTLDANC 1A 0.060 NM
PTLD~COLIFORM PTLDCOLL 11A 0.100 NN
PTLD-ALGAE PTLDCHLA 1A 0.130 NM
PTLD-ORGANIC-N PTLDNH2N 11A 0.010 NM
PTLD~AMMONIA-N PTLONH3N 1A 0.100 NN
PTLD-NITRITE-N PTLDNO2N 11A 0.100 NM
PTLD-NITRATE-N PTLONO3N 1A 0.080 NM
PTLD~ORGANIC-PHOS PTLOPORG 1A 0.250 NH
PTLD-DISOLVED-PHOS PTLODISP 1A 0.140 NM
DAM COEFFICIENT A DAMSACOF 12 0.030 NN
DAM COEFFICIENT B DAMSBCOF 12 0.030 NH
FRACTION OF FLOW OVER DAM DAMSFRAC 12 0.050 NN

UNCERTAINTY INPUT DATA

UNCAS1  *HEADING *QUAL2E UNCERTAINTY ANALYSIS; FILE WUAM.DAT
UNCAS2  *SYSTEM TITLE *WITHLACOOCHEE RIVER (1984); UNCAS/NCS
UNCAS3  *TYPE OF ANALYSIS *MONTE CARLO SIMULATION 600 SIMULATIONS

UNCAS4  *INPUT CONDITION *ALL INPUTS

UNCAS5  *INTERMED OUTPUT *NONE

UNCAS6  *OUTPUT VARIABLES  *QUALITY INTERNAL

UNCAS?  *OUTPUT LOCATIONS * 2 2 310 71 115
UNCAS8  *INPUT VARIABLES *

UNCAS9  *ENDING *ENDUNCERTAINTY
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APPENDIX D

2E- P AT.

* % % QUAL-2E STREAN QUALITY ROUTING MODEL * * ¥
% % % EPA/NCASI VERSION % % &

$$$ (PROBLEM TITLES) $$$

CARD TYPE QUAL-2E PROGRAM TITLES
TITLEO FILE WEXP.DAT - WITHLACOOCHEE RIVER, 1984 DATA
TITLEO2 MODIFIED QUAL2EU DEMO. DATA

TITLEO3 NO CONSERVATIVE MINERAL I

TITLEO4 NO CONSERVATIVE MINERAL II

TITLEOS NO CONSERVATIVE NINERAL III

TITLEO6 NO TEMPERATURE

TITLEO? NO BIOCHEMICAL OXYGEN DEMAND IN MG/L

TITLEO8 NO ALGAE AS CHL-A IN UG/L

TITLEOS NO PHOSPHORUS CYCLE AS P IN MG/L

TITLE10 (ORGANIC-P; DISSOLVED~P)

TITLE11 YES NITROGEN CYCLE AS N IN MG/L

TITLE12 (ORGANIC-N; AMMONIA-N; NITRITE-N; NITRATE-N)
TITLE13 NO DISSOLVED OXYGEN IN MG/L

TITLE14 NO FECAL COLIFORMS IN NO./100 ML

TITLE1S WO ARBITRARY NON~CONSERVATIVE

ENDTITLE

$$$ DATA TYPE 1 (CONTROL DATA) $$$

CARD TYPE CARD TYPE

LIST DATA INPUT 0.00000 0.00000

WRITE OPTIONAL SUMMARY 0.00000 0.00000

NO FLOW AUGMENTATION 0.00000 0.00000

STEADY STATE 0.00000 0.00000

DISCHARGE COEFFICIENTS 0.00000 0.00000

PRINT SOLAR/LCD DATA 0.00000 0.00000

PLOT DO AND BOD 0.00000 0.00000

FIXED DNSTRM CONC(YES=1)=  0.00000 50-ULT BOD CONV K COEF = 0.23000

INPUT METRIC (YES=1) = 0.00000 OUTPUT METRIC (YES=1) = 0.00000

NUMBER OF REACHES = 11.00000 NUMBER OF JUNCTIONS = 0.00000

NUM OF HEADWATERS = 1.00000 NUMBER OF POINT LOADS = 0.00000

TIME STEP (HOURS) = 0.00000 LNTH. COMP. ELEMENT (0X)=  0.50000

MAXIMUM ROUTE TINE (HRS)= 30. TIME INC. FOR RPT2 (HRS)=  0.00000

LATITUDE OF BASIN (DEG) = 30.50000 LONGITUDE OF BASIN (DEG)= 85.30000

STANDARD MERIDIAN (DEG) = 75.00000 DAY OF YEAR START TINE = 290.00000

EVAP. COEF..(AE) = 0.00068 EVAP. COEF..(BE) = 0.00027

ELEV. OF BASIN (ELEV) = 100.00000 DUST ATTENUATION COEF. = 0.13000

ENDATA1 0.00000 0.00000

$$$ DATA TYPE 1A (ALGAE PRODUCTION AND NITROGEN OXIDATION CONSTANTS) $$$

CARD TYPE CARD TYPE

O UPTAKE BY NH3 OXID(MG O/MG N)=  3.5000 O UPTAKE BY NO2 OXID(MG O/MG N)= 1.2000
O PROD BY ALGAE (MG O/MG A) = 1.6000 0 UPTAKE BY ALGAE (MG O/MG A) = 2.0000
N CONTENT OF ALGAE (MG N/MG A) =  0.0850 P CONTENT OF ALGAE (MG P/MG A) = 0.0120
ALG MAX SPEC GROWTH RATE(1/DAY)=  1.3070 ALGAE RESPIRATION RATE (1/DAY) = 0.1500
N HALF SATURATION CONST (MG/L)=  0.2000 P HALF SATURATION CONST (MG/L)= 0.0300
LIN ALG SHADE CO (1/FT-UGCHA/L=) 0.0027 NLIN SHADE(1/FT-(UGCHA/L)**2/3)= 0.0165
LIGHT FUNCTION OPTION (LFNOPT) =  1.0000 LIGHT SAT'N COEF (BTU/FT2-MIN) = 0.0300
DAILY AVERAGING OPTION(LAVOPT) = 1.0000 LIGHT AVERAGING FACTOR(AFACT) = 0.9200

92
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NUMBER OF DAYLIGHT HOURS (DLH) = 11,2000 TOTAL DAILY SOLR RAD (BTU/FT-2)= 400.0000
ALGY GROWTH CALC OPTION(LGROPT)=  1.0000 ALGAL PREF FOR NH3-N (PREFN) = 0.5000
ALG/TEMP SOLAR RAD FACT(TFACT) =  0.4500 NITRIFICATION INHIBITION COEF =  10.0000
ENDATATA 0.0000 0.0000

$$$ DATA TYPE 18 (TEMPERATURE CORRECTION CONSTANTS FOR RATE COEFFICIENTS) $$$
CARD TYPE RATE CODE THETA VALUE

THETAC 1) BOD DECA 1.047 DFLT
THETAC 2) BOD SETT 1.024 DFLT
THETA( 3) OXY TRAN 1.024 DFLY
THETA(C 4) SOD RATE 1.060 DFLT
THETA( 5) ORGN DEC 1.047 DFLT
THETAC 6) ORGN SET 1.024 DFLT
THETAC 7) NH3 DECA 1.083 DFLT
THETA(C 8) NH3 SRCE 1.074 DFLT
THETAC 9) NO2 DECA 1.047 DFLT
THETA(C10) PORG DEC 1.047 DFLT
THETA(11) PORG SET 1.024 DFLT
THETA(12) DISP SRC 1.074 DFLT
THETA(13) ALG GROW 1.047 OFLT
THETA(14) ALG RESP 1.047 OFLT
THETA(15) ALG SETT 1.024 DFLT
THETA(16) COLI DEC 1.047 DFLT
THETA(17) ANC DECA 1.000 DFLT
THETA(18) ANC SETT 1.024 DFLT
THETAC19) ANC SRCE 1.000 DFLT
ENDATA1B

$$$ DATA TYPE 2 (REACH IDENTIFICATION) $$$

CARD TYPE REACH ORDER AND IDENT R. MI/KM R. MI/KM
STREAM REACH 1.0 RCH =0 FROM 27.5 T0 27.0
STREAM REACH 2.0 RCH =0 FROM 27.0 T 25.0
STREAM REACH 3.0 RCH =0 FROM 5.0 710 20.0
STREAM REACH 4.0 RCH =0 FROM 20.0 T0 17.0
STREAM REACH 5.0 RCH =0 FROM 7.0 710 14.0
STREAM REACH 6.0 RCH =0 FROM 1%.0 70 12.0
STREAM REACH 7.0 RCH =0 FROM 12.0 TO 10.0
STREAM REACH 8.0 RCH =0 FROM 10.0 T0 7.5
STREAM REACH 9.0 RCH =0 FROM 7.5 TO 6.0
STREAM REACH 10.0 RCH =0 FROM 6.0 TO 4.0
STREAM REACH 11.0 RCH =0 FROM 4.0 710 0.0
ENDATA2 0.0 0.0 0.0

$$$ DATA TYPE 3 (TARGET LEVEL DO AND FLOW AUGMENTATION SOURCES) $$$

CARD TYPE REACH AVAIL HDMS TARGET ORDER OF AVAIL SOURCES
FLOW AUGMT SOURCES 1. 0. Q0 0. 0. 0. 0. 0. O.
FLOW AUGMT SOURCES 2. 0. 00 0. 0. 0. 0. 0. O.
FLOW AUGHT SOURCES 3. 0. 00 0. 0. 0. 0. 0. O.
FLOW AUGMT SOURCES 4, 0. 00 0. 0. 0. 0. 0. O.
FLOW AUGMT SOURCES 5. 0. 00 0. 0. 0. 0. 0. O.
FLOW AUGNT SOURCES 6. 0. 0.0 0. 0. 0. 0. 0. O.
FLOW AUGMT SOURCES 7. 0. 00 0. 0. 0. 0. 0. O.
FLOW AUGMT SOURCES 8. 0. 00 0. 0. 0. 0. 0. O.
FLOW AUGHT SOURCES 9. 0. 0.0 0. 0. 0. 0. 0. O.
FLOW AUGHT SOURCES 10. 0. 0.0 0. 0. 0. 0. 0. O.
FLOW AUGMT SOURCES 1n. 0. 00 0. 0. 0. 0. 0. O.
ENDATA3 0. 0. 0.0 0. 0. 0. 0. 0. O.
$$$ DATA TYPE 4 (COMPUTATIONAL REACH FLAG FIELD) $$$

CARD TYPE REACH ELEMENTS/REACH COMPUTATIONAL FLAGS
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FLAG
FLAG
FLAG
FLAG
FLAG
FLAG
FLAG
FLAG
FLAG

FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FLAG FIELD
FLAG FIELD
ENDATAS

$$$ DATA TYPE 5 (HYDRAULIC DATA FOR DETERMINI

CARD TYPE
HYDRAULICS
HYDRAULICS
HYDRAULICS
HYDRAULICS
HYDRAULICS
HYDRAULICS
HYDRAULICS
HYDRAULICS
HYDRAULICS
HYDRAULICS
HYDRAULICS
ENDATAS

-
OV NOWVMEAULIN-
e e & s e e = o & »

-
o

-l

Papunsrroposr

REACH COEF-DSPN COEFQV

- b
OO0V NOVIMUGN-
@ s e e e e a 4 e e e

oB88288888888¢
888888888888

0.117
0.237
0.234
0.336
0.262
0.397
0.650
0.477
0.548
0.610
0.785
0.000

EXPOQV

88RERREREREE

VELOCITY AND DEPTH) $$$

COEFQH  EXPOQH

14.800
7.370
7.570

TR

0.000

888EaEaRE2s

$$$ DATA TYPE 5A (STEADY STATE TEMPERATURE AND CLIMATOLOGY DATA) $$$

CARD TYPE
RAD

ATTENUATION
ENDATASA
0.00

REACH
0.

ELEVATION
0.00

DUST
COEF
0.00

CLOUD
COVER
0.00

TENP
0.00

DRY BULB WET BULB

TEMP
0.00

BaE8EEEERERES

ATH
PRESSURE
0.00

$3S DATA TYPE 6 (REACTION COEFFICIENTS FOR DEOXYGENATION AND REAERATION) $$$

CARD TYPE

REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
REACT COEF
ENDATAS

REACH

-
ProomNansMNA

K1

ooooo0o0000LO0
B8ARRRRRERARSS

]

Poo0000000000
8888883888888

SOD
RATE

0.132
0.132
0.123
0.112
0.112
0.112
0.041
0.041
0.041
0.041
0.041
0.000

K20PT

Omadadaaasdaadaasa
e e e e e e e el

$3$S DATA TYPE 6A (NITROGEN AND PHOSPHORUS CONSTANTS) $$$

CARD TYPE
SPO4

N AND P COEF
0.00

N AND P COEF
0.00
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REACH

0.04
0.04

CKNH2

SETNH2
0.00
0.00

CKNH3 SNH3
0.50 0.00
0.50 0.00

K

Pooo000000000
8BRRRIBBEBLEE

CKNO2
10.00
10.00

COEQK2 OR

TSIV COEF OR

FOR OPT 8
0.054

0.054
0.054

CKPORG
0.25
0.25

SOLAR
WIND
0.00

EXPK2
SLOPE
FOR OPT

BEERaE

9§§§§§999999

:

SETPORG

0.00
0.00



N AND P COEF 3. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

N AND P COEF 4. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

N AND P COEF 5. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

N AND P COEF 6. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

N AND P COEF 7. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

N AND P COEF 8. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

N AND P COEF 9. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

N AND P COEF 10. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

N AND P COEF n. 0.04 0.00 0.50 0.00 10.00 0.25 0.00
0.00

ENDATAGA 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

$$$ DATA TYPE 6B (ALGAE/OTHER COEFFICIENTS) $$$

CARD TYPE REACH  ALPHAO  ALGSET  EXCOEF CK5 CKANC SETANC SRCANC

CKCoLI

ALG/OTHER COEF 1. 60.00 1.00 0.11 0.00 0.00 0.00 0.00

ALG/OTHER COEF e. 60.00 1.00 0.11 0.00 0.00 0.00 0.00

ALG/OTHER COEF 3. 60.00 1.00 0.47 0.00 0.00 0.00 0.00

ALG/OTHER COEF 4. 60.00 1.00 0.47 0.00 0.00 0.00 0.00

ALG/OTHER COEF 5. 60.00 1.00 0.47 0.00 0.00 0.00 0.00

ALG/OTHER COEF 6. 60.00 1.00 0.47 0.00 0.00 0.00 0.00

ALG/OTHER COEF 7. 60.00 1.00 0.25 0.00 0.00 0.00 0.00

ALG/OTHER COEF 8. 60.00 1.00 0.25 0.00 0.00 0.00 0.00

ALG/OTHER COEF 9. 60.00 1.00 0.25 0.00 0.00 0.00 0.00

ALG/OTHER COEF 10. 60.00 1.00 0.25 0.00 0.00 0.00 0.00

ALG/OTHER COEF 1. 60.00 1.00 0.25 0.00 0.00 0.00 0.00

ENDATAGB 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

$$$ DATA TYPE 7 (INITIAL CONDITIONS) $$$

CARD TYPE REACH  TEMP D.0. BOD -1 CH-2 CH-3 ANC
coLI

INITIAL COND-1 1. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 2. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 3. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 4. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 5. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 6. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 7. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 8. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 9. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 10. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

INITIAL COND-1 1n. 68.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00

ENDATA? 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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$$$ DATA TYPE 7A (INITIAL CONDITIONS FOR CHOROPHYLL A, NITROGEN, AND PHOSPHORUS) $$$

CARD TYPE REAC CHL-A ORG~N NH3-N NO2-N NO3-N ORG-P DIS-P

INITIAL COND-2 1. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 2. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 3. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 4. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 5. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 6. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 7. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 8. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 9. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 10. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

INITIAL COND-2 1. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ENDATA7A 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

$$$ DATA TYPE 8 (INCREMENTAL INFLOW CONDITIONS) $$$

CARD TYPE REACH FLOW TEMP D.o. 80D cH-1 -2 cH-3
ANC coLl .

