CHAPTER 3

RIVER GEODSS: COMPONENTS AND MODULES

River GeoDSS is developed to provide the user with a powenfitiériface and seamless
integration of its components for conjunctive useugdwater-surface water quantity and

M

quality river basin modeling. The powerful ESRircMap™ spatial interface is selected to
provide the framework for thBiver GeoDSS user to enter and manage data, operate the
DSS, display results and perform analysis. Moshefexisting decision support tools lack
geo-referenced integrated interfaces (e.g., AQUALQ@ndreu et al. 1996), WRAP
(Wurbs 2005), RiverWare (Zagona et al. 2001)),rgjheRiver GeoDSS design a distinct
advantage over these models. EmbeddingRiver GeoDSS in a popular and well
accepted GIS interface facilitates adoption ofttizd since potential users might already be
familiar with the interface, and not having to lear new interface is attractive to the user.
In addition, theRiver GeoDSS is packaged with tools and interfaces that allothb
experienced and inexperienced users access todtheling system for performing analysis
and answering management and improvement questatfis minimal user-required
manipulation of data and modeling procedures (engtwork transformations and
calibration/simulation modeling structures). Most the procedures required to

calibrate/simulate a basin iRiver GeoDSS are included in its set of tools, thereby

minimizing manual data processing and setup o$yiseem models and modules.
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GENERAL RIVER GEODSS STRUCTURE

The River GeoDSS structure is conceived as centered around a dereneed-spatio-
temporal database, where river basin data areafipatianaged utilizing GIS capabilities
in an object-oriented fashion. THeiver GeoDSS is developed as an integration of
graphical components, models, databases, and pmoge®ols with programming code
linking all the components together. TRever GeoDSS contains interfaces to connect
models and modules with the database, and grapisealinterfaces to facilitate selection
of preferences and data manipulation, minimize rabprocessing tasks and reduce errors
when processing large amounts of data. The mampoaents of th&iver GeoDSS are:
(1) computer software such as: ArcGfS MODSIM, MODFLOW, MT3DMS and
MATLAB ®, and (2) two modules for water quality modelingd adNN training and
integration support. Figure 3.1 shows Bieer GeoDSS components and their interaction
within the River GeoDSS. The spatial-temporal database contains all élevant system
information and measured data, and he GIS framewisfdays data, hosts interfaces for
data input/output, and delivers a robust spatiat@ssing environment. The MODFLOW-
MT3DMS models provide accurate, physically-basedugdwater quantity and quality
modeling, and ESRI-ArcObjects and SQL encapsulaté.NET code customized data
processing. Geo-MODSIM, as implemented in the AapNhterface to ArcGIS, offers the
powerful network flow modeling environment whichaahanced with optional (1) ANN
stream-aquifer interaction modeling, (2) ANN res@rwater quality transport modeling,
and (3) conservative surface water quality routinflhe River GeoDSS modules are
dynamically linked in the Geo-MODSIM modeling eronment to provide fully integrated

river basin simulation.
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Figure 3.1 — DSS structure diagram

The River GeoDSS implements thdextension concept to enable/disable optional modules
and sets of customized tools that enhancériter GeoDSS capabilities in an application-
specific fashion. The extensions allow efficienading of components and data in
memory, faster access to data stored in memory, castbmized user interfaces that
display only active component options and case#pémols. The extensions are accessed
form the main menu unddtiver GeoDSS Extensions (Figure 3.2). The Water Quality
Module (WQM) and Geo-MODFLOW are available as esiems, with the WQM
extension enabling variolRiver GeoDSS water quality and file management tools (e.qg.,
loading and saving data within tHeiver GeoDSS project). Geo-MODFLOW, as an
extension, enables tools for integration of surfacser and groundwater modeling.

Specialized extensions specifically for the Arkan&dver basin provide access to the
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customized user interfaces and tools that allove-spgcific data import and handling, as

well as custom run types.
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Save Geol3s Project CecondPass w2
Save GeoD55 Project A5 ...

