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SECTION 1

INTRODUCTION

Current U.S. Air Force operations dictate the use of numerous toxic
substances, and among these are the three hydrazine family fuels (anhydrous,
unsymmetrical dimethyl, and monomethyl hydrazine). Hydrazine fuels are the
basic rocket propellant for strategic missiles and satellites, and the
joint NASA and USAF sponsored Space Shuttle Program will greatly increase
the volume of hydrazine in general use. Bulk storage and transport of
hydrazine fuels could lead to accidental discharges, and if a discharge
finds it way into a water body, undesirable consequences could occur to
the aquatic ecosystem.

This report is a user's guide to a computerized spill model called
the Spill Assessment Model (SAM) which is available to obtain estimates
of the concentration in water resulting from a spill or accidental dis-
charge of a hydrazine family fuel or other materials which are soluble in
water. The Spill Assessment Model has been based on previous development
for the U.S. Coast Guard in the design and implementation of the Hazard
Assessment Computer System (HACS). SAM has been implemented within the

framework of HACS, together with an interactive terminal interface. This
manual contains sufficient information to operate the water dispersion
model. However, if the full capabilities of the HACS system are required,
users should refer to U.S. Coast Guard publications for complete instruc-
tions regarding other models in the system. A complete description of

the formulation of the water dispersion model is available in a separate

technical report, ESL~TR-80-07, and a field manual, ESL-TR-80-22, for
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non~-computerized use of the model.

The spill model addresses instantaneous and continuous point source
discharges into water courses including rivers, lakes, streams and
estuaries. The primary requirement of the model is to assess dispersive
characteristics of spills of the hydrazine family fuels in the aquatic
environment, however, the implementation of the model within the HACS
framework has permitted a generalized form using parameters and inter-
changeable data items so as to not unnecessarily restrict the scope
of application. Results which can be produced by the model include
the pollutant concentration as a function of location, time, and physical,
chemical and biological characteristics of the pollutant. A spill
model of this type estimates the extent and duration of hazardous con-
centrations in water bodies associated with accidental discharges,
and when these concentrations drop below specified toxic levels. Such
a model could become a management tool to support emergency responses
or clean-up operations in the event of a spill, to provide for emergency
discharge contingency planning, permit post incident analyses, and
serve as a basis for further development of methods of hazard assessment.

The spill model computes the concentration of a water-miscible
liquid or solid at any specified point and given time for a discharge
on the surface of a lake, river, or estuary. All the chemical discharged
is assumed to go into solution with water. The same model can also
be used for the dispersion of insoluble solids which are neutrally
buoyant or whose settling times are large compared to mixing times.

The model can also be used approximately for concentration cstimates
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for those liquids which react with water or whose boiling point is
less than that of ambient temperature.

The computer model described in this manual is written in Fortran
IV, and operates on CDC 6600 computers under the NOS operating system
to interface with an interactive remote terminal for input/output.

Four disk storage files are used: source program storage, object code
storage, external file of chemical property data, and default file
containing nominal values for model data items. Approximately 68K
words of memory are required during execution of the complete model.

Section II of this manual presents a framework for hazard assessment,
mainly derived from the CHRIS system of the U.S. Coast Guard, to describe
the context within which the spill model may be utilized, and Section
111 gives a'summary overview of the operating concepts of the spill
model within HACS.

Section IV defines the types of water bodies currently modeled,
introduces the system of spatial coordinates, describes the types of
chemical discharges which are wodeled, and includes additional discussion
of modeling chemical degradation after discharge.

Specific instructions for the operation of the spill model are
given in Sections V and VI with illustrative system prompts, descriptions
and tables of data items with explanations. Three sample problems
are given in Section VII and provide further illustration of the use
of the spill model. Section VIII gives a review of the significant
assumptions incorporated in the formulation of the spill model. Appendices
contain tables of chemical specific codes and synonyms, explanations

of additional system messages, and definitions of data item unit labels.
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SECTION II

FRAMEWORK FOR HAZARD ASSESSMENT

SAM has been implemented from the framework of the Hazard Assessment
Computer System (HACS). HACS itself was originally developed as a
component of the Chemical Hazard Response Information System (CHRIS)
under the sponsorship of the U.S. Coast Guard. Both CHRIS and HACS
provide a systematic, simplified approach to identifying the appropriate
processes governing a given chemical release and methods for estimating
4 the hazard. Basic hazard estimates can be obtained in terms of distances
over which a toxic or flammable concentration of a given chemical may
exist and the minimum safe distance between the spill site and people,
combustible materials or protected resources, should the chemical ignite
and a fire ensue.

One of the spill models originally formulated for use within HACS
3 and CHRIS addressed the prediction of hazards caused by the accidental
spill of a toxic chemical miscible with water, on different types of
receiving water bodies. When a miscible chemical is spilled on the
water surface, it rapidly mixes with the water. This mixing is primarily

caused by flow non-uniformities (turbulence) or in some cases by wave

action. Because of the predominance of certain types of phenomena

in different regions of the different types of receiving water bodies,

the model for water dispersion of miscible substances is actually composed
of a series of different theoretical predictive methods, for the purpose

of estimating the concentration levels of the dispersing chemical in

water at different locations and different times after the occurrence
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of a spill at some point.

Since the model described in this manual addresses only the dispersion
of miscible substances in water, it is important to recognize and empha-
size that the model describes a particular type of chemical behavior,
and the consequences of that behavior. Additional hazards may result
from other behavior on release; therefore, in this section the overall
framework for hazard assessment provided by CHRIS and HACS is introduced
and the approach and concepts employed in these systems are briefly
described.

1. OVERVIEW

CHRIS and HACS are designed to enable quick and accurate estimates
of hazards presented by a discharge, or potential discharge, of hazardous
chemicals, and to provide these estimates in a form useful to response
personnel. The broader scope of CHRIS encompasses a compendium of
chemical data, data on response methods, data bases for contingency
plans, and field manuals, in addition to analytical methods and manual
procedures for quickly obtaining hazard estimates. HACS was originally
developed as an extension of the analytical procedures included in
CHRIS, for manual field assessment of potential hazards, to extend
the level of detail and accuracy beyond that possible for simplified
field procedures.

HACS is a computer-based system, incorporating the mathematical
models originally developed as the basis for the field calculation

procedures implemented in CHRIS, and a number of specialized models

developed specifically for computer applications. The design and
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implementation of HACS focused on providing rapid and quantitative
assessments in response to questions such as the following:
® When will the air/water concentration of discharged material
reach a specified level of toxicity at a given location?
e When will the air/water concentration return to a specified
safe or nontoxic level? .
e What is the concentration of discharged material at a
specified location and time?
Both CHRIS and HACS are generalized systems, encompassing different
types of chemical behavior and different types of hazards. They have
been designed for use under emergency conditions involving the actual
or potential accidental discharge of a hazardous material into navigable
waters and for such non-emergency uses as contingency planning (pre-planned
assessments and responses), training, and evaluation and improvement
of assessment methods.
2. INFORMATION AND USE REQUIREMENTS

The evaluation of a hazard due to a chemical discharge was considered

to involve the following sequence of action:
e Determination of information pertinent to the on-scene
conditions at the spill site.
® Selection of appropriate calculation procedures.
e Evaluation of the extent of hazards as indicated by these
calculations.

The types of information relating to the discharge conditions .

at the scene of the spill are:




e Discharged chemical characteristics (e.g., name, temperature,
quantity).
. e Discharge conditions (e.g., tank size, location of discharge
opening relative to water's surface).
e Environmental conditions (e.g., wind speed, air and water
temperatures).
e Marine conditions (e.g., current speed, water depth at
spill site).
3. SPECIFICATION OF SPILLED MATERIAL AND MODEL CODE
Once the identity of the discharged chemical and the associated
hazard assessment code have been established as can be determined in
Appendices A and B, the appropriate hazard assessment calculation pro-
cedures can be carried out. In SAM the calculation procedures are
embodied in a set of specific computer programs for estimating discharge
conditions and chemical behavior. Each program contains one or more
mathematical models for the calculation procedures, and the individual
models contained within SAM are also identified by similar one or two
letter codes. In the present configuration, those models applicable
to discharges of the hydrazine fuels include: (A) release or discharge
model; (P) concentration of water-miscible liquid or solid for a discharge
. into a lake, river or estuary; (Q) pool fire model for soluble liquids
which have a boiling point greater than ambient; (R) for vapor evolution
from a chemical discharge into water; and (S) for vapor dispersion
in support of model R. The work described in this manual addresses

the refinement and enhancement of the model for the concentration of
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a miscible chemical in water (P).

SAM provides estimates of hazards in the following manner. The
system first begins by accepting user input which provides identification ]
of the chemical substance which was spilled, discharge conditionms,
marine conditions, environmental conditions, etc.

To obtain detailed chemical specific properties, the current models .
automatically interface with a separate data base containing in}ormation
on 900 chemicals. Each chemical is identified by a 3 letter code which
is entered by the user to retrieve the desired physical property data.

The codes for the hydrazine fuels are: DMH (unsymmetrical dimethyl
hydrazine); HDZ (hydrazine); and MHZ (methylhydrazine). Physical pro-
perties for these chemicals are recorded as data constants or empirical
functions of temperature.

4. SELECTION OF ADDITIONAL INPUT DATA

Some properties, not measured in .the laboratory, have been estimated

using techniques which have been proven acceptably valid for similar
chemicals. The techniques were selected and utilized by R. Reid, co-author
of the standard reference, "The Properties of Gases and Liquids'" by
Sherwood and Reid. Properties are arranged in alphabetical order by
chemical code (the three-letter recognition code assigned to each
chemical), and all properties pertaining to a given chemical are contained
in one logical record, automatically available to SAM for conducting
a hazard assessment.
Since not all items used in the file apply to each chemical, a .

data quality or type scheme is used. Each data item in the file, for

r
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each chemical, has a code assigned with it to indicate whether the

value entered 1is exact, an estimate, or not applicable. The properties

for a given chemical are accessed by specifyiuyg the recognition code

for the desired chemical. This is the only input required by the user
to obtain the required physical and chemical properties associated
with the discharged chemical. However, the data type scheme provides
a means for allowing data entered by the user to override values that
would otherwise be selected from the property file. Thus, more accurate
chemical data, if available, can readily be substituted, or the effects
of variations in physical properties can be investigated.

If SAM requires additional data that has not been provided by
the user or obtained from the chemical properties file, the system
automatically retrieves nominal values from an internal default file.
The default file is used to (a) define the characteristics and units
of measure of all input items and computed results and (b) provide
reasonable estimates or default values for each item to enable hazard
assessments to be made under conditions of limited data availability.
5. CONTROLS

Overall control of the input operations is provided by the user
input processor which accepts and stores user input data in optional
systems of measure, provides limit tests for the reasonability of input
data and estimated computed hazard levels, coordinates the internal
use of data and computed values according to a data item quality hierarchy,

and provides overall control of the assessment computation sequence

(for example, allowing single runs, or iterative computations for




ety

sensitivity analyses). This portion of the system also contains all
generalized software used for producing output reports and plotted
displays of model outputs. On completion of the input processing step,
SAM begins the estimation or assessment calculations.
6. OUTPUT

When the execution of the models specified for a particular hazard
assessment scenario has been completed, the system produces textual
reports, and, if desired, optional tables and/or plotted output displays.
The system output identifies the sgpilled chemical, restates the discharge,
environmental and marine conditions and reports the hazard assessment.
The output information provided enables the user to validate input
data quickly and accurately. The system can plot concentration as
a function of location and/or time. The objective of the system is
to obtain and display estimates of the dispersion of a chemical or
the effects of that dispersion in the environment as a function of
distance and time in terms of the extent to which toxic limits may
be exceeded. The subjective interpretation of the potential hazards

as a consequence is not included within the scope of the system.
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SECTION III

CONCEPTS AND STRUCTURE OF SAM

This section provides an overview of the different program components,
data files, and sequences of operation. Concepts of the SAM data structure
and manipulation are presented in some detail to aid in understanding the

operation of the spill model and its interaction with the other components

of the system.
1. SAM COMPONENTS
SAM consists of several program components:

e Executive System -- to control the overall sequence of opera-
tions, and to provide utility functions for data base input/
output operations, line printer or remote terminal plotting,
output labeling and program overlay and segment loading.

e User Input Processor -- to read, verify, and store user input

data and to control the initialization of SAM data files.

e Property Data Processor -- to retrieve requested data from the

property file, perform unit conversions to internal CGS

B gt imt wV YR iy b 74

units, to compute values of functions of temperature, and to
transfer chemical specific property data to the state
file.

® Assessment Models -- a series of separate programs retrieving
required data from the state file, performing the indicated
assessment computations, storing computed values in the state
file for subsequent use, and generating specified plotted and

tabulated output,

11




These components utilize a number of both internmal and external

files in their operations. These files include:

Program File -- a permanent disk file containing pre~compiled
program code in overlay and segment structure. The execu-
tive system automatically accesses this file to load
portions of the program code into computer memory for
execution as required.

State File -- an internal program file constructed by

SAM during an assessment run; provides data base storage

for all user input, property, default and computed data
items utilizing a data quality priority structure.

Default File -- a permanent disk file defining the structure
of the SAM state file and containing estimated values

for data items to be used only in the absence of any other
value.

Chemical Properties File -- an external file containing
predefined physical property data for 900 hazardous chemical
substances.

Save File -- an internal program file containing a copy

of a state file after completion of initialization operations.

Permits re-runs requiring only new input values to be

used.

a. State File

The state file contains all information necessary for the operation

of SAM. It provides storage for all input variables for the execution

e ol Xl

RN AN oo Ty

-+ IR

AR~

AP T G

T TR AT e S Y VTR U TN £ AT

7 e gy




e

LR

of models and output information (units, values, print names, etc.)
for all computed results.

At the start of each new run, the contents of the state file are
initially obtained from the default file. This provides basic definitions
of each data item (see below) and default values which are only used
in the event that no other value is supplied or obtained. The input
variables for the execution of models are then obtained by the User
Input Processor from the user terminal, and the Property Data Processor
from the chemical properties file, and stored in the state file. When

a model is executed, the information necessary for the execution of

that model is retrieved from the state file, and the results of a model's
execution are then stored back into this file. Thus, when another
model is to be executed, it has access to input information and the
computed results of a previously executed model. For each variable
in the state file, the information stored includes:
® Variable number -- a unique four digit number (such as
2015) identifying the input or output quantity; also referred
to as field number.
e Type of quantity -- an indicator referencing the permitted
units in which values of the variable may be entered,
and the conversion factors used to obtain values stored

in the state file in CGS units for internal operations.

® A source or priority code -~ to indicate the origin of
the data item stored in the state file. These priority

codes are as follows:




5
6

For

No value present

Default file value

Chemical property file estimate

- Chemical property file exact value

Computed value
- User supplied data value
- System value

a value of a variable to be used in place of an already

existing value of the same variable, it must have a source

or priority code that is numerically higher than the source

code of the existing value.

o The value of the input quantity or calculated result.

o The nominal minimum value that the variable is reasonably

expected to reach.

e The nominal maximum value that the variable is reasonably

expected to attain.

e The display name of the variable for identification of

the variable in output reports.

As SAM models are executed, computed values will be stored in

the state file and will be available for subsequent model executions.

