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Outline of a Decision Support System for

Area-wide Water Quality Planning

*Clyde W. Holsapple

Introduction

and h ' **Andrew B. W lnston

This working paper outlines requirementsfor an imple-
mentationof a computerizeddecision support systemwhich
addressesthe technical aspectsof area-widewater quality
planning. The framework for this work is in the context of
the environmental law adopted in the United Statesduring 1972.
This law, known as the FederalWater Pollution Control Act
Amendmentsof 1972, specifiesvarious requirementsthat both
municipal and industrial dischargesmust eventually conform.
By 1977 municipal waste treatmentplants must have in place
secondarytreatmentfacilities and for industry it is necessary
to utilize what is referred to as "best practical technology"
for waste treatment. Under certain circumstancesas described
in section 303 of the law further treatmentmay be required to
meet water quality standards. Section 208 of the Federal Water
Pollution Control Act Amendmentsof 1972 calls for area-wide
implementationof technical and managementplanning, with the
objectivesof meeting 1983 water quality goals and establishing
a plan for municipal and industrial facilities construction
over a twenty year period. Emphasis is placed on locally con-
trolled planning, on dealing with non-point sourcesas well as
point sources,and on considerationof both structural and non-
structural control methods. The scope of presentexamination
is limited to those aspectsof technical planning which are
amenableto implementationwithin the framework of a computer-
ized decision support system.

In order to be designatedunder section 208, an area must
be in need of a complex control program and must exhibit either
impairment (water quality limited segments)or a need for pre-
clusion of desireduses. An area-wideplan is constrainedin
that it must conform to the basin-wideplan, must take existing
facilities plans into consideration,and must be capableof
implementationfrom the managerialperspective. The plan may
eventually act as a constrainton the issuanceand conditioning
of effluent dischargepermits. By law each dischargermust
possesswhat is referred to as an N.P.D.E.S. permit that spec-
ifies the types and amounts of allowable discharge. The area-
wide objectivesof technical planning are to identify the prior-
ities of water quality problems in the area; recogniseconstraints
in methods for dealing with theseproblems; formulate alternat-
ives for satisfactionof water quality goals; develop cost data
for each alternative; select the least-costalternativethat is
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feasible, given existing regulatory authority and qualitative
restrictions; and periodically update the plan.

In order to meet these objectives, the planner must be
able to store, manipulate, and retrieve large volumes of data.
It is important that the data be organized in a manner that
accountsfor their interrelationships. The planner must be able
to utilize a collection of mundaneapplication programswhich
provide selectiveretrieval of a multitude of dara configura-
tions; which offer statisticalanalyses,plots and projections;
and which perform large scale simulations and optimizations.
Each of these programs requires a particular configuration of
data as input. In a comparativelyunstructureddecision making
process, the types of reports that are neededtend to change
rapidly; in traditional file oriented systemsthis necessitates
the writing of a new report generatorevery time a new report
type is called for. The typical local planner is not a computer
programmer; indeed, the planner'stime is presumablytoo val-
uable to be concernedwith writing report generators,maintain-
ing data files, and interfacing large scale application programs
with data files. It is thereforeproposedthat the planner be
provided with a decision support systemwhich automatically
handles the tedious, cumbersometask of data managementand
program interface, which provides organizeddata storagecapable
of representingall pertinent data relationshipswhile obviating
redundancy, and which can be controlled by the planner through
the use of a non-procedural,English-like query language. The
GeneralizedPlanning System (GPLAN) describedbelow provides the
framework for the implementationof such a decision support
system.

Before describing the attributesof GPLAN, it is useful to
enumeratethose capabilitieswhich are neededfor technical plan-
ningand the resourcesrequired to support those capabilities.
In order to assistarea-widewater quality planners, a decision
support system should include the following capacities:

1) Selectiveretrieval of any configuration of stored data
values

2) Prediction of water quality for all area reaches,given
a particular area-wide treatmentstrategy for both point
and non-point sources

3) Generationof alternativestrategiesthat meet a spec-
ified set of water quality goals.

