
 
 
 
 

Columbia River System Analysis 
Model - Phase I 
 
 
October 1991 
 

 
 
Approved for Public Release.  Distribution Unlimited. PR-16 
 

 

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) 
October 1991 

2.  REPORT TYPE 
Project Report 

3.  DATES COVERED (From - To) 

5a.  CONTRACT NUMBER 

5b.  GRANT NUMBER 

4.  TITLE AND SUBTITLE 
Columbia River System Analysis Model - Phase I 

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-16 

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 
Report documenting the development of the HEC-Prescriptive Reservoir Model and its application of analyzing the 
operation of the Columbia River reservoir system.  The model represents the system as a network and uses network-flow 
programming to allocate optimally the system water.  Two applications are documented:  (1) a validation test to determine 
the applicability of the model for the system, and (2) analysis of the critical period.  The applications are performed using 
the best-currently-available estimates of flow data and penalty functions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
 172 19b.  TELEPHONE NUMBER 



 
 
 
 
 
 
 
 
 
 
 

Columbia River System Analysis 
Model - Phase I 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

October 1991 
 
 
 
 
 
 
 
 
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-16 
 



 





























 
 
 
 

10





 
 
 
 

12





 
 
 
 

14









 
 
 
 

18





 
 
 
 

20





 
 
 
 

22





 
 
 
 

24









 
 
 
 

28





 
 
 
 

































 
 
 
 





 
 
 
 





 
 
 
 













 
 
 
 









 
 
 
 

























































 
 
 
 









 
 
 
 













































































 
 
 
 





 
 
 
 


































































	Front Cover
	Preface
	Table of Contents
	Summary and Conclusions
	Problem Description
	Proposed Solution
	Alternatives Considered
	HEC's Prescriptive Reservoir Model, HEC-PRM
	Columbia River System Network
	Penalty Functions

	Phase I Applications
	Overview
	Validation
	Critical-Period Analysis
	Results of Critical Period with Best-Currently-Available Penalty Functions
	Results of Critical Period with Fish Migration Enhancement Penalty Functions

	Phase II Activities
	References
	Appendix A - Proposal for Applcaiton of System Analysis to Columbia River System Operation Review Study
	Table of Contents
	Summary
	Background
	Proposal
	Phase I Activities
	Phase II

	Responsibilities, Coordination, and Management
	North Pacific Division Responsibilities
	References
	Exhibit A-1 - Proposed Network-Flow Model for Columbia River SOR Study

	Appendix B - Assessment of Applicability of HEC-PRM to Columbia River System
	Table of Contents
	Summary
	Descirpiton of HEC-PRM
	Institutional Issues
	Economic Issues
	Environmental/Cultural/Soacial Issues
	Engineering Issues

	Appendix C - Requriements for Prescriptive Model of Reservoir System Operation
	Table of Contents
	Summary of Requirements
	Problem Statement
	Proposed Solution
	Represent System as a Network
	Formulate the Allocation Problem as a Minimum-Cost Network-Flow Problem
	Develop Objective Function Representing Desirable Operation
	Solve the Network Problem with an Off-The-Shelf Solver
	Post-Process Network Results

	Model-Building Software
	Inflow Link
	Initial-Storage Link
	Diversion Link
	Final-Storage Link
	Channel-Flow Link
	Simple Reservoir-Release Link
	Hydropower Reservoir-Release Link
	Reservoir-Storage Link
	Nodes

	Typical Penalty Functions
	Flood-Control Penalty Function
	Navigation Penalty Function
	Recreation Penalty Functions
	Water-Supply Penalty Function
	Environmental Penalty Function
	Hydropower Penalty Function
	Combined Penalty Functions

	References
	Glossary

	Appendix D - Columbia River Network Model Description
	Table of Contents
	System Description
	Network Representation
	Summary
	Network Nodes
	Libby
	Bonners Ferry
	Corra Linn
	Hungry Horse
	Columbia Falls
	Kerr
	Thompson Falls/Noxon/Cabinet
	Albeni Falls/Box Canyon/Boundary
	Dworshaf
	Spalding
	Brownlee/Oxbow/Hells Canyon
	Lower Granite/Little Goose/Lower Monumental/Ice Harbor
	Mica
	Arrow
	Grand Coulee/Chief Joseph
	Wells
	Rocky Reach
	Rock Island/Wanapum/Priest Rapids
	McNary
	John Day
	The Dalles/Bonneville

	Network Links
	Inflow Links
	Initial-Storage Links
	Diversion Links
	Final-Storage Links
	Channel-Flow Links
	Simple Reservoir-Release Links
	Reservoir-Storage Links


	System Data
	Reservoir-Inflow and Locak-Flow Data
	Inflow and Local Flow Depletions
	Reservoir Evaporation Data
	Hydraulic Capacities
	Initial Storage

	Penalty Functions
	References

	Appendix E - Penalty Functions Used in Phase I Analysis
	Table of Contents
	Introduction




