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PREFACE

This report represents a Users Manual to explain how to use the DYNTOX
model. This computer model was developed by Limno-Tech, Inc. under
direction from the U.S.. Environmental Protection Agency Monitoring and Data
Support Division. It is designed for use in waste load allocation of toxic
substances. It uses three simulation techniques to calculate the frequency
and severity of instream toxicity at different effluent discharge levels.
The report is contained in two volumes, consisting of the User’s Manual and
a separately bound appendix. The User’'s Manual describes the theory behind
each technique, their use in DYNTOX, and briefly discusses how to use
DYNTOX when performing waste load allocations. The appendix provides two
illustrative examples. -

This report is not intended to be a discussion of the theoretical
characteristics and practical nuances of the three techniques. Some
introductory remarks are provided in these regards, but the primary
objective of this report is to provide use instructions for the DYNTOX
programs.

This project required the combined efforts of many individuals and
organizations. These are highlighted below:

Funding support was provided by the U.S. Environmental Protection
Agency Monitoring and Data Support Division (Contract #68-03-3131). Dr.
Elizabeth Southerland was project officer and provided invaluable insights
and direction to the project. Messrs. Tim Stuart and Mark Morris of EPA
also provided valuable administrative direction. Jack Kittle of Anderson-
Nichols is thanked for his assistance in supplying updated versions of the
ANNIE program. Dr. Dominic DiToro, Manhattan College is thanked for his
contribution to the log normal analysis aspects of the project. Drs. Paul
Rodgers and Raymond Canale of Limno.Tech, Inc. are thanked for their
conceptual ideas. Tad Slawecki and Dr. Derek Wong, also of Limno-Tech, Inc.
are thanked for their program contributions.

LTI, Limno-Tech, Inc. LTI, Limno-Tech, Inc.
Paul L. Freedman David W. Dilks
President Project Manager
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I. OVERVIEW

Environmental contamination by toxic substances can pose ‘risks to
public and ecological health.  Regulatory agencies are now establishing
regulations and procedures for determining allowable discharge limits to
minimize those risks. Unfortunately, technology to define risks and
quantify allowable discharge limits is new or not widely used or understood.
This document serves to provide instructions on the use of modeling
techniques for calculating allowable loading limits and the associated
risks. These techniques are incorporated in the DYNTOX portion of the ANNIE
interactive program.

Background

At present, most States which have regulations for setting allowable
discharge 1limits for toxic pollutants use steady state models to assess
exposure and calculate waste load allocations. These models are used to
calculate the allowable effluent load that just meets the chronic toxicity
water quality standard at a critical low flow. These analyses typically do
not consider issues of frequency and duration. They generally consist only
of a simple dilution equation; do not include instream processes; and only
“examine a single environmental condition for a single discharge at a single

design specification. .

In contrast, the extent of biological impairment from toxic discharges
depends on the duration of exposure above certain levels as well as the
number of times (frequency) these violations occur. Water quality criteria
now specify both duration and frequency of compliance. The duration and
frequency of violations depend on the daily variation in receiving water and
effluent flow, combined with daily variation in effluent toxicity. Therefore
dynamic models must be used to calculate the frequency distribution of in-
stream concentrations for any given duration. The current durations of
interest are four days for chronic toxicity and one hour for acute toxicity.
The one hour duration period generally is approximated as a one day period
because hourly data are generally not available.

Modeling techniques are available that incorporate the effects of both
variable flow and effluent to calculate the frequency and duration of
exposure at different concentration levels. These more thorough methods
simulate the entire distribution of receiving water concentrations
(expressed in a probability distribution) rather than a single "worst case"
based on critical conditions. This allows each alternative control strategy
to be evaluated in terms of the total risk of toxic concentration. The data
used to define criteria for toxic levels of substances incorporate the
concepts of duration and risk. It is only appropriate that the procedures
used to regulate these substances also incorporate these concepts.



Concepts

Ideally, it would be desirable to assess the impacts of toxic
discharges on receiving water quality over the entire range of historical
and future conditions. These conditions would then be analyzed to define
frequency and duration of exposure above specified limits. Unfortunately,
on a practical basis this approach is impossible. However, three procedures
are readily available which estimate this range of conditions. These are:

1. Continuous Simulation
2. Monte Carlo Simulation
3. Log Normal Analysis

A1l three are included in the DYNTOX program.

Continuous Simulation uses the most direct approach. A mathematical
model 1is wused to simulate a specified period of recorded history. This
approach uses a historical record of river flow and upstream conditions
combined with a historical or projected record of discharge flow and
toxicity. Results from this simulation are then analyzed for frequency and
duration of toxicity which are assumed to statistically describe the entire

record. The procedure requires an extended period of record but is simple
to execute and understand.

The Monte Carlo simulation technique is less direct but also involves a
simple approach. It uses a model as Continuous Simulation, but inputs are
not determined on a continuous basis. Inputs such as river flows, upstream
conditions, effluent flow and effluent toxicity are each defined
statistically by a distribution of historical or potential conditions. The
Monte Carlo model then repetitively selects sets of model inputs randomly
from- among these statistical distributions. Statistical theory dictates
that the distribution of results from numerous repetitive simulations will
characterize the actual distribution- of potential outcomes. This
distribution can then be used to define frequency and duration of toxics
concentrations. This technique requires either a good statistical
characterization for model inputs or reasonable assumptions.

The Log Normal analysis procedure is computationally less extensive
than the previous two simulation techniques but involves more complex theory
and certain vrestrictions. This procedure assumes all input parameters
follow a log normal statistical distribution. Statistical theory dictates
that under these conditions for a simple dilution model with one discharge,
the projected outcomes can be numerically determined. The procedure
incorporates the distributions into the model through numerical integration
and thereby defines the distribution of downstream water quality. This
distribution can then be used to define the frequency and duration
of different ' river concentrations. The procedure requires a proper
log normal characterization for all model inputs.



The DYNTOX programs are at this time designed only for use in rivers
and streams. Kinetic interactions are restricted to first order losses.
Monte Carlo and Continuous Simulation are amenable to more sophisticated
situations which were not included in this study. DYNTOX can be used to set
up inputs for models of lakes and estuaries or for river models with more
complex fate processes. At present DYNTOX does not include models to
address these more complex situations.

Organization of Manual

The first chapter (after the overview) of this report describes those
aspects common to all three simulation techniques. This includes general
operation of the ANNIE program, how to access the three probabilistic models
in DYNTOX, the required input data, and step by step procedures. The next
three chapters discuss the theory behind Continuous Simulation, Monte Carlo
simulation, and Log Normal. The final section includes a brief discussion
on how to select the most suited techrique for an individual wasteload
allocation and qualitatively how to assess the reliability of the results.

I1lustrative examples demonstrating the use of each of the three DYNTOX
techniques are bound separately as an appendix to this report. This
appendix also contains information on mainframe and microcomputer
installation of DYNTOX.



II. COMMON REQUIREMENTS

The three analytical techniques contained -in  DYNTOX, although
conceptually quite different, have several common requirements.. The first
common requirement is that the DYNTOX programs can only be accessed through
the U.S. Geological Survey model pre-processor program ANNIE. This
requirement was brought about to maintain consistency and continuity with
the use of ANNIE as a preprocessor for large mainframe computer models. For
future microcomputer adaptation of DYNTOX, the requirement of ANNIE-only
access may be discontinued.

A1l three analytical techniques in DYNTOX also require the same three
general types of input data: '

1) Upstream data...used to describe flow and concentration in
the river upstream of the discharge(s).

2) System data...used to describe such processes as instream
decay, time of travel between outfalls, etc.

3) Effluent data...used to describe the flow and concentration
of each discharge.

Upstream boundary flow and concentration data can be obtained through
DYNTOX from STORET. In cases where STORET data are not available, the user
may enter data directly from the terminal. System data must be determined
by the user prior to performing any simulations. Effluent data must be
supplied by the user and may either be read from a computer file or entered
directly from the terminal.

This chapter describes the requirements common to all- three
techniques: how to access the model and how to obtain the three types of
common required data in the appropriate format. Input format and inputs
specific to a given technique will be discussed later in their respective
chapters.

Model Access

Presently, DYNTOX is accessed through the computer program ANNIE. The
ANNIE program was originally designed and supported by the U.S. Geological
Survey in cooperation with the U.S. Environmental Protection Agency to help
users interactively create, check and update inputs to models and perform
the actual model simulation. Limno-Tech, Inc. has added the capability of
probabilistic simulation. Presently, the only way DYNTOX can be
accessed is through ANNIE. This section briefly describes the ANNIE program
and how it is used to access DYNTOX.



ANNIE is a Fortran program designed for mini- and microcomputers to
help users interactively create, check, and update inputs to water-related
‘models. ANNIE can be used to reformat, store, 1ist, update, and plot data
for models that require time-series information. ANNIE can be used to
submit prepared model inputs to their respective models for processing.
After model processing, ANNIE can also be used in the plotting and analysis
of model results. At present, ANNIE is designed to work with the Hydrologic
Simulation Program - Fortran (HSPF) and for the Precipitation/Runoff Model
System. Limno-Tech has now adapted it to include interaction with DYNTOX.
DYNTOX s contained wholly in the ANNIE package; it can only be accessed by
running ANNIE. ‘

The first step in accessing DYNTOX is to install ANNIE on the computer
_system to be used. If ANNIE has not yet been installed, this must be done
before DYNTOX can be accessed. Installation of ANNIE and DYNTOX is
described in the Appendix to this report.

Once the ANNIE program is installed and running, accessing DYNTOX is
quite easy. ANNIE s designed to give the model user as much help as
desired in choosing selections, and screens user responses for each question
against acceptable values. For any section, the user need only enter "?" to
find the acceptable range of responses. Figure 1 shows the initial portion
of an example session with ANNIE for inexperienced users and Figure 2 for
experienced users. User responses are denoted by arrows. Note that all
user responses must be in capital letters. The first question determines
how much help information is given to the user. The responses *NO", "LOTS",
or "SOME" are acceptable for using DYNTOX. If the user specifies NO
experience, he will be given the opportunity to view several paragraphs
describing ANNIE. To stop this documentation, type NO when the prompt MORE?
appears. The third question requires the response DYNTOX. (Only enough
letters to distinguish your response from other acceptable responses is
required). Users with experience using ANNIE will be prompted for
information pertaining to User Control Input (UCI) files. This question is
not relevant to the use of DYNTOX and the answer to this question should
always be NO. ‘ :

At this point in the session the DYNTOX programs are activated, and
the user may choose from the three possible techniques: Continuous
Simulation, Monte Carlo and Log Normal. A Complete description of program
operations for the three techniques will be given in the subsequent
sections, following a description of data required by all three techniques.

The user exits the DYNTOX session by selecting option 4, End Dynamic
Toxics Analysis. There will again be a prompt concerning UCI files. The
correct response to this question is DELETE (Figure 2).
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FIGURE 1

Example Session with ANNIE (Inexperienced User)
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Upstream Boundary Data

DYNTOX requires data describing the daily river flow upstream of the
effluent discharges. Data describing these flows are maintained for most
rivers by the United States Geological Survey (USGS) and are available
through STORET. Users should contact USGS State or District Office if they
have questions about whether the flow record needs to be adjusted for point
source inputs or water withdrawals. The first step in obtaining boundary
flow data for DYNTOX is selecting the USGS gaging station to be used. The
recommended location for the USGS gage is the closest gage upstream of the
first discharge. Care should be taken to ensure that no major tributaries
enter the river between the USGS gage and the first outfall. If no stations
are available that meet the above criterion, the nearest gage downstream
should be used. In this case, the user must enter the average point source
flow or water withdrawals above the gage to correct the daily record for
these effects. If the river is ungaged, it may be possible to use the flow
record of a nearby river with similar drainage characteristics and
proportion the daily flows by drainage area.

When the appropriate gage station has been selected, flow values can be
retrieved using the FLOSTR option of STORET. Details for this procedure are
contained in the STORET User Handbook (USEPA, 1982). The user must
determine if the streamflow has been regulated by dams at any time before
retrieving flow data for toxics analysis. This information is available in
the Water Resources Data book published for each state by the USGS. If
stream flow has been reguliated, use only the data for the period which
represents existing conditions.

STORET data are also often available for describing upstream
concentration data. Since concentration data are usually taken at USGS
gaging stations, the same station used for flow data should be used for
concentration data. Unlike upstream flow, there are cases when STORET data
for upstream concentrations cannot and should not be used. The first such
case is when the USGS gage is located downstream of one of the modeled
discharges. "Upstream" concentration data in this case would be biased by
the effluent concentration and therefore not representative of conditions
- upstream of the discharge.

STORET data are not stored in toxic units and cannot be used for
wasteload allocation modeling conducted using toxic units. In these cases
the user must enter the data manually during program operation.
Fortunately, in these cases a constant value will typically be used for
upstream concentration. This value should be set to zero unless available
data indicate that a different value is in order.

Concentration data is retrieved from STORET using the RETRIEVE command.
Further documentation on STORET retrieval is located in the STORET User
Handbook. Users can retrieve multiple parameters at one session; DYNTOX
will prompt the user for the desired parameter during program operation.



System Data

Several types of information describing the river system are required.
These include drainage area ratios from each outfall to the USGS gage, time
of travel (velocity), withdrawals, and instream decay. The system data
requirements are very similar between techniques and are discussed in this
section. Specific examples of input for system data specific to each
technique will be given later in their respective sections.

The drainage area ratio from each outfall to the USGS gage is required
to determine the river flow immediately above each outfall by correcting for
other flow inputs. This ratio should be determined by dividing the total
drainage area for the river at the location of the outfall by the drainage
area for the river at the USGS gage. When possible, a planimeter should be
used to determine drainage areas.

Information on time of travel is required by the Continuous Simulation
and Monte Carlo techniques for calculating instream fate processes (instream
decay is not considered in the log normal analysis). Time of travel
information s necessary to describe passage from the upstream boundary
station to the first outfall and for the stretch of river between each
outfall (in multiple discharge situations). Time of travel information can
te obtained in one of two ways. First, dye studies can be conducted to
determine the time of travel for each required stretch of river. Second,
current meters can be used to calculate the average velocity in a reach.
Time of travel information is determined from velocity measurements by
dividing the length of the reach by the average velocity.

The user has two options for specifying time of travel. Time of travel
may be described as comstant or varying as a function of flow. Flow-
dependent time of travel s recommended and is calculated by the equation:

Time of Travel = aQb (1)

where Q is river flow and 3 and b are constants. The coefficients a and b
can be determined by glotting observed time of travel (distance/velocity)
values at different flows on a log-log scale (Figure 3). The coefficient a
is the y-intercept of the best fit line through the data, while b is the
slope of the line. Wcte that b should be negative, as time of travel will
decrease with increasing flow. Typical values for b range from -0.34 to
-0.70 (Thomann, 1972). Constant time of travel requires only one input
value that will be used for all flow conditions, and should be used when
insufficient data are available to calculate flow-dependent time of travel.

