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Introduction
Utility operations include demand-side management
 Cost effective
 Need for economic data recording, collection, interpretation

Water metering links customer to utility
 Shared benefits
 Individual water use monitoring

Customers exert unique dynamic water demands
 Building and microsystem demands not captured with 

regional monitoring
 Tradeoffs between resolution and duration in previous water 

demand studies
Research objectives
 Determine validity of smart meters to capture long-term 

diurnal water use profiles
 Evaluate diurnal water use patterns over time using 

attributes that describe curve features
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Data Mining

Data Collection
 Trimble Ranger handheld
 Infrared data transmission at meter site
 7 total meters for 4 sites
 21,434 data points/meter x 7 meters = 

150,038 data points
 Meter resolution 1-100 gal

Data Analysis
 March 11, 2012 – August 16, 2014
 Separate water use for each 24-hour day
 889 daily diurnal curves per site
 Track curve attributes and changes
 Trends by day of week and seasonally

Methodology
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Data Analysis
Methodology

Characteristic Notation Units Definition
Average hourly flow QA gph Average flow over a 24-hour day
Peak hourly flow QP gph Maximum flow observed in a one-hour 

period over a 24-hour day
Peak factor (peak to 
average factor)

FP/A - Ratio of maximum one-hour flow to 
average hourly flow

Time to peak flow tp hr Hour at which the PHF first occurs
Time to 50% 
consumption

t50 hr Time in hours that it takes to reach half 
of the daily water use

Duration that hourly 
flow is greater than QA

TQ>QA hr Duration in non-consecutive hours 
when the hourly flow exceeds the MHF

Number of peaks 
exceeding QA

NP - The number of events in which a peak 
flow occurs and exceeds the MHF
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Data Analysis
Methodology
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Presenter
Presentation Notes
Data produced 889 diurnal curves for each building site
Each day in study period has unique curve
889 curves x 4 buildings
Variability day-to-day



Distribution of Flows by Hour
Results
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Presenter
Presentation Notes
889 diurnal curves for each building plotted in box plot distributions
Hourly-average given by solid black line

Expected general diurnal patterns emerge
Two peak residential
Commercial use during day, low to no use at night
Elementary school use during school hours with peak near lunchtime
High variability in community center due to range of uses/users (events, gym, after-school care, etc.)

Median flow generally lower than average flow
Due to high-flow outlier events that drive average up
Easily seen in commercial building where generally no flow overnight, yet average is above 0 -> outlier events here may be from high, but infrequent irrigation events
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Presentation Notes
Slide showing average hourly flow, peak hourly flow and calculated peak to average value
- Generally average flow and peak flow follow same trend throughout year -> peak to average is relatively stable

Multi-residential building relatively stable
Average flow, peak flow (and thus peak to average factor) have least variability

Commercial building has higher use in winter; also peak to average flow on weekends is shown to be high due to infrequent irrigation events with high peaks

Sharp drop in water use for elementary school in summer months when school is out, but still use due to teachers and staff

Community center has increased water use in summer months (may correspond to summer programs for students out of school)
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Presentation Notes
Time to peak and the time at to 50% consumption of the day’s water are not the same in all cases
For example, Multi-residential:
Time to peak varies between 10AM and 4PM
Yet T50 relatively constant around 1-2PM
Elementary school has similar Tpeak and T50 due to the high peak observed in the diurnal pattern (single large peak carries most of the weight -> controls Tpeak and T50)

Commercial site and elementary school have on-site irrigation -> see time to peak earlier in the morning on weekends that on weekdays

Community center values occur later in the day -> infer more use later in the day
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Presentation Notes
Duration flow exceeds average flow -> form of intensity of water use
Multi-residential – about half of the day flows are above average and the other half below average
Other buildings, less time that flows exceeded average (8-10 hours)

Number of peaks above average hourly flow -> sign of diurnal variability, sharp changes in water use
Multi-residential – expect two-peaks (morning and evening), but see average of about 4 (2x as much)
Community center also has many peaks due to multi-use functions and fluctuating occupancy



Need for efficient collection and evaluation of high-resolution water data
Smart meters collect, record, disseminate data
Sufficient resolution for diurnal trends

Variation in water use
Patterns and trends unique to each building
Multi-residential – least variation; community center – highest variation

Smart meters provide data on location-specific water use patterns
Component for integrated urban planning
Land use planning may alter spatial and temporal demand patterns

Conclusion
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