4) Productionof waste load projections based upon land
use plans, population statisticsand employment stati-
stics

5) Prediction of the effects of proposedland use plans
on water quality

6) Determinationof least cost alternativeamong those
generatedin 3) above
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7) Permit basin-wide simulations in order to determine
the effects of area-wideplans on each other

8) Permit regional monitoring of local planning activities

Such a systemrequires data of the following types:

1) Basin area descriptions

2) Quality goals

3) Point source and non-point source information

4) Cost information for the various types of treatment

5) Data on land use plans, population, and employment

6) Municipal facilities information (including design

flow data)

Major application programswhich the systemutilizes are
simulations to predict water quality (given a treatmentstrategy
for point and non-point sources),models to predict the effects
of alternative land use plans on water quality, and optimizations
to select a least cost alternative from a set of alternatives.

GPLAN Description

GPLAN [1] is characterizedby four primary features: 1) a
data base for retaining all data, relevant to the planning
problem, in an organizedstructure; 2) a data manipulation lan-
guage which provides the means for manipulatingdata in the data
base; 3) a set of application programs for processingthe data;
and 4) a query languagewith which the user can control the
entire information systemaccording to his requests. The first
two features form the basis of the data managementsystem
(GPLAN/DMS) [2], while the latter two are ｦ ｵ ｮ ､ ｡ ｭ ･ ｮ ｴ ｡ ｌ ｟ ｣ ｯ ｭ ｰ Ｍ ｯ ｮ ･ ｮ ｴ ｳ ｾ

of the query system (GPLAN/QS) [3].

As an example of an application programs we will use MULQAL.
MULQAL is a program that simulatesthe water quality character-
istics of a stream. The types of data required by MULQAL can be
grouped into the following categories:

1) Description of the river basin structure (junctions,
bypass-piping,etc.)

2) River reach statistics (length, reaeration parameters,
velocity parameters,etc.)

3) Pollution statistics (pollutant concentration,tempera-
ture, flow rate, conservativeminerals)

4) Incremental flow statistics

5) Headwaterstatistics

6) Treatment levels of polluters

The outputs of MULQAL are water quality statisticsand load
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allocations.

GPLAN/DMS was designedaround the specificationsof the
CODASYL DBTG report of 1971 [4] and was implementedusing
FORTRAN as both the host languageand as the languageof imple-
mentation. FORTRAN was selectedas the host languagebecause
many of the problems encounteredin a planning environment
involve the use of operationsresearchtechniquessuch as model-
ing, simulation, and optimization, and most programswritten to
solve such problems are currently implementedusing the FORTRAN
language. The high level FORTRAN languagewas chosen as the
implementationlanguagefor the much neededmachine independence
quality. The GPLAN/DMS is currently being used on a CDC-6500
and an IBH 370/155, and is being installed on a Univac 1108.
This feature of portability is critical to organizationswith
changing needs and changing computer environments.

The data base is stored on a random accessdevice and contains
all collected data that is pertinent to the user'sneeds. The
descriptionof a schema, detailing the logical structureof the
'data base, is preparedby the data base administratorusing a
,Data Description Language (DOL). Figure 1 presentsa pictorial
representationof the water quality data base schena. Though
details of the schemaare omitted from the figure, it is useful
for illustrative purposes. Note that GPLAN/DMS and GPLAN/QS
are quite capableof supporting the complex network structures.
The schemamay be thought of as being a template which is uti-
lized in buildings the data base and navigating through it.