The Continuous Simulation and Monte Carlo techniques in DYNTOX treat
the instream fate of a toxic as a first-order decay and therefore require a -
first-order decay rate. Calculating this decay rate requires several data
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points taken from different stations on the river with a known time of
travel and no pollutant sources between them. The natural logarithm of the
concentration should be plotted versus time of travel (Figure 3) on semi-log
paper and the decay rate calculated as the slope of the best fit line. This
decay rate can change with changes in treatment for future scenarios.
However, unless data are available to indicate otherwise, the same decay
rate observed in-stream should be wused for all wasteload allocation
projections. When no in-stream data are available, the user should assume
zero decay.

The user must also determine if there are significant water withdrawals

(>1% of river flow) at any location over the stream section of interest.
The average daily withdrawal rate will be prompted for in each river reach.

Effluent Data

Effluent data can be entered manually from the terminal during program
operation or read from a previously created file. Required information
consists of the total number of data points, and a date, flow, and
concentration for each value. Care must be taken to use consistent units
between river flow and concentration and effluent flow and concentration.
That is, if river data have been entered using toxic units and cfs, effluent
data must also be in toxic units and cfs.

11



II1. CONTINUOUS SIMULATION

The most direct technique which can be used to simulate a probability
distribution for instream toxics concentrations is Continuous Simulation.
This technique directly predicts the concentration frequency distribution
below an effluent discharge (or series of discharges) based on an observed
history of upstream river flow and concentration. The Continuous Simulation
technique has many advantages as it considers:

o frequency and duration of concentrations;
o instream fate and transport;
o single or multiple pollutant sources; and

0 cross-correlation and serial correlation of parameters by using an
actual historical sequence.

The primary disadvantage of the technique is that it requires a large and
mostly complete set of data on historical conditions. Another disadvantage
to Continuous ~ Simulation is that computational requirements are
sigqificant]y higher than for steady state modeling or for Log Normal
analysis.

This chapter discusses the theory and application of the Continuous
Simulation technique, and is divided into three sections. The first section
discusses the theory upon which the model is based, and its advantages and
disadvantages. The second section describes the data input requirements.
The third and final section details how to use the computer model of the
Continuous Simulation technique when performing waste load allocations.

Theory

As shown in Figure 4, a Continuous Simulation model uses model inputs
for observed daily effluent flow (Q_ ) and effluent concentration (C ) and
combines these with daily upstream receiving water flow (Q ) and usstream
concentration (C.) to calculate downstream receiving water “concentrations.
The concentration directly below an effluent outfall (Cd) is determined from
the equation:

g = comommesieeses , (2)
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FIGURE 4

Continuous Simulatlon Modeling Schematic
from USEPA 1984)
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This technique assumes complete lateral mixing in the river. The
model predicts a simulated history of dinstream concentrations in

chronological order corresponding to the same time sequence of the model
inputs. :

The calculated daily downstream concentrations are ranked from the
lowest to the highest without regard to time sequence. A probability
distribution plot is constructed from these ranked values, and the
recurrence frequency of any concentration of interest can be obtained (C
vs. frequency). Running average concentrations for four days, or for an
other averaging period, can also be computed from the simulated
concentrations, ranked in order of magnitude, and also presented as a
probability distribution (see Figure 5).

The Continuous Simulation model can predict the concentration below
each of a series of discharges. Successive concentrations downstream are
calculated progressively from the concentrations upstream on a day by day
basis. Equation (2) is used to calculate the concentration downstream of the
first discharge. The concentration further downstream but immediately
upstream of the next discharge is calculated according to the following:

-kt .
Cu = Cd *(e ") (3)
where: Cu = concentration above the second discharge
Cd = concentration below the first discharge
k = first-order decay rate
t = time of travel between discharges

The exponential term including the decay rate k represents any first order

~ instream loss. Effects of subsequent discharges are calculated successively

using equation (2) and (3). River flow above any particular discharge is the
sum of the upstream boundary flow plus all additional flow inputs, including

- discharges.

The probability distribution plot generated by the Continuous
Simulation technique will indicate the predicted frequency of criteria
violations. These frequencies can be compared for different effluent
alternatives. If evaluations of recurrence intervals of 10 or 20 years are
desired, then at least 30 years of flow data should be available. This is
needed to provide a sufficiently long record to estimate the probability of
rare events. (The same data requirements are also true for the Log Normal
and Monte Carlo methods).

The Continuous Simulation model has three primary advantages compared
to steady state modeling, Monte Carlo and Log Normal analysis. First, the
advantage over steady state modeling is that Continuous Simulation can
predict the frequency and duration of toxicant concentrations in a receiving

14
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water; steady state analysis cannot. Second, the inclusion of instream
fate processes is an advantage over Log Normal, which cannot simulate
instream fate and is limited to simulations for one effluent discharge.
Third, by using simultaneous observations for all input parameters, the
Continuous Simulation model can directly incorporate the observed effects of
serial and cross correlation of inputs. When calculating four day
average instream concentrations, Continuous Simulation correctly does the
averaging on the model results. Monte Carlo and Log Normal estimate four
day average instream concentrations by averaging model inputs.

The primary disadvantage of Continuous Simulation is the large data
requirement. A long period of historical data is required for all
parameters. Although time series data can be synthesized for missing
parameters, synthesis of time-series data for more than one parameter
greatly reduces the reliability of this technique. Additional data are
required for the calibration/verification of instream fate processes. A
second disadvantage to Continuous Simulation is the large requirement of
computer time and storage; however, recent advances in computer technology
have minimized this problem.

Input Requirements

The model input requirements for all three techniques were discussed
in Chapter 2. This section details the specific input requirements for
the Continuous Simulation technique. The inputs can be generally
categorized into four groups:

general simulation requirements,

upstream data,

effluent data, and :

system physica) and hydrologic constants.

0O ©®©0O0

A1l of these inputs iro summarized in Table 1, and will be discussed
individually in this section. :

General Simulat'or Reguirements: The Continuous Simulation method
requires some general information on the system that will not change between
simulations. The first basic input required for Continuous Simulation is to
establish the period of the simulation. This consists of the beginning
and the end date of the simulation, which must contain a1l or a portion of
the streamflow record. This period should be as long as possible, since
the power of the Continuous Simulation technique increases with the amount
of observed data. The user should select a period for which a complete and
consistent data set is available. Caution should also be directed against-
using old data which are no longer representative of current conditions.
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Data Source
General Information:

Beginning and end date of simulation USGS flow records

- Number of discharges above flow gage User defined
- Average point source flow above gage Treatment records
- TSS computer field name User defined

Upstream Data:

- Time series flow data ) STORET
- Data synthesis technique for flow User defined
- Time series concentration data STORET

Data synthesis technique for concentration User defined

Effluent Data:

- Time series flow data Treatment records
- Data synthesis technique for flow User defined
- Time series concentration data Treatment records
- Data synthesis technique for concentration User defined

System Constants:

- Time of travel information Dye studies,
current meters
- First order decay rate (s) Instream data
- Drainage area ratio (s) : USGS topographic maps
- Water withdrawal rate (s) Withdrawal records

Table 1. Input Requirements for the Continuous
Simulation Technique
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The second basic input required by Continuous Simulation is the number
of discharges in the system. The user must also determine if any of these
discharges are 7located upstream of the USGS gaging station; if so, the
average point source flow above the gage must be determined in order to
correct recorded streamflows for this input. The final general input
required is a computer file name to store these inputs. Once these general

inputs are specified, they will be stored in this computer file and need not
be specified for later simulations.

Upstream Boundary Data: The Continuous Simulation technique requires time
series information on upstream boundary flow and concentration, and effluent
flow and concentration. The Continuous Simulation technique requires a data
value for each individual day of the simulation. Typically many "holes"
will exist in the data set, days which have no data for a given parameter.
A method to synthesize or fill in data for missing days is required. Three

methods are available for synthesizing missing data for the Continuous
Simulation technique: :

1. linear interpolation
2. simple Markov synthesis
3. multi-period Markov synthesis

Each 1is briefly described here as needed for use in this program. The

reader is referred elsewhere for a more thorough theoretical discussion
(Fiering and Jackson, 1971).

Linear interpolation is the simplest method. It synthesizes missing
data by linearly interpolating between the available observed data values
that bound the missing value. This method should be used in cases where
data are available over the majority of the period of record and only minor
"gaps" need to be filled in. When synthesizing missing upstream flow data,
linear interpolation is the only method which should be used. Also, linear
interpolation will produce a constant value repeated over the entire
simulation when one observed data point exists.

The second method of data synthesis is a first-order, 1lag-one Markov
process, referred to herein as simple Markov. With this technique, data for
a given day are randomly determined from the overall data mean, overall data
variance, the previous day’s value, and an auto-correlation coefficient.
The auto-correlation coefficient is a measure of how closely a given day’s
value is related to the previous day’s value. The Markov process in DYNTOX
assumes that daily fluctuations jn model inputs are normally distributed.
DYNTOX assumes an initial mean value and generates 50 data points in order
to determine the first value used in the simulation. The only user input
required by the simple Markov process is the auto-correlation coefficient.

‘These coefficients can be determined using the SAS routine AUTOREG (SAS,

1982). A value for the auto-correlation coefficient of 0.7 is recommended
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if insufficient data are available for calculation from observed data. All
other coefficients will be determined from the observed data by the program
itself. The only exception is the case where less than three data values
exist, in this situation the user must manually specify mean and variance or
choose another method of data synthesis.

Multi-period Markov synthesis is the third technique and involves a
third, more complex level of synthesis. The simple Markov process assumes
that the process for which data is synthesized is "stationary” over the
period of simulation; that is, the mean and variance remain relatively
constant over the entire period of the simulation. The multi-period Markov
process is designed to handle cases of non-stationary processes, where the
mean and/or variance are known to change over time. The primary example of
a non-stationary process is effluent flow from batch treatment. In this
situation flow may be zero for several days during treatment, then
non-zero for the next few days during discharge. The multi-period Markov
process allows the user to divide a non-stationary process into as many
repeating stationary periods as necessary. Each period requires data
describing its mean value, standard deviation, and auto-correlation. These
values must be calculated before performing a waste load allocation. Using
the batch treatment flow as an example, the user would specify two periods
to describe the process. The first period would have a mean and standard
deviation of zero and a length equal to the duration of the treatment
period. The second period would have an appropriate mean and standard
deviation and a length equal the duration of the discharge. DYNTOX then uses

a Markov process to repeat the two periods until a data value for each day
is generated.

Effluent Data: Similar to upstream data, daily input values are needed in
the model for effluent flow and concentration (or toxicity). The source of
these data must be user specified. As for the upstream data, gaps are
likely to exist in any data set. Here again, the user must use either
linear interpolation, simple Markov, or multi-period Markov to synthesize
data for missing days. Any downstream tributary inputs occurring between
discharges should be considered as a separate effluent input.

System Constants: Systes constants need to be defined for hydrologic and
physical characteristics of the system. Model inputs for physical data
include time of passage between locations and instream loss rates. Time
of passage must be defined for the stream segment between the upstream
boundary station and the first discharge, as well as for the segments
between each discharge. The coefficients used to define the time of passage
were discussed previously in the Common Requirements chapter. Instream
losses are defined by a first-order decay rate, and are held constant in
each reach throughout the simulation period. The method for determining the
first-order decay rate was also discussed in the Data Requirements chapter.
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Program inputs for hydrologic data are needed to properly adjust gauged
flow data to determine instream flow at different locations. Ratios are
needed to define the comparison between the gauged drainage basin area and
the drainage basin area at the point of discharge. These ratios adjust the
USGS measured flows for non-point sources, and must be specified regardless
of the location of the gaging station. For discharges located downstream of
the USGS gage the ratio (and adjustment) will be greater than 1.0. For
discharges located upstream of the gage, the ratio will be less than 1.0.
The method to be used for specifying drainage area ratios is described in
the Common Requirements chapter. A second hydrologic adjustment is required
for water withdrawals. If a significant amount of water (>1% of river flow)
is withdrawn from the river at any location, this witnarawal rate must be
specified before performing a Continuous Simulation waste load allocation.

Program Use

The Continuous Simulation program, 1like the programs for the other
techniques, is divided into menu driven sub-programs (entitled activities)
to allow the user as much flexibility as possible in performing simulations.
The hierarchy of activities for Continuous Simulation is shown in Figure 6.
This section will describe how to use the Continuous Simulation program and
will discuss the options available. It is divided into sections describing -
each of the primary activities of Continuous Simulation:

Program Entry,

Input Specification,

Model Simulation,

Viewing/Analysis of Input Data, ,
Viewing/Analysis of Simulation Results, and
Ending Continuous Simulation

000000

Program Entry: The first activity of the Continuous Simulation technique is
termed Program Entry. This section involves either the initialization and
development of the basic input file or the specification of an existing
file. Initial data include those data and information which typically would
not be changed in alternative simulations. They include the period of data
record (duration of simulation), the number of discharges, and the data base
used to define upstream flows and concentration. Modifications to the data
including data interpolation, loss rates, and effluent inputs are handled in
another activity (entitled Input Specification) because these factors may be
changed in alternative simulations.

Figure 7 shows example sessions with the Program Entry activity. The
first questions in Program Entry concerns the existence and location of the
1SS files used for the simulation. Time Series Store (TSS) files are created
by ANNIE to hold all time series information for a system, such as the
period of simulation and observed flow and concentration data for upstream
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7a, New TSS File

YUYy

Y

Y v

Y

Y vy VY

DYNAMIC TOXICS ANALYSES
WAICK TECENIQUE DD YOU WANT TO USE:

(1) COKTINUDIS S:MILATION: DILUTION ANT DECAY =~
(2) MoNTE CARLO: DILUTION ARZ DECAY
(3) LOG-RORMAL: DILUTIOKN ONL
(¢) END DYNTOX, RETURN TO ANNIE MENL
ENTIF SELECTION (1-4)
(Bit return for &)
]

HAVE YOU PREVIOUSLY CRIATED A TSS FilE FOR THIS SIMILATION?

*ND

V=AT 18 THEE KAME OF YOUF NIW T8% FILE?

EXAMFLE

ENTE? BEGINNING ANT ENIING DATES FOR S:MULATION:
ENTER STARTING DATE.

rCEC /N /Y

ENTEF ENDING DATE.

1580/12/31

EOW MANY OUTFALLSE ARE TFEEE 1IN THE SYSTEV?

(Kit return fer 11

1

HOW MINY OUTFALLS LIE ABOVE SrE FLO® GAGE?

mmwn return for 0)

F_EASE WAIT WEILE YOUR TSS FILE 1S INITIALIZED ...

INITIALIZATION OF YOUR T8§ FILE 1§ NKOW COMPLETE.

