CAsE No. 2015-00382
WATER SERVICE CORPORATION OF KENTUCKY

RESPONSES TO COMMISSION STAFF’S THIRD REQUEST FOR INFORMATION

1. Refer to WSKY's response to Commission Staff's Second Request for Information
("Staff's Second Request”), Item 3.b. WSKY was requested to discuss the details of the acquisition
made by WSKY that required the recording of the acquisition adjustment. Explain in detail why it is
appropriate to remove the amortization of this plant acquisition adjustment from test-year
operations.

Response: WSKY believed that the removal of the amortization of the plant acquisition

adjustment from test-year operations was appropriate since this is commonly accepted by

the PSC. Please refer to the final order of Case No. 2013-00237 (page 23) and the final order
of Case No. 2010-00476 (page 14). In both instances the Commission states, “...we find the
proposed adjustment is reasonable and we accept it.”

Witness: Steve Lubertozzi
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2. Refer to WSKY's response to Staff's Second Request, Item 4.a. For each deferred
charge identified in Item 4.a., provide invoices or direct time reporting to support the deferred costs.

Response: Please refer to the attached files, listed below, for the invoices related to each
deferred charge identified in Item 4.a.

“Staff DR 3.02 — Asset 1006258

“Staff DR 3.02 — Asset 1007984~

“Staff DR 3.02 — Asset 1008005~

“Staff DR 3.02 — Asset 1008115

“Staff DR 3.02 — Asset 1008258

“Staff DR 3.02 — Asset 5000134

“Staff DR 3.02 — Asset 5000366~
Below is a breakout of costs to support the deferred costs presented in Iltem 4.a.

Response to Staff DR 3.02

345.2960 Invoice Direct Time Total
Asset Number Amount Amount Amount
1006258 28,469 - 28,469
1008115 3,000 - 3,000
1008258 3,100 - 3,100
5000134 34,526 - 34,526
5000366 60,600 6,016 66,616

345.3005 Invoice Direct Time  Total
Asset Number Amount Amount Amount
1007984 1,555 - 1,555
1008005 900 - 900

Witness: Brian Halloran
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Staff DR 3.2

Asset 1006258



RECEIVED
NOV 13 2012
Invoice

Date Invoice #

11/9/2012 3438

MAINTENANCE & RESTORATION, INC.
300 N. Seymour Ave, Suite D

Mundelein, IL 60060 Batch /4//}4//

847-566-9188 or 847-388-3711

Fax 847-388-3712
Bill To Doc 77 / 437
Utilities, Inc.
P.O. Box 818
102 Water Plant Road
Middlesboro, KY 40965 PO # Terms
Net 30
Description Quantity Rate Amount
Blast & Paint fire hydrants 343 80.00} 27,440.00
Blast & Paint hydrant caps '/l 343 3.00 1,029.00
We look forward to working with you again!
Total $28,469.00
Payments/Deposits $0.00
Balance Due $28,469.00
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Staff DR 3.2

Asset 1007984



RECEIVED

SEP 0 5 201 P.0. Box 907
] Madisonville, KY 42431
McCoy McCoy Laboratories, Inc. | 270.821.7375
Celebrating 60 Years of Service www.mccoylabs.com
INVOICE E - Hard Copy Reqd

E-Mail: m.cocke@mccoylabs.com
Invoice Number: 1255387
Customer ID: WA9125
Invoice Date: 08/31/2014

Invoice To:

Water Service Corporation of KY
Accounts Payable

2335 Sanders Road Invoice Due: 09/30/2014
Northbrook, IL 60062 PO Number. 167861 BU345101
Sample ID: 4071223-01 Sample Date:  07/22/2014 13:05 Batch
Sample Desc: TPA Deep Wells WTP
Doc 646653
Analysis: Amount
SOC Pkg KY $1,540.00
Trip 15 Pad $15.00
Total for Sample ID 4071223-01 $1,555.00
Total for Work Order 4071223 $1,555.00
Total for Invoice 1255387 Please Pay This Amount $1,555.00

We appreciate your business and continued support. We remain committed to supplying you with the highest quality
analytical results. If you have any questions concerning this invoice, please contact us at 270-821-7375.

Please submit this stub with payment

Customer ID: WA9125 Invoice: 1255387 Date: 9/3/2014 Invoice Amount:  $1,555.00

REMIT TO
PO BOX 907, Madisonville, KY 42431
Terms - Net 30 Days
A finance charge of 1 1/2% per month will be charged on past due balances over 30 days old. The minimum finance charge is 50¢.

Page 1 of 1 Ref: 1005
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JI050¢ /

Fouser Environmental Services

165 Camden Avenue

INVOICE

Versailles, KY 40383 RECEIVED DATE | MNVOIcE#
SEP 0 & 2014 9/4/2014 45355
BILLTO:
Water Service Corporation of Kentucky
23335 Sanders Road
Northbrook, 1ilinois 60062
Attn: Accounts Payable
Batch
/
P.0. No. TERMS
Net 30
DESCRIPTION QUANTITY UNIT COST AMOUNT
August 2014
Total Coliform Analysis 5 12.00 300.00
Fluoride Analysis 2 15.00 30.00
Total Suspended Solids Analysis 1 15.00 15.00
Phosphorous Analyses 1 20.00 20.00
Analyses of Metals 1 15.00 15.00
TOC Analyses 2 30.00 60.00
DOC Analyses 2 40.00 80.00
Alkalinity Analysis 1 15.00 15.00
HPC Analyses 0 20.00 200.00
Complete Inorganic Analysis i 195.00 195.00
Additional Secondary Analysis i 65.00 65.00
Nitrate-Nitrite Analysis i 35.00 3500
Synthetic Organic Chemicals Analysis i 900.00 900.00
Shipping Charges 1 89.00 89.00
g4t 39570
5<,( $inesSS Ua
BALANCE DUE 50000
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Staff DR 3.2

Asset 1008115



FI060 3¢ WET or DRY
RECEIVED (
SEP 11 20% Tank'
Inspection
Services
Member: NACE, SSPC, ASTM, AVlV;A, NFPA
N
INVOICE Batch
Invoice # 3
PO# 168485 Doc__ 6208000
BU# 345101
Date 11 Sept 2014
Utilities, Inc.
2335 Sander's Road
Northbrook, IL.60062

Attn: Accounts payable

Evaluation and reports of 2 systems water storage tanks
WSC KY Clinton 100 E Jackson St, Clinton KY 42031

TotalDue ..ooovvvvvivivinnnnnnnnnes

....................... $ 3,000.00

Please remit payment to:
Wet or Dry

1609 Hillsboro Rd.
Campbellsburg, KY 40011



700 002%

RECEIVED
MAY 19 704

Batch__l_X_lL—Fl_L

INVOICE

Invoice # 2

ro# [5975%

{7

Tank
Inspection
Services

Member: NACE, SSPC, ASTM, AWWA, NFPA

National Association of Corrosion Engineers Coatings
Inspectors on-staff

~HM5

Project # N/A
BU# 345102

Date  19May 2014

Utilities, Inc.