INCR INFLOW-1 1. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 2. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 3. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 4. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 S. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 6. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 7. 0.000 68.90 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 8. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 9. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 10. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

INCR INFLOW-1 1. 0.000 69.80 2.35 0.63 0.00 0.00 0.00
0.00 0.00

ENDATAB 0. 0.000 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00

$$$ DATA TYPE BA (INCREMENTAL INFLOW CONDITIONS FOR CHLOROPHYLL A, NITROGEN, AND PHOSPHORUS) $$$

CARD TYPE REACH CHL=A ORG-N NH3-N NO2~N NO3-N ORG-P
INCR INFLOW-2
INCR INFLOW-2
INCR INFLOW-2
INCR INFLOW-2
INCR INFLOM-2
INCR INFLOW-2
INCR INFLOW-2
INCR INFLOW-2
INCR INFLOW-2
INCR INFLOW-2
INCR INFLOW-2
ENDATABA

e
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-

o38vmNgvruN
ocoooooo000000
spnpEREONELD
coopopooooo00
8888888838888
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$$$ DATA TYPE 9 (STREAM JUNCTIONS) $$$
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CARD TYPE JUNCTION ORDER AND IDENT UPSTRH  JUNCTION TRIB
ENDATA9 0. 0. 0. 0.

$$S DATA TYPE 10 (HEADWATER SOURCES) $$$

CARD TYPE HDWTR NAME FLOW TEMP 0.0. BOD cH-1 CH-2
-3
ORDER
HEADWTR~1 1. WITHLACOOCHEE 400.00 72.68 6.40 2.63 0.00 0.00
0.00
ENDATA10 0. 0.00 0.00 0.00 0.00 0.00 0.00
0.00
$$$ DATA TYPE 10A (HEADWATER CONDITIONS FOR CHLOROPHYLL, NITROGEN, PHOSPHORUS,
COLIFORM AND SELECTED NON-CONSERVATIVE CONSTITUENT) $$$
CARD TYPE HDUTR ANC COLI  CHL-A ORG-N  NH3-N NO2-N  NO3-N  ORG-P DIS-P
ORDER
HEADWTR-2 1. 0.00 0.00 19.26 0.35 0.05 0.00 0.10 0.04 0.08
ENDATAT0A 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
$8$ DATA TYPE 11 (POINT SOURCE / POINT SOURCE CHARACTERISTICS) $$$
POINT
CARD TYPE LOAD  NAME EFF FLOW TEMP D.0. BOD -1 CH-2
-3
ORDER
ENDATA11 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00
$$$ DATA TYPE 11A (POINT SOURCE CHARACTERISTICS - CHLOROPHYLL A, NITROGEN, PHOSPHORUS,
COLIFORMS AND SELECTED NON-CONSERVATIVE CONSTITUENT) $$$
POINT
CARD TYPE LOAD ANC COLI  CHL-A  ORG-N  NH3-N  NO2-N  NO3-N  ORG-P DIS-P
ORDER
ENDATAT1A 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
$$$ DATA TYPE 12 (DAM CHARACTERISTICS) $3$
DAM RCH ELE  ADAM  BDAM FDAM  HDAM
ENDATA12 0. 0. 0. 0.00 0.00 0.00 0.00
$$$ DATA TYPE 13 (DOWNSTREAM BOUNDARY CONDITIONS-1) $$$
CARD TYPE TENP D.o. BOD -1 cnH-2 cH-3 ANC
coLI
DOWNSTREAM BOUNDARY-1 DOWNSTREAM BOUNDARY CONCENTRATIONS ARE UNCONSTRAINED
ENDATA13

$$$ DATA TYPE 13A (DOWNSTREAM BOUNDARY CONDITIONS-2) $$$

CARD TYPE CHL-A ORG~N NH3-N NO2-N NH3-N ORG~P 0IS-P
DOMNSTREAM BOUNDARY-2 DOWNSTREAM BOUNDARY CONCENTRATIONS ARE UNCONSTRAINED
ENDATA13A
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STREAM QUALITY SIMULATION QUTPUT
PAGE NUNBER 1
QUAL-2E STREAM QUALITY ROUTING MODEL
EPA/NCASI VERSION
kkkkk STEADY STATE SIMULATION ik

*% HYDRAULICS SUMMARY *%

ELE RCH ELE  BEGIN END POINT INCR TRVL BOTTOM
X-SECT  DSPRSN )
ORD NUM NUM Loc Loc FLOW  SRCE FLOW VEL  TIME DEPTH WIDTH VOLUME AREA
AREA COEF
NILE  NILE CFS CFS CFS FPS DAY FT FT K-FT-3 K=-FT-2
FT-2 FT-2/s

1 1 1 27.50 27.00 400.00 0.00 0.00 0.117 0.261 14.800 231.000 9025 .64 687.98
34,18.80 20.25

2 2 1 27.00 26.50 400.00 0.00 0.00 0.237 0.129 7.370 229.005 4455.70 643.49
1687.76  22.9% .

3 2 2 2650 26.00 400.00 0.00 0.00 0.237 0.129 ?7.370 229.005 4455.70 643.49
1687.76  22.9%

4 2 3 26.00 25.50 400.00 0.00 0.00 0.237 0.129 7.370 229.005 4455.70 643.49
1687.76  22.9%

5 2 4 25.50 25.00 400.00 0.00 0.00 0.237 0.129 7.370 229.005 4455.70 643.49
1687.76 22.94

6 3 1 25.00 24,50 400.00 0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40  23.16

7 3 2 2450 24.00 400.00 0.00 0.00 0.234 0.131 ?7.570 225.813 4512.82 636.11
1709.40  23.16

8 3 3 24.00 23.50 400.00 0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40 23.16

9 3 4 2550 23.00 400.00 0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40  23.16

0 3 5 23.00 22.50 400.00 0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40 23.16

1M1 3 6 22.50 22.00 400.00 0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40  23.16

2 3 7 22.00 21.50 400.00 0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40 23.16

3 3 8 21.50 21.00 400.00 0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40  23.16

% 3 9 21.00 20.50 400.00 0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40  23.16

15 3 10 20.50 20.00 400.00 ©0.00 0.00 0.234 0.131 7.570 225.813 4512.82 636.11
1709.40 23.16

6 4 1 20.00 19.50 400.00 0.00 0.00 0.33 0.091 5.200 228.598 3138.19 630.95
17 4 2 19.50 19.00 400.00 0.00 0.00 0.336 0.091 5.200 228.598 3138.19 630.95
18 & 3 19.00 18.50 400.00 0.00 0.00 0.336 0.091 5.200 228.598 3138.19 630.95
19 4 4 18.50 18.00 400.00 0.00 0.00 0.336 0.091 5.200 228.598 3138.19 630.95
20 4 5 18.00 17.50 400.00 0.00 0.00 0.33% 0.0917 5.200 228.598 3138.19 630.95

21 4 6 17.50 17.00 400.00 0.00 0.00 0.336 0.091 5.200 228.598 3138.19 630.95
1188.71  24.36
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2 5 1 17.00 16.50 400.00 0.00 0.00 0.262 0.117 7.850 194.486 4030.53 554.89
233 5 2 16.50 16.00 400.00 0.00 0.00 0.262 0.117 7.850 194.486 4030.53 554.89
26 5 3 16.00 15.50 400.00 0.00 0.00 0.262 0.117 7.850 194.486 4030.53 554.89
25 5 4 15.50 15.00 400.00 0.00 0.00 0.262 0.117 7.850 194.486 4030.53 554.89
26 5 5 15..“) 14.50 400.00 0.00 0.00 0.262 0.117 7.850 194.486 4030.53 554.89
27 5 6 1.50 14.00 400.00 0.00 0.00 0.262 0.117 7.850 194.486 4030.53 554.89

12.00 400.00 0.00 0.00 0.397 0.077 5.675 177.633 2661.29 498.91

28 6 1 14.00 13.50 400.00 0.00 0.00 0.397 0.077 5.675 177.633 2661.29 498.7
1008.06  30.90
29 6 2 13.50 13.00 400.00 0.00 0.00 0.397 0.077 5.675 177.633 2661.29 498.9M
1008.06  30.90
30 6 3 13.00 12.50 400.00 0.00 0.00 0.397 0.077 5.675 177.633 2661.29 498.NM
1008.06  30.90

12.50

30.90

32 7 1 12.00 11.50 400.00 0.00 0.00 0.650 0.047 5.675 108.421 1624.37 316.20

615.29 50.62
33 7 2 11.50 11.00 400.00 0.00 0.00 0.650 0.047 5.675 108.421 1624.37 316.20
615.29  50.62

3 7 3 11.00 10.50 400.00 0.00 0.00 0.650 0.047 5.675 108.421 1624.37 316.20
615.29  50.62
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STREAM QUALITY SIMULATION OUTPUT
PAGE NUMBER 2
QUAL-2E STREAM QUALITY ROUTING MODEL
EPA/NCASI VERSION
*kickk STEADY STATE SIMULATION ik
% HYDRAULICS SUMMARY %

ELE RCH ELE  BEGIN END POINT  INCR TRVL BOTTOM
X-SECT  DSPRSN
ORD NWM NUM Loc LOC  FLOW  SRCE  FLOW VEL TIME DEPTH  WIDTH VOLUME AREA
AREA COEF
MILE  MILE CFS CFS CFS FPS DAY FT FT K=-FT-3 K=FT-2
FT-2 FT-2/S
3 7 4 10.50 10.00 400.00 0.00 0.00 0.650 0.047 5.675 108.421 1624.37 316.20
615.29  50.62
3 8 1 10.00 9.50 400.00 0.00 0.00 0.477 0.064 8.840 94.881 2214.30 297.16
838.75 53.72
37 8 2 950 9.00 400.00 0.00 0.00 0.477 0.064 8.840 94.881 2214.30 297.16
838.75 53.72 .
33 8 3 9.00 8.50 400.00 0.00 0.00 0.477 0.064 8.840 94.881 2214.30 297.16
838.75 53.72
39 8 4 850 8.00 400.00 0.00 0.00 0.477 0.064 8.840 94.881 2214.30 297.16
838.75 53.72
40 8 5 8.00 7.50 400.00 0.00 0.00 0.477 0.064 8.840 94.881 2214.30 297.16
838.75 53.72
“ 723 1 7.00 400.00 0.00 0.00 0.548 0.056 7.770 93.942 1927.01 289.03
.93
6.50 400.00 0.00 0.00 0.548 0.056 7.770 93.942 1927.01 289.03

6.00 400.00 0.00 0.00 0.548 0.056 7.770 93.942 1927.01 289.03

3

bl
Nod~AN
18188

4 10 1 6.00 5.50 400.00 0.00 0.00 0.610 0.050 6.980 93.930 1730.86 284.83

655.63  56.45

45 10 2 5.50 5.00 400.00 0.00 0.00 0.610 0.050 6.980 93.930 1730.86 284.83
655.63  56.45

46 10 3 5.00 4.50 400.00 0.00 0.00 0.610 0.050 6.980 93.930 1730.86 284.83
655.63  56.45

47 10 4 4.50 4.00 400.00 0.00 0.00 0.610 0.050 6.980 93.930 1730.86 284.83
655.63  56.45

48 11 1 4.00 3.50 400.00 0.00 0.00 0.785 0.039 5.9%00 86.332 1344.71 259.07
509.36 63.16

49 11 2 3.50 3.00 400.00 0.00 0.00 0.785 0.039 5.900 86.332 1346.7 259.07
509.36 63.16

50 11 3 3.00 2.50 400.00 0.00 0.00 0.785 0.039 5.900 86.332 1344.7 259.07
509.36 63.16

59 M1 4 250 2.00 400.00 0.00 0.00 0.785 0.039 5.900 86.332 13446.71 259.07
509.36 63.16

5211 5 2.00 1.50 400.00 0.00 0.00 0.785 0.039 5.900 86.332 1344.71 259.07
509.36 63.16

53 11 6 1.50 1.00 400.00 0.00 0.00 0.785 0.039 5.900 86.332 13441 259.07
509.36  63.16

56 11 7 1.00 0.50 400.00 0.00 ©0.00 0.785 0.039 5.500 86.332 1344.7 259.07
509.36 63.16

55 11 8 0.50 0.00 400.00 0.00 0.00 0.785 0.039 5.900 86.332 1364.7 259.07
509.36 63.16
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STREAM QUALITY SIMULATION OUTPUT
PAGE NUMBER 3
QUAL-2E STREAM QUALITY ROUTING MODEL
EPA/NCASI VERSION
Hkkk STEADY STATE SINULATION ik
% REACTION COEFFICIENT SUMMARY ik
RCHELE DO K2 OXYGN BOD BOD SOD ORGN ORGN NH3 NHS NO2 ORGP ORGP DISP  COLI
ANC  ANC  ANC
NUM NUM  SAT OPT REAIR DECAY SETT RATE DECAY SETT DECAY SRCE DECAY DECAY SETT SRCE DECAY
DECAY SETT  SRCE
WG/L  1/DAY 1/DAY 1/DAY G/F20 1/DAY 1/DAY 1/DAY MG/F2D 1/DAY 1/DAY 1/DAY MG/F2D 1/DAY
A/DAY 1/DAY MG/F2D
1 1 000 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00
2 1 000 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
2 2 000 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
2 3 0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

é 4 0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

3 1 000 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
3 4 000 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
3 5 000 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
3 6 0.00 1 0.00 0.00 0.00 0.00 0.0¢ 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
3 7 0.00 1 0.00 0.00 000 000 004 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
3 8 0.00 1 0.00 0.00 000 0.00 0.4 0.00 050 0.00 10.00 0.00 0.00 0.00 0.00
3 9 000 1 0.00 000 000 000 0.04 0.0 0.50 0.00 10.00 0.00 0.00 0.00 0.00
310 0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

4 1 0.00 1 0.00 0.00 0.00 0.0 0.0¢4 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
4 2 0.00 1 0.00 0.00 000 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
4 3 0.00 1 0.00 0.00 000 0.00 0.4 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
4 4 0.00 1 0.00 000 0.00 000 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
4 5 0.00 1 0.00 000 000 000 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
4 6 0.00 1 0.00 0.00 000 000 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
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5 1 000 1 0.00 000 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
5 2 0.00 1 0.00 000 000 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
5 3 0.00 1 0.00 0.00 000 0.00 0.4 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
5 4 0.00 1 0.00 0.00 000 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
5 5 000 1 000 0.00 000 000 0.04 0.00 0.5 0.00 10.00 0.00 0.00 0.00 0.00
5 6 0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

6 1 000 1 0.00 0.00 000 000 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
6 2 000 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
6 3 000 1 0.00 0.00 000 0.00 0.06 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
6 4 0.00 1 0.0 000 000 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

7 1 000 1 0.00 000 0.00 0.00 0.046 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

7 2 000 1 0.00 000 000 000 0.0+ 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
7 3 0.00 1 0.00 0.00 000 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
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STREAM QUALITY SIMULATION OUTPUT
PAGE NUMBER 4

QUAL-2E STREAM QUALITY ROUTING MODEL
EPA/NCASI VERSION

*kkkk STEADY STATE SIMULATION ¥ikk
%k REACTION COEFFICIENT SUMMARY *%

RCH ELE DO K2 OXYGN 80D BOD SOD ORGN ORGN NH3 NH3 NO2 ORGP ORGP DISP COLI
ANC ANC ANC

NUM NUN SAT OPT REAIR DECAY SETT RATE DECAY SETT DECAY SRCE DECAY DECAY SETT SRCE DECAY
DECAY SETT  SRCE

MG/L 1/0AY 1/DAY 1/DAY G/F2D 1/DAY 1/DAY 1/DAY MG/F2D 1/DAY 1/DAY 1/DAY MG/F2D 1/DAY
1/DAY  1/DAY MG/F2D
7 4 000 1 0.00 000 0.00 0.00 0.046 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00

8 1 000 1 0.00 000 0.00 0.00 0.046 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00

8 2 0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00

8 3 000 1 000 000 0.00 0.00 0.046 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00
8 4 0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00
8 5 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

1
0.00 0.00 0.00

9 1 0.00 9 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00

9 2 000 9 000 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00

9 3 0.00 1 0.00 000 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00

0 1 0.00 1 0.00 000 0.00 0.00 0.0 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0 2 0.00 1 000 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
1 3 0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

0 4 0.00 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00

M 1 000 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
1 2 000 1 000 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
1 3 0.00 1 0.0 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
11 4 0.00 1 0.00 000 0.00 0.00 0.06 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
1 S5 0.00 1 0.00 000 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
11 6 0.00 1 0.00 000 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
11 7 0.00 1 000 0.00 0.00 0.00 0.0¢ 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00

. 1 0.00 0.00 0.00 0.00 0.04 0.00 0.50 0.00 10.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00
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STREAM QUALITY SIMULATION
PAGE NUMBER 5

QUAL-2E STREAM QUALITY ROUTING MODEL
EPA/NCASI VERSION

105

OUTPUT

Tkkkk STEADY STATE SIMULATION dnkkk

%k UATER QUALITY VARIABLES

RCH ELE -1 (M2 (M3
ANC
TEMP
CHLA
DEG~F

UG/L

NUN NUN
CcoLI

00  BOD

NG/L  MG/L

#/7100ML

1 1 68.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00 0.00

2 1 68.00 0.00
0.00 0.00 0.00

2
0.00
2

0.00 0.00
0.00
0.00

0.00

0.00 0.00

68.00 0.00 0.00 0.00 0.00
0.00 0.00

0.00
0.00

0.00
0.00

0.00 0.00

0.00

2

3 68.00
0.00 0.00 0.00
2 4 68.00
0.00 0.00 0.00

0.00

w

68.00
0.00 0.00
68.00

0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

1
0.00
2
0.00 0.00
3
0.00 0.00
4
0.00 0.00
5
0.00 0.00
6
0.00 0.00
7
0.00 0.00
8
0.00 0.00
9
0.00 0.00
10
0.00 0.00

W W

68.00 0.00 0.00 0.00 0.00
0.00
68.00
0.00

w

0.00 0.00 0.00 0.00

w

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00 0.00
0.00

0.00

68.00 0.00
0.00

68.00

0.00

00

W

0.00 0.00

w

0.00 0.00 0.00

0.00
00

w

0.00 0.00 0.00 0.00

0.00

W

0.00
0.00

0.00 0.00

0.00

.00 0.00

0.00

68.00
0.00

W

0.00 0.00

0.00 0.00
0.00
0.00
0.00

0.00
0.00

0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00

0.00

0.00 0.00

0.00 0.00 0.00 0.00

68.
0.00 0.00 0.00
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NH3N SUM-N ORGP DIS-P SUM-P

MG/L  WG/L  MG/L MG/L  MG/L MG/L MG/L  WG/L

0.35 0.05 0.00 0.0 0.50 0.00 0.00 0.00

0.34

0.34

0.34
0.34

0.05
0.04
0.04
0.04

0.00 0.17 0.50
0.50
0.50

0.50

0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00

0.00 0.M

0.00 0.1 0.00

0.00 0.12 0.00
0.34

0.34

0.04
0.04
0.04

0.00 0.12 0.50
0.50

0.50

0.00
0.00
0.00
0.00

0.00 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00 0.12 0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.33 0.00
0.00
0.00
0.00

0.00

0.12
0.33
0.33
0.33

0.04 0.13 0.50
0.04

0.04

0.13 0.50
0.50

0.50

0.00
0.00
0.00
0.00

0.13
0.13
0.14

0.33 0.04

0.32 0.04 0.00 0.50

0.32
0.32

0.04
0.03

0.00
0.00

0.14
0.14

0.50
0.50

0.00
0.00

0.00
0.00

0.32
0.32

0.03
0.03

0.00 0.14 0.50
0.50

0.50

0.00 0.00 0.00

0.00 0.00
0.00

0.00

0.15 0.00 0.00
0.00

0.00

0.32
0.32
0.32
0.31

0.03 0.15 0.00 0.00
0.03
0.03

0.03

0.15 0.50
0.50

0.50

0.00 0.00
0.00

0.00

0.00 0.15 0.00 0.00

0.00 0.15 0.00 0.00
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w

1 68.00 0.00 0.00 0.00 0.00 0.00 0.31 0.03 0.00 0.15 0.50 0.00 0.00 0.00
0.00 0.00 0.00

68.00
0.00 0.00
68.00

v

2 0.00 000 0.00 0.00 0.00 0.31 0.03 0.00 0.16 0.50 0.00 0.00 0.00
0.00
3

. 0.00 0.00 0.00 0.00 0.00 0.31 0.03 0.00 0.6 0.50 0.00 0.00 0.00
0.00 0.00 0.00

4 68.00 0.00 0.00 0.00 0.00 0.00 0.31 0.03 0.00 0.6 0.50 0.00 0.00 0.00
0.00 0.00 0.00
5 68.00 0.00 0.00 0.00 0.00 0.00 0.31 0.03 0.00 0.6 0.50 0.00 0.00 0.00
0.00 0.00 0.00
6 68.00 0.00 000 0.00 0.00 0.00 0.31 0.03 0.00 0.6 0.50 0.00 0.00 0.00
0.00 0.00 0.00