DD YOU EAVE A STORET FLOW DATA FILE?

b

W5AT 1S TETD NAME OF TEE STORET FILE?
STCRIT.FLO

USE W-iCKE DrTA SET?

(Kit returr fer V)

1

SAAT 16 TEE MAYIW™ ACCEPTAELS FLOW VALDE?
(rit reture fer 0.)
456

€26% PTINTS RERD

.-

D> Yo ERVE A STORET DT
YES
Sh2T 1€ THE KAVE OF THEE STIRIT FILE?
ETIFRET.CON
USE W-1Cs D2Th SET?
(Bit resurn for 1)
1
WEAT 1S THE MAXIVIM CONCZEINTRATION VALUE?
(Eit return fer 0.)
1.0 .
115¢ PCINTS READ

»
-
.e
'
™
-
[
bl

.

SPETRIAY CONTENTRATIONR?

FIGURE 7

Example Session with Continuous Simulation
Program Entry
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7b. Existing TSS File

ENTER SELECTION (1-4)
(H:it rezurn for &)

1 .

KAVE YOU PREVIOVS.Y CREATED A TSS FILE FOR TK1S SIMULATION?
» YES

WrhAT 1S THE KAME OF YOUR 755 FILE?
= EXAMPLE

7c. Terminal Entry of Data

HAVE YOU PREVIOTUSLY CREATED A TES FI.t FOR THIS SIMULATION?
N2

~4 KAMI OF YCUF NEX TSE FILES

ENTIR STARTING DATE.

1962/1/1%

ENTEF ENCING DATE.

1562/%4/3

HOW MANY OUTFALLS ARE THEIRL 1IN THE SYSTEM?
(Hit rezvrn for 1)

1

HOW WANT OUTFALLS LIE ABOVE TrZ FLOW GAGE?
(hit return for ©O)

(¥

Y Y YY YY

PLEASE WAIT WHILE YOUR TSS FILE 1S INITIALIZED ...
IKITIALIZATION OF YOUR 7S FILE 1S NOW COMPLETE.

DC YOU KAVE A STORET FLOW DATA FILE?

Y

b 4
W-AT 1€ TEE KAME OF THRE STORET FILE?
ETCRET.FLO
USE W=iCH DATA SET?
(Eit retusn for V)
»
WART 1€ THE MAZIMIV ACCEFTARLE FLOW VALUE?
(Eit rezurn fer 0.)
‘:C:

TS

€245 PIINTS READ

\

DO ToU EAVE A STORIT DrTA FILE FOR UPSTREAM CORTENTRATION?

» K2
D> ToU WAKT TC ENTER CONIENTAATION DATA FROM THE TERMINAL?
- YES

KOV MAKT SAMFLES DI YOU KRVE?
1Kit resurn for 4)

= 3
EXTER DATE AND UPSTRIAM CONZENTRAT:ON FOR EACH SAMPLE:
> €500, .8
= €01231, .4
© o ES0E15, .23

3 POINTS READ

FIGURE 7 Cont’d.

Example Session with Continuous Simulation
Program Entry
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CONTINICUS SIMULATION TECENIQUE
PLEASE CHOOSE FROM THE POLLOWING:

(1) SPECIFY MODEL INPUTS

(2) RUN THE SIMULATION

(3) VIEW/ANALYIE THE INPUT DATA

() VIEW/ANALYZE THE SIMULATION RESULTS
(S) END CONTINUOUS SIMCLATION

ENTER YOUR CHOICE (1 - S):
t re

recurn for 1)

PREPARI MIDEL INPUT TIMISERIES

) SPETIFY SYSTEM CONSTANTS

) SPECIFY OUTFALL FLOWS AND CONTENTRATIONS

} READ UFPSTRIAM BOUNCARY FLIWS AND CONCENTRATIONS

) END TIMEISERIES DEFINITION AND RETURN TO CONTINUOUS
SIMILATION MINT.

ENTER YOUR CHOICE (1 - 4):
(Hit rezurn for 1)
= 1
ceecs SYSTEM CONSTANTS ===~

INPOT DATA FOR EACH REACH

SYSTEM CONSTANTS FCR REACH 1, BETWIIN UPSTREAM BIUNDARY AND FIRST OUTFALL .
HOW DC YOU WANT TC SPElIFY THE TIMEI OF TRAVEIL?

(1) CONSTANT
(2) AS A FONCTION OF FLOW

ENTER YOUR CHOICE (1 OR 2):
(Hit rezurn for 1)
1
W=AT 18 THE TIMZ OF TRAVIL 1IN DATS
(Hit return for 0.1)
» .1
W=AT 1S -THE FIRST OROIR TEZAY RATE?
(Kit resurn for 0.1)

- MR
W=AT 1S THE AVERASE WITHZRAWAL?
>0,
W=AT 1S THE DRAINAGE ARIA RATIO FRIOM THE USGS GAGE?
(Hit rezurn for 1.)
1,

FIGURE 8

Example Session with Continuous
Simulation System Constants

24




conditions. The first time a simulation is performed the user should
answer NO to the question asking if a TSS file was previously created
(Figure 7a). This will initiate the process to create a file. The user
should answer YES to this question in subsequent simulations, and no other
information will be required in the Program Entry section (Figure 7b).

For first time entries, the TSS file name must be supplied. Any file
name can be used that is compatible with the computer system. The next
inputs required are the beginning and end dates of the simulation which
define the extent of the input data base. The required format for these
dates are Year/Month/Day. Months and days with only one significant figure
of information may be entered using one digit. Four digits are needed to
define the year. The last question before creation of the TSS file concerns
the number of discharges in the system.

At this point in Program Entry, the TSS file for the system is being
created and initialized. This may take some time, depending on the computer
system used, but the user will be informed when the file initialization is
complete. TSS files created during Continuous Simulation can be used for
either of the three interactive programs contained in DYNTOX.

The final portion of Program Entry concerns defining the upstream
ooundary data files. Figure 7a shows an example session where both the
boundary flow and boundary concentration data are located in STORET files.
The user need only specify the location of the STORET data file and
which data set of the STORET retrieval is desired. The data set number
selected by the user should be one, unless multiple data sets were stored in
the same file during the STORET retrieval. This section also provides the
ability to correct the STORET data and screen out flow and concentration
values above acceptable values. Observed data above the maximum acceptable
value are set to this cut-off value.

The final possibility for Program Entry is when the user has no STORET
data and wishes to enter observed flow and concentration data manually from
the terminal. Figure 7c shows an example of this situation. The user is
required to input the number of data values and then the date and .
concentration for each value. The proper format is date and value with the
date being in the YYMMDD (two digits for year, two digits for month, two
digits for day) format.

After completing Program Entry, the program enters the main portion of
the Continuous Simulation program. The user will be given the menu shown in
Figure 9 and must select one of the five activities:

Input Specification
. Model Simulation

. View/Analyze Inputs
. View/Analyze Results
. End Simulation

UL WM -
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Although there is some flexibility in the order in which activites are

selected, 1inputs must be specified before choosing any other option (except
ending).

Input Specification: Selecting Input Specification provides a new menu
involving four subtasks: 1) System constants, 2) Effluent flow and
concentrations, 3) Boundary condition data, and 4) Ending input
specifications. These four tasks can be selected in any order desired.

The first task of input specification pertains to the system constants:
time or travel, first-order loss rate, drainage area ratio, and water
withdrawal rate. Program operation for this task is very straightforward,
requiring only the inputs discussed in the data requirement section. An
example session specifying system constants is shown in Figure 8.

The second subtask of input specification covers effluent flows and
concentrations (Figure 9). The user has the option of entering data
directly from the terminal or having the data read from a file. The
required format in both cases is the number of data points followed by the
date, flow, and concentration for each observation on a line separated by
commas. The proper format for the date is YYMMDD.

Next, the user must specify the desired data synthesis technique used
to define data values missing in the input data file. This method is
selected first for effluent flow and then for effluent concentration. The
specifics of the data synthesis techniques were described in the Upstream
Boundary Data section of this chapter. The implementation of these three
techniques is quite simple. For linear interpolation (see Figure 9a), no
additional user inputs are required. The first-order Markov process
requires user specification only of the auto correlation coefficient (Figure
9a) since the program internally computes the mean and standard deviation of
the data. The user has the ability to calculate coefficients from the data
or. to override the statistics and input any selected values. Where
sufficient data are not available for the program to calculate statistics,
the user must manually specify statistics or choose a new technique. The
multiple-period Markov process requires somewhat more user input than the
other data synthesis techniques (see Figure 9b). The first input is the
number of repeating periods to be used. For each repeating period, the user
must manually specify the mean value, standard deviation, and auto-
correlation coefficient. ~

The boundary data task involves completing the input data file for
upstream flow and concentration. This also requires the selection of a
technique to fill in missing data. The program requires specification of a
data synthesis technique both for boundary concentration and flow. The same
procedure used for synthesis of effluent data applies for synthesis of
boundary data. Linear interpolation should always be selected as the data
synthesis technique for boundary flow, since a thorough boundary flow data
set is essential to the proper function of Continuous Simulation.
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%a.

Linear Interpolation and Simple Markov

PREZPARE MIOEL INPUT TIMESERIES

) SPECIFY SYSTEM CONSTANTS

) SPECIFY OUTFALL FLOWS AND CONCENTRATICNS

) RZAD UPSTREAM BOUNZARY FLOWS AND CONIENTRATIONS

) END TIMISERIES DEFINITION AND RETURN TO CONTINUOUS
SIMJLATION MENT

(1
(2
(3
(¢

ENTER YOUR CHOICE (1 - 4):
(Hit return for 1)

2
1S YOUR EFFLUENT DATA IN A FILE?
= KD

DISIHEARSE ¢ 1
HOW MANY PCINTS DO YOU HAVE FOR THIS DISCHARGE?
(Hit returr for ¢) :
3 ’
ENTER DATE, FLOW, AND CONCENTRATION FOR EACH SAMFLE:
P €7202, 25., V.
- £22424, 23., .8
- £20523, 26., .7
3 PCINTS READ

DATA SYNTHESIS FOR EFFL_UENT FLOW

W=AT TECHNIQUE DD YOU WANT TO USE TO SYNTHESIZE MISSING DATA
(1) LINZAR INTERPILATION (OR CONSTANT VALUE) :

(2) FIRST CROIR FMARXOV

(3) MULTIPLE PERIOD MARKOV

ENTER 1-3
(Hit return for 1)
- 1

DATA SINTAESIS FOR EFFLUENT CONCENTRATION

TSAT TECHNIQUE DO YOU WAKRT TO USE TO SYNTHESIIE MISSING DATA
(1) LINIAP INTEFPCLATION (OR CCNSTANT VALUE)
(2) FIRST ORZER MARKOV
(3) WULTIPLE PERIDD MARKDV
ENTIR 1-3
(K1t resurn for V)
2
MIaN VALUE 1S 0,B2323
STANTARD DIVIATION 1§ 0.1827%
1S THIS AZCEIPTABLE?
Pl {
W=AT 1S THEE AUTO-CCRRELATION CIEIFFICIENT FOR THIS PARAMEITER
(Hit returr for 0.)
7

FIGURE S

Example Session with Continuous Simulation
Effluent Specification

27




9b. Multiple Period Markov

DATA SYNTHESIS FOR EFFLUENT FLOW

WHAT TECHNIQUE DO YOU WANT TO USE TO SYNTHES!ZE MISSING DATA
(V) LINZAR INTERPOLATION (OR CONSTANT VALUL

(2) FIPST CRIIR MARKIV o ;

(3) MCLTIPLE PERIOD MARKIV

ENTER 1-3

(Kit return for 1)

PARAMETER SPECIFICATION FOR MULTIPLE PIRICD MARXDOV PROCESS

HOW MANY RIFEATING PERIC2S DO YOU
‘(Kit rezurn for 2)
2

WaNT TO USE

DISCR.EE PFZI®IC2D 1
ESW MANY OAYS IN TRIS PERI0D
(Fat rezurzn for 10) :

- 10

WEAT
(Hit
> 28,
WHEAT
(it
=13,
WEAT
(Hie
b

;oW

1§ THE
rezusn
18 TrE
returen

1§ T=E
return

MIAN VALUE FCR THIS FZRIZO
for 1.,)
STANDARS DEVIATICN FIF T=HIS
for 0.)

ATTO-CCRRELATION COEFFIC
for 0.)

[
™
P
.

T DURING THIS PERIOD

DIZSCRIBE PIRIOD 2
MANY SAYS IN THIS PERIOO

(Hit retusn for 10}

3
W=AT
(Hit
01
WHAT
(Kit
fe]oR
WEAT
(%1t

b

18 T=E
return
1§ THE
resuTr
1§ THZ
resurs

MIAN VALUE FIR THIS
tor 1)

FERICD
STANDARD DEVIATION FOR THIS FEIRIOD
for C.)

AUTO-CIRIZLATION COEFFICIENT DURINS THIS PERIOD
for 0.)

> .7

FIGURE 9 Cont’d.

Example Session with Continuous Simulation
Effluent Specification
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The final task of input specification is to end and return to the main
Continuous Simulation menu. This option may be selected at any time;
however, to run a simulation the previous three options must all be
successfully executed.

Model Simulation: The model simulation can be conducted any time after the
inputs have been fully specified. No additional inputs are required to run
the simulation. The program will print out each 500 days of program
execution as they are completed so the user can monitor program progress.

View/Analyze Inputs: The user has the ability to view any of the model input
parameters in either tabular or graphic format using any averaging period
(1-day, 4-day, etc.). This activity can be accessed any time after the
inputs have been specified, but need not be conducted. After specifying the
parameter to be viewed, an averaging period must be supplied. The user then
has the option of selecting a table (Figure 10) and/or a plot (Figure 11) of
inputs.

Graphical plots of model inputs show the percentage of the input values
for a particular parameter that occurs in each of ten value ranges.
Tabular results give a statistical evaluation of the parameter of interest
in terms of mean value, standard deviation and coefficient of variation.
The tabular presentation also shows the percentage of the data that exceeds
various values, the return period (recurrence interval) for exceeding these
limits, and the percentage of the data occurring between various limits.
Additional features of tabular results are the ability to determine the
return period for any value of interest and the ability to view the value
that has exactly a three year return period.

View/Analyze Results: This activity of the program can be accessed any time
after a simulation has been run. The format for the activity is identical
to that for the viewing/analysis of inputs. The results shown indicate the
frequency distribution for the in-stream concentration directly at the point
of mix with the specified discharge (Figure 12). Tabular results are
identical to the view/analyze inputs activity section.

