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PREFACE
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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 a]locat1on of toxic
substances. It uses three simulation techniques to calculate the frequency
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and severity of instream toxicity at different effluent discharge Tevels.
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 1is not intended to be a discussion of the theoretical
characteristics and practical nuances of the three techniques. Some
introductory vremarks 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:
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also provided valuable administrative direction. Jack Kittie of Anderson-
Nichols 1is thanked for his assistance in supplying updated versions of the
ANNIE program. Dr. Dominic DiToro, Manhattan College is thanked for his

contribution to the 1og normal analysis aspects of the project. Drs. Paul
Rodgers and Raymond Canale of Limno.Tech, 1Inc. are +thanked for their

conceptual ideas. Tad Slawecki and Dr. Derek Wong, also of Limno-Tech, Inc.
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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 1imits is new or not widely used or understood.
This document serves to provide instructions on the use of modeling
techniques for calculating allowable 1oading limits and the associated
risks. lnese techniques are incorporated in the DYNTOX portion of the ANNIE
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discharge 1limits for toxic pollutants use steady state models to assess
exposure and calculate waste load allocations. These models are wused to
ca1cu1ate the allowable effluent load that just meets the chronic toxicity
water quality standard at a critical low flow. These analyses typically do
not cons1der 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 effiuent to calcuiate the frequency and duration of
exposure at different concentration levels. These more thorough methods
simuiate the entire distribution of receiving water concentrations
(expressed in a probability distribution) rather than a single "worst case”
based on critical conditions. This aliows each aiternative 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 reguuate these substances also mcor‘porate these COT]C@?LS



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
freguency 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 Carlio Simulation
3. Log Normal Analysis

A1l three are included in the DYNTOX program.

Continuous Simulation uses the most direct approach. A mathematical
model is wused to simulate a specified period of recorded history. This
approach wuses 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
cencentrations., 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 restrictions. 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
103 normal characterization for all model inputs.



The DYNTGX programs are at this time designed only for use 1in rivers
and streams. Kinetic interactions are restricted to first order losses.
Monte Cario 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 technique 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.



I1. COMMON REQUIREMENTS

The three anatytical 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 ‘nstream
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. 1In cases where STORET data are not available, the user
may enter data directly from the terminal. System data must be determined
by the wuser prior to performing any simulations. Effluent data nmust 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.
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for models that require time-series information ANNIE can be wused 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.
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DYNTOX is 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 s
described in the Appendix to this report.

Once the ANNIE program is installed and running, accessing DYNTOX s
Quite easy. ANNIE is 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 wusing 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
nAt walauarmd *n ¢ha e ~f NVNTNY snt‘ anmciiny A thie Aiactdsan ebhani 1A
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always be NO.

At this point in the session the DYNTOX programs are activated, and
the user may choose from the three possible techriques: Continuous

Simulation, Monte Carlo and Log Normal. A Complete description of program
operations for the three techniques will be given 1in the subsequent

sections, following a description of data required by all three techn1ques

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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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 availabile
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 1is 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 wuser 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 regulated, wuse 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 wused for
corcentration data. Unlike upstream flow, there are cases when STORET data
for wupstream 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 tiased by
the effluent concentration and therefore not representative of ccnditions
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, 1in 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 reguired.
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 Ly 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 is 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
be 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 constant or varying as a function of flow. Flow-
dependent time of travel is recommended and is calculated by the equation:

Time of Travel = aQb (1)
where Q is river flow and a and b are constants. The coefficients a and b
can be determined by plotting 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. Note 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 wunits

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



ITI.  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;
0 1instream fate and transport;
o single or multiple pollutant sources:; and

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

The primary disadvantage of the technique is that it requires a large and
rostly complete set of data on historical conditions. Another disadvantage
to Continuous Simulation is that computational requirements are

significantly higher than for steady state modeling or for Log Normal
analysis.

This chapter discusses the theory and application of the Cortinuous
Simulation technique, and is divided into three sections. The first section
discusses the theory upon which the model is based, and its advantaces 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 mode' inputs
for observed daily effluent flow (Q_ ) and effluent concentration (C_) and
combines these with daily upstream receiving water flow (Q ) and uSstreaw
concentration (C ) to calculate downstream receiving water “concentrations.
The concentration directly below an effluent outfall (Cd) is determined from
the equation:

Cq= oYt (2)
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This technique assumes complete lateral mixing in the river. The
model  predicts a simulated history of instream 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 (C4
vs. frequency). Running average concentrations for four days, or for any
other averaging period, <can also be computed from the simulated
concentrations, ranked in order of magnitude, and aiso presented as a
probability distribution (see Figure 5).

The Continuous Simulation model can predict the concentration below
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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 ™7) (3)
where: Cu = concentration above the second discharge
Cd = concentration below the first discharge
Kk = 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 interva1s of 10 or 20 years are
desired, then at Jeast 30 years of flow data should be available. This is
needed to prov1de a suff1c1ent1y 1ong record to estimate the probab lity of

..... & mema - e = alen Lomn &b b |

T

rare events. \lne same data rcq“i?é‘er s are also true
and Monte Carlo methods).

or the Log Normal

The Continuous Simulation model has three primary advantages compared

¢n ebnna cetata madalima Manta Cavla and I nag Narmal analuese Eivct tha
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advantage over steady state modeling is that Continuous Simulation can
predict the freguency and duration of toxicant concentrations in a receiving
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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 alt 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 detaris 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 physical and hydrologic constants.