GEODSS Extensions r| Water Quality
Imperial Irvigation Districk (TI0
Arkansas River Basin

v Geo-MODFLOYW

I

Load Sub-Metwork. ..
Sub-Metworks
Simulation Scenarios Analysis 3

Figure 3.2 -River GeoDSS extension menus
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Figure 3.3 -River GeoDSS Data Management Interface
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A Data Management Interface is implemented inRiver GeoDSS for organizating layers
and files for all components and modules. Rher GeoDSS Data Management Interface
allows setting: (1) the time series database fiB), water quality database file, (3)
precipitation raster map locations, (4) the ANNferd database file, (5) the ANN training
database file, (6) precipitation summary databdse {7) the feature class names for
irrigated fields, pumping wells, canals, streamg&gMlayer, water bodies, and (8) the
MODFLOW finite diference grid, and polygon featuctasses representing the extent
groundwater modeled area and user defined grougmiegs for stream-aquifer modeling
using ANNs. Figure 3.3 shows the general tathefRiver GeoDSS Data Management

Interface.

GEO-MODSIM

The geo-referenced version of MODSIM called Geo-M8IND is developed to combine
the advantages of spatial distributed informatiod MODSIM network flow modeling.
Geo-MODSIM is implemented as an extension in Ar¢GIS (ESRI®, Inc.) to apply
MODSIM to geo-referenced basin models using the IEgRmetric network utilities to
create, edit and display the network. The ArcMapterface for ArcGIS serves as a geo-
referenced user interface for MODSIM, allowing aased network display and access to
network objects. In this way, Geo-MODSIM allowdl futilization of the available spatial
data processing, display, and analysis tools @vaila ArcGIS™ in conjunction with the

powerful MODSIM model functionality.

A GIS geometric network is a “single dimension mu@nar graph with features where

edge elements and junction elements are connegtighdlogy” (Borchert 2003) or simply
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a set of connected edges and junctions for whielGts knows how things are connected
from point A to point B (including flow direction)The MODSIM network is composed of
nodes (i.e., reservoirs, demands and non-storadgEshoonnected by one-directional links.
The similarities between the GIS geometric netwaml a MODSIM network allow Geo-
MODSIM to use the geometric network as the MODSI&work. Using MODSIM v8
NET integration and ESRI-ArcObjects, Geo-MODSIMk& a set of tools to link geo-
referenced system objects in GIS and the modekthjeThe MODSIM object oriented

database is well suited to the linkage structuse@ated with geo-referenced objects.

Geo-MODSIM Data Model

ESRI geo-database feature classes are used assalatzes to define the geometric
network. A data-model is developed as templateréate the river basin features in
ArcGIS and facilitate the building of the MODSIMtn®rk in Geo-MODSIM. Figure 3.4

shows the GIS data-model structure; detailed detsumi of the feature classes and fields is

found in theRiver GeoDSS User Support (Appendix 111).
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Figure 3.4 - Geo-MODSIM data-model in ArcCatdl8g

Geo-MODSIM geometric network
When a geometric network is created, ArcGIS alseates the corresponding logical

network, which is used to represent and model adivity relationships between features.
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The logical network is the connectivity graph u$edtracing and flow calculations. The
MODSIM network topology is constructed directly nothe ArcGIS™ logical network.

Geometric network nodes are used to create themysbdes and the logical network
connectivity is used to create the links betweedesan MODSIM. A set of supporting
(synchronization) tables are generated in the géabdse during the MODSIM network

creation process. Detailed description of thelskesas found in Appendix Ill.

The geometric network uses six types of nodes: €gugemands, Reservoir, Sinks, Non-
storage, and network junctions. In addition, teergetric network implements two types
of links: Streams and Canals. These geo-referenigedts are transformed into MODSIM
objects while building the MODSIM network. Demandeservoirs, Sinks and Non-
Storage nodes are common to both the geometriconeand the MODSIM network and
network junctions are implemented as non-storagdesio The Gauges nodes are
implemented asflow-through demand nodes, which are capable of routing non-
consumptive water to a downstream node. Base netman-storage nodes defined as
interfaces, connecting end of canals with the sirsgistem, are transformed infi@w-

through demands, allowing modeling of operational flowras to the system.