End Continuous Simulation: The final option of the Continous Simulation
program is to end and return to the main DYNTOX menu. This option may
be selected at any time during the session.
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STATISTICS TARLE

MIAK o 6.53¢C STANDARD DEVIATION = 2.42:
COEFFICIENT OF VARIATION = C.284
VALUE s OF TIME EXCEEDED 3 OF TIME 1K INTERVAL RETURK PERIOD (YEARS)
e.¢ 100.00¢ ©.003
. t.0
2.¢0 16¢. 658 C.003
10.62¢
€. 00 es.cM £.00:
22,487
7.8¢ €r.€7¢ c.0C4
43168
12.0 22.40¢ c.012
: 1€.126
12.8 3.275 0.0E¢
: 3.27%
15.0 0.C -985.000
.0
17.8 , 0.0 -995.000
: .0
20.0 0.0 -€95,00¢
. 0.0
22.5% 0.0 -885.000
0.0
25.0 0.0 -g0t.00¢

DZ YOU WANT TO: (1) SEE

A RETURN PEFIOC FOR A TIFFERENT VALUL

(7) CALCTLATE THE VALUE WITH A THREE YEAR RETURX PERIOD
OF (3) ENZ TABULAR ANALYS!S

3

ENTER VALUE

\Eit returr for 1.)
19, .

=dt RETURN PERIOD FOR

11.0C 18 .02 YEARS

FIGURE 10 Cont’d.

Example Tabular Display of Continuous

Simulation Inputs
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VIEW:

RG/ANALYSIS OF IKPUTS

WrICH PARAMETER DO YOU WANT TO VIEW?

(
(
(
(

) OUTFALL DISTHARGE
) OUTFALL CONCEXTRATION

1
2
3) UPSTREAM BOUNDARY D!SCHARGE
¢

) UPSTREAM BOUNDARY CONCENTRATION

ENTER YOUR CHOICE (% - 4):

(Hit
2
(Hit
2
(Eit
3

Y

YYvVY v Y

1
Lt el

return for 1)

WHICH OUTFALL 1S OF INTEREST (ENTER OUTFALL KUMEER)?

returr. fer 1)

ENTEF AVERAZING PEFICI (1IN S1YS):
rezurn fer V)

DI YOU WANT TC SEE A PLOT?

INTZFVAL OR CUMULATIVE FORMAT

TITLE Do YOO WANT FOR YOUR FLOT (E( CHARACTER MAXIMIV)

EFFLUENT CONZENTRATION

5T
X
T
1 &0
| 4
E
1 3C
13
1
N 2C
T
E
R
v 10
A
L

Y

Gemcoenadrecvendrancan P Q------’------Q-—----Q------Q------.------Q
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B e LR Y DL L bl ddadeddd P L o e T Y R Ll bt d
! s !
! . !
! . !
P chdecom=- decccm= 4emegeratocrane - -—-- PR L L L TR L L R Rt d
1 s !
! . !
' . . !
PP ctccccemtemagecteensgentectfocteremccdorsem ot easdecormndooonone
1 . . . [
! ° . . ]
! . . s ]
PO tcccgratemegemtenageotocrgrromor=" teccmo= teeccmecteamncetrarccne
1 . L] . [ ) !
1 . . . . b
1 [ s L] [ ] ] M
ececgeadnocgecdcccgeetrmgostmm=geedcsogomdrmogomtomogooe- gt g

0.C 2.% $.0 7.% 1.0 12.% 18.0 17.5% 20.0 2.5 2t.0
ETFLJENT CONCENTRATION

FIGURE 11

Example Plot Display of Continuous Simulation Inputs
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CONTINUOUS SIMILATION TECHNIQUE
PLEASE CHOOSE FROM THE FOLLOWING:

{1) SPECIFY MODEL 1IKPUTS

(2) RUK THE SIMULATION

(3) VIEK/AKALYZE TAE INPUT DRTA

() VIEW/ANALYZE THE SIMULRTION RESULTS
{S) END CONTINUOUS SIMILATION

ENTER YOUR CHOICE (1% - S):
(Kit resurr for 1)
4

VIEWING 'ANALYSIS OF RESULT

ENTER AVERAGINC PERICD (IK D2YS):
(Hit rezuch for 1)

1
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CONTINUSUS SIMSLATION CONZENTRATION

JOO CDQOOCIIIIOIIQQODI|l|lllllll.l'lll'-lii-!"'--tlll'll'll‘lllllll‘llll!‘

ec

1
)
.
1
]
]
[}
]
[
[}
)
]
(]
3
(]
[}
*
)
[}
[}
[}
)
.
[}
(]
)
[}
]
]
3
[}
1)
(]
[}
]
[)
4
L
[}
)
[}
[}
(]
)
)
'
3
1)
'
(]
4
[}
[]
)
[}
[)
(]
(]
2
[}
]
1]
1
L

8 em s amom

L]
rlll!l.lllll'.l‘olllillllll.ll!ll!ll-lill.lll-ll
s
]

(1¢

P L L X L

&
o

ercscccangirrdrsacccnnace
L ]
as

PR T e T T TR L DAL defebd bt bt

- te s e B vm sm tmow § 4w e e

tmtmcmvm § e em e

-8

ccmscecmnsccrgiffrrerrmdrsanmasroenendrosaorsssses
o8
sse

20

coe- ctrommnancccwnae

TMUMMmMOAKM M) O »

. .

Rsepssrpppeepe TS Y TS TTTF TT I T T AN R RARA S A A L A AR S A 54

0.5¢C 1.00 1.5¢C 2.0C e.5C
CONTINIOUE SIMILATION CONCENTARATION

o0
e X R

| FIGURE 12
Example Plot Display of Continuous Simulation Results
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IV. MONTE CARLO

The second technique which can be used to simulate a probability
distribution for instream toxics concentrations is Monte Carlo simulation.
This technique combines probabilistic and deterministic analyses, by using a
fate and transport mathematical model with statistically described model
inputs. The Monte Carlo simulation technique has many advantages as it:

o calculates frequency and duration of toxicant concentrations;
o includes instream fate and transport processes;

o simulates single or multiple pollutant sources;

0o requires less extensive data than Continuous Simulation;

o model inputs need not follow a specific statistical function;
o incorporates cross and serial correlation.

The primary disadvantage to Monte Carlo is that it still requires extensive
input data to define probability distributions for inputs. If extensive
data are not available, the user must have enough information to assume
distributions for the input parameters. :

This chapter discusses the theory and application of the Monte Carlo
technique, and is divided into three sections. The first section discusses
the theory upon which the model is based, its advantages and disadvantages.
The second section describes the data input requirements. The third and
final section details how to use the computer model of the Monte Carlo
simulation technique when performing waste load allocations.

Theory

‘ Ordinarily, deterministic water quality simulations use single values
for inputs to conduct a single steady state model simulation, providing a

single water quality prediction. Single values are selected for upstream
flow, upstream concentration, effluent flow, effluent concentration and
decay rate. The ®odel s then used to simulate a single water quality
response profile. In multiple discharge cases, the concentration above each
outfall 1is determined from the concentration below the previous outfall.
Equations 2, 3 and 4 in Chapter 3 detail the mathematics involved. These

equations are appropriate for all river modeling cases except mixing zone
anaylsis. ‘
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The Monte Carlo technique is similar to the above, but repeats the
simulation many times. It repetitively selects model inputs according to
defined statistical distributions. The deterministic model is repetitively
run for a large number of statistically selected sets of inputs. Results
when summarized (see Figure 13) show a range of predicted concentrations at
each stream Tlocation. This range reflects the range of possible input
conditions and outcomes for the model. The range in predicted
concentrations is characterized by a distribution. This distribution
indicates the probabilities of concentrations over the entire range.

By combining statistical information on environmental conditions with
deterministic model calculations, a statistically predicted forecast of
water quality is obtained. The input distibutions statistically reflect our
best understanding of model inputs. The predicted concentration
distributions, therefore, reflect the best estimate of the range in
predicted water quality conditions. Analysis of this distribution can
provide information on the probability of water quality problems and their
severity. For a more in-depth discussion .of using Monte Carlo to perform
waste load allocations, the user is referred to Freedman and Canale (1983).

The Monte Carlo technique has several advantages over steady state
modeling and the non-steady state techniques Continuous Simulation and Log
Normal Analysis. The main advantage over steady state modeling is that
Monte Carlo can predict the frequency and duration of toxicant
concentrations in a receiving water. The inclusion of instream fate
processes 1is an advantage over Log Normal analysis, which cannot simulate
instream fate and 1is limited to simulations for one effluent discharge.
Another advantage of Monte Carlo is that model input data are not required
to follow a specific statistical function, as in the Log Normal process.
The Monte Carlo technique can also incorporate cross-correlation, and can
estimate interaction of time varying parameters if the analysis is developed
separately for each season and the results combined. Only Continuous
Simulation can exactly calculate the effect of time varying parameters.

The primary disadvantage of Monte Carlo is the data requirement. Data
on model input parameters are required to define the statistical
distributions or the assumptions therein. Additional data are required for
the calibration/verification of instream fate processes. However, in
contrast to Continuous Simulation, the Monte Carlo Simulation can proceed
and provide good results with a relatively sparse data set. Continuous
Simulation requires a very complete data set. A secondary disadvantage to
Monte Carlo 1is the inability to directly calculate running averages for
results, . as Continuous Simulation is able to do. Monte Carlo, 1like Llog
Normal, cannot directly «calculate multiple day average instream
concentrations but must estimate them by using multiple day averages to
describe model inputs. A secondary disadvantage of the Monte Carlo technique-
is the large computat1ona1 requirement. Like Continuous Simulation, however,
the problem of excessive computer requirements is being m1n1m1zed through
recent advances in computer technology.
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Input Requirements

The model input requirements for all three techniques were discussed in
the Common Requirements chapter. This section details the specific input
requirements for the Monte Carlo technique. These inputs are summarized in
Table 2, and will be discussed in detail in this section. The inputs can be
categorized into five groups:

general simulation requirements,

upstream data,

effluent data,

system physical and hydrological constraints, and

number of iterations.

General Simulation Requirements: The Monte Carlo method requires some
general information on the system that will not change between simulations.
The first basic input required for Monte Carlo is to establish the period of
observed data to be used. This consists of the first year of observed data
and the total number of years of data to use. The user should be cautious
to select a period of duration for which a consistent data set is available.
The user should not employ old data which are no longer representative of
current conditions.

00000

The second basic input required by Monte Carlo is the number of
discharges 1in the system. The user must also determine if any of these
discharges are located upstream of the USGS gaging station; if so, L(he
average point source flow above the gage must be determined in order to
correct the flow record. The final general input required is a computer
file name to store these inputs. Once these general inputs are specified,
~they will be stored in this computer file and need not be specified for

later simulations. . '

Upstream Boundary Data: The Monte Carlo technique requires statistical
input distributions for the upstream boundary flow and concentration. The
Monte Carlo technique allows the use of assumed data distributions or the
observed data when selecting input distributions. The 1latter requires
STORET data defining these conditions. STORET data defining boundary flow
and concentration shoul¢ be retrieved as described in the Data Requirements
chapter, and stored in separate computer files.

DYNTOX currently allows four input distribution types to be used for
Monte Carlo. The first three are standard statistical distributions:
uniform (rectangular), normal (Gaussian), and triangular. The fourth
distribution type, termed data-defined, 1is a non-standard statistical
distribution. This choice can be used to simulate statistical distributions
not currently supported by DYNTOX or in cases where the observed data follow
no standard statistical distribution. The parameters required to describe
these data should all be determined using SAS (UNIVARIATE procedure) and are
described below. DYNTOX allows comparison of the observed data to the
distribution selected by the user.
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Data Source

General Information:

Beginning date of observed data USGS flow records

- Number of years of observed data USGS flow records
- Number of discharges above flow gage User defined
- Average point source flow above gage Treatment records
- TSS computer field name User defined

Upstream Data:

- Flow Data STORET
- Statistical Distribution for Flow User defined
- Concentration Data STORET
- Statistical Distribution for Concentration User defined

Effluent Data:

- Flow data Treatment records
- Statistical distribution for flow User defined
- Concentration data Treatment records
- Statistical distribution for concentration User defined

System Constants:

- Time of travel information Dye studies,

. current meters
- First order decay rate (s) Instream data
- Drainage area ratio (s) USGS topographic maps
- Water withdrawal rate (s) Withdrawal records
Number of -Iterations User defined

Table 2. Input Requirements for the
Monte Carlo Technique
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The uniform distribution represents the case where each value within a
given range has an equal probability of occurrence. Two parameters are
required to define a uniform distribution, the mean value and the range (See
Figure 14).

The normal or Gaussian distribution is also shown in Figure 14. Two
parameters are required to define this distribution, the mean value and
standard deviation. The normal distribution is the only one that DYNTOX
allows to have cross-correlation between parameters. If either effluent
flow and concentration or boundary flow and concentration are specified as
normal, the user may simulate cross-correlation between these parameters
through the use of the bivariate normal distribution. The covariance
between parameters 1is required if this option is selected, and can be
determined using the COV option of the SAS procedures CORR or FUNCAT.

Triangular distributions are shown in Figure 14. The triangular
distribution requires three parameters - the minimum value, expected value,
and maximum value - and can therefore have a variety of different shapes.

Examples of the data defined distribution are shown in Figure 14. This
distribution can take on an infinite number of shapes and can be used to
simulate any desired distribution. The data defined distribution requires
information on the minimum value, maximum value, and number of intervals to
be used. For each interval, the user must specify the probability of
occurrence for that range. _ ! :

Effluent Data: Similar to upstream data, statistical distributions are
needed in the model for effluent flow and concentration (or toxicity). For
each effluent parameter, the user must specify a statistical distribution
using the same technique described in the upstream boundary data section.
Any downstream tributary input should be treated as a separate effluent
input.

System Constants: System constants need to be defined for hydrologic and
physical characteristics of the system. Program inputs for hydrologic data
are needed to properly adjust gaged flow data to determine instream flow at
different locations. Ratios are needed to define the comparison between the
gauged drainage basin area and the drainage basin area at the point ‘of
discharge. These ratios adjust the USGS measured flows for nonpoint
sources, and must be specified regardless of the location of the gaging
station. For discharges located downstream of the USGS gage the ratio (and
adjustment) will be greater than 1.0. For discharges located upstream of
the gage, the ratio will be less than 1.0. The method to be used for
specifying drainage area ratios is described in the Common Requirements
chapter. A second hydrologic adjustment is required for water withdrawals.
If a significant amount of water (>1% of river flow) is withdrawn from the
river at any location, this withdrawal rate must be specified before
performing a Monte Carlo waste load allocation. '
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Another system constant required by Monte Carlo is the time-of-travel,
which must be specified for the stream segment between the upstream boundary
station and the first discharge and for the segments between each discharge.
The method for specifying time of travel was discussed in detail in the
Common Requirements chapter. Time of travel information need not be
specified for the upstream segment in cases where the boundary station is
located below a discharge as there is no upstream segment.

The first-order decay rate must be specified for each stream .segment
that requires time-of-travel information. The method for determining the
first-order decay rate was discussed in the Data Requirements chapter.

