
 
 
 
 
 
 
 

Missouri River Reservoir System 
Analysis Model - Phase II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
January 1992 
 
 
 
Approved for Public Release.  Distribution Unlimited. PR-17 
 

 

US Army Corps 
of Engineers 
Hydrologic Engineering Center 



 Standard Form 298 (Rev. 8/98) 
 Prescribed by ANSI Std. Z39-18 

REPORT DOCUMENTATION PAGE Form Approved OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching 
existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this 
burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to the Department of Defense, Executive 
Services and Communications Directorate (0704-0188).  Respondents should be aware that notwithstanding any other provision of law, no person shall be 
subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION. 
1.  REPORT DATE (DD-MM-YYYY) 
January 1992 

2.  REPORT TYPE 
Project Report 

3.  DATES COVERED (From - To) 

5a.  CONTRACT NUMBER 

5b.  GRANT NUMBER 

4.  TITLE AND SUBTITLE 
Missouri River Reservoir System Analysis Model - Phase II 

5c.  PROGRAM ELEMENT NUMBER 

5d.  PROJECT NUMBER 
5e.  TASK NUMBER 

6.  AUTHOR(S) 
CEIWR-HEC 

5F.  WORK UNIT NUMBER 

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
US Army Corps of Engineers 
Institute for Water Resources 
Hydrologic Engineering Center (HEC) 
609 Second Street 
Davis, CA  95616-4687 

8.  PERFORMING ORGANIZATION REPORT NUMBER 
PR-17 

10.  SPONSOR/ MONITOR'S ACRONYM(S) 9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
11.  SPONSOR/ MONITOR'S REPORT NUMBER(S) 

12.  DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for public release; distribution is unlimited. 
13.  SUPPLEMENTARY NOTES 
. 
14.  ABSTRACT 
This report reviews tasks accomplished during Phase I (PR-15) of the project and describes tasks accomplished during 
Phase II.  Phase II tasks include:  (1) Additional development of the HEC-Prescriptive Reservoir Model (HEC-PRM), (2) 
Development of new and enhancement of existing utility programs related to HEC-PRM, (3) Transfer of developed 
technology to the Missouri River Division, and (4) Preliminary review of procedures for developing system operating rules 
from HEC-PRM results.  The model uses network-flow programming to allocate optimally the system water.  In Phase II, 
the modeled system was extended to include navigation on the Mississippi River by including a node at St. Louis.  The 
applications are performed using the best-currently-available estimates of flow data and penalty functions, both of which 
must be considered to be preliminary and are basically those used in the Phase I analysis.  This report includes draft 
documentation which describes the current version of the program and selectively displays example input and output. 
 
 
 
 
 
 
 
 
 
 
15.  SUBJECT TERMS 
Prescriptive Reservoir Model, network flow, linear programming, penalty functions, depletions, reservoir releases, reservoir 
storage, objective function, flood damage, navigation, recreation, hydropower, water supply, Fish & Wildlife 
16. SECURITY CLASSIFICATION OF: 19a.  NAME OF RESPONSIBLE PERSON 
a.  REPORT 
 U 

b.  ABSTRACT 
 U 

c.  THIS PAGE 
 U 

17. LIMITATION  
 OF 
 ABSTRACT 
 UU 

18. NUMBER 
 OF 
 PAGES 
 258 19b.  TELEPHONE NUMBER 



 
 
 
 
 
 
 
 
 
 
 

Missouri River Reservoir System 
Analysis Model - Phase II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

January 1992 
 
 
 
 
 
 
 
 
US Army Corps of Engineers 
Institute for Water Resources 
Hydrologic Engineering Center 
609 Second Street 
Davis, CA  95616 
 
(530) 756-1104 
(530) 756-8250 FAX 
www.hec.usace.army.mil PR-17 
 



 






























































































































































































































































































































































































































































































































	Front Cover
	Table of Contents
	Preface
	Chapter 1 - Executive Summary
	Chapter 2 - Hydrologic Engineering Center Prescriptive Reservoir Model
	Motivation for Model Development
	System Description
	Operation Problems
	Missouri River Main Stem Plan of Study

	Prescriptive Model Description
	Mathematical Formulation
	Penalty Functions
	Software
	Missouri System Representation with Model

	Phase I Applications of HEC-PRM
	Validation of Model
	Phase I Applications
	Critical Period with Best Currently-Available Penalty Functions
	Critical Period with Hypothetical Navigation Penalty Function for Sioux City Flow


	Chapter 3 - Phase II Activities
	Summary of Activities Proposed
	Model Expansion
	Proposed Expansion
	Accomplishments

	Penalty Function Refinement
	Refinement Proposed
	Accomplishments

	User Interface Improvement
	Refinement Proposed
	Accomplishments

	Technical Improvements to HEC-PRM
	Proposed Improvements
	Accomplishments

	Phase II Analysis
	Analyses Proposed
	Analyses Completed

	Technology Transfer
	Proposed Transfer Activities
	Accomplishments


	Chapter 4 - Development of Operation Plans from Analysis Results
	Some Uses of Operations Plans with HEC-PRM Results
	Approaches to Developing Operations Plans with HEC-PRM Results
	Approach Taken for MRD Application