Vie Uhe Ve N

6 1 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.6 0.50 0.00 0.00 0.00
0.00 0.00 0.00

6 2 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.17 0,50 0.00 0.00 0.00
0.00 0.00 0.00
6 3 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.7 0.50 0.00 0.00 0.00
0.00 0.00 0.00

6 4

68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.177 0.50 0.00 0.00 0.00
0.00 0.00 0.00

7 1 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.17 0.50 0.00 0.00 0.00
0.00 0.00 0.00
7 2 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.17 0.50 0.00 0.00 0.00
0.00 0.00 0.00
7 3 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.177 0.50 0.00 0.00 0.00
0.00 0.00 0.00
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STREAM QUALITY SIMULATION OUTPUT
PAGE NUMBER 6 '

QUAL-2E STREAM QUALITY ROUTING MODEL
EPA/NCASI VERSION

Ikkkk STEADY STATE SIMULATION dikik
%k WATER QUALITY VARIABLES **

RCM ELE CH-1 (M2 (N3

ANC
NUM NUM TEMP D0 BOD ORGN NH3N NO2N NO3N SUM-N ORGP DIS-P SUM-P
CoLI CHLA

DEG~F MG/L MG/L MG/L MG/L MG/L MG/L MG/L MG/L MG/L MG/L
#/7100ML uG/L

7 4 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.177 0.50 0.00 0.00 0.00
0.00 0.00 0.00

1 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.7 0.50 0.00 0.00 0.00
000 0.00 0.00

2 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.17 0.50 0.00 0.00 0.00
000 0.00 0.00
3 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.7 0.50 0.00 0.00 0.00
0.00 0.00 0.00
4 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.177 0.50 0.00 0.00 0.00
ooo 0.00 0.00

5 68.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.00 0.177 0.50 0.00 0.00 0.00
ON 0.00 0.00

9 1 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.18 0.50 0.00 0.00 0.00
0.00 0.00 0.00
9 2 68.00
0.00 0.00 0.00
9 3 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.8 0.50 0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.18 0.50 0.00 0.00 0.00

0 1 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.9 0.50 0.00 0.00 0.00
0.00 0.00 0.00

0 2 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.1 0.50 0.00 0.00 0.00
0.00 0.00 0.00

0 3 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.18 0.50 0.00 0.00 0.00
0.00 0.00 0.00

0 4 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.1 0.50 0.00 0.00 0.00
0.00 0.00 0.00
1M1 1 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.18 0.50 0.00 0.00 0.00
0.00 0.00 0.00
1 2 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.18 0.50 0.00 0.00 0.00

0.00 0.00 0.00

1 3 68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 000 0.18 0.50 0.00 0.00 0.00
1M 4  68.00 0.00 0.00 0.00 0.00 0.00 0.29 003 0.00 0.18 0.50 0.00 0.00 0.00
M 5  68.00 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.8 0.50 0.00 0.00 0.00
11 6  68.00 0.00 0.0 0.00 0.00 0.00 0.29 0.035 0.00 0.18 0.50 0.00 0.00 0.0
M 7  68.00 0.00 0.00 0.0 0.00 0.00 0.29 0.03 0.0 0.8 0.50 0.00 0.00 0.00

1‘i 8 6860 0.00 0.00 0.00 0.00 0.00 0.29 0.03 0.00 0.18 0.50 0.00 0.00 0.00
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STREAM QUALITY SIMULATION OUTPUT
PAGE NUMBER 7
QUAL-2E STREAM QUALITY ROUTING MODEL
EPA/NCASI VERSION
dkkick STEADY STATE SIMULATION ¥ickkk

%k DISSOLVED OXYGEN DATA ¥*

COMPONENTS OF DISSOLVED OXYGEN MASS BALANCE

(HG/L=DAY)

ELE RCH ELE 0o Do DAM NIT

ORD NUM NUN  TEMP SATY 0o DEF  INPUT  INHIB F-FNCTN  OXYGN NET
DEG-F NG/L  WG/L WG/L  WG/L  FACTY INPUT  REAIR  C-BOD S0 P-R

NH3-N  NO2-N

1 1 1 68.00 000 00 000 0.00 1.00 24.51 0.00 0.00 0.00 0.00

-0.08 -0.02

2 2 1 6800 000 0.00 000 0.00 1.00 0.00 0.00 0.00 0.00  0.00

-0.08 -0.02

3 2 2 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

~0.08 -0.03

4 2 3 68,00 00 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.08 -0.03

5 2 4 68.00 000 000 ©0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.07 -0.03

6 3 1 6.00 0.0 0.0 0.00 0.00 1.00 0.00 0.00 0.00 Q.00 0.00

-0.07 -0.03

7 3 2 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.07 -0.02

8 3 3 6.00 000 00 000 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.07 -0.02

9 3 4 68.00 000 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.07 -0.02

0 3 5 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.07 -0.02

M 3 6 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.07 -0.02

2 3 7 6800 000 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02

3 3 8 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02

%4 3 9 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02

% 3 10 .00 0.00 0.00 ©0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02

% & 1 68.00 0.00 0.00 0.00 000 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02

17 4 2 68.00 0.00 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

=0.06 -0.02

8 4 3 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02

19 4 4 68.00 000 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02

20 4 5 68.00 0.00 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02

21 4 6 63.00 0.00 000 ©0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

-0.06 -0.02
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2 5 1 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.06 -0.02
23 5 2 68.00 0.00 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.06 -0.02
26 5 3 68.00 0.00 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.06 -0.02
25 5 4 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
26 5 S5 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
27 5 6 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
28 6 1 68.00 0.00 0.00 0.00 0.00 1.00 Q.00 0.00 0.00 0.00 0.00
-0.05 -0.02
29 6 2 638.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.0
-0.05 -0.02
30 6 3 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
3 6 4 68.00 000 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
32 7 1 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
33 7 2 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
3% 7 3 68.00 000 000 0.00 000 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
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STREAM QUALITY SIMULATION OUTPUT
PAGE NUMBER 8

QUAL-2E STREAM QUALITY ROUTING MODEL
EPA/NCAS1 VERSION

tkdkk STEADY STATE SIMULATION ik
*% DISSOLVED OXYGEN DATA *¥

COMPONENTS OF DISSOLVED OXYGEN MASS BALANCE

(MG/L-DAY)
ELE RCH ELE Do 00 DAM NIT
ORD NUM NUM  TEMP SAT Do DEF  INPUT  INHIB F=FNCTN  OXYGN NET
DEG-F  MG/L  MG/L  MG/L MG/L  FACT INPUT  REAIR  C-BOD SQD P-R
NH3-N  NO2-N
35 7 4 68.00 0.00 000 000 0.00 1.00 0.00 ©0.00 0.00 0.00 0.00
~0.05 -0.02
3 8 1 68.00 0.00 0.00 ©0.00 0.0 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02 .
37 8 2 68.00 0.00 0.00 0.G0 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
8 3 68.00 000 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
~0.05 -0.02
39 8 4 68.00 0.00 0.00 0.00 0.00 1.0 0.0 0.00 0.00 0.00 o0.00
=0.05 -0.02
4 8 5 68.00 000 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
4 9 1 68.00 000 000 000 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
42 9 2 68.00 0.0 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
43 9 3 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
=0.05 -0.02
4 10 1 68.00 0.00 0.00 0.00 0.00 1.00 0.00 000 0.00 0.00 0.00
-0.05 -0.02
45 10 2 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
4 10 3 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
=0.05 -0.02
47 10 4 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
48 11 1 63.00 000 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
49 11 2 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
50 1 3 68.00 0.00 0.00 000 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
1 11 & 6800 0.00 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
52 11 5 68.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
53 1 6 68.00 000 000 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
5S4 11 7 638.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
55 11 8 68.00 0.00 0.00 ©0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
-0.05 -0.02
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SUMMARY OF MONTE CARLO INPUT VARIANCE CONDITIONS

INPUT RELATIVE
DATA STANDARD
INPUT VARIABLE OR PARAMETER TYPE DEVIATION
X)
1  NITROGEN CONTENT OF ALGAE 10.00
2 ALGY MAX SPEC GROWTH RATE 10.00
3 ALGAE RESPIRATION RATE 10.00
4 NITROGEN HALF SAT'N COEF 10.00
5 LINEAR ALG SELF SHADE COEF 10.00
6  NON-LIN ALG SELF SHADE CO 10.00
7  LIGHT SAT'N COEFFICIENT 10.
8  LIGHT AVERAGING FACTOR 2.
9  ALG PREF FOR AMMONIA-N 10.
10 ALG TO TEMP SOLAR FACTOR 1.
11 TEMP COEF ORGANIC~N DECAY 3.
12 TEMP COEF ORGANIC-N SET 3.
13  TEMP COEF AMMONIA DECAY 3.
14  TEMP COEF AMMONIA SRCE 3.
15  TEMP COEF NITRITE DECAY 3.
16 TEMP COEF ORGANIC-P DECAY 3.
17  TEMP COEF ORGANIC-P SET 3.
18  TEMP COEF DISS-P SOURCE 3.
19  TEMP COEF ALGY GROWTH 3.
20 TENP COEF ALGY RESPR 3.
21  TEMP COEF ALGY SETTLING 3.
22 DISPERSION CORR CONSTANT 20.
23  COEF ON FLOW FOR VELOCITY 8.
24 COEF ON FLOW FOR DEPTH 8.
25 MANNING'S ROUGHNESS N 10

26  ORGANIC-N HYDROLYSIS RATE
27  AMMONIA-N DECAY RATE
28  NITRITE-N DECAY RATE
29  ORGANIC-P HYDROLYSIS RATE
30 CHLA TO ALGAE RATIO
31 ALGAE SETTLING RATE

ABBNEN

88888888 8838338383338333333833383888388888

32  LIGHT EXT COEFFICIENT 5
33  INITIAL TEMPERATURE 3.
34  INCR-TEMPERATURE 1.
35  INCR-ALGAE 13.
36  INCR-ORGANIC-PHOS 25,
37  INCR-DISSOLVED-PHOS 20.

2288333 REE I EEREEEE V" BT TR B nRBRER> S>>

38  HEADWATER FLOW 3.
39  HWTR-TEMPERATURE 1.
40  HWTR-ALGAE 4
41 HWTR-ORGANIC-N 6.
42  HWTR-AMNONIA-N 10.
43  HWTR-NITRATE-N 7
44 HWUTR-ORGANIC-PHOS a5.
45  HWTR-DISSOLVED-PHOS 10A ?
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MONTE CARLO SIMULATION SUMMARY, RESPONSE NO. 1 ORGN

LOCATION
STATISTIC
REACH 2 REACH 3 REACH 7 REACH 11
ELEMENT 2 ELEMENT 10 ELENENT 1 ELEMENT 5
BASE MEAN 0.342 0.321 0.301 0.289
SIM MEAN 0.343 0.322 0.301 0.289
BIAS 0.001 0.000 0.000 0.000
MINIMUM 0.277 0.257 0.237 0.226
MAXINUN 0.406 0.375 0.360 0.353
RANGE 0.129 0.118 0.123 0.127
STO DEV 0.020 0.020 0.020 0.021
COEF VAR 0.059 0.061 0.066 0.07M
SKEW COEF 0.062 0.075 0.124 0.160
FREQUENCY
DISTRIBUTION
(STOV FROM MEAN)
CUM REL CUM REL CUM REL CUM REL CUM REL
FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ  FREQ FREQ
LT -4.0 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-4.0 70 -3.5 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-3.5 T0 -3.0 1. 0.002 1. 0.002 1. 0.002 1. 0.002
-3.0 70 -2.5 1. 0.004 1. 0.004 2. 0.006 2. 0.006
-2.5 T0 2.0 7. 0.018 6. 0.016 8. 0.022 7. 0.020
=2.0 70 1.5 24. 0.066 26. 0.068 21. 0.064 16. 0.052
-1.57 1.0 46. 0.158 40. 0.148 4. 0.146 43. 0.138
=1.0 70 -0.5 74. 0.306 78. 0.304 83. 0.312 81. 0.300
-0.5 70 0.0 1M7. 0.540 1M1, 0.526 104, 0.520 111. 0.522
0.0 70 0.5 78. 0.69% 87. 0.700 93. 0.706 98. 0.718
0.5 7 1.0 65. 0.826 66. 0.832 70. 0.846 65. 0.848
1.070 1.5 50. 0.926 45. 0.922 36. 0.918 37. 0.922
1.5 70 2.0 26. 0.978 27. 0.976 30. 0.978 30. 0.982
2.0T0 2.5 9. 0.99% 8. 0.992 4. 0.986 3. 0.988
2.570 3.0 1. 0.998 4. 1.000 7. 1.000 5. 0.998
3.0T0 3.5 1. 1.000 0. 1.000 0. 1.000 1. 1.000
3.5T0 4.0 0. 1.000 0. 1.000 0. 1.000 0. 1.000
GT +4.0 0. 1.000 0. 1.000 0. 1.000 0. 1.000
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MONTE CARLO SIMULATION SUMMARY, RESPONSE NO. 2 NH3N

LOCATION
STATISTIC
REACH 2 REACH 3 REACH 7 REACH 11
ELEMENT 2 ELEMENT 10 ELEMENT 1 ELEMENT 5
BASE MEAN 0.045 0.035 0.029 0.027
SIM MEAN 0.044 0.035 0.030 0.028
BIAS 0.000 0.000 0.001 0.001
MINIMUM 0.031 0.018 0.012 0.011
MAXIMUM 0.057 0.065 0.070 0.072
RANGE 0.026 0.047 0.057 0.061
STD DEV 0.005 0.007 0.009 0.009
COEF VAR 0.109 0.211 0.286 0.314
SKEW COEF -0.063 0.498 0.870 1.062
FREQUENCY
DISTRIBUTION
(STOV FROM MEAN)
CUM REL CUM REL CUN REL CUN REL CUM REL
FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ
LT -4.0 0. 0.000 0. 0.000 0. 0.000 0. 0.000
=4.0 T0 <3.5 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-3.5 70 -3.0 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-3.0 70 -2.5 6. 0.012 0. 0.000 0. 0.000 0. 0.000
-2.5 70 ~2.0 7. 0.026 6. 0.012 2. 0.004 0. 0.000
-2.0 70 <1.5 20. 0.066 19. 0.050 14. 0.032 11. 0.022
~1.5 70 1.0 42. 0.150 47. 0.144 53. 0.138 55. 0.132
-1.0 70 -0.5 77. 0.304 88. 0.320 100. 0.338 103. 0.338
-0.57 0.0 108, 0.520 104. 0.528 113. 0.564 119. 0.576
0.0T0 0.5 94. 0.708 97. 0.72 86. 0.736 82. 0.740
0.570 1.0 67. 0.842 59. 0.840 53. 0.842 55. 0.850
1.070 1.5 45. 0.932 43. 0.926 41. 0.924 38. 0.926
1.570 2.0 2. 0.976 20. 0.9%6 17. 0.958 16. 0.958
2.0T0 2.5 1. 0.998 11. 0.988 13. 0.984 12. 0.982
2.57 3.0 1. 1.000 4. 0.99 3. 0.990 3. 0.988
3.0T0 3.5 0. 1.000 1. 0.998 3. 0.99% 2. 0.992
3.5 70 4.0 0. 1.000 0. 0.998 1. 0.998 2. 0.996
GT +4.0 0. 1.000 1. 1.000 1. 1.000 2. 1.000
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MONTE CARLO SIMULATION SUMMARY, RESPONSE NO. 3 NO2N

LOCATION
STATISTIC
REACH 2 REACH 3 REACH 7 REACH 11
ELEMEMT 2 ELEMENT 10 ELEMENT 1 ELEMENT 5
BASE MEAN 0.002 0.002 0.001 0.001
SIM MEAN 0.002 0.002 0.001 0.001
BIAS 0.000 0.000 0.000 0.000
MINIMUM 0.001 0.001 0.001 0.001
MAXIMUM 0.005 0.004 0.003 0.003
RANGE 0.004 0.003 0.002 0.002
STD DEV 0.001 0.000 0.000 0.000
COEF VAR 0.292 0.251 0.248 0.252
SKEW COEF 0.605 0.621 0.643 0.646
FREQUENCY
DISTRIBUTION
(STOV FROM MEAN)
CUM REL CUM REL CUM REL CUM REL CUM REL
FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ
LT -4.0 0. 0.000 0. 0.000 0. 0.000 0. 0.000
=4.0 T0 -3.5 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-3.5 10 -3.0 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-3.0 T0 -2.5 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-2.5 10 -2.0 7. 0.014 3. 0.006 1. 0.002 2. 0.004
-2.0 70 -1.5 17. 0.048 18. 0.042 18. 0.038 17. 0.038
-1.5 70 -1.0 45. 0.138 47. 0.136 59. 0.156 61. 0.160
-1.0 70 -0.5 89. 0.316 107. 0.350 96. 0.348 92. 0.344
0570 0.0 107. 0.530 97. 0.544 100. 0.548 103. 0.550
0.0 T0 0.5 99. 0.728 86. 0.76 90. 0.728 90. 0.730
0.570 1.0 67. 0.862 66. 0.848 55. 0.838 54. 0.838
1.0T0 1.5 26. 0.9 38. 0.924 40. 0.918 41. 0.920
1.570 2.0 26. 0.966 20. 0.964 20. 0.958 20. 0.560
2.07T0 2.5 9. 0.984 10. 0.984 12. 0.982 11. 0.982
2.5T0 3.0 6. 0.99% 5. 0.9%% 5. 0.992 5. 0.992
3.0T0 3.5 1. 0.998 2. 0.998 4. 1.000 3. 0.998
3.5T0 4.0 0. 0.998 1. 1.000 0. 1.000 1. 1.000
GT +4.0 1. 1.000 0. 1.000 0. 1.000 0. 1.000
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MONTE CARLO SIMULATION SUMMARY, RESPONSE NO. 4 NO3M