Number of Iterations: The Monte Carlo technique requires a sufficient
number of iterations to adequately define the probability of occurrence of
downstream concentration. However, specifying too many iterations can waste
computer time. The recommended method for determining the proper number of
iterations is to run the Monte Carlo technique for an increasing number of
iterations until the predicted probability distribution remains relatively
constant. Five thousand (5000) iterations can be used as a starting point,
with the number of iterations repetitively doubled until results remain
constant. It 1is recommended that the three year return period value be
compared when determining the proper number of iterations. :

Program Use

The Monte Carlo program, like the programs for the other techniques, is
divided into menu driven sub-programs (entitled activities) to allow the
user as much flexibility as desired in performing simulations. The
“hierarchy of activities for Monte Carlo is shown in Figure 15. This section
will describe how to use the Monte Carlo program and will discuss the
options available to the user. It is divided into sections describing each
of the primary activities: -

Program Entry,

System Constants,

View Input Data/Specify Distributions,
Run Model,

View/Analyze Results, and

End Monte Carlo.

0O000O0O0

Program Entry: The first activity of the Monte Carlo technique is termed
Program Entry. This section consists of specification of the time period of
observed STORET data, number of discharges to be simulated, modeled point
source flow above the USGS flow gage, and location of the data describing
boundary conditions.
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Figure 16 shows example sessions with the Program Entry activity. The
first questions in Program Entry concern the existence and location of the
78S files for the simulation. TSS (Time Series Store) files are created by
ANNIE to store time series information. The TSS file holds all information
pertaining to the STORET boundary data for the Monte Carlo case. The first
time a simulation is performed, the user should answer NO to the question
asking if a TSS file was previously created, and specify a file name (Figure
16a).  This will initiate the process to create a file. The user should
answer YES to this question in subsequent simulations, and no other
information will be required in the Program Entry section except the name of
the TSS file (Figure 16b).

For first time entries, the TSS file name must be supplied. Any file
name can be used that is compatible with the computer system. The next
inputs required are the first year of observed data and the number of years
of data. The required format for the date is Year/Month/Day (Figure 17a).
Months and days with only one significant figure of information may be
entered using only one digit. The next question in Program Entry before
creation of the TSS file concerns the number of discharges in the system.

The TSS file for the system is being created and initialized at this
point in Program Entry. This may take some time, depending on the computer
system used, but the user will be informed when the file initialization is
complete. TSS files created during Monte Carlo can be used for either of
the other two DYNTOX techniques. ‘

The final portion of Program Entry concerns defining the upstream
boundary data files. Figure 16a shows an example session where both the
boundary flow and boundary concentration data are located in STORET files.
The wuser need only specify the name of the STORET data files and which data
set of the STORET retrieval is to be used. The data set will always be one
unless the user has multiple STORET retrievals stored in the same file. The
section provides the ability to screen out flow and concentration data above
acceptable values.

Another possibility for Program Entry is when the user has no STORET
data and wishes to enter observed data manually from the terminal. Figure
16c shows an example of this situation. The user is required to input the
number of data points, then the date and concentration for each value. The
proper format for the data is (date, value) with the date in the YYMMDD
format. The final option of program entry concerns the case where all input
distributions were calculated off-1ine before using DYNTOX. In this case,
no raw data need be entered, either from STORET files or from the terminal.
Instead, the user enters only the previously calculated distribution
information. (e.g. Figure 18a).
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Figure 16 shows example sessions with the Program Entry activity. The
first questions in Program Entry concern the existence and location of the
TSS files for the simulation. TSS (Time Series Store) files are created by
ANNIE to store time series information. The TSS file holds all information
pertaining to the STORET boundary data for the Monte Carlo case. The first
time a simulation is performed, the user should answer NO to the question
asking if a TSS file was previously created, and specify a file name (Figure
16a). This will initiate the process to create a file. The user should
answer YES to this question in subsequent simulations, and no other
information will be required in the Program Entry section except the name of
the TSS file (Figure 16b).

For first time entries, the TSS file name must be supplied. Any file
name can be used that is compatible with the computer system. The next
inputs required are the first year of observed data and the number of years
of data. The required format for the date is Year/Month/Day (Figure 17a).
Months and days with only one significant figure of information may be
entered using only one digit. The next question in Program Entry before
creation of the TSS file concerns the number of discharges in the system.

The TSS file for the system is being created and initialized at this
point in Program Entry. This may take some time, depending on the computer
system used, but the user will be informed when the file initialization is
complete. TSS files created during Monte Carlo can be used for either of
the other two DYNTOX techniques. '

The final portion of Program Entry concerns defining the upstream
boundary data files. Figure 16a shows an example session where both the
boundary flow and boundary concentration data are located in STORET files.
The user need only specify the name of the STORET data files and which data
set of the STORET retrieval i1s to be used. The data set will always be one
unless the user has sutiple STORET retrievals stored in the same file. The

section provides the ability to screen out flow and concentration data above
acceptable values.

Another possitility for Program Entry is when the user has no STORET
data and wishes to enter observed data manually from the terminal. Figure
16c shows an exarsle of thvs situation. The user is required to input the
number of data points, then the date and concentration for each value. The
proper format for the data is (date, value) with the date in the YYMMDD
format. The final option of program entry concerns the case where all input
distributions were calculated off-line before using DYNTOX. In this case,
no raw data need be entered, either from STORET files or from the terminal.
Instead, the user enters only the previously calculated distribution
information. (e.g. Figure 18a).
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16a.

New TSS File

TCXIC SUBSTANCE WASTELOAD ALLOCATION MIOELING
WHiCH TECHNIQUE DO YOU WANT TO USE

(1) CONTINIOUS SIMULATION: DILTTION AND DECAY
(2) !)z..m CARLO: DILUTION AND DECAY
(3) LOG-NSRMAL: DILUTVION ONLY
(4) END TCX:ICS WA, RETURN TO ANNIE MENY
ENTER SELECTION :o:
(Hit return for 4)
2
D2 YOU KAVE UPSTRZIAM BIUNZARY DATA FOR ANALYS!S?
> YES
KAVE TOU PRIVIOUSLY CRIATED A TSS FILZE FOR THIS SIVMULLTION?
= ND
WSAT 1§ THE NAME OF YOUR KEW TSS FILE?
STriLE
HoW MANY YEARS OF DATA DC-YICU KEAVE?
(Kit resusn for V)
» &
ENTER STARTING DATE.
- 1863/
KOw MANY OUTFALLS ARE THERE IN THE SY
(Hit return for 1)
» 1
HOW MANY OUTFALLS LIE ABOVE THE FLOW GAGE?
(Hit return for 0)
» 0.
PLEASE WAIT WHILE YOUR TSS FILE 1§ INITIALIZED ...

INITIAZIZATION OF TOUR TSS FI 1S NOw COMPLETE.

DO YOU HAVE A STORET FLOW DATA FILE?
» 1 .
W=A™ 1S TEE NAME OF THE STCRIT FILE?
I STORET.FLO
USZ wW=:CH DATA SET?
(Hit rezucn fer V) .
»
WEAT 1S THE MAYIMIM ACCEPTAELE FLOW VALUE?
(KEit return for 0.)
P 455, -
€24% PCINTS READ
DI YOU HAVE A STIRIT DATA —- LE FOR UFSTRIAM CONZENTRATION?
»» YIS
W=AT 1S THE NAME OF THE STORET FILE?

-
Cmn w=1CK DATA SET?
(Hit retutn for V)
o 1
WHAT 18 THE MAXIMIM CONCENTRATION VALTE?
(Kit return for 0.)
» 1.0
1184 PCINTS READ

FIGURE 16
Example Session with Monte Carlo Program
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16b.

Existing TSS File

HAVE YOU PREVIOUSLY CREATED A TSS FILE FOR THIS SIMULATION?
= YES

W=AT 1S TRE NAME OF YOUR TSS FILE?
I EXAMPLE

16¢C.

Terminal Entry of Data

HAVE YOU PREVIOUSLY CREATED A TSS FILE FOR THIS SIMULATION?
I NO
WEAT 1S THE KAME OF YOUR NEW TSS FILE?
- TESTTIL
HOW MANY YEARS OF DATA DO YOU KAVE?
(K:t returs fer V)
- €
HOW MANY OUTFALLS ARE THERE IN THE SYSTEIM?
(Mit resurn for 1)
b B
HOW MANY COUTFALLS LIE ABIVE TEZ FLOW GAGE?
(Hit return fer 0)
» 0

PLEASE WA'T WHILE YOUR TSS FILE 1S INITIALIZED ...
INITIALIZATION OF YOUR TSS FILE 1S NOW COMPLETE.
DO YOU KAVE A STORET FLOW DATA FILE?

A
WSAT IS THE NAME OF THE STORZT FILE?

= STORITLFLO
USE W=1C= DATA SET?
(Hit return for V)

P ol
W=AT IS THE MAXIMI™ ACCEPTAELE FLOW VALUE?
(s.t return for 0.}

- 45353,

€245 PCINTS READ

D2 TOU EAVE A STORET DATA FIilLE FCR UPSTREAM CONZENTRATION?
I KO
D> i0U WANT TO ENTER CONCENTRATION DATA FROM TrE TERMINAL?
YES
HOw MANY SAMFLES DO YOU KHAVE?
(Eit returr for &)
» 3

ENTZE DATE AND UPSTRIAM CONCENTRATION FOR EACH SAMFLE:
» 60701, .S
o 601231, .4
P L2618, .22
3 PCINTS READ

FIGURE 16 Cont’d.
Example Session with Monte Carlo Program Entry
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18a. Demonstration of Uniform’and Normal Distributions

PLEASE CKOOSE ONE:

(1) SPECIFY EFFLUENT FLOW/CONCENTRATION DISTRIBUTION

(2) VIEW. DATA/DETERMINE BCUNDARY CONCENTRATION DISTRIBUTION
{3) VIEW DATA/OETERMINE BOUNDARY FLOW DISTRIBUTION

(4) END INPUT DEFINITION, RETURN TO MOKNTE CARLO MEINU

ENTER SELECTION (1-4)
(Hit return for 4)
-1

SPECIFICATION OF EFFLUINT DISTRIBUTIONS

SPECIFY FLOW INFIRMATION FCOR DiISCHARGE 1
v=AT TIFE OF DISTRIBUTION DO YOU WANT?
(1) UNIFCRM
(2) KORMAL
(3) TRIANSUZAR
(&) DATA DEFINED
ENTER SELECTION (1-4)
(Kit return for 1)
»
WEAT 1S THE PIAN VALUE
(Hit return for 1.)
» 25.
W=AT 1S THE RANGE
(Eit return for 0.)
= 3.
SFECIFY CONCENTRATION INFORVATION FOR DISCHARGE 1
T<AT TIPE OF DISTRIBUTION DO TSC WANT?
(1) UNIFORM
(2) NIEMAL
{3) TRIANGULAR
(4) DATA DETINID
ENTZR STLECTION (1-4)
(Kit return for 1)
= 2
WEAT 1S THE MIAN VALUE
(Kit return fer 1.)
b 2
VEAT 1§ TEE STAVSARD DIVIATION
(Kit return for C.)
1,

END CF DISCAAFZE SPECIFICATION SECTION

FIGURE 18

Example Session with Monte Carlo
Specifying Effluent Distributions



18b.

Bivariate Normal Distribution

SFECIFICATION OF EFFLUENT DISTRIBUTIONS

SPZCIFY FLOW INFORMATION FCR DIST=ARST
WK2T TTPE OF DISTR:IBUTION DO YOU WANT?
(1) UNIFORM
(2) NORMAL
{3) TRIANGULAR
(4) DATA DEFINED
ENTER SELECTION (1-4)
(Hit return for 1)

2
WHAT IS THE MEAN VALUE
(Kie retucn for 1,)
= 25,
W=AT 1S THE STANDARD DEIVIATION
(Eit return for 0.)
»3.
SPECIFY CONCENTRATION INFCRMATION FOR DI SCHARGE
TEAT TYPE OF DISTRIBUTION DO YOU WANT?
(1) UNIFORM
(2) KOFMAL
{3) TRIANGTLAR
(4) DATA DEFINED
ENTER SELECTION (1-4)
(Hit return for 1)
’2
WHAT 1S TSE MEAN VALUE
(Hit return for 1.)
5,
vAAT 15 THE STANDARD DEVIATION
(Hit return tor 0.)
1.
.18 CONZENTRATION CORFELATED TO FLOW
» YES
ENTER COVARIANCE BITWEIEIN CONCENTRATION AND FLOW
(Eit return for C.)
>, 2

END OF DISCTRARSE SFEICIFICATION SECTION

FIGURE 18 Cont’d.

Example Session with Monte Carlo
Specifying Effluent Distributions
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After completing Program Entry the program enters the main portion of
Monte Carlo. The user will be given the menu shown in Figure 17 and must
select one of the five activities:

System Constants

View Data/Specify Distributions
Run the Simulation

View/Analyze Model Results

End Simulation

oW N
¢ s o o @

Although there is flexibility in the order in which options are selected,
system constants must be specified before choosing any other option (except
ending).

System Constants: The system constants consist of time of travel, first-
order decay rate, drainage area ratio, and water withdrawal rate. Program
operation for the section is straightforward, requiring only the inputs
discussed in the Common Requirements section. An example session specifying
system constants is shown in Figure 17.

View Data/Specify Distributions: This section allows the user to view and/or
analyze the observed data for the boundary parameters and then requires
specification of the input distribution for these and the effluent

parameters. Upon entry to the section, the user is given a menu (Figure 18)
of four choices:

1) Specify effluent flow/concentration distribution,

2) View data/determine boundary concentration distribution,
3) View data/determine boundary flow distribution,

4) End input definition.

The options may be selected in any order desired; however, options 1-3 must

be successfully completed before ending to successfully perform the model
simulations.

Example sessions using the first option, specification of effluent data
are shown in Figure 18. This session demonstrates use of the uniform and
normal input distributions. A uniform distribution is selected for effiuent
flow in this example, and the user is required to supply a mean value and
range (Figure 18a). A normal distribution is selected for effluent
concentration; in this case, the user must supply a mean value and standard
deviation. In the special case where normal distributions are selected for
both flow and concentration, the option exists to specify a covariance term
to represent the cross-correlation between parameters (Figure 18b). The
same option exists when specifying normal distributions for boundary flow
and boundary concentration.
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When boundary concentration and flow data are available, the user has
the option to view a plot of the actual data distribution or see a table
describing the statistics and distribution of the data. Figure 19 shows an
example session specifying boundary flow, where the user selects to see the
plot of the data. The plot shows the probability of occurrence for the
parameter over a number of ranges. The distribution is selected after
viewing the data plot; in this case a triangular distribution. In cases
where the data has been viewed or analyzed, the option exists to compare the
predicted distribution to the observed data and also to determine its
acceptability. The wuser is allowed to choose a new distribution for the
parameter in cases where the fit is unacceptable. '

Figure 20 shows an example session specifying boundary flow. This
example demonstrates use of the data defined distribution. The sum of
probabilities specified for all of the intervals in data defined must equal
1.0 or they will be rejected by the program and new values required.

