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Outline 

• Why watersheds in urban areas?

• Build your own watershed starting with individual 
land parcels to evaluate centralized vs. 
decentralized water management options

• Agent-based modeling methods • Agent-based modeling methods 



Outline 

• Why watersheds in urban areas?

• NRC study (Graf et al. 1999)

• Boulder Creek Watershed (Heaney et 

al. 2000)

• Build your own watershed starting with • Build your own watershed starting with 
individual land parcels to evaluate 
decentralized vs. centralized water 
options

• Agent-based modeling methods 



Sustainable Urban Water Infrastructure Systems

• Watershed Management 
• Hydropower

• Water rights

• Land use and energy planning

• In-stream flow needs

• Etc.

• Water Supply 
• Nature of urban water use

• Impact of conservation in Florida• Impact of conservation in Florida

• Dual water systems for reuse and fire protection

• Waste Water  
• CSO and SSO control

• Reuse 

• Storm Water
• Characterization

• Evaluation of LID & Other BMPs

• Reuse

• System Integration



New Strategies for America’s Watersheds
Graf et al. 1999 NRC Report
http://www.nap.edu/openbook.php?record_id=6020&page=R2

• Federal water agencies are defined by their 
missions and can’t take an holistic view of 
watershed scale problems because of their 
project by project and mission focus

• Funding for watershed management is a major • Funding for watershed management is a major 
problem because most agency funding is for 
single purpose activities within a political 
jurisdiction

• Watershed approaches are easiest to implement 
at the local level



Boulder Creek Watershed is a Complex Maize 
of Natural and Human Systems
http://www.bouldercolorado.gov/files/Utilities/resources/Boulder%20Watersheds%20Map.pdf



Boulder Water System Modeling
Five “Watersheds” to Consider

• Boulder Creek Watershed with Supply 
Canals

• Looped Water Supply Network

• Mostly Dendritic Wastewater Network• Mostly Dendritic Wastewater Network

• Mostly Dendritic Stormwater Network

• Looped/Dendritic Reuse Network



Boulder Creek Watershed Model Simulates/Optimizes 
Water Rights for the City of Boulder
http://www.bouldercolorado.gov/files/Utilities/WUMP/October_2011/Volume_4_-_October_2011.pdf

• Streamflows, water rights, diversions, exchanges, reservoir 
releases, return flows, etc.

• Facilities: reservoirs, pipelines, ditches, WTPs, and WWTPs

• Boulder’s water supply system operations, including drought 
response triggers and demand reduction goals

• Proprietary model developed for a single stakeholder’s use• Proprietary model developed for a single stakeholder’s use



Boulder Water Supply Hydraulic All Pipe Network
http://www.bouldercolorado.gov/files/Utilities/WUMP/October_2011/Volume_5_-_October_2011.pdf

• All pipe 
network

• Demands from 
customer billing 
data- about 
40,000 
accountsaccounts

• Irrigated area 
estimated for 
each parcel for 
water budget

• Advanced 
modeling 
capability



Boulder’s 485 Sanitary Sewersheds
http://www.bouldercolorado.gov/files/Utilities/wastewater/Boulder%20WWCSMP%20Volume%201%20-%201st%20Draft%20101008.pdf

• 485 sewersheds range in 
size from 5 to 400 acres 
with an average of 33.6 
acres

• About the same spatial 
scale as a TAZ

• Numerous interconnections

• All pipe modeling network

• Estimate wastewater 
supply from water billing 
records



15 Major Drainageways

• Water delivery canals 
also serve as 
unplanned 
drainageways

• Sophisticated 
floodplain mapping 
modelsmodels

• Minimum flow 
maintenance is 
important

• Stormwater quality 
modeling is not a 
priority activity



BCW High Flood Hazard Areas (Green-conveyance channel) 
and Yellow (proposed 100-500 year flood zone)

http://gisweb.ci.boulder.co.us/website/pds/pds_floodbase/viewer.htm



Land in 100 & 500 year floodplains

• 15% of the 
community is in the 
floodplain

• Flash flood 
hazards-Thousands 
of people and of people and 
about 3,600 
structures with an 
assessed valuation 
of almost $1 billion 
are within the 100 
year floodplain



Dedication of Presentation



Why Watersheds?
Conclusions

• Current Boulder Creek Watershed is dominated by 
man’s influences

• Need to work across multiple combinations of the 
remaining natural system and man-made water 
supply, wastewater, stormwater, hydropower, and 
other water resource  systemsother water resource  systems

• Historical operating policies are vital to obtain a 
process level understanding 



Outline 

• Why watersheds in urban areas?

• Build your own watershed starting with 

individual land parcels to evaluate 

centralized vs. decentralized water 

management optionsmanagement options

• Agent-based modeling methods 



Paradigm Shift From Macro to Nano-Spatial 
Scales for Water Demand Modeling

• Previous water demand models used macro-scale data of 
overall water use-hard to see changes in demand at this 
scale

• Conserve Florida Water model uses a bottom up approach 
that begins with an end use inventory of all water using 
devicesdevices

• Original idea came from research in Boulder



Catalyst for Switching to Bottom Up 
Approaches for Estimating Demands

• Unsuccessful in quantifying the effects of water 
conservation on aggregate water use patterns 
(Buhlig 1995)



1995-99 Micro-Water Use Studies at the U. of Colorado
Mayer, DeOreo and Heaney

• Sampled 17 houses in a Boulder neighborhood

• Monitored flow to each customer every 10 seconds 
at the water meter for two weeks

• Developed software to process these high 
frequency signals into water using eventsfrequency signals into water using events

• Used this method on a national AwwaRF study of 
1,200 homes in 12 cities

• First definitive evidence on the nature of residential 
water use



Water Use Measured Every 10 Seconds
Partition all pulses into water use events
(DeOreo et al. 1996)



Macro to Nano-Scale Evaluation of 
Urban Water Use is Feasible in Florida

Total Parcels 

8,807,768

Parcels 

GRU 

55,551

Alachua 

99,305



Levels of Spatial Aggregation in 
Florida Based on 2009 Conditions

Item Count Population/no. Parcels/no.