In Figure 1, each box representsa record-type. Each
record-type is composedof one or more data item types. For
instance, the record-typelabeled 'Reach' is composedof the data
item types which identify the reach and give its state charac-
teristics. Each record connectingtwo record-typesindicates
a set relationship, i.e., a set is merely a relation betweentwo
record-types. The arrow points from the owner of the set to the
member. As an example, 'Basin' is the owner of the set of which
'River' is the member. For each record-type in the schema, there
are many occurencesof actual data of that type in the data base.
For the record-type 'River' defined in the schema, there may be
data base record occurencesfor all rivers in a state. A set
denotesa one to many relationshipbetween each occurenceof the
owner record-typeand many occurencesof the member record-type.
Each occurenceof river owns many occurencesof reach. Similarly,
each occurenceof a river may own several segmentoccurences. A
standardrequirementis that the systemowns all record-types
(this is not depicted in Figure 1). In general, a schema is set
up so as to reflect hierarchicalor network structuresthat exist
in the real world. An abbreviatedsample of the DOL description
is shown in Figure 2. Each data item has the attributesof type
(INTEGER, REAL, CHARACTER, BINARY, COMPLEX), size (number of
charactersof words of storage), and replications. For instance,
the data item BSID is an integer whose length is one word which
occurs only once; the data item NACO is characterin type, has a
length of ten characters,and can be replicatedup to eight times
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(since MULQAL can handle up to eight conservativeminerals).
Since this DDL is used primarily for the FORTRAN language,
arrays (such as NACO) are permitted, but the repeatinggroup
capability is not yet implemented. Each data item is given a
unique four charactername; however, the GPLAN system allows
the user to define synonyms of up to sixteen characters. The
data items are grouped together to form record-types,each of
which has a unique four charactername. The logical data struc-
ture is completedby defining various set relationshipsamong
record-types. This DDL description is used by a Data Descrip-
tion LanguageAnalyzer in order to generatethe actual schema
that is used in creating and accessingdata base.

The other main componentof the data managementsystem is
the Data Manipulation Language (DML) which consistsof about
sixty commandswhich perform the following kinds of functions:
1) opening and closing of the data bases; 2) creation and dele-
tion of record occurences;3) setting of currency indicators;
4) addition and removal of record occurencesfrom sets; 5)
retrieval and storageof data from current record occurences;
and 6) searchingthrough sets for particular record occurences.
Each DML command is a FORTRAN subroutinecall. This permits
direct user interaction with the data basevia programs in the
FORTRAN host language. In general, this is the level at which
the data base administrator interactswith the data base,whereas
the planner'sinterface is through a high-level query language.
The DML provides the link between the data base on the one hand
and the query languageand application programs on the other,
thus allowing the planner to interact by means of non-procedural,
natural languagecommandsthat require no knowledge of the
physical or logical data base structure.

The set of application programs consistsof a library of
programs that are standardfor the GPLAN query systemplus a
library of special programs that are exclusively applicable to
a particular data base. The standardlibrary includes a stan-
dard report generator,plot routine (allowing up to five vari-
ables on the y-axis), regression,statistics (number, minimum,
maximum, average, standarddeviation, variance). An example
9f a special library routine for the water quality data base is
MULQAL. The user may requestexecutionof any application
program through the query language,with the systemproviding
the appropriatedata extraction from the data base and reform-
matting of the data for use by that program. The methods for
interfacing special application programs with the data base is
discussedlater.

The GPLAN query systemallows the simple, but effective,
utilization of the data base and the automatic interfacing of
models with data. The query systemmay be used in either inter-
active or batch mode. In batch mode, the queries are entered
on cards. In interactive mode, queries are enteredat a termi-
nal and output is given at the terminal or at a high-speedline
printer, according to the user'sneeds. GPLAN/QS allows both
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selectiveand unconditional retrieval. The query syntax is:

＼ ｃ ｏ ｾ ｾ ｎ ｄ ＾ <FIND clause> <CONDITIONAL clause>

or alternatively,

<CONDITIONAL clause> ＼ ｃ ｏ ｾ ｦ ｦ ｩ ｎ ｄ ＾ <FIND clause>

The ｃ ｏ ｾ ｎ ｄ denoteswhich application program the user desires
to have executed. The FIND clause specifieswhat data are to
be retrieved from the data base for use by the application
program. This retrieval is subject to all conditions satisfied
in the CONDITION clause. Any combination of data otems in the
data base may appear in the CONDITION clause. The query system
allows the use of synonyms and noise words in the query language.
This feature makes a query easierand more natural to use: it
also enablesinterestedobserversto understandthe meaning of
the query. Typical queries are:

LIST REACH. ｎｍｾｅＬ REAERATION. PARAMETER AND REAERATION.

EXPONENT FOR DATE = 11-1-75 AND REACH. LENGTH < .9

PLOT DATE VERSUS BOD. CONCENTRATION, AMMONIA. CONCENTRATION

AND DO. CONCENTRATION FOR REACH. NUMBER = 53

STAT NITRO. DEOXIDATION WHEN TEMPERATURE> 22

A more detailed descriptionof the GPLAN/QS attributes is pre-
sented in a separatesection.