A common practice is to begin the creation of tleergetric network by importing the

National Hydrologic Dataset (NHD) stream and cdagérs, reservoirs, gauging stations,
diversion structures, and wells into the data-méeksiure classes. Network Utility analyst
available in ArcGIS provides tools to test connegtiand adequately implement water
movement in the network (e.g., find connected naaheklinks, trace up/downstream, find

disconnected nodes and links, etc...).



63
Geo-MODSIM tools in ArcMap

CoU-GEODSS x|| Geo-MODSIM tools are accessible from tRver GeoDSS
Moy & toolbar in ArcGISFigure 3.5). The Geo-MODSIM main dialog

Figure 3.5 — GeoDSS

Toolbar in ArcGIS (i) gives access to standard MODSIM settings antbgha

(Figure 3.6). The main dialog accesses tools fpicf@ating the MODSIM network from
the active geometric network in the ArcM¥pproject, (2) loading and saving the
corresponding MODSIM xy file where the network t®red, (3) accessing MODSIM
menu items (Figure 3.6), and (4) invoking basicmoek synchronization tools. The
MODSIM menu items provide access to MODSIM netwssktings, the water rights
dialog, output control, MODSIM extensions, netwodst overview and utilities for spatial

model output results display. The MODSIM netwodsile execution is triggered in this

dialog.
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Figure 3.6 — Geo-MODSIM main interface and menmien ArcMag"

The Geo-MODSIM Sdect Feature Tool (ﬂ) displays the MODSIM database entry

dialogs associated with the network objects. [ g8r7 shows the MODSIM dialog
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displayed by clicking a system demand node with sequointer using the Geo-MODSIM

Sdect Feature Tool.

The Geo-MODSIMOutput Tool (f"_r.) triggers the standard MODSIM output display
interface for the selected network object. Thgoutonsists of tables and time series plots
of the modeled values for all time steps. FiguBshows an example time series plot for a

demand node in the system.
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Figure 3.7 — Geo-MODSIM select features tool inMap™
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Figure 3.8 — Geo-MODSIM Output Display Tool in Arel™

Data-model Data Transfer

System data can be stored directly in the geo-datland loaded into the MODSIM
network for model execution without having to maintthe data in both MODSIM and
GIS. Data that can be stored in the geo-datalesade: reservoir capacities, link costs,

node priorities, link capacities, and channel lossfficients.

Network Types in Geo-MODSIM
The MODSIM network created from the geometric netws stored as the Geo-MODSIM

Base-Network, a MODSIM native xy file. Th@&ase-Network is used in Geo-MODSIM to

create both calibration and simulation networkst ru#a time, according to the run type
specified (i.e., calibration or simulation), ane thactive simulation scenario, the network
structure is modified, functional structures added data loaded into another MODSIM

file called Ub-Network. The Sub-Network MODSIM file is named after theasB-
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Network suffixed with the simulation scenario narf8ab-Networks can be turned into an
active Geo-MODSIM network (for input/output) usitige File—Sub-Networks menu item.
Sub-Networks generated/executedRiver GeoDSS are made available to the user for
display and comparative analysis under its simaasicenario name. Th@ver GeoDSS
interface provides tools for comparing side-by-ssitaulation scenario results under the
ub-Networks Analysis menu item by clicking the check boxed next to dkiailable Sub-
Networks to be included in the output comparis@he Base-Network and Sub-Networks
share the same GIS topology; however, the datdeatifferent (e.g., diversions, channel
losses, costs, priorities, etc...). Additional SueMorks created in a differefiver
GeoDSS project can be loaded into Geo-MODSIM using thexmngems. Simulation of
changes to the system topology requires generatioa new Base-Network, but the
network cannot be categorized as a Sub-Networgur€&i3.9 shows a diagram of the GIS

geometric networks and MODSIM Base and Sub-Networks

The Base-Network can be initially loaded with dduat will be used in all Sub-Networks.