Thus, the sequence in which models are executed has a direct bearing

to the information available for a given models' execution.

As the value of any variable is stored in the SAM state file,

it is compared to the nominal minimum and maximum limits defined for

that variable.

¥
£
5

If an attempt is made to store a value which does not
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lie within the nominal range, SAM will produce a warning message but
will continue to use the value supplied in subsequent computations.

All values stored in the state file are in CGS units, and all
internal computations are done also in CGS units. Unit conversion
operations for input and output display are controlled externally to
the state file, as governed by the type of quantity indicator stored
in the file for each variable.

b. Default File

The default file contains a value for every input item in the
state file, and at the start of each new run the initial contents of
the state file are copied from the default file. Thus the default
values, having the lowest source or priority code, are used only if
no value is supplied by either the chemical properties file or the
user terminal. A priority code 0, for no value present, exists only
for correspondence with property file status codes, and cannot occur
in the present configuration of SAM. The purposes of the default file
are (a) to define the structure of the state file, and (b) to supply
variable values so that a model can be executed regardless of whether
every input item required by that model was specified by the user.
This design also permits execution of SAM to continue even if errors
are found by the user input processor, and the affected user data values
cannot be stored in the state file. An indication in the output that
a default value was used should be interpreted as a warning to the
user that he has not specified a particular value required by a given
model. He may then elect to specify that value and rerun SAM, or he

may accept the results of the model based on the default value that
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has been used if he judges that value acceptable.

c. Chemical Properties File

The chemical properties file contains the physical and chemical
properties, currently for 900 hazard chemical substances. The properties
of a given chemical are automatically accessed by the Property Data
Processor, initiated by a user request specifying the recognition code
of the discharged chemical.

The physical property file is arranged in sequential binary records.
The first record on the file is a header record which identifies the
version number, creation date and file label. The remaining records
are those of chemical properties, appearing in ascending alphabetical
sequence by chemical recognition code. Output is provided with each
HACS run to identify the version of the property file that was accessed.

Each binary chemical properties record is arranged in two arrays.
The first is a status code array and the second is an array of data
values for each of the 74 items recorded for each chemical. Each of
these properties has a status code indicating whether the data value
associated with it is an exact value (status code = 3), an estimated
value (status code = 2), or a missing value (status code = 0). Data
values are transferred from the property file to the HACS state file
only if the status codes are exact or estimated; missing property values
are not transferred.

The data array contains the values for each of the properties
in either numerical or alphanumerical data. All numeric data is stored
on the property file in SI units and conversion to CGS units is performed

automatically on transfer. A list of the 900 chemicals currently contained
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on the file, along with their chemical recognition codes, is given

in Appendix A.

d. Save File

The save option is an automatically controlled feature, initiated
by the appearance of user selected options for RUN, RERUN and CONTINUE
which are described in Section III.3
2. USER INPUT

SAM contains an interim interactive user interface module (UIM)
to facilitate the use of the spill model from remote low speed computer
terminals. During normal operations HACS displays prompt messages
at the terminal, requesting input from the user that controls the overall
sequence of operation. These start with the selection of the type
of run, identification of the discharged chemical, and specification
of the hazard assessment model(s) that are to be runm.

As presently implemented, the UIM is functionally located between
each assessment model and the HACS internal state file. That is, first
user operations control the initialization of the state file, first
with default data and then with optional physical property data. At
the start of the execution of any particular model, the required user
data is not necessarily contained within the state file. When the

model attempts to retrieve a data item from the state file for computa-

tional use, the UIM first displays that value to the user and initiates

a terminal input sequence for the data item. Users may either accept

current values in the state file or enter new values. Once input,

the data item is both stored in the state file and returned to the

S T R T TETREETE RO

initiating model.

pav-
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The UIM provides for free-format terminal input, and data entered
by the user are validated as received. Diagnostic conditions are displayed,
and users may correct erroré before proceeding.

Overall, the data input requirements for the assessment models
are quite complex. Data items for different models may either be similar
or different. Within a single model, different data elements may be
required depending on spill conditions or user options. By interfacing
directly with each mbdel, the UIM is able to request from the user
only those data items that are actually required for the specific computa-
tion requested -by the user.
3. BASIC PROCESSING STEPS

A basic execution involves interfacing with a number of files
to collect the input required for SAM estimation models and to present
the results of estimation model calculations to the user. Subsection 3.b
of Section III introduces extended capabilities provided by SAM using
options for RERUN and CONTINUE control; the discussion below is limited
to basic RUN control only.

a. RUN Option

(1) Access Default File

SAM begins a basic run sequence by copying the contents of the
default file from permanent disk storage to the internal memory space
reserved for the state file. This defines a file dictionary for the
contents of the state file and enters a value having a source or priority

code of 1 for every variable which has been defined in the state file.
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(2) Process User Input Control Data
The User Input Processor next conducts a dialog with the user
terminal to obtain data which specify run control options, the recognition
code of the discharged chemical substance, hazard assessment estimation
route codes, and selection of system controlled options.
(3) Copy State File
Following completion of initialization for a single assessment
run, the contents of the state file are copied to the internal memory
space reserved for the save file. This file may be used to re-start
subsequent assessment runs.
(4) Exercise Option to Access Property File
Users may enter all necessary physical property data directly,
or may elect to have SAM obtain the necessary information by searching
the physical property file which presently contains data for 900 hazard-
our chemical substances. Direct user input is necessary for chemicals
not defined on the file and may be advisable if a larger series of
runs are to be made using the same chemical. 1In any case, user values
may always be supplied to override any item contained on the property
file.
(5) Search Property File
The Property Data Processor takes the user specified chemical
recognition code and controls a sequential search for a matching code
on the property file. When found, all data defined (source codes 2
or 3) is read, decoded, and converted from SI units to CGS units for

transfer to the HACS state file. The Property Data Processor also
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performs the computation of all properties given as functions of tempera-

ture, at both ambient and boiling temperatures.
(6) Property Data Report
The operations performed by the Property Data Processor are summarized
by printed output; a user option is available to suppress most of this
output if desired. Since all defined property values are transferred,
the report will reflect the property file content and whether these
values are necessary for the user-specified estimation route. The
audit reports produced by each assessment model will identify the specific
property data used for input to the model. Diagnostic messages are
not suppressed.
(7) Transfer Property Data to State File
The Property Data Processor transfers all chemical property values
defined (exact or estimated) on the property file, and all functions
of temperature which could be computed to the HACS state file. For
each item, the status code of the value currently stored for a field
is checked before the property value is stored. If present, user data
or HACS-computed values will override values obtained from the property
file.
(8) Initiate Model Executions
Using the model codes specified by the user for the estimation
route data, HACS initiates a sequence of model executions. The system
routines first locate the appropriate program code on a permanent disk

file, load this into memory and then transfer control for execution.
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(9) Assessment Model Data Input
As each assessment model is executed, the model retrieves each
required data item from the state file. The current value may be either
a default value or a chemical property value. If more than one assessment
model is being executed or under RERUN or CONTINUE control, current
values may also be previously computed or user input values. At the
time of retrieval from the state file, the UIM conducts a dialog with
the user terminal; users may either elect to accept the current value
or enter a new value as may be appropriate.
(10) Assessment Model Execution
On completion of the model input operation, the actual hazard
assessment computations are performed and the computed results are
displayed. Addditional outputs in the form of tables or graphs may
also be generated depending on user specified options. The output
of each model is labeled using messages to denote the sequence of opera-
tions.
(11) Complete Execution of Prescribed Estimation Route
The HACS executive system continues to cycle through steps 8 to
10, executing each of the assessment models specified by the user until
all calculations along the hazard estimation path have been performed.
Each model obtains in sequence the necessary input data from the HACS
state file and stores in the state file its computed results. In general,
in the absence of overriding user data, some or all of the output stored
in the state file by a rate model will be accessed as input for a model

following in the estimation route sequence.
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(12) Continue User Operations

After all models along the specified estimation route have been
executed, the executive system resumes control to begin processing
the next user speéification for a chemical and hazard assessment path.

The state file is initialized depending on the user selection of RUN,

RERUN, or CONTINUE options and the above sequence of operations recycles .
starting with step 2. Computations continue until the user requests

termination of the session.

b. CONTINUE and RERUN Options

Two additional types of basic hazard assessment runs may be performed
to provide for interactive analysis, assessments using products of
reactive chemicals, and selective control of overriding user data.

The basic RUN option, described above, follows a sequence in which
initial default data values are replaced by physical property data;
then a series of assessment models are executed to obtain and store
computed results in the state file. During these operations, the sequence
of model executions is fixed by the codes entered by the user; user
data values in the state file will always override any values computed
by rate models.

To illustrate the CONTINUE option, one or more assessment models
might be executed using the RUN option to produce an assessment report
plus an updated state file containing computed values, as well as the
original set of user input data values. The CONTINUE option permits
users to immediately follow this run with one or more additional runs .

starting with the full set of computed values previously obtained but
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including new or revised user values. This permits selective override
control for computed values, allows different portions of an overall
hazard assessment situation to be run with different options for file
control, output selections, path codes and even chemicals, and allows
different user values to be substituted for the same variables at dif-
ferent locations along the assessment path.

The RERUN option originally provided for repeating a basic assessment
RUN while at the same time modifying some of the original input data.
In operations with the UIM, however, the use of the CONTINUE operation
together with interactive user input directly to each assessment model
now provides an equivalent function.

The RUN, RERUN, and CONTINUE options may be repeated indefinitely,
within the computer time and line limits set for the HACS job. Users
are cautioned, however, to note the sequences that are used to initialize
the state file at the start of each type of run so that there is no
confusion as to the nature (source) of the data that is used. These
options will function even if given in sequences other than intended,
and default values will be substituted automatically if necessary.
Also, users are cautioned that during the transfer of physical property
data items, if a state file already contains either computed or user
values for property items, these will not be replaced or re-initialized
by values read from the property file.

The HACS executive system controls the state file initialization
sequences for all RUN, RERUN and CONTINUE options, and provides on

the terminal output a message indicating the file status as EMPTY,
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DEFAULT, USER, or COMPUTED, referring to the highest source code for

any data item in the file.
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SECTION IV

DISCHARGE CONDITIONS

The spill model specifically addressed in this manual computes the
concentration of a water miscible liquid or solid at any specified point

and given time for a continuous or instantaneous discharge into a lake,

river, or estuary. All the chemical is assumed to go into solution with

N T T 1, Th T MG, M5 TSR A O

water. This same model can also be used for the dispersion of insoluble

solids which are neutrally buoyant or whose settling times are large com~
pared to mixing times. It can be used approximately for concentration
predictions for those fluids which react with water or whose boiling point
is less than that of ambient temperature.

- In Section V, the specific instructions necessary to operate the model
are given with illustrative system prompts, descriptions, and tables of data
items with explanations. This section provides a general description of

the types of water bodies,coordinate systems, types of release, and behavior

on release.
1. TYPES OF WATER BODIES

When a water miscible liquid is spilled on a water surface, mixing

takes place, thereby diluting the liquid. The mixing is caused by molecular

T et rerTmii “EEU TP T OIS, SO SN I, SV = P % 4 T SRR F70 s . S o0 o

diffusion in calm water and mass convection (turbulent diffusion) in streams,
rivers, estuaries, and the sea; Mixing may take place preferentially in

one direction, depending on the flow conditions, flow geometry, water den-
sity gradients, and the like. Because of the predominance of certain types
of mixing phenomena in different regions of the navigational waters, the

8pill environments are broadly classified as lakes, non-tidal rivers,
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tidal rivers, estuaries or salinity intrusion regions of tidal rivers,
and open sea.

In non~tidal rivers the main agency for mixing is stream turbulence.
In tidal rivers, estuaries, and also in the open sea, wave action becomes
quite important in addition to the stream or current velocity. In estuaries
and other regions where a density stratification of water due to salinity
is likely to be found, mixing caused by the density-driven circulation be-
comes extremely important. However, since the velocities involved in these
circulations are small and the area influenced by these kinds of flows is
generally large, only long-time effects are important. For assessing the
hazards caused by a relatively infrequent spill (even though the tonnage
of the spill itself may be large) in such areas, the effects of salinity-
driven mixing have been ignored.

In general, the receiving water bodies are treated as three-dimension-
al non-isotropic volumes, that is, turbulent dispersion is assumed to occur
at different rates along the principal coordinate axes selected for the
water body. Applicable methods for computing values of these dispersion
coefficients are incorporated in the model, and, where necessary, simplify-
ing assumptions have also been incorporated in the computerized version of
the model. However, the form of the theoretical expressions as implemented
continues to reflect the non-isotropic nature of the dispersion processes,
so that different values of the turbulent dispersion coefficients can readily
be used in place of internally computed values should suitable alternate
generalized methods of computation become available.

The predominant types of receiving water bodies then are distinguished

for the purpose of modeling by the predominant nature of the motion of the
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water body:

Still Water -- in which different dispersion currents may occur
in different directions, but the water body is characterized
by the absence of bulk motion of the receiving fluid (thus
the reference to still water). Also, as implemented, the
geometry presently incorporated for the still water case
assumes that the boundaries of the water body are located far
from the location of the spill so that unconfined dispersion
occurs in three directions. The model therefore is only
strictly appropriate for spills occurring in large lakes,

or regions of open sea, far from shore, and in the absence of
significant wind or wave action induced currents.

Non-Tidal Rivers -- in which the characteristics of the water
body are non-isotropic, with turbulent dispersion occurring
at different rates in different directions, and where bulk
fluid motion of the receiving water body occurs in one direc-
tion (downstream) at a uniform rate. In many cases the in-
fluence of turbulent diffusion in the longitudinal direction
is commonly considered to be negligible with respect to the
bulk fluid motion. Also, in addition, the river cross sec-
tion is assumed to be bounded by channel banks and bottom so
that the lateral spread of the chemical in the water may be
confined. The longitudinal (downstream) direction is assumed
to be unbounded.

Tidal Rivers =- in which the same configuration is assumed as

for a non-tidal river with the addition of a sinusoidal tidal
27
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velocity component superimposed on the non-tidal river velocity.

a. Water Body Coordinates and Geometry

(1) still Water

The coordinate system used for spills into still water (lakes and

open sea) is shown in Figure 1. The origin of the coordinate system is

Spill Location (at Surface)

'

Z (Depth)

Figure 1. Still Water Coordinates

at a point on the surface of the water body, and x and y axes lie in the
plane of the water surface and the positive z-axis is downward so as to

form a right-handed orthogonal coordinate system. Since the dispersion

is unconfined, the region of potential interest is given by all values of

x and y, and values of z > 0 (for depth).

The origin of the coordinate system is taken at the location of the

spill so that the coordinates of a point in the still water system also
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specify position relative to the spill. This 1is not the case for river
system coordinates.
(2) River System Coordinates

Figure 2 identifies the coordinate system (x,y,z) used for spills
into both non-tidal and tidal rivers and illustrates the assumed river
channel geometry. The river channel is assumed to be rectangular in cross-
section, having a constant width w and a constant depth d. The origin of
the river coordinate system is taken at the centerline of the river on the
surface. The half-width of the river, the distance from the centerline to
either bank, is denoted as b, In river system coordinates, the positive x
axis gives downstream distance, positive z gives depth below the surface,
and y is cross-stream so as to form a right-handed coordinate system.