2335 Sander's Road
Northbrook, 1L..60062
Attn: Accounts payable

Evaluation and reports tanks Middlesboro, KY operation

----------------------------------

$ 3,100.00

---------------

Please remit payment to:

Wet or Dry

1609 Hillsboro Rd.
Campbellsburg, KY 40011
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09/17/2087 08:35 16862485736 WSCK PAGE ©3/03

«*Q . ]
Se9. 14 00 2:577M g reondilag e el T o
P0 BOX 517
1 WATERTANK PLACE
HENDERSON, KY 42419
(270) 826-9000 -
/ i} . 7 ‘\
Sold Ship
to to
WATER SERVICE CORPORATION CUSTOMER NAME
P.O. BOX 818 JOB #7207089 /i
ATTN JAMES LEANARD: APPLY N TANK
MIDDLESBORO, KY 40885 LAKE HILL RD SOUTH 20TH STREET
MIDDLESBORO, KY 40865
Invoice
Account B.O. Num Ship Vig Ship Date Tarms Page
WATESERV Net 30 {_09/14/07 ) 1
Unit Extended
Item Quantjty ipti Price Price
1 10% OF CONTRACT AMOUNT DUE UPON
PLACEMENT OF ORDER 2142.00 2,142.00
e
By
£ Subtotal 2,142.00
2 B T
{" 7 { :’1";‘;)
CATE =L L Tota  $2,14200 )

e R
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PITTSBURG TANK & TOWER CO.,INC
- PO BOX 517

1 WATERTANK PLACE
* HENDERSON, KY 42419

(270) 826-9000

Sold
to

WATER SERVICE CORPORATION
P.O. BOX 818
ATTN:JAMES LEONARD
MIDDLESBORO, KY 40965

Account P.O. Num Ship Via

WATESERV

ltem Quantity Description

1 COMPLETION OF PROJECT TO APPLYING
LOGO ON TANK

oRyET (o BOTH CIRGLE

e RSN B T

RECEIvED 0CT 18 200

N Sy [y
};;i-u,, S r R it 7 NG AR AL,

11173

invoice: Y
I/ el
Ship
to
UTILITIES INC
JOB # 207099
APPLY LOGO ON TANK
LAKE HILLL RD SOUTH 20TH STREET
MIDDLESBORO, KY 40965
Invoice
Ship Date Terms - Date . Page
Net 30 10111107 ) 1
\M«/w
Unit Extended
Price Price
19278.00 19,278.00
#~ "
D/ . Subtotal 19,278.00
7 { (i o
N

Total

~

 $19,278.00 |

\
i

- J—
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Asset 5000366



RECEIVED WET or DRY
JAN 15205 ¥

Tank
Inspection
Services

M

Member: NACE, SSPC, ASTM, AWWA, NFPA

National Association of Corrosion Engineers Coatings
Inspectors on-staff

INVOICE
Invoice # 1
PO # _123080
Project #_2012078__
B U# _345101
Date_ 2 Jan2013_
Utilities, Inc.
2335 Sander's Road /%yjé/
Northbrook, IL.60062 Batch
Attn: Accounts payable 3
N V2t
Repair and repainting of 200,000 Gallon standpipe tank Clinton KY
Total Due ....covvvneiiii e, $ 60,600.00

Please remit payment to:
Wet or Dry

1609 Hillsboro Rd.
Campbellsburg, KY 40011
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3. Refer to WSKY's responses to Staff's Second Request, Item 7.

a. In response to Item 7.c., WSCK provided information that suggested an
average annual "conservation” effect of 0.72 percent per year. Provide copies of any analysis, study,
or any other form of evidence to support that this trend will continue into the years that the rates in
this proceeding will be in effect.

b. For Item 7.d., Commission Staff requested that WSCK provide the work
papers that show the derivation of the $13,737 adjustment using the results of the consumption
analysis. Using the results provided in the consumption analysis work papers, recalculate the usage
normalization adjustment by customer class, showing all formulas and assumptions used to
calculate each adjustment.

C. In response to Item 7.e., WSCK provided the order for Utility Services of
Illinois, Inc.'s most recent rate application.

1) As was mentioned in the order, provide any industry studies, reports,
executive orders, and other governmental policies that indicate a trend toward lower water usage.

2) Confirm that none of Utilities, Inc.'s other regulated subsidiaries have
requested adjustments similar to the "Usage Normalization Adjustment” in rate applications filed
with other state regulatory commissions. If this fact cannot be confirmed, identify each regulated
subsidiary that has requested a similar adjustment and the status or disposition of the adjustment.

3) If there are cases as described above, provide the case number and, if
applicable, the final order in each instance where this has occurred.

d. For Item 7.f., provide evidence that the purchased water price is a fixed cost

3
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with no variable component. If the costs related to purchased water are fixed because of a
contractual agreement, provide the agreement(s) and explain the benefits to the customers of

WSKY in having a contractual agreement where WSKY does not exceed the minimum billings for

each month
Response:
a. The Company has previously provided its own internal data in response to Staff DR

2.07, which agrees to the annual average “conservation” effect of .72% per year per
customer. In the same response the Company had also provided an update to its
consumption analysis to include its most recent consumption data, which shows the
consumption decline trend continues. And as with any trend, it will continue until it is no
longer a trend.

Per the study which the Company cited in its response to Staff DR 2.07c, which is
now attached as “Staff DR 3.03 - North American Residential Water Usage Trends Since
1992” and was sponsored by both “The Water Research Foundation (“WRF”’) and the U.S.
Environmental Protection Agency (“EPA”), “The Magnitude of the decline is consistent
across North American utilities and is confirmed by more detailed data provided by the
study’s partner utilities,” (p. xxvii). One of the utilities central to the study cited and
provided by the Company, was the Louisville Water Company (“LWC”), which serves
customers in the Louisville, Kentucky area. The study found that the impact of low-flow
appliances in the LWC service territory translate “into an annual average “conservation”

effect of .56% per household per year, compounded.” (p. 61). And that “Louisville is still
4



CASE No. 2015-00382
WATER SERVICE CORPORATION OF KENTUCKY

RESPONSES TO COMMISSION STAFF’S THIRD REQUEST FOR INFORMATION

between the innovation and maturity period for the Ultra-Low-Flush toilets and efficient
clothes washers.” (p.61).. The findings presented by WRF and EPA, which are fully
supported by the Company’s own internal data, suggest the trend in consumption decline

will continue into the years that the rates in this proceeding will be in effect.

b. Please refer to the file provided in response to Staff DR 2.7 labeled “WSKY
Consumption Analysis”. In Column L, lines 45 through 52 on the tab labeled
“Consumption Change”, the usage normalization adjustment is calculated by
customer class. This percentage is then multiplied by the appropriate consumption
by customer class in “Staff DR 1.3 — wp s Revenue”. Below is summary of the
usage normalization adjustment percentages shown on Column L, lines 45 through

52 on the tab labeled “Consumption Change”:
Response to Staff DR 2.3.b

Usage Normalization
Customer Class Adjustment (%)

345CWCOM 0.43%
345CWGOV -2.06%
345CWMLT -0.26%
345CWRES -2.33%
345MWCOM -1.37%
345MWGOV -0.29%
345MWIND 5.50%
345MWRES -1.58%
Total -0.72%
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1. Attached is an industry study, “Staff DR 3.03 - North American Residential Water
Usage Trends Since 1992” which was sponsored by both “The Water Research Foundation
(“WRF”) and the U.S. Environmental Protection Agency (“EPA”).

2. The Company confirms that none of Utilities, Inc.'s other regulated subsidiaries
have requested adjustments similar to the "Usage Normalization Adjustment” in rate
applications filed with other state regulatory commissions.

3. N/A

d. Attached is Fern Lake Company’s tariff, “Staff DR 3.03 - Fern Lake Company Tariff
12-12-2013”, which holds its customer (WSKY) responsible for paying a minimum of
$10,267.00 per month. This tariff was approved and put into effect by the Kentucky Public
Service Commission. WSKY does not consider this to be a variable expense because WSKY

does not exceed the minimum gallon threshold of 41,667,000 per month.

Witness: Justin Kersey
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The Water Research Foundation (formerly Awwa Research Foundation or AwwaRF) is a member-supported,
international, 501(c)3 nonprofit organization that sponsors research to enable water utilities, public health
agencies, and other professionals to provide safe and affordable drinking water to consumers.
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FOREWORD

The Water Research Foundation (Foundation) is a nonprofit corporation that is dedicated
to the implementation of a research effort to help utilities respond to regulatory requirements and
traditional high-priority concerns of the industry. The research agenda is developed through a
process of consultation with subscribers and drinking water professionals. Under the umbrella of
a Strategic Research Plan, the Research Advisory Council prioritizes the suggested projects
based upon current and future needs, applicability, and past work; the recommendations are
forwarded to the Board of Trustees for final selection. The Foundation also sponsors research
projects through the unsolicited proposal process; the Collaborative Research, Research
Applications, and Tailored Collaboration programs; and various joint research efforts with
organizations such as the U.S. Environmental Protection Agency, the U.S. Bureau of
Reclamation, and the Association of California Water Agencies.