O © 00

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

General Simulation Requirements: 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 all 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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General Information:

Beginning and end date of simulation
Number of discharges above flow gage
Average point source flow above gage
TSS computer field name

1

Upstream Data:

- Time series flow data

- Data synthesis technique for flow

- Time series concentration data

- Data synthesis technique for concentration

Effluent Data:

- Time series flow data

- Data synthesis technique for flow

- Time series concentration data

- Data synthesis technique for concentration
System Constants:

- Time of travel information

- First order decay rate (s)

- Drainage area ratio (s)
- Water withdrawal rate (s)

ata Source

USGS flow records
User defined
Treatment records
User defined

STORET
User defined
STORET
User defined

Treatment records
User defined
Treatment records
User defined

Dye studies,

current meters
Instream data
USGS topographic maps
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 located 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 Ccntinuous
Simulation technique:

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

Each is 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, lag-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 vaiue, 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 in 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. Al}
other coefficients will be determined from the observed data by the prograr
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 hardle 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 fiow 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 wuser 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 wuse either
Yinear 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: System 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 1loss rates. Time
of passage must be defined for the stream segment between the wupstream
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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am inputs rologic 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 “Jocated 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 Continuous Simulation waste load allocation.

Program Use

The Continuous Simulation program, like the programs for the other
techniques, 1is 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:

o Program tntry,

o Input Specification,

0 Model Simulation,

0 Viewing/Analysis of Input Data,

- 2w o e A =V a2 A 0O YAl B YA o g |

V] Viewing/Rndiysid O1 S>imuidalion nesuits, 4anag

o Ending Continuous Simulation
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termed Program Entry. This section involves either the initialization and
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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 interpclation, loss rates, and effluent inputs are handled in
another activity (entitled lnput Specification) because these factars may be

changed in alternative s1mulat1on§

Figure 7 shows example sessions with the Program Entry activity. The
first questions in Program Entry concerns the existence and location of the
7SS 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

CYRNAVIC TOX!CS ANALYSES

W= Ch TECHNIQUE DO YOU WANT TC USE:

(1) CONTINOTOS $IVMULATION: DILUTION AND DECAY
(2) MINTE CARLL: EILUTION ANZ DICTAY
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(¢) EXZ DYNTOX, RETUFPN TI ANNIE MENU
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(K.t return for &)

»
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» NZ
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ENTE® BECINNING AND ENIING DXTLC FIF SIWMOLBTION:
ENTEF STARTING DATE.
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(F.t return for C)
—
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Y
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FIGURE 7

Example Session with Continuous Simulation
Program Entry
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Example Session with Continuous Simulation
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CONTINIIUS SIMULATION TECENIQUE
P_LEASE CHOOSE FRZM TAREL POLLOWING:

(1) SPECIFY mMODEL INPUTS

(2) RON THE SIVULATION

{3) VIEW/AMALTIE ThRE INFUT DATA

(8) VIEW ANALYIE THE SIVUIATION RESULTS
(5) END CONTINUDUS SiMULATION

ENTE2 YOUR CHZICE (v - S):
(M:t rezoon for 1)

b S
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(1) SPETIFY SYSTEM CONSTANTS
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(4} ENZ T €ITES DEFINITION AN RETURN T2 CONTINUOLS
L 34 oyl . MEND
ENTER YOUR CHIICE (Y - &)
(H:t resurn for 1)
» 1

---- SYSTEM CONSTANTS -----

INFUT DATA FCR EAZH REACH

SYSTEV CUNSTANTS FCR REACH 1, BETWSICEN

H3= DT YOU WANT TC SPIlIFY TrRE TiMZ

CFSTREIAY BIUNDARY AND FIPST OUTFALL
CF TRMAVEL?
(1) CINSTANT
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» .
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>0
WeAT IS TRE TEAINAGE ATIA RATII FRIM TSE US3S CASE?
(K.t rezuvtn for 1.)
D RN

FIGURE 8

Example Session with Continuous
Simuiation System Constants
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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 wuser
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 wused 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 siy.ificant 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 1is
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
boundary 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 s
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

U DN —
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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 of 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 wuser 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 wuser 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 %a), no
additional wuser inputs are required. The first-order Markov process
requires user specification only of the auto correlation coefficient (Figure
Sa) 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 wuser 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 1is 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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Linear Interpclation and Simple Markov
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Example Session with Continuous Simulatjion
Effluent Specification
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9b. Multiple Period Markov
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Example Session with Continuous Simulation
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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 specifyving 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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IV. MONTE CARLO

The second technique which can be wused 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 wmathematical 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;

o requires less extensive data than Continuous Simulation;

o model inputs need not follow a specific statistical function;
0 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, 1its advantages and disadvantages.
The second section describes the data input requirements. The th-rd 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 rale. The model is then used to simulate a single water quality
response profile. In multiple discharge cases, the concentration above each
outfall is 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 location. 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 calcul~tions, 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 car
provide information on the probability of water quality problems and their
severity. For a more in-depth discussion of using Morte 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 is 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 Mgnte 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
or  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 Log
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 computational requirement. Like Continuous Simulation, however,
the problem of excessive computer requirements is being minimized through
recent advances in computer technology.
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Schematic of Monte Carlo Techniaue
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discharges are Jlocated upstream of the USGS gaging station; if so, the
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 spec1f1ed
they will be stored in this computer file and need not be specified for
later simulations.
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no standard statistical distribution. The parameters required to describe
these data should all be determined using SAS (UNIVARIATE procedure) and are
described below. OYNTOX allows comparison of the observed data to the
distribution selected by the user.
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Monte Carlo Technique
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The wuniform 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 norma) 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 wuser may simulate cross-correlation between these parameters
through the wuse 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 wused 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 d1str1bution
using the same technique described in the upstream boundary data section.

Any downstream tr1butary 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 determ1ne 1nstream 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 spec1f1ed regardless of the location of the gaging
station. For d1<rharop< located downstream of the USGS gage the ratio (and

adjustment) will be greater than 1.0.  For discharges Tocated upstream of
the gage, the ratio will be less than 1.0. The method to be wused for

specifying drainage area ratios is described in the Common Requirements
chapter. A second hvdrn1naar 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

~a v LI~ W =

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 s
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 wacte
computer time. The recommended method for determining the proper nurber 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 is 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 1into 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 tntry,

System Constants,

View Input Data/Specify Distributions,
Run Model,

View/Analyze Results, and

End Monte Carlo.