LOCATION
STATISTIC
REACH 2 REACH 3 REACH 7 REACH 11
ELEMENT 2 ELEMENT 10 ELEMENT 1 ELEMENT 5
BASE MEAN 0.1 0.142 0.168 0.183
SIM MEAN 0.112 0.142 0.168 0.182
BIAS 0.000 0.000 -0.001 -0.001
MINIMUM 0.0 0.1 0.128 0.137
MAXIMUM 0.133 0.172 0.206 0.227
RANGE 0.042 0.062 0.078 0.9
STD DEV 0.007 0.011 0.013 0.015
COEF VAR 0.066 0.076 0.080 0.081
SKEV COEF 0.163 0.098 0.033 0.043
FREQUENCY
DISTRIBUTION
(STOV FROM MEAN)
CUM REL CUM REL CUM REL CUN REL CUN REL
FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ  FREQ FREQ
LT -4.0 0. 0.000 0. 0.000 0. 0.000 0. 0.000
=4.0 TO -3.5 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-3.5 70 -3.0 0. 0.000 0. 0.000 0. 0.000 1. 0.002
-3.0 T0 -2.5 2. 0.004 3. 0.006 3. 0.006 3. 0.008
=2.5 70 -2.0 7. 0.018 6. 0.018 8. 0.022 7. 0.022
=2.0 T0 ~1.5 17. 0.052 2. 0.062 19. 0.060 19. 0.060
-1.5 70 -1.0 51. 0.154 4. 0.150 50. 0.160 53. 0.166
-1.0 10 -0.5 85. 0.324 85. 0.320 4. 0.308 68. 0.302
0.5 10 0.0 96. 0.516 ?1. 0.502 102. 0.512 we. 0.306
0.0 To 0.5 85. 0.686 103. 0.708 9N. 0.6% 89. 0.684
0.5T0 1.0 70. 0.826 62. 0.832 75. 0.844 79. 0.842
1.0T0 1.5 58. 0.942 45. 0.922 45. 0.934 46. 0.934
1.570 2.0 16. 0.974 28. 0.978 19. 0.972 21. 0.976
2.0T0 2.5 8. 0.99 8. 0.99% 10. 0.992 7. 0.99%0
2.5 T0 3.0 5. 1.000 3. 1.000 4. 1.000 3. 0.9%6
3.0T0 3.5 0. 1.000 0. 1.000 0. 1.000 2. 1.000
3.5T0 4.0 0. 1.000 0. 1.000 0. 1.000 0. 1.000
GT +4.0 0. 1.000 0. 1.000 0. 1.000 0. 1.000
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MONTE CARLO SIMULATION SUMMARY, RESPONSE NO. 5 SUMN

LOCATION
STATISTIC
REACH 2 REACH 3 REACH 7 REACH 11
ELEMENT 2 ELEMENT 10 ELEMENT 1 ELEMENT 5
BASE MEAN 0.500 0.500 0.500 0.500
SIM MEAN 0.501 0.501 0.501 0.5
BIAS 0.001 0.001 0.001 0.001
MINIMUM 0.436 0.436 0.436 0.436
MAXIMUM 0.561 0.561 0.561 0.561
RANGE 0.125 0.125 0.125 0.125
STD DEV 0.022 0.022 0.022 0.022
COEF VAR 0.044 0.044 0.044 0.044
SKEW COEF 0.010 0.070 0.010 0.010
FREQUENCY
DISTRIBUTION
(STDV FROM MEAN)
CUM REL CUN REL CUM REL CUM REL CUM REL
FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ FREQ
LT -4.0 0. 0.000 0. 0.000 0. 0.000 0. 0.000
=4.0 T0 -3.5 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-3.5 70 -3.0 0. 0.000 0. 0.000 0. 0.000 0. 0.000
-3.0 T0 -2.5 4. 0.008 4. 0.008 4. 0.008 4. 0.008
=2.5 70 -2.0 7. 0.022 7. 0.022 7. 0.022 7. 0.022
=2.0 70 1.5 23. 0.068 23. 0.068 23. 0.068 23. 0.068
-1.5 70 -1.0 39. 0.146 39. 0.146 39. 0.146 39. 0.146
-1.0 70 -0.5 78. 0.302 78. 0.302 78. 0.302 78. 0.302
-0.5T0 0.0 103. 0.508 103. 0.508 103. 0.508 103. 0.508
0.0T0 0.5 90. 0.688 90. 0.688 90. 0.688 90. 0.688
0.5 T0 1.0 7. 0.846 79. 0.846 7. 0.846 79. 0.846
1.070 1.5 45. 0.936 45. 0.936 45. 0.936 45. 0.936
1.5T0 2.0 18. 0.972 18. 0.972 18. 0.972 18. 0.972
2.0T0 2.5 11. 0.9% 1. 0.99% 1. 0.99% 1. 0.9%
2.5 70 3.0 3. 1.000 3. 1.000 3. 1.000 3. 1.000
3.0T0 3.5 0. 1.000 0. 1.000 0. 1.000 0. 1.000
3.5T0 4.0 0. 1.000 0. 1.000 0. 1.000 0. 1.000
GT +4.0 0. 1.000 0. 1.000 0. 1.000 0. 1.000
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Ammonia Nitrogen Solver

CHARACTER %32 IFILE
REAL INIT,M1
DIMENSION STA(50), TTRAV(50), ADD(41), SL(40)

Input, Output File Name Input

WRITE(%,100)

READ(*,105) IFILE

OPEN(UNIT=5, FILE=IFILE, STATUS='OLD')
WRITE(%,110)

READ(%,105) IFILE

OPEN(UNIT=6, FILE=IFILE, STATUS="'NEW')

Station Input
READ(5,%) NMS
DOSI=1,NNS
READ(5,%) STACI), TTRAV(I)
5 CONTINUE
Probability Distribution Control
READ(5,%) ONMIN, ONMAX, ONINT
RANGE1 = ONMAX - ONMIN
STEP1 = RANGE1/ONINT
NPROBV = IFIX(STEP1)#1
Invariable Input
READ(5,%) AO, UMAX, ALP1, RHO, S1,F1,0,P

Variable Input

READ(5,*) AB1,SB1,AB2,SB2,AB3,5B3,AS3,553,A54,554,

+AN10, SN10, AN20, SN20,AN30, SN30,AN4OD, SN4O

Write Variable Input

APPENDIX E

PDF/M SOURCE PROGRAM

C
c
c

o000

o000

WRITE(6,135) AB1,SB1,AB2,5B2,A83, SB3, AS3, SS3,AS4,SS4,

+AN10,SN10,AN20, SN20, AN30, SN30,AN4LO, SN4O, NMS
Write Station Input

IF(NMS.LT.10) THEN
WRITE(6,140) (STA(J), J= 1,NMS)

ELSE
R1 = FLOAT(NMS)/10
IR1 = IFIX(R1)
07 M =1 IRM1
11 = (M1-D*M0 + 1
2= 11+9
IF(I2.GT.NMS) I2 = NMS
WRITE(6,145) (STA()), J= 11,12)
7 CONTINUE
END IF

Write Variable Input
WRITE(6,745) AO, UMAX, RHO, ALP1, $1,F1,D,P
First, the loop interates on each station

DO 10 ICSTA = 1, NMS

OPEN(3, FILE="SCRTCH.FIL',STATUS="'NEW')
TOTPROB = 0

T = TTRAVCICSTA)

Calculation of average Ammonia Nitrogen

WRITE(X,%)"' STATION :',ICSTA
101 F=F1

€1 = AB3 + AS4

ALP = UMAX - RHO - S1

M1 = AOXALP1*RHO/(C1-ALP)

A1=AB3*M1

A2=F1XALPTAUMAX®AQ/ (AB1-ALP)

E1=EXP(~ALP*T)~EXP(-AB1*T)

E2=EXP(-C1XT)-EXP(-AB1*T)

E3=EXP(-AB1*T)

AN1 = (A1-A2)/(AB1-ALP)XE1-(A1-ANLO*AB3) / (AB1-C1)*E2+

+(AN10-AS3/D/AB1)*E3+AS3/D/AB1

CL1=(A1-A2)/(AB1-ALP)
CL2=(A1-AN4O*AB3) /(AB1-C1)
CL3=(AN10-AS3/0/AB1)
CL4=AS3/D/AB1
CN1=AB1%CL1/(AB2-ALP)
CN2=AB1*CL2/(AB2-C1)
CN3=CL4*AB1/AB2
CN4=(=CL1+CL2+CL3)*AB1/(AB2-AB1)
E1=EXP(-ALPXT)-EXP(-AB2%T)
E2=EXP(~C1%T)-EXP(-AB2%XT)
E3=1-EXP(-AB2%T)



‘uoissiwiad noypm payqiyosd uononpoidal Jayung “Joumo ybuAdos ayi o uoissiwied yum peonpoidsy

E4=EXP(-AB1XT)-EXP (-AB2¥T)
ES=EXP(~AB2%T)
AN2=CNTXE1-CN2AE2+CNIRES+ CNARE4+AN20XES

CMI=(-ABZKCN1/ALP+1. /ALPR(1-F1) XALPTXUNAXKAO)
CM21=AB2kCN2/C1

CH22=AB2XCN4/ABT

CM3=CN1-CN2+CN3+CN4-AN20

E1=EXP(-ALP%T)-1

E21=EXP(-C1*T)-1

E22=EXP(-AB1*T)-1

E3=EXP(-AB2*T)-1

AN3=CMIXE1+CM21%E21-CH22XE22+CH3RES+CNIXABZX T+ANZO

c

C F1 Convergency Check

c
F1=P*AN1/ (P*AN1+AN3-P*AN3)
WRITECK, %)* AN1,AN2,AN3,F1 LOOP: ', AN1,AN2,AN3,F1
IF(ABS(F1-F).LT.0.001) GOTO 102
GOTO 101

102 AVEN4=AN1
c

C Constants for variance calculations
c

A = AOKALPI*RHO
E1C1 = EXP(~C1*T)

E2C1 = EXP(-2%C1%*T)
ETAL = EXP(-ALP*T)
E2AL = EXP(~2%ALPAT)
E181 = EXP(-AB1*T)
E2B1 = EXP(-2%AB1%T)

EE1S4 = EXP(SS4%XSS4ATAT/2)
EE284 = EXP(2%XSS4XSSLARTAT)
EE1B3 = EXP(SB3XSB3*T*T/2)
EE2B3 = EXP(2kSBIXSBIATAT)
EE1S3 = EXP(SS3*SS3XT*T/2)
EE2S3 = EXP(2%SS3*SSIATAT)
EE1B1 = EXP(SBI1%SB1*T*T/2)
EE2B1 = EXP(2kSBIXSBIAT*T)
CE2B1=E2B1*EE2B1
CE1B1=E1B1*EE1B1
CEBC1=E1BT*E1CT*EE1B1
CEBAL=E1B1XE1ALXEE1B1
E1C3=E1CTXEE1BIXEETS4

E2C3=E2CTXEE2BIXEE2S4 -

CECC=E2C1XEE1B3*EE1S4
CEBC3=E1B1%E1C1%XEE1B3XEETSA*EE1BT
P11=E2AL+CE2B1-2%CEBAL

P22=E2C1+CE2B1-2%XCEBC1

P33=E2C3+CE2B1-2*CEBC3

P44=CE2B1

P55=1.

P12=(CE2BT1+ETAL¥E1C1-CEBCT~CEBAL)

P13=(CE2B1+E1AL*E1C3-CEBC3~-CEBAL)

P14=(~CE2B1+CEBAL)

P15=E1AL-CE181

P23=(CE2B1+CECC~CEBC1-CEBC3)

P24=(-CE2B1+CEBC1)

P25=E1C1-CE1B1

P34=(~CE2B1+CEBC3)

P35=E1€3-CE1B1

P45=CE1B1

PAI=(C1-ALP)

UPAID=PAIXPAI+SB3%SB3+SS4%554

UC25=SB3*SB3+5S4%SS4

U1=(A1-A2)/(AB1-ALP)

U2=(A1-AN4GO*AB3) /(AB1-C1)

U3=(AN4DO-N1)

U4=AN10-AS3/D/AB1

US=-U1+U2+U4

u6=-us

C11=(M1*M1XSBIASBI+M1XM12UC2S/UPAID* (AB3XAB3+SB31SB3) +
+UTRUIRSBIRSBT-2 , kNTRNTAABIASBR3ASB3/(C1-ALP) ) / ((AB1-ALP) %
+(AB1-ALP)+SB1%SB1)

C22=(U3RUSXABI*AB3+U24U2%SBI1*SB1 )/
+((AB1-C1)*(AB1-C1)+SB1%SB1)

C33=((M1*MTXUC2S/UPA ID+U3*U3+SNLOXSNLO) * (ABIXAB3+SB3*SB3)
+44 kN1 *XUSXABRIASBIXSB3/(C1-ALP) )/
+((AB1-C1)*(AB1-C1)+SB3*SB3+SS4*SS4+SB1%SB1)

C44=(S53%kSSI+ASI*AS3*SB1*SB1/AB1/AB1) /D/D/
+(AB1XAB1+SB1%SB1)+USXUS+SN10*SN10

C55=(SS3kSS3+ASI*ASIASB1%SB1/AB1/AB1) /D/D/(AB1*XAB1+SB1%SB1)+
+UGKUGKE2B1

C12=-(U1TU2kSBT1XSB1+M1XUBSB3*SB3+U3XM1XAB3XSB3%SB3/(C1-ALP))
+/C((AB1-ALP)*(AB1-C1)+SB1%SB1)

C13=(M1*USXSBI*SB3-M1AM1*UC2S/UPALID* (AB3XAB3+SB3*SB3)~
+2. kM1 *USRABSASBIASB3/(C1-ALP)+N1%M1%XSB3ASB3*AB3/(C1-ALP))
+/((AB1-ALP)*(AB1-C1)+SB1*SB1)

C14=(-U5*M14SB3%SB3/(C1-ALP)/(ABT-ALP)~
+UTRASI*SB1%SB1/ (D*AB1%(AB1-ALP) % (AB1*XAB1-AB1XALP+SB1%SB1)))

C15=(US*M1xSB3*SB3/(C1-ALP) / (AB1-ALP)*E1B1+
+UTkAS3ASB14SB1/{D*ABI1X (AB1-ALP)* (AB1XAB1-ABI*ALP+SB1%SB1)))
C23==-(USAUSKARSKABS +M1RUBKABIASBI*SB3/ (C1-ALP))
+/((AB1-C1)*(AB1-C1)+SB1%SB1)
C24=(-US*UBRABZ+U2XAS3/D/AB1/AB1%SB1%SB1) /(AB1-C1)
€25=(-U2*AS3*SB1%SB1/D/AB1/AB1-USXE1BI1%U3*AB3) /(AB1-C1)

811
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c

C34=-(USXUSKAB3+M1%UGRSBIXSB3/ (C1-ALP)) /(AB1-C1)

€35=(U6XUBRABS+HN1XULKSEIXSB3/ (C1-ALP) YXE1B1/(AB1-C1)

C45=USXUGXE1B1-SSIXSS3/0/0/(AB1%AB1+SB1%SB1)-SS34SS3%SB1%SB1
+/D/D/0/AB1/AB1/(AB1%AB1+SB1*SB1)

V2N1=C11%P1142kC12AP1 242X C13AP1 3428 C14%P1 442X C15%P15+
+C22kP224 2K C23KP23+2kCR4*P24+2KC25%P25+C33%P33+
+2%C34RP34+2kCI5KPI5+CALNPLL+2XCL5XPAS+C55%P55

VINT=-H1%SB3%SB3/(C1-ALP) / (AB1-ALP)*(E1AL-CE181)-
+U3%AB3/(AB1-C1)*(E1C1-CE1B1)+
+(2.¥M1*AB3XSBIXSB3/((C1-ALP)*(AB1-C1)-UC2S)+U3*AB3/(AB1-C1) )%
+(E1C3-CE1B1)-USXCE1B1+UGXE1B1

V1I=V2N1-VIN1*VINT

1284 = V1/2.

A range of values for B1,83,S3,54,Initial Organic Nitrogen

and Initial Ammonia Nitrogen will be examined and the resulting
Ammonia NITROGEN probability density function

generated at the selected point.