For non-tidal rivers, the bulk fluid motion is assumed to occur in the
x-direction, at a constant uniform cross-sectional velocity given as u.
For tidal rivers, an additional sinusoidal tidal velocity is superimposed oﬁ
the non-tidal velocity.

The location of a spill in a river is taken to be at the surface
(x = 0, z = 0) at a point in the channel offset from the centerline by a
distance given as a. Positive values of the offset a correspond to spill
locations in the positive y direction. Since the coordinates of any posi-
tion in the river, given in river coordinates, do not also specify posi-
tion relative to the spill location (unless a = 0), a transformation is
utilized for the general case of spills occurring at offsets from the cen-

terline.
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b. Observation Point Coordinates

In this context the observation point refers to the location (time and
distance) in the coordinate system of the receiving water body at which the
concentrations resulting from a spill of a chemical are to be obtained.
The time at which the concentration at the observation point is desired is
specified by the elapsed time from the start of the spill.

c. Coordinate Constraints

For spills in still water, the coordinates (x,y) of an observation
point may be positive or negative, while the z coordinate (depth) must be
greater than zero. Values of elapsed time less than zero should yield
concentrations of zero at all locations. Although x, y,z, and t may take
on large values, finite, but large, limits should exist beyond which com—
puted concentrations should be zero; the values of these upper limits will,-
in general, depend on the behavior of the dispersing chemical.

Since the river system geometry is more complex, additional constraints

are required., The location of the spill must be contained within the

river channel:

Symmetry could be used to restrict the allowed values of the offset, a, to

only positive values of y; however, this is not necessary. The y coor-

dinate of the observation point must also similarly be constrained to lie

within the channel Banks:
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The observation point must be located at or below the surface, but at or

above the channel bottom:

The coordinate of the observation point in the longitudinal directiom, x,
will have upper and lower limits depending on the behavior of the dispersing
chemical and the type of model used. In some cases, at very short times

after the start of a spill, some concentrations may occur for small negative

h
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i
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values of x. As for spills in still water, both x and t may take on large
- positive values, but should also have finite upper limits beyond which
only zero values of concentration can be obtained to within available numeri-

cal accuracy. For values of elapsed time less than zero, concentrations at

all locations should also be zero.
The dimensions of the river channel, the half-width b (or the width w),
and the depth d must be greater than zero. It is also necessary to constrain

the bulk fluid flow such that the velocity u is non-zero.

(1) Confined or Unconfined Dispersion :
For the lake or still water model, the spill is assumed to occur in a
region of water far from shore so that the effects of the shore or bottom

in confining the spread of a chemical in water may be neglected. In the

case of spills in rivers, however, the channel banks or bottom may act to




restrict the dispersion of the chemical, and give rise to different regimes
or subenvironments for inclusion in the models.

For the initial stages of a spill into a non-tidal river, at a point
on the surface of the water sufficiently far removed from either bank, the
spread of the chemical will occur in a nearly unconfined manner such that
the effects of the channel banks may be neglected. During the initial
stages of unconfined dispersion, the spill model utilizes a three-dimensional
formulation of the dispersion equations to obtain values of the concentra-
tion at any point in the river cross-section; this form of the concentration
equation is commonly referred to as a near-field model and applies for
times close to the start of the spill when the effects bf channel confine—
ment are negligible.

Depending on the relative depth and width of the river and the loca-
tion of the spill point with respect to the channel geometry, at some time
after the start of a spill, the effects of the channel boundaries become
more significant and the mixing will tend to become more or less uniform
in either the horizontal direction, the vertical direction, or both. At
some later time, complete mixing across the cross-section of the river can
be assumed, and a simplified model, based on this assumption, can be used to
obtain the cross-sectional average concentration. Such a model is referred
to as a far-field approximation, or one-dimensional model, since the average
concentratioﬁ is assumed to be a function only of time and longitudinal
distance from the spill point. The primary advantages of such a model are
that the computations are significantly simplified for regions far removed

from the spill point, and analytical approximations for very large times

and distances are readily developed.
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For the intermediate region of interest, between the near-field and
far-field extremes, a two-dimensional model could be postulated based on
uniform or nearly uniform cross-sectional mixing in one cross-sectional
direction but not the other, with appropriate boundary conditions specified
to govern the limits of applicability of the model. However, the effects
of the channel banks and bottom may also be directly incorporated in the
three=dimensional or near-field model by a method of superimposing contri-
butions from virtual spill sources to satisfy the boundary conditions at
the channel limits. This is the method that has been utilized for the
spill model and, although there are some limitations since only the virtual
sources having first order effects were included, a separate two-dimensional
spill model is not required. In fact, if a sufficiently large number of
virtual sources were included, the near-field model could also be used for
large times or distances in place of the far-field model.

2. TYPES OF CHEMICAL RELEASE

The dispersion of a chemical in water follows from the behavior of
solutions to the governing diffusion or continuity equation, subject to
the initial conditions at the start of the release and whether the discharge
takes place over an extended duration. Releases are characterized as point
sources or distributed sources to indicate the initial spatial distribu-
tion of the released chemical. Relatively simple mathematical expressions
are readily obtained for point sources in which a finite amount of chemical
substance is initially introduced into an infinitesimally small volume of
the receiving water body; these models have a disadvantage in that the es-
timated concentration at the spill location has an infinite value initially

and will exceed the density of the spilled chemical for some time after the
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start of the spill. Distributed sources, on the other hand, refer to releases
which take place over a finite dimension, which may be a line (1-D), area :
. (2-D), volume (3-D), or any combination of these. Distributed sources have
a disadvantage of requiring a description of the geometry of the distribu-
tion, and any arbitrary assumptions would increase the complexity and un-
certainty of model use in different situations. As the distance from the
spill location increases, localized effects at the spill origin become
diminished and the concentrations approach those of a point source. Ac-
cordingly, the spill model assumes the discharge occurs as a point source,
but includes a constraint restricting computed concentrations to values not
exceeding the density of the chemical.

The second fundamental characteristic of the spill process is whether
the spill of the entire amount of substance occurs instantaneously or con-
tinuously over some finite duration. Commonly, continuous spills are as-
sumed to take place over long durations, and the initial rise time as the t
dispersing chemical spreads through the receiving water body is usually
neglected. Thus, most solutions obtained for continuous spill conditions
represent steady state concentration distributions where, subject to the
conditions of the start and cessation of a release of finite duration, the
steady state concentration at any observation point x, y, z is independent
of time.

a. Instantaneous Point Source

The instantaneous point source is the conventional approximation to

the type of release associated with a very short venting of material, such

——r

as might be associated with an explosion, tank car derailment, or similar
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occurrences of short duration. The term "instantaneous point" is a
mathematical simplification since even a small, rapid explosion will have
finite time and space dimensions. The slug, or mass of spilled chemical,
once formed, moves away from the source with a speed and direction
determined by the prevailing bulk fluid velocity of the receiving water
body (as in the case of a river). In still water, the mass of the

spilled chemical remains centered about the spill location; only turbulent
dispersion or molecular diffusion takes place and this simplified behavior
is not described further.

The mean speed and direction of the slug can be expected to change

from the original values during its travel as the pattern of river currents

in which it is embedded changes with time. Since specification of river

current variations is not practical within the objectives of a generalized

spill model, a limiting assumption is employed that for non-tidal rivers the

river flows with a constant cross—sectional velocity so that the center of
mass of the spilled slug moves downstream, along a longitudinal line from
the spill location, at a constant rate equal to the river velocity.

As the slug moves, it will expand about its center owing to the ac-
tion of turbulent fluctuations. If an idealized slug is embedded in a
uniform turbulent field in which all the turbulent elements are smaller
than the dimensions of the slug, the entire mass of spilled chemical will
be carried downstream in a uniform manner. The slug will grow in size as
its edges are mixed with the water by turbulence. This growth is accom-
panied by a proportional decrease in concentrations within the slug.

1f the slug is originally embedded in a field of turbulent elements

that are considerably larger, the movement of the slug will occur mainly
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by bulk transport driven by the turbulent elements, with relatively little

dispersion or decrease in concentration within the slug. If the slug is
instead embedded in eddies of approximately the same size, diffusion will
be quite rapid and the concentration within the slug will decrease rapidly.

The downstream distribution of the spilled substance after it has been

dispersed is frequently expressed in terms of exposure, or the time integral
of the concentration as the slug passes the observation point.

b. Continuous Point Source

Continuous point sources give good approximations to tank venting
from small holes, fissures, or pipes. The approximation of the true source
configuration becomes increasingly better as the distance at which the
concentration is observed grows increasingly large compared with the dimen-
sions of the source.

A continuous release may be considered to be made up of an infinite
number of slugs released sequentially with a vanishingly small time inter-
val between slugs. Initially each slug moves with the river current at
the moment of release. The quantity of material released is usually ex-
pressed in terms of a release rate, and the downstream material distribution
is usually expressed in terms of average concentration over the period of
release. Linear dimensions of the dispersing mate.ial perpendicular to the
longitudinal axis, running downstream from the spill site, are often given
in terms of the standard deviation of the concentration distribution since
the average cross-sectional distribution, in the absence of significant

boundary effects, is usually close to a normal curve with boundaries at

infinity.
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Since the plume from a continuously maintained point source expands
both laterally and vertically with downstream distance from the source, the
centerline concentration along the downstream axis from the spill point
will decrease continuously with distance. The rate at which this decrease
occurs will depend on the magnitude of the turbulence.

For the purpose of the water dispersion model, an adequate concept of
a continuous release is that of a series of an infinite number of instantan-
eous releases, creating a plume in the downstream direction of a dispersing
chemical mass. Concentrations are reduced with distance from the spill in
both the longitudinal and cross-stream directions, however, for long dura-
tion events, the concentration obtained at any observation point is a steady
state value and not a function of time.

3. CHEMICAL DEGRADATION ON RELEASE

The form of the continuity or governing diffusion equation provides for
limited modeling of non-conservative effects or decay or degradation with
time of a released chemical in the environment. The rate of loss is assumed
to be proportional to the concentration of the substance, and the factor of
proportionality is taken as a decay or rate constant, k, having dimensions
of (time) L.

Solutions of the diffusion equation for the Gaussian model give the
result, for an instantaneous release, that the concentration distributions
depend on the total mass of substance in the diffusing media, and that mass
is reduced according to e-kt where k is a decay factor or rate constant for
overall degradation of chemical in environment, and t is the elapsed time

from release.
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This results In a description of the time-dependent degradation pro-
cess that 1s simply related to the elapsed time from release and is a
usual limitation of a Gaussian model. The influences of chemically inter-
acting sources, or source components, of formation reactions involving
several primary or secondary pollutants, or the photochemical effects are
normally beyond the scope of these models.

The exponential e-kt gives the ratio of the total amount of substance
in the diffusing media at any time to the amount initially present. Values
of the exponential function vary from 1 to 0 as t becomes very large.

If no decay or degradation is assumed to take place, then for k = 0,
the value of the function is 1.0 for all values of time; the total amount
of substance in the environment is constant and equal to the amount ori-
ginally released at time t = 0.

For non-zero values of k, decay occurs rapidly over a short range of

values of kt. The concentration distributions are proportional to the total

mass in the environment, and this factor varies from 1.0 for kt = 0 to ap-
proximately 0.05 for kt = 3.0 (only 5 percent of the mass originally re-
leased remains at kt = 3)., Thus, for large values of k, the time over
which finite concentrations may exist will be limited by the time over
which e“Kt has a non-negligible value.

Half the mass originally released remains at a time t1/2 given by:

-kt

= e

1/2

N =

so that
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_ In(2) _ 0.693

127 Tk K

where tl/Z’ the time for one-half of the original amount of substance to

decay, is known as the half-life. 1If data is available expressed by half-

life, the appropriate rate constant for use in the spill model is given by:

_ 0.693
Y72

|3

where the units of the decay constant are the reciprocal of the units in
which the half-life is given.

Reduction of substance in the environment may be the result of
more than one decay process. If separate degradation processes (such as
oxidation, biodegradation, hydrolysis, photolysis, etc.) are estimated in
terms of separate rate constants, the overall decay coefficient k 1s

obtained as the sum of the individual rate constants. The half-life of

the material is obtained as 1n(2) divided by the sum of the rate constants.

If the degradation processes are described by separate half-lives,
then conversion to individual rate constants is required before the
summation.

Half-life estimates for the degradation of hydrazine fuels in
the aquatic environment appear to be on the order of 10 to 1000 hours.
Taking a half-life of 100 hours gives a nominal value for the decay
coefficient of 6.93 x 10~3 hours or 1.15 x 1074 minutes. At this value,
an elapsed time of approximately 430 hours would be required to reduce
the total amount of a spilled substance to 5 percent of its initial mass.
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However, experimental studies have also concluded that slow degradation

rates occur in the absence of added catalysts and, as a result, that

hydrazine should be assumed to be conservative in modeling aqueous

spills. Furthermore, to the extent that decomposition in water does

‘ occur, many of the reaction products may also be harmful; since the
model does not have the capability of including reaction products,
further justification is suggested for the conservative approach to

ignore the separate reaction products and use a decay coefficient of

zero.
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SECTION V

USER OPERATIONS

Once execution has been started, the spill model proceeds through a
sequence of steps, displaying messages to the user terminal, and reading
and validating user input data typed at the terminal. The types of opera-
tions performed during runs of the spill model generally consist of run
set-up, input of specific model data, model execution, preparation and
printing of output tables and/or plots, and modification of input data for
model reruns.

Terminal interaction with the spill model is provided by means of an
interim interactive user interface module. This module provides a capability
of entering data in a free-format mode and provides a standard sequence of
operations for input of each user data item. These operations are:

(1) Display of current data value.

(2) Request user option to change current value.

(3) Accept and validate optional user input.

(4) Repeat steps 1 and 2.

This gives a user the capability of re-entering a data value if the previous
entry was incorrect.

Overall control is provided by an executive module which proceeds step-
by-step through the selection of various options and processing of user in-

put data. A majority of the user input operations consist of entering

either integer values or real values with associated unit labels (dimensions).

The paragraphs that follow first describe these basic procedures; then a

separate section on execution control describes the overall framework within
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which these procedures are utilized.
1. INPUT PROCEDURE FOR INTEGER VALUES

Certain data items used in the spill model have integer values and are
used to select one out of several different options. Generally, a request
fo; user input of an integer data item is preceded by a display listing

the different options that are available. Following this display, the in- F

teger value input procedure starts with the message:

(1.1) (field number) (name) = (value) (unit) IS A (type) VALUE

where (1.1) is a message reference number, not appearing in
the actual display but used in this text for illustration. P
Each data item in the system is identified by both a four *
digit field number and a name of up to 12 characters.

The appropriate field number and name are automatically

inserted in the above message by the model.

The current value for the integer variable is also dis-
played. All integers are non-dimensional so the unit

display in the message is always given as "ND."

i The space in the message for type is filled with a code

word which indicates the origin of the value currently

stored internally. Possible types of values are:

. Default - the value is selected from an internal

table of initial values in the absence of any other

input. E
i4
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Estimate ~ current value was obtained from the exter-

nal file of chemical property data and is an es-

timated value.