In someRiver GeoDSS applications, a customized run is implemented yoadically
import time series and other data at run time fmhesimulation. The latter alternative
does not require maintaining the time series inM@DSIM file; rather, the series can be
loaded from a central location (e.g., a database)ases where time series are the same
for the simulation scenarios, it is convenient afiicient to store them directly in the

MODSIM database.
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Figure 3.9 — Geometric network and MODSIM netwarteraction diagram

ANN MODULE IN RIVER GEODSS
River GeoDSS ANN module consists of a set of tools to conduliNAassisted modeling of

river basin systems and integrate the ANN predistiaithin other components of the
decision support tool. The module provides suppartneural network training dataset
creation and simulation. The module uses ESRI-AjeQs libraries to build spatially

grouped training datasets. The ANN module useouSIATLAB exported files to load

trained neural networks into thever GeoDSS to perform simulations, where the export
files are generated by tA&N MATLAB Export Tool. In simulation, explanatory variables
are dynamically generated for each modeling tirap.stFour types of neural networks are

currently supported in the ANN module: Feed forwdnalck propagation (including
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Cascade Forward Network), Elman neural network, i®®aBasis Neural Net and

Generalized Regression neural network.

Special Considerations on the ANN Simulation in River GeoDSS

The ANN simulation dataset needs to be consistéht tive training dataset to guarantee
accuracy in the predictions; i.e., the basin systtates assumed for training based on the
groundwater simulations should be dynamically digséd while simulating them in the
River GeoDSS. During simulation, th&iver GeoDSS implements the option to generate
the ANN simulation datasets from the current MODStddeled variables, assuming the
explanatory variables are updated each iteratigxithough the simulation dataset is
generated in a similar fashion to the training sketita explanatory variables that are
functions of the modeling variables might changesamterably between simulation and
training. It was found in this study that this apticreates instability with a slow and
inconsistent convergence. In addition, thereriskaof creating an ANN simulation dataset
with a different variable space than the datasetl dsr training, thereby increasing the
prediction uncertainty and reducing the overalluaacy of the prediction by accumulation

of errors.

An option to support usage of previous runs is enmnted by creating a set of
explanatory variables that depend on modeling bbagafrom a previous simulation
solution. For each time step, the modeled vargldach as river flow, canal diversion,
aquifer recharge, and canal seepage, are extrci®dthe previous simulation results.
The advantage of this option is that the previaosiktion run is based on a calibrated
network that can include complex operations andvipusly calculated return flows

without the need for simplifications. Thereforlee tANN simulation dataset can include
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complex modeling elements without directly using tturrent simulation variables that
create instability and convergence issues. Theiqus simulation support option, at the
beginning of the simulation, creates a copy of ékisting MODSIM output file for the
network that is being simulated. This copy of thutput file is used to query the system
variables in order to build the ANN explanatoryishles. An iterative ANN training-
simulation process allows refining the ANN perfonoa by reducing the variability of
complex explanatory variables such as river flomd diversions resulting from simulation

predicated on the ANN predicted flows and waterlalgity.

ANN MATLAB Export Tool
A tool to export the MATLAB trained ANN is implemtad for theRiver GeoDSS. The

tool extracts required information from the trampiprocess and the MATLAB trained
ANN for external simulation. The exported texte$l include input/output scaling
parameters, network structure and configuratiod;ahassociated connection weights and
biases. Using these exported fil&yer GeoDSS is able to perform ANN predictions
when a set of explanatory variables is present&etailed descriptions of the files
structures and contents are provided in Appendix-IANN Modeling Files in River

