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Abstract: The U.S. Army Corps of Engineers has developed and deployed a
comprehensive data acquisition and hydrologic modeling system for short-term real time
decision support of water control operations. This system, known as the “Corps Water
Management System” or CWMS, has been implemented at Corps offices through out the
United States. CWMS provides tools for data acquisition, data management, data
visualization, and forecast modeling. Hydrometeorologic data, including precipitation,
river stage, gate settings and other data from field sensors, are collected, transformed,
validated and stored in a standardized water control database. The measurements are
used for calibration and adjustment of hydrologic and hydraulic models to reflect current
conditions.

Forecasting to support operational decision making can include any combination of the
following models. Rainfall-runoff modeling with HEC-HMS based on gaged
precipitation, Quantitative Precipitation Forecasts (QPF) and other future precipitation
scenarios provides forecasts of river flows into and downstream of reservoirs. Simulation
of reservoir operations, utilizing either the HEC-ResSim or CADSWES RiverWare
program, uses these flow scenarios to provide operational decision information for the
engineer. The river hydraulics program, HEC-RAS, computes river stages and water
surface profiles for these scenarios. An inundation boundary and depth map of water in
the flood plain can be calculated from the HEC-RAS results using Arcinfo. The
economic impacts of the different flows are computed by HEC-FIA. The user-
configurable sequence of modeling software allows engineers to evaluate operational
decisions for reservoirs and other control structures, and view and compare hydraulic and
economic impacts for various “what if?” scenarios.

INTRODUCTION

The Corps Water Management System (CWMS) has been developed for the purpose of
providing a single, integrated package of data management and near-term modeling tools
to meet the needs of water control managers within the Corps of Engineers (USACE,
1995). CWMS retrieves precipitation, river stage, gate settings and other data from field
sensors, and validates, transforms and stores those measurements in a database. The
measurements are used for calibration and adjustment of hydrologic and hydraulic



models to reflect current conditions. Once the models have been adjusted to reflect
current hydro-meteorological conditions within a watershed, they can be executed to
produce forecasts of hydrologic conditions that will assist water managers to evaluate the
effects of their operating decisions in the near future.

CWMS is comprised of five major groups of programs: The Data Acquisition (DA)
group receives and processes incoming real-time data. The Data Base (DB) group stores
and retrieves data in the Oracle relational database. Data Dissemination (DD) delivers
data, text and graphics products to users, primarily through Web technology. The Flow-
Stage Forecasting (FSF) component is comprised of several engineering models that
perform the forecasting of future runoff and project operations scenarios for decision
support. The Control and Visualization Interface, or CAVI, enables the user to perform
CWMS command and control functions, execute models, visualize data, system status,
and outputs.

CWMS Interface: The CWMS CAVI client oversees and controls the operation of the
functional modules. The CAVI provides the linkage between incoming data feeds,
observed data, models, computed data, operating constraints and the user. It includes
mechanisms to: evaluate the quality of incoming data; visualize information in time and
space; facilitate primary modeling parameter adjustments; control and execute models;
and compare the results of different modeling scenarios.

The CAVI display (Figure 1) contains active icons representing gauges, computation
points, and other locations of interest. The icons can display time series data in a
“thumbnail plot”, a “color bar”, or a graphic form. By selecting one or more icons, a user
can display two dimensional plots or tables of data represented by those icons. The
display can also contain vector or raster maps or images to provide a geospatial context.
The raster layers can include animated sequences of precipitation data from NEXRAD or
other sources.

CAVI functions are grouped into modules, corresponding to different water management
tasks. These are the Data Acquisition Module, the Data Visualization Module, the Model
Interface Module and the Watershed Setup Module. Each has a specific set of commands
that are accessed through menus, toolbars, scripts and from the context menus associated

with the schematic elements displayed in the interface.

Data Acquisition: Data is collected from field data collection platforms via GOES
satellite, NWS AWIPS, line of sight radio, and other sources. The data from each feed is
parsed and transformed into engineering units, automatically validated, and stored in the
Oracle database. Water Control staff review the status, quality and validation results of
the incoming data. Quality color bar icons represent the status and quality of various key
data sets for a user-specified time span, such as the past week. A quality color bar
represents the variation through time of the quality of data, as determined by a validation
program. Graphs and tabulations of data marked questionable or erroneous are shown to
authorized users in the “Validation Editor” who can edit or accept the data.
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Figure 1 - CAVI Data Visualization Module

Data Visualization: The “Observed Data Visualization” module of the CAVI (Figurel)
is intended to allow the engineer to visually evaluate the hydro-meteorological state of a
watershed. The Data Visualization module background consists of an outline map of the
watershed and NEXRAD precipitation radar images, which may be animated to show
storm movement. If NEXRAD data is unavailable for a particular watershed, a gridded
interpolation of precipitation from gauge measurements can be displayed instead.