Chm prop -~ the current value was obtained from the ex- =
ternal file of chemical property data and is an

exact (referenced) value as opposed to an estimated

value.

Computed ~ the value currently stored was obtained

from the previous execution of a model which set the

YA, g P (T Y

variable to the value shown.

User - the current value was stored from input entered

by the user.

System - the value was set internally by the execu-
tive portion of the system to override all other f

input sources.

Generally, the use of integers is somewhat limited, and
commonly only default, computed, and user values will ap-
pear. Users should refer to Section III for additional 1

information on the internal priority scheme for data

storage and selective overrides. Following the displa&

of the current value of an integer variable in the message

(1.1), the system then requests whether the user would

like to specify a different value to be used in place .

of the current value.




(1.2)

(1.3)

DO YOU WANT TO CHANGE THIS VALUE?

ENTER YES OR NO (Y/N):
Acceptable user responses are to type Y or N followed by
a carriage return. Actual input may be typed anywhere
on the line at the terminal, and any words are acceptable

as long as the first letter is Y or N.

If the input line from the terminal is blank, or a word is typed

that does not begin with the letter Y or N, the system gives the

message:

(1.4) WHAT?

and message (1.3) is then repeated.

1f the user types N or NO, followed by a carriage return,
the system retains the value displayed in message (1.1) and

the input procedure for this variable is completed.

If the user types Y or YES in response to message (1l.3), the

input procedure for the variable continues.

(1.5) VALUE RANGE 1S min TO max

where the range limits (min,max) are automatically insert-
ed in the message display by the system. Each variable

or data item has a set of nominal range limits associated
with it, and these are used to generate warning messages to
to the user for possibly invalid values. Since almost

all integer values are used to select one from a set of
predetermined options, attempts to enter integer values

outside the nominal range will cause serious execution
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(1.6)

errors.

ENTER INTEGER VALUE:
Valid integers which can be read by the system consist of
an optional sign (+ or -) followed by one or mcre decimal
digits. The integer is terminated by the first blank
character encountered. Valid examples include -99, +5,
52, 0, etc. As many blanks as desired, or none, may pre-

cede or follow the value typed.

The interim interactive user interface module does not
presently contain a capability of detecting or preventing
numeric overflow. That is, the largest value that can be
stored depends on the word structure of the computer sys-
tem being used, and errors may result if entry of very

large numbers is attempted.

If the user simply keys a carriage return, the system
assumes that the user may not wish to proceed with the
input, and processing returns to repeat message (1.2).
This gives the user an opportunity to abort an input pro-

cedure and retain the current value of a variable.

If the input keyed by the user at the terminal cannot
be decoded as a valid integer, for example, if an
alphabetic letter is typed instead of a digit, the sys-

tem responds with:

(1.7) WHAT? (INTEGER SYNTAX ERROR)

Message (1.6) 1is then repeated to request correct input
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from the user. Note that, on most terminals, the backspace
key can be used to correct errors before a value is en-

tered (by hitting the carriage return).

If the data item entered by the user in response to mes-
sage (1.6) is successfully read as a valid integer, the
value read is then compared to the nominal range limits.
If a 1limit is exceeded, the system will respond with:
(1.8) WARNING, INPUT VALUE = (value) NOT
WITHIN NOMINAL RANGE OF (min) TO (max)
This message indicates a warning condition only and the
value of the variable displayed will be used unless sub-

sequently changed by the user.

At this point the user input value for the requested inte-

ger variable has been read and stored by the system, and

the value actually stored is displayed to the user for

verification by a repeat of message (1.1). This is then

followed by messages (1.2) and (1.3). A yes response to

(1.3) will allow the user to re-enter the value, and a no

response completes the input procedure for the data item.
2. INPUT PROCEDURE FOR DECIMAL VALUES

The input procedure for decimal values is quite similar to that for

integer values, the main differences being in the format of the decimal
values and in optional units of measure which are avalilable. Almost all
decimal values used in the spill model are dimensioned quantities, with

conversions applie?! between external and internal representations. The

:
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input sequence starts with a message:

(2.1) (field number) (name) = (value) (unit) IS A (type) VALUE

where the individual items for the variable are as described
for integer values in Subsection V.l, and are automatically
inserted in the message by the model. Decimal values do
have dimensions or units of measure, and these are defined
by the label inserted in place of (unit) in the message.

An appendix to this manual defines the full set of unit

labels which are currently incorporated in the system.

Each data item may have from one to four different unit
labels assigned, each label defined within a system of
units (CGS, SI, ENG for English, and MXD for mixed).

An integer data item (field number = 3019, field name =
UNIT SELECT) 1is used to control the dimension of the

value displayed by selecting one system of units or all
systems of units. 1f one system of units is selected, then
all messages (2.1) will display data item values in appro-
priate units selected from the specified system of mea-
sure. If all systems of units are selected by the user,
the message (2.1) is followed by additional messages in the

form:

(2.2) = (value) (unit)

where the value of the data item is displayed in each
defined different unit (up to a maximum of four dif-

ferent values).
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The system then requéats a user option to change the current
value by displaying:
(2.3) DO YOU WANT TO CHANGE THIS INPUT VALUE?

(2.4) ENTER YES OR NO (Y/N):

If the user response is blank or invalid, the system

responds with:
(2.5) WHAT?

and message (2.4) is repeated.

1f the user types N or NO in response to (2.4), followed
by a carriage return, the system retains the value dis-
played in messages (2.1) and (2.2) and the input pro-
cedure for this variable is completed.

1f the user types Y or YES in response to (2.4), the input

procedure continues with:

(2.6) UNITS ARE /unitl/unitzlunit3/unit4/
where up to four different unit labels available for
the particular field are displayed. The first label in
the display is particularly significant since it 1s
designated as the default unit that is used in the ab-
sence of user specification.

5 (2.7) ENTER DECIMAL VALUE AND OPTIONAL UNIT LABEL:

Valid decimal values which can be read by the system con-
sist of an optional sign (+ or -) followed optionally by

one or more decimal digits, a decimal point, additional

Lo digits and an optional exponent. If present, the expon-

s
§

ent is defined as the letter E, followed immediately by
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a valid integer. Blanks are used as separators, so the

decimal number may not contain embedded blanks. Valid
examples include 29.5, -31.678 etc. As many blanks as

desired or none may precede or follow the value typed.

The interim interactive user interface module does not
presently contain a capability of detecting or preventing
numeric overflow. That is, the largest value that can be
stored depends on the word structure of the computer sys-
tem being used, and errors may result if entry of very

large numbers is attempted.

If the user is entering a value in the default unit,
then it is only necessary to type the decimal value fol-
lowed by a carriage retlrn. If the value is entered

in one of the other units, then the value is followed

by at least one space and the appropriate unit label

is typed (and followed by a carriage return). Since the
system performs units conversions by comparing the user
input label to the entries in the unit list in message
(2.6), the user entry for the unit label, if present,

must exactly match one of the labels in (2.6).

If the user simply keys a carriage return in response to
(2.7), the system assumes that the user may not wish to
proceed with the input, and processing returns to repeat
message (2.3). This gives the user an opportunity to
abort an input procedure and retain the current value of a

variable.
50
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1f the input keyed by the user at the terminal cannot be
decoded as a valid decimal value, the system responds

. with:

T

(2.8) WHAT? (DECIMAL SYNTAX ERROR)

If the error occurs in the exponent of a decimal value,

message (1.7) also is given. Following an error condi~-

tion, message (2.7) is repeated to request correct input.

1f the decimal value entered by the user passes the syn-
tax check, the system then checks the unit label. If the
user has not entered a label, the default unit from the
first entry of (2.6) is assigned. If the user has en-
tered a label, it is compared to the list of (2.6). If

the unit label is incorrect, the system responds with:

(2.9) UNIT LABEL (input) IS INVALID

and processing returns to message (2.6). ]

If the unit label is correct, the user input decimal value

AP v RO T

is converted to internal (default) units and displayed:

(2.10) INPUT CONVERTED TO UNITS OF (unit) IS (value)
After conversion, the stored decimal value is compared to
a set of nominal range limits and 1f a limit is exceeded
the system displays a diagnostic message:
(2.11) WARNING, INPUT NOT WITHIN NOMINAL RANGE OF (min) TO (max)

IN (unit)
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This message indicates a warning condition only and the
value of the variable displayed will be used unless sub-

sequently changed by the user.

At this point the user input for the requested decimal

value has been read and stored by the system, and the

value stored is displayed for user verification by a re-

peat of message (2.1). This is then followed by messages

(2.2), (2.3), and (2.4). A yes response to (2.4) will allow the
user to re-enter the value, and a no response completes

the input procedure for the data item.
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SECTION V1

EXECUTION CONTROL

! 1. STARTING THE PROGRAM

Execution of the spill model starts with the system display of the

g
BT Y

message:

- (3.1) HAZARD ASSESSMENT COMPUTER SYSTEM

RN A

h ,' EXECUTION STARTED ON date AT time

where the values of the current date and time are written

> WRAWLL

B

;
L ' with the message. Next the system initiates two sequences
of operations: (a) user selection of run options and

E i model specification, and (b) user input of specific model

Y VRNt " R

data using the standard input procedures previously

described.
(3.2) ENTER RUN REQUEST, OPTIONS ARE RUN/RERUN/CONTINUE/END
The system requests that the user enter a code word to

describe the type of run to be performed. A correct

response is for the user to type one of the words RUN

RERUN CONTINUE or END followed by a carriage return.

Spaces may precede or follow the control word typed. ]

1f the input line typed at the terminal is blank (only a
carriage return was typed), the message is repeated. 1If
the response to message (3.2) cannot be correctly inter-

preted by the system as a valid code word, then the

following message is displayed:
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p (3.3) WHAT? (RUN REQUEST ER...R)

and message (3.2) is repeated.

If the user response for the run request is END, further

execution of the model is terminated, and the system

responds with the message:

(3.4) END OF HACS RUN

Further control for the terminal operation then returns to

LEF M ATY )

the computer operating system, and the user might nor-

mally log-off the system.

1f the user response for the rum request is one of RUN
RERUN or CONTINUE, internal parameters are automatically

set to control the initialization of state file values,

R e e

and an informative message is displayed. Processing pro-

ceeds to the selection of the model and chemical.

(3.5) ENTER ASSESSMENT MODEL LETTER CODES (A-Z/II/RR/SS):

For the current installation of the spill model, users
should only type the letter P followed by a carriage re-

turn. Entry of any other letter, if also included in

the above list, will cause an execution error since

the assessment models other than P have been removed from

the installation.

A second version of the system is available, however, for
limited access in which the full set of model letter codes
can be utilized. Users should refer to the U.S. Coast

Guard User Reference Manual for appropriate methods of

54




t
|
I
Vi
i
f
¥
¥
4,

selecting multiple assessment letter codes.

Entry of any letter or combination of letters not included

in the above list will cause a diagnostic message to be

E displayed by the system. User input is again requested
by a repeated display of (3.5); a similar action occurs

if the user input is blank.

Once a correct response has been entered by the user,

IEEET

the system re~displays the model letter code at the ter-

minal for verification.

3T b T A

(3.6) ENTER CHEMICAL RECOGNITION CODE:

-

The expected user response is to type the three-letter

i . T

chemical recognition code for the chemical of interest.

Appropriate codes for the hydrazine family fuels are:

DMH = unsymmetrical dimethyl hydrazine
1 HDZ = hydrazine

3 MHZ = methylhydrazine

The complete set of 900 codes which can be used with the

current version of the system are listed with the chemical

o

names in Appendix A.

If a code 18 not entered (user input from terminal is

blank), message (3.6) is repeated. Otherwise, the sys-
tem saves the three-letter code typed by the user. The .
code entered is not immediately validated since user

options regarding access of the external physical pro-

perty data base must first be obtained.
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(3.7) OUTPUT OPTIONS ARE:

0 SELECT ALL UNITS
1 SELECT CGS UNITS
2 SELECT SI UNITS

3 SELECT ENGLISH UNITS

4 SELECT MIXED UNITS

Input procedure for data item 3019, UNIT SELECT.

The system displays message (3.7) then performs the stan-
dard input procedure to obtain a value in the range 0

to 4 from the user for the data item UNIT SELECT.

This item is used to control the units or dimensions in

which other data items will be displayed during the re-

mainder of the run. A value of 1, 2, 3, or 4 will cause

only a single display to be produced, with the value given

in the display in units appropriate for the specified ¥
system. A value of 0 will cause each display of data
items (real values) to consist of four lines, one for the

value in each system of units. Since all integer data

items are treated as non-dimensional quantities, these
items are always displayed in a single line independent~
\ ly of the value selected for this option.

(3.8) OUTPUT OPTIONS ARE 0 = SUPPRESS, 1 = SELECT

Input procedure for data item 3002, PLOT OFFLINE:

F This option is not available in the installed version

of the model which operates through the interim user
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interface module to an interactive user terminal. Instead,
plotted displays are produced directly at the terminal.
The value of zero pre-stored in the system should not be
changed by a user.

(3.9) OUTPUT OPTIONS ARE O = SUPPRESS, 1 = SELECT

Input procedure for data item 3011, READ PROP:

This option is available to suppress or to select ac-
cess and retrieval of data from the external file of
chemical property data for the chemical entered in
response to message (3.6). Most models other than P
will normally require access to this file. However,
for spills into non-tidal rivers and estuaries, access
to this file may be omitted if the user provides the
density of the chemical as a direct model input (refer
to following section). If the external file is not ac-
cessed, no further validation of the chemical recognition
code occurs, and any code may be entered with (3.6).

If the file is accessed, then the code entered with (3.6)

must be defined on the file.
(3.9) OUTPUT OPTIONS ARE 0 = SUPPRESS, 1 = SELECT
Input procedure for data item 3018, PROP REPORT:
If the option to access the external property file is
selected, then an additional option is provided to control
the type of terminal display which is generated during
the retrieval operation. For interactive terminal opera-

tion with model P, using terminals that are limited to
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an 80-character line length, this option should not be
selected. The full report is lengthy, requires in excess
of 80 characters per line for display, and is not es-
sential since the information actually required by the

model is displayed during the model execution.

Following completion of user input for (3.9), then 1if the
option to retrieve chemical data has been selected, the
system starts the search of the file for the requested

chemical. This status 1s indicated by:

(3.10) STARTING SEARCH OF HACS FILE FOR PHYSICAL PROPERTIES OF

CHEMICAL code

where code is inserted as the three-character recognition

code specified by the user.

(3.11) FILE OPENED HAS ID =

where the file identification, version number, creation

date, and back-up identification are displayed for the
file actually being accessed. This message defines for
the user the identification of the file actually being
accessed and provides for user interpretation of results
if more than one version of the file has been created with

differences in content.

The search of the physical properties file, if selected,
has three possible outcomes: (a) the file is searched
completely and the requested chemical is not found, (b)

the position on the file where the requested chemical
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should exist has been passed, or (c) the requested chemical
is found. If either condition (a) or (b) occurs, the user-
specified chemical recognition code is in error, and ome

of the following messages is displayed:

(3.12) *****ERROR - UNABLE TO FIND CHEMICAL

or

SEARCH TERMINATED BY END OF FILE

(3.13) *%***ERROR - UNABLE TO FIND CHEMICAL

SEARCH TERMINATED AFTER PASSING EXPECTED ALPHABETICAL POSITION

following either of these conditions, the system displays:

(3.14) CHEMICAL code WAS NOT FOUND ON FILE

and processing returns to (3.6) to obtain a correct code
from the user. The user must enter a code in response
to (3.6) but then may also elect to suppress the file

access when (3.8) is repeated.

