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A Software System to Aid in
Making Real-Time Water Control Decisions

By

Arthur F. Pabstl/ and John C. Petersg/

INTRODUCTION

The Corps of Engineers has responsibility for operating numerous
water resource systems throughout the United States. A primary purpose
of many of these systems is flood control; however most systems are
multipurpose with additional project purposes such as hydropower generation,
water supply, navigation, water quality enhancement and recreation. Effec-
tive operation of a water resource system typically requires (1) timely
acquisition of reliable data that reflects the current state of the
watershed and water resource system, (2) data analysis and runoff simulation
to produce forecasts of runoff, perhaps with and without estimates of the
effects of future precipitation, and (3) system analysis to produce optimal
operations decisions.
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A major advance in automated data collection has occurred in recent
vears with the use of geostationary satellites for data transmission.
A Data Collection Platform (DCP) at a gage (e.g. precipitation or stage
gage) contains a microprocessor for storing the data and tramnsmitting it
via geostationary satellite to a receiver (downlink) where the data is
placed in a computer file. Use of this means of acquiring data is increasing
rapidly in the Corps of Engineers and is a primary source of real-time data
for a number of water resource systems.

‘During the last several years the Hydrologic Engineering Center (HEC)
has been involved in developing and adapting software for real-time data
analysis, short~term runoff forecasting and reservoir system simulation.
These software components are part of a comprehensive software system that
also includes a specially-designed data storage system, an interactive
control interface and a graphical display capability that facilitates
interpretation and analysis of observed data and simulation results. The
software system, in whole or in part, is intended for use throughout the
Corps of Engineers on computers that are dedicated to water control
activities. The software is presently being implemented on Harris 100/500
minicomputers.

This paper focuses on the conceptual basis for, and capabilities of,
! the software system. Illustration of software capabilities is based on
{ application to the 16,900 sq. km. Scioto Basin in Ohio, USA.

1. Chief, Special Assistance Branch, Hydrologic Engineering Center,
U.S. Army Corps of Engineers, Davis, California, USA

2. Hydraulic Engineer, Hydrologic Engineering Center,
U. S. Army Corps of Engineers, Davis, California, USA

For presentation at the WMO-sponsored Technical Conference on Mitigation of Natural Hazards
through Real-Time Data Collectfon and Hydrological Forecasting, held at Sacramento, Calif.
on September 19-23, 1983.




APPROACH

Assuming that raw 'real-time' data is available in a computer file,
1 the following tasks are performed:

1. Raw data is decoded to a form with desired engineering units.
Data conversions such as stage to discharge and accumulated
to incremental precipitation are made. Simple range checks on
data validity are performed. Data is interpolated for isoclated
periods of missing data.

! 2. The availability of data 1s assessed. A Data Status Table is
generated in which the presence or absence of verified data is
indicated for each hydrometeorological station.

3. Based on data availability, a time of forecast is adopted.
Choice of forecast time generally involves a tradeoff between
data availability and the lag between the current time and the
forecast time.

4. Point precipitation data is used to develop hyetographs of
subbasin-average precipitation for each subbasin.

5. Automatic estimation of runoff parameters (unit hydrograph,
loss rate and base flow) for headwater subbasins is performed.

€. Based on results of parameter estimation, loss rate and base
flow parameters are adopted for remaining subbasins.

7. Runoff hydrographs are calculated, routing and combining is
performed and calculated hydrographs are blended with observed
hydrographs wherever observed data is available. The end product
of this step is a set of reservoir inflow hydrographs and hydro-
graphs at downstream control points.

8. Runoff hydrographs from step 7 are used with a reservoir system
simulation model to make reservoir release decisions.

9. Results are analyzed using graphical displays. Additional

analyses are performed with alternative future-precipitation
assumptions and/or operation policies as desired.

SOFTWARE

Key elements of the software system are as follows:

Data Storage System (DSS)
The DSS provides a means for efficient storage and retrieval of
hydrologic data. 1Tt is used primarily for time series data such as
precipitation hyetographs or hydrographs of stage, discharge, storage,
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etc. DSS and associated utility programs can be used to (1) store
and maintain data for multiple users, (2) store input and output data
from applications programs, (3) transfer data between programs and
(4) display data in graphs or tables.