GeoDSS

ANN Priming

As found in the literature, and corroborated bylieaexperimentation with ANNSs, the
outputs from previous time steps provide a systenerfiory” that can significantly
improve prediction accuracy. During simulatione tANN module uses previous
predictions to generate the simulation dataset, foutthe initial time steps in the

simulation, there are no previous predictions ®masexplanatory variables. Therefore, the
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sequential predictions use previous predictionsdbatain errors. It was observed that the
previous output explanatory variables in the fatstges of the simulation greatly influence
the entire simulation prediction space. That isemwthe initial errors are large, the ANN is
unable to recover from these errors and the predsteteriorate over the remainder of the
simulation. A priming procedure is implementedha ANN module to improve selection
of the starting explanatory variables. Predictmrer initial time steps are iteratively
repeated until the prediction converges withinleremce range. The algorithm predicts the
first time step using averages of the explanataryables in place of use of the previous
predictions. The generated prediction then regl#ite averages. Since the prediction was
calculated using all other actual explanatory \des for the first time step, the process is
expected to move the prediction towards a “betsgstem state at the beginning of the
simulation. An iterative process is implementedmvimich the explanatory variables from
previous time steps are replaced with the previtauation prediction until the prediction
converges to a value within 10% of the previougliot®n (a maximum of 3000 iteration
are allowed). This prediction becomes the outputHe first time step, which is then used
for the next time step prediction as thé) previous output. This process is repeated for
all initial time steps where the previous outputs @gnknown, where the number time steps
to prime depends on the number of previous timgsstieat the neural network relies on.

Figure 3.10 illustrates the most important elenoéihe ANN priming procedure.

ANN Radial Basis Prediction in River GeoDSS

Unrealistic predictions outside the training areaght be possible when explanatory
variables found in the variable space differ sigaiitly from those in the training space.

The radial basis NN predictions are constraineitiéRiver GeoDSSto a range around the
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maximum and minimum values observed in trainingreéby maintaining realism of the
predictions. The prediction range is set as agmerof the training range between the

maximum and the minimum values, and is calculaged a

n_Max =Max +d,

. : (3.1)
n_Min, = Min, —d,

where Max; is the maximum training value for output varialpleMin; is the minimum
training value for the output variahlen _Max; is the upper bound on the prediction space
for output variablg; n_Min; is the lower bound on the outguprediction space; amdlis

the deviation above the training maximum and bdlmwvtraining minimum to compute the

prediction range, whemkis computed as a fractioR)(of the original range.

4 = F [{Max, —Min,)
i 2
The ANN predictions in thRiver GeoDSS are calculated with a factor BE0.25, allowing

(3.2)

a 25% wider prediction range.
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WATER QUALITY MODULE

A Water Quality Module (WQM) is developed to routenservative water quality
constituents throughout the system that is couplithl the Geo-MODSIM network flow
solution at each time step. The WQM introduceseaegplized algorithm to trace the
MODSIM network from upstream to downstream in th&rect sequence, allowing
calculation of concentrations at any point in tie#work based on previously calculated
concentrations on upstream links. The networkrigaalgorithm is made available through

the MODSIM network utility library, as part of tidODSIM version 8 standard package.

For each time step, network concentrations areuleatd after the MODSIM network
flows have converged to a solution. The MODSIMlsolution is combined with known
concentrations to route the resulting constituerdgssndownstream using the mass
conservation principle at the network nodes. The dimensional mass conservation
principle applied to a control volume in the neti expressed as:

Myp oM

OX Uk Ot

where m is the flux through the control surfaces; watenstibuent flux ism=CQ ,

(3.3)

whereC is concentration and the flow ra@@= velocity (v) in thex direction times the

cross sectional areeR = loading rates for sources or sinks; ang, =VC = mass in the

control volume, wher¥= volume of the control volume. Therefore,

d(C [vdydz)
[0

d(C [ dxdydz)
ot

o(Cv oC
% + (%)“’”“’%mk = (3.5)

dXi Rsourcy ==
sink

(3.4)
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The general advection-diffusion transport equati@y be written as:

CO_V+\_/0_C+C __oC

= “sourc - _E

3.6
1) 0x sink (3.6)