If the search of the property file is successful, an

abbreviated report is automatically displayed:

(3.15) PHYSICAL PROPERTY DATA RETRIEVED FOR CHEMICAL code

NAME =

PATH CODES =

SHIPPING STATE =

where entries in the display are obtained from the file.
If the detailed report of the property data transfer has
not been selected, then processing proceeds next with the

input procedure for model P.
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If the detailed report was requested, then additional

displays are generated by the system at this time; these

include conversions of data items from SI to CGS units
and the computation of temperature-dependent properties. ) i
Users are referred to specific documentation in the U.S.
Coast Guard HACS Users' Reference Manual. In addition, . 2

if access to the property file is selected, the system 3

requests input for the ambient water temperature, and if

the detailed report is selected, the system also requests
input of the boiling temperature of the selected chemical.
Both of these items are used for the computation of tem
perature-dependent properties during the actual transfer

of property data to the HACS state file.

Following completion of the run specification input,
and retrieval operations with the external property

file, the executive portion of the system controls the

sequence of execution of the models specified by the user
response to message (3.5). For the spill model, P, the

initial message 1is:

(3.16) MODEL P IS NOW BEING EXECUTED.

THE INPUTS REQUIRED FOR THIS RATE MODEL ARE ...
The number and type of model input data items depends
on the type of water body and the type of discharge
condition. Messages (3.17) and (3.18) are given at the .
start of the model input procedure to obtain user speci-

fications for these items.
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(3.17) WATER BODY OPTIONS ARE:
1 STILL WATER
2 NON-TIDAL RIVER
3 TIDAL RIVER
Input procedure for data item 2028, WAT TYPE P/R

The value specified by the user during this input pro-

cedure selects both the appropriate portion of the spill
model and the specific input data requirements for that
portion.
(3.18) SPILL TYPE OPTIONS ARE:
0 INSTANTANEOUS

1 CONTINUOUS

Input procedure for data item 2029, SPILL TYPE P:

Instantaneous liquid spills are characterized by the

total quantity of mass released instantaneously, and

AT BN

this value is entered by the user for data item 4002,
TOT MASS LIQ. Continuous spills are characterized by

both the total mass of liquid released, and, in addi-

tion, the rate at which the mass is released (data

item 4049, LIQ FLWRATE).

Next, the model initiates a user input procedure for
each of the required data input items. Table 1 and
Section VI, Subsection 2, following, describe each
of these items. The actual user input of these items

is controlled in sequence by the model using the
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E procedure described in Section V, Subsection 2. After
; all data items from Table 1 have been entered, the
system displays:

(3.19) OUTPUT OPTIONS ARE:

Q0 SUPPRESS

1 CONC VS TIME AT x, y, 2

and for spills in non-tidal rivers only

2 MAXIMUM CONC VS DISTANCE

3 BOTH OF THE ABOVE

The message is followed by input procedures for data items
3008, PLOT FLAG P, and 3015, TABLE FLAG P, for the user to
either select or suppress a combination of graphic and
tabular outputs for the particular run conditions. If

any of these output reports are selected, the system

also requests input from the user for data item 2037,

MAX TIME CONC; this item is used to scale the length

of elapsed time over which the displayed concentrations

are to be computed.

Prior to executing the model with the user specified data,
the system first examines the status codes associated
with each data item that will be used in the computations.
If the user has not been able to provide a specific input
value for each item, and the system has selected an es-
timated value from an internal default data file, the

following message will be displayed:
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(3.20) WARNING - MODEL P 1S USING DEFAULT VALUES

Under this condition, the model will continue to execute
however, the user should review the input data to deter-
mine which input items are being used with default data,

whether the default values appear to be realistic for the
particular scenario, and whether actual values for these
items can be obtained or estimated. The significance of
default data values or of any input item for which there
is some uncertainty can be evaluated by making a series

of model runs using different values of these items.

(3.21) THE RESULTS OF MODEL P ARE ...

The initial execution of the model always gives the esti-
mated concentration at the user specified observation
point (x,y,z) and elapsed time t for the particular

spill conditions. Within the framework of the overall
HACS series of models, the computations performed at

this point obtain results that may be required as inputs

to different models which may be run subsequently.

For chemicals which are diluted with water before they

are spilled, it is necessary for the user to multiply the
computed concentration by the fraction of the spilled solu-
tion which consisted of the chemical. For example, if

28 percent hydrochloric acid is spilled instead of 100
percent hydrochloric acid, the computed concentration as
displayed should be multiplied by 0.28 to obtain the

actual value.

65




(3.22) THE EXECUTION OF MODEL P 1S COMPLETED.

Following this message, any optional tables or plots which

may have been requested by the user in response to mes-

sage (3.19) are produced and displayed.

After the production of the optional output, all other
models in the ~urrent version of HACS then return control
to the executive portion of the system which will either

initiate execution of another model selected by the user

S e

or request a new run option from the user. An addition-
al cycle has been implemented in the spill model (P),
however, that permits users to obtain additional optional

output for the spill conditions previously entered.

NPT DRI §°57 i~ WL~

(3.23) DO YOU WISH TO RE~-RUN WITH A
NEW OBSERVATION POINT?
(3.24) ENTER YES OR NO (Y/N):
If the user response is not Y (or YES) or N (or NO) or 3
is blank, a message (WHAT?) is displayed and message (3.24) E

is repeated.

If the user response is Y or YES, the model repeats the

input procedure for the data items, specifying the coor-

dinates of the observation point:
2039, CONC PT X -
2040, CONC PT Y
2041, CONC PT Z

2042, TIME CONC PT
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and then re-enters the model processing sequence with
message (3.19) to request the selection of output op-
tions from the user. Message (3.19) is then followed

by (3.20) and so forth, obtaining the new set of optional
outputs and arriving again at messages (3.23) and (3.24).
There is no internal limit on the number of these model

cycles that can be performed.

If the user response to message (3.24) is N or NO, the
control of the spill model is terminated, and the execu-
tive portion of the system repeats message:
(3.2) ENTER RUN REQUEST, OPTIONS ARE RUN/RERUN/CONTINUE/END
and the user may either continue operating the model with
different data, or may terminate the session by typing
END.
MODEL DATA REQUIREMENTS
Table 1 gives a summary of the data items that are required for each
water body type, and defines the field number, field name, and allowable
units for each item. Appendix D contains additional information defining

the unit abbreviations. Further discussion and explanation of each input

item is given below.
1002, MOLEC WEIGHT

The molecular weight of the spilled chemical is required

only for spills into still water and is used in the com-

putation of the diffusion coefficient.

1003, BOIL TEM LIQ

The boiling point of the spilled chemical is required
67
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only for spills into still water and is used in the com-

putation of the diffusion coefficient.

1004, DENS LIQ AMB

The density of the spilled chemical at ambient tempera-
ture is used by the model for all three water body types.
Concentrations near a spill location, because of the as-
sumed point source behavior, may be computed to exceed the
density of the chemical. The model then applies a con-
straint limiting the concentrations not to exceed the
density. Depending on the option selected for retrieval
of chemical property data, the initial value for this
item may either be a default value, or computed from phy-
sical property data at a temperature given by item 2004,

TEMP START.

1021, LIQ DENS BP

The liquid density of the spilled chemical at its boil-~
ing point is required only for spills into still water
and is used in the computation of the diffusion coef-

ficient.

1025, CRIT TEMP

The critical temperature of the spilled chemical is re-
quired only for spills into still water and is used in

the computation of the diffusion coefficient.

2023, WATER TEMP

The temperature of the receiving wate: body, as obtained

from this data item, is required only for spills into
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still water, and is used in the computation of the dif-
fusion coefficient. Note that the liquid density com- -

. putation from physical property data utilizes item 2004,

TEMP START,

2039, CONC PT X

The downstream distance from the spill location at which

the concentration of the spilled chemical is to be com~

G T — AR

puted (x coordinate of observation point).

2040, CONC PT Y

5 s ST -

The cross-stream position, measured from the center of
the river, at which the concentration of the spilled

i chemical is to be computed (y coordinate of observation é
point).

2041, CONC PT Z

The depth from the surface at which the concentration
of the spilled chemical is to be computed (z coordinate
of observation point). Positive values of z specify depth

below the surface.

2042, TIME CONC PT

ey

The elapsed time from the start of the spill at which the
concentration at the observation point (x,y,z) is to be
computed.

. 2044, RIVER DEPTH %
The mean depth of the water in the river channel. The

coordinate z should not exceed the river depth.
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2045, RIVER WIDTH

The mean width of the water in the river channel. The

coordinate y should not exceed one-half the river width

in magnitude (the coordinate may be positive or negative). 3

Z

2046, OFF DIST 3
The cross stream location on the surface of the water body . j

at which the discharge occurs, measured from the center ¥

of the river channel in the same direction as the coor-
dinate axis y, i.e., an offset distance and a y coor-
dinate having the same sign are on the same side of the

river centerline. A value of 0.0 specifies the center-

e e

line of the river; the banks of the river channel are at
+ one-half the river width. The value specified for the
offset distance should not exceed one-half the river width
in magnitude.

2047, STREAM VEL
The average uniform velocity of the water flowing in the
river channel. For use with the tidal river model, this
velocity gives the non-tidal component (i.e., constant

outflow stream velocity). The outflow stream velocity

can be provided by determining the stream velocity of

the river at an upstream point which is not affected by
tidal action. Alternatively it can be estimated from the
Tidal Current Tables by subtracting the maximum flood . g
current velocity from the maximum ebb current velocity. i

For conversions, use 1 knot = 51.48 cm/sec.
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2048, TIDAL VEL
For spills into a river affected by tidal action, the
actual velocity of the flowing water is'obtained as the
sum of a constant outflow velocity (item 2047) and a
sinusoidal component to represent the tidal action.
Item 2048 is the maximum amplitude of the tidal current
velocity, This data item can be determined by accessing
the Tidal Current Tables for the region of interest and
by computing the average of the maximum ebb and flood cur-
rent velocities.

2049, TIDAL PERIOD
For spills into tidal rivers or estuaries, the tidal
period is the time from one high tide to the next or from
one low tide to the next. The nominal tidal period appli-
cable to most regions is approximately 12 hours.

2050, PHASE LAG
For spills into a tidal river, since the water velocity is
represented as the sum of a non-tidal and a tidal compon-
ent, the time of spill is referenced to the tidal velocity
variation by the phase lag. This gives the elapsed time
from the start of a spill or discharge to the next high
water slack tide (high tide). The phase lag should not
exceed the tidal period.

2051, DECAY COEFF

Degradation or decay of a discharged chemical in the
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aquatic environment is modeled as a first order ex-
ponential decay process (e ®t), and this data item speci-
fies the value of the decay coefficient k. Since the Fo

decay reduces the total quantity of dispersing substance, . B

the concentrations are less than if no decay is assumed.

l Also, dispersion of products of degradation are not modeled,
and these may also be hazardous. Conservative estimates

% of concentrations can be obtained using a value of 0.0.

é 2052, MANNING FACT

For spills into tidal rivers or estuaries, the Manning

FV A TR e

factor describes the roughness of the channel bottom and
is used in the computation of turbulent dispersion coef- 4
ficients. By usual convention, the Manning factor is as- 5
sumed to be non~dimensional; in fact, values are general-
ly tabulated in units of ft1/6. To aid in choosing rea-

sonable values, the following table can be used: 4

Natural-stream Channels Manning Factor

Clean, straight bank, full stage 0.030 ;
Winding, some pools, and shoals 0.040

Same, but with stony sections 0.055

Sluggish reaches, very deep pools,
very weedy 0.070-0.125
4002, TOT MASS LIQ
For either instantaneous or continuous spills, this data
item gives the total quantity of 1liquid which enters the

receiving water body.
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4049, LIQ FLWRATE
For continuous spills, this item gives the rate at which
the liquid chemical enters the receiving water body.
The duration of the continuous discharge is determined
by the total quantity of discharged liquid (item 4002)
divided by the flow rate (item 4049). 1If the duration
of release is known, then the flow rate can be estimated
simply by dividing the total mass released by the dis-
charge duration.

2043, DIF COEF H20
For spills into non-tidal rivers, the model currently
obtains an estimate of the turbulent dispersion coef-
ficients using a scaled value of the molecular diffusion
coefficient for the discharged chemical in water. The
computation of the molecular diffusion coefficient uses
a number of physical properties of the spilled chemical
which are not otherwise required. The model currently
computes an estimate of the turbulent dispersion coef-
ficient for a discharge into still water, then displays

this value as a data item which may be changed by the

user.
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SECTION VII

SAMPLE COMPUTATIONS

Several different spill scenarios are described in this section,

and sample outputs from the model execution are included. These illustrate

e

the types of output produced, the sequence of operations performed,
and the type of input data required. The sample cases were selected

to illustrate outputs for different types of water bodies and spill

L

conditions. A brief narrative is given describing the spill situation,

TR =

and additional discussion or explanation of the sample output follows.
In each case, the sample includes only a single selected model run
for the particular case. In actual use, a number of such runs would
be made for different conditions, locations, or times relevant to the
spill.
1. NON-TIDAL RIVER
Scenario

While loading a tank truck at an on-shore storage facility, a
rupture occurs and the entire contents of the tank are released nearly
instantaneously. The tank was nearly full, holding about 35,000 pounds
of hydrazine when the rupture occurred.

The storage area is close to the shore of a river in which water

intake facilities are located about a mile downstream. In this stretch, -
the river is about 300 feet wide and 30 feet deep, and the current

is about 3 miles per hour.

-

Sample Run

‘
ey e o

The computer print-out for~this sample computation is given in




m——

Figure 3. The spill model is executed using the RUN option; to set
up data for a new case, the spill model (P) is specified, and the chemical

hydrazine is identified by the three~character recognition code HDZ.

For this run, the default output unit options selection was unchanged.

This gives most outputs in CGS units; English units would have been
a better choice for the data used in this example.

Property file access was disabled since for this example only
the liquid density of the chemical at ambient temperature is needed.

The water body type for a non~tidal river and the instantaneous
spill condition were already set as default values so these items were
not changed. The liquid density was entered as 1.008 g/cm3.

The observation point coordinates were entered for the water intake
location one mile downstream. It was assumed that the intake is located
close to the shore, on the same side of the river as the spill, since
the concentrations along this bank will be greater than those near
the far bank for some distance downstream from the spill.

Since the river is flowing at 3 MPH, the time required for the
spill mass to move 1 mile downstream will be about 20 minutes. At that
time, the concentration at the intake will be near to a peak value,
so 20 minutes was entered for the time of observation.

River depth and width are entered as 30 feet and 300 feet, respec-
tively. The offset distance is entered as one-half the width, 150
feet, to specify a spill location at the shore; the stream velocity
is entered as 3 MPH. Additional information regarding chemical degrada-

tion and the channel condition is not available; default values are
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used for these items. The quantity of chemical sp.lled is entered
as 35,000 pounds.

