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Infrastructure Systems
ÅWater Supply
ïNational studies of the nature of urban water use

ïImpact of conservation in Florida

ïDual water systems

ÅWaste Water
ïCSO and SSO control

ïReuse in Florida

ÅStorm Water
ïCharacterization

ïEvaluation of LID & Other BMPs

ïReuse

ÅSystem Integration
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Micro-Water Use Studies at the U. of Colorado

Mayer, DeOreo, and Heaney

1995-1999

ÅMonitored flow to each customer every 10 
seconds at the water meter

ÅDeveloped software (Trace Wizard) to 
process these high frequency signals into 
water using events

ÅUsed this method on a national AWWARF 
study of 1,200 homes in 12 cities

ÅFirst definitive evidence that water 
conservation can be very cost-effective



Trace Wizard example-Flow 

measured every 10 seconds

Shower (red) and clothes washer cycles (blue)



Indoor water use is very similar across U.S.-outdoor water 

use is not-AWWARF REUWS
(Mayer et al. 1999)

Water Use Statistics from 1999 REUWS

Sample Persons/ Mean Indoor Outdoor

City Size house gpcd gpcd gpcd

Waterloo 95              3.1 77.5 70.6 6.9

Seattle 99              2.8 78.3 57.1 21.2

Tampa 99              2.4 100.6 65.8 34.8

Lompoc 100            2.8 104.8 65.8 39.0

Eugene 98              2.5 134.7 83.5 51.2

Boulder 100            2.4 147.9 64.7 83.2

San Diego 100            2.7 159.1 58.3 100.8

Denver 99              2.7 175.5 69.3 106.2

Phoenix 100            2.9 230.6 77.6 153.0

Scottsdale 99              2.3 233.9 81.4 152.5

Walnut Valley WD 99              3.3 163.1 67.8 95.3

Las Virgenes MWD 100            3.1 258.0 69.6 188.4

Total 1,188         

Average 99.0 2.8 155.3 69.3 86.0

Standard deviation 1.4 0.3 61.0 8.2 57.7

Coef. of variation 0.01 0.11 0.39 0.12 0.67



Tampa Indoor Retrofit and 

Conservation Potential
Aquacraft (2004)



Pre/Post Indoor Per Capita Use in 26 Retrofit Homes 

in Tampa Based on 10 Second Data

Aquacraft (2004)
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Summary Trends in Indoor Water Use

ÅMore efficient water using fixtures, 
especially toilets and clothes washers, and 
better leak management should reduce 
indoor water use from 70 to 40 gpcd over 
the next 25 years

ÅBase wastewater flows should likewise 
decrease

ÅMay have additional clogging problems in 
sanitary sewer systems due to lower flows



Outdoor Water Use is Increasing in 

Many Areas



Trends in Outdoor Water Use

ÅCase study of long-term trends in 

Gainesville, Florida

ÅAlachua County Tax Assessorôs database 

includes fields for sprinkling systems and 

pools for residential customers

ÅWe linked customer level water use billing 

data to tax assessorôs database

ÅPools add about 5 gpcd to water use



Trends in Outdoor Water Use for Irrigation



Trends in Outdoor Water Use for Irrigation



Residential Water Use as a Function of % of 

Homes with Sprinkling Systems



Options for Reducing Outdoor 

Water Use

ÅReduce irrigated area

ÅPlant more drought tolerant species- xeriscaping

ÅUse soil and/or rain controllers to operate the  

sprinkling systems to minimize water use, e.g., 

supply 60% of ET, not 100%

ÅRestrict irrigation to fewer days per week

ÅDiscourage use of in-ground irrigation systems

ÅRaise the price of water



Do New Homes Use Less Water?

ÅOngoing national study of water use in 

homes that were built before and after 

1/1/2001

ÅIs water use decreasing because new 

homes are more water efficient?



Jacksonville, Florida
Aquacraft (2008)

Avg. Annual 

Use (kgal)

Non-

Seasonal 

(kgal)

Seasonal 

(kgal)

Pre-2001 86.9 44.6 42.3

Post-2001 123.0 51.0 71.9

%change 41.51% 14.4% 70.0%

Year Built
Avg. Lot 
Size (sf)

# of 
Bedrooms

Avg. # of 
Residents

% 
Reporting 
outdoor 
irrigation

% with 
irrigation 
system

% with 
swimming 

pool

Average value 
of owned 

home
pre 1972 10240 3.1 2.3 79.0 59.2 15.0 $228,214
post 2003 13124 3.7 2.7 98.2 82.1 15.8 $311,647



Results for Jacksonville

ÅNewer houses use 41.5% more water

ïIndoor water use increased by 14%

ïOutdoor water use increased by 70%

Å30% increase in lot sizes

ÅHigher % of irrigation systems



Conclusions on Water Supply

ÅAverage indoor water demand  can be reduced 

by over 30% by retrofitting toilets, clothes 

washers, faucets, and fixing leaks

ÅOutdoor water use is increasing due to more 

lawn area per capita, use of automatic sprinklers  

and higher application rates

ÅMuch of outdoor water supply needs could be 

met by reclaimed wastewater and stormwater



Demand Management Success Story-Seattle
Slides Courtesy of Al Dietemann
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Total and Billed Annual Average Consumption Per Capita
Seattle Regional Water System:  1975-2006
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Impact of All Forms of Conservation
on Past and Forecast Water Demand-Seattle
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Trends in Urban Water 

Infrastructure
ÅWater Supply
ïNational studies of the nature of urban water use

ïImpact of conservation in Florida

ÅWaste Water
ïCSO and SSO control

ïReuse in Florida

ÅStorm Water
ïCharacterization

ïEvaluation of LID & Other BMPs

ïReuse

ÅSystem Integration



Nature of Wastewater Flows-

Boulder, Colorado

ÅDry weather flow is expected to decrease from 

about 70 to 40 gpcd over the next 25 years

ÅCould have a situation where the majority of 

wastewater flows are I/I



Combined and Sanitary Sewer 

Overflows



Sources of Infiltration/Inflow in 

Sanitary Sewers
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Ways to Control Infiltration/Inflow

ÅRepair leaking pipes

ÅAdd more storage at the wastewater 

treatment plant to capture excess flows

ÅCSO/SSO controls can be very expensive

ÅIdeally, the total wastewater flow is equal 

to the indoor water use



Water Reuse in Florida

ïEncouraged and promoted as State 

objectives

ï660 MGD of reclaimed water to reuse

ÅRepresents 65% of domestic wastewater

Å465 facilities with 1.3 BGD reuse capacity

ÅFlorida reuse goal: 1 BGD by 2010



Water Reuse in SE Florida
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Image from Google Earth

ïAccount for approximately 1/3 of 

stateôs population

ïGenerate 39% of stateôs 
wastewater

ïAccount for less than 10% of 

stateôs reuse capacity

ïSend 285 MGD treated effluent to 

ocean outfalls (20.6% of stateôs 

wastewater)

ïState is encouraging reuse to meet 

the projected future growth in 

demand for water