ICcC=0

B3 = AB3 - (4.%SB3)
0o 15 1K = 1,6

83 = 83 + SB3

S4 = AS4 - (4.%SS4)
p0 20 1IN = 1,6

S4 = S4 + SS4
B1=AB1-4*5B1

00 21 1L=1,6
81=81+581
S$3=AS3-4*SS3

Do 22 12=1,6
$3=53+583
ANL=ANLO-LRSNLD

Do 23 1U=1,6
AN4=AN4+SN4O
ONO=AN10-4*SN10
D025 IN= 1,6

ONO = ONO + SN10

[
C Establish variables for calculation and calculate AMMONIA NITROGEN

€1 =83 + S4

ALP = UMAX - RHO - S1

M1 = AOXALP1*RHO/(C1-ALP)
Al= B3*N1
A2=F1*ALP1*UMAX*AO/ (B1-ALP)
E1=EXP(-ALPAT)-EXP(~-B1%T)



OO

[aNaXal

[z Xz NzNsl

51
[

E2=EXP (-C1XT)-EXP(-B1%T)

E3=EXP(-B1*T)

ON4 = (A1-A2)/(B1-ALP)XET-(A1-ANG*B3) /(B1-C1)kE2+
+(ONO-53/D/81)*E3+53/D/B1

Calculate associated probability

IX = ((ONA-AVENS) % (ONA-AVENL) ) / (4%Z2N4)
PROBN = EXP(~ZX)/(2kSQRT(3.1416%22N4))
TOTPROB = TOTPROB + PROBN

Icc = 1CC + 1

WRITE(3,%) ON4, PROBN

CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE

Output file headings are printed for this pass

WRITE(6,150) STACICSTA), TTRAV(ICSTA)
WRITE(6,%)' ANH3 :' AVEN4,' SN3:',SQRT(V1),' CNVGD F1 :',F1

The total probabilities for this time (mile station) are calculated
First, the intervals are calculated based on user input

SL(1) = ONMIN
DO 51 ICIN = 2, NPROBV

SLCICIN) = SLCICIN-1) + ONINT
CONTINUE

C Counters are zeroed

c

52
[

DO 52 IZC = 1,NPROBV+1
ADD(1ZC) = 0.0
CONTINUE

REVIND 3
D0 35 JJ=1,1CC
READ(3,%) ON4, PROB
IFCON4.LT.SL(1)) ADD(1) = ADD(1) + PROB
IF(ONG.GE. SLC(NPROBV)) ADD(NPROBV+1) = ADD(NPROBV+1) + PROB

DO 40 K=2,NPROBY
“IF (ON&.GE. SL(K-1) .AND.ON4.LT.SL(K)) ADD(K) = ADD(K) + PROB

611
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40 CONTINUE
35 CONTINUE
c
C Normalized probabilities are calculated and printed
c
WRITE(6,155)
ADD(1) = ADD(1)/TOTPROB
CPROBL = ADD(1)
WRITE(6,160) SL(1), ADD(1), SL(1), CPROBL
DO 45 K=2,NPROBV
ADD(K) = ADD(K)/TOTPROB
CPROBL = CPROBL + ADD(K)
WRITE(6,185)> SL(K-1),SL(K),ADD(K),SL(K), CPROBL
45 CONTINUE
CPROBL = CPROBL + ADD(NPROBV+1)/TOTPROB
WRITE(6,170) SL(NPROBV),ADD(NPROBV+1)/TOTPROB, CPROBL
10 CONTINUE

C
CLOSECUNIT=6)
CLOSE(UNIT=5)
STOP
c
C  kikkkikkk  FORMAT STATEMENTS srkkkkiikiikk
c

100 FORMAT(' What is the name of the input file ? :*,$)

105 FORMAT(A32)

110 FORMAT(' What do you wish to name the output file ? :',$)

135 FORMAT(5X,'The Input Values for this run are:',//
+' B1 AVE :',F16.5,' STD. :',F16.5/
+' B2 AVE :',F16.5,' STD. :',F16.5/
+' B3 AVE :',F16.5,' STD. :',F16.5/
+' S3 AVE :',F16.5,' STD. :',F16.5/
+' S4 AVE :',F16.5,' STD. :',F16.5/
+' N1 AVE :',F16.5,' STD. :',F16.5/
+' N2 AVE :',F16.5,' sTD. :',F16.5/
+' N3 AVE :',F16.5,' STD. :',F16.5/
+' N& AVE :',F16.5,' STD. :',F16.5/
+' NUMBER OF REACH :',IS)

140 FORMAT(10(5X,F6.2))

145 FORMAT(//,10X,'The Following Algae Constants Have Been Entered
1/,2X,'A0 = ',F6.2,' u max ="',F6.3,' p="',F6.3,' Alpha=
3F6.3,' Sed = ',F6.2,' F1 = ',F6.2,' D =" F6 2,' P="1,F6. 2//)

150 FORMAT(//' This is the Probability Density Funct'lon at River Mile',
12F10.2,/)

155 FORMAT(//,30X,'AMMONIA NITROGEN',/,5X,'PROBABILITY DENSITY CURVE',
118X, ' CUMMULATIVE DENSITY CURVE',/,5X,'RANGE' 17X, 'PROBABILITY',
210X, ' RANGE' ,9X, ' PROBABILITY',/,35("'="'),10X,30('='))

160 FORMAT(10X,'0-N < ',F9.4,6X,F8.5,9X,'< ', F9.4,7X,F8.5)



165 FORMAT(SX,F9.4,'-',F9.4,7X,F8.5,9X,'< ' ,F9.4,7X,F8.5)
170 FORMAT(9X,'0-N > ',F9.4,7X,F8.5,9X, 'Total for Run',7X,F8.5)
END

oct
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Chriciriciickiciick ik iciociccroonccccdocodoi il ook ok k
c Nitrite Nitrogen Solver

CHARACTER *32 IFILE
REAL INIT, M1
DIMENSION STA(50), TTRAV(50), ADD(41), SL(40)

Input, Output File Name Input

o000

WRITE(*,100)

READ(*,105) IFILE

OPEN(UNIT=S, FILE=IFILE, STATUS='0LD")
WRITE(%,110)

READ(*,105) IFILE

OPEN(UNIT=6, FILE=IFILE, STATUS='NEV')

Station Input

o000

READ(5,%) NMS

DOSI=1,NM8

READ(5,%) STA(I), TTRAV(I)
5 CONTINUE

Probability Distribution Control

o000

READ(5,%) ONMIN, ONMAX, ONINT
RANGET = ONMAX - ONMIN

STEP1 = RANGE1/ONINT

NPROBV = IFIX(STEP1)+1

Invariable Input

o000

READ(S,%) AO, WMAX, ALP1, RHO, S1,F1,0,P

Variable Input

OO0

READ(S,*) AB1,SB1,AB2,SB2,AB3,SB3,AS3,SS3,AS4, 554,
+AN10, SN10, AN20, SN20, AN30, SN30, AN4O, SN4O

Write variable Input

[ Xz N gl

WRITE(6,135) AB1,$81,AB2,SB2,AB3, SB3, AS3, $S3,AS4,SS4,
+AN10, SN10,AN20, SN20, AN30, SN30,AN4OD, SN4O, NMS

Urite Station Input

OO0

IF(NNS.LT.10) THEN
WRITE(6,140) (STACJ), J= 1,NMS)

[z N aNal o000

OO0

ELSE

R1 = FLOAT(NMS)/10

IR1 = IFIX(RT)

D07 J1=1, 111
11 = (U1-1)%10 + 1
2= 11+9
IF(I2.G6T.NMS) 12 = NMS
HRITE(6,145) (STAQD), J= 11,12)

7 CONTINUE

END IF
Urite variable Input
WRITE(6,145) AO, UMAX, RHO, ALP1, S1,F1,D,P
First, the loop interates on each station
00 10 ICSTA = 1, NMS
OPEN(3,FILE='SCRTCH.FIL', STATUS='NEW')
TOTPROB = O
T = TTRAV(ICSTA)
Calculation of average Nitrite Nitrogen
WRITECX,%*)' STATION :',6ICSTA
101 F=F1

C1 = AB3 + AS4

ALP = UMAX - RHO - $1

M1 = AOXALP1*RHO/(C1-ALP)
A1=AB3%N1
A2=F1*ALP1XUMAX®XAD/(AB1-ALP)
E1=EXP(-ALPAT)-EXP(-AB1%T)
E2=EXP(-C1AT)-EXP(-AB1*T)
E3=EXP(-AB1*T)

AN1 = (A1-A2)/(AB1-ALP)*E1-(A1-AN4LO*AB3) / (AB1-C1)%ER+

+(ANT0-AS3/D/AB1 YXE3+AS3/D/AB1

CLI=(A1-A2) /(AB1-ALP)
CL2=(A1-ANLO*AB3) / (AB1-C1)
CL3=(AN10-AS3/D/AB1)
CL4=AS3/D/AB1
CN1=AB1%CL1/(AB2-ALP)
CN2=AB1%CL2/(AB2-C1)
CN3=CL4*AB1/AB2
CN4=(-CL1+CL2+CL3)*AB1/(AB2-ABT)
E1=EXP(-ALPAT)-EXP(~AB24T)
E2=EXP(-C1%T)-EXP(-AB2*T)
E3=1-EXP(-AB2%T)

1¢T
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E4=EXP(-AB1XT)-EXP(-AB2*T) P4LL4=E2B1+CE2B2-2*%CEB1B
ES=EXP(-AB2%T) P55=E282+CE2B2-2%CEB2B
AN2=CNTXE1-CN2XE2+CN3*E3+CNAREL+AN2OXES P66=CE282
P12=(CE2824E1AL*E1C1-CEBC1-CEBAL)
CHM1=(-AB2*CN1/ALP+1. /ALPX (1-F1)*ALP1XUMAX*AQ) P13=(CE2B2+E1AL-CE1B2-CEBAL)
CM21=AB2*CN2/C1 P14=(CE2B2+E1AL*E1B1-CEBC1-CEB1B)
CHM22=AB2%CN4/AB1 P15=(CE2B2+E1ALXE1B2-CEB2B-CEBAL)
CM3=CN1-CN2+CN3+CN4-AN2D P16=CEBAL-CE282
E1=EXP(-ALP*T)-1 P23=(CE2B2+E1C1-CEBC1-CE1B2)
E21=EXP(~-C1%T)-1 P24=(CE2B2+E1C1*E1B1-CEBC1-CEB1B)
E22=EXP(-AB1*T)-1 P25=(CE2B2+E1C1*E1B2-CEBC1-CEB2B)
E3=EXP(-AB2%T)-1 P26=(-CE2B24CEBC1)
AN3=CHIXE1+CM21%E21-CM22*E22+CM3*E3+CN3XAB2AT+AN30 P34=(CE2B2+E2B1-CE1B2-CEB1B)
c P35=(CE282+E2B2-CE1B2-CEB2B)
C F1 Convergency Check P36=CE182-CE282
c P45=(CE2B2+E1B1*E1B2-CEB2B-CEB1B)
F1=P*AN1/(P*XAN1+AN3-P*AN3) PL6=CEB1B~-CE2B2
WRITECK,%)' AN1,AN2,AN3,F1 LOOP:*, AN1,AN2,AN3,F1 P56=CEB2B-CE2B2
IF(ABS(F1-F).LT.0.001) GOTO 102 US1=AB1*AB1+5B1%SB1
GOTO 101 US2=AB2*AB2+SB2%SB2
102 AVEN4=AN2 U2=CN1-CN2+CN3+CN4-AN20
c : U3=-CL1+CL2+CL3
C Constants for variance calculation C11=(CLIXCLI*UST+CNTRCNTASB24SB2) / ( (AB2-ALP) X (AB2-ALP) +SB2%SB2)
c C22=(CL2%RCL2/UST+CN2XCN2ASB2%SB2) / ( (AB2-C1)* (AB2-C1)+SB2%SB2)
A = AOXALP1%RHO C33=(CLARCLAXUST+CNIXCNIASB2ASB2) /(US2)
E1C1 = EXP(-C1*T) CLl4=(USRUIRUST+CNLXCNLRSB2XSB2) / ((AB2-AB1)* (AB2-AB1)+SB2%SB2)
E2C1 = EXP(-2%C1AT) C55=u2*u2
ETAL = EXP(-ALPRT) C66=SN20*SN20
E2AL = EXP(-Z2%ALPXT) C12=-(CLI*CL2AUST+CNTRCN2XSB2xSB2) / ( (AB2-ALP )X (AB2-C1)+SB2%SB2)
E181 = EXP(-AB1%T) C13=(CLI%XCLA*UST+CNTRCNIASB2ASB2) / (US2-ALP*AB2)
E2B1 = EXP(-2%AB1%T) C14=(CLIRUIXUST+CNTRCNGXSB2XSB2) / ((AB2-ALP)* (AB2-AB1)+SB2%S82)
E182 = EXP(-AB2*T) C15=CLI%U2%AB1/ (AB2-ALP)
E282 = EXP(-2*AB2AT) c16=0
DON1=SB2ASB2ATAT/2 €23=—-(CL2*CL4*UST+CN2RCNIXSB2XSB2) /(US2-C1*AB2)
DON2=DON1%4 C24=~(UBKCL2AUST+CN2ACNAXSB2ASB2) /((AB2-C1)*(AB2-AB1) +SB2XSB2)
EE182 = EXP(DON1) €25=-CL2%U24%AB1/(AB2-C1)
EE2B2 = EXP(DON2) €26=0
EE1B1 = EXP(SB1%SB1%T*T/2) C34=(CL4A*UBAUST+CNIXCNLkSB2XSB2) / (US2-AB1¥AB2)
EE2B1 = EXP(2%SB1ASBIATHT) C35=CL4*U2%AB1/ (AB2)
CE2B2=E2B2*EE2B2 c36=0
CE1B2=E1B2*EE1B2 €45=U2kU3%*AB1/(AB2-AB1)
CEBC1=E1B2*E1C1*EE1B2. C46=0
CEBAL=E1B2*E1AL*EE1B2 c56=0
CEB1B=E1B1*CE182 V2N2=C11XP1 142X C124P12+2XC13%P 1342k C14%P14+2%C15%P15+2%C16%P16
CEB2B=E1B2*CE1B2 +HC22kP2242kC23%P2T4+2KC24 KP4 +2%C25%P25+2XC26%P26
P11=E2AL+CE2B2-2%CEBAL ++CIZAPIZ+2XCILhPI4+2KCI5%P3S5+2XCI64P36
P22=E2C14CE2B2-2*CEBC1 +HCALRPLL+ZRCL5%PL5+2KCL6RPLE
P33=14CE282~2*CE182 ++C55%P5542%C564P56

¢ct
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OO0

c

++C66*P6S

VIN2=CL1*AB1/(AB2-ALP)* (ET1AL-CE1B2)-CL2¥AB1/(AB2-C1)* (E1C1-CE182)

++CLAXAB1 /AB2* (1-CE1B2)+U3*AB1/(AB2-AB1) *(E1B1-CE1B2)
+U2*(E182-CE1B2)

V2=V2N2-VIN2RVIN2

12N4 = V2/2.

A range of values for B1,B82,B3,53,54,Initial Organic Nitrogen,
Initial Ammonia Nitrogen and Initial Nitrite Nitrogen will be
examined and the resulting Nitrite Nitrogen probability density
function generated at the selected point.

Icc=0

B2 = AB2-(4.*SB2)
DO 14 1A=1,6
B2=B2+5B2

B3 = AB3 - (4.*SB3)
Do 15 IK = 1,6
83 = B3 + SB3

S4 = AS4 - (4.%SS4)
PO 20 IN = 1,6
S4 = S4 + SS&
B81=AB1-4%*SB1

Do 21 IL=1,6
B81=B1+5B1
S3=AS3-4*SS3

o 22 12-1,6
$3=53+5S83
ANA=ANLO-4 . kSNLO
D0 23 Iu=1,6
ANG=AN4+SNSGO
AN1T=AN10-4.*SN10
00 24 1v=1,6
AN1=AN1+SN10
ONO=AN20~-4*SN20
D025 IN = 1,6
ONO = ONO + SN20

C Establish variables for calculation and calculate O-NITROGEN

c

C1 =83 + 54

ALP = UMAX - RHO - §1

M1 = AOXALP1*RHO/(C1-ALP)
Al= B3%M1
A2=F1XALP1XUMAXXA0/(B1-ALP)
CL1=(A1-A2)/(B1-ALP)
CL2=(A1-AN4*B3)/(B1-C1)
CL3=(AN1-53/0/81)

o000

o000

OO0

25
24

21
15
14

CL4=S3/D/81
CN1=B1#CL1/(B2-ALP)
CN2=B1%CL2/(B2-C1)
CN3=CL4*B1/82
CNA=(-CLI+CL2+CL3)*B1/(82-81)
E1=EXP(~ALPXT)-EXP(-B2*T)
E2=EXP(-C1*T)-EXP(-B24T)
E3=1-EXP(-B2%T)
E4=EXP(-B1XT)-EXP(-B24T)
ES=EXP(-B2XT)
AN2=CNT1*E1-CN2XE2+CNIXE3+CNLKEL+ONOKES
ON4 =AN2

Calculate associated probability

IF(ABS(Z2N4) .LT.1.E-20) Z2N4=1.E-20

2X = ((ON4—-AVENL)*(ON4—-AVENL) )/ (4%22N4)
PROBN = EXP(-ZX)/(2%SQRT(3.1416%22N4))
TOTPROB = TOTPROB + PROBN

I1cC = 1CC + 1

WRITE(3,%) ON4, PROBN

CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE

Output file headings are printed for this pass

WRITE(6,150) STACICSTA), TTRAV(ICSTA)
WRITE(S,%)' ANO2 :' AVENL,' SNO2: ',SQRT(V2),' CNVGD F1 :',F1

The total probabilities for this time (mile station) are calculated
First, the intervals are calculated based on user input

51

c

SL(1) = ONMIN
DO 51 ICIN = 2, NPROBV

SLCICIN) = SLCICIN-1) + ONINT
CONTINUE

C Counters are zeroed

C

52

00 52 1ZC = 1,NPROBV+1
ADD(1ZC) = 0.0
CONTINUE

€Ct
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REWIND 3
D0 35 JJ=1,1IcCC
READ(3,%) ON4, PROB
IF(ON4.LT.SL(1)) ADD(1) = ADD(1) + PROB
IF(ON4.GE. SL(NPROBV)) ADD(NPROBV+1) = ADD(NPROBV+1) + PROB

DO 40 K=2,NPROBV
IF(ON4.GE.SL(K~1).AND.ON4.LT.SL(K)) ADD(K) = ADD(K) + PROB

40 CONTINUE
35 CONTINUE

c
C Normalized probabilities are calculated and printed
c

45

10

c

WRITE(6,155)
ADD(1) = ADD(1)/TOTPROB
CPROBL = ADD(1)
WRITE(6,160) SL(1), ADD(1), SL(1), CPROBL
DO 45 K=2,NPROBV

ADD(K) = ADD(K)/TOTPROB

CPROBL = CPROBL + ADD(K)

WRITE(6,165) SL{K-1),SL(K),ADD(K),SL(K), CPROBL
CONTINUE
CPROBL = CPROBL + ADD(NPROBV+1)/TOTPROB
WRITE(6,170) SL(NPROBV),ADD(NPROBV+1)/TOTPROB, CPROBL
CONTINUE

CLOSE(UNIT=6)
CLOSE(UNIT=5)
sToP

€ ¥kkkikkkkkk FORMAT STATEMENTS dikikiiinkik

c
100
105
110
135

140

FORMAT(' What is the name of the input file ? :',$)
FORMAT(A32)

FORMAT(' What do you wish to name the output file ? :',$)
FORMAT(5X, 'The Input Values for this run are:',//

+' B1 AVE :',F16.5,' STD. :',F16.5/
+' B2 AVE :',F16.5,' STD. :',F16.5/
+' B3 AVE :',F16.5,' STD. :',F16.5/
+' 3 AVE :',F16.5,' STD. :',F16.5/
+' S4 AVE :',F16.5,' STD. :',F16.5/
+' N1 AVE :',F16.5,"' STD. :',F16.5/

+' N2 AVE :',F16.5,' STD. :',F16.5/
+' N3 AVE :',F16.5,' STD. :',F16.5/
+' N4 AVE :',F16.5," STD. :',F16.5/
+' NUMBER OF REACH :',I5)
FORMAT(10(5X,£6.2))



145 FORMAT(//,10X,'The Following Algae Constants Have Been Entered:',
1/,2X,'Ao = *,F6.2,' umax="',F6.3,' p="',F6.3," Alpha="',
3F6.3,' Sed = ',F6.2,' F1="',F6.2,' D = ',F6.2,' P ="',F6.2//)