Both the plotted and tabular output options are turned on, and
the time scale for these outputs is set at 2 hours. Since it was deter-
mined above that the concentration at the intake peaks at about 20
minutes, the selected interval will bracket the peak concentration.
The plotted output obtained for this sample computation is given in
Figure 4. The tabular output produced is given by Tables 2 and 3.

The output shows the actual concentration at the water intake
location to be 8508 ppm 20 minutes after the discharge occurs. The
passage of the spill mass past the intake is quite rapid, taking only
about 0.4 minute. At a current velocity of 3 MPH, this indicates that
the width of the dispersing mass is on the order ot 100 feet at this
distance from the spill location. The second table indicates that
concentrations in excess of 1000 ppm will occur for distances up to
5 or 6 miles downstream from the spill. Further runs at successive
downstream observation points could be made to correlate arrival times

with durations of hazardous concentrations.

2. TIDAL RIVER

Scenario

During the night, a barge, breaking loose, drifts with the current
until it collides against a railroad bridge crossing a tidal waterway.
Dammage appears to be minimal. However, during the ensuing confusion, an
approaching train is unable to stop before entering on the bridge. Two

supporting piers, already weakened, shift and the superstructure of the

85
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4. Concentration Profile for Non-Tidal River Example
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TABLE 2. CONCENTRATION VERSUS TIME FOR NON-TLDA!, RIVER EXAMPLE

ELAPSED TIME
(MINS)

19.794
19.804
19.8195

19.825
19.836

19.846
19.856
19.867
19.877

19.688
19.898
19,909
19.919
19.930
19.940

19.950
19.961

19.971

19.982
19.992

20,003
20,013
20,024
20,034

20.045
20,055

20,065

20.076
20,086

20.097

20,107
20.1186

20,128

20,139
20,149

20,160
20,170
20.160
20.191
20,201

CONCENTRATION
(PPH)

+36342E-01
+12585
+40785

1.2370
3.5118

?.3329
23.221
54,094
118,00

241,06
461.24

826,64

1387.9
2183.1

3217.6

4443,8
$751,7

6977.6

7934.6
8438.6

8454.0
7922.6
6962.4
5738.2

4435.7
3216.4
2187.9
1396.3
836.17
4469.88

247.81
122,66

56.994

24,860
10,1081

3.9147
1.4135
+ 47934
15247
+43673E-01

87

CONCENTRATION
(MG/LITER)

+36632E-01
+ 12686
41111

1.2469
3,5399

?.4076
23,406
54,527
118.95

242,99
464.93

833.26
1399.0
2200.6

3243.3

4479.3
9797.7

7033.5

7998.1
8526.3

8521.7
7986.0
7018.1
5764.1

4471.2
3242.,1

2205.4
1407.5
842.86
473.64
249,79
123.64
57.450

25,059
10,262

3.9460
1.4248
+48318
+135389
+46040E-01
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TABLE 3. CONCENTRATION VERSUS TIME AND DISTANCE FOR NON-TIDAL RIVER EXAMPLE

DOUNSTREAN  DOUNSTREAM ECAPSED  CONCENTRATION ~CONCENTRATION
DISTANCE DISTANCE TINE AT SURFACE ON RIVERDED
(NETERS) (FEET) (MINUTES)  (MG/LITER) (MG/LITER)
80.446 264.0 1.000 +S352E+06 $26.8
326.0 1069. 4,081 +4570E+05 +2003E+0S
$71.9 1875, 7.103 +290SE+0S <193%€+0S
917.0 2680, 10.15 1819E+0S +1564E405
1062, ) 3484, 13.21 +1337€+0% . 1259€+0S
1308. 4291. 16.26 +1067E40% .1034E+0S
1383. $097. 19.31 8912, 848S.
1799, %902, . 22438 7653, 7437,
2048, T sr08. 25,481 6697, 6473,
22%0. 7313, 28.46 5941, $711.
2536. 8319, 31.51 . 5326, 509S.
2781, 7 T T9124., 34,56 T 4815, 4588.
3027, 9930. 37.62 4384. 4164,
3272. +1074E40% 40.67 4018, 380S.

TISIET T TTISAEH0S T 43.72 T T 7T 73498, T 3497,
3763. +1233E408 46.77 3418, 3230.
4009, +131S€403 49.82 3173, 2997,

T 42854, T V1396E+40S $52.87 2937, 2791,
4300. +1476E403 $S.92 27644, 2609.
a47as, < 15S7E+0S $8.97 2591. 2447,

AL VIB3TE40S T T 62.03 T 24368, T 2301,
$236. +1718E+03 65.08 2296, 2149,
3482, «1798€+0S 68.13 2149. 2050.
$727.° +1879E40S 71.18 2053. 1942,
5973, +1960E+0S 74.23 1947, 1843.
42180, +2040E4093 77.28 1830, 1752,

T6444, T T ,2121E408 80.33 1761, 1649.
6709, +2203E403 83.38 1478, 1592.
4933, +22082€408 86.44 1402. 1521,
7200, +2362E403 89.49 1832, 1488,
7446, +2443E403 92,34 1466, 1394,
7691, . 2323E40S 5.39 1408, 1337,
7937, +2604E403 98.64 1349, 1204,
0182, +2604E403 101.? 1298, 1234,
8420, +2743E403 _  104.7 1244, 1188,
8477, . 2844E+03 107.8 1199, 1144,
919, +2924E403 110.8 1158, 1103,
9164, +3007E403 113.9 1114. 1045,

9410, T S087E¥0S 116.9 1074, L0290
2433, + 31488408 120.0 1039. 994.4

NOTE! TADLE GIVES CONCEMTRATIONS AT SURFACE AND ON RIVERBED FOR

DISTANCES DOUNSTREAM FROM THE SPILL LOCATION. DOWNSTREAM DISTANCE »
I8 OIVEN ALONG LINES ON THE SURFACE AMD RIVERBED SHIFTED FROM THE .
RIVER CENTERLINE BY THE SPILL OFFSET. §
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bridge begins to collapse, The train comes to rest with a tank car carry-
ing hydrazine at the middle of the span. Damage to the¢ train is extensive,
and the tank car appears to have been pierced.

A continuous leak ensues, and it is estimated that the entire tank
contents of 50,000 pounds of hydrazine will have entered the waterway after
about a one hour duration.

The accident occurs at low tide; the river channel in the area is
about 500 feet wide and 45 feet deep. Since the spill occurs as the tide
starts to come in, the tidal velocities in the area are relatively large
and the tidal period is long. There is concern that hazardous concen-
trations will exist in the area for an extended duration.

Sample Run

The computer print-out for this sample computation is given in
Figure 5. The spill model is executed for hydrazine and the assessment
model letter code P. In the case of the sample run, the run request
option actually used was CONTINUE, since the sample output actually
shown was the second of two runs. 1In the first run, inputs for the
river width and depths were inadvertently transposed. The output of
this run shows a majority of the status codes of data items are "USER,"
indicating items that were previously entered and are now available
with the CONTINUE option.

Property file access is again suppressed since only the liquid
density is needed. A continuous spill into a tidal river is specified,
and the coordinates of the observation point are selected at the spill

location. The time of observation is taken as 12 hours, corresponding

89
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to high tide for the area. It is anticipated that, at this time, much

of the discharged chemical will actually have moved upstream, and at
times greater than 12 hours, the concentrations at the spill location
will again increase. Output displays therefore will be scaled over

a 48-hour period so that the effects of the tidal action can be observed.

The dimensions of the river channel are entered, and the discharge
is assumed to occur at the centerline of the river. <Consulting the
Tidal Current Tables for the area, the stream velocity (non-tidal com-
ponent) is determined to be about 0.6 knot and the tidal velocity about
2.4 knots. The tidal period is estimated at about 24 hours, and since
the spill started at low tide, the phase lag is entered as 12 hours.
Default values are used for both the decay coefficient and the Manning
factor.

The total quantity spilled is entered as the capacity of the tank,
50,000 pounds. To enter the discharge rate, a quick calculation arrives
at an approximate rate of 15 lb/sec to empty the tank in a one~hour
period. The output options were previously set, so no further input
is required.

The plotted output obtained for this sample computation is given
in Figure 6, and the tabular output is given in Table 4. The model
indicates that the concentration at the spill location 12 hours after
the spill starts, or 11 hours after the spill stops, is only slightly
greater than 0.1 ppm. This elapsed time corresponds to high tide,
and as can be seen from the sample plot and table, the concentration

at the spill location then rises as the tide goes out. Successive
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Figure 6. Concentration Profile for Tidal River Example

CONCENTRATION
AT POINT XxYZ CONCENTRATION VS TIME AT A FIXED POINT - MODEL P
(rPR)

2.00E+00 43
*
1.90E400 +x

1.80E+00 +:
1.70E+00 +:
1.60E400 t:
1.50E+00 +:

L]

1.40E+00 ¥~ ~ T T Coor T o T
4

1.30€+00 +x 0

1.20E+400 +3

{.10€F00 ¥3 ’ ) T T T T T T e
1.00€400 +3

=S e
9.00€E-01 +3

e
8.00E-01 +5
2

0
7,00€-01 +% _ o
E
6.00€-01 +8
_ s 0 ' e e
3.00E-01 t: - i -
4,00E-01 +8 _
g g = _ - e = .
3.00E-01 +%0
_ L 0 0 00
Z.00€-01 #3 e 0 00 0
 d ] o 0 0 00 0 00
1.00E-01 2 0000 0000 g6 oo o
'y 00 00
0. +e 0
_ ltttlltllltlltttll!tl!lltltlltltttlttltttltltttltllttlllttttlll
¥
. 0. S, oo:+02 t. oo£+03 1, sos+o: 2. ooe0os 2. so:*o: 3. oo:oo:
. “__ELAPSED TINE FROH STARY or srrLL.......<nxnur£5)
+ +
0. 9. 33:000 1. c7t+oz 2.30:001 :.33:+o: 4.17:00: $.,00€401

ELAPSED TIME FROM START OF SPILL.cosssse. (HOURS)

98




TABLE 4. CONCENTRATION VERSUS TIME FOR TIDAL RIVER EXAMPLE

ELAPSED TINME
(MINS)

1.0000
74.821
148.464

222.46
296.28

370.10
443,92
3517.74
591.56
665,38
73%9.21
813.03
886.85
950.67
1034.3
1108.3
1182.1
1255.9
1329.8
1403.6
1477.4
1551.2
14625.1
1698.9
1772.7
1846.5
1920.3
1994.2
2068.0
2141.9
2215.6
2289.4
2363.3
2437.1
2510.9
2384,.7
2658,95
2732.4
2806.2
2080.0

CONCENTRATION

(PPM)

29711
1.2893
+ 73596
¢ 52997
+ 36131
+ 23694
+15420
+10868
+89619€-01
+89722E-01
+10720
+14298
+19348
1241635
+ 26095
23921
19194
14412
+ 10967
+«903502E-01
+84098E-01
+88029E-01
+10062
11971
+14143
+ 16066
+ 17349
17918
+17955
17649
+«17010
+ 158435
+14037
+ 11563
+86875E-01
+64S01E-01
+A5921E-01
+33434E-01
+26628E-01
+23343E-01
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CONCENTRATION

(MG/LITER)

129949
1.2996
+76201
+ 33421
+ 36420
+23884
+15543
+10935
+90336E-01
+70440€E-01
+10806
+14413
19503
+ 24359
v 26304
24112
+19348
.14328
+110354
+91226E-01
+84771E-01
+88733E-01
+10142
+ 12066
+ 14256
+16194
+17487

18061
+18099

+17790
+17146
+ 15992
+ 14149
+11676
+89584E-01
+65017E-01
+46288E-01
+33923E-01
+26841E-01
+23731E-01




increases and decreases in concentration take place, corresponding
to the tidal action, and successive reduction in value of each peak
concentration can be observed.

3. STILL WATER

Scenario

A barge carrying hydrazine across a large lake is involved in a
collision. It is estimated that tanks holding approximately 10,000 pounds
of hydrazine have been involved, but the quantity of hydrazine remaining
in the tanks is not yet known. The water surface is somewhat choppy.
Sample Run

The quantity and duration of release are not completely known, and
the spill could be modeled as either an instantaneous release or a continuous
release. However, the total quantity discharged cannot be greater than
10,000 pounds. If no further information can be obtained, several assess-
ments should be made assuming an instantaneous release, then assuming a
continuous release over several different discharge periods. This sample
run illustrates a typical model execution to investigate the instantaneous
release condition, actual terminal output is given in Figure 7, with
additional explanation in the paragraphs below.

At the start of the execution, the user option to "RUN" is selected
for the spill model (P) with the chemical hydrazine, specified by the
three-character recognition code HDZ. The output option is selected for
English units, and options to retrieve data from the property file (with-

out report) are specified.
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The physical property data for hydrazine is retrieved and stored in

the model. Warning messages are printed because properties which are func-
tions of temperature are being computed at a temperature beyond the range
of the data given for hydrazine. The actual values stored, except for

liquid density, are not required by this model, and the warning diagnostics

are ignored.

The execution of the spill model starts by entering input data to
select the still water (lake) case and an instantaneous spill.

Chemical property data stored in the model is left unchanged. The
display of water temperature shows the value currently at 59°F, a default
which is different than the starting temperature used earlier. This data
item is changed to 68°F, although there is no confirmation that this agrees
with on-scene conditions.

The coordinates of the observation point are taken at the surface of
the water, at a point located 100 feet from the spill. Further runs would
use different coordinates to evaluate the characteristics of the dispersion
of the spilled chemical. The time the concentration is to be obtained is
set at 48 hours after the spill occufs. A conservative assumption is made
by leaving the decay coefficient at its default setting of zero. The quan-
tity of spilled chemical is entered as 10,000 pounds. Since the surface
of the water body has been reported as choppy, the computed value of the
dispersion coefficient based on scaled molecular diffusion is replaced by :
a user value of 100 cmz/sec. Finally the output options are turned on
and scaled to report results for the first 24-hour period following
the spill. Output produced from this run is given in Figure 8 and

Table 5.
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Figure 8. Concentration Profile for Still Water Example
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TABLE 5. CONCENTRATION VERSUS TIME FOR STILL WATER EXAMPLE

ELAPSED TINME
(MINS)

1.0000
37.897
74.793
111,69

148,59
185,49

222.38

259.28
296.18

333,08

369.97
406.87

443,77
480.67
$172.56
554,46
391.36
428,26
645,13
202,05
738.95
775.835
812.74
049.64
866.54
923.44
960.33
997.23
1034.1
1071.0
1107.9
1144,8
1181.7
1210.6

12535.95
1292.4
1329.3
1366.2
1403.1
1440.0

CONCENTRATION
(PPN)

+33474-162
+68303E-01
3.8010
11.513

17.742
21.3568

23.001

23,406
23.090

22.378

21,464
20,464
19,445
18,444
17.483
16.571
15.715
14.913
14.166
13.470
12,822
12.219
11.657
11,134
10.646
10.191
9.7651
9.3669
8.9938
8,6438
8.3151
8.0060
7.7150
7.4407
7.1819
6.9373
6.,7060
6.,4870
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The computed concentration at the observation point, 10C feet away §

from the spill, shows that the concentration is reduced to 2.46 ppm after
48 hours from the spill. The printed and plotted display shows that the @
y peak concentration at this point is approximately 23.4 ppm and that this 4
is reached at about 4 hours after the start of the spill. A concentration f

of 10 ppm exists at this location for approximately 13 hours, and this

concentration is reached at about 2 hours after the spill occurs. Concen- d

trations are not reduced to below 10 ppm at this location until about 15

hours after the spill.