Field Data Conversion (CONVRT)

This program provides routine transformations of field data
into forms required for hydrologic analysis. Cumulative precipi-
tation is converted to incremental precipitation. Water surface
stages and elevations are transformed, as appropriate, into
discharges and storages based on rating tables. Reservoir inflows
are computed from corresponding outflow and storage hydrographs.
Screening for data outside reasonable bounds, estimation of missing
data elements, and data smoothing are combined with each of the basic
transformations as appropriate to provide an automated flow of usable

data.

Areal Precipitation Analysis (PRECIP)

This program is used to calculate subbasin-average
precipitation from observed gage data. Subbasin-average
rainfall is calculated as the weighted average of rainfall that
is estimated at up to five points (nodes) in a subbasin. Rainfall
at a node is calculated as the weighted average of rainfall measured
at gage sites. One to four gages are used for each node. The gages
are selected as the nearest reporting gage in each quadrant with
respect to North-South and East-West axes through the node. Weights
used in calculating rainfall at a node are inversely proportional
to the square of the distance between the node and a gage. The
weights used can vary each time interval depending on the number and
location of gages reporting that interval. Subbasin hyetographs
calculated by PRECIP are stored in a DSS file for subsequent use for
runoff forecasting.

Streamflow forecast (HECI1F)

This program is a modified version of computer program HECl, a
primary capability of which is to calculate runoff from complex
(multi-subbasin) watersheds using the unit hydrograph approach
and hydrologic routing methods. HECl is widely used fer planning
studies and other applications, and runoff parameters for use
in the program have been derived for numerous locations throughout
the USA. However it is a "single-event' model; there is no
capability for maintaining a continuous accounting of soil moisture.
Forecast accuracy is therefore likely to be low early in an event,
especially for situations where substantial uncertainty is
assoclated with loss rate estimates. However, later in an event

Tt

T P, A . A AR ST 7 o< T ). “C S




when it becomes possible to calibrate parameters to an observed
stream -ise, forecast accuracy is improved and should be commensurate
with accuracy obtainable with more complex continuous simulation
models.

Application of HECIF to produce short-term runoff forecasts
in a multi-subbasin watershed is generally implemented as a two-step
process. The first step is to estimate runoff parameters and
calculate discharge hydrographs for gaged headwater subbasins. Automatic
estimation capabilities are used to derive best fit values for loss rate,
unit hydrograph and base flow parameters. Constraints are used to
restrict derived values to physically reasonable limits. The parameter
estimates for headwater basins provide useful information to aid in J
establishing loss rate and base flow parameters for remaining (non-
headwater) subbasins.

The second application of HECIF is made to accomplish the
following: (1) discharge hydrographs are calculated for all non-
headwater subbasins using user-defined runoff parameters,

(2) hydrographs are routed and combined throughout the basin and

(3) hydrographs are blended at each gage prior to subsequent routing

and combining operations. Blending consists of replacing the calculated
hydrograph ordinates with observed hydrograph ordinates up to the time
of forecast, and providing a smooth transition back to the calculated B
hydrograph over five future time periods following the time of forecast. #
Forecasted discharge hydrographs calculated with HECIF are stored in

a DSS file for subsequent use in establishing reservoir release decisions.

Reservoir Operation (HEC-5)

This program is designed to simulate the sequential operation
of a system of reservoirs of any configuration., Reservoir releases
are determined by the program in accordance with constraints at
downstream control points while keeping the system "in balance'.

A wide variety of factors that affect release decisions can be
accomodated, including channel capacities at downstream control
points, emergency conditions requiring prereleases, minimum-flow
requirements, etc. Reservoir inflow hydrographs and hydrographs
of uncontrolled runoff for downstream control points are obtained
from preceding HEC1F applications via a DSS file. Output from
HEC-5 such as hydrographs of discharge, reservoir stage and
storage are written to a DSS file for subsequent display and
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Model Control (MODCON)

This is an interactive, executive program designed to facilitate
use of other components of the software system. The program can be
used to specify the magnitude of input parameters for PRECIP, HECLIF
and HEC-5. For example, values for loss rates, future precipitation
: or specified future reservoir releases can be easily established with
' MODCON. MODCON also has the capability to create and send off (for
execution) batch jobs that involve the sequential execution of a series
of modelling programs, for example - PRECIP, HEC1F (first application),
HEC1F (second application) and HEC-5. Summary displays of data status,
input-parameter statvs, job status and program output can be viewed.