In many cases, insufficient data will be available to define
distribution for four-day average values. Based upon the Central Limit
Theorem, users may specify a normal distribution for the parameter in
question, with a standard deviation one half of that in the observed data as
an estimate of the distribution of four day average value. The mean value
will remain constant.

Running the Simulation: Only one input is required when choosing to run the
simulation, the number of iterations. During the simulation, the program
will print a message after the completion of every 2000 iterations to help
in monitoring program progress.

View/Analyze Model Results: Model results can be seen in one of two formats,
as a plot showing probability of exceedance for all concentrations, or as a
statistics table showing statistics on the results along with the frequency
distribution of the results in tabular format. An example session viewing
the results of a model run in plot form is given in Figure 21. Figure 22
shows the results of the same simulation in tabular format. The statistics
table consists of the statistical parameters mean, standard deviation, and
coefficient of . variation, along with the probability of occurrence for a
number of intervals. The table also shows the probability of exceedance and
the return period (recurrence interval) for a number of values. The option
exists to view the return period for a value not shown if desired, or to
view the value with a three year return period.

End the Simulation: Choosing this option allows the user to exit the Monte
Carlo technique and return to the main DYNTOX menu. This option can be
selected at any time during the Monte Carlo simulation.
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Y vy

YYYY

SPECIFICATION OF 1KPUT DISTRIBUTIONS

OVER HOW MANY DAYS DO TYOU WANT RESULTS AVERAGED
(Hit return for 1) )

A}
LEASE CHOOSE ONE:

(1) SPECIFY EFFLUENT FLOW /CORCENTRATION DISTRIBUTION

(2) VIEw DATA/DETERMIRE BOUNDARY CONCENTRATION DI STRIBUTION
(3) ViEw DATA/DETERM: NE BOUNDARY FLOW DISTR! UTION

(4) END INPUT DEFINITION, RETURK TO MONTE CARLO MENRD

ENTER SELECTION (1-¢ )

(Kit resurr for 4)
3

SPECIFICATION OF BOINDARY FiOW DISTRI BUTION
DO Y07 WANT TO SEE A DATA DISTRIBUTION PLOY BEFORE CHOOSING?
}N‘Z‘ER\'M. OR CUMJLATIVE FORMAT
é: YOU WANT TO SEE A STATISTICS TABLE?

WHAT TITLE DO YOU WANT FOR YOUR PLOT (8D CHARACTER MAXIMUM)
BOUNDARY FLOW
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3 1 !
1 !

T ! 1
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0. £00. 1000, 150C. 2000. 2800, 3000, 3500. 4DOD, 450C. SCTT.
BOUNDARY FLOW

FIGURE 19

Example Session with Monte Carlo Specifying
Triangular Distribution
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Yy vy vy

SPECITY BOUKDARY FLOW DISTRIBUTION
WHAT TYPE OF DISTRIBUTION DC YOU WANT?
(1) UNIFORY
(2) NORMAL
(3) TRIANGULAR
(¢) DiTA DEFINED

ENTER SELECTION (1-4)

(Hit return for 1)

3

WET 18 THE MINIM™M VALUE
(xit resurn for C.)

1.

V=T 18 TEE WALIMNOY VALUE
(K:t return for 1,)

25CC.,

W=AT 1S TAL
(K:t resturn
€0,

DI YOU WAKT
Y

EXPECTED VALUE
for 0.5)

o0 COMFARL THE DISTRIBUTION TO THE ACTUAL DATA?

TRET TITLE DO YOU WANT FOR YOUR PLOT (ED CHARACTER MAZIMIM)
COMFARISON OF TRIANSULAR DISTRIBUTION

100 *----
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END OF BOUNDAKRY FLO= SFECIFICATION SECTION
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FIGURE 19 Cont’d.

Example Session with Monte Carlo Specifying
Triangular Distribution
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SPECIFICATION OF BOUNDARY FLOW DISTRI BUTION

SPECIFY BOUNDARY FLOV DI STRIBUTION
WAAT TYPL OF DISTRIBUTION DO YOU WANT?
(1) UKIFORM
(2) NORMAL
(3) TRIANGULAR
(¢) DrTA DEFINED
ENTER SELECTION(1-4)
(Hit return for 1)

4
W<AT 18 THE MONIMJM VALUE
(E:t resurr fec C.)
1El.
HOV MANT INTERVALS DO YOU WANT TO SPECIFY
(Kit returr for 2)
4
MINIWY VALUE FOR INTERVAL 1 1§ 180.
WSAT 1S THE MAZIMOM VALUE
(Hit rezurr for 1.)
220.
sHAT 1S THI PROBAEILITY OF OCCURRENCE
(Kit return for C.)
<6EBET
MINIVDY VALTE FOF INTEPVAL 2 1§ 220,
WHAT 1S THE MALIMIY VALUE
(Kit return for 220.)
- 260,
WrAT S THL PROBAEILITY OF OCCURRENCE
(Eit reurr fer 0.)

0.

MIKIV™ VALTE FOR INTERVAL 3 18 26C.
WARAT IS TEL MAX:YUY VALUE

(F:t rezusr ter 26€C.)

32°0.

Wai" 1% THT PROEAEILITY OF OCCURPENCE
(K.t returr tez C.)

0.

MKMW VALTL FOF INTEFVAL 4 18 32C.
WEAT 318 TAL MALIM™ VALUE

(r.t rezurs feer 3¢C.)

342,

WnAT 18 THL PROEARILITY OF OCCURRENCE
(F:t rezas ter (L)

.33
Do ¥-. WANT T3 COMFARE THE DI STRIBTTION TO THE ACTUAL DATA
[ <

ENT OF BIUXDARY FLOW SPECIFICATION SECTION

FIGURE 20
Example Session Specifying Data Defined Distribution




MONTE CARLD TECZHNIQUE .

PLEASE CHOOSE FROM THE FOLLOWING:

(1) SPECIFY SYSTEM CONSTANTS

(2) RUN M2DEL

(3) VIEW/ANMALYZE RESULTS

(4) END MONTE CARLO SIMULATION, RITURN TO TOXICS WA MENY

ENTER YOUR CHOICE (1 - &):
(Hit return for 1)

p ]

VIZWING 'ANALYSIS OF RISULT

DO YCU WANT T0 SEE A PLOT?

D

WEAT TITLE DO YOU WANT FOR YOUR PLCT (81 CHARACTIR MAXIMDW)

- MONTE
% '0C
[¢]

F
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T .
1
™
"E 6L
) 4
X
c 49
3
E
D
E 2C
D
o
0

CARZD CONCENTRATION
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FIGURE 21

Example Session with Monte Carlo

Viewing Results in Plot Format
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PLEASE CHODSE FROM THE FOLLOWING:

(1) SPECIFY SYSTEM CONSTANTS
(2) RION MODEL
{3) VIEW’/ANALY2E RESULTS
(4) EKD CONTINUDUE SIMILATION
ENTEF YOUR CHOICE (1 - 6):
(Pit return for 1)
3

VIEWING/ANALYS1S OF RESULTS
DO YO WAKT TO SEE A PLOT?

X
DC YOU WANT TO SEE A STATISTICS TABLE?
b 4

WAAT TIT_E DO YOU WANT FOR YOUR TAELE (EC CHARACTER MAZIMIM)
MORTE CARLD

MONTE CARLO

MEAN = 0.604 STANDARD DEVIATION = C.280
COEFFICIENT OF VARIATION = 0.€53
VALUE % OF TIME EXCEEDED 3% OF TIME IK IKTERVAL RETURN PERIOCZ (YEAPRS)
c.c 100.00C 0.0C3
4C.264
0.250 £5.7%8¢ 0.00¢%
3ac. o€
€.50C 2S.€7¢% ¢.oce
11,362
0.75¢C 1E.253 €.015%
16.260
1.08 ¢.033 0.13¢
2.C33
1.28 0.C -5¢¢.00C
0.C
1.50 c.C -82¢.000
c.0
1.7 .0 ~-$2¢.000
c.0
2.00 .0 -590¢.003
0.0
2.25 0.0 -58¢.00C
.0
2.50 .0 -92¢.000

DO YOU WANT TO: (1) SEE » RETURX PERIOD FOR A DIFFERENT VALUL
(2) CALCULATE THE VALUE WiTh A THREE TEAR RETURK PERIOD

OR (3) END TABULAR AKALYSIS

3 .

F1GURE 22

Example Session with Monte Carlo Viewing Results
in Tabular Format
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V. LOG NORMAL

The third technique that can be used to calculate a probability
distribution for instream toxics concentrations is Log Normal probabilistic
analysis.  This technique assumes that all input parameters can be described
by a 1og normal statistical distribution, and uses numerical integration to
predict the -concentration distribution below a single effluent discharge.
The Log Normal technique has many advantages as it:

o predicts frequency and duration of concentrations;

0 requires less computational expense than Continuous Simulation or
Monte Carlo;

o does not require extensive time-series data as Continuous Simulation;
o incorporates cross-correlation of parameters.

The primary disadvantages to Log Normal are that extensive data are
required to define .input distributions, all parameters are assumed to be log
normally distributed, and instream losses or simulation of more than one
discharge cannot be considered.

This chapter describes the theory and application of the Log Normal
technique, and is divided into three sections. The first section discusses
the theory upon which the Log Normal technique is based, and its advantages
and disadvantages. The second section describes the data input
requirements. The third and final section details how to use the computer
program of the Log Normal technique when performing waste load allocations.

Theory

Continuous Simulation and Monte Carlo and Log Normal analysis are based
upon the same dilution equation, which predicts the concentration below a
discharge (C,) based upon upstream concentration (C ), upstream flow (Q )
effluent concgntration (Ce). and effluent flow (Qn):u u

Q. C +Q C
Cy = uLu_.e e | (4)

This equation is suitable for all in-stream modeling except mixing zone
analysis. Where Continuous Simulation and Monte Carlo analysis solve this
equation many thousands of times using different values for the inputs, Log
Normal analysis uses a totally different technique.

Log Normal analysis requires that each model input follow a log normal
statistical distribution; this causes the probability distribution for each
equation to be well defined mathematically. The probability, that the
downstream river concentration (Cd) exceeds any given value, C , can be
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expressed as a multiple integral of the joint probability degsity functions
over the values of flows and concentrations for which C, > C . Since the
variation of each input variable is defined by a matﬁematical equation,
numerica]l integration can be conducted to determine the probability that
C, > C . By repeating this integration for different values of C , the
p?obabi]ity distribution for C, can be estimated. The probability of
exceedance can be estimated for dﬂrations other than one day by using inputs
representative of multiple-day averages. For a more complete description
of the theory behind Log Normal probabilistic analysis, see DiToro (1984).

The primary advantage of the Log Normal technique is the ability to
predict the frequency distribution of the river concentration without the
excessive computational requirements of Continuous Simulation or Monte
Carlo. Whereas Continuous Simulation and Monte Carlo require several
thousand iterations of the model to predict the concentration distribution,
Log Normal can proceed.much faster through numerical integration.

The disadvantages of Log Normal are the inability to simulate multiple
discharge situations and the requirement that all parameters follow 1log
normal distributions. In many cases, parameter data only approximately
conform to a log normal distribution. This introduces errors which are
exagerated at the infrequent recurrence levels of the probablistic
simulation. Log  Normal also has the same disadvantage as Monte Carlo in
that multiple day average in-stream concentrations can only be approximated
through the use of averaged inputs. Continuous Simulation is the only
technique that allows exact determination of multiple day average results.
Log Normal analysis also requires significantly more input data than steady
state models, but no more than Continuous Simulation or Monte Carlo.

Input Requirements

The model input requirements for all three techniques were discussed in
the Data Requirements chapter. This section details the specific input
requirements for the Log Normal technique. These inputs are summarized in
Table 3, and will be discussed in detail in this section. The inputs can be
categorized into five groups: general simulation requirements, upstream
data, effluent data, system hydrological constraints, and output range of
interest. However, the data requirements for each are to an extent first
dictated by general information on the simulation.

General Simulation Requirements: Log Normal analysis requires some general
information on the system that will not change between simulations. The
first basic input required for Log Normal Analysis is to establish the
period of observed data to be used. This consists of the first year of
observed data and the total number of years of data to use. The user should
be cautious to select a period of duration for which a complete and
consistent data set is available. Caution should be directed towards using
old data which are no longer representative of current conditions.

The second basic input required by Log Normal is whether the discharge
is Tlocated upstream of the USGS gaging station. . If so, the average point
source flow above the gage must be determined. The final general input
required is a computer file name to store these inputs. Once these general
inputs are specified, they will be stored in this computer file and need not
be specified for later simulations.
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Data Source
General Information:

Beginning date of observed data USGS flow records

- No. of years of observed data 'USGS flow records
- Number of discharges above flow gage User defined
- Average point source flow above gage Treatment records
- TSS computer file name User defined

Upstream Data:

- Mean and 84th percentile value for flow STORET
- Cross-correlation between river flow
and river concentration SAS
- Mean and 84th percentile value for
concentration STORET
- Cross-correlation between river flow
and effluent flow SAS

Effluent Data:

- Mean and 84th percentile value for flow STORET
- Mean and 84th percentile value for
concentration STORET

- Cross-correlatiion between effluent flow
and effluent concentration ‘

System Constants:
- Drainage area ratio USGS topographic maps

- Water withdrawal rate Withdrawal records

Output Interval of Interest:

- Minimum river concentration of interest User defined
- Maximum river concentration of interest User defined
- Interval for output User defined

Table 3. Input Requirements for the
Log Normal Technique
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Upstream Boundary Data: The Log Normal technique requires the mean and
variance of the input distributions for the upstream boundary flow and
concentration. DYNTOX provides the ability to determine the distribution
parameters from observed upstream boundary flow and concentration. This
requires STORET data defining these conditions. | '

The required form of this data includes the 50th percentile (mean)
value and 84th percentile value for each parameter. These parameters can
also be determined from SAS, as well as the adequacy of the assumption of
log normality (using the UNIVARIATE procedure on the logarthims of the
observed data). Boundary flow data must be corrected for point source flows
and withdrawals before performing SAS analysis, as they may significantly
affect the assumption of log normality. In addition, this technique
requires information describing the cross-correlation between river flow and
effluent flow, and river flow and river concentration. These cross-
correlations can also be determined using SAS, using the CORR procedure.

Effluent Data: Similar to upstream data, log normal distribution parameters
are needed in the model for effluent flow and concentration (or toxicity).
For each effluent parameter, the user must specify a mean and 84th
percentile wusing the same technique described in the upstream boundary data
section. DYNTOX does not provide the capability to calculate these values
directly from observed effluent data. However, SAS may be used to calculate
these parameters before performing Log Normal analysis. The final effluent
requirement is the cross-correlation between effluent flow and
concentration. This may also be determined through SAS.