000000

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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Program [ntry

fn.Jmu\

Systes
Constants

View/Analyze
Resul ts

End Monte
Carlo

VieW [nput Run
Data/Specify Modie )
Distribution

FIGURE 15

Hterarchy of Monte Carlo Subprograms
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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
7SS 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 fear/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 7SS 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 wused, 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-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 1Ba).
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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 wusing 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 technigues.

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 wuser enters only the previously calculated distribution
information. (e.g. Figure 18a).
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I N
W-AT 1§ THE KAME OF YCUR NEW TSS FILE?
P TESTTILE
MIw PANY YEAPS OF TATA DI YIU KAVE?
(.2 rezorr tcr V)
> ¢
HI& MANY DUTFALLS ARE T-FfRI IN T-E SYSTEIw®
(F:2 resorr ter 1)
= 1
RIW MANY CUTFALLS LIE ABIVI TNI FLTW GAZED
(r.t return fer O
7

PLEASE WAIT We!E YIUR TSS FILE IS INITIALIZES
INITIALIZIATION OF YOUR TSS FILE IS NOw COVBLETE.
DC Y2U KAVE A STCRET FLOW CATA FILE?

FllE?

WeAT 1S TeI PAYIVV ACCEPTASLE FLOW VALUE?

(-.2 re=_rn ter C.)

4535,

€3t PIINTS READ

DI YIU BAVE A STIZRET DATA FILE FIR UPSTAREIAM CONIENTRATICINY
» N2

O Y20 WANT TS OENTIR CONIENTRATION TATA FRIV TRT TESMINAL?
- VES

RZ=s MANY SaVF_ES DT YIU KAVE®

(.t res.2r for &)
»- 3

EY7I% DATE AND UPSTRIAM CINIINTARATION FIR EACKE SavPLE
= 60, .8
6003, .4
W cLTECS, L 2)

FIGURE 16 Cont’'d.
Example Session with Monte Carlo Program Entry
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MOKTE CARLD SIMILATION TECKNIQUE: MAIN MINU
PLEASE SE_ECT ONE:

(1) SPECIFY SYSTEM CONSTANTS
(2) VIE= INPCT DATA/SFICIFY DISTRIBUTIONS
(3} RUN MCOEL
(¢) VIE~ ANALY2E RISULTS
(%) ENZ MINTE CARLD SIMULATION, RETUSN T2 T1207CC WA WEIND
ENTIF SELTITION (-5)
(r.t re..7r fecr &)
) |

SFICIFICATION CF SYSTEM CTNSTANTS

E2= Do YZU WANT T2 SBECZIFY THE TIwE OF TRAVEL FILATIONSHIP FROM
TAZ BIUNZARY T2 ThRI FIRST DISIRARCE
(1) CONSTANT
(2) AS A FUNCTION OF FLOW
ENTER V OR 2
(hit rezurn for 1)

=

W-AT IS TSL TIMZ OF TRAVEL N DATS

(K:2 return for 0.}

1

D N
WYAT 1S THEE FIRST CFZE2 DECAY RATE FROM
T-E BINDARY TC TrE FIRST TISTRARSE
USE UNITS OF (1. ZAY)
(Fit return for C.)
b |
WeAT 1S THE WITAZFRANAL RXTE
)-O.c
W-AT 1S TFT DRAINARIE APEIA RATIC OF DISC-APIE ¢
TC THE USGS GAGE
(F:t rei.rn fcr 1.)
) R

FIGURE 17
Example Session with Monte Carlo System Constants
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18a. Demonstration of Uniform and Normal Distributions

PLEASE CHOOSE ONE:

V) SPECIFY EFFLUENT FLOW/CONIZENTRATION DISTRIBUTICN

2) VIEW DATA/DETERMINE BIUNTARY CONCENTARATION DISTRIBLTION
3, VIEW DATA/DETERMINE BIZUNDARY FLOW DISTRIBUTION

&) END INPUT DIFINITION, RETURN TO MONTE CARLC WINT

ENTER SELECTION (1-4)
(Hat return for 4)
A |

SPEZIFICATION CTF EFF_0INT TISTRIBUTIONS
SFEZIFY FLOW INVISMATION FIP DISI-ARGE 1
W-AT TIFE OF DISTRIBUTION DO YOU WANT?

(1) USIFZRM

(2) NZRVAL

(3) TRIANSULAR

(4) TRTA DETINED
ENTIS SELECTION (1-4)

(h:it rezurn fcc V)
1
AT 1S THAE PIAN VALUS
(K.t return for 1.)
- 25,
W-AT 1S THRE RANGE
(Ki2 rezurn for C.)
3.
SFEZIIFY CCNTENT
WaAT TYPE CF T.

(V) UNIFIRM

(2) NIZMAL

(3) TFIANGULAR

(4) DATA DEFINID
ENTIA SELEITION (1-4)

(F.t rezurn fcor 1)
o= 2
W-AT 1S TRE MIAN VALUL
(F.t return fer 1)
h LN
WoAT 1S TrE STANTARD TIVIATION
(K.t rezirn for ()
) __

RATION INFZRVATION FOR DISINARGE
CSTRIBLTION DT OYIL WANT?