MODELING INTERFACE

The modeling component of CWMS allows the water control manager to make short-
term (typically a few days or weeks) forecasts of hydrologic conditions in the watershed.
CWMS provides an integrated suite of generalized modeling programs that represent
different hydrologic aspects of the watershed. CWMS currently includes the following
models (listed in sequence of execution for a typical watershed):

MFP, a simple meteorological model

HEC-HMS, a hydrologic rainfall-runoff model
HEC-ResSim, a reservoir operations simulation model
HEC-RAS, a river hydraulics model

HEC-FIA, a flood impact economic analysis package.



Other simulation programs can be added to the sequence, or used in place of the ones
distributed with CWMS. Currently RiverWare (Zagona, 1998) is being incorporated into
CWMS as an option to HEC-ResSim. Each of these programs can run independently, but
in CWMS they are combined to provide a comprehensive watershed forecast that can
include flow rates, stages, operation plans, economic impacts, and actions to be taken to
mitigate the effects of flooding. The data flow for the models is diagramed in Figure 2.
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CWMS does not require the full sequence of

models to be used at all installations. The
number and sequence of models is configurable
as part of the setup for each office. For

example, the Corps’s Northwest division office ooy "4 e
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run MFP or HEC-HMS in their forecasts. The
New Orleans district does not operate any
reservoirs, and currently runs only a HEC-RAS
hydraulics model of the lower Mississippi River
through CWMS.

Scenarios: To support decision making in
uncertain conditions, the user can simulate more
than one scenario and compare their results
through a single interface. Typical scenarios
might include several different gate-setting Dl

plans for dam operations and several

precipitation forecasts, which will give rise to
several different flow rates through the _
watershed. The user can, for example, combine
any of the dam operating plans with any of the

precipitation forecasts to see if those plans will

produce acceptable results under a variety of

flow conditions. This kind of complex

comparison requires the ability to run several

alternative versions of individual models, and to

combine those individual model alternatives to
build complete forecasts.

Figure 2 — Simulation modeling

SIMULATION MODELS

The CAVI’s model interface module, Figure 3, allows the user to adjust the parameters of
each model individually and save those adjustments for use in later forecasts. A saved set
of parameter adjustments is called an “alternative” for that model. In order to run the
models, the user must select one alternative for each model to be executed. The



combination of individual model alternatives into a set for execution is called a “forecast

alternative.” The user can run several forecast alternatives and display the results of any

or all of them in combination to make comparisons and plan operations. A description of
these models follows.
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Figure 3 - CAVI Model Interface

Meteorology: The Meteorological Forecast Processor, or MFP, processes future
precipitation scenarios, which can vary through both time and space, and can be derived
from National Weather Service QPFs or by manual entry. For manual entry, areas of the
watershed are divided into “zones”, and the amounts and timing of future rainfall are
entered into MFP for each zone. Based on these inputs, MFP generates precipitation
grids to be read by HEC-HMS for hydrologic modeling. The amount and timing of
future rainfall is typically varied to produce various “what if?” scenarios.

Hydrology: The Hydrologic Modeling System (HEC-HMS) computes the hydrologic
forecasts. HEC-HMS uses the ModClark model for rainfall/runoff transformation from
distributed rainfall data, provided in a gridded format, such as NEXRAD precipitation
data (Smith, 1999). ModClark is an adaptation of the Clark conceptual runoff model for
unit hydrographs. Loss and base flow parameters for groups of subbasins are adjusted to
match observed conditions through the CAVI. This adjustment may be accomplished
through parameter optimization routines using observed flow, or from manual
adjustment. Where they are available, observed flows are substituted in the hydrographs
for calculated flows. The results from HEC-HMS are flow hydrographs at points in the
watershed where flows are not controlled by dams or other structures.



Reservoir Simulation and Operations: Reservoir operations are modeled for various
runoff scenarios with the HEC-ResSim program. HEC-ResSim uses the inflow and local
downstream hydrographs generated from HEC-HMS, along with user-defined operating
rules and scheduled releases, to simulate reservoir operations for the various runoff
scenarios. Through the CWMS interface, users can manually set release schedules to
take precedence over the operating rules, although it will not change physical constraints
on releases or reservoir capacities. HEC-ResSim computes pool elevation and storage
time series, and flow hydrographs at control structures and downstream locations.
“Holdout” hydrographs are computed automatically for project benefit analysis.

Hydraulics: River hydraulics are computed with HEC-RAS, which will perform steady
or unsteady flow modeling. From the hydrographs produced by HEC-HMS or HEC-
ResSim, HEC-RAS computes water surface profiles and stage hydrographs. When used
in conjunction with Arcinfo through CWMS, inundation boundaries and depth maps are
computed, and are viewed through CorpsView, an extension to ArcView. Channel
friction factors can be adjusted through the CWMS interface.