A general overview of GPLAN's system flow may be seen in
Figure 3. The GPLAN query systemprompts the user for a query.
When the query has been read and parsed, a set of control rou-
tines initiates DML commandsto retrieve data through the data
managementsystem from the data base, as specified by the query's
FIND and CONDITIONAL clauses. The retrieval data is written on
an extraction file in a format that is usable by the application
program specified in the ｃ ｏ ｍ ｍ ｎ ｾ ｄ Ｎ At this point, execution
passesto the designatedapplication program which reads data
from the extraction file. Output is returned to the user's
terminal, to an auxiliary file, or to the data base. The user
is then prompted for another query, at which time he can request
supplementalprocessingof the data collected by the previous
query, or retrieve and processa new set of data.

Interfacing Special Application Programs

There are severalways to add a special application program
to the standardGPLAN library. These range from the insertion
of DML commands into the code of the application program to the
automatic generationof additional control code that governs the
data extraction procedurefor the particular application.

One way to add MULQAL to the system is to replaceall READ
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statementsin the MOLQAL program by appropriateDML commands
for retrieving neededdata from the data base. Using this
method, a query to run MULQAL results in the control routine
transferringcontrol to the application program which performs
its own extraction of data from the data base.

A secondmethod involves writing a control module that
specifically handles data extraction for MULQAL. This module
is added to the control routine. A request for a MULQAL run
results in this control module writing required data on to the
extraction file and a subsequenttransfer of control to MULQAL.
A sampling of code from this module is shown in Figure 4. It
can be noted that this extraction routine makes extensiveuse
of the Data I1anipulation Language. The FMSK command finds the
member record occurenceof the set ALLB whose key (BSID) is
equal to the contentsof the FORTRAN variable IBASIN. The
contentsof this variable is determinedby the user'squery.
SOM is a DML command that sets the current owner record occur-
rence of one set based upon the current member occurenceof
another set. For instance, the third use of SOM makes the
current member occurrenceof the set ALLB, the current owner
record occurrenceof the set MPIB. Once again FMSK is used,
this time to find the member record occurrenceof the set MPIB
whose key (MOlD) is equal to the content of the FORTRAN vari-
able MDLID which is set according to the user'squery. Having
located the proper model for the proper basin, data items can
be extractedfrom the current occurrenceof the record-type
BASN and the current occurrenceof the record-typeMODL. This
is accomplishedusing the GFM command. The first use of this
command gets the data item field BSNA from the current member
of the set ALLB abd depositsthis information in the first five
words of the FORTRAN variable IDATA. Subsequentuse of GFM fill
the array IDATA with appropriatefields from the current member
of the set MPIB. The argument IERR is a check for inconsistency
between the data base and the command. Finally, the data is
written from IDATA onto the extraction file. The extraction
routine then repeatsthe same type of processin order to ex-
tract the next kind of information that is neededas input to
MULQAL, and so forth. When the extraction file has been com-
pleted, it servesas the input medium to MULQAL.

The third and fourth methods are automatedversions of the
first and second. The third relies on a routine which, given a
schemadescription and MULQAL code as inputs, producesa version
of MULQAL in which FORTRAN input statementshave been replaced
by the proper DML commands. The fourth method dependson an
algorithm which uses a descriptionof MULQAL's data needs and a
descriptionof the schema, in order to generatean appropriate
control module. The automatedaddition of special application
packagesis currently under developmentby the GPLAN group.

No matter what method is used, the interfacing of a special
model with the data base is a one-time operation. A sample
query for executing MULQAL is:
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RUN MULQAL FOR BSID = 1, DATE = 11-1-75, MOlD = 1,

RNUM = 1, JCOD = 1, PLAN = 1, TPLN = 1 AND SIMR = 4

This will run }lULQAL for basin number one, for measurement
number (RNUM) one taken on the date 11-1-75 and using model
number one, piping plan one and treatmentplan one. If JCOD
is one, then this is to be a simulation only; if it is two,
then an optimization run, using NONLIN, is being requested.
Results of the simulation are stored in the data base and iden-
tified as being the fourth simulation of this type.