ENT CF DISTma=lC SPEIIFICATION SECTION

FIGURE 18

Example Session with Monte Carlo
Specifying Effluent Distributions



18b. Bivariate Normal Distribution

SFICIFICATION OF EFFLUENT DISTRIBUTICNS

SPILIFY FLOW INFZAMATION FCR DIST-ARCT 1
WHIT TIPT OF DISTAIB.TION DO YOU WANTY
(1) UNIFZRM
(2) NIRVAL
(3) TRIANGULAR
(4) DATA DEFINED
ENTER SELECTION (1-4)
(Hit return for 1)
2
W-AT IS TAE MIAN VALUE
{r.2 rez_zr tor 1.}
2%,
W-AT 1S TSE STANZARD DIVIATION
(F.t return for 0.)
3.
SPLEZIFY CONCENTRATION INFIFVMATION FOR DISTHARGE
WeAT TYPE OF DISTFIBUTION DC YTIU WANT?
(1) UNIFZRM
(2) NIT™aL
(3) TEIANGULAR
(4) DATA DEFINED
ENTER SELECTION ('-4)
{Mit rezcrn for 1)
2
WHAT 1§ TAE MEAN VALUE
(Wit rezirn for 1.)
) -
vmAT 18 THE STANTARD DEVIATION
(K.t rez.rn tor 0,)
1.
1S CONIENTRATION CCRFELATED TC FLOW
» YES
ENTER COVARIANCE BITVTEIN CONIINTRATION AND FLOW
(k.2 rezceen for C.)
2

END CF LISTRARSE SFIZIFICATION SEZTION

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

(100 NN N

Although there 1is 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. Progra~
operation for the section is straightforward, requiring only the inputs
discussed in the Common Requirements section. An examplie 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 1input 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 effluent
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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wWhen 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 1is 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
questior, 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 freguency
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 wvariation, 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

YYY Yy

SPECIFICATION OF INPUT DISTRIBUTIONS

OVEER KOV MANY DAYS DC YOU WANT RESULTS AVERAGED
(M.t return for V)
1

PLEASE CHOOSE ONE:

(1) SPECIFT EFFLUINT FLOS/CONCZENTRATION DISTRIBUTION

(2) VIEW DATA/DETERM:KE BOUNDARY CONCENTRATION DISTRIBUTION
(3) VIEW DATA/DETENMINE BCUNDAPY FLOW DISTRIDUTION

(4) END INPUT DEFINITION, RETURN TC MONTE CARLO MENT

ENTER SELECTION (V-4)

it reorr fer @)

k]

SPEIIFICATION OF BODNTARY FLOW DISTRIBUTION

DC TOU WAKNT TC SEL A DATA DISTRIBUTION PLOT BEFORI CHOOSING?
Y

INTERVAL OF CUMULATIVE FORMAT

1

DI YOU WANT TC SEE A STATISTICS TABLE®
N

AT TITLE DC YOU WANT FOR YUJR PLOT (80 CHARACTIR MALIMOY)
BDCUNDARY FLOW

- ~tmccean LR -
1 1 H
' !
T 1 !
b ‘: e vmm- L o - D .- - - - - L - e - -~ e omm- -
w. ! !
4 1 !
! !
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r 1 [ . \
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D R e R e R e R R e R L D R R R
0. $20. 10DC, ¥83C. 20C7C. 25°C. 3TCC. 3530, 4C0C. &sC:, ool

BOUNDARY FLOW

FIGURE 19

txample Session with Monte Carlo Specifying

Triangular Distribution
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Yy Y v Y

SFECIFY BTUNDARY PO« DISTFIBUTION
"= AT TYPE OF DISTRAIBUTION DI IOU WANT?
(1) UNIFOR™
(2) NORVAL
(3) TRIANZTLAR
(¢) DATA DLTINEID
ENTER SE_ECTION (1-4)
(H:t return for V)
3}
=17 1S THE MINIVIV VALUE
(F:t retirn fer L)
195,
$-17T 18 THEE MARIVOVY VALLS
(r.t returr fc: 1.}

2820,

WeAT 18 TAL BXFEITLIZ VALUE
(r.t rescrr for €.%)

€lC.

D2 Y2U WANT TU (COMAARD T-L LISTFIBLUTION TO THFL ACTOAL DATA?
A

W=2T TITLE DI OYIU WANT FCOF YOUF PLOT (EL CHARACTER WALIMOM!
COVFARISON OF TRIANSULAF DISTFIBUTION

V0L e------ D D R e m - L A LR *=--=

b | '

[
T 1
1 B, e-----a- tcemrea R ®cccnea e, ¢rmcmna ¢ —— *---
| 4 !
[ 3 !

!
] 67 e------ eces-o- D P D D P - --
» !

!
1 !
N 47 o------ P LR L LR L .-
7 ! ]
| 4 1
R ! .
\ 20 e------ P PR R R R tcemae ¢ P .o
A H P []
I8 ! . P .

! .

C ¢-cce-- teconca P R e m-e-
C 1194 Wit e €177, &sTU. AnII. 3t
COMFAS

-r
CEON OF TRIANCULAF LISTRIEUTION

IF TrPIS FIT ACCEFTARLL?
1

ENZ OF BOUNDARY FLOW SFECIFICATION SECTION

PR,

See .

4= -P--tc-F-ccarccprnccacgorecccgoatocfonme

40,

FIGURE 19 Cont’d.

Example Session with Monte Carlo Specifying

Triangular Distribution
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SPECIFICATION OF BOUNDARY FLOW DISTRIBITION

SPECIFY BOUNDARY FLOM DISTRIBUTION
WnAT TYPE OF DISTRIDNI.ON DI YOU WANT?
(1) UNIFORM
(2) NTRMAL
(3) TRIANGJLAR
(4) D)TA DEF.NLD
EXTER SELZCTION(V-4)
(H:t returr ter 1)
4
W=AT 1S THE MINIVIY VALUE
(Fiv rescrs fcer ()
YEL.
MOV PANY IKTEFUALS DI YOU WANT TO SPECIIFY
(h:t rexcrr ter 2)
4
PIKIWMY VALTE FOR IKTERVAL V 18 18C.
W-AT 1S THE MAZIMOW VALUE
(K.t rezarr for V.)
22C.
Al T IS TAE PRTIBARILITY OF OCCURRENCE
(F.t rezucr for C.)
.6E6E7
WIKIWIY VALTE FOF INTEPVAL 2 18 22C.
WHAT 1S TRE MALIVIV VALUE
(M.t return for 220.)
267 .
WaAT 1S THI PRTEBARILITY OF OCCURRENC
(K.t rerurs fcr C.)
c.
PINIMIV VALTL FCROINTEFRVAL 3 1S 26°C.
WrAT 1S TET MALIVOY VALVE
(F.t rezurr fer 2€6C.)
327,
War7T 18 THRE PRCRARILITY OF OICUAPENTE
(FR.2 res.rr fcr C.}
c.
VINIMY VALUE FOF INTEFVAL 4 18
W-AT 18 TRE WALV VALUE
(F.2 rezgr ler 3:C.)
K.
wWraT 18 THAL PRTRAPRILITY OF OICURPINCE
(Fit rezers fcr €

wt
N
(2]