System Constants: Program inputs for hydrologic data are needed to properly
adjust gaged flow data to determine instream flow at different 1locations.
Ratios are needed to define the comparison between the gauged drainage basin
area and the drainage basin area at the point of discharge. This ratio
adjusts the USGS measured flows for nonpoint sources, and must be specified
regardless of the location of the gaging station. For a discharge located
downstream ©of the USGS gage the ratio (and adjustment) will be greater than
1.0. For a discharge located upstream of the gage, the ratio will be less
than 1.0. The method to be used for specifying drainage area ratios is
described in the Data Requirements chapter. A second hydrologic adjustment
is required for water withdrawals. If a significant amount of water (>1% of
river flow) is withdrawn from the river at any location between the gage and
the outfall, this withdrawal rate must be specified before performing a
waste load allocation.

Output Range of Interest: The user must specify the minimum and maximum
output concentration of interest and desired output interval before running
the simulation, due to the nature of the solution technique. Care should be
taken to choose a minimum value that has a non-zero probability of
exceedance. Minimum values that have an insignificant probability of
exceedance will be rejected by the program, and replacement values will be
required.
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Program Use

The Log Normal program, like the programs for the other techniques, is
divided into menu-driven subprograms (entitled activities) to allow as much
flexibility as possible in performing the simulation. The hierarchy of
activities for Log Normal analysis is shown in Figure 23. This section will
describe how to use the Log Normal program and will discuss the options
available. It 1is divided into sections describing each of the primary
activities of Log Normal analysis: Program Entry, Input Specification,
Model Simulation, Statistical Analysis of Inputs/Results, Plots of
Inputs/Results.

Program Entry: The first activity of the Log Normal technique is termed
Program Entry. This section consists of specification of the time period of
observed STORET data, modeled point source flow above the USGS flow gage,
location of the data describing boundary conditions, and withdrawals between
the USGS gage and the effluent outfall. '

Figure 24 shows example sessions with the Program Entry activity. The
first questions in Program Entry concern the existence and location of the
TSS files for the simulation. TSS (Time Series Store) files are created by
ANNIE to store time series information. For the Log Normal technique, the
TSS file holds all information pertaining to the STORET boundary data. The
user should answer NO to the question asking if a TSS file was previously
created the first time a simulation is performed, and specify a TSS file
name (Figure 24a). This will initiate the process to create a file. The
user should answer YES to this question in subsequent simulations, and no
other information will be required in the Program Entry section except the
name of the TSS file (Figure 24b). A TSS file created for Log Normal
analysis can also be used for Continuous Simulation or Monte Carlo.

For first-time entries, the TSS file name must be supplied. Any file
name compatible with the computer system in use is acceptable. The next
inputs required of the user are the first year of observed data and the
number of years of data that exist. -The required format for the date is
Year/Month/Day (Figure 24a). Months and days with only one significant
figure of information may be entered using only one digit. At this point in
‘Program Entry, the 7SS file for the system is being created and initialized.
This may take some time, depending on the computer system used, but the user
will be informed when the initialization is complete.

The final portion of the Program Entry concerns location of the STORET
data. Figure 24a shows an example session where both the boundary flow and
boundary concentration data are located in STORET files. The user need only
specify the name of the STORET data files and which data set of the STORET
retrieval is to be used. The program provides the capability to screen out
flow and concentration data above acceptable values.
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FIGURE 23

Hierarchy of Subprograms for Log Normal




Another possibility for Program Entry is when the user has no STORET
data and wishes to enter data manually from the terminal (Figure 24c). The
user is required to input the number of data points, then the date and
concentration for each value. The proper format for the data is (date,
value) with the date in the YYMMDD format. The final option of the Program
Entry concerns the case where all input distributions were calculated off-
line before using the DYNTOX. In this case, no data need be entered,
either from STORET files or from the terminal, and the user may proceed
directly to Input Specification.

Input Specification: Required inputs include mean (50th rercentile) and 84th
percentile values for all model parameters, along with the cross-correlation
between river flow and effluent flow, between river flow and river
concentration, and between effluent flow and effluent concentration. Values
for the 50th and 84th percentile values for the boundary parameters will be
calculated from the observed data when available. An example session
demonstrating Log Normal Input Specification is shown in Figure 25.

In many cases, insufficient data will be available to define
distribution for four-day average values. In these situations, users may
specify a log normal distribution for the parameter in question, with a
standard deviation one half of that in the observed data as an estimate of
the distribution of four day average values.

Model Simulation: Model simulation requires the specification of a minimum
and maximum value of interest and the interval that results are desired. It
is important to note that this interval is in log (base 10) units. When
conducting wasteload allocations, the user should select the minimum,
maximum, and increment value such that the return period for the water
quality criterion will be output. One way to assure this occurrence is to
specify the minimum and/or maximum value to be the criteria. An example
session showing model simulation is given in Figure 26.

Statistical Analysis of Inputs/Results: The user has the ability to view any
of the model input parameters or the simulation results in tabular format,
receiving statistical results and a table of the frequency distribution.
This section can be assessed any time after the simulation has been run.
After specifying the parameter to be viewed and a one-line 80 character
maximum title, results shown in Figure 27 demonstrate this feature using
model results. The output for model input parameters has an identical
format.

Plots of Inputs/Results: The user also has the ability to view any of the
model input parameters frequency distribution in plot form. The plot format
differs slightly between the input parameters and model results. The input
parameters are plotted as the probability of occurrence over a number of
ranges (see Figure 28). The model results are plotted as the overall
probability of exceedance for each value in the specified range (Figure 29).
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24a. New TSS File

TOX!C SUESTANCE WASTELOAD ALLOCATION MIDELING
WEICH TECENIQUE DO YOU WANT TO USE:

(1) CONTINJOUS SIMJLATION: DILUTION AND DECAY
(2) MONTE CARLO: DILUTION AND DECAY
{(3) LOG-NZR¥AL: DILUTION ONLY
(4) ERD TOX1CS W_A, RETURN TO ANNIE MENY
ENTER SELECTION (1-4) :
(Hit return for 4)
3
DO YOU EAUE UPSTREAM BIUNDARY DATA FIF AN2LYEIC?
» YES
HKAVE YOU PREIVIOUSLY CREATED A TSS FILE FOR THiS SIMULATION?
N0
W=AT 15 TAE KAMEI OF YOUR NIW TSS FILE?
» TESTFILE
HOw MANY YEARS OF DATA DO YOU HAVE?
(Hit return for V)
» &
ENTER STARTING DATE.
= 1562/1/1
HOW MANY OUTFALLS ARI TEERE IN THE SYSTEM?
(Kit return for 1)
1
HOW MANY OUTFALLS LIE ABD TEE FLOW GAGE?
(Hit retusn for O)
0.
PLEASE WAIT WMILE YCUR TSS FILE 1S INITIALIZED ...

INITIALIZATION OF YCUR 7SS FILE 1S NOW COMPLETE.

DD YOU KAVE A STCFIT FLOW DATA FILE?
> 1

W=AT 1S THE NAME OF THE STCRET FILE?

§TIEEIT.FLOD

USE wW=:CH DATA SET?
(Kit return for 1)
1
WEAT 1S THEE MAX:MJM ACCEPTABLE FLOW VALUE?
{Fit return fcr 0.)
p o 21
‘ €235 POIKTS READ )
DS YOoU EAVE A STCARET DATA FILE FOR UPSTRIAM CCNSENTRATICON?
» YES
WSAT 1§ THEE NAMZ OF THE STIRZT FILE?
= STCFTT.CON
VEE Wwx:CM DATA SET?
(Kit return for 1)
P 1
WEAT 1S THE MAXIMM CONCENTRATION VALUE?
(Fit rezurn for €.)
1.0
Y1184 PCINTS READ

FIGURE 24
Example Sessions with Log Normal Program Entry



24b. Existing TSS File

KAVE YOU PREVICUSLY CREATED A TSS FILE FOR THE:S SIMULATION?

» YES

WAAT 18 THAE KAME OF YOUR 78§ FILE?

- ETy2VPLE

24c.

Terminal Entry of Data

HAVE YOU PRIVIOUSLY CREATED A TSS FILE FOR THIS SIMULATION?

»= NO

W=AT 18 TAD NAME OF YOUR NIW T8S FILE?

- TESTFILE

ECW MINY YIARS COF 227A DO YOU EAVE?

(Kit return for

»6

V)

ENTER STARTING DATE.

o 1SE/1/Y

HCW MANY OUTFALLS ARE THERE IN TEE SYSTEIM?

(Hit return fer

1

1)

HOW MANY OUTFALLS LIE ABOVE THE FLOW GAGZ?

(Hit retuzn for C)

»=0

PLEASE ®AIT &
INITIALIZATION OF YOUP TSS FIL
DO YU MANT A 8

>

N

FiLE YOUR TSS FILE 1S INITIALIIED ...

1S NOW COMPLETE.

TORET FLCOW DATA FILE?

W=EAT 1§ T4T BBV OF THI STIRET FILE?

B STIZET.PLS

USE »- L+ Da™a g2

(F.2 sez.re to?

>

V)

AT 18 Twl PAR VOV ACCEFTAELE FLOW VALUJE?

(F.2 reiurs teo-

b X322

.

€iis P sTy P2

b o ;:

Lo Yl sans =g

b B34

Fle Wity Qawr 0y 37 YIU

§7LB CINCEINTRLTION ZATA FRIM THE TIsn

CS YI. es X B $TIFLT DATA FILE FOR UFSTRIAM CONZENTRATION?

E2VE?

(r.t ve-,°9 1o’ &}

} S ]

Er"18 287 82 P37TFIaV CONCENTRATISN FOR EACK SAVPLE:

b oud TR )
=03y, .e
etiecy, Y

Y P <"y BIAT

FIGURE 24 Cont’d.

Example Sessions with Log Normal Program Entry
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LOGNIORMAL

SIMULATION TECKENIQUE

PLEASE SELECT ONE:

0
(2
(3
(¢

VIEW MO0
END LOGNIRVAL, RETURN TO TOXIiCS WLA MINU

) DETERMINE/SPECIFY MIDEL PARAMITERS
) RJL MOOEL
)
)

€L RESULTS/INPUT DISTRIBUTIONS

ENTER SELECTION (1-4)

(Hit
b

- W N

(
{
(
(

ENTER SELECT

(Hit resurn
>» 1

VIEW MIDEL
END LOGNIRMA

return for ¢)

) DETERVINE/SFECIFY MIDEL PARAMITEIRS
) RUN MIZEL
}
)

ﬁ'S:ZTS/!k?'
RETCR

DISTRIBUTIONS
TCX: CS WoA MIND

A\r

ION {1-¢)
for 4)

PARAMETER SPECIFICATION SECTION

OVIR HOW M
(Kit rezurn
» 1
WSAT 1S TRE
(Hit recurn
» 1000,
W=AT 1S THRE
(Hit return
== 1020
W=AT
FLOW
(K3t
> 1
WHEAT
(Eit
» 1
WEAT
(it
b i
W=AT 18 TrE
RIVER FLOW
(Kit rezucn
> 1

1S TEE
returrn

1§ THE
rez.rn

18 THE
reern

MANY DAYS DU TOU WANT RISULTS AVERAGED

for 1)

MEDIAN BIUNIARY FLOW
for 1.

843 BOUNDARY FLOW

fcr 10.)

CROSS-CTERILATION RBETWIEN RIVER FLOW AND EFFLUEINT
fer 0.)

MITIAN BIUNDARY CONIENTRATION
fer 1.)

(X3
for

BOUNDARY CONTENTRATION
10.)
CPISS-CIRRILATION BITWIEIN RIVER CONJENTRATION

for 0.)

FIGURE 25

Example Session with Log Normal Input Specification
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W=AT 1S THE MIDIAN EFFTLUINT FLOW
(KEit return for 1.)
» 10.
W=EAT 1S THE E4X%x EFFLUINT FLOW
(Hit return for 10.)
» 100. :
W=AT 1S THE CROSS-CORFE_ATION BETWZIEN EFFLUENT FLOW AND
EFFLUINT CONCENTRATION
(Hit rezurn for 0.)
.1
EFFLUSINT CONCENTRATION SFECIFICATION

TAAT 1S THE MIDIAN EFFLUEINT CONCENTRATION
(Hit return for 1.)

»10.
W=AT 1S TAE E4% EFFLUINT CONTENTRATION
(Hit return for 10.)

» 10C.

FIGURE 25 Cont’d.
Example Session with Log Normal Input Specification
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LOGNSRMAL SIMILATION TECHNIQUE
FLEASE SELECT ONE:

(1) DITERMINI/SPEZIFY MIDEL PARAMETERS

(2) RUN MIDEL .

(3) VIEW MIDEL RESULTS/INFUT DISTRIBLT:ONS

{4) END LOGNZRMAL, RITURN TO TSXICS WoA MINY
ENTER SELECTION (1-%)
(Hit return for 4)

» 2
"SAT 1S TEE MINIVMOM VALUE OF INTEREST
(Hit re:urn for 0.)

= 01 R
WAAT 1S TEE MAXIVOM VALUE OF INTEREST
(Hit recurn for 0.)