After the requested table is printed, the user may enter new observa-

TN

tion point coordinates and obtain different sets of plots and tables

or re-run the model for different assumptions (e.g., continuous release).

113




SECTION VIII

REVIEW OF MAJOR ASSUMPTIONS

Because of the complexity of the chemical spill process, the uncer-
tainties and variabilities associated with spill conditions and the nature
of the environment in the vicinity of the spill, and the difficulties in-
herent in describing these phenomena, the analysis and implementation of
the water dispersion model has necessarily been based on numerous assump-
tions. The degree of sophistication that has been attempted has been care-
fully considered, and assumptions or limitations introduced to enable the
models to be applied to a class of non-chemical specifir discharges in a
range of environmental settings. Also, these models are intended for use
in real or threatened emergency spill situations, in addition to routine
asgessments for contingency planning, and thus the input data required is
restricted to that information that can be readily observed, estimated, or
assumed from on scene observations or reports; use of extensive, detailed
site specific data 1s precluded. Major assumptions and/or limitations that
are incorporated in the model are summarized for review in the following
paragraphs.

Heat sources and heat sinks are neglected, and the assumption is made
that the initial temperature of the spilled chemical and the receiving water
body are nearly equal. Any initial unequal temperatures would ultimately
come to equilibrium at a temperature very nearly equal to the temperature

of the water into which the spill occurs because of the comparatively

large thermal capacity of a river, lake, or ocean into which a spill may
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occur. During the initial stages of dispersion, the difference in the tem-
peratures of the spilled chemical and the receiving water could affect the
rate of dispersion. The significance of this assumption depends on the
type of chemical and relative temperature ranges at which these are trans-
ported.

Temperature differences may also give rise to buoyancy effects. Studies
of these effects have been reported in the literature, many of them dealing
with thermal discharges from power plants or waste water discharges through
submerged outlets or distributed outfalls. In these cases, the discharge
is lighter than the receiving water. The movement of the discharge as it
rises creates secondary induced turbulent currents and the rate of disper-
sion and manner in which it takes place are effected. The spill model as-
sumes that the spill occurs onto the surface of the waterway, and the ef-
fect of buoyancy has not been incorporated. Thus, the model strictly is
most appropriate for those liquids that are neither significantly lighter
nor denser than the receiving water. The model may also be applied for the
dispersion of solid particles, if these are neutrally buoyant or if the
settling times are large in comparison to the dispersion.

Chemical degradation in the aquatic environment has been modeled by a
first order rate constant process. Additional effects of chemical reactions
or phase changes during dispersion have not been incorporated. Phenomena
asgsociated with chemical reactions, and also neglected, include resulting
dispersion of the products of reaction, and thermal effects from the heat
of reaction. The most significant model assumption may be that no vapor
is liberated, and that other than a first order decay, the entire mass of

spilled chemical is dispersed. The model assumes the chemical is fully
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soluble in water (miscible in all proportions) and that all the discharged

chemical goes into solution with water. A separate model has been developed

for use in HACS to estimate vaporization rates; however, the resulting re-
duction of the mass dispersing in water has not been incorporated. This

assumption leads to estimates of concentrations in water that are conserva-

tive.

Stratification of the receiving water body and the interaction with
density or buoyancy effects have not been included, although the receiving
water body is considered to be non-isotropic, with different but constant
dispersion coefficients along each axis. Thermal layers in lakes and oceans
are known to exist at some depths, at some or all different times of the
year, depending on seasonal temperature variations. These horizontal layers,
when present, can act as confining boundaries by significantly inhibiting
dispersion to greater depths, reflecting the dispersing chemical and limic-
ing mixing to occur in the upper portion of the water body. Modification
of the still water model to incorporate confining boundaries, using the
method of imaging or virtual sources, would not present significant dif-
ficulty, provided that depths to these boundaries could be estimated.

Strictly, the models apply to spills of large quantities that occur
under assumed instantaneous or continuous discharge conditions. For continuous
discharges, the rate at which the chemical is released is assumed to be con-
stant. An analysis of the continuous release model has formulated an ap-
proach in which a variable mass release rate can be modeled. However, as
implemented, the model is limited to a constant release rate since for the )
purpose of expected use it was assumed that inadequate information would be

available to accurately characterize a variable rate.
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River channcls are modeled as having a constant rectangular cross sco-
tion, and for non-tidal rivers, a constant cross-sectional average river
velocity has been assumed. For tidal rivers, the tidal effect has been
modeled by a sinusoidal velocity imposed on the non-tidal component. Velocity
variations causea by winds, storms, local channel obstructions, and similar
effects have not been included. The boundaries (banks and channel bottom)
of the river channel have been assumed to be impenetrable to the dispersing
mass, and only first order image sources have been included to model the
effect of confined dispersion.

In regions near to the source for a continuous discharge into a river,
the additional longitudinal travel due to longitudinal dispersion is neglected
with respect to the bulk motion of the dispersing mass in the direction of
river travel. This assumption is strictly applicable to rivers in which the
rate of longitudinal diffusion is small with respect to the movement with
the river velocity; however, all but the most slowly flowing rivers will
give reasonably good agreement with this assumption.

At distances far from the location of a spill into a non-tidal river,

a simplifying assumption is made that the dispersing mass reaches a uniform
cross-sectional distribution, and further dispersion occurs in a one-dimen-
sional manner in the direction of river flow. While the assumption is rea-
sonably consistent with the expected behavior of the mass at large distances
from the spill and introduces some simplicity in the model formulation,

the resulting difference in the modeling equations may cause a discontinuity
in concentration estimates between the ncar-field and far-field regions.
Since the model incorporates, to a first order, the boundary effects in

the region near the spill site, concentrations reached at long distances
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from the spill location should be expected to approximate those obtained

by one-dimensional analysis, and as a result the one-dimensional analysis
is not essential. The model does not currently include provision for auto-
matically forcing a match between these near- and far-field equations, and
the results obtained should instead be interpreted in terms of the type of
dispersion being modeled.

Although some of these assumptions and limitations have greater effect
than others, it is generally concluded that the assumptions lead to a simp-
lified, but reasonably realistic, model with which estimates of concentra-
tion distributions can be obtained on the same.order of accuracy as the

accuracy to which the required model inputs are available.
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APPENDIX A

INDEX OF CHEMICAL RECOGNITION CODES

[ . This appendix reproduces the full set of 900 chemical recognition
codes (Table A-1) for the chemicals contained in the Hazardous Chemical
s Data Manual of the Chemical Hazard Response Information System, published
by the U.S. Coast Guard in October 1978.
The index is in alphabetical order by three-character recognition
code and gives the recognition code and compound name for each substance.
Retrieval of physical property data within the Hazard Assessment

Computer System is obtained by specifying the three-character chemical

recognition code.
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APPENDIX B

SELECTED SYNONYMS

This appendix lists the synonyms, in alphabetical order, for a

selected group of chemical compounds listed in Appendix A (see Table B-1).

For each synonym listed in the left-hand column, the corresponding

name of the chemical is given in the right~-hand column. Chemical names

B ——

are also listed as synonyms to give a master list of names for these

A

chemicals.
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APPENDIX C

HACS SYSTEM AND ERROR MESSAGES

Given below are identifications and descriptions of general diagnostic |
and informative messages incorporated in the overall HACS structure
. for user input data processing, state file interactions, assessment
model sequencing, and output data production. The messages included
in this section apply to the interim interactive version of the system
and thus are a subset of the full group of messages. Additional messages,
specific to the normal interactive user dialog, are described in the
text of the manual.

HACS messages described below are given in both normal and abnormal
processing. Most error conditions or warning messages for potential
errors are denoted by a string of five asterisks printed at the start
of the message. Where appropriate, each message below indicates using

lower case letters to type specific information included by HACS under

program control, depending on the conditions under which the message

is generated.
AN ERROR WAS MADE IN READING THE DATA BASE -- MODEL code. EXECUTION OF
MODEL code IS TERMINATED.

The message, given with the appropriate rate model designation inserted,
indicates that, during the transfer of field data values from the state
file for input to the requested rate model, at least one and possibly more
errors were encountered. This condition is completely program controlled,
and an error in the user input data 18 not indicated. The sequence of model

b input operations is explicitly defined by the program code written for each
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rate model, and the error condition indicates either an incorrect modifica-
tion of the program code, or that a field required by a rate model
has not been defined in the HACS default file.

Specifically, this condition will occur if a rate model attempts to

use a field for which the field number has not been entered in the default
file, or 1if the rate model code requests a type of value (real or integer)
which is inconsistent with the type of value (real or integer) of the field
entered in the default file. All remaining model operations which would
otherwise normally be performed are terminated; HACS will however continue

to attempt to execute the next model requested.

COMPUTATION OF FUNCTIONS OF TEMPERATURE FOLLOW USING TEMPERATURES OF ...
This message precedes a display of the ambient and boiling tempera-
tures that are used in computations of functions of temperature during the

transfer of chemical data from the property file to the HACS state file.

COMPUTATION OF identification ...

A header message used to indicate HACS is computing values of the
identified function of temperature at both ambient and boiling temperatures.
Megsages following indicate values obtained as well as any abnormal con-

dicions.

COMPUTATION USES TEMPERATURE AT LIMIT OF RANGE

Additional message, following warning condition, indicates that a
chemical property function of temperature is being computed at an over-
riding range limit and not at the value of ambient or boiling temperature

specified.
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END OF HACS RUN

Message is written by HACS on printed output to indicate completion

of user requested operations. May be given either on completion of

all user requests or on abnormal conditions causing program controlled %
premature termination of processing.

**%%*ERROR - COMPUTATION OF FUNCTION VALUE UNABLE TO PROCEED ?

E A data base recall error occurred during the collection of temperature

function coefficients. This error is caused by program inconsistencies in

calls to subroutine COEF and is not a user error.

*%***ERROR*****DIVIDE FAULT OCCURRED DURING EXECUTION OF OVERLAY n

**k*XERROR*****EXPONENT OVERFLOW OCCURRED DURING EXECUTION OF OVERLAY n

**k*k*k*ERROR*****ARITHMETIC FAULT OCCURRED DURING EXECUTION OF OVERLAY n
Following completion of the execution of any program overlay, HACS

uses a number of system routines to test for the possible occurrence of an

arithmetic fault condition and may issue one or more of the above messages
with the identification of the appropriate overlay inserted. (Functionally,
HACS program overlay definitions are based on groupings of rate model pro-

grams.) Generally, diagnostic conditions of this type are traced to user

input inconsistent with model assumptions or limitations.

*****ERROR - FIELD NUMBER n REQUESTED FOR RECALL HAS NOT BEEN DEFINED
*%***ERROR - FIELD NUMBER n REQUESTED FOR SAVE HAS NOT BEEN DEFINED

An operation to recall (or save) a data value from (in) the HACS state

file has requested a value for a field number (inserted in the message)
which is undefined. Either a program modification has been made to a rate

model using an incorrect field number, or the definition of the field is
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missing from the HACS default file.

kA****ERROR - REAL RECALL REQUESTED FOR INTEGER FIELD number name

A*®kARERROR - REAL SAVE REQUESTED FOR INTEGER FIELD number name
*k***ERROR - INTEGER RECALL REQUESTED FOR REAL FIELD number name
*%*x**ERROR - INTEGER SAVE REQUESTED FOR REAL FIELD number name

The use of data values in the state file is controlled by the type of
program operation coded within an assessment rate model, and a data type
indicator (integer, real) is included as part of the data item definition in
the HACS default file. These error messages, which should not occur during
normal HACS operation, indicate either an improperly coded data base opera-
tion request within a rate model, or an incorrect, or inconsistent, data-
type definition in the HACS default file for the field identified in the
megssage. Default file definitions must not be changed without considerable

caution due to the use of individual data fields by multiple routines.

FUNCTION VALUE COMPUTED AT TEMPERATURE OF value DEG. C IS ...
Where value is either ambient temperature, or the boiling temperature
of the compound and the message is followed by a line giving the HACS state

file field number, value, etc., for the function of temperature.

HACS STATE FILE INITIALIZED WITH identifier VALUES, FILE LABEL FOLLOWS -
label

Prior to processing user input data, the HACS state file is initialized

as determined by previous operations during the run and the options specified

by the user operations input. The identifier inserted in the message will
be EMPTY, DEFAULT, USER, or COMPUTED as appropriate, followed by a listing

of the label of the state file on initialization.




*xxh* INPUT CONTALNS UNRECOGNIZABLE RATE MODEL CODE
A rate model code entered by the user is not A to Z, II, RR, or SS.

Since the format of the rate model path input is matched to internal lists

defining all valid path codes, users are cautloned to carefully check this

input for invalid codes.

INSUFFICIENT DATA AVAILABLE - COMPUTATION USES REQUESTED TEMPERATURE

In the event a user specifies coefficients for a temperature function
but default values are used for the bounds of the equation, the computation
proceeds using the specified value of ambient or boiling temperature even

though the apparent limits have been exceeded.

INSUFFICIENT DATA AVAILABLE TO EXECUTE MODEL code. EXECUTION OF MODEL
code IS TERMINATED

This condition indicates an attempt was made during execution of a
rate model to use an undefined field value (i.e., no values, not even de-
fault, existed for the requested field). All remaining model operations
which would normally be performed are terminated; HACS will, however, con-
tinue to attempt to execute the next model requested. It should not be pos-
sible for this error condition to occur during normal processing; the most
likely cause is an incorrect or inconsistent modification to internal HACS

program code.

MODEL code IS NOW BEING EXECUTED. THE INPUTS REQUIRED FOR THIS RATE MODEL
ARE ...
The message is printed with the appropriate rate model designation at

the start of the execution of the requested model. The message is then
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followed by a listing of all input data required by the rate model for exe-
cution, produced as each item is retrieved from the HACS state file and

transferred to the rate model.

***4*MODEL CODES NOT GIVEN IN CORRECT ASSESSMENT SEQUENCE

The structure and construction of the paths in the HACS assessment
tree require that the rate model executions be performed in valid sequences
which define an acceptable path along the tree. The same path code may not
appear more than once, and the path codes which are given (except for rate
models O, Z, II, RR, and SS) must appear in alphabetical order (A to Z).
The exceptions (0, Z, II, RR, and SS) may be given in any order but may not
appear more than once.
*RA*ANOTE - VALUE IN STATE FILE OF value unit IS A identifier VALUE AND
WAS NOT REPLACED

A data base save operation, displayed previously, was attempted, but
the value to be stored did not have a higher source code than the existing

value. The value shown in the above message remains unchanged in the HACS

state file.
Number Name = value unit, IS A identifier VALUE
Where the elements in_the message are inserted by HACS as:
Number = data item field number
Name = field name defined by entry in the default file
for the corresponding field number
Value = numeric value currently associlated with the field
number, either being retfieved from the HACS state

file for use in model computations, or being stored
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Unit =

o S
v

Identifier =

LS AN 1

in the HACS state file following completion of the
model execution
label for the pre-selected unit or dimension of the
value displayed. User options may be selected for
displaying units in a single system, or for dis-
playing field values in each different unit of
measure for all systems. For this latter optiom,
each different value and unit combination 1is dis-
played on additional lines
defines the type or status code of the data value
as:

MISSING

DEFAULT

ESTIMATE

CHEM PROP

COMPUTED

USER

SYSTEM
A priority value is associated with each of these
types in ascending sequence in the order of the
above list to govern the replacement of differnt
values for the same fleld. For example, a user
value entered for a field will override a value
computed by HACS, but a second computed value will
not replace a value computed previously by HACS.
New values replace existing values in the state
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file during model executions, only 1if the source
code associated with the new value is higher than

the source code associated with the existing value.