RERRE
DI YIU WANT TD COVFARE THE TISTRIBUTION TCO TFE ACTUAL DATA
N

ENT OF BIUNDAPY FLOW SPETIFICATION SECTION

FIGURE 20
Example Session Specifying Data Defined Distribution




MINTE CARLD TEZMNIQUE

PLEASE CHOCTSE FROM THE FOLLOWING:
(1)
(21
(3)
(4)

SPEZIFY SYSTE™ CONSTANTS
RON mITEL

VIE= /ANALYZIE RESULTS

END MINTE CARLT SIVULATION,

RITURN TO TCOXICS WLA MEINT

ENTZIR YOUR CHIICE (1 - 4):

(Hit recurn for V)
3
VI ND ANRIIYEIS OF RISULTS
DI YIU WANT TC SEE A PLTOT?
-y

WrAT TITLUE D2 YIU WANT FCR YCUR
P MINTE CARLT CONIENTAATION

F_27

(81 C-ARATTIR MAXIWV V)

| S N N R LR R i LR LR A I I
!
(o] !
¥ ! .
| T R L i LR R L R R i I
T . .
1 !
L] ! L]
| 4 €2 'eve-o. R L i) LR i D I e I I e
? .
) S . .
} 4 !
C §7 trecemeana- [ R R R S LR R ) L R N it I I
t ! .
| % t (X}
D - 3e0
E 27 lmemceccecenas IR R FE ERER R LR EEEE R R D T I
D ' (X
' see
' L]
E' """""""" LA Al i S8 0¢S8R FRRPREORORNERORIRORPROsIRNtPERORAERNDIS
t.¢ ¢.82 1,22 1,82 2.2 2.

MINTE CARLT CONITESNTRATION

FIGURE 21

Example Session with Monte Carlo
Viewing Results In Plot Format
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PLEASE CHOOSE FRO¥ THL FOLLOWING:

(1) SPECIFY SYSTEM CONSTANTS
(2} RN M2oEL
(3} VIES 'ANALYIE RESULTS
(4) EXD CONTIKUDUS SIWMILATION
EXTEF YOUF CHOLCE (Y - @)
(¥it returr fer 1)
3

VIEWING /ANALYSIS OF RESULTS
OO YIU WANT TC SEF A PLOTY
[

DX YOU WANT TO SEE A STATISTICS TABLE®
T

WAAT TITLY DC YOU WANT FOF YOUR TARLE (EC CRARACTEF MALIWM!
MINTE CARLT

MONTE CARLD

VIAN o C.4%¢ STANSARS DEVIATION c.2¢8°
CIEFFICIENT OF VARIATION C.€95

VALE 2 OF TIvX ERTCEEDED % OF TIVE IN INTERVAL RETUR™ PERIOZ (YEAPRS:

c.c RS el c.cc3
40.244

€.2¢" €5 . 75¢ c.cot
3C.CE"

€.e02 28.€7¢ c.ccs
1Y, 32

C.78¢ VE. 253 €.c%
V€. 260

CC $.033 C.rae
2.033

V.28 c.C -§8¢.0CC
c.c

1.8 c.t -ggc. 00
c.¢

v.te c.t ~§53¢.0LL
c.¢

2.0 c.0 -59¢.¢22
c.0

2.2¢ o.¢ -568.¢2¢
c.o

2.5 t.0

DS YCU WANT TC: (1) SEEI » RETURM PLFICD FOF A DIFFERENT VALUL
(2) CALCULATE TAL VALUL WITh A THAREE YEAR TURN PERIOD

OR  {3) END TARULAR ANALYS!S

3

FI1GURE 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 Simultation:
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 (CQ) based upon upstream concentration (C ), upstream flow (Q )

effluent concéntration (Ce), and effluent flow (Qe):u u
Q C +Q ¢C
u“u e ‘e
Cq = P (4)
u e

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, Llog
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 matﬂematica] equation,
numerical integration can be conducted to determine the probability that
C, > C . By repeating this integration for different values of C , the
pﬂobabi]ity distribution for C, can be estimated. The probability of
exceedance can be estimated for darations 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 wuse 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 thar steady
state models, but no more than Continuous Simulation or Monte Carlo.

Input Requirements

The model input reguirements 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 1{nput 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 located 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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General Information:

- Beginning date of observed data

- No. of years of observed data

- Number of discharges above flow gage
- Average point source flow above gage
- TSS computer file name

Upstream Data:

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

Effluent Data:

- Mean and B4th percentile value for flow
- Mean and 84th percentile value for
concentration

- Cross-correlatiion between effluent flow

and effluent concentration

System Constants:

- Drainage area ratio

- Water withdrawal rate

Output Interval of Interest:

- Minimum river concentration of interest

- Maximum river concentration of interest
- Interval for output

Data Source

USGS flow records
USGS flow records
User defined
Treatment records
User defined

STORET
SAS
STORET
SAS

STORET
STORET

USGS topographic maps
Withdrawal records

User defined
User defined
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. ODYNTOX 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 B4th percentile value for each parameter. These parameters can
also be determined from SAS, as well as the adequacy of the assumption of
1ng normality ({(using the UNIVARIATE procedure on the 1logarthims 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 technigue
requires information describing the cross-correlation between river flow and
effluent flow, and river flow and river concentration. These c¢ross-
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 anrd 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 locations.
Ratios are needed to define the comparison between the gauged drainage basin
area and the dr2inage 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 Regquirements 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, 1like the programs for the other techniques, is
divided 1into 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 Norma) program and will discuss the options
available. It is divided into sections describing each of the primary
activities of Log Normal analysis: Program Entry, Input Specification,