This publication is a result of one of these sponsored studies, and it is hoped that its
findings will be applied in communities throughout the world. The following report serves not
only as a means of communicating the results of the water industry’s centralized research
program but also as a tool to enlist the further support of the nonmember utilities and individuals.
Projects are managed closely from their inception to the final report by the Foundation’s staff
and large cadre of volunteers who willingly contribute their time and expertise. The Foundation
serves a planning and management function and awards contracts to other institutions such as
water utilities, universities, and engineering firms. The funding for this research effort comes
primarily from the Subscription Program, through which water utilities subscribe to the research
program and make an annual payment proportionate to the volume of water they deliver and
consultants and manufacturers subscribe based on their annual billings. The program offers a
cost-effective and fair method for funding research in the public interest.

A broad spectrum of water supply issues is addressed by the Foundation’s research
agenda: resources, treatment and operations, distribution and storage, water quality and analysis,
toxicology, economics, and management. The ultimate purpose of the coordinated effort is to
assist water suppliers to provide the highest possible quality of water economically and reliably.
The true benefits are realized when the results are implemented at the utility level. The
Foundation’s trustees are pleased to offer this publication as a contribution toward that end.

David E. Rager Robert C. Renner, P.E.

Chair, Board of Trustees Executive Director

Water Research Foundation Water Research Foundation
XVii
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EXECUTIVE SUMMARY

OBJECTIVES

This study investigates trends in household water usage in North America during the past
30 years and draws preliminary conclusions on the magnitude and causes of declining usage per
residential customer. The study focused on: 1) understanding residential water-usage behavior
patterns and trends; 2) assessing the impact of those patterns on water utility operations; and 3)
providing data that can be correlated with future trends for planning purposes.

BACKGROUND

Many water utilities across the United States and elsewhere are experiencing declining
water sales among households. While “water conservation” is normally seen as positive, this
gradual erosion in residential consumption may force utilities to raise rates to provide sufficient
revenues for expanding service and replacing old water mains and equipment (Beecher et al.
1994). Without a clear understanding of the changing water-use patterns, it is difficult to develop
appropriate pricing structures that will both recoup costs and provide resources for the future.
Figure ES.1 shows the declining water-usage trends of the partners participating in this study.
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Figure ES.1. Partners’ average annual water usage per residential customer, in gallons
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The decline in residential water usage per customer has occurred as the number of
residents and households continues to grow and as household incomes continue to rise. A
variety of theories have been advanced to explain the declining usage, including: wetter weather;
changes in household size and type; water-conserving fixtures and appliances; customer
classification anomalies; and price increases. However, to date, no definitive statement has been
made as to the validity of these theories or the amount each contributes to residential water-usage
decline.

For utilities to both encourage conservation and have sufficient financial reserves for
maintenance and growth, it is necessary to better understand how water-use patterns have
changed over the last 30 years, what factors are driving usage, and how these factors might
impact utilities in the future.

APPROACH

This research was designed in three parts, beginning with a macro view of the issue and
developing into a micro view, with assessments of household water consumption behavior at the
national, regional, and local levels.

The national trends component of the study analyzed the historic databases of 43
representative utilities. The analysis estimated the statistical relationships among six variables
over time: utility size, water source, ownership type, precipitation zone, temperature zone, and
drought index. These variables were held statistically neutral to achieve a more accurate picture
of usage trends. This national trends study was compared to trends documented by two Public
Service Commissions, whose data showed similar patterns.

The regional component of the study examined the specific experiences reported by 11
utilities who agreed to participate and provide background information and data. Their data also
was used to estimate the statistical relationships among the same six variables addressed in the
national study. In addition, researchers factored in specific conditions and aspects particular to
each utility, such as conservation initiatives, billing practices, and government oversight. Full
case studies are provided in the appendix of this report.

The local component of the study assessed the independent impacts of many water-
conservation fixtures and household demographics. Electronic data loggers were installed on 65
statistically representative homes in the service area of the Louisville Water Company. The
devices captured flow signatures and accurately differentiated among various types of water use.
The participating households were surveyed to determine their socioeconomic characteristics, as
well as their inventory of indoor and outdoor water-using fixtures. The data were combined with
demographic and economic factors to provide an assessment of water-use patterns at the local
level. There have been a limited number of local water usage studies that have employed the
detailed information employed in this study.

Finally, researchers analyzed the national, regional, and local components of the study to
draw conclusions.

DATA LIMITATION ISSUES
Water-usage data maintained by utilities generally reflect information captured for billing

and metering reasons, not for demographic and economic analysis. Moreover, utilities are not
consistent in the way they classify and record water usage. Some do not distinguish water usage
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by customer type, and a few do not even meter usage. There is no industry standard for
classifying residential customers, with some utilities counting as residential only single-family
residences and others counting units in large apartment complexes. And few utilities are able to
provide time series data longer than five to ten years. These issues limit researchers’ ability to
make precise and reliable statements about usage trends and the causes of changing water usage.

Water utilities generate a wealth of customer data that could be much more effectively
exploited for decision making if better classification protocols and storage standards were
adopted by the industry. Customer usage data can be matched with publicly available property
tax assessment data to draw inferences about the effects of housing vintage, size, and value on
consumption. Geographic information system tools can be used to merge and match data on
individual households, as well as to reveal patterns in water usage across space. Computing
speed and capacity continue to rise while computing costs continue to fall. Analytical software to
probe databases has become both more powerful and easier to use. Indeed, it appears that
research into the causes of water use per customer will be quite fruitful as the problems related to
data consistency are solved.

RESULTS

The national and regional components of the study found that residential water usage per
customer has decreased more than 380 gallons annually over the last three decades. While the
estimated decline amounted to only 0.44 percent of average annual usage, the long-term
consequences of the reduced water usage are important. Compounded over 30 years, the decline
amounts to 13.2 percent and implies that a household will use 11,673 gallons less water in the
2008 billing year than an identical household did in 1978.

The regional component of the study examined utility specific factors impacting
residential water consumption and quantified the historic residential water consumption trends
for the eleven partners. While overall water usage per household had declined, there did not
appear to be a significant change in total water produced by utilities. This is attributed to the
rising numbers of residential accounts. Additionally, water quality, distribution, and emergency
response capabilities of the water utilities have remained relatively unchanged.

Other more qualitative components of the regional case studies provide insights into the
various issues and questions, including the effects of changing residential water consumption on
a utility’s system design, revenue, conservation practices, and water quality. The case studies
considered geography, population, age of the city, and how the utilities handled a multitude of
issues and competing factors. The case study reports, found in the appendix, allow utilities to
access information from utilities facing experiences similar to their own. Utility managers may
extrapolate from the data the most salient points to assist them with making more informed
planning decisions

A local study of statistically representative households was conducted to investigate the
determinants of declining residential water usage. Similar to the national and regional findings,
the Louisville Water Company (LWC) also has seen a reduction in water usage per residential
customer. A statistical model was developed to investigate the independent impacts of weather,
demographics, economics, indoor appliances, and outdoor water features. The model was
estimated in stages, progressively adding groups of variables, to reveal any sensitivity to
coefficient estimates as the model broadened. The resulting coefficient estimates were combined
with historical billing data in an attempt to explain declining water usage over time (Table ES.1).
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To determine daily household usage a representative subset of the households agreed to
participate in a data-logging study, in which recorders were affixed to water meters outside the
homes for two weeks. This data revealed actual water usage for each home by type of appliance,
timing, length, and frequency of usage. The study also revealed for the first time the penetration
of low-flow appliances in the LWC service territory. Seventeen percent of surveyed households
used low-flow toilets, 79 percent low-flow showers, and 12 percent low-flow clothes washers.
These findings provide a useful snapshot, allowing some rough estimates of the cumulative
impact of water-conserving appliances on residential customer usage over the past two decades.

The model showed that household demographic and economic factors contribute to
changing water usage trends, with fewer people per household causing falling water usage while
rising incomes result in rising water usage due to larger and more expensive homes. Specifically
the model estimated that each adult contributes about 37 gallons while each teenager contributed
32 gallons to daily household water demand. Another interesting interaction revealed in the
model focuses on teenagers and the household size and age. The interaction estimates that
teenagers in newer homes use less water than teenagers in older homes, but those in larger homes
use more water than in smaller homes.

