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Water Conservation and Reuse In

Future Cities
A Water Supply

I Urban water use patterns and control options
A Residential indoor and outdoor
A Commercial, industrial, and institutional
A Water loss

A Waste Water
I CSO and SSO control
I Reuse

A Storm Water
I Characterization
I Evaluation of LID & Other BMPs
I Reuse

A System Integration



Catalysts for Future Urban Systems

A The utter devastation of Hurricane Katrina and the failure
of the flood control and public health infrastructure

A Intensified competition for water supplies including
provision of water for natural systems

A Decaying infrastructure that needs to be rehabilitated or
replaced

A More aggressive regulation of stormwater and
wastewater quality

A Desire for more sustainable infrastructure that is less
resource dependent-Go green!

A Need to reduce energy use
A Need to rejuvenate our economy



One Month Supply of Water for
Typical Florida Family

-

A 12,000 gallon tank
A Weight = 50 tons

A Cost of water is about
$30-60/month

A 2/3 of cost is to transport
the water

A Major use of expensive
energy

A Much of this potable
water is used for
landscape irrigation



Creation of the Conserve Florida
Water Clearinghouse-CFWC

A 2000 drought year prompted
the creation of CFWC in
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Data Driven Methodology and Range of
Spatial Scales

A Scales

I Macro-State of Florida

I Meso-Individual water utility

I Micro-Single parcel in water utility

I Nano-single water using device in a parcel,
e.g., a toilet

A Public databases in Florida provide a rich
source of information for smaller scale
evaluations
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Key Databases

A Florida Dept. of Revenue-attribute data for
every parcel in the State of Florida

A Florida Dept. of Environmental Protection-
Monthly and peak daily water use for
every utility in Florida from 1999 to present

A County Property Appraisers database for
every county in Florida

A Utility customer billing records
A Benchmark databases for selected utilities



Water Use Data

A Utility-master meter data available at
hourly or minute intervals

A Customer-
I typically monthly data

I Hourly or daily data for advanced metering
systems with transmission of data to central
locations

I 10 second data for research data sets for
Isolation individual water use events, e.g.,
toilet flush
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Nano-Water Use Studies at the U. of Colorado
Mayer, DeOreo, and Heaney
1995-1999

A Monitored flow to each customer every 10
seconds at the water meter

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

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

A First definitive nano-scale evidence that water
conservation can be very cost-effective



Urban Water Customer Sectors

Sector % of Total
Residential 50 to 90
Commercial 5to 30

Industrial 0 to 20
Institutional 0to 15
Water losses 5to 20
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Trace Wizard example-Flow
measured every 10 seconds

1216196 (32814 AM - 42814 AM)

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)
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Figure ES.1 Comparing pre-retrofit (on the left) and post-retrofit (on the right) indoor per
capita water use percentage including leakage



Pre/Post Indoor Per Capita Use in 26 Retrofit Homes
In Tampa Based on 10 Second Data

Gal/Cap/Day

Aquacraft (2004)
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Indoor use
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50%



Water loss

AWater Loss:_usually defined as a percentage by
volume difference between treated water
supplied and customer water use

A Could account for 15-20% of all water supplied
AHi storically not viewed
I Treated differently than other sectors

AWater loss is not regulated, expressed, or
defined consistently across the U.S.



Summary of per capita indoor usage

Recommended gpcd coefficients in Florida

A Utility average around 70 o puit Indoor gpcd
gpcd
i Little seasonal coefficient
variation | Pre 1983 75
I Slight decrease in
gpcd over time with 19831994 70

more efficient fixtures

A Target toilets in older
homes with one
bathroom

19952007 65

20082030 65-(year2007)




Production Function for Tollet
Retrofits to 1.6 gal./flush-
Gainesville, FL

Homes with Indicated Number of Toilet

Toilet Attributes

Gallons/ | Flushes/ | Persons/
Period | Total 1 2 3 4 flush | person-day| house
Pre1980| 12,846 | 2,745 | 8503 | 1,381 | 217 5 5.1 2.53
1980-1994 10,199 | 542 | 7230 | 2,017 | 410 35 5.1 2.53
1995-2008| 7,858 20 5039 | 1,907 | 892 1.6 5.1 2.53
total | 30,903 | 3,307 | 20,772 | 5,305 | 1,519




Production Function for Tollet
Retrofits to 1.6 gal./flush

Toilet savings performance curve y = 535_31)(0'6845
R? = 0.9978
900,000
800.000 IA/.
/‘/

700,000
=
= 600,000 ]
> ]
o 500,000 —
=
=
‘S 400,000 /
&
% 300,000
=

200,000 /r

100,000

- 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000
Toilets changed to 1.6 gpf
Marginal savings performance curve
45

40 \\
35 \
30

Marginal water savings, gallons per

k=
2 20
15
= ——
—
10
o 10,000 20,000 30,000 40,000 50,000

Toilets changed to 1.6 gallons per flush




Outdoor Water Use Is Increasing In
Many Areas




Outdoor Water Use Varies from 7 to 188 gpcd-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




Trends In Qutdoor Water Use-
Gainesville, Florida

A Irrigable area per parcel is decreasing

A In-ground sprinkling systems have increased
from 10% to nearly 90% of new houses since
1987

A Water use per account has increased from 200
to 400 gpad with in-ground sprinkling systems

A Irrigation is the primary driver in peak water use
A Pools add about 5 gpcd to water use



Irrigable or pervious area (PA)-GRU
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The time-series of the calculated
data in the figure shows the
decreasing trend in irrigable area
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Prevalence of In-ground Irrigation
systems-GRU

B Count of homes built
—o— Annual percent of homes with sprinklers

——Cumulative percent of homes with sprinklers
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Water use comparison of dual and
single metered SFR accounts-GRU