Attributes of the GPLAN Query Language

Perhapsthe most outstandingfeature of the GPLAN query
language, aside from its easeof use, is its capacity to support
queries directed not only at tree structureddata bases,but at
network structl1I'ed data basesas well. The initial version of
the query system was able to handle tree structureddata bases
only. In the processof implementing various information systems
within GPLAN framework, it becameapparentthat in order to
expressall neededinterrelationshipsamong data items, a network
was sometimesneeded. Since the GPLAN data managementsystemwas
implementedusing doubly linked lists to representsets, the
extensionto complete networks was entirely compatiblewith the
existing DML commands. Though the problems of navigation through
a network structurewere more complex for the data base ｡ ､ ｭ ｩ ｮ ｾ

istrator and other personsdesiring to use DML ｣ｯｭｭ｡ｮ､ｳｾ the
critical problem was that the initial algorithm used by the query
languageto determinea path through the data base was designed
strictly for a tree structure. Developmentof a new algorithm
led to the extensionof the query systemto its current capacity
for searchingthrough networks.

As the question of querying a network data base was being con-
sidered, it becameapparentthat the work being done on relational
data bases [5], [6], [7] by Codd et al might be of some use in
resolving this problem. Careful analysis indicated that an
efficient method of implementing a relational data base capability
would be through the use of a network structure. A paper by
Bonczek, Haseman, and Whinston [8] discusseshow such an implemen-
tation has been performed. The network implementationdiffers
in two major ways from the original tree implementation. Whereas
a tree structurepossessedonly one entry point, the root node,
from which to begin a searchfor data items, the network has
multiple entry points. For instance, in Figure 1, each record
type is owned by the system; hence there are twenty-six possible
points of entry into the data base. A secondand relateddis-
tinction is that there exist many more paths to answer a given
query in a network, than exist in a tree structure.

Further investigationof the relational approachresulted
in the developmentof an extensionto the existing query system
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that allowed querying of network structuresand which was shown
to be relationally complete [9], [10]. The outcome of this
excursion into the relational data base area was the demonstra-
tion that the GPLAN query languagedoes indeed have all of the
retrieval power of any of the languagesproposedfor relational
data bases,and is more natural for the non-programminguser
while it operateson a network data base. This allows the user
to view the data base as either a network-or as a relational
structure. In addition, the GPLAN system is operational (not
just theoretical) and does not become ineffective as the data
volume becomeslarge. It should be noted that the approachof
allowing the user to view the network data structureas a rela-
tional data base is consistentwith the CODASYL view that the
data base should be accessibleby alternateclassesof users
with different languages,functions, and capacities.

Implementationof a 208 Decision Support System

Regardlessof the type of systemused, whether manual or
GPLAN, data and models must be available. Given these, a deci-
sion support system can be designed. The perspectivepresented
here is that this design is an ongoing process; the systemmust
be adaptable,flexible and capableof handling volatility in the
types of models use, in the types of data required and in the
values of data occurences.

The data and models are highly interdependent. There are
physical technical and monetary constraintson the collection
of data, with regard to both types and data detail. Data is
usable according to the models which are available to analyze
it. On the other hand the use of models is limited by the
availability of data and to some extent by the complexity and
size of the model and by the systemavailable for supporting
the model.

Given a local planning board'sdecision regarding the
resolution level from which it intends to attack the area-wide
water quality problem, it can be determinedwhat data must be

.collected, what methodologiesare to be used in collection, and
what application programs are necessary. Parentheticallyit
must be pointed out that the level of resolution may depend
upon such factors as the technical expertiseof the local plan-
ners, the availability of funds, the nature of existing data,
and the characteristicsof the existing (or anticipated)decision
support system. Having settledmanagerial issuesand hydro-
logical methodology problems to some extent, attention can focus
upon the developmentof the decision support system. Given data
and models, thesecan be integratedinto the GPLAN framework.