A minor inconsistency in the definition of the pri-
ority structure of the HACS state file arises dur-
ing processing of user input data at the start of
each run. These inputs are verified and then stored
directly in the state file without priority screen-
ing. Thus, if more than one user value is entered
for the same field, the last value appearing in

the user input 1is the one saved.

OUTPUT CONTROL OPTIONS ARE ...

A header message preceding a display of the values selected for basic
input/output control during an assessment run.
PHYSICAL PROPERTY DATA RETRIEVED FOR CHEMICAL code

This is followed by a listing of the compound name, path codes,
shipping state, and late toxicity, as read from the property file.
The message is displayed to give a listing of chemical property data which
are not transferred to the HACS state file. It is given when the
data for the specified chemical recognition code has been found, and
precedes the actual transfer of data values into the HACS state file.
#*&ks%RUN TERMINATED

Error message is issued during user input processing, following
a preceding error message, to indicate that the HACS run is unable

to proceed due to errors in user input data.
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A |

STARTING SEARCH OF HACS FILE FOR PHYSICAL PROPERTIES .OF CHEMICAL code
The actual chemical recognition code requested on user input is

inserted in the message in place of the word code. This message is

k

i

k

{

'

i

|4

: displayed at the start of a search of the property file, identified e

by a following display of the property file header (identification, {
creation date, version number, and back-up).

TEMPERATURE FUNCTION IS UNDEFINED :

All coefficients for a function of temperature are either missing

or are default values. Further computations to obtain a value are

Desr g AN

skipped, as the only result would also be a default value. The state

"

file data priority structure would cause this value to be ignored.

THE EXECUTION OF MODEL code IS COMPLETED

et 4 GRS T

The message is printed with the appropriate rate model designation
inserted on completion of the model execution and prior to initiating
the next requested model execution. The results of the model execution
as indicated on the printed output will have been saved in the HACS
state file for use as necessary in subsequent calculations.

THE RESULTS OF MODEL code ARE ..

This message follows the completion of the execution of a rate

DSy e, YRR TN v AW TP AR TH TH B P eRs

model (designation inserted) and precedes the display of model outputs.

TRANSFER OF EXACT OR ESTIMATED PROPERTY VALUES TO HACS STATE FILE FOLLOWS ...

o~ ot wree e mon

All numeric field values, defined as exact or estimated values, are
transferred from the chemical property file to the HACS state file,

and are listed individually as entered in the state file. If a value

has already been entered in the state file with a higher source code,




the property value is listed with additional messages to indicate the

value is not saved. Any default or missing data existing on the property
file for the compound is not transferred and is omitted on the HACS
listing.

*%k¥AWYARNING -~ CONVERSION OF INTEGER FIELD VALUES NOT APPLICABLE

i Message is incorporated in the event that different unit labels

are provided for the same integer fields in different systems of units.

This condition should not occur with the currently installed version

of HACS.
#**x**WARNING/ERROR - FIELD VALUE NOT IN RANGE min TO max unit

HACS inserts the actual values of min, max, and unit in the message.
After conversion to internal CGS units, if necessary, all field values
are compared to the nominal range limtis. During normal assessment
runs, a warning condition occurs if either limit is exceeded by the
user value. Values outside the nominal range are not permitted in
the default file, and this condition causes a fatal error during default
file load or update operations.
WARNING - MODEL code IS USING DEFAULT VALUES

If during immediately preceding transfer of data values from the
HACS state file to an assessment rate model, one or more default values
were transferred, this message is given at the conclusion of the entire
data transfer sequence. Users are cautioned to carefully review all ¢
input data listings and to ensure the reasonableness of any default
values in terms of the actual spill situation being assessed. This

review may be used as a preliminary check to identify additional field

data to be prepared for HACS input by the user. d
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**%44WARNING - REQUESTED TEMPERATURE OF value IS NOT WITHIN RANGE value TO
value
{ HACS inserts the actual numerical values in the message. This

g condition may occur in the transfer of chemical property data from

the property file to HACS during the computation of properties which
are functions of temperature. Either the ambient or boiling temperature,
at which the values of the temperature function are computed, is not

within the range of the function as defined on the property file.

The computation of the function value proceeds using a value of tempera-
ture constrained to the appropriate limit. In addition, if the function
value would otherwise have been assigned an exact source code, the
source code is revised to indicate an estimated function value.
Ah*AXYARNING - VALUE OF FIELD number name REQUESTED TO BE SAVED EXCEEDS
NOMINAL LIMITS OF value TO value unit SUBSEQUENT CALCULATIONS MAY NOT BE
VALID

The value of the field identified is displayed previously and was found

to be outside the nominal range (min, max) limits shown in the message. This

SPTR T E T ICRMTOAPIOS TUPRR, TPPRARY ¢ A e o RPNEI T T B W W S e

is a warning condition only and is intended to serve as an indicator for

user review and possible input revision. A likely source of error is the

use of unintended input units or dimensions. Also, during the transfer of

;
i
}
£

chemical data from the property file to HACS, all defined property data in-
¢ cluding functions of temperature are stored in the state file since dis-

tinctions as to whether any data item is actually necessary are made

-

only during the execution of each rate model. In these cases, the message

’

is only pertinent if the particular data item is actually used in any

subsequent model computations.
165 {
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APPENDIX D

DATA ITEM UNIT LABELS

HACS data unit labeling and conversions are governed by type codes

: assoclated with each of the data fields defined by the HACS default file.

A total of 47 type codes are defined to reference 47 different series of \ 4

unit labels and conversion factors in four systems of units (CGS, SI, ENG
for English, and MXD for mixed). Due to differences in unit labels and con-
version equations for similar quantities, the type code structure does not
necessarily represent the actual type of physical quantity. Also, integer
data, used for example to select output options, is non-dimensional, and
unit conversion logic does not apply.

This appendix gives a list, with descriptions, of all unit labels

which are defined in the current version of the system. If a unit label is
missing on user input, the system will automatically assume input is in CGS

units; these are displayed in the first position of the prompt message.

e Zeaalas

Conversions of all HACS data quantities (except for temperatures), for
either input or output, are linear. All data is represented internally in

CGS units, and the conversion factors give scales between the unit in the :

specified system and the CGS unit. All temperature fields are defined as
type 6 quantities, and these conversions are performed using additional
logic to add or subtract a constant which is defined as needed. In general,
conversions of coefficients of temperature functions are non-linear (i.e.,
conversion equations involve all coefficient vaiues), and, as a result of
the HACS user input procedure for loading data items one at a time into the

state file, a mechanism does not exist to collect all changed coefficient
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values to apply the non-linear conversion equations. For this reason,
3 unit labels for all coefficients are identical in each system, limiting

the user in effect to entering values of temperature function coefficients

in CGS units only. Note that full conversion capabilities are provided

by the separate property file update and retrieval programs.

p

Unit label abbreviations are standardized, and if given by the
user, must appear exactly as shown in Table D-1. The abbreviations

used are defined in Table D-1.
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PN e e -




Unit
Label

BT/FT2H
BT/FTHF
BT/LB
BT/LBF
BT/LBMP
c
cL/cM28
CcL/cMsC
CL/CM8C2
CL/G
cL/Ge
CL/GC2
CL/GK
CL/GMC
CL/GMC2
CL/GMC3
CL/GMCh
CL/GMK

cM

o2
o
ovs

TABLE D-1.

DATA ITEM UNIT LABELS

Deacription

BTU per square foot-hour

BTU per foot~hour-degres Fshrenheit
BTU per pound

BTU per pound~degree Fahrenheit

BTU per pound-mole-degree Fahrenheit
degrees Centigrade

calorie per square centimeter-second

calorie per centimeter-second-degree-Centigrade

calorie per centimeter-sscond-*C~*C
calorie per gram

calories per gram ~ *C

calorie per gram - °C-*C

calorie per gram=degree Kelvin
calorie per gram mole - °C
calorie per gram mole-°*C-°C
calorie per gram mole-‘*C-°C-°C
calorie per gram mole-°C-°C-°C-°C
calorie per gram mole - °K
centimeter

square centimeter

cubic centimeter

centinster per sescond
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g
TABLE D-1. DATA ITEM INIT LABELS (CONTINUED)

Unit )
Label Description

EJ M cM2/s square centimeters per second
CcP centipoise

’ D/CM dynes per centimeter

D/CM2 dynes per square centimeter
DEG degree (angular)
DS/CM2 dyne-seconds per square centimeter
F degrees Fahrenheit
FT _feet
FT2 square feet
FT3 cubic feet
FT2/S square feet per second
G grams
GALS gallons
G/CM28 grams per square centimeter-second
G/CM3 grams per cubic centimeter
G/CM3C grams per cubic centimeter - °C
G/CM3C2 grams per cubic centimeter-°C-°C
G/G grams per gram

i G/GM grams per gram mole

i G/HG grams per 100 grams

* G/HGC grams per 100 grams - °C

G/KG grams per kilogram
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TABLE D-1. DATA ITEM UNIT LABELS (CONTINUED)
Unit ;
Label Description ol
G/s grams per second g'
HR hour £
/HR per hour
IN/MIN inches per minute ?
J/KG joules per kilogram \
J/KGK joules per kilogram - °K §
J/KGMK Joules per kilogram mole - °K
E K degrees Kelvin :
KC/M2H kilo-calories per square meter~hour :
KC/MHK kilo-calories per meter-hour-°K ;
KG kilogram
KG/HKG kilograms per 100 kilograms
KG/KG kilograms per kilogram
KG/KGM kilograms per kilogram mole
KG/M28 kilograms per square meter-second
KG/M3 kilograms per cubic meter
KG/s kilograms per second
KNOTS knots
LB pound .
LB/FT3 p-uvnds per cubic foot f
LB/FT2S pounds per square foot-second g }
8:/NLD pounds per 100 pounds E
L N | pounds per pound
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TABLE D-1. DATA ITEM UNI'T LABELS (CONTINUED) i

Unit L. ;

Label Description

LB/LBM pounds per pound mole E

. LB/S pounds per second . E
] LB/S2 pounds per second-second
- k LN FCN reserved for coefficient A of liquid
viscosity equation
LOG-FCN reserved for coefficient A of vapor pressure
equation

M meter

M2 square meter

M3 cubic meter

MI miles

MIN minute

/MIN per minute

MM-HG millimeters of mercury

MM/MIN millimeters per minute

MN/M2 mega-~newtons per square meter ]

MPH miles per hour ’

M/S meters per second b
g } M2/s square meters per second
i NA not applicable (for non-numeric quantities) .

. 2
ND non-dimensional i

N/M newtons per meter




£]
TABLE D-1. DATA ITEM UNIT LABELS (CONCLUDED) !

S

Unit :
Label Description !
N/M2 newtons per square meter rﬁ
NS/M2 newtons-seconds per square meter
4 PERCENT percent j
] PPM parts per million
; PSI pounds per square inch
RAD radians
S second
/S per second
N tons
TN/HR tons per hour
w/M2 watts per square meter
W/MK watts per meter - °K

172




-

£ Pt vuerssnget oo

REFERENCES

Potts, R. G., et. al., "Advanced Spill Model," Arthur D. Little, i

Inc., Report ESL-TR-80-07 to U.S. Air Force, Headquarters Air

Force Engineering and Services Center, Tyndall AFB, Florida,

February 1980, Unclassified.

"CHRIS Hazardous Chemical Data," Report No. 050-012-00147-2, U.S.
Government Printing Office, Washington, D.C., October 1978.

"A Condensed Guide to Chemical Hazards, CG-446-1," Report No.
050~-012-001406-4, U.S. Government Printing Office, Washington,

D.C., January 1974,

"Hazard Assessment Handbook, CG-446-3," U.S. Coast Guard, Washington,

D.C., January 1974.

"Response Methods Handbook, CG-446-4," Report No. 050-012-0-0104-9,
U.S. Govermment Printing Office, Washington, D.C., January 1975.
Hagopian, J. H., and R. G. Potts, "HACS User Reference Manual," 3
Arthur D. Little, Inc., Cambridge, Massachusetts, February 1977.
Raj, P. K., and A. S. Kalelkar, "Assessment Models in Support

of the Hazard Assessment Handbook (CG-446-3)," NTIS AD-776617,

U.S. Coast Guard, Washington, D.C., January 1974.
Raj, P. K., and P. M. O'Farrel, "Development of Additional Hazard
Assessment Models," NTIS-AD-A042365, U.S. Coast Guard, Washington,

D.C., March 1975.

Fortran Extended 4 Reference Manual - Cybernet Service, Revision

B, Control Data Corporation, Minneapolis, Minnesota, 1976.




10.

11.

Potts, R. G., "HACS Program Reference Manual," Arthur D. Little,
Inc., Cambridge, Massachusetts, April 1977.

NOS Version 1 Text Editor Reference Manual,

Control Data Corporation,

Minneapolis, Minnesota, 1976.

174

v

8.7




W TR T

b RN AR

e e i S -

OASD(I&L)EES

OUSDRSE

DTIC/DDA

OSAF/MIQ

HQ USAF/LEEV

HQ USAF/SGPA

HQ USAF/LEEVP

HQ AFSC/DEV

HQ AFSC/SGB

AMD/RDV

OEHL/CC

USAFSAM/EDH

AFOSR/NL

SD/SGX

SD/DEV

SD/LV-1

HQ USAFE/SGB

USAF Hospital Wiesbaden/SGB

AUL/LSE 71-249

HQ USAFA/Library

USAFRCE/WR/DEEV

USAFRCE/CR/DEEV

USAFRCE/ER/DEEV

SAMTEC/SEM

AFRPL/Library

HQ SAC/DEV

HQ SAC/SGPA

USAF Hospital Vandenberg/SGP

Ch, Pollution Abatement Br
NAVFAC Code 111

NESO

NCEL, Code 15111

HQ NASA, Code MAS-7

NASA/DL-~DED-32

NASA/MD-E

Library, Chemical Abstracts
Service

Toxic Matls Information Ctr

HQ APESC/DEV

HQ AFESC/TST

HQ AFESC/RDVA

AFIT Library

Univ of So Carolina (Dr Bene

Arthur D. Little, Inc.

TS-792 (Mr Bill Wood)

USAF Hospital McConnell/SGPB

USCG (G-DSA) (Dr Parnarouski

USAEWES (Mr Green)

AFATL/DLODL
USA MIRADCOM Redstone

INITIAL DISTRIBUTION

R A e e e ol ol il ol ol

e

1

dict)

8)

e e - Nl R

175

(The reverse of this page is blank.)