The model estimates that homes built after 1994 use about 13 gallons per day less than
those built before 1994, after controlling for size and value. The introduction of low-flow toilets,
showers, and clothes washers have had a significant impact on residential water usage,
accounting for a decline of about 16 percent in average daily usage over approximately the last
20 years.

Combining the results of the household survey and the data-logging study helps to
explain falling water usage per household over the recent past. After adjusting for weather, daily
LWC household water usage fell 10 percent, from 208 to 187 gallons per day, between 1990 and
2007, a decline of 21 gallons a day. An increase in household income is believed to have boosted
water usage by seven gallons per day. However, this increase is offset by changes in
demographics factors, which is believed to have reduced water usage by five gallons per day.
The rest of the estimated net decline, about nineteen gallons per day, is believed to be due to the
increased penetration of low-flow appliances in the Louisville market.

LOCAL STUDY COMPARISONS

While there have been several studies that physically measured the type and volume of
water usage in individual homes (1984 HUD study, 1999 Water Research Foundation
Residential End Use Water Study (REUWS), 2006 Denver Water studies), there has been limited
end use studies conducted in the water rich regions of the United States. The end use study
completed for Louisville Water Company households allowed for comparison of a water rich
utility to previously conducted end use studies. The study provides practitioners from water rich
regions with a baseline for single-family customers’ daily usage.

The sample of Louisville households used consistently less water than the REUWS
baseline sample, albeit a decade later. However, the average number of people per household
was 15 percent lower in the Louisville study than in the REUWS, 2.7 compared to 2.25 for
Louisville. The fact that both the household usage and the number of people per household are
lower in the Louisville study than in the REUWS study suggests that the number of people in the
household is one of the contributing factors to the lower usage.
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The Louisville sample household usage was on par when compared to indoor household
usage from the 2006 Denver Water study. Interestingly, Denver Water has a proactive water
conservation program while Louisville implements a passive conservation program, but both
shared a similar overall daily household usage (156 gpd Denver Water and 152 gpd for LWC).

When comparing the Louisville and Denver households daily indoor water usage to the
baselines established with the REWUS households, both communities consistently used less
water than in the REUWS Study. This is attributed to two contributing factors: the lower number
of people per household in both studies (2.5 for Denver Water and 2.24 for Louisville) and
higher penetration rates of low flush toilets (20% for Denver and 17% for Louisville).

Figure ES.2 compares the average daily indoor household usage of Louisville residents
and the participants in the REUWS and Denver Water studies.
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Table ES.1

OLS models of average daily water usage for the Louisville Water Company
OLS Models of Average Daily Water Usage, 293 Randomly Selected Residential Customers

@ @ (©)] @ ®) (©)] @
Average monthly precipiation (inches) ~ -0.0380  -0.0740  -0.0729  -0.0882 -0.0718 -0.0962 -0.109
(0.565) (0.510) (0.500) (0.495) (0.475) (0.459)  (0.458)
; Average monthly temperature °F)  0.767**  0.750%**  0.745%** (,737*** 0.739*** 0.728***  0.724***
o (0.308) (0.278) (0.273) (0.270) (0.259) (0.251)  (0.250)
Palmer Modified Drought Index (-4 to+4) -2.554*** -2 589*** .2 §]13*** .2 §12*** -2.594*** -2.599*** -2 5QQ***

(0496)  (0.448)  (0.439)  (0.435) (0.417) (0.403)

Number of workers 5.404*** 6.694*** 6.521***

(1.093) (1.055) (1.035)

Education level (Education indices) 7.883*** 3.400*** 3.593***

- (0.666) (0.660) (0.654)
= Year home built (Year) 0.226*** 0.176%**
@ (0.0515) (0.0529)
Built after 1994 (no, yes) -11.66*** -10.42%**

(3.492) (3.503)

Assessed value of home ($) 0.181%** 0.105%**

(0.0324) (0.0338)

Square footage of home (sq ft) 20.34*** 23.96%**

(2.871) (2.822)

Water outdoor landscaping (no, yes) 9.684***

(1.666)

; Swimming pool (no, yes) 65.19%**
b (2.982)
Outdoor spa (no, yes)) 13.62%**

(3.828)

(0.402)

6.508%**
(1.034)

3.655%**

(0.653)
0.325%**
(0.0562)
-13.19%%*
(3.548)
0.146%**
(0.0375)
17.05%%*
(3.212)

(1.675)
64.80%**
(2.974)
14.89%%*
(3.837)

Constant  109.5*** 29 ,22** 13.09 -11.35 -484.5*** -394, 1%** -§79.2%**
(13.03) (11.88) (11.71) (11.78) (100.8) (103.4)  (109.5)

Observations 10146 10146 10146 10146 10146 10146 10146
R-squared 0.036 0.214 0.246 0.260 0.318 0.364 0.368

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
All models include monthly dummy variables, not shown.
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45.0 1 REUWS 1995 Total Indoor Use = 177 + 5.5 gpd
Denver 2005 Total Indoor Use = 155.6 + 15.1 gpd

Louisville 2007 Total Indoor Use = 151.6 + 40.8 gpd

30.0
25.0 1 |
o 20.0 1
[al
o
15.0
10.0
5.0 }
0.0 1 . l
Toilet CW Shower Fau Leak Other Bath DwW
B REUWS ('98) 452 39.3 30.8 26.7 219 7.4 3.2 2.4
O Denver ('05) 38.6 315 28.9 215 24.5 5.7 29 2.0
O Louisville ('07) 375 324 184 20.5 33.8 4.0 31 1.9

Figure ES.2. Comparing average household indoor use of Louisville Water Company,
Denver Water and Mayer’s “Residential End Uses of Water” study (REUWS)

SUMMARY AND CONCLUSIONS

This research documents a pervasive trend toward lower water usage per household. The
magnitude of the decline is consistent across North American utilities and is confirmed by more
detailed data provided by the study’s 11 partner utilities, although there were annual variations
due to regional factors. The results of the study’s statistical models identify the magnitude of
both positive and negative forces affecting water usage. The decline in number of residents per
household is clearly an important factor in falling water consumption per residential customer.
However, the negative consequences of smaller households appears to be more than offset by the
positive consequences of higher household incomes. Higher incomes have led to larger homes,
with more water-using appliances, and more landscape irrigation. Thus, the net decline in water
usage per household appears to be due to the steady penetration of low-flow appliances over the
past 20 years. The end-use study found that low-flow appliances and changing household
demographics accounted for a 16 percent reduction in average household water use in 2007, as
compared to 1990.

The steady decline in usage per household has important financial-planning consequences
for water utility companies, as infrastructure is spread over more housing units using less water
than before. The data compiled in this research are intended to assist utilities in developing
realistic management plans that take into account the primary causes of declining residential
water usage. The data provide a tool for projecting residential water usage in light of utility-
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specific trends. Utilities serving communities with growth in single-occupant households are
likely to see erosion in revenues per household. Additionally, new federal regulations governing
water-conserving appliances and fixtures further indicate that residential water usage will
continue to decline as newer homes make up a larger component of the housing stock. Utilities
may find it useful to track persons per household in addition to number of households as they
plan infrastructure and set rates.

Although the rate of decline may slow, there is no indication that national household-size
trends will reverse. Also, new and existing federal regulations will prompt further penetration of
water-conserving appliances.

RECOMMENDATIONS
Standardized Classification and Data Management Practices

Researchers faced difficulties in obtaining accurate data for measuring usage and
identifying patterns. Water-usage data obtained from utilities reflect information captured for
billing and metering reasons, not for analysis. It is challenging to assemble consistent household
water-usage data over time across utilities because of the lack of universal metering practices, a
standardized method for classifying customers and maintaining databases. Thus, it is
recommended that the American Water Work Association (AWWA) along with the Water
Research Foundation (Foundation) and the International Water Association (IWA) work on
establishing standardized customer classifications and database maintenance practices.