The initial step involves devising the appropriatelogical
data structure. Collected data, after passingthrough data
validation routines, is then loaded into the data base. At
this juncture the user may query the data base, using any command
in the standardlibrary. MULQAL, the Multiple Quality River
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Simulation model, is currently interfaced into the GPLAN/QS
as a special library. Thus the user may also requestthis
simulation run, by typing a single command at the computer
terminal. Other applicationsmay be added to the special
library in the ways already indicated. It should be noted
that the addition of applicationsmay be an ongoing process.
For instance, if after using the system for a period of time
the plannersdecide to augment the special library, the addi-
tional models can be interfacedwith the GPLAN/QS in the one-
shot operationalready described; subsequentto this a new
program may be executedby submitting a single ,query.

Another important area of system adaptability relatesto
changesin date. Basically there are two kinds of modifications.
First there are additions, changes,and deletions of values of
existing data item types (i.e., those defined in the schema).
Second there are modifications to the schema itselg which include
such contingenciesas the addition of data item types, the addi-
tion of data item types, the addition of record types and the
alteration of set relationships. There are two methods for hand-
ling the first variety of modification. The data base adminis-
trator can write a DML program to perform the necessaryupdating;
this procedureis generally used when an update problem is rela-
tively large in scale or is repetitive in nature. Small, non-
repetitive modifications are best handled through the query lan-
guage bu usageof ADD, CHANGE and DELETE commands; these commands
are currently in the processof implementation. These two
methods of revision provide the data base administratorwith
flexibility in treating the problem of keeping data values up
to date.

In order to change the logical structureof an already ex-
isting data base there are two major approaches. The first
involves destructionof the existing data base. The new schema
is defined with DDL, the programs which load the data are revised
to reflect the new schema, and the entire data base is loaded
using this new logical structureand the revised laod programs.
For a large data base this is a cumbersome,time-consumingpro-
cedure and may necessitatethe data base being dumped before re-
loading. The secondapproach,which is currently under inves-
tigation, permits a dynamic restructuringof the schemawithout
destructionof an existing data base and subsequentreloading.
The data base administratorcan modify the existing logical
structure through the use of either DML or query commandsand
adjust data values associatedwith restructuredschemawith ADD,
CHANGE and DELETE commandsor with the DML.

In order to obviate the necessityof devising specialized
load programs for loading data into the base, a single general-
ized load program is being developed. This will facilitate data
base creation and modification. The generalizedloader accepts
data files, logical descriptionsof the data file formats, and
the schemaof a network data base as inputs and proceedsto load
data values from the data files into the network data base.
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Another important factor to consider is the scope of the
208 system with the GPLAN framework. In this connectionthere
are many possiblealternatives,ranging from a collection of
relatively small data bases (one data base for each area), to
moderately sized data bases (one data base for all designated
areas in a basin), to one or a few very large data bases (e.g.
one data base for each EPA region). Another dimension of scope
involves the degree to which N.P.D.E.S., constructiongrant and
land use information is integratedinto the data base. Figure
1 presentsa data base that is moderatelybroad in scope, in
that it permits basin-wide analyses, in addition to area-wide
(segment) analyses; it includes permit data and treatmentplant
constructioninformation. Supposethat through the use of MULQAL
and various cost and projection models, all area-wide planning
agencieshave arrived at respectivelocal treatmentstrategies.
Then regional administratorscan monitor their activities by
means of usagecountersbuilt in to the data base and by sub-
mission of queries that retrieve local plans. Furthermore, the
water quality of the entire basin predicatedupon current local
strategies,can be simulated in responseto a single query.
This could permit the identification of the effects of various
local strategiesupon each other and upon the basin as a whole.

In this example there are two levels of data base entry:
the segment level and the basin level. Typically, a group of
area-wideplanners is concernedwith its own particular segment
and maintains control over the data base information for that
segment. The issue of restricting a user'saccessto certain
portions of the data base in order that the user need not be
confrontedwith data that is irrelevant to the local problem
and so as to preservedata integrity, is an issue of data
security. A method for treating this issue within the GPLAN
framework is detailed in a paper by Cash et.al. [11].

Some examplesof possiblequeries have already been pre-
sented. It is important to emphasizethat GPLAN/QS allows re-
trieval of any configuration of data items using conditions on
any combination of data items as the criteria of retrieval.
Also GPLAN/QS is quite capableof accomodatingspecial appli-
cation programs in such a manner that submitting a query causes
them to be executed,using any specifiedpertinent set of data
from the data base.