150 FORMAT(//' This is the Probability Density Function at River Mile',
12F10.2,7)

155 FORMAT(//,30X,'NITRITE NITROGEN',/,5X,'PROBABILITY DENSITY CURVE',
118X, ' CUMMULATIVE DENSITY CURVE',/,5X,'RANGE',17X,'PROBABILITY',
210X, ' RANGE' ,9X, ' PROBABILITY',/,35('='),10X,30('="'))

160 FORMAT(10X,'0-N < ',F9.4,6X,F8.5,9X,'< ' ,F9.4,7X,F8.5)

165 FORMAT(5X,F9.4,'-',F9.4,7X,FB.5,9X,'< ',F9.4,7X,F8.5)

170 FORMAT(9X,'0O-N > ',F9.4,7X,F8.5,9X, 'Total for Run',7X,F8.5)

END

71
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Cirkkdckddoddonie oo icokdookdoook oo ek dokdocoook
(% Nitrate Nitrogen Solver

CHARACTER %32 IFILE
REAL INIT, M1
DIMENSION STA(S0), TTRAV(50), ADD(41), SL(40)

Input, Output File Name Input

(2 XaXq)

WRITE(*,100)

READ(*,105) IFILE
OPEN(UNIT=5,FILE=IFILE,STATUS='0LD')
WRITE(*,110)

READ(%,105) IFILE
OPEN(UNIT=6,FILE=IFILE, STATUS='NEW')

Station Input

OO0

READ(5,%) NMS

D051 =1,NMS

READ(5,%) STA(1), TTRAV(I)
5 CONTINUE

Probability Distribution Control

OO0

READ(5,%) ONMIN, ONMAX, ONINT
RANGET = ONMAX - ONMIN
STEP1 = RANGE1/ONINT
NPROBV = IFIX(STEP1)+1
Invariable Input
READ(S,%) AO, UMAX, ALP1, RHO, S1,F1,D,P

Variable Input

o000 OO0

READ(5,%) AB1,SB1,AB2,582,AB3,SB3,AS3,S53,AS4,554,
+AN10, SN10, AN20, SN20, AN3Q, SN30, AN4O, SN4O

Write vVariable Input

OO0

WRITE(6,135) AB1,SB1,AB2,5B2,A83, SB3, AS3, SS3,AS4,SS4,
+AN10, SN10,AN20, SN20, AN30, SN30, AN4D, SN4O, NMS

C Write Station Input

IF(NMS.LT.10) THEN
WRITE(6,140) (STA(J), J= 1,NHS)



OO0

OO0

[z X Nal

v

ELSE
R1 = FLOAT(NMS)/10
IR1 = IFIX(RT)
D07 J =1, IR
11 = (J1-1)%10 + 1
12= 11+9
IF(I2.GT.NMS) I2 = NNMS
WRITE(6,145) (STA(J), J= I1,12)
CONTINUE
END IF

Write Variabte Input

Fi

WRITE(6,145) AO, UMAX, RHO, ALP1, S$1,F1,D,P
rst, the loop interates on each station

DO 10 ICSTA = 1, NMS
OPEN(3,FILE="'SCRTCH.FIL', STATUS="'NEW')
TOTPROB = O
T = TTRAV(ICSTA)

Calculation of average Nitrate Nitrogen

101

WRITE(*,%)' STATION :', ICSTA
F=F1

C1 = AB3 + AS4

ALP = UMAX - RHO - S1

M1 = AOXALP1%RHO/(C1-ALP)
A1=AB3*M1
A2=F1XALPTXUMAX®AO/ (AB1-ALP)
E1=EXP(-ALPAT)-EXP(-AB1*T)
E2=EXP(-CTXT)-EXP(-AB1%T)
E3=EXP(-AB1%T)

AN1 = (A1-A2)/(AB1-ALP)XE1-(AT1-ANLO*AB3) /(AB1-C1)kE2+
+(AN10-AS3/D/AB1)*E3+AS3/D/AB1

CL1=(A1-A2) /(AB1-ALP)
CL2=(A1-AN4O*AB3) /(AB1-C1)
CL3=(AN10-AS3/D/AB1)
CL4=AS3/D/AB1

CN1=ABTXCL1/ (AB2-ALP)
CN2=AB1%CL2/(AB2-C1)
CN3=CL4*AB1/AB2
CN4=(-CLI+CL2+CL3)*AB1/(AB2-AB1)
E1=EXP(-ALP*T)-EXP(-AB2%T)
E2=EXP(-C1%T)-EXP(-AB2*T)
E3=1-EXP(-AB2*T)

YAl
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E4=EXP (~AB1XT)-EXP(-AB2%T)
ES=EXP(~AB2*T)
AN2=CNTRE1-CN2XE2+ CNIRES+CNGREL+AN2ORES

CM1=(-AB2XCN1/ALP+1. /ALP*(1~F1)XALPTXUMAX*AO)
CM21=AB2%CN2/C1

CH22=AB2*CN4/AB1

CM3=CN1~CN2+CN3+CN4-AN20

E1=EXP(-ALP*T)-1

E21=EXP(-C1%T)-1

E22=EXP(~AB1*T)-1

E3=EXP(~AB2%T)-1

AN3=CMIXET+CM2TRE21-CM22¥E22+ CMIXE3+CNIXABZA T+AN3O

F1 Convergency Check

[N e Kol

F1=PXAN1/ (PXANT+AN3-PXAN3)
WRITE(X, %)’ ANT,AN2,AN3,F1 LOOP:', AN1,AN2,AN3, F1
IF(ABS(F1-F).LT.0.001) GOTO 102
GOTO 101
102 AVEN4=AN3

Constants for variance calculations

[a X e N2l

A = AQ*ALP1*RHO

E1C1 = EXP(-C1%T)-1

ETAL = EXP(~ALPXT)-1

E1B81 = EXP(~AB1*T)-1

E1B2 = EXP(-AB2*T)~1
write(6,%)'c1,al,b1,b2’,e1c1,e1al,e1bl,e1b2
D1==-CN1/ALP

D2=CN1-CN2+CN3+CN4-AN20
U=D1*E1AL+CN2/C1*E1C1~CN4G/ABT1XE1B14D2/AB2RE1B2
V3=URUkSB2ASB2+SN30*SN30

2N4 = V3/2.

A range of values for B1,82,B3,53,54,Initial Organic Nitrogen,
Initial Ammonia Nitrogen, Initial Nitrite Nitrogen and Initial
Nitrate Nitrogen will be examined and the resulting Nitrate
NITROGEN probability density function

generated at the selected point.

OOOOOOOO

Icc=0

B2 = AB2-(4.%SB2)
DO 14 1A=1,6
B2=B2+5B2

B3 = AB3 - (4.%SB3)
0o 15 IK = 1,6



c

C Establish variables for calculation and calculate O-NITROGEN

C

B3 = B3 + SB3

S4 = AS4 - (4.%SS4)
DO 20 1M = 1,6
S4 = S4 + SS4
B1=AB1~4%SB1

Do 21 IL=1,6
B1=B1+5B1
$3=AS3-4%SS3

Do 22 12=1,6
§3=53+SS3
AN4=ANLO-4  *SN4LO
D0 23 Iu=1,6
ANG=ANL+SN4LO
AN1=AN10-4.%SN10
DO 24 1Iv=1,6
ANT=AN1T+SN10
AN2=AN20-4 . XSN20
DO 26 IMN=1,6
AN2=AN2+SN20
ONO=AN30-4%SN30
D025 IN= 1,6
ONO = ONO + SN30

C1 =83+ 54

ALP = UMAX - RHO - $1

M1 = AOKALP1ARHO/(C1~-ALP)

Al= B3]

A2=F1XALPTRUNAXXAQ/ (B1-ALP)
CL1=(A1-A2) /(B1-ALP)
CL2=(A1-AN4*B3) / (B1-C1)
CL3=(AN1-S3/D/B1)

CL4=53/D/B1
CN1=B1*CL1/(B2-ALP)
CN2=B1%CL2/(B2-C1)
CN3=CL4*B1/82
CN4=(~-CLI+CL2+CL3)*B1/(B2-B1)
CH1=(-B2XCNT/ALP+1. /ALPX(1~F1)*ALPTAUNAX¥AO)
CM21=B2%CN2/C1

CM22=B2%CN4/B1
CM3=CN1-CN2+CN3+CN4—AN2
E1=EXP(~ALP*T)-1
E21=EXP(~C1*T)~1
E22=EXP(-B1*T)~1
E3=EXP(~-B2*T)~-1
AN3=CMIXE1+CM2T%E21-CM22%ER2+ CM3RE3+CNI*AB2R T+ONO
ON4 =AN3

9¢1
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Calculate associated probability

[Nz Xe]

IF(ABS(22N4).LT.1.E-20) 22N4=1.E-20

IX = ((ONL-AVENAI X (ONL-AVENSL)) /(4XZ2N4)
PROBN = EXP(-ZX)/(2kSQRT(3.1416%22N4))
TOTPROB = TOTPROB + PROBN

ICC = ICC + 1

WRITE(3,%) ON&, PROBN

25  CONTINUE
26  CONTINUE
24  CONTINUE
23  CONTINUE
21  CONTINUE
15  CONTINUE
14  CONTINUE

Output file headings are printed for this pass

(s X aXal

WRITE(6,150) STACICSTA), TTRAVCICSTA)
WRITE(6,%)* ANO3 :',AVENG,' SNO3: ',SQRT(V3),' CNVGD F1 :',F1

The total probabilities for this time (mile station) are calculated
First, the intervals are calculated based on user input

(s Nz NaNal

SL(1) = ONMIN
DO 51 ICIN = 2, NPROBV
SL(ICIN) = SL(ICIN-1) + ONINT
51 CONTINUE
c
C Counters are zeroed
c
DO 52 1ZC = 1,NPROBV+1
ADD(12C) = 0.0
52 CONTINUE
c
REWIND 3
00 35 JJ=1,1CC
READ(3,%) ON4, PROB
IF(ON4.LT.SL(1)) ADD(1) = ADD(1) + PROB
IF(ON4.GE.SL(NPROBV)) ADD(NPROBV+1) = ADD(NPROBV+1) + PROB

DO 40 K=2,NPROBV
IF(ON4.GE.SL(K=-1) .AND.ON4.LT.SL(K)) ADD(K) = ADD(K) + PROB
40 CONTINUE
35 CONTINUE



c
C Normalized probabilities are calculated and printed
c
WRITE(6,155)
ADD(1) = ADD(1)/TOTPROB
CPROBL = ADD(1)
URITE(6,160) SL(1), ADD(1), SL(1), CPROBL
00 45 K=2,NPROBYV
ADD(K) = ADD(K)/TOTPROB
CPROBL = CPROBL + ADD(K)
WRITE(6,165) SL(K-1),SL(K),ADD(K),SL(K), CPROBL
45 CONTINUE
CPROBL = CPROBL + ADD(NPROBV+1)/TOTPROB
WRITE(6,170) SL(NPROBV),ADD(NPROBV+1)/TOTPROB, CPROBL
10 CONTINUE

[
CLOSE(UNIT=6)
CLOSE(UNIT=5)
sTOP
c
C  Jbkkkhbkkk  FORMAT STATEMENTS stk
c

100 FORMAT(' What is the name of the input file ? :*,$)

105 FORMAT(A32)

110 FORMAT(' What do you wish to name the output file ? :',$)

135 FORMAT(5X,'The Input Values for this run are:',//
+' B1 AVE :',F16.5,' STD. :',F16.5/
+' B2 AVE :',F16.5,' STD. :',F16.5/
+' B3 AVE :',F16.5,' STD. :',F16.5/
+' S3 AVE :',F16.5,' STD. :',F16.5/
+' S4 AVE :',F16.5,' STD. :',F16.5/
+' N1 AVE :',F16.5,' STD. :',F16.5/
+' N2 AVE :',F16.5,' STD. :',F16.5/
+' N3 AVE :',F16.5,' STD. :',F16.5/
+' N4 AVE :',F16.5,' STD. :',F16.5/
+' NUMBER OF REACH :',15)

140 FORMAT(10(5X,F6.2))

145 FORMAT(//,10X,'The Following Algae Constants Have Been Entered:’',
4/,2%,'A0 = ',F6.2," uwmex="',F63,' p="',63," Alpha="',
3F6.3,' Sed = ',F6.2,' F1 = ',F6.2,' D ="*,F6.2," P=",F6.2//)

150 FORMAT(//' This is the Probability Density Function at River Nile',
12F10.2,7)

155 FORMAT(//,30X, NITRATE NITROGEN',/,5X, ' PROBABILITY DENSITY CURVE',
118X, ' CUMMULATIVE DENSITY CURVE',/,5X, 'RANGE',17X, 'PROBABILITY',
210X, ' RANGE' ,9X, ' PROBABILITY',/,35('="),10%,30("'="))

160 FORMAT(10X,'0-N < ',F9.4,6X,F8.5,9X,'< ', F9.4,7X,F8.5)

165 FORMAT(5X,F9.4,'-',F9.4,7X,FB.5,9%X,'< ' ,F9.4,7X,F8.5)

170 FORMAT(9X,'O-N > ',F9.4,7X,F8.5,9X, 'Total for Run',7X,F8.5)

L11
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END

Cickidirikdnikicrkinkirivkinciek iokiciccciockdeickickk kdkikick ok
c Organic Nitrogen Solver

CHARACTER *32 IFILE
REAL INIT
DIMENSION STA(S50), TTRAV(50), ADD(41), SL(40)

Input, Output File Name Input

[z X Nal

WRITE(%,100)

READ(*,105) IFILE
OPEN(UNIT=5,FILE=IFILE,STATUS='0LD')
WRITE(%,110)

READ(*,105) IFILE

OPEN(UNIT=6, FILE=IFILE, STATUS="'NEW')

Station Input

o000

READ(S,%) NMS

DOS1=1NNKS

READ(S,%) STACI), TTRAV(I)
5 CONTINUE

Probability Distribution Control

(s Nz N2l

READ(S5,%) ONMIN, ONMAX, ONINT
RANGE1 = ONMAX ~ ONMIN

STEP1 = RANGE1/ONINT

NPROBV = IFIX(STEP1)+1

Invariable Input

OO0

READ(S,%) AO, UMAX, ALP1, RHO, S1,F1,0,P

[ Nz Nl

Variable Input

READ(5,%) AB1,SB1,AB2,582,A83,5B3,AS3,553,AS4,554,
+AN10, SN10,AN20, SN20, AN30, SN30,AN4O, SN4O

Write Variable Input

OoOON

WRITE(6,135) AB1,SB1,AB2,SB2,AB3, SB3, AS3, SS3,AS4,SS4,
+AN10, SN10,AN20, SN20, AN30, SN30,AN4O, SN4O, NNS

Write Station Input

8¢T

IF(NMS.LT.10) THEN
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c
c

OO0

OO0

OO0

WRITE(6,140) (STACJ), J= 1,NNS)
ELSE
R1 = FLOAT(NMS)/10
IR1 = IFIX(RT)
o7 J1=1, IR
11 = (M-1)%10 + 1
2= 11+9
IF(12.GT.NMS) 12 = NMS
WRITE(6,145) (STAQY), J= 11,12)
7 CONTINUE
END IF

Write vVariable Input

WRITE(6,145) AO, UMAX, RHO, ALP1, S1,F1,D,P

First, the loop interates on each station

DO 10 ICSTA = 1, NMS
OPEN(3,FILE='SCRTCH.FIL', STATUS='NEW')
TOTPROB = 0

T = TTRAV(ICSTA)

Calculation of average Organic Nitrogen

C1 = AB3 + AS4

ALP = UMAX - RHO - $1

CSTE = AOXALP1%*RHO/(C1-ALP)
EYPONT = EXP(-ALPXT) - EXP(-C1*T)
INIT = ANLOXEXP(-C1%*T)

AVEN4 = CSTEXEXPONT + INIT

Constants for variance calculations

A = ACYALPI*RHO
EOA = EXP(-C1*T)
EOB = EXP(-2XC1%T)

E1 = EXP(SSAXSS4XTXT/2)
E2 = EXP(2KSSAXSSLATET)
E3 = EXP(SB3%XSB3%T*T/2)
E4 = EXP(2%XSB3*SBIATAT)

ESA = EXP(-ALP*T)

ESB = EXP(-2KALPXT)

CSTEN = ARXAR(SB3®SB3 + SS4*SS4)

CSTED = (C1-ALP)*(C1-ALP)X(C1*C1 + SB3XSB3 + SS4%5S4)
CSTE3 = (AN4D - CSTE)X(AVEN4 - CSTE)



C Calculation of variance, integrated over initial conditions
[
TERNY = CSTEN * (EOBXE24E4 - 2AEOARESARE1RE3 + ES5B)/ CSTED
TERM2 = SNAOXSNLOXEOBAE2XES
TERM3 = CSTE3®XEOBX(E2%E4 - 2RETXE3 + 1)

ec2=sb3*sb3+ss4kssé
EE2C3=EOB*E4*E2

EEC3=EOAXE3RET

PAI=C1-ALP
TRMI1=EC2XAXA/PAL1/PA1/(PAIXPAI+EC2)
TRM1=TRM1%(EE2C3+ESB~2XEEC3*ESA)
TRM2=(AN4GO~A/PAL) X (AN4O-A/PA1) kX (EE2C3+EOB-2XEEC3YEQA)
TRM3=SN4OXSNLOXEE2C3

VING = (ANLO-A/PAI)*(EEC3~EOQA)
V2NR4 = TERM1 + TERM2 + TERM3
V4=V2N4-VINGRVING

22N4 = V4/2.

A range of values for B3, S4, and Initial Organic Nitrogen will be
examined and the resulting O-NITROGEN probability density function
generated at the selected point.