Local Level Studies

Though the water usage model developed for this study provides valuable insight into the
detailed structure of residential water usage, these models are still weak in explaining the huge
variations in residential water usage among the participating utilities. Others studies have also
found only weak relationships between water usage and traditional socio-economic and physical
factors (Balling 2008), (Domene and Sauri 2005), (Schleich 2007). Further research is needed on
other demographic and housing variables to obtain a more comprehensive understanding of the
determinants of residential water usage, especially in areas periodically affected by water stress.

For a utility to adequately understanding the local factors influencing residential usage, it
needs to conduct an in-depth demographic study of existing customers. Combining this
information with daily household usage data gathered via data logging allows utilities to gain
valuable insight into the impacts of local factors on residential water usage. The model employed
in this study provides a reasonable methodology for utilities to adopt and extend.

KEY FINDINGS
The following are some the key findings from the study:
e A pervasive decline in household water consumption has been determined at the
national and regional levels.

0 An estimated decrease of more than 380 gallons annually over the last three
decades in household water usage.
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0 While the decline amounted to only 0.44 percent of average annual residential
usage, when compounded over 30 years, the decline amounts to 13.2 percent
and implies that a household will use 11,673 gallons less water in the 2008
billing year than an identical customer did in 1978.

e Within the Louisville Water Company household sample, daily usage is highly
influenced by weather, household demographics , housing stock age, size, and
value, and by the characteristics of water using appliances inside and outside the
home.

o0 After adjusting for weather, daily household water usage fell 10 percent from
208 to 187 gallons per day between 1990 and 2007, a decline of 21 gallons a
day for Louisville households.

0 The study found that low-flow appliances and changing household
demographics accounted for a 16 percent reduction in average household
water use from 1990 to 2007.

0 This net decline in water usage per household appears to be due to the steady
penetration of low-flow appliances over the past 20 years.
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CHAPTER 1
INTRODUCTION

BACKGROUND

Many water utilities across North America and elsewhere are experiencing declining
water sales among their households. Company officials attribute the decline in usage to several
possible factors, including wetter weather, new water-conserving appliances, changing
demographics, and classification anomalies. While “water conservation” is normally seen as
positive, this gradual erosion in residential consumption may force many utilities to raise rates to
provide sufficient revenues for expanding service and replacing old water mains and equipment.
Without a clear understanding of the changing water-use patterns, it is difficult to develop
appropriate pricing structures that will both recoup costs and provide resources for the future.
Figure 1.1 shows the declining water-usage trends of the partners participating in this study.

Water utilities are finding it increasingly difficult to accurately manage their finances in
the face of changing water-use patterns. Old rules of thumb, such as assuming households
consume 200 to 300 gallons per day per person, are no longer sufficient. Household water-use
predictions must account for competing factors. The average number of people per housing unit
and the penetration of water-conserving appliances in the housing market lead to less water use
per household. However, rising incomes and an increased demand for landscape watering
precipitate increases in total water use. Further complicating the issue, water usage by customer
type varies and is dependent upon geographic location, climate, industrial composition, housing
stock, pricing, and local conservation policies.

Generating sufficient revenues for utility maintenance and growth is not a matter of
simply increasing water rates to offset declining usage per household. In the short run, water-rate
increases lead to more revenues for the utility. However, the situation is becoming more
complicated as water rates continue to rise and are linked to rising wastewater rates. Economic
theory predicts that there will be a price point at which customers change behavior by reducing
outdoor watering, installing water-conserving appliances, and changing habits. Moreover,
governing boards may limit the ability of water utilities to significantly modify their rates and
pricing structures.

For utilities to both encourage conservation and have sufficient financial reserves for
maintenance and growth, it is necessary to understand how water-use patterns have changed over
the last 30 years, what factors are impacting usage, and how these individual factors impact
patterns on the national, regional, and local levels.

1
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Figure 1.1. Study partners’ average annual water usage per residential customer, in gallons
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Previous Research Approaches

A literature review found only generalized national studies of water usage that focused
primarily on per capita aggregate estimated consumption (consumption/ population). However, it
is interesting to note that these studies of aggregate water abstractions did find overall per capita
water withdrawals (fresh and saline) have leveled or dropped since 1980, Figure 1.2 (OECD

2005 and Gleick 2003).
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Figure 1.2. Overall water withdrawals per capita 1900-1995
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The best data on water-use patterns are found at the regional and local levels. In the
United States, these studies have focused primarily on the arid Southwest where water is a
constrained resource. Researchers and utility managers in this area have been keenly interested in
how to best manage their water resource in the face of rapid growth in the number of households.
This phenomenon has led to hundreds of scholarly and practitioner papers on topics such as
investigating demand and/or price elasticity’s effect on reducing water usage, the spread and
impact of low-flow appliances, and the effect of bans on certain water practices (Arbues et al.
2003). Regional studies of residential water use in the majority of these states found falling or
flat levels of per capita consumption since 1985 (Diaz and Anderson 1995; Solley 1997;
Brookshire, et al. 2002; Morris and Devitt 1997). Based on metered residential customer
accounts, Albuquerque, New Mexico’s per-capita residential water demand has been falling
significantly since 1995 (Gutzler and Nims 2005).

Although some types of data for water-poor areas are plentiful, there have been few
attempts to study the water-usage patterns in relatively water-rich areas. One exception is
Cleveland, where the utility studied trends in water consumption and found a drop of 17 percent
in overall consumption in the past five years (Speranza, Sundheimer, and Zone 2007). Another
study in the South found that consumption also has fallen, prompting a decline in water revenues
and subsequent budget shortfalls (Williams 2001).

Studies conducted in areas outside of the United States have focused on residential
classification and provide more relevant patterns. Randolph, Holloway, Pullen and Troy (2007)
conducted a significant study in Sydney, Australia, using actual household-level data to
understand gross per capita water-demand trends, the impact of socioeconomic variables, and
water-supply forecasts over time. Arbues and Villanta (2006) used cross-sectional, time-series
data to investigate the consumer demand of water in Zaragoza, Spain, using actual data collected
at the household level in a micro-series study. These kinds of empirical studies provide more
reliable information about water-demand trends and the effects of pricing, climate, income,
household size, and household appliances.

Most of the U.S. studies analyze water demand through estimated models based on
seasonal variations and a host of other variables, without breaking out usable data based on
customer classification. Those studies that do disaggregate data do so only for a specific locality
and do not focus on historical and current water-use trends on larger scales. Some studies
investigate the variance of quantity demand across households using individual data (Domene
and Sauri 2005; Hanke and de Mare 1982; Danielson 1979; Martinez-Espineira 2002), but these
do not investigate long-term demand trends. This paucity of research is most likely due to a lack
of accurate, consistent data collection across states and regions and the costliness of collecting
disaggregated residential water end-use information. Only recently have regional and localized
studies, such as the 1999 Water Research Foundation “Residential End Uses of Water” study,
started using actual data, rather than estimated or simulated data, in order to understand trends in
water consumption at the end-user level (Mayer et al. 1999).

Previous studies provide only a general view of total usage trends and do not account for
various types of usage and customers. This study employed more refined measurements of
residential usage. It eliminated the commercial and industrial data based on historic billing
records and isolated residential customers (households) for study. The goal was to compare like
households in different geographic regions in order to arrive at precise measurements of
changing residential water-use patterns.
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Commonly Cited Causes of Changes in Water-Use Patterns

While many researchers have looked into the shifting water-use patterns, there still is no clear
understanding of the underlying causes. Commonly cited causes include the following factors:

Wet weather - Weather has been shown to affect seasonal water demand, although results
vary geographically and it is difficult to generalize. Nieswiadomy and Molina (1989)
investigated the interaction of weather and price elasticities, calculating the difference between
potential evapotranspiration for Bermuda grass and actual rainfall. Evapotranspiration was
shown to significantly alter the own-price elasticity of water. Others have used precipitation
during the growing season, minutes of sunshine, and annual rainfall (Arbues et al. 2003).