Population 18,800,000        1                           

Parcels 8,800,000          2.14                     1                    

Census blocks 362,500              51.9                     24                 Census blocks 362,500              51.9                     24                 

Traffic analysis zones 12,750                1,475                  690               

Census tracts* 4,700                  4,000                  1,872           

Water utilities 2,625                  7,162                  3,352           

Counties 67                        280,597              131,343       

*Count based on 4,000 persons per Census tract.

Friedman et al. (2011)



Conserve Florida Water 
database

FL Dept. of 
Revenue 
data

Parcel 
info. by 
sector

People 
per house

Census data

FDEP data
Parcel and Census 
info. by sector for 
each utility

EZ Guide Databases

WMD utility 
boundaries Monthly 

supply data 
and total  
accounts

each utility

Default 
coefficients

Usage estimates 

Calibrate with FDEP & billing data

Billing data 



EZ Guide Water Use Calibration



EZ Guide Optimized Marginal Cost Curve for 
All Water Conservation BMPs 



Conclusions on Building Bottom Up  Watershed/Water 
Supply/Wastewater/Stormwater/Reuse Systems

• Parcel level databases are available in many areas with vital 
attribute data

• High frequency water use data are used to isolate individual 
end use events

• Monthly or more frequent customer billing data provide bases 
for estimating water and wastewater flows and accounting for for estimating water and wastewater flows and accounting for 
impact of irrigation on stormwater runoff

• Directly measured impervious areas greatly improve stormwater
modeling capability



Outline 

• Why watersheds in urban areas?

• Build your own watershed starting 
with individual land parcels 
evaluating centralized vs. 
decentralized water management decentralized water management 
options

• Agent-based modeling methods 



Agent Based Modeling (ABM)

• A bottom up approach is used to evaluate 
decision processes among affected entities based 
on a variety of normative and descriptive 
behavioral assumptions across space and time 
(Miller and Page 2007)

• Future trends in social science modeling activities in 
water resources are described by Braden et al. 
(2009)

• Chu et al. (2009) describe an extensive application 
of ABM to water demand evaluation in Beijing



Wonderland Creek Watershed in Boulder
(Lee and Heaney 2003)

• GIS is now 
available for 
every parcel for 
stormwater and 
water use water use 
evaluations



Stormwater Simulation/optimization Model 
Lee, Heaney, and Lai (2005)

Now can run for all agents or clusters of agents



Four Temporal Water Use Clusters and Overall Average



Spatial Clusters Based on Bottom Up Optimization

Selected priority irrigation and toilet retrofit parcels



Upscale to the State
Top Commercial Water Use Sectors by County

• The top water using 
commercial sectors 
vary significantly by 
county

• Similar result for 
industrial sectorsindustrial sectors

• Non-residential water 
use is heterogeneous 
and site specific



Summary and Conclusions

• Why watersheds in urban areas? Yes but need to 
concurrently look at associated water, wastewater, 
stormwater, and reuse networks

• Build your own bottom up network models 

• Agent-based modeling methods are used to target 
clusters of parcels to find more sustainable clusters of parcels to find more sustainable 
combinations of centralized and decentralized 
systems

• Need increased emphasis on customer behavior in 
water demand characterization



References

• Braden, J. et al. 2009. Social science in a water observing system. Water 
Resources Research, 45, W11301. 

• Chu, J, C. Wang, J. Chen, and H. Wang. 2009. Agent-based residential 
water use behavior simulation and policy implications: a case study in 
Beijing City. Water Resources Management, 23: 3267-3295.

• Daigger, G. 2009. Evolving urban water and residuals management 
paradigm: Water reclamation and reuse, decentralization, resource 
recovery. Water Environment Research,  81(8): 809-823.

• Graf, W. et al. (1999) New Strategies for America’s Watersheds. National 
Academy of Science Press, Washington, D.C. Academy of Science Press, Washington, D.C. 

• Heaney, J., Wright, L., and D. Sample. 2000. Urban Stormwater and 
Watershed Management: A Case Study, Chapter 9 in Heaney, J., Pitt, R, 
and R. Field, Eds. 2000. Innovative Urban Wet-eather Flow Management 
Systems, Technomic Publishing, Lancaster PA

• Lee, J., and J. Heaney. 2003. Urban imperviousness and its impacts on 
stormwater systems. Jour. of Water Resources Planning and 
Management, Vol. 129, No. 5, p. 419-426.

• Lee, J., Heaney, J., and D. Lai. 2005. Optimization of integrated urban 
wet-weather control strategies.  Jour. of Water Resources Planning and 
Management, Vol. 131, No. 4

• Miller, J. and S. Page. 2007. Complex adaptive systems: An introduction 
to computational models of social life. Princeton U. Press, Princeton, NJ


	Engineering Conferences International
	ECI Digital Archives
	2012

	Bottom-up Approaches to Optimize Urban Water Supply, Wastewater, Stormwater, Reuse, and Watershed Network Systems
	James Heaney
	Scott Knight
	Ken Friedman
	Miguel Morales
	John McCary
	Recommended Citation


	Microsoft PowerPoint - Oral Presentation Session III - James Heaney