It is also possible to execute the DSPLAY program to view plots or
tabular displays of virtually any variables of interest, including
observed data and results of precipitation-runoff and reservoir system
simulations.

Graphical Display (DSPLAY)

This is an interactive program that provides a quick and
simple means of displaying, in graphical or tabular form, data stored
in a DSS file. The graphics capabilities permit the plotting of
3 several curves on one graph, use of a split-screen option for showing
plots on each half of a graph, capabilities for shading graphs, over-
laying grids,etc.
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SCIOTO BASIN APPLICATION

Illustration of application of the software system will be made
with reference to the Scioto River Basin, four which the software system
is presently operational. Fig. 1 is a map of the basin. There are four
Corps of Engineer reservoirs, the primary purpose of which is flood
control. However the reservoirs are also operated for water quality
and other purposes. Data Collection Platforms at the reservoirs and
at precipitation and stream gages throughout the basin transmit data
via geostationary satellite to a downlink and computer in Cincinnati,
Ohio. Data is "sensed" each hour and transmitted to Cincinnati at
4-hour intervals. The Scioto reservoir system is operated by personnel
of the Huntington District Office of the Corps of Engineers, located
in Huntington, West Virginia. The observed data is transmitted
automatically at fixed intervals from the computer in Cincinnati to
a computer in the Huntington District Office, where forecasts and
operational decisions are made. o

b Program MODCON is entered and a Data Status Table (Fig. 2) is

; obtained. A time of forecast based on data availability is selected
and input to MODCON. Input parameters for PRECIP, HEClF and HEC5

are set. The status of the parameters can be reviewed by calling for
a Model Status Table (Fig. 3).




The execution command in MODCON is invoked to create and send off

a batch job for processing. The job may involve execution of PRECIP
) and HECIF (first application) to provide a set of parameter estimates
! for headwater subbasins. Or the job may also involve the second
application of HECIF and execution of HEC-5 for making the operational
release basins. While a model job is in execution, other tasks can be
performed, such as checking the status of the water resource system by
‘ viewing plots of observed precipitation and streamflow. Fig. 4 shows
a DSPLAY-generated plot of observed discharge hydrographs for four
locations or the main stem of the Scioto River. Fig. 5 shows observed
precipitation hyetographs for two field gages.

The progress of the modelling job in execution can be monitored
and results can be viewed following completion of each component of
the job. Fig. 6 shows hydrographs of inflow, outflow and storage for
a reservoir, The outflow hydrograph was determined by HEC-5. Fig. 7
shows two forecasted and the observed discharge hydrograph at a down-
stream control point. One forecast is based on the assumption of no
future precipitation whereas the second forecast is based on having
13 mm of rainfall over the basin during a 12~hour period following the
time of forecast.

1 AT, -

Analysis of information such as that shown in Figs. 6-7 provides
a means for interpreting simulation results. Based on such an analysis,
! the water control manager may decide that there is sufficient information
i; to make operational decisions, or it may be desired to make additional
‘ runs to reflect alternative watershed, precipitation or operational
i conditions.
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MAN-MACHINE INTERFACE

]

j

1 An interactive terminal with a keyboard is a common input device

' for a computer. Some terminals with input graphics capabilities, such
as the Tektronix 4014, also permit the use of a graphics tablet as an

! input device. A "menu'" can be created to overlay on the tablet, and

k capability can be provided to enable an input command, or a series of
commands, to be generated simply by touching the appropriate location
on the menu.