Model Simulation, Statistical Analysis of Inputs/Resulits, 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 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 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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Program tntry

tictermine
Swecity Model
Parameters

Run
mModel

Yiew [nputs/
Results

Log-Normal

<

1)
Gut ot

rlot
Outiut

vieminy

FIGURE 23

Hierarchy of Subprograms for Log Normal

62




Another poss1b111ty for Program Entry 1s when the user has no STORET
and wishes to enter data manually from the terminal (Figure 24c). The
3 equ1red to 1nput the number of data po1nts, then the date and
r

jon for each value. The proper format for the data 1is (date,

ti
th the date in the YYMMDD format. The final option of the Program

~=1_..%1_.a

Entry concerns the case where all input distributions were calculated off-
Yine before wusing the DYNTOX. In this case, no data need be entered,
either f STORET files or from the t inal, and the user may proceed

"Om  JIUKE] Ti1ies Or trom tne term
o Input Specification.

'nput Specification: Required inputs inciude mean {50th percentile) 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. Va]ues
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, wusers may
specify a 1log 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 resuits are desired. It
is important to note that this interval is in log (base 10) wunits. 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 simuiation 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 simuiation 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 piot form. The piot format
differs slightly between the input parameters and model results. The input
parameters are pliotted 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 vaiue in the specified range {Figure 29).
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24a. New TSS File

TOXIC SUESTANCE WASTEILZAD ALLDCATION MIZILING
WelCOW TEC-NIQUE DO YOU WANT 70 USE:

(1) CONTINU™TS SIMILATION: TLUTION AND DECAY
(2} MONTE CARLO: DILUTION AND DEZAY
(3) LOG-NIRVAL: SLUTION ONLY
(4) END TOXICS W_A, RETUPRN TO ANNIE MINV
ENTER SELECTION (1-4)
(Hit return for 4)

3

D2 YTU PAUE UPSTRIAV BIUNIARY DATA FI: pNilVEICS
1 ES

BAVE YOU PREIVIOUS.Y CRZATEC A TSS FILT FOR T/ $ SIM.U_ATION?
b

W-AT 1§ ThD NAMI OF YIUR NIW TSS FILlE?
= TESTFILE
FJI« MANY YEAPS OF TATA DT YIU RAVE?
(Mi1t ret.on tcecr V)
» 6
ENTER START -0 DATE.
562/ /1
ROV MANY CUTFALLS ARZ TrERT IM TAE SYSTEM?
(Hit rexorn for V)
» )
HIW MANY OUTFALLS L1E ABIVE TrE FLOW GAGE?
(Hit return for €)
» 0.
PLEASE AT WwiLFf YOUR 78S FILE 1S INITIALI2ED ...

INITIALIZATION CF YOUR 78S FILE 1S NOw COVMPLETE.

D2 YTU RAVE A §TIFIT FLON DATA FILE?

18 TRT NAVE CF TRE STIREIT FlLE?
L T.F.C

VSE wW-IC~ ZATA SET?

(K.t ret.rn ter V)

WeAT 1S TeET MAXIMOM ATIEDFTARLE FLOW VALUE®
; rezoor fer CU)

3i¢ pIinTg READ
T2 YI. PAVE A STIRET TATA FILE FCR UPSTRIAW CIZNIENTRATIIN®

) =8
W-AT 18 T-E KAVI CF THE STIZIT FILE?
> STIFIT.CON
V8T w-IC~ DATA S$ET?
(M1t retirn for V)
» 1
WeAT 18 TRED OMAAIMOM CONTENTRATION VALVE?
(Fit tesurr for C.)
.0
Y184 PZINTS RTAD

FIGURE 24
Example Sessions with Log Normal Program Entry




24D.

Existing TSS File

RALVE YOU PREVICUSLY CREATEZ A TSS FILE FOR T+1S S§:W_LATION?
» YES

WndT 1§ TR MAME CF YZUR TSS FILE
= TYIVPLE

24c.

Terminal Entry of Data

RAVE YOU PRIVIOUSLY CREATEZ A TSS FILE FOR TF1S SIMULATION?

= NT
W-AT IS TRI NAVE COF YOUR NI& TSS FILE?
- TEETFILE

PIe MiNY YIARS OF Z:7A D2 YZIU kAVEY
(Fi: retorn for )
» €
ENTIR STARTING DATE.
o CSEI /Y
RT= MANY OUTFALLS ARE T-ERT IN THEI SYSTIWO
(Hit return fcr 1)
S
RO WANY OUTFALLS LIE ASIOVEI THE FLIw GASEI®
tE:t return for ()
»C

PLEASE WAIT wFILE YOUR 78S FILE 1S INITIALIIED
INJTIALIIATION OF YZOUP 7SS FILE 1S MZw COVPLETE.

O YIU hAVE A STIFET FLCW SATA FILEY

"=AT 1§ TAL KAVI OF T-I STIRIT FI_E
T.FLD

cC DATA §ET?

(F.t rezorr tor V)

V=AT 18 THE MAXIVOV ACCEFTANLE FLOW VALLUE?

(F.c retvrr fcr C.)
b XS]

€i48 PIINTS RIAD

O YIU RAVE A STITIT DITA FILE FIR LFSTRIAV CINIENTEATIOND
> N2

D2 YIU WANT 70 ESTIR CI8TIn"227108 Z2TA FRIV T-T TI3vingalnd
P LES

Fla MINY S2VDIEE DT yIU w27
fr.t rezurn for ¢)
>3

ENTZIP DATE AND UPSTFIAV CISCENTRATION FCPR EAC~ SAVPLE:

FIGURE 24 Cont’d.
Example Sessions with Log Normal Program Entry
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LOGNIJRMAL SIMULATION TECENICQUE
LEAST SELEICT ONE:

) DETERVINE/SPECIFY MIDEL PARAVITERS
) RUN WIDED

) VIEW MITZEL RESULTS/INPUT TISTARIDUTIONS
) END LOGNIRMAL, RETURAN TO T

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

) DETESVINE/SFEICIFY MIDEL PARAMITIPS
)RS WITEL
VVIEe MITEL BESULTS CINFUT DISTRIBUTIINS

1
:
N g

€ END LDGNTAMAL, RITURN T OTIXICS WLA MINT

ENTER SELEITION (1-4)
(K.t ret.on for &)
1

FASAVITER SPECIFICATION SECTION

CVIR WOW MINY DAYS DT TIU WaANT RISTULTS AVERLAGYD
(Wit rezurn tor V)

1

AT 1S € WEDIAN BIUNIARY FLCW

(Hit rescrn for 1.)