Summary

This paper has addressedfactors involved in the,developm7nt
of a decision support system for area-widewater quallty plannlng.
In particular, the GeneralizedPlanning System has been ｾ ｲ ･ ｳ ･ ｮ ｴ ･ ､
as a framework for such a system. Given data and a speclal group
of models for analyzing the data, these can be integratedinto
the GPLAN framewotk in order to provide timely, reliable and
complete information; at the same time we recognize the need for
a natural easy-to-useplanner/systeminterface and,the ｮ ･ ･ ｾ ｾ ｯ ｲ
system flexibility that allows adaptationto changlng condltlons.
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NAME TYPE SIZE MAX COMMENTS

RECORD BASN BASIN

ITEM BSID INTE 1 1 BASIN ID

ITEM BSNA CHAR 20 1 BASIN NAME

ITEN E REAL 1 1 MEAN ELEVATION

RECORD JUNC JUNCTION IN BASIN

ITEM JUID INTE 1 1 JUNCTION ID

ITEM UPR1 INTE 1 1 UPSTREAM RIVER ID - 1

ITEM USC1 INTE 1 1 UPSTREAM REACH ID - 1

ITEM UPR2 INTE 1 1 UPSTREAM RIVER ID - 2

ITEM USC2 INTE 1 1 UPSTREAM REACH ID - 2

ITEM DSRN INTE 1 1 DOWNSTREAM RIVER ID

ITEM DSCN INTE 1 1 DOWNSTREAM REACH ID

RECORD RIVR RIVER IN BASIN

ITEM RVID INTE 1 1 RIVER ID

ITEM RVNA CHAR 20 1 RIVER NAME

RECORD HODL MODEL PARM1ETER IN BASIN

ITEM MOlD INTE 1 1 MODEL ID

ITEM TEQ REAL 1 1 BASIN TEMPERATURE

ITEM TH1 REAL 1 1 THETA 1

ITEM TH2 REAL 1 1 THETA 2

ITEM CKT REAL 1 1 TEMPERATURE EXPONENT

ITEM NACO CHAR 10 8 NAHES OF MINERALS

ITEM CGO REAL 1 8 GOALS OF MINERALS

ITEM NIN INTE 1 6 OUTPUT PARAMETERS

ITEM NOUT INTE 1 10 OUTPUT PARAMETERS

ITEM JCOD INTE 1 1 JCODE FOR MULQAL

ITEM NCOM INTE 1 1 NUMBER OF MINERALS

ITEM COST REAL 1 1 OPTIMAL COST

ITE11. E1 INTE 1 1 EXPANSION

ITEM E2 INTE 1 1 EXPANSION
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NM1E ORDER KEY

SET ALLB SORT BSID ALL BASINS

mWER SYST SYSTEM

MEMBER BASN BASIN

SET JUIB SORT JUID ALL JUNCTION IN BASIN

OWNER BASN BASIN

MEMBER JUNC JUNCTION IN BASIN

SET RVIB SORT RVID ALL RIVERS IN BASIN

OWNER BASN BASIN

MEMBER RIVR RIVER IN BASIN

SET MPIB SORT MOlD MODEL PARAMETERS BY DATE

OWNER BASN BASIN

MEMBER MODL MODEL PARAMETERS

Figure 2. Sample DDL
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IERR = 0

CALL FMSK (4HAUB, IBASIN, IERR)

CALL SOM (4HJUIB, 4HALLB, IERR)

CALL SOM (4H RVIB, 4HALLB, IERR)

CALL SOM (4HMPIB, 4HALLB, IERR)

CALL SOM (4HPIIB, 4HALLB, IERR)

CALL FMSK (4HMPIB, MDLID, IERR)

IF (IERR.NE.O) GO TO 900

CALL GFM (4HBSNA, 4HALLB, IDATA, IERR)

CALL GFM (4HE , 4HALLB, IDATA(6), IERR)

CALL GFM (4HTHI , 4HMPIB, IDATA(7), IERR)

CALL GFM (4HIEQ , 4HMPIB, IDATA(8), IERR)

CALL GFM (4HCKT , 4HMPIB, IDATA(9), IERR)

IF (IERR.NE.O) GO TO 900

900 error message

Figure 4. Sample Code for MULQAL Extraction Routine
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