As measured by Miaou (1990), weather was shown to be hysteretic, dynamic, and state-
dependent. (Hysteretic implies the temperature response is seasonally dependent; dynamic
implies that the rainfall’s effect diminishes over time; and state-dependent implies water use is
dependent on current conditions or that during a rain event more water-use reduction can be
expected.) Additionally, weather is thought to have non-linear effects on water usage. According
to Miaou’s statistical analysis, the number of rainy days is a better predictor of water usage than
total rainfall.

Household size and type - The literature points to a positive relationship between
residential water demand and number of members of a household. Moreover, researchers have
suggested that a change in number of people in a household causes a less-than-proportional
change in water demanded (Howe and Linaweaver 1967). There are economies of scale in water
usage for a household, particularly for dishwashing and laundry, so water use is not expected to
be a linear function of the number of persons per household.

Other research suggests that the age composition of a household is a statistically
significant determinant of water usage (Lyman 1992; Hanke and de Mare 1982). Lyman finds,
“Another child would increase water usage in a home by about 2.5 times that of another teenager
and 1.4 times that of another adult.”

Water conservation - To comply with the U.S. Energy Policy Act of 1992, major
plumbing manufacturers nationwide began producing low-volume toilets, urinals, showerheads,
and faucets. Over the past decade, these products have slowly become more common as new
homes are constructed or older homes renovated. As the prevalence of these low-flow water
fixtures increases, their effect on overall household water usage is anticipated to be significant.
In one study the introduction of low-flow water technology reduced water consumption per
household by 36 percent and in another by 46 percent (Mayer et al. 2003, Mayer et al. 2004).
However, on a communitywide basis, some of these observed water-usage reductions may be
offset by longer showers, above-average rates of toilet-flushing, luxury appliances (Jacuzzi or
water features), and second rinses in the clothes washer.

Misclassification of residential customers within utility database - The water industry
does not have a standardized methodology for customer billing classifications. However,
academic research and industry officials acknowledge that most water companies group
customers according to similar “use characteristics,” such as amount of water consumed,
topographic constraints, and service type, rather than actual property use (Dziegielewski et al.
2002). This approach to customer classification poses a problem in trying to understand water-
consumption patterns based on economic and demographic models. For example, economists
analyze water demand and supply in the same way they model other goods and services. But it
is difficult to apply these models when some water companies treat all single-family homes,
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multi-family units, and mobile homes as residential, while other companies categorize apartment
complexes, mobile homes, or condominiums as commercial (Dziegielewski et al. 2000).

Price increases - Economic theory predicts that residential consumption will be inelastic
with respect to price, as there are no substitutes for water in its basic household uses. Moreover,
water prices have historically been low enough that water bills typically account for a small
percentage of a household’s monthly income. Thus, consumers often are not even aware when
water prices change, and it is unlikely that consumption would change in the face of small price
variations.

However, the literature indicates that price elasticity of water is not zero. Beyond
drinking and sanitation, much household water usage cannot be deemed a necessity. Water use
for lawn and garden irrigation, car washing, water features, and swimming pools would likely
decline if water prices rose appreciably. Leaky plumbing that might be ignored under low prices
would be repaired under high prices (Arbues et al. 2003).

PROJECT SYNOPSIS

This study was intended to investigate trends in household water usage in North America
during the past 30 years, and where feasible to determine the causes of changes in consumption.
The study focused on: 1) understanding residential water-usage behavior patterns and trends; 2)
assessing the impact of those patterns on water utility operations; and 3) providing data that can
be correlated with future trends for planning purposes.

Project Design

The purpose of this research was to quantify residential water-use changes across North
America observed during the past 30 years. The study was designed in three parts, beginning
with a macro view of the issue and developing into a micro view. To appropriately account for
geographic and demographic variations, it was necessary to assess national, regional, and local
consumption patterns.

The national trends component of the study analyzed the historic databases of 43
representative utilities. The analysis estimated the statistical relationships among six variables
over time: utility size, water source, ownership type, precipitation zone, temperature zone, and
drought index. These variables were held statistically neutral to achieve a more accurate picture
of usage trends. This national trends study was compared to trends documented by two Public
Service Commissions, whose data showed similar patterns.

The regional component of the study examined the specific experiences reported by 11
utilities who agreed to participate and provide background information and data. This data also
estimated the statistical relationships among the same six variables addressed in the national
study. Researchers factored in specific conditions and aspects particular to each utility, such as
conservation initiatives, billing practices, and government oversight. In addition, researchers
attempted to incorporate census tract demographic information into the analysis, to examine the
influence of demographics on daily household usage. However, the matching of the census track
and service area boundaries proved to be too big of an endeavor for the scope of this project. Full
case studies are provided in Appendix B of this report.
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The local component of the study assessed the independent impacts of water-
conservation fixtures and household demographics. To avoid the natural tendency of self-
reporting subjects to underestimate their water usage, electronic data loggers were installed on 65
statistically representative homes in the service area of the Louisville Water Company. The
device captured flow signatures and accurately differentiated among various types of water use.
For example, it could identify that the water being used was by a person washing his hands rather
than by someone taking a shower. The participating households were surveyed to determine their
socioeconomic characteristics, as well as their inventory of indoor and outdoor water-using
fixtures. The data were combined with demographic and economic factors to provide an
assessment of water use patterns within a community.

Finally, researchers analyzed the national, regional, and local components of the study to
draw conclusions.

Method of Analysis

The study employed two statistical models. The first was a simple ordinary least squares
(OLYS) regression, with annual usage per residential customer as the dependent variable. OLS is
one of the simpler methods of linear regression. The goal of OLS is to closely "fit" a function
with the data. It does so by minimizing the sum of squared errors from the data.

To capture time-invariant place characteristics, such as demographic, topographic, and
climatic differences, a fixed effects statistical model was used. This is a common regression
technique for panel data, where there are observations over time on a constant set of locations.
The technique essentially estimates how much the regression intercept moves up or down across
locations and is a way of capturing time-invariant place characteristics. It provides users with the
ability to control for all stable characteristics of the individuals in the study, thereby eliminating
potentially large sources of bias. The fixed effects estimator is obtained by OLS on the
deviations from the means of each unit or time period.

Measurement Issues

Water-usage data maintained by utilities reflect information captured for billing and
metering reasons, not for analysis. The researchers have faced difficulties in obtaining accurate
data for measuring usage and identifying patterns. It is challenging to assemble consistent
household water-usage data over time across utilities because of the following issues:

e Some utilities do not meter water usage. Rather, they simply charge each
customer a flat fee per month and supply all the water the customer chooses to
use. The random sample of 200 utilities included at least three (South Lake
Tahoe, Calif.; Lake George, Utah; and Juneau, Ark.) that did not meter usage.

e Some utilities do not distinguish water usage by customer type. They meter water
usage on a monthly, bimonthly, or quarterly basis, but they do not differentiate
between residential, commercial, industrial, public use, or other types of
customers. Hence, historical data on usage per customer reflects patterns across
many customer types. The random survey included two utilities (Bristol, Conn.,
and Sonora, Calif.) that did not distinguish by customer type.
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e |In databases of water customers, there is no standard way to treat single-family
and multi-family residential units. Some utilities break these out carefully; others
treat both simply as part of a residential total; still others measure housing units
inconsistently. This is an important issue because apartment complexes may
contain dozens or hundreds of housing units, use individual or group metering,
and may have very different demographic characteristics than single-family
homes. In some cases, a user is deemed a residential customer if the building’s
water-supply pipe is below a certain size and a commercial customer if the pipe is
larger. In this case, a large apartment complex will have many households but be
treated as a single commercial customer.

e Few utilities maintain time-series data longer than 5 to 10 years. Longer time
series are necessary for analysis of usage patterns since weather conditions can
cause major year-to-year fluctuations in usage per customer. Moreover, a utility’s
service territory can frequently change as exurban developments are annexed,
wholesale customers are converted to retail customers, or as utilities are merged
or acquired.

e The water industry does not have a standardized methodology for customer
billing classification. Academic researchers and industry officials acknowledge
that most water companies group customers according to similar “use
characteristics” -- such as amount of water consumed, topographic constraints,
and service type -- rather than actual property use (Dziegielewski et al. 2002).
This approach poses a problem when analyzing water consumption patterns based
on economic and demographic models.