= 100. .
AT WaAT IKCREMEINT DO YOU WANT RESULTS LISTED (NSTE: TH!S
INCRIVINT MOST BE IN LOG UNITS!)
(Kit re:urn for 0.}

b 2%

SIMILATION COVFLETE

FIGURE 26
Example Session Performing Log Normal Simulation
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LOGRORMAL SIMUILATION TECHNIQUE
PLEASE SELECT ONE:

(1) DETERVINE/SPECIFY MODEL PARAMETERS
(2) RON MODEL
(3) VIEw MODEL RESULTSZ/INPUT DISTRIBUTIONS
(4) END LOGKORMAL, RETURK TO TOXICS WLA MENU
ENTER SELECTION (1-4) ’
(Hit resurn fer 4)
3

VIEW RESULTS/INPUTS FOR LOGNORMAL ANALYSIS

D2 YOU WAKNT (1Y) PLDT OF FRICUVENCIY DISTRIBUTION
(2) TARTLAR OUTPUT
OR (3) ENT VIEWING, RETURN TC MAIK LOGNORMAL MINT

ENTER SELECTION (1-3)
(Kit return fc- 3)
WHAT DO YOU WAKRT TO SEE

MODEL RESULTS:
(1) RIVER CONTENTRATION

INPCT LISTRIBUTIONS:
(2) UPSTREAM FLOW
(3) OPSTREAM CONCENTRATION
(&) EFFLUENT FLOW
(5) EFFLUENT CONCENTRATION
ENTER SELECTION ( 1-5 )
(Hit return for 1)
1

WREAT TITLE DO YOU WANT (B0 CHARACTERS MAXIMUM)
LOG-RORMAL RESULT

LOG-RORMAL RESULT

VALTE $ OF TIM= EXCEZDED % OF TIME 1K INTERVAL RETURN PERICC (TEARS)
0.100E-C SE.€7C 0.0%2
€. 410 )
0.316E-C1 $3.2¢°C 0.022
14.62°
0.100E-00 JE.E: ¢.0C3
22.64¢
C.316E-0C &€, 182 c.co%
’ 22.00C
0. 0CE<CY 3¢.182 C.OCE
15.0M
D.31€E+01 19,111 ¢.Cv¢
- E.86C
0.100E-C2 10,281 0.027
5.166 ’
0.316E~C2 $.064 0.0%¢
. 2.876
0.100E+03 2.2086 0.12¢

LR L R il T A L

FIGURE 27
Example Session with Tabular Output from Log Normal
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LOGNORVAL SIMULATION TEICHNIQUE
LEASE SELECT ONE:

(1) DETERMINE/SPECIFY MIDEL PARAMITERS
(2) RUN MODEL
(3) VIEW MIDEL RESULTS/INPUT DISTRIBUTIONS
(4) END LOGNORMAL, RITURN TO TOXICS WLA MEND
ENTER SELECTION (1-4)
(Hit return for 4)
3

VIEW RESULTS/INPUTS FOR LOGNIORMAL ANALYSIS

DS YOU WANT {1} PLOT OF FARAIJUENIY IZISTRIEUTICON
(2) TABULAR SUTFUT
CR  (3) END VIEWING, RETCURN TC MAIN LOGNORVAL MEINU
ENTER SELECTION (1-3)
(H:t rezurr for 3)
1

WHAT DO YOU WANT TO SEE
I20EL RESULTS:

(1) RIVER CONCENTRATION
INFUT DISTRIBUTIONS:

) UPSTRIAM FLOW

) UPSTREAM CONCENTRATION

) EFFLUENT FLOW

) EFFLUENT CONCENTRATION

ENTZR SELECTION ( 1-5 )

(Hit resurn for 1)

2

(
(
(
(

[V R Y]

b
P_EASE ENTER THE TITLE OF THE PLOT (EJ CHARACTERS MAXIMIM)
= UPSTRIAM FLOW
28,0 v mea- tecoccea e cam= tronnea boemane clm - cdmcrccandoemacan PR R R LR R
3 ! . !
! !
T ! . ’ H
1 23..-o-o--o-----oo------o------‘-----oooo-.--A------o---o--q----o-.------o
L ! H
E ! '
! . !
1 1§, ¢cocce. Sececcnderccce trecrccdrocacna LR c“tccmgestrrrromdacnnan decaccce
N ! N !
! !
1 ! 1
N 1:.9 ------ drcvone P e rm-ee dracscndecanns trmccan e mem- $reme - Seme - - -
T H . !
E ' . H
R ¢ !
v g, ¢ doemmnn- becscnan TR LR oo oww- teccnan e mw-- ctdrocmnnn e --- oo
A ! L !
L ! . !
1 o '
Q.,0--=== cqrenmna trmcmes trecccce LEE R R cdemonae Grcamentoccnnn

LR R R R RN R XN ]
4,64 5.17 8.7¢C
UPSTRIA™ FLOW

FIGURE 28
Example Session with Plot of Log Normal Inputs
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VIE® RESULTS/INPUTS FOR LOGNORMAL ANALYSIS

DC YOU WANT (1) PLOT OF FREDUENCY DISTRIBUTION
(2) TABULAR OTTPUT :
OR (3) ERD VIEWING, RETURN TO MAIN LOGNORMAL MEND

ENTER SELECTION (1-3)
(Kit return for 3)

1
WrAT DO YOU WANT TO SEE
MODEL RESULTS:

(1) RCVER CONCENTRATION
INFUT DISTRIBUTIONS:

V UPETREAM FLOW

, UPSTREAM CONTENTRATION

) EFFLIUENT FLOW

) EFFLUENT CONZERTRATION

(Bit return for V)

1

-TASE ENTER THE TITLE OF THE PLOT (B( CHARACTERS MAZIMIV.)
LOG NORMAL RESTLTS

‘oc..------.------.------.------’---.--'------Q------’-----..--O---Q------‘

! : !
U !
! !
a:_o------o.----oo------0------oo-----o--—---o---—--O---—--b------o—-----o
H
!
]

€ . emcecesemcrscasrrforresmmsembemmcecdorscredomccmmgmmseedonmeoetmsnaae
1
]

UMOMMNAMNM MXdy MO »

H

!
' [] . !
‘4L . oremcccoreccnrscncnn Gemmrret e rrr et e cerrelec s adrersncd o nrcetenaemwes
! !
' . !
; ;
2] . ®ccecccorcrrncenrrecnbr oy mtanaros o--o---oc.----o-----oo------o—-----;
: !
! . !
' ° '
(.#reeccctccccncnacrunn Py et L TR P PR P R R e R I L Dt ]

10¢ -1.00 <C.6C -C.20 0.20 0.60C 1.00 1.40 1.80 2.20 2.€60 3.CC
LOG NORMAL RESULTS

VIEY RESTLTS IKFUTS FOF LOGNDRMAL ANALYSIS

DI YT WANT (1) PLCT OF FRECTENCY DISTRIBUTION
(2) TABULAF OUTPUT
OR (3) END VIEWING, RETURK TO MAIN LOGNDRMAL MEND
ENTEPR SELECTION (1-3)

(Hit return for 3)
3 : .

FIGURE 29

Example Session with Plot of Log Normal Results




VI. PERFORMING WASTE LOAD ALLOCATIONS

Overview -

Each of the three techniques documented herein - Continuous Simulation,
Monte Carlo, and Log Normal - can potentially be used to perform toxics
waste load allocations. However, not all techniques can be applied in all
situations. In general, Continuous Simulation should be used in cases where
time series information on model inputs is well defined. Log Normal should
be used in single discharge cases where all mudei parameters are
approximately log normally distributed. Monte Carlo should be used when
neither of the other techniques are applicable, or in conjunction with the
other techniques. In some cases, the data may be insufficient to use any of
the three techniques.

This chapter discusses at an introductory level the conditions where
each of the techniques may be applied, and gives brief guidelines for
selecting between them. The chapter also briefly discusses how to perform a
waste load allocation for single and multiple discharge cases and how to
calculate the return period. Last is a discussion of toxic concentration
criteria. Discussions provided herein are very brief only as necessary to
alert the users to important technical issues. More detailed discussion is
beyond the scope of this users manual.

Selecting Between Techniques

tach of the three techniques can be applied to perform toxics waste
load allocations and no one technique is necessarily preferable to any other
on a theoretical basis. Mowever, all three techniques are not similarly
accurate or appropriate tn a1l situations. This section highlights when
each technique should be applied. ..

Continuous Simulation: Centtnuous Simulation is the most powerful technique
but only when sufficient time-series data are available to define the input
parameters. The power of Continuous Simulation decreases significantly when
data must be synthesized to replace missing historical values. The
guidelines for selecting Continuous Simulation as a function of time-series
data availability can be summarized as follows:

Time-Series Applicability of
Data Availability Continuous Simulation

A1l input parameters available Very high

and complete :
Only one effluent parameter missing High

or significantly incomplete
Both effluent parameters missing Fair

but other data is complete
A1l other cases Poor
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Continuous Simulation can be very reliable when analyzing the frequency
distribution of concentrations for existing conditions where all parameters
are well defined. However, the technique is at best fair when projecting
concentrations for future treatment alternatives because the sequential
nature of effluent flow and concentration cannot typically be defined as
treatment changes. If the user is uneasy about this problem it is possible
to use Continuous Simulation to simulate the concentration distribution for
existing conditions and the Monte Carlo technique for projecting the impact
of future treatment alternatives.

Monte Carlo: Monte Carlo analysis has the least stringent input
requirements of any of the three techniques and therefore the widest
applications. It is best used in situations with 1imited cross and serial
correlation of parameters; in these cases Continuous Simulation is preferred
where data are available. It can be applied in cases where the available
data are inadequate for either Continuous Simulation or for Log Normal
analyses. However, if the data are insufficient or inadequate the
reliability of results must be considered. Any of three standard
statistical distributions - uniform, normal, or triangular - should be used
whenever possible to describe input data; but data defined distributions can
also be used. Since data defined distributions can be used for even the
most limited data sets, care should be taken to ensure that sufficient data
exists to provide meaningful results.

Log Normal: The Log Normal technique is attractive because it requires far
Tess computational expense than the other two techniques. However, it can
only be applied for waste load allocation with single discharges and where
all input parameters have been shown to be log normally distributed, The Log
Normal technique can also be used as a lower-cost screening technique when
parameters are not all log normally distributed before conducting more
complex analyses with Continuous Simulation or Monte Carlo. In examining
the consistency of data to log normality special emphasis should be placed
on the "tail ends" of the distribution curves. It is typically at the
extremes of the input distributions where water quality problems occur and

thus where the assumption of log normality must be the most rigorously
Justified.

Allowable Effluent Loads

Water quality criteria are currently defined for maximum concentrations
of a constituent for a three year return period. For acute toxicity, the
instream concentration should not exceed 0.3 times the toxic concentration
level (or 0.3 toxic units acute) more than once in three years. Although
the critiera were determined for a one hour duration, the criterion will
generally be interpreted on a daily averaged basis because more frequent
calculations cannot be practically supported by data. For chronic toxicity,
the instream concentration for a four day average should not exceed the
chronic toxic level (1.0 toxic units chronic) similarly more than once in
three years. Allowable effluent loads should be calculated to maintain
these conditions.
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The waste load allocation process determines the effluent concentration
and flow that will result in a three year return period for the desired in-
stream concentration. DYNTOX allows two ways of determining the allowable
effluent load, both of which are equally valid and consistent:

1) inspection of the return period corresponding to a
desired in-stream concentration;

2) inspection of in-stream concentrations corresponding to
' a desired return period.

Using the first method, a user performing an acute waste load allocation
would inspect the return period for an in-stream concentration of 0.3 tua.
If the return period is less than three years, the effluent load is too
large and must be decreased. If the return period is greater than three
years, the effluent 1load may be increased. The waste 1load allocation
process using this technique consists of finding the largest effluent 1load
that will result in an in-stream return period for three years or greater
for the water quality criterion.

The second method for performing a waste load allocation is to
determine the in-stream concentration that has a three year return period.
For the acute toxicity example, the user inspects the in-stream
concentration with a three year return period. If this concentration is
greater than 0.3 tua, the effluent load is too large and must be decreased.
If the in-stream concentration with a three year return period is less than
0.3 tua, the effiuent load may be increased. The waste load allocation
process using this technique consists of finding the largest effluent load
that will result in an in-stream three year return period concentration less
than or equal to the water quality criterion.

Multiple Discharges

Establishing allowable toxic loads among multiple discharges in one
system involves technical and policy issues handled differently by different
states. One simple approach 1is to calculate the maximum allocations
successively, upstream to downstream, ignoring the inherent upstream
preference. A second approach would be to require consistent removal
efficiencies from all discharges ignoring that the assimilative capacity may
not be fully used in all river segments or allowing individual increases. A
third would be to assume no decay and allocate proportional to flow. The
list of options is extensive. The specific policy and procedure is a State
issue which involves technical, policy and political consideration.
However, DYNTOX can generally be adapted to address most any State policy.

In the illustrative examples included in this Appendix, a very simple
approach is used wherein allocations are conducted successively upstream to
downstream. This procedure was chosen only to illustrate the use of DYNTOX
and in no way represents a recommended procedure for allocating among
multiple discharges.
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Calculating the Return Period

Two common methods exist to calculate the return period for a given
concentration from probabilistic modeling. They are termed herein as:

1) the percentile method
2) the extrema method

The percentile method uses a listing of all in-stream concentrations and
ranks them. ~ The return period for a concentration is then calculated based
upon percentile occurrence. In the extrema method, only annual extreme
values are used in the ranking. The return period calculated from these two
methods are equally valid statistical representations, but neither
necessarily predicts annual occurrence frequency.

The percentile method assumes that all violations of the in-stream
criteria are independent from each other. Every exceedance of the criteria
is treated equally, including multiple violations in the same year.: Results
from this method therefore represent an "average" return period. The
disadvantage to this technique is that multiple violations related to the
same extended event (e.g. drought river flow) are treated as separate
events, which could lead to an estimation of the recurrence interval which
is more frequent than actually characteristic. The advantage to the
percentile technique is that multiple, independent violations occurring in
the same year are correctly incorporated into the return period analysis.

The extrema method uses only the largest concentration for each year in
calculating the return period value. This technique predicts the return
period for an annual extreme value and has the advantage of not "double
counting” multiple wviolations that are caused by the same event. The
disadvantage to the extrema method is that when multiple independent
violations' occur in the same year, only one violation is considered in the
return period analysis. This can lead to an estimate of the return period
which may be longer tham truly characteristic.

For the DYNTOX examples provided in this report, as for all analyses
conducted wusing DYNTOX, the percentile method is used. Users have the
ability to perfore extrems analysis by running Continuous Simulation one
year at a time and manually tabulating the extreme in-stream concentration
for each year. Investigations are now being conducted to establish the
appropriate application of the two techniques and the need to adapt DYNTOX
to more directly compute the extrema method.

In either case the degree of confidence that can be placed in model
results is directly related to the amount of input data available and the
return period for the concentration of interest. In general, the longer the
return period the more data that is required. If recurrence intervals of 10
to 20 years are desired, input data should accurately define the 30 year
return value of all input parameters in order to estimate the probability of
such rare events. Although the program will provide results using an
jnadequate data base, these results should not be used in performing waste
load allocations.
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Toxic Concentrations

Toxic concentration criteria for waste load allocation can be
determined by two methods:

o chemical specific
o effluent toxicity testing

The chemical specific method involves using scientific toxicity data for a
particular toxicant and establishing the concentration level of acute and
chronic toxicity. Limited consideration is typically given to synergistic
and antagonistic effects with other parameters. On the other hand, effluent
toxicity testing uses an operational approach. Bioassays are performed with
the effluent at different dilution levels to determine its toxicity as a
whole. Its toxicity is then defined in toxic units where one unit equals
the least concentrated dilution which caused the test endpoint. Other
levels of concentration are described in toxic units which are multiples of
this dilution. Detailed discussion of these concepts is not appropriate for
this users manual and the reader is referred elsewhere (EPA, 1985). However
some comments are appropriate.

Whole effluent toxicity testing has many advantages because it directly
considers site specific effluent toxicity and inherently considers multi-
parameter effects. However, on the downside:

o almost no toxic unit data exists for upstream water
quality

o defining combined effects of multiple effluents is
difficult

o quantifying in-stream decay of toxicity is also difficult.

In contrast, chemical specific toxic criteria are simple to use and apply.
They are limited however because they:

o are not site specific
o do not consider synergistic effects
o do not consider antagonistic effects

Both options have advantages and disadvantages. The reader is encouraged to.

research these issues in more appropriate technical documents (e.g. EPA,
1985).
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