Fig. 8 illustrates such a menu for the Scioto Basin. MODCON commands
can be implemented by touching rectangular command boxes on the left
y side of the menu. For example, to obtain the table shown in Fig. 1,
the box labeled Data Status would be touched. Plots can be generated
with the right side of the menu by touching in sequence the location ]
(on the schematic diagram), the desired variable (e.g. reservoir outflow)
1 and PLOT,

The boxes labeled *' through M1l at the bottom of the menu invoke
"macros" for automatic generation of a single or a series of plots of
prespecified variables. Fip. 4 and 5 were obtained with such macros.

o
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SUMMARY AND PLANS FOR FUTURE DEVELOPMENT

A comprehensive software system has been developed to aid the water
control manager in making operational decisions. The software encompasses
components for data conversion and screening, estimation of subbasin-average
hyetographs, short-term runoff forecasting and reservoir system simulation.

A Data Storage System designed for efficient handling of time series data
provides a means for transferring data between analysis components. A graphics
program enables interpretation and analysis of observed data and simulation
results. An interactive executive program greatly facilitates utilization

of the software system,

Experience to date has shown that a major limitation in forecast
capability is the estimation of spatial and temporal distribution of rainfall.
The use of radar imagery to better define rainfall distribution appears
to be a promising development that should be operational in the next year
or two. As more experience is acquired in application of the software system,
it is likely that substantial enhancements will be made to various components
of the system. The modular structure of the system is such that alternative
components can readily be substituted or added into the system.
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LOCATION rARAMETER HR 20

ACSE3
CTSH2
ICSOF
ppob2
GRFH2
NEKD3
aL16
FUSOF

ACSEZ
KCSo2
nonz
PCSI2

ACSOF
BCSOF
idilila
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KLAD3
H1S72

BHRI2
BRPH2
CHSH3
CIS63
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CLSF4
DUSE2
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FCSI2
REWF3
WMTH2
UGoE?2

DATA STATUS FOR DSSFILE OQCODAT -MASTDH

FRECIP~INC
FRECIF-INC
FRECIP-INC
FRECIP-INC
FRECIP-INC
PRECIP-INC
FRECIF-INC
FRECIP-INC

FLOW-RES IN
FLOW-RES IN
FLOV-RES IN
FLOW-KES IN

FLOW
FLOW
FLOW
FLOW

FLOW
FLOW
FLOW
FLOU
FLOW

FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOW
FLOU

SCIGTO  Q5MAYBI
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03MAYE3
24 4 8 12
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XXXX XXXKX XXAX
- XXX
XXXX XXXX XXXX
KXAX XXXX XXXX
~XXX
COXXXX XXXX XXXX

XXXX XXXX XXXX

¥ % %

LI

XXXX

XXXX

I
XXXX
XXXX
XXXX
XXXX
XXX~
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

TOTAL NUMBER OF STATIONS = 33

Figure 2

Data Status Table
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XXXX
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RERR
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STATUS

BASIN SCI0TO

FORECAST DAY  TIME  DATE
THU 1200 OSMAY1983

; FPT ALTERNATIVE B

LOSS RATES ZONE STETL  CASTL
f .3 .01
2
3

HEC-1F BASE FILES  IBASXI TIBASAL IXXXAE IXKXAF

HEC-5 BASE FILE IBASAFA
OPERATION ALT. f
HATCH JOR DUTFUT OFF

MASTER DATA BASE  0000DATsMAGTDB

==azs===x=== MOICL CONTROL (MODLDN) ==z=z==sz=z==
I>FUTURFPT
FUTURPPT
FUTURE FPRECIPITATION
ALTERNATIVE B ALTERNATIVE € ALTERNATIVE I
Z0NE PFY HR PPT HR FET HR
1 i 12 1 24
2
3

!

Figure 3 Model Status Table
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contains a microprocessor for storing the data and transmitting it via
geostationary satellite to a receiver (downlink) where the data is place in
a computer file. Use of this means of acquiring data is increasing rapidly
in the Corps of Engineers and is a primary source of real-time data for a
number of water resource systems.