Neglecting diffusion and assuming a conservativestituent, i.e., assuming no change in

concentration in thg direction and no change in concentration over:time

r'nout - mn £ Rsourc%mk =0 (3-7)

where m,, = mass rate out of the control volume ang = mass rate entering the control

volume. Equation 3.7 can be written for any nadthe network as:

zcothout - ZCinQin =0 (3-8)

Equation 3.7 implies complete mixing at the systerdes to model the water constituents.
Since only network nodes, and not network link elats, are assumed to have external
sources or sinks, the rate of mass entering aupdtream is equal to the rate of mass
leaving the link downstream. Concentration cakiohs at the nodes are performed
sequentially, starting at the most upstream naudise system, in the order dictated by the
network tracing algorithm.  The sequential caldatat computes outflow link

concentrations at each node as a function of flenininks.

>.CQ
C,y = o (3.9)

2.Q

out

Figure 3.11 shows a basic diagram of the WQM andD8M coupling. The WQM
implements an MS-Access database to store the empduameters and data for e&tiver

GeoDSS project.  During simulation, the module reads thetwork node inflow
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concentrations and calibration tolerances from M®-Access database. When the
MODSIM network is initialized, the network is tratand the node order from upstream to
downstream is established. Once a solution fama step is achieved in MODSIM, the
module calculates water constituent concentratitm®ughout the network. The
concentration of water flowing out of a node isumdtion of the concentration of all
sources of water flowing into that node. The WQ@Mntegrated with th& ver GeoDSS
ANN module to include ANN prediction in the computas (e.g., groundwater-surface
water quality integration and reservoir water gyaliansport). When a trained ANN is
available, the WQM uses the ANN groundwater camstit load predictions as external

contributions to the nodes.

Network
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estred MODSIM Total

Calibrationf Initialize <: Dissolved
Tolerance Solids
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Groundwater | | ANN prediction in

*Return Flows MODSIM ——
*Salt loads (ON/OFF)

8>

Links
Concentration
Calculation

Figure 3.11 — Water Quality Module and MODSIM cangldiagram
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A set of interfaces are implemented in the WQMntieriact with the user. The interfaces

allow (1) entering, editing and visualizing watematity input data (Figure 3.12), (2)

developing and incorporating in the modeling thexaemtration vs. flow relationship

(Figure 3.13), (3) the setting upper and lower lsufor water quality model calibration

based on historical measured values (Figure 3.14r8)(4) import of time series data from

the water quality database for the WQM (Figure &8)4
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Figure 3.12 — WQM network node user input dialoggk
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Figure 3.13 — WQM Flow-Concentration relationshigiudialog sample
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Water Quality Data in WQM

Measured concentrations are imported and procdesed consistent with the simulation
time step. Data are usually made available ay dadan concentration, use of larger
simulation time steps requires processing of theceotration data. Processed data are
stored in a customized MS-Access database assbevitethe Base-Networkame. The
imported data are represented in finer GeoDSS as a MODSIM style time series (Figure
3.12), where the missing data are filled with tiaailable previous value. Additionally, the
available data can be used to fit a regressiontiequi the available points (Figure 3.13).
Basic functionality for polynomial equation regressis provided in the interface, where
user defined equations of other types (e.g., exga@aie power, logarithmic) can be
externally processed and entered using the equatiefficients spreadsheet. When using a
regression equation at a gauging station, the equetused in the WQM to represent the
water quality constituent for all time steps asuaction of flow. The interface shown in
Figure 3.13 allows filtering of the data and pr@s&dplots of measured and calculated
concentrations and flows. The regression equati@fieences are stored in tiRever
GeoDSS project Water Quality Database. Description & tfata import tool is found in
Appendix Il - RIVER GEODSS Water Quality Import Tool, and details of the structure
and characteristics of the WMQ database are foundppendix IV —Water Quality

Database.