This study was specifically designed to overcome these measurement issues and arrive at
an accurate depiction of household water-use patterns and trends.
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CHAPTER 2
NATIONAL TRENDS

OVERVIEW

A key component of this study was investigating national trends in water-use patterns and
learning whether declining usage was pervasive geographically or limited to certain regions or
types of utilities. A random sample of water utilities was compiled and stratified by size, climate,
ownership type, and customer base. The utilities were requested to participate in a survey and
provide historical usage data. The primary objective of the survey was to determine the
consumption trends per residential customer throughout North America. The study’s statistical
model of residential water usage estimated the relationship among six variables: utility size,
water source, ownership type, precipitation zone, temperature zone, and a drought index. A fixed
effects version of the model then captured time-invariant place characteristics, such as
demographic, topographic, and climatic differences.

As part of the national-level analysis, the Public Service Commission’s (PSCs) from all
50 states were contacted and asked to participate in the study. Only two states, Kentucky and
Wisconsin, provided usable data. Both data sets displayed declining usage trends similar to the
national survey results.

The national trend survey found that there has been a pervasive decline in water usage
per residential customer across the United States and Canada. However, this aggregate data did
not reveal which factors caused the decline.

Sample Design

The national trends analysis began with a comprehensive database of water utilities
comprised of all respondents to the AWWA 1999 Financial/Revenue Survey (AWWA 2001).
The database contained information for approximately 4,000 water utilities. However, there were
many inconsistent entries and blank fields in the database. Usable data for 602 utilities were
available on location, ownership type (private or public), source of water (ground, surface, or
purchased), population served, and total water sales by customer type. The utilities were further
coded by climate characteristics. These published characteristics provide a basis for sampling, so
that the results from the utilities surveyed are representative of the industry as a whole.

The water industry is characterized by a relatively small number of utilities serving very
large markets and hundreds of utilities serving smaller communities. Therefore, it is not
surprising that over half the utilities in the database served a population of fewer than 50,000.
The majority reported that they used lakes, rivers, and wells for their primary water sources.
Eighty-eight purchased water from other utilities. Only 57 of the utilities reported being privately
owned. The majority were owned by municipalities, water associations, and other public entities.
There were 240 utilities that reported no sales to industrial customers, while 30 reported that
industrial customers accounted for 40 percent or more of total water sales. The study employed
interval measurements for population size and percentage of water sales to industrial customers
and used these along with binary variables for water source and ownership type.

Each of the 602 utilities was assigned a precipitation and temperature zone, as set by the
National Oceanic & Atmospheric Administration (NOAA) and Environment Canada. The zone

9
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numbers correspond to increasing precipitation and temperature, so these were ideal for inclusion
in the regression analysis. Maps showing the composite precipitation and temperature for the
continental United States are shown in Figure 2.1, and the climate distribution for the utilities in
this study is summarized in Figures 2.2 and 2.3.

Composite Precipitation (inches) 1975-2006

-

Sources: National Oceanic & Atmospheric Administration, Physical Sciences Division, Climate Analysis Branch;
and Environment Canada, Canadian Climate Normals, 1971-2000.

Figure 2.1. Composite precipitation and temperature maps for 1975-2006
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Sampling and Survey Synopsis

The six measures of utility and climate characteristics were used to stratify the 602
utilities that had provided sufficient data for the AWWA 1999 Financial/Revenue Survey
(AWWA 2001). A random sample of 200 of these utilities was drawn for inclusion in the survey.
The AWWA 1999 Financial/Revenue Survey database served as a starting point to determine the
best contact person at each utility, which was augmented with Internet research. All 200 utilities
were contacted for participation with a letter explaining the purpose of the research and the
sponsorship by Water Research Foundation (Foundation). The initial contact requested the utility
to supply 25 years of data as well as the number of accounts and annual consumption, primarily
for residential customers and secondarily for commercial and industrial customers where
applicable.

The follow-up consisted of phone calls and emails sent to non-responding utilities. A
personalized letter was sent to the top utility manager identified. Many utilities did not respond.
Others responded but reported they did not keep such data. Most utilities could provide only a
subset of the 25 years of usage data requested. After three months of follow-up contacts, the
survey phase ended. The final study group was comprised of 43 water utilities located
throughout the United States and Canada.

Although limited in size, the responding utility group was statistically representative of
the full sample. The 43 responding utilities were located across 22 states, two Canadian
provinces, seven precipitation zones, and five temperature zones. They represented all utility
types and size classes. Collectively, they provided 605 annual observations on water usage per
single-family residential customer, Figure 2.2 provided a overview of historic residential usage
trend for the national level participants. Table 2.1 summarizes the distribution of those
observations across the six variables. Figures 2.3 and 2.4 summarize the climate characteristics
of the sample utilities.
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Figure 2.2. National historic residential usage trend

Table 2.1
Distribution by survey respondents

2005

Village of Brown Deer
Winchester Municipal Utilities

Annual .
Temperature A_nn_ual_ . Primary . . Industrial
Category Precipitation Ownership Population Size Percentage of Total
Zone . Water Source
. Zone (inches) Water Sales

(Fahrenheit)
0 41 17 26 12
1 1 2 20 5 7
2 1 0 6 7 10
3 0 16 5 6
4 5 17 2
5 2 8 6
6 11 1
7 11 0
8 12
9 0
10 0
11 1
12 0

0=<50,000; 0=-%,
. . . . A , =5%to 0,
See Figure 3.3  See Figure 3.4 0= Public; 1=Private 21:;?;:::;(1 2=150,001- 3=20% to 40%,
500,000; 3= 4=greater than 40%,
500,001> 5=Unknown
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Figure 2.4. Average annual temperature (Fahrenheit) by survey respondents, 1971-2000
ANALYSIS RESULTS
The primary objective of the national trends study was to determine if water usage per

residential customer was declining and, if so, to what extent the trend varied throughout North
America. A simple Ordinary Least Squares (OLS) statistical model of residential water usage
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was estimated to find the relationship between water usage per customer and time, while
controlling for six variables: utility size, water source, ownership type, precipitation zone,
temperature zone, and a drought index. In practice, the number of residential customer accounts
provided by each utility was used as the measurement of “utility size.” These variables were the
ones used to stratify the sample, to ensure valid representation of the industry. Fixed-effects
models were also estimated to provide an alternative method of measuring place-specific, time-
invariant, characteristics of the utilities. The regression results are shown in Table 2.2.

To examine the effects of abnormal weather on residential water usage, the analysis
included the average value of the Palmer Drought Severity Index (PDSI) for each year for each
region. This meteorological drought index is used to assess the severity of dry or wet periods.
According to NOAA, the drought index “generally ranges from -6 to +6, with negative values
denoting dry spells and positive values indicating wet spells. PDSI values 0 to -.5 = normal; -0.5
to -1.0 = incipient drought; -1.0 to -2.0 = mild drought; -2.0 to -3.0 = moderate drought; -3.0 to -
4.0 = severe drought; and greater than - 4.0 = extreme drought” (NOAA 2007). Similar
adjectives are attached to positive values that indicate wet periods. Researchers also allowed for
a possible nonlinear effect of drought on water usage by adding a quadratic term (drought index
squared) to the regression.

Climate Variables

The first statistical model used a simple ordinary least squares (OLS) regression, with
annual usage per residential customer as the dependent variable, shown in Table 2.2, in the
column titled OLS. Climate variables were found to be statistically important in explaining water
usage. Annual residential water usage fell as precipitation rose through the nine zones, which
ranged from almost no rain to those with more than 80 inches per year. This pattern presumably
reflects the fact that lawn and landscape irrigation are not needed in the rainiest climates, and
conversely, outdoor watering is heavily used in arid climates. Since the precipitation measure is
an interval, and not a continuous measure, it is difficult to infer the impact that an inch of rain
has on customer water usage. However, a valid, if rough, interpretation is that a household
located in a zone receiving 36 to 45 inches of precipitation per year would use an average of
15,233 more gallons than the same household in a zone receiving 45 to 63 inches per year. This
difference amounts to 17.4 percent of the average customer’s usage in the sample.