102C.

WeAT 1S THT 841 BIUNTARY FLOW

(Wit retiss fco 1C.)

~map
Wil

Ce AT 1S THFE CRISS-CTERILATICN RETAIEN RIVER FLOw AND ETFLUINT
FLOw
(hr.t re:.:~ fec: C.)
M
WeAT 1S TRT MIZUAN BIUSILRAY CINIESNTRATION
(Fit rev.rm fer V,)
A
W-AT 18 TFT OE4Y BIUNIAGY CIMNIENTRATICON
(“:t re2.7" for C.)
1)

VIAT 1§ Tof CPISS-CIZIILATION EITSIIN BIVES CINIENTIATION
RIVER FLla

(bt o7~ fece C.)

N

Example

FIGURE 25
Sessfon with Log Normal Input Specificatlion
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EFFLUENT FLOW SFEIIFICATION

W-RT 1S T MIZIAN EFFLUINT FLOW
(Fit res.rrn for 1,)

> 10,
AT 1S THRI BEX EFFLUINT FLOW
(H:t return for 1C.)

» 1CC.

W-AT 18 TrE CRAZSS-CIRFE_ATION BITWIEN EFFLUENT FLTw AND
EFFLUINT CONTINTRATION
(H:t re:orn for 0.)

) BN

EFFLVENT CONTENTRATION SFECIFICATION

AT 1S THE MIDIAN EFFLUINT CONIENTRATION
(Hit res.c- for 1,)

10,
W=AT 18 TARE EXY EFF_UINT CONIENTRATION
(K.t retorrn fcr 10.)

™ 100,

FIGURE 25 Cont’d.
Example Session with Log Normal Input Specification
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LOCNZRWAL SIVULATION TETHNIQUE

-
cw-

F.

"

ASE SE_ETT ONE:

) DITESMINE/SPECIFY MITEL PARAVITERS

) RUN MIDEL

) ViEw pITEL RESOLTS VINFUT TISTRIBIOTIONS
}OESNT LOSNCARVAL, RITURN T2 TIOXICS WoA MEND

- N -

{
(
(
(

ENTER SE_EITION (1-4)
(Hit rezurn for &)

2
W-AT 1§ TrRE MINIPM™ VALUE OF INTEREST
(Wit return fc. 0.)

B 01
W=AT 1S THEE MAXIVMY VALUE OF INTEREST
(M.t rerurn tor 0.)

100,
AT W=AT IKNZREVINT DO YCU WANT RESULTS LISTED (NITE: THIS
INZRIVINT MOST BE IN LDG UNITS!)
(hit return for €.)

.9

SIMILATION COvFLETE

FIGURE 26
Example Session Performing Log Normal Simulation




LOGNIRMAL SIMULATION TECHMNIQUE

PLEASE SELECT ONE:
(1) DETERVINE/SPEZIFY MIDEL
() RON M2DEL
(3) VIEW MCDEL RESULTS /INPUT DISTRIBUTIONS
(8) ENT LOGNIRMAL, RETURN TO TCXICS WA MENY
ENTER SELECTION (1-4)
(M1t rezurn fcr ¢)
3
VIEW RESULTS/INPUTS FOR LOGNDRMAL ANALYSIS

PARAMITERS

DI YO0 wWaNT FLTT OF FRIJUENIY DISTRIBUTION

EXT VIEWING,

ENTER SELECTTION (1-3)

{hit rezurr feo 3)

WnhT DC YCOU WAKT TO
MODEL RESTULTS:
RIVEF CONIENTRATION
INPUT LISTRIPUTIONS:

OF RETURN TI PM2IK LOGNIRMAL MINU

SEE
(1)

(2) UPSTREAY FLOW

(3) DPETREAY CONJENTRATION

(¢) EFFLULNT FLOW

(%) BFFLUENT CONTENTRATION

EXNTER SELEZTION ( 1-8 )

(Hit returr for V)

1

e T TITLE DI YOU WAKNT (Bl CHARACTERS MAXIMJIV!

LOG-RIRFAL RESULTS

LOC-NDRVAL RESULTS
VALTE 3 OF TIMX EXTEZDECZ % OF TIVMI 1IN INTERVAL RETURMN PERIZC (YEARS:

gc.fte-O St .€7C c.C2:
e.4C

C.31€E-C $3.2¢ c.c:22
14.42¢

C.100E-0C 7€ . E: g.cc2
22.6K€¢

C.316£-CC &E.VE2 c.cl¢
2¢.LC°

C.'ClE-C 3¢. €82 C.ClE
1%.CM

0.316L-C 15,11 C.Cr¢
£.86C

0.'COE-C2 10,281 c.c2?
$.166

0.316L~C2 $.06¢ C.0%¢
2.87¢

0.100C+02 2.206 C.r2¢

FIGURE 27

Example

Session with Tabular Output from Log Normal
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LOGNZRVAL SIVMULATION TICHNIQUE
P_IASE SELECT CONL:

(1) DETERMINE SPEZIFY MIZIL PARAWITERS
(2) RON MODEL
()) VIEaw MIZEL RESULTS/INPUT DISTRIBUTIONS
(4) ExD LOGAZRVAL, RITURN TC TOXICS WLA MENU
ENTER SELECTION (1-4)
(Hit retuen for §)
> 3