Network Tracing

The WQM features an efficient network flow traciatgorithm that allows navigating
throughout the fully circulating MODSIM network frothe physical upstream nodes to the

downstream nodes. The network tracing algoritheaters a logical order to calculate mass



79

balance at the system nodes. Details on the gadgorithm are given in Appendix IV —

Network Tracing Algorithm.

Water Quality Module Results in River GeoDSS

Combined with the simulated flow results, the usesble, at any location in the system
(e.g., river, canals and network nodes), to momtrstituent concentrations. A MODSIM
user-defined output is implemented to graphicaligpldy concentrations at links and
nodes. For nodes, graphs are provided for (1ydneentration at that point in the system
as result of the combined concentrations and flofalgks flowing into that node and (2)
the measured concentration at the system nodesWI)M output is then embedded in the
MODSIM output database and made available to tiee thsough the standard MODSIM
output tools. Figure 3.15 shows a sample of thdeteal/measured concentration results as
displayed in ArcMaP" using the Geo-MODSIM output display tool for atista in the

Arkansas River.
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L 4
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Figure 3.15 — Water Quality results displayRiner GeoDSS example
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SIMULATION SCENARIOS MANAGER

This tool allows the user to create, edit and delmulation scenarios in thgiver
GeoDSS and to select the active scenario Rver GeoDSS modeling. Each simulation
scenario network is constructed from the Base-Netwwith containing modeling options
such as: (1) quality module activation, (2) stresifer interaction module activation and
preferences, (3) run types, and (4) calibrationoost Sub-Networks created in this
manager are automatically made available in theastes analysis module when tRever
GeoDSS project is loaded. Simulation scenario informaii® then stored in the geometric

network geo-database so as to be available asfithgRiver GeoDSS project.

GEO-MODFLOW
River GeoDSS features the Geo-MODFLOW extension as a set dé that allow querying

of the MODFLOW-MT3DMS binary output files based the geo-referenced model grid
in ArcGIS. An ArcMap VBA macro is implemented taeate the geo-referenced
MODFLOW grid layer in ArcMap. The macro uses thiel&file *.2dg to extract the cell
coordinates and creates polygons to represent tuelncells. The fieldCellNumber is
populated with the MODFLOW first layer cell numberoviding linkage between the
output files and the geo-referenced cell objecthe MODFLOW-MT3DMS output is
processed using spatial relationships between ridecglls and other features in the GIS
(e.g., MODSIM nodes or links, groundwater modelgrguping areas, and area-buffers).
The tool allows summarizing, by geographic featutee elements of the MODFLOW

flow budget (Sources and Sinks - Figure 3.16) af@DMS concentrations.
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Flow Budget
Mumber of cells selected: 1 Flow units: [rm™34d]
FLOW M FLOW OUT
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Rivers: 0.0 Rivers: oo
Streams: s Streams: e
Wiells: 0.0 Wiells: 0o
Recharge: 0.0 Recharge: 0o
Evapotranzpiration: 0.0 Ewvapotranzpiration: 0.0
Total: 4982.792114 Total: 0o
Cell To Cell Cell To Cell
Upper face: 0.0 Upper face: oo
Lower face: 0.0 Lower face: -4981.651758
Left face: 0372474 Left face: oo
Right face: 0.0 Right face: -0.19487
Front face: 00 Front face: 177126
Back face: 0.0 Back face: 0o
Taotal: 0372474 Total: -4983 517888
TOTAL FLOMW [M: 4983.164589 TOTAL FLOW OLT: -4333.517588
Summary I - Ot % differenice
Sources/Sinks 4982.792114 100%
Cell To Cell -19832.145414 -1337800%
Total 03533 0%
Copy to Clipboard ‘ Export ta File... | Dane |

Figure 3.16 — MODFLOW Flow budget in GMS (Environmted Modeling Systems,
Inc)

The Geo-MODFLOWSdect Tool (ﬂz ) is available from théRiver GeoDSS tool bar,
allowing selection of any single feature in GIS ¥adnich Geo-MODFLOW processes and
summarizes the MODFLOW-MT3DMS output. In additi@go-MODFLOW provides a
user interface (Figure 3.17) that allows (1) séhgcthe component of the flow budget
(Figure 3.16) to be summarized, (2) generating doetb flow budget summaries for
feature(s) currently selected in ArcMap, and (3cHying the type of spatial relationship
between the selected feature(s) and the groundwtéel grid. The interface implements

six spatial relations between the grid and the feiures: intersects, overlaps, touches,
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contains, crosses and within. The user interfadesigayed during the loading of the active

scenario MODFLOW output files in memory or when $dect tool is activated.