	Chapter 5 - Planned Model Improvements and Their Impact on Future Analysis
	User Interface Refinement
	Improved Network Solver
	Hydropower Algorithm

	References
	Appendix A - Alternatives for Modeling Flood-Control Operation
	Penalty Functions
	Description
	Single Reseroivr or Independent Operation
	Multiple Reservoir System

	Exclude Storage
	Description
	Pros and Cons

	Analysis With and Without Storage Permitted
	Description
	Pros and Cons


	Appendix B - Computer Programs Accessable from MENUPRM
	Appendix C - MATHPK Macros for HEC-PRM
	Table of Contents
	Description of MATHPK Macros
	DO_PRM
	DO_PRM_M
	DO_PRM1
	DO_MRD
	OPEN1
	OPEN
	GET_TS
	MONVARY
	MONVARY1
	MONSAME
	CLASSDEF
	COUNTLO
	RES_STAT
	CF_STAT
	STAT1
	DO_RES
	DO_RES1
	DO_RES2
	DO_RES3
	DO_CP
	DO_CP1
	DO_CP2
	DO_CP3
	SYSTEM
	RES_DUR
	CP_DUR
	DURATION
	POWER
	POWER_P
	POWER1
	POWER1_P
	FLOW_LOC
	Q_LOC1

	Appendix D - Proposed Hydropower Algorithm for HEC-PRM
	Step A (Initialize)
	Step B (Set up the network)
	Step C (Limit variation)
	Step D (Solve the network)
	Step E (Check for soluytion to nonlinear problem)
	Step F (Update candidate solution)
	Step G (Decreasethe allowable variation)

	Appendix E - Workshop Agenda
	Appendix F - HEC-PRM Program Description
	Table of Contents
	Program Description
	Overview of HEC-PRM Procedures and Related Programs for MRD
	Typical Procedures for MRD
	General Description of HEC-PRM Software
	Structure of HEC-PRM
	Executing HEC-PRM
	Data Units
	Format of HECDSS Data
	Order of User Input
	Note

	Input Data Records
	Comment Records
	IDENT, TIME
	J1
	ZW
	NODE
	LINK
	LD
	BL, BU
	EV
	IN
	PS
	PQ
	STOP, FINISH, QUIT

	Example User Input and Output

	Appendix G - HEC-PRM Pathname Parts (MRD)
	Table of Contents
	Summary of Pathname Parts for HEC-PRM
	Introduction
	Maintaining Consistent Data Units
	Summary of Developing Data with Recommended Pathname Parts
	Enter and Compute Incremental Inflow, Depletions, and Adjusted Inflow Data
	Enter the Evaporation Rate
	Enter the Elevation-Area-Capacity Curves
	Enter the Hydropower Coefficients
	Enter Class Intervals for Duration Analysis
	Enter the Storage Penalty Functions
	Enter the Flow Penalty Functions
	Writing Evaporation, Storage, and Discharge Results to DSS by HEC-PRM
	Writing Edited Penalty Functions to DSS by HEC-PRM
	Writing Converted Results to DSS by MATHPK
	Writing Economic (Penalty) Results to DSS by MATHPK
	Writing Hydropower and Duration Results to DSS by MATHPK

	HEC-DSS Pathname Part Conventions for HEC-PRM
	Time Series - Input
	Time Series - Output
	Paired Data - Input
	Paired Data - Output


	Appendix H - HEC-PRM Supplemental Programs (MRD)
	Table of Contents
	RDATA0
	Purpose of RDATA0
	Copying the Program onto Your Hard Disk
	Copying Example Data onto Your Hard Disk
	Preparing the Input Data File
	Executing the Program
	Example Output from RDATA0
	Description of Location Codes in the Data File DODATA
	Evaporation Rates
	Listing of Computer Source Code for RDATA0

	RDMATF
	Purpose of RDMATF
	Copying the Program onto Your Hard Disk
	Copying Example Data onto Your Hard Disk
	Preparing the Input Data File
	Example Input Data File
	Executing the Program
	Example Output Data File
	Listing of Computer Source Code for RDMATF



	Appendix I - MENUPRM and Associated Programs
	Table of Contents
	Purpose of MENUPRM
	Brief Description of MENUPRM Screens
	Assigning a Subdirectory to Each Study
	Selecting a Study and Moving to the Associated Subdirectory
	Selecting the Desired Computer Program
	Selecting Files Needed by the Selected Program
	Listing Existing, Appropriate Files for the Selected File in the Menu
	Editing Files Using the COED Editor
	Editing Files Using the Alternative Editor "Blackbeard" from Lahey Computer Systems
	Deleting the Highlighted File
	Executing the Selected Program
	Viewing the Output from the Program
	Printing Files to the Printer
	Automatically Post-Processing Results from HEC-PRM Using the Programs PRMPOST and MATHPK

	Programs Associated with HEC-PRM