During the last several years the Hydrologic Engineering Center (HEC)
has been involved in developing and adapting software for real-time data
analysis, short-term runoff forecasting and reservoir system simulation.
These software components are part of a comprehensive software system that
also includes a specially-designed data storage system, an interactive
control interface and a graphical display capability that facilitates
interpretation and analysis of observed data and simulation results. The
software system, in whole or in part, is intended for use throughout the
Corps of Engineers on computers that are dedicated to water control
activities. The software is presently being implemented on Harris 100/500
minicomputers.

This paper focuses on the conceptual basis for, and capabilities of,
the software system. Illustration of software capabilities is based on
application to the 16,900 sq. km. Scioto Basin in Ohio, USA.
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TECHNICAL PAPERS (TP)

Technical papers are written by the staff of the HEC, sometimes in
collaboration with persons from other organizations, for presentation
at various conferences, meetings, sem.nars and other professional
gatherings.

This listing includes publications starting in 1978.

HEC HEC NTIS
NUMBER TITLE PRICE NUMBER
$2.00 Each
TP-52 Potential Use of Digital Computer Ground ADA- 106 251

Water Models, D. L. Gundlach,
Apr 78, 38 pp.

TP-53 Development of Generalized Free Surface ADA- 106 252
Flow Models Using Finite Element
Techniques, D. M. Gee and
R. C. MacArthur, Jul 78, 21 pp.

TP-54 Adjustment of Peak Discharge Rates for ADA-106 253
Urbanization, D. L. Gundlach,
Sep 78, 7 pp.

TP-55 The Development and Servicing of Spatial ADA-106 254

Data Management Techniques in the
Corps of Engineers, R. P. Webb and
D. W. Davis, Jul 78, 26 pp.

TP-56 Experiences of the Hydrologic Engineering ADA-106 255
Center in Maintaining Widely Used
Hydrologic and Water Resource.
Computer Models, B. S. Eichert,
Nov 78, 16 pp.

TP-57 Flood Damage Assessments Using Spatial ADA- 106 256
Data Management Techniques, D. W. Davis
and R. P. Webb, May 78, 27 pp.

TP-58 A Model for Evaluating Runoff-Quality in ADA-106 257
Metropolitan Master Planning,
L. A. Roesner, H. M. Nichandros,
R. P. Shubinski, A. D. Feldman,
J. W. Abbott, and A. O. Friedland,
Apr 72, 81 pp.
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HEC
NUMBER

TP-59

TP-60

TP-61

TP-62

TP-63

TP-64

TP-65

TP-66

TP-67

TP-68

TECHNICAL PAPERS (TP)(Continued)

HEC
TITLE PRICE

NT1S

NUMBER

$2.00 Each

Testing of Several Runoff Models on an
Urban Watershed, J. Abbott,
Oct 78, 53 pp.

Operational Simulation of a Reservoir
System with Pumped Storage,
G. F. McMahon, V. R. Bonner and
B. S. Eichert, Feb 79, 32 pp.

Technical Factors in Small Hydropower
Planning, D. W. Davis, Feb 79,

35 pp.

Flood Hydrograph and Peak Flow Frequency
Analysis, A. D. Feldman, Mar 79 21 pp.

HEC Contribution to Reservoir System
Operation, B. S. Eichert and
V. R. Bonner, Aug 79, 28 pp.

Determining Peak-Discharge Frequencies in
an Urbanizing Watershed: A Case Study,
S. F. Daly and J. C. Peters, Jul 79, 15 pp.

Feasibility Analysis in Small Hydropower
Planning, D. W. Davis and B. W. Smith,
Aug 79, 20 pp.

Reservoir Storage Determination by Computer
Simulation of Flood Control and
Congervation Systems, B. S. Eichert,
Oct 79, 10 pp.

Hydrologic Land Use Classification Using
LANDSAT, R. J. Cermak, A. D. Feldman
and R. P. Webb, Oct 79, 26 pp.

Interactive Nonstructural Flood-Control
Plannng, D. T. Ford, Jun 80, 17 pp.