VIEW RESULTS/INPUTS FIR LOGNIRVAL ANALYSIS

Y FLTT Y FR
2) TREULAR TU
Cr (3} END VIE=INT,
ENTER SELETZTION (1-3)
Kot retorr fer 3)
b
WnAT DI YOU WANT TCZ Sstt
FIZEL RESOLTS:

SISTRIEITION

o),

SIOoYIU waNT |
{

RET.RN TC MAIN LOINTRVAL MINT

(1) RIVER C
NFC
(2) UFSTREAW FL_OW
(3) UPSTREAW CONIZEINTRATION
(&) EFFLUEINT FLOW
(S) EFF_CENT CONJENTRATION
ENTIR SELECTION (15 )
(M.t res.tr fer V)
- 2
P_EASE ENTEZR TrE TITLE CF TAE PLTT (ED CrRARACTERS MAXIMOM)
W CFSTAIAY FLOW
25 D D i D L LI D P L L R D -
Y ' !
H !
T ' . H
1 22 .-~~~ P R e e D R R D R R R s cmoan -
” ! !
€ ! !
' ] !
1 ‘5 D L I D R D D R - c e graboene - *=a o= D -
N ! !
! !
1 ! !
N T ® e D - -~ L D e v oo LI P, ® .- ® - e -
T ! . !
£ ! . !
R ' !
v s D e eme . R ®- -~ LR R L e LR L D -
A ! . !
L ¢ . !
[ ] H
C,e----~- D D ¢ - .-~ LR L R D @ -m e .- LR P R
LoG C.4¢2 €.83 A Y 1.6 2.%2 3.08 3.5¢ 4. 4.€¢ s

MR Tl
CPSTRIAM FLOW

FIGURE 28
Example Session with Plot of Log Normal Inputs
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VIEs RESULTS/INPUTS FOP LOGNORMAL ANALYS:S

DC YO. WAKNT (1) PLOT OF FREQUVENCY DISTRIBUTION
(2) TABULAR OUTPY
OR (3) ERZ VIEWING, RETURN TO MAIK LOGNORVAL MENU
ENTEF SELECTION (1-3)
(h:t rezurn for 3)
1
WnAT DC YOU WANT TO SEE
MODEL RESULTS:

(1) RIVEF CONCENTRATION

INFLUT DISTRIBUTIONS:
(2 UPSTREAY F_Ow
3 UPETREAY CONZENTRITION
(§ EFFLUENT FLOV
(& EFFLUENT CONZENTRATION
ENTEF SE_ECZTION ( 1-% )
(F.2 rezirr tor V)
1
_EASE ENTEF THE TITLE OF TAI PLOT (BI CHRARACTERS MALIVW!
LOC NIRVAL RESLULTS
g 10(.e---=-~ ecmeacn ecceacn emceenn P ocen-an ececonn e PP P, -
! !
o] [ !
f ! !
B . e--=ec-= “gemem- PO, PR ececen- PR, onrceoa [, omceoane P -
T ! '
1 4 ! [
£ 6C.e------ PO, e careanen [P, P PP, e PR PR .
] )
£ i :
b ! ] i
c 47 e-mmman PP ecomeaa tvmanaa dececma P [P PR, PR tememea -
E ! .
E ' . N
D ! :
£ FAGRE DCIPA P R * - - - L L R R D It T TP -
D ' '
! . !
! . '
C.omevonmn eecmmea PP — P PO PO, PO P e . »
LOC -v.00 -C.e0 -C.2¢ c.2C 0.6C 1.00 1.4C 1.8C 2.2¢ i.€0 3.CC
LOG NORMAL RESULTS
VIE~ RESULTS INFUTS FIF LOGNZIRVMAL ANALYECS
DI Y3U WANT (1Y) PLCT OF FRECUENCY DISTRIBUTION
(2) TABCLAR OUTPCT
OR (J3) ENZ VIE~ING, RETURM TC PAIKN LOGNDRMAL MINV

ENTEP SE_ECTION (1-3)
(M.t rezvrr fcr 3)
3

FIGURE 29
Example Session with Plot of Log Normal Results
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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 model 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 ary other
on a theoretical basis. However, all three techniques are not similarly
accurate or appropriate in all situations. This section highlights when
each technique should be applied.

Continuous Simulation: Continuous 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
quidelines for selecting Continuous Simulation as a function of time-series
data availability can be summarized as follows:

Time-Series Appiicability of
Data Availability Continuous Simulation

A1l input parameters available Very high

and compiete
Only one effluent parameter missing High

or significantly incompiete
Both effluent parameters missing Fair

but other data is compiete
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 limited 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
less 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 acutc waste 1load 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 effiuent load 1is too
large and must be decreased. If the return period is greater than three
years, the effluent Jload may be increased. The waste load allocation
process wusing 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 wuser 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 effluent load 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 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 is to calculate the maximum allocations
successively, upstream to downstream, ignoring the inherent wupstream
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
Vist 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 violations 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 than 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 perform extrema 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 ODYNTOX
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. 1In 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 wusing an
inadequate 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 effliuent 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

0o 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).

76



VII. REFERENCES
DiToro, D. M. Probability Model of Stream Quality Due to Runoff. Journal
of Environmental Engineering, ASCE, Vol. 110, No. 3, June, 1984.

Fiering, M.B. and B. Jackson. Streamfiow Synthesis, American Geophysical
Union, 1971.

Freedman, P.L. and R.P. Canale. Modeling Uncertainty and Variability for
Waste Load Allocations. LTI, Limno-Tech, Inc., prepared for USEPA
Monitoring and Data Support Division, August, 1983.

SAS Institute Inc. SAS User’s Guide: Basics, 1982 Edition. Cary, North
Carolina, 1882.

Thomann, R.V. Systems Analysis and Water Quality Management. McGraw-Hill,
New York, 1972.

USEPA Office of Water Technical Support Document for Water Quality - based
Toxics Control. September, 1985.

USEPA Storet User Handbook. USEPA, Washington, D.C., 1982.

77



