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ABSTRACT 

The objective of this project was to develop and demonstrate a method to estimate the optimal 
loading of nitrate from decentralized wastewater treatment systems to an aquifer. The method 
utilizes a simulation-optimization approach in which a nitrate fate and transport simulation 
model is linked to an optimization model. Using this method, maximum (optimal) sustainable 
loading rates that meet constraints on groundwater quality and nitrate loading to streams via 
groundwater discharge can be determined. This method enhances the value of a simulation 
model as a decision-support tool in developing performance-based standards for onsite systems 
that will protect the quality of groundwater resources.  

The method was demonstrated in conjunction with the National Onsite Demonstration Project 
(NODP) in the community of La Pine in southern Deschutes County, Oregon. The La Pine 
NODP has developed an extensive knowledge base on the hydrogeology of the shallow 
groundwater system, dynamics of nitrogen fate and transport, and performance of standard and 
new technologies for onsite wastewater treatment in this setting. One of the many products of the 
NODP was a nitrate fate and transport simulation model that could be used to test the 
optimization approach.  

The La Pine nitrate loading management model (NLMM) was developed by linking the 
simulation model to an optimization model using the response-matrix technique. The NLMM 
was used to determine the minimum nitrate loading reductions that would be required in 97 
management areas to meet specified water-quality constraints. Constraints can be set on 
groundwater nitrate concentration, discharge of nitrate to streams, and maximum or minimum 
loading reductions in management areas. Minimum loading reductions are determined for 
existing and future onsite systems. Cost factors can be applied to the optimization if the cost of 
reducing loading favors reductions for existing or future homes. The NLMM was used to 
perform trade-off analyses on the cost in terms of increased loading reductions required to meet 
more stringent water quality criteria. The role of the NLMM in the planning process for La Pine, 
Oregon, as well as considerations for application of the optimization method to other areas are 
described.  

 

v 



NDWRCDP
Washington University, Campus Box 1150, One Brookings Drive, Cupples 2, Rm. 11, St. Louis, Missouri 63130-4899 • USA

This report is available online at www.ndwrcdp.org. This report is also available through the
National Small Flows Clearinghouse • West Virginia University/NRCCE, P.O. Box 6064, Morgantown, WV 26506-6064 • USA

Tel: (800) 624-8301 • WWCDMG49

Printed on recycled paper in the United States of America.

WU-HT-03-37

Copyright ©2005 US Geological Survey
Portland, OR. All rights reserved.


	Application of Simulation-Optimization Methods for Managemen
	CITATIONS
	ACKNOWLEDGEMENTS
	ABSTRACT