OO0

ICcC=0

B3 = AB3 - (4.%SB3)
5IK=1,6

B3 + SB3

.LT.0) GO TO 15
AS4 - (4.%SS4)
m= 1,6

+ SS4

T.0) GO TOo 20
ANGD - (4.%SN4OD)
IN=1,6

+ SN4O

.0) GO T0 25

llaﬂ—lll

SRERREE
R

-

3E3E3
||3ng"3
g

ONO.L

-

Establish variables for calculation and calculate O-NITROGEN

OO0

C1 =83 + S4
CSTE = AOXALP1*RHO/(C1-ALP)
EXPONT = EXP(~ALPXT) - EXP(-C1%T)
INIT = ONOXEXP(-C1*T)
ON4 = CSTEXEXPONT + INIT

[

C Calculate associated probability

ZX = ((ON4-AVENL) X (ON4G~AVENA) )/ (4X12N4)

6¢C1
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PROBN = EXP(-ZX)/(2%SQRT(3.1416%22N4))
TOTPROB = TOTPROB + PROBN
I1cC = ICC + 1

WRITE(3,%) ON4, PROBN
25  CONTINUE
20  CONTINUE
15  CONTINUE

Output file headings are printed for this pass

o000

WRITE(6,150) STACICSTA), TTRAV{ICSTA)
WRITE(6,%)' ANL :' AVENA4,' VN4 :',SQRT(V4)

The total probabilities for this time (mile station) are calculated
First, the intervals are calculated based on user input

OO0

SL(1) = ONMIN
D0 21 ICIN = 2, NPROBV
SLCICIN) = SLCICIN-T) + ONINT

21 CONTINUE
c
C Counters are zeroed
c

D0 22 1ZC = 1,NPROBV+1

ADD(I2C) = 0.0

22 CONTINUE
C Acumulate the probability in each distribution

REWIND 3

DO 35 JJ=1,1cC

READ(3,%) ON4, PROB

IF(ON4.LT.SL(1)) ADD(1) = ADD(1) + PROB
IF(ON4.GE.SL(NPROBV)) ADD(NPROBV+1) = ADD(NPROBV+1) + PROB
DO 40 K=2,NPROBYV
JFCON4L.GE.SLCK~1) .AND.ON4.LT.SL(K)) ADD(K) = ADD(K) + PROB
40 CONTINUE
35 CONTINUE

c
C Normalized probabilities are calculated and printed
c

WRITE(6,155)
ADD(1) = ADD(1)/TOTPROB
CPROBL = ADD(1)
WRITE(6,160) SL(1), ADD(1), SL(1), CPROBL
DO 45 K=2,NPROBV
ADD(K) = ADD(K)/TOTPROB
CPROBL = CPROBL + ADD(K)



WRITE(6,165) SL(K-1),SL(K),ADD(K),SL(K), CPROBL
45 CONTINUE
CPROBL = CPROBL + ADD(NPROBV+1)/TOTPROB
WRITE(6,170) SL(NPROBV),ADD(NPROBV+1)/TOTPROB, CPROBL
10 CONTINUE

c
CLOSE(UNIT=6)
CLOSE(UNIT=5)
STOP
c
C obbkbkkdk  FORMAT STATEMENTS kkibikickiink
c

100 FORMAT(' What is the name of the input file 2 :*,8)

105 FORMAT(A32)

110 FORMAT(' What do you wish to name the output file 2 :',$)

135 FORMAT(5X,'The Input Values for this run are:',//
+' B1 AVE :',F16.5,' STD. :',F16.5/
+' B2 AVE :',F16.5,' sTD. :',F16.5/
+' B3 AVE :',F16.5,' STD. :',F16.5/
+' S3 AVE :',F16.5,' STD. :',F16.5/
+' S4 AVE :*,F16.5,' STD. :',F16.5/
+' N1 AVE :',F16.5,' STD. :*,F16.5/
+* N2 AVE :',F16.5,' STD. :',F16.5/
+' N3 AVE :',F16.5,' STD. :',F16.5/
+' N4 AVE :',F16.5,' STD. :',F16.5/
+' NUMBER OF REACH :',15)

140 FORMAT(10(5X,F6.2))

145 FORMAT(//,10X,'The Following Algae Cmstants Have Been Entered ,
1/,2X,'A0 = ' ,F6.2,' umax = ',F6.3,' p="',F6.3,' Alpha =
3F6.3,' Sed = ',F6.2,' F1 = ',F6.2,' D ="',F6.2,' P =",F6. 2//)

150 FORMAT(/' This is the Probability Density Function at Rwer Hile',
12F10.2,/)

155 FORMAT(//,30X, 'ORGANIC NITROGEN',/,5X, 'PROBABILITY DENSITY CURVE',
118X, ' CUMMULATIVE DENSITY CURVE',/,5X,'RANGE®,17X, 'PROBABILITY',
210X, 'RANGE' ,9X, ' PROBABILITY', /,35('="),10X,30('="))

160 FORMAT(10X,'0~N < ', F9.4,6X,F8.5,9X,'< ',F9.4,7X,F8.5)

165 FORMAT(SX,F9.4,'~*,F9.4,7X,F8.5,9X,'< ',F9.4,7X,F8.5)

170 FORMAT(9X,'0O-N > ',F9.4,7X,F8.5,9X,' Total for Run',7X,F8.5)

END

0eT



APPENDIX F
PDF/M INPUT AND OUTPUT DATA

INPUT FOR _AMMONTIA NITROGEN

5
10
2 .519
3 2.087
4 3.69
5 4.558
0. 0.1 .005
.03 1.307 .085 .15 0 1. 8. 0.5
.5 .125 10. 2. .04 .008 0000 .05 .005 0.002 0.001 0.1 .007 .35 .021
OUTPUT FOR AMMONIA NITROGEN
The Input Values for this run are:
B1 AVE : .50000 STD. : .12500
B2 AVE : 90.00000 STD. : 2.00000
B3 AVE : .04000 STD. : .00800
S3 AVE : .00000 STD. : .00000
S& AVE : .00000 STD. : .00000
N1 AVE : .05000 STD. : .00500
N2 AVE : .00200 sTD. : .00100
N3 AVE : .10000 STD. : .00700
N4 AVE : .35000 STD. : .02100
NUMBER OF REACH : 5
1.00 2.00 3.00 4.00 5.00
The Following Algae Constants Have Been Entered:
Ao = .03 umax = 1.307 p= .150 Alpha = .085 Sed = O0FM= 1.00D0= 8.00°P=
.50
This is the Probability Density Function at River Nile 1.00 .00

ANH3 : 5.000000E-002 SN3: 4.999998E-003 CNVGD F1 : 3.333333E-001

AMMONIA NITROGEN

PROBABILITY DENSITY CURVE CUMNULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
O-N < .0000 .00000 < .0000 .00000
.0000~ .0050 .00000 < .0050 .00000
.0050~ .0100 .00000 < .0100 .00000
.0100- .0150 .00000 < .0150 .00000
L0150~ .0200 .00000 < .0200 .00000
.0200- .0250 .00000 < .0250 .00000
.0250- .0300 .00000 < .0300 .00000
.0300- .0350 .00000 < .0350 .00000
.0350~ .0400 . 00445 < .0400 00445
.0400~ .0450 .05425 < .0450 .05870
.0450~ .0500 26311 < .0500 .30181
.0500- .0550 .40082 < .0550 . 70264
.0550- .0600 26311 < .0600 94575
.0600~ .0650 .05425 < .0650 .99999
.0650- .0700 .00000 < .0700 .99999
.0700- .0750 .00000 < .0750 .99999
.0750- .0800 .00000 < .0800 99999
.0800- .0850 .00000 < .0850 .99999
.0850- .0900 .00000 < .0900 .99999
.0900- .0950 .00000 < .0950 .99999
0950~ .1000 .00000 < .1000 .99999
131
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0-N > .1000 .00000 Total for Run .99999

This is the Probability Density Function at River Mile 2.00 .52
ANH3 : 4.540391E-002 SN3: 4.524591E-003 CNVGD F1 : 2.900558E-001

AMMONIA NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE

RANGE PROBABILITY RANGE PROBABILITY
O-N < .0000 .00000 < .0000 .00000
.0000- .0050 .00000 < 0050 .00000
.0050- .0100 .00000 < 0100 .00000
.0100~ .0150 .00000 < 0150 .00000
.0150- .0200 .00000 < 0200 .00000
.0200- .0250 00000 < 0250 .00000
.0250- .0300 .00009 < 0300 .00029
.0300- .0350 .00765 < 0350 .00774
.0350- .0400 .10843 < 0400 11617
.0400~- .0450 .38628 < 0450 .50245
0450~ .0500 .38446 < .0500 .8869
.0500- .0550 10661 < .0550 99152
.0550~ .0600 .00832 < .0600 .99984
.0600- .0650 .00016 < .0650 1.00000
.0650- .0700 .00000 < .0700 1.00000
.0700- .0750 .00000 < .0750 1.00000
.0750- .0800 .00000 < .0800 4.00000
.0800~ .0850 .00000 < .0850 1.00000
.0850~ .0900 .00000 < .0900 1.00000
.0%00~ .0950 .00000 < .0950 1.00000
.0950- .1000 .00000 < .1000 1.00000
0-N > .1000 .00000 Total for Run 1.00000

This is the Probability Density Function at River Mile 3.00 2.09

ANH3 : 3.5305556-002 SN3: 6.279240E-003 CNVGD F1 : 1.9951376-001

AMNONIA NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
0N < 0000 .00000 < .0000 .00000
.0000~ .0050 .00000 < .0050 .00000
.0050~ .0100 .00000 < .0100 00000
.0100~ .0150 .00010 < .0150 .00010
.0150- -0200 .00418 < .0200 .00428
.0200~ .0250 .04550 < .0250 .04978
.0250~- .0300 .18486 < .0300 .23464
.0300- -0350 .30998 < .0350 54461
.0350- .0400 .28156 < .0400 .82617
.0400~- .0450 .13563 < L0450 .96180
.0450~ .0500 .03296 < .0500 .99476
.0500~- .0550 .00486 < .0550 .99962
.0550- .0600 .00037 < .0600 .99998
.0600~ .0650 .00001 < .0650 1.00000
.0650~ .0700 .00000 < .0700 1.00000
.0700- .0750 .00000 < .0750 1.00000
.0750~- .0800 .00000 < .0800 1.00000
.0800~ .0850 .00000 < .0850 1.00000
.0850~ .0500 .00000 < .0900 1.00000
.0900~ .0950 .00000 < .0950 1.00000
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.0950~ .1000 .00000 < .1000 1.00000
0=-N > .1000 .00000 Total for Run 1.00000
This is the Probability Density Function at River Hile 4.00 3.69

ANH3 : 2.953509E-002 SN3: 7.272332E-003 CNVGD F1 : 1.500706E-001

AMMONIA NITROGEN

PROBABILITY DENSITY CURVE CUMNULATIVE DENSITY CURVE

RANGE PROBABILITY RANGE PROBABILITY
0-N < .0000 .00000 < .0000 .00000
.0000~ .0050 .00000 < .0050 .00000
.0050- .0100 .00090 < .0100 .00090
.0100- .0150 .01697 < .0150 .01786
.0150- .0200 .08694 < .0200 10481
.0200~ .0250 .23049 < .0250 .33529
.0250- .0300 .29330 < .0300 .62859
.0300- .0350 .21864 < .0350 84723
.0350~ .0400 .10977 < .0400 .95700
.0400- .0450 .03451 < .0450 .99151
.0450~- .0500 .00736 < .0500 .99888
.0500- .0550 .00104 < .0550 .99
.0550- .0600 .00008 < .0600 .99999
.0600~ .0650 .00000 < .0650 1.00000
.0650~ .0700 .00000 < .0700 1.00000
.0700- .0750 .00000 < .0750 1.00000
.0750- .0800 .00000 < .0800 1.00000
.0800- .0850 .00000 < .0850 1.00000
.0850- .0900 .00000 < .0900 1.00000
.0900- .0950 .00000 < .0950 1.00000
.0950- .1000 .00000 < .1000 1.00000
0-N > .1000 .00000 Total for Run 1.00000

This is the Probability Density Function at River Mile 5.00 4.56

ANH3 : 2.74B497E-002 SN3: 7.452490E-003 CNVGD F1 : 1.327220E-001

AMMONIA NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
0-N < .0000 .00000 < .0000 .00000
.0000- .0050 .00000 < .0050 .00000
.0050~ .0100 .00404 < .0100 . 00404
.0100~- .0150 03992 < .0150 .04397
.0150- .0200 .15218 < .0200 .19614
.0200~ .0250 .2699 < .0250 46605
.0250~- .0300 .26985 < .Q300 73591
.0300- .0350 16793 < .0350 .90383
.0350~- .0400 .0Me62 < .0400 97545
.0400- .0450 .02020 < .0450 .99564
.0450~ .0500 .00387 < .0500 .99951
.0500- .0550 .00045 < .0550 .99996
.0550~ .0600 .00004 < .0600 1.00000
.0600- .0650 .00000 < .0650 1.00000
.0650- .0700 .00000 < .0700 1.00000
.0700~ .0750 .00000 < .0750 1.00000
.0750- .0800 .00000 < .0800 1.00000
.0800- .0850 .00000 < .0850 1.00000
.0850~- .0900 .00000 < .0900 1.00000
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.0500- .0950 .00000 < .0950 1.00000
.0950~ .1000 .00000 < .1000 1.00000
0-N > -1000 .00000 Total for Run 1.00000
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UT FOR NITRITE NITROGEN

3

10

2 .519

3 2.087

0. 0.01 .0005

.03 1.307 .085 .15 0 1. 8. 0.5

.5 .125 10. 2. .04 .008 0 0 0 0 .05 .005 0.002 0.001 0.1 .007 .35 .021

OUTPUT FOR NITRITE NITROGEN

The Input Values for this run are:

B1 AVE : .50000 STD. : .12500
82 AVE : 10.00000 STD. : 2.00000
B3 AVE : .04000 STD. : .00800
S3 AVE : .00000 STD. : .00000
S&4 AVE : .00000 STD. : .00000
N1 AVE : .05000 STD. : .00500
N2 AVE : .00200 STD. : .00100
N3 AVE : .10000 STD. : .00700
N4 AVE : .35000 STD. : .02100
NUMBER OF REACH : 3
1.00 2.00 3.00

The Following Algae Constants Have Been Entered:

Ao = 03 umax= 1.307 p= .150 Alpha= .085 Sed = .00F= 1.00p= B8.00pP=
.50
This is the Probability Density Function at River Mile 1.00 - .00

ANO2 : 2.000000E-003 SNO2: 1.000000E-003 CNVGD F1 : 3.333333E-001

NITRITE NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
0-N < .0000 .00445 < .0000 00445
.0000~ .0005 .05424 < .0005 .05869
.0005- .0010 .00000 < .0010 .05869
.0010- .0015 24309 < .0015 30179
.0015- .0020 .00000 < .0020 30179
.0020~ .0025 .40080 < .0025 . 70258
.0025- .0030 .24309 < .0030 .94568
.0030- .0035 00000 < .0035 94568
.0035- .0040 00000 < .0040 .94568
.0040~ .0045 .05424 < .0045 .99992
.0045- .0050 .00000 < .0050 .99992
.0050- .0055 .00000 < .0055 .99992
.0055- .0060 .00000 < .0060 99992
.0060- .0065 00000 < .0065 .99992
.0065- .0070 .00000 < .0070 .99992
.0070- .0075 .00000 < .0075 .99992
.0075- .0080 .00000 < .0080 .99992
.0080~ .0085 .00000 < .0085 .99992
.0085~ .0090 .00000 < .00%0 .99992
.0090~ .0095 .00000 < .0095 .99992
0-N> .0095 .00000 Total for Run .99992
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This is the Probability Density Function at River Hile 2.00 .52
ANO2 : 2.309327E-003 SNO2: 5.634175E-004 CNVGD F1 : 2.900558E-001

NITRITE NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
O-N < .0000 .00000 < .0000 .00000
.0000~- .0005 .00037 < .0005 .00037
. 0005~ .0010 .01015 < .0010 .01052
.0010- .0015 .07939 < .0015 .08
.0015- .0020 .27651 < .0020 .36643
.0020- .0025 .36489 < .0025 73132
.0025~ .0030 .20542 < .0030 .93674
.0030- .0035 .05609 < .0035 .99282
.0035- .0040 .00675 < .0040 .99957
. 0040~ .0045 .00042 < .0045 .99999
.0045~ .0050 .00001 < .0050 1.00000
.0050- .0055 .00000 < .0055 1.00000
.0055- .0060 .00000 < .0060 1.00000
0060~ .0065 .00000 < .0065 1.00000
.0065- .0070 .00000 < .0070 1.00000
.0070- .0075 .00000 < .0075 1.00000
.0075- .0080 .00000 < .0080 1.00000
.0080- .0085 .00000 < .0085 1.00000
.0085- .00%0 .00000 < .0090 1.00000
.0090- .0095 .00000 < .0095 1.00000

0-N > .0095 .0C000 Total for Run 1.00000

This is the Probability Density Function at River Nile 3.00 2.09

ANO2 : 1.7B9533E-003 SNO2: 4.509979E-004 CNVGD F1 : 1.995137€-001

NITRITE NITROGEN

PROBABILITY DENSITY CURVE CUMNULATIVE DENSITY CURVE

RANGE PROBABILITY RANGE PROBABILITY
0N < .0000 .00000 < .0000 00000
.0000- .0005 .00050 < .0005 .00050
.0005~ -0010 .04307 < .0010 .04357
.0010- .0015 .32461 < .0015 .36818
.0015- .0020 43867 < .0020 .80686
.0020- .0025 7016 < .0025 .97702
.0025- .0030 .02188 < .0030 -99891
.0030- .0035 .00107 < .0035 .99998
.0035- .0040 .00002 < .0040 1.00000
.0040- .0045 .00000 < .0045 1.00000
.0045- .0050 .00000 < .0050 1.00000
.0050- 0055 .00000 < .0055 1.00000
.0055- .0060 .00000 < .0060 1.00000
.0060- .0065 .00000 < .0065 1.00000
.0065- .0070 .00000 < .0070 1.00000
.0070- .0075 .00000 < .0075 1.00000
.0075- .0080 .00000 < .0080 1.00000
.0080- .0085 .00000 < .0085 1.00000
.0085- .0090 .00000 < .0090 1.00000
.0090- .0095 .00000 < .0095 1.00000
O-N > .0095 .00000 Total for Run 1.00000
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INPUT FOR NITRATE NITROGEN

5
10
2 .519
3 2.087
4 3.69
5 4.558
0.1 0.2 .004
.03 1.307 .085 .15 0 . 0.5
.5 .125 10. 2. .04 . 0 00 .05 .005 0.002 0.001 0.1 .007 .35 .021
OUTPUT FOR NITRATE NITROGEN
The Input Values for this run are:
B1 AVE : .50000 STD. : .12500
B2 AVE : 10.00000 STD. : 2.00000
B3 AVE : .04000 sTD. : .00800
S3 AVE : .00000 STD. : .00000
S4 AVE : .00000 STD. : .00000
N1 AVE : .05000 sTO. : .00500
N2 AVE : .00200 STD. : .00100
N3 AVE : .10000 STD. : .00700
N4 AVE : .35000 STD. : .02100
NUMBER OF REACH : 5
1.00 2.00 3.00 4.00 5.00
The Following Algae Constants Have Been Entered:
Ao = .03 umax = 1.307 p= .150 Alpha = .085 Sed = OOF= 1.00= 8.00P=
.50
This is the Probability Density Function at River Mile 1.00 .00