ADA- 106

ADA 106

ADA-109

ADA- 109

ADA- 109

ADA-109

ADA 109

ADA- 109

ADA-109

ADA- 109

258

259

757

758

759

760

761

762

763

764
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TECHNICAL PAPERS (TP)(Continued)

HEC HEC NT1S
NUMBER TITLE PRICE NUMBER
$2.00 Each
TP-69 Critical Water Surface by Minimum Specific ADA- 951 599

Energy Using the Parabolic Method, ‘
B. S. Eichert, 1969, 15 pp. :

TP-70 Corps of Engineers Experience with ADA- 109 765
Automatic Calibration of a
Precipitation-Runoff Model, D. T. Ford,
E. C. Morris, and A. D. Feldman,
May 80, 12 pp.

TP-71 Determination of Land Use from Satellite ADA- 109 766
Imagery for Input to Hydrologic Models,
R. P. Webb, R. Cermak, and A. D. Feldman,
Apr 80, 18 pp.

TP-72 Application of the Finite Element Method to ADA-109 767
Vertically Stratified Hydrodynamic Flow

and Water Quality, R. C. MacArthur and

W. R. Norton, May 80, 12 pp.

Flood Mitigation Planning Using HEC-SAM, ADA-109 756
D. W. Davis, Jun 80, 17 pp.

Hydrographs by Single Linear Reservoir ADA-109 768
Model, J. T. Pederson, J. C. Peters,
and 0. J. Helweg, May 80, 17 pp.

HEC Activities in Reservoir Analysis, ADA-109 769
V. R. Bonner, Jun 80, 10 pp.

Institutional Support of Water Resource ADA- 109 770
Models, J. C. Peters, May 80, 23 pp.

Investigation of Soil Conservation Service ADA-109 771
Urban Hydrology Techniques,
D. G. Altman, W. H. Espey, Jr. and
A. D. Feldman, May 80, 14 pp.

Fotential for Increasing the Output of ADA- 109 /12
Existing Hydroelectric Plants,
D. W. Davis and J. J. Buckley,
Jun 81, 20 pp.
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TP-79

TP-80

TP-81

TP-82

TP-83

TP-84

TP-85

TP-86

TP-87

' TP-88

TP-89

TECHNICAL PAPERS (TP)(Continued)

TITLE

HEC
PRICE

NTIS

NUMBER

$2.00 Each

Potential Energy and Capacity Gains from
Flood Control Storage Reallocation
at Existing U. S. Hydropower
Reservoirs, B. S. Eichert and
V. R. Bonner, Jun 81, 18 pp.

Use of Non-Sequential Techniques in the
Analysis of Power Potential at Storage
Projects, G. M. Franc, Jun 81, 18 pp.

Data Management Systems for Water Resources
Planning, D. W. Davis, Aug 81, 12 pp.

The New HEC-1 Flood Hydrograph Package, A. D.
Feldman, P. B. Ely and D. M. Goldman,
May 81, 28 pp.

River and Reservoir Systems Water Quality
Modeling Capability, R. G. Willey,
Apr 82, 15 pp.

Generalized Real-Time Flood Control System
Model, B. S. Eichert and A. F. Pabst,
Apr 82, 18 pp.

Operation Policy Analysis: Sam Rayburn
Reservoir, D. T. Ford, R. Garland
and C. Sullivan, Oct 81, 16 pp.

Training the Practitioner: The Hydrologic
Engineering Center Program,
W. K. Johnson, Oct 81, 20 pp.

Documentation Needs for Water Resources
Models, W. K. Johnson, Aug 82, 16 pp.

Reservoir System Regulation for Water
Quality Control, R.G. Willey,
Mar 83, 18 pp.

A Software System to Aid in Making Real-Time
Water Control Decisions, A. F. Pabst
and J. C. Peters, Sep 83, 17 pp.

ADA 109

ADA- 109

ADA- 114

ADA- 114

ADA 114

ADA-114

ADA--123

ADA- 123

ADA-123

ADA-130

787

788

650

360

192

359

526

568

558

829
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TECHNICAL PAPERS (TP)(Continued)

HEC HEC NTIS
NUMBER TITLE PRICE NUMBER
$2.00 Each

TP-90 Calibration, Verification and Application
of 8 Two Dimensional Flow Model,
D. Michael Gee, Sep 83, 6 pp.

: TP-91 HEC Software Development and Support,
Bill S. Eichert, Nov 83, 12 pp.
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