MODFLOW Output Tool €]
Scenario
Active Scenanio:  Calib_TribRF_w2
I
A O F LOYY Clukpaat
(% River (" UpFlux  © Storage Flow
" Recharge " Drainage G Budget
- ™ Seapage Component

Spatial w
Relation Intersects| ~ Compute Selected

Do

Figure 3.17 — Geo-MODFLOW user interface as dispdain ArcMag"

This tool generates a summary that contains agpldta table with all summations for all
modeled time steps of the selected flow budget comapt for all the cells that meet the
specified spatial relation (e.g., intersect, oyerta touch) with the feature(s) selected in
GIS. The output values are grouped in positive a@gative values to separate aquifer
sources from sinks. The summary includes: (1) &suand Sinks Flux, (2) Mass, and (3)
Concentration. Appendix Il Geo-MODFLOW Summary Calculation Details contains
the detail descriptions of the generated summadoyledions. Figure 3.18 shows the Geo-

MODFLOW summary for the aquifer recharge of thesield area in ArcMap.

Geo-MODFLOW implements parallel processing techgplto load and process large
amounts of data, allowing the user to continue wagrkn ArcMap while the groundwater

data are processed or loaded.
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Figure 3.18 — Geo-MODFLOW summary display in ArcM4p

CUSTOMIZABLE INTERFACES AND TOOLS

Customized interfaces and tools have been impleedem theRiver GeoDSS for the
Lower Arkansas River basin that illustrate the aoszation environments embodied in the
River GeoDSS that accommodate the particular needs of the raddsystem. The
customizedRiver GeoDSS uses the core underlying tools and modules buteimgnting
custom data import and processing tools, network-ppocessing and executions.
Additions to the user interfaces are easily handlgdg .NET inheritance, with thHeiver

GeoDSS base-user interface inherited and enhanced feorougpplications.
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A custom interface is implemented for the ArkarRagr basin modeling. These interface
and tools are developed for evaluating and anaiyziumat if” management alternatives for
salinity and waterlogging remediation. Th&R GeoDSS provides a set of tools to import
time series and water rights, and handle storadervegerations and alternate points of
diversion. Thd AR GeoDSSfeatures a Simulation Scenario Analysis Tool, Wwtailds
overall simulation-summaries of the system wateangty and quality for quick
management alternative comparison. Detailed dqeguni of these custom features, and

their application to the Arkansas River basin,resvmled in Chapter 6.

SPATIAL OUTPUT DISPLAY

River GeoDSS enhances the standard MODSIM result display/aisatgsls with a spatial
visualization the modeling results in ArcMap. Ttosl allows simultaneous display of any
MODSIM variable at all the network elements; theutss can be animated to observe
spatial system changes in the modeled values thringgsimulated period. The results are
color or size coded for each of the objects instysem, so they are spatially displayed for
each time step. The spatial representation ofotltput is a great tool for problem
identification and analytical analysis of systenem@tions and can provide information for
management improvement. Figure 3.19 shows an dgamp the spatial result
visualization in ArcMap of the Imperial IrrigatioDistrict network; where the surface
inflow to demand and sink nodes is size coded,thagercent full of canal links is color
coded. TheRiver GeoDSS interface to control the display options and ressahimation is
also shown in Figure 3.19; in addition, the integfalisplays the currently displayed time

step and date.
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Figure 3.19 River GeoDSS spatial results visualization example in ArcNfp