ANO3 : 1.000000E-001 SNO3: 7.000000E-003 CNVGD F1 : 3.333333E-001

NITRATE NITROGEN

PROBABILITY DENSITY CURVE CUNMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
O-N < .1000 . 70266 < .1000 . 70266
.1000- .1040 .00000 < .1040 . 70266
. 1040~ .1080 .24313 < .1080 .94580
.1080- -1120 .00000 < .1120 .94580
1120~ 1160 .05426 < .1160 1.00006
.1160- .1200 .00000 < .1200 1.00006
.1200- L1260 .00000 < .1240 1.00006
.1240- .1280 .00000 < .1280 1.00006
.1280~ .1320 .00000 < .1320 1.00006
.1320- 1360 .00000 < .1360 1.00006
.1360- . 1400 .00000 < . 1400 1.00006
. 1400~ 1440 .00000 < 1440 1.00006
L1440~ .1480 .00000 < .1480 1.00006
. 1480~ .1520 .00000 < .1520 1.00006
.1520~ -1560 .00000 < .1560 1.00006
.1560- .1600 .00000 < .1600 1.00006
.1600~- L1640 .00000 < .1640 1.00006
1640~ .1680 .00000 < L1680 1.00006
.1680- .1720 .00000 < L1720 1.00006
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720~ .1760 .00000 < .1760 1.00006
.1760- .1800 .00000 < .1800 1.00006
.1800~ .1840 .00000 < .1840 1.00006
.1840- .1880 .00000 < .1880 1.00006
.1880- .1920 .00000 < .1920 1.00006
.1920- .1960 .00000 < .1960 1.00006
. 1960~ .2000 .00000 < .2000 1.00006
O-N > .2000 .00000 Total for Run 1.00006
This is the Probability Density Function at River Mile 2.00 52
ANO3 : 1.1113116-001 SNO3:  7.403512E-003 CNVGD F1 : 2.900490E-001
NITRATE NITROGEN
PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
O0-N < .1000 .06909 < .1000 .0690%
-1000- .1040 L1059 < .1040 .17500
.1040- .1080 .17050 < .1080 . 34550
.1080- .1120 .22833 < .1120 57384
.1120- .1160 .18297 < .1160 75681
.1160~- .1200 .15749 < .1200 91430
.1200- .1240 .06628 < .1240 .98058
.1240~- .1280 .01740 < .1280 .99798
.1280- .1320 .00194 < .1320 999
.1320- .1360 .00009 < .1360 1.00000
-1360- . 1400 .00000 < .1400 1.00000
. 1400~ 1440 .00000 < 1640 1.00000
L1440~ .1480 .00000 < .1480 1.00000
.1480- 1520 .00000 < .1520 1.00000
.1520- .1560 .00000 < .1560 1.00000
.1560- .1600 .00000 < .1600 1.00000
.1600- .1640 .00000 < .1640 1.00000
.1640- .1680 .00000 < .1680 1.00000
.1680-  .1720 .00000 < .1720 1.00000
A720- 1760 .00000 < .1760 1.00000
760~ 1800 .00000 < .1800 1.00000
.1800- .1840 .00000 < .1840 1.00000
.1840- .1880 .00000 < .1880 1.00000
.1880- .1920 .00000 < .1920 1.00000
.1920- .1960 .00000 < .1960 1.00000
.1960- .2000 .00000 < .2000 1.00000
0-N > .2000 .00000 Total for Run 1.00000
This is the Probability Density Function at River Nile 3.00 2.09
ANO3 :  1.416476E-001 SNO3:  1.120492E-002 CNVGD F1 : 1.994670E-001
NITRATE NITROGEN
PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
0N < .1000 .00004 < .1000 .00004
.1000- .1040 .00015 < .1040 .00019
. 1040~ .1080 .00065 < .1080 .00083
.1080- .1120 .00224 < .1120 .00307
.1120- .1160 .00687 < .1160 .00994
.1160- .1200 .01803 < .1200 .02797
.1200- .1240 .03889 < L1240 .06686
. 1240~ .1280 .07526 < .1280 .14212
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.1280~ .1320 10901 < .1320 .25113
.1320- .1360 .14010 < .1360 39124
. 1360~ .1400 .16003 < .1400 .55127
.1400- .1440 .15459 < .1440 .70585
-1440- .1480 1221 < .1480 .82856
. 1480~ .1520 .08582 < .1520 91439
.1520~ .1560 04955 < 1560 .96394
.1560~ .1600 .02341 < .1600 .98735
. 1600~ .1640 .00906 < .1640 99641
.1640~ .1680 .00282 < .1680 .99922
.1680~- 720 .00066 < .1720 .99989
.1720- .1760 .00011 < 1760 1.00000
1760~ .1800 .00001 < .1800 1.00001
.1800~ .1840 .00000 < .1840 1.00001
.1840~ .1880 .00000 < .1880 1.00001
. 1880~ .1920 .00000 < .1920 1.00001
.1920~ .1960 .00000 < .1960 1.00001
.1960- .2000 .00000 < .2000 1.00001
O-N > .2000 .00000 Total for Run 1.00001
This is the Probability Density Function at River Mile 4.00 3.69

ANO3 : 1.672560E-001 SNO3:  1.559351E-002 CNVGD F1 : 1.500055E-001

NITRATE NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
' RANGE PROBABILITY RANGE PROBABILITY
0-N < .1000 .00000 < .1000 .00000
.1000- .1040 .00000 < .1040 .00001
.1040- .1080 .00002 < .1080 .00002
.1080- .1120 .00005 < 1120 .00007
1120~ .1160 .00015 < .1160 .00022
.1160~ .1200 . 00044 < .1200 .00066
.1200- .1240 .00113 < .1240 .00180
.1240- .1280 .00279 < .1280 .00459
.1280~ .1320 .00631 < .1320 .01090
.1320- .1360 .01262 < .1360 .02351
. 1360~ .1400 .02304 < .1400 .04655
.1400- L1440 -03664 < .1440 .08319
L1440~ .1480 .05506 < .1480 .13825
.1480- .1520 .07642 < .1520 .21466
.1520~ .1560 .09889 < .1560 .31355
.1560~ .1600 .11692 < .1600 43047
. 1600~ .1640 .12366 < 1640 .55413
1640~ .1680 .12072 < .1680 .67485
.1680~ .1720 .10255 < 1720 T4
720~ 1760 .08297 < 1760 .86037
L1760~ .1800 .06011 < .1800 .92049
.1800~ .1840 .03812 < .1840 .95861
. 1840~ .1880 .02165 < .1880 .98026
.1880~ .1920 .01138 < .1920 9N64
.1920- .1960 .00530 < .1960 99694
.1960~ .2000 .00205 < .2000 .99899
0-N > .2000 .00102 Total for Run 1.00001
This is the Probability Density Function at River Mile 5.00 4.56

ANG3 : 1.795767E-001 SNO3:  1.784291E-002 CNVGD F1 : 1.326552E-001

NITRATE NITROGEN
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PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
0N < .1000 .00000 < .1000 .00000
. 1000~ .1040 .00000 < .1040 .00000
.1040- .1080 .00000 < .1080 .00000
.1080~ 1120 .00001 < .1120 .00002
.1120- .1160 .00004 < 1160 .00006
.1160- .1200 .00011 < .1200 .00017
. 1200~ .1240 .00028 < .1240 .00045
. 1240~ .1280 .00067 < .1280 .00112
. 1280~ .1320 .00152 < .1320 .00264
.1320~ .1360 .00327 < .1360 .00591
. 1360~ .1400 .00655 < .1400 .01246
-1400~ L1440 .01185 < 440 .02432
. 1440~ .1480 .01993 < .1480 04424
. 1480~ .1520 .03038 < .1520 07462
.1520~ .1560 04441 < .1560 -11902
.1560- .1600 .06062 < .1600 17965
.1600~ .1640 Q7976 < .1640 .25941
. 1640~ .1680 .09618 < .1680 .35560
. 1680~ 720 10659 < 1720 46219
720~ 1760 11140 < L1760 .57359
. 1760~ .1800 . 104644 < .1800 .67803
. 1800~ .1840 .09301 < .1840 .77105
. 1840~ .1880 .07661 < .1880 84766
. 1880~ .1920 .05655 < 1920 .90422
. 1920~ .1960 .03986 < .1960 . 94408
. 1960~ .2000 .02589 < .2000 .96997
O-N > .2000 .03004 Total for Run 1.00001
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INPUT FOR ORGANIC NITROGEN

5

10

2 .519

3 2.087

4 3.69

5 4.558

0.2 .4 .

.03 1.307 .085 .15 01. 8. 0.5

.5 .125 10. 2. .04 .008 0 0 0 0 .05 .005 0.002 0.001 0.1 .007 .35 .021

OUTPUT FOR ORGANIC NITROGEN

The Input Values for this run are:

B1 AVE : .50000 STD. : .12500

B2 AVE : 10.00000 STD. : 2.00000

B3 AVE : .04000 STD. : .00800

S3 AVE : .00000 STD. : .00000

S4 AVE : .00000 STD. : .00000

N1 AVE : .05000 SsTD. : .00500

N2 AVE : .00200 STD. : .00100

N3 AVE : .10000 STD. : .00700

N4 AVE : .35000 STD. : .02100

NUMBER OF REACH : 5

1.00 2.00 3.00 4.00 5.00
The Following Algae Constants Have Been Entered:

ho = .03 umax= 1,307 p= .150 Alpha = .085 Sed = Q00 F= 1000= 8.00P=

This is the Probability Density Function at River Mile 1.00 .00
AN4 :  3.500000E-001 VN4 : 2.100000E-002

ORGANIC NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
o-N < .2000 .00000 < .2000 .00000
.2000- .2100 .00000 < .2100 .00000
.2100-  .2200 .00000 < .2200 .00000
.2200- .2300 .00000 < .2300 .00000
.2300-  .2400 .00000 < .2400 .00000
.2400-  .2500 .00000 < .2500 .00000
.2500- .2600 .00000 < .2600 .00000
.2600-  .2700 .00000 < .2700 .00000
.2700-  .2800 .00000 < .2800 .00000
.2800- .2900 00445 < .2900 .00445
.2900-  .3000 00000 < .3000 . 00445
.3000- .3100 .05425 < .3100 .05870
.3100-  .3200 .00000 < .3200 .05870
.3200-  .3300 .24311 < .3300 .30181
3300~ .3400 .00000 < 3400 .30181
.3400-  .3500 .00000 < .3500 .30181
.3500-  .3600 .40083 < .3600 . 70264
.3600-  .3700 .00000 < .3700 70264
.3700-  .3800 24311 < .3800 94575
. 3800~ .3900 .00000 < .3900 94575
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.3900- .4000 .05425 < .4000 1.00000
0-N > . 4000 .00000 Total for Run 1.00000
This is the Probability Density Function at River Mile 2.00 .52

ANGL @ 3.429565E-001 VN4 : 2.061733E-002

ORGANIC NITROGEM

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE

RANGE PROBABILITY RANGE PROBABILITY
0-N < .2000 .00000 < .2000 .00000
.2000- .2100 .00000 < .2100 .00000
.2100- .2200 .00000 < .2200 .00000
.2200~ .2300 .00000 < .2300 .00000
.2300~ .2400 .00000 < .2400 .00000
.2400- .2500 .00000 < .2500 .00000
.2500~ .2600 .00000 < .2600 .00000
. 2600~ .2700 .00000 < .2700 .00000
.2700~ .2800 .00054 < .2800 .00054
.2800~ .2500 .00460 < .2900 .00513
.2900- .3000 .00711 < .3000 .01225
.3000- .3100 .05196 < .3100 .064621
.3100- .3200 .03539 < .3200 .09960
.3200- .3300 .21608 < .3300 .31568
.3300~ .3400 .00000 < .3400 .31568
.3400~ .3500 .39765 < .3500 .71332
.3500~ .3600 .00000 < .3600 .71332
. 3600~ .3700 .23471 < .3700 .94803
.3700- .3800 .00000 < .3800 .94803
.3800~ .3900 .05197 < .3900 1.00000
.3900~ .4000 .00000 < .4000 1.00000
O-N > .4000 .00000 Total for Run 1.00000

This is the Probability Density Function at River Mile 3.00 2.09

ANG : 3.222527E-001 VN4 : 2.000193E-002

ORGANIC NITROGEN

PROBABILITY DENSITY CURVE CUMNULATIVE DENSITY CURVE
RANGE PROBABILITY RANGE PROBABILITY
0-N < .2000 .00000 < .2000 .00000
.2000~ .2100 .00000 < .2100 .00000
.2100~ .2200 .00000 < 2200 .00000
.2200- .2300 .00000 < .2300 .00000
.2300~ .2400 .00000 < 2400 00000
. 2400~ .2500 .00000 < 2500 .00000
.2300~ .2600 .00076 < 2600 .00076
.2600~ .2700 .00281 < 2700 .00357
.2700~ .2800 .01879 < 2800 .02236
.2800- .2900 .Q2572 < 2900 .04808
.2900~ .3000 .10814 < 3000 .15622
3000~ .3100 .0N79 < 3100 .24801
.3100~ .3200 24321 < 3200 4N21
.3200- .3300 .12840 < 3300 .61961
.3300~ -3400 21473 < .3400 83434
.3400- .3500 .09749 < .3500 .93182
.3500~ .3600 04901 < .3600 .98083
.3600- .3700 .01550 < .3700 .99633
.3700- .3800 .00367 < .3800 1.00000
.3800- .3900 .00000 < 3900 1.00000
.3900~ .4000 .00000 < .4000 1.00000
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O-N > .4000 .00000 Total for Run 1.00000
This is the Probability Density Function at River Mile 4.00 3.69
ANG : 3,022623E-001 VN4 :  1.994251E-002

ORGANIC NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE

RANGE PROBABILITY RANGE PROBABILITY
O-N < .2000 .00000 < .2000 00000
.2000- .2100 .00000 < .2100 00000
.2100- .2200 .00000 < .2200 00000
.2200- .2300 .00000 < .2300 00000
.2300- .2400 .00017 < .2400 00017
.2400~ .2500 .00207 < .2500 00224
.2500~ .2600 .01175 < .2600 01399
.2600~ .2700 .03538 < .2700 .04937
.2700- .2800 .06758 < .2800 . 11695
.2800~ .2500 .12292 < .2900 .23987
.2900~ .3000 . 16650 < .3000 40637
3000~ .3100 .18900 < .3100 59537
.3100- .3200 .21608 < .3200 81145
.3200~ .3300 13317 < .3300 94462
.3300- .3400 .04630 < .3400 .99092
3400~ .3500 .00422 < .3500 .99514
.3500~ .3600 .00466 < .3600 99580
.3600- .3700 .00020 < .3700 1.00000
.3700- .3800 .00000 < .3800 1.00000
.3800- .3900 .00000 < .3900 1.00000
.3900~ .4000 .00000 < .4000 1.00000
0-N > .4000 .00000 Total for Run 1.00000

This is the Probability Density Function at River Mile 5.00 4.56

ANG © 2.919507E-001 VN4 : 2.004495E-002

ORGANIC NITROGEN

PROBABILITY DENSITY CURVE CUMMULATIVE DENSITY CURVE

RANGE PROBABILITY RANGE PROBABILITY
0-N < .2000 .00000 < .2000 00000
.2000~ .2100 .00000 < .2100 .00000
.2100- .2200 .00000 < .2200 .00000
.2200- .2300 .00016 < .2300 00016
.2300- .2400 . 00446 < .2400 .00462
. 2400~ .2500 .01125 < .2500 .01587
.2500~ .2600 L0397 < .2600 .05504
.2600~ .2700 .08083 < .2700 .13586
.2700- .2800 .12472 < .2800 .26058
.2800- .2900 .23225 < .2900 .49283
.2900- .3000 .18180 < .3000 .67463
.3000~ .3100 19564 < .3100 .87027
.3100- .3200 .06525 < .3200 .93552
.3200~ .3300 .05024 < .3300 .98576
.3300- .3400 .01161 < .3400 99737
. 3400~ .3500 .00181 < .3500 .99919
.3500- .3600 .00073 < .3600 .99992
.3600~ .3700 .00008 < .3700 1.00000
.3700- .3800 .00000 < .3800 1.00000
.3800- .3900 .00000 < .3900 1.00000
.3900- .4000 .00000 < .4000 1.00000
0-N > .4000 .00000 Total for Run 1.00000
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APPENDIX G

Kolmogoroff-Smirnov Test Statistics

Station 3 : 2.09 day (Travel Time)
Monte Carlo 600 Simulation

Range Par. Range Par. Range  Par. Range Par.
organic-N NO2-N NO3-N NH3-N
0.24725 -0.00018 0.099727 0.0068
0.257083 0.00124 7.56-05 0.105364 0.01056
0.266917 0.00043 0.000325 -0.0002 0.111  0.00064 0.01432 ~0.00028
0.27675 -0.00636 0.000575 0.00105 0.116636 -0.00644 0.01808 0.00772
0.286583 0.01992 0.000825 0.01007 0.122273 -0.02082 0.02184¢ 0.01951
0.296417 -0.00822 0.001075 0.00972 0.127909 -0.06489 .0256 0.02821
0.30625 0.05599 0.001325 0.03006 0.133545 -0.08649 0.02936 0.01315
0.316083 0.03479 0.001575 -0.01872 0.139182 -0.12881 0.03312 -0.01666
0.325917 0.02016 0.001825 -0.05914 0.144818 -0.11062 0.03688 -0.04438
0.33575 -0.00234 0.002075 -0.05886 0.150455 -0.1016 0.04064 -0.06803
0.345583 -0.00%82 0.002325 -0.04519 0.156091 -0.06099 0.0444 ~0.04904
0.355417 -0.00483 0.002575 -0.02839 0.161727 -0.01904 0.04816 -0.02876
0.36525 -0.00433 0.002825 ~0.01446 0.167364 -0.00571 0.05192 -0.01127
0.375083 0 0.003075 -0.00576 0.173 0 0.05568 -0.00393
0.384917 0.003325 -0.00198 0.178636 0.05944 -0.002
0.39475 0.003575 0 0.184273 0.0632 -0.002
0.404583 0.003825 0.1899509 0.06696 0
144
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