Economics and Impact: Economic analysis and impacts are conducted by HEC-FIA,
the “Flow Impact Analysis” program. HEC-FIA calculates agricultural and urban
damages and project benefits by impact area, and then accumulates them for the system.
Project benefit accomplishments are computed as the difference between alternative
scenarios, typically the with- and without-projects conditions. Benefits are then
automatically or manually allocated among the various projects. The results are
displayed by event, by damage category and by project for the watershed using any of the
specified boundary data. Output reports summarize information on damage, area,
number of structures, and population flooded and project accomplishments for various
alternatives. “Action Tables” provide a list of actions to take, and when they should
occur, based on forecasted stages.

TYPICAL DAILY SIMULATION STEPS

Typically, a Corps office will run the CWMS modeling suite once a day. This begins
with executing the CAVI and reviewing the quality of the data that has arrived since the
previous forecast. Erroneous or questionable data is modified suitably or marked as
“missing”. The engineer will examine the required data for a forecast, such as reservoir
outflows and reservoir elevations, and determine an appropriate “forecast time”. The
forecast time is a chosen time where data prior to that time is observed and is simulated
after that time. Next, the current hydrometerological conditions of the watershed are
reviewed. This includes viewing animated NEXRAD precipitation radar images for the
past few days and examining thumbnail hydrograph plots from gages in the watershed.
Full size plots can be shown by double clicking on the thumbnails.

The modeling sequence begins by generating a “forecast”. Based upon the conditions of
the watershed and the potential future conditions, the user will select the models and
conditions that they wish to evaluate. After entering the forecast time, a new directory on



the server is created based on that time and the watershed name. Observed time series
data, including gridded precipitation, flows, reservoir releases and elevations, from the
start of the time window to the forecast time are extracted from the main CWMS Oracle
database and copied into a subset HEC-DSS modeling database (Charley, 1995) in that
directory. This data includes gridded precipitation, flows, reservoir releases and
elevations. The selected model input files are also copied into that directory. The
resulting directory will contain all of the information that is needed to execute the models
and can be backed up for a potential post-event evaluation.

HEC-HMS is calibrated for the current conditions by running it with no future rainfall
and computing simulated hydrographs at gaged locations. Summary tables and plots are
used to compared simulated hydrographs with observed, as shown in Figure 4. The
model soil loss rates and base flow parameters upstream of the gage locations are
adjusted to attempt to compute simulated hydrographs that correspond more closely to
observed hydrographs. This is repeated until the soil moisture parameters are deemed to
be within acceptable tolerances. These parameters are then generalized to adjacent areas
that do not have downstream gages and cannot be directly calibrated.

& Marsh Creek g@@

File Edit Yiew
e

£ 004
-E‘: 0.02
T 012

30

25

20+

Flow (zfs)

L —

———

0= T T T T T T T T T
00:on 12:00 ao:00 12:00 ao:00 12:00 0000 12:00 0000 12:00
| 190ct2005 200ct2005 21 0ct2005 220ct2005 F30ct2005

BN 14nR5H CREEK HUW NODOD FRECIP-ING
——— MARSH CREEK Huit NODO FLOWY

WARSH Hu 0BS5S FLOWY

Figure 4 — Typical Comparison of Observed verses Computed

After calibration, HEC-HMS is executed in a forecast mode using a likely future
precipitation scenario. In the this mode, observed flows are used wherever they are
available in order to improve routing results and forecasted hydrographs. Forecasted
reservoir inflow hydrographs and downstream local hydrographs are used by HEC-
ResSim with the standard operating rule set to simulate reservoir operations. The
reservoir operation and computed downstream hydrographs are evaluated and their
impacts determined. If the operations are not satisfactory, the user may choose to
manually override the reservoir releases or modify the rule set in order to attempt to
achieve the desired operations.



HEC-RAS is run with the forecasted hydrographs to compute river stages along the main
channel. If flooding is expected, CorpsView (an extension to ArcView) can be run to
visualize the inundated areas in a GIS environment. HEC-FIA is subsequently executed
with the forecasted stage or flow hydrographs to compute damages and a list of needed
actions and when they occur, such as closing flood gates or evacuating areas. This
simulation sequence may be re-run to evaluate different precipitation scenarios or
different reservoir operations or other conditions, such as levee failures.

CONCLUSION

CWMS provides an comprehensive integrated system for the Corps of Engineers to
collect, analyze, and model real-time data for decision support of water control
operations. A full range of modeling software allow engineers to evaluate operational
decisions for reservoirs and other control structures, and to compare the impacts of
various “what if?” scenarios. CWMS has been designed to allow the engineer to
concentrate on the hydrology and alternatives of an event, instead of the computer aspects
of processing data and running programs.
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