Average temperatures were strongly correlated with water usage. The interval scale
showed that a customer living in a zone with average temperatures between 60 and 70 degrees
would use on average 14,514 more gallons than one living in a zone where temperatures
averaged between 50 and 60 degrees. This difference amounts to 16.6 percent of the average
customer’s usage in the sample. Clearly, customers in hot, arid climates purchase significantly
more water than those in cooler and wetter climates.

The drought index is geographically more specific to each utility than the broad regional
precipitation and temperature zones, and it varies by year. Like the other two climate measures,
the estimated coefficient was statistically significant. For example, a movement in the average
annual drought index from a value of -1 (mild drought) to a value of -2 (moderate drought)
increased average water usage by 646 gallons per year.
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Number of Accounts and Type of Ownership Variables

OLS also estimated a negative and statistically significant relationship between the
number of residential accounts and residential water usage per customer. A growth of 1,000
customers was associated with a decline in usage of 88.7 gallons per customer annually. This
pattern could plausibly be interpreted as a measure of urbanization. Large cities tend to have
higher population density, higher land prices, smaller yards, and fewer people per household.
Similarly, the measure of industrial water sales as a share of all water sales was negatively
associated with residential usage per customer. This pattern may reflect the higher likelihood of
major industrial users in very large cities. Smaller water districts often are dominated by
suburban households and light retail. The type of utility ownership did not have a statistically
significant effect on water usage per customer.

Time Trend Variable

The variable of most interest in this study was the time trend, denoted “Time” in
Table 2.2. With the OLS model, the estimated coefficient of -200.5 indicated that, on average,
single-family households have been reducing their water usage by 200.5 gallons per year over
the past three decades. However, the large standard error indicated that the coefficient estimate
was imprecise and further study was needed.

Table 2.2
Regression results
Annual Water Usage per Single-Family Residential Customer
43 Water Utilities, Mixed Time Periods, 1975 to 2006

Variable (1) OLS (2) Panel, with Fixed Effects
Precipitation zone -15,233%**
(1,003)
Temperature zone 14,5147+
(1,516)
Ownership type 3,821
(6,869)
Water source 7,923%**
(3,018)
Number of customers -0.0887*** -0.0155
(0.0296) (0.122)
Percent industrial -4,908**
(1,121)
Drought index -2,256%+ -738.8%* -T41.3**
(695.8) (3335) (332.6)
Drought index squared 536.7** 123.0 122.7
(237.3) (113.4) (113.3)
Time -200.5 -380.8*** -388.5%**
(176.4) (111.0) (93.15)
Constant 138,650*** 96,758*** 96,411%**
(9,068) (3,547) (2,269)
Observations 605 605 605
R-squared 0.484 0.038 0.038

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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A fixed effects version of the model provided further information, and the results are
shown in the last column of Table 2.2. Fixed effects is a common regression technique for panel
data such as these, where there are observations over time on a constant set of locations. The
technique essentially estimates how much the regression intercept moves up or down across
locations and is a way to capture time-invariant place characteristics, such as demographic,
topographic, and climatic differences. The number of customers and drought variables were
retained, since they take on different values over time. Estimating a fixed effects model supplants
the categorical variables used in the OLS model. The estimate of the coefficient on the number
of customers was not statistically different from zero, so with the fixed effects model that
variable was dropped.

This more precise analysis found an even more pervasive decline in water usage per
residential customer across the United States and Canada than the OLS model. While the
estimated annual decline in water usage amounted to only 0.44 percent of average annual usage
over the sample, the long-term consequences are important. The customers of utilities
participating in the study averaged 88,433 gallons usage annually. Compounded over 30 years,
the decline would amount to 13.2 percent, or 389 gallons per year per customer. For the utilities
surveyed, this represents an average decline of 11,673 gallons in total customer water usage over
the past 30 years.

EVIDENCE FROM PUBLIC SERVICE COMMISSIONS

Prior to undertaking the national survey, an exhaustive search was conducted for
consumption data from state regulator commissions, using the National Association of
Regulatory Utility Commissioners (NARUC) database. Each state’s water utility regulatory
commission was asked for aggregated annual consumption and account data for water utilities
under their control. Five states provided information: Indiana, Kentucky, Maine, North Carolina,
and Wisconsin. Out of these, Kentucky and Wisconsin provided the detailed information
required in the study. Both of these data sets were obtained via download through the states’
respective Public Service Commission (PSC) Web sites.

The databases for water utilities regulated by the Kentucky and Wisconsin PSCs provided
a rich data set on trends in water usage per customer. While conditions in Kentucky and
Wisconsin are not necessarily representative of the rest of the United States, it was interesting to
see how the trends compared to those found in the national survey. The states shared similar
usage patterns per residential account.

Kentucky Public Service Commission

The Kentucky PSC does not regulate municipal water utilities, so the data set included
only information on private utility companies and cooperatives. The data set comprised of about
50 such utilities for the period of 1993 to 2005 and included number of customers, usage, and
revenues. The customer and usage data are summarized in the Figure 2.5. There was a steady
increase in the number of customer accounts, with growth of about 8,000 customers per year.
This growth was accompanied by a clear negative trend in water usage per customer of an
estimated 570 gallons per year, with fluctuations around the trend due to weather. This negative
trend was much greater than what researchers found in the sample of 43 water utilities from
around the United States. However, the timeframe for the PSC data was much more recent,
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which suggests that the detected national decline in water usage per customer may be primarily
due to changes in behavior during the last half of the sample time period. In 2005, fifty Kentucky
PSC utilities served an average of 5,541 customers in 2005. This average included Kentucky-
American Water Company, which serves Lexington, KY a community of 268,000.

300,000 + - 66,000

4

250,000 - - 64,000

200,000 3 - 62,000
150,000 60,000

100,000 - 58,000

Residential Accounts

50,000 - 56,000

Gallons Consumed per Account

54,000

—o— Residential Customers —#— Residential Consumption per Account

Figure 2.5. Kentucky regulated utilities’ account and consumption trends
Wisconsin Public Service Commission

The Wisconsin PSC regulates nearly 600 water utilities, including municipal utilities, and
thus has more observations than Kentucky. Most other states only regulate private (investor-
owned) water utilities and do not regulate their municipal systems. Wisconsin utilities are
classified by size: 68 Class A-B utilities defined as having more than 4,000 customers; 156 Class
C utilities defined as having between 1,000 and 4,000 customers; and 346 Class D utilities with
fewer than 1,000 customers (Schmidt 2004).

The databases collected consisted of data from 1982 to 2005. The data prior to 1989 was
inconsistent, therefore analysis focused on the data were available for the period between 1990
and 2005. In 2005, five hundred and seventy-nine Wisconsin PSC regulated utilities served an
average 1,995 customers each. As with Kentucky utilities, there was a steady growth in
customers and a clear negative trend in usage per customer. On average, water usage per
customer declined 720 gallons each year over the 16 years analyzed. Figure 2.6 summarizes the
trends for customer accounts and usage per customer.

©2010 Water Research Foundation. ALL RIGHTS RESERVED



18 | North America Residential Water Usage Trends Since 1992

1,400,000 80,000
1,200,000 70,000 é
£ o
£ 1,000,000 60,000 <
g 50,000 &
£ 800,000 - 5
= - 40,000 g
= 600,000 - =
S - 30,000 2
2 3
g 400,000 7 - 20000 o
S
200,000 - - 10,000 =
O

0 T T T O

T T T T
o Yo Yo Yo Yo ~p  ~p Sy
o, %o, 9 o 9, 9,

—o— Residential Customers —#— Residential Consumption per Account
Figure 2.6. Wisconsin regulated utilities account and consumption trends
Conclusion
The analysis of the Kentucky and Wisconsin PSC data served as a qualitative analysis of

easily obtained residential water usage data. Overall, the utilities regulated by the Wisconsin and
Kentucky public service commission (PSC) exhibited similar declining residential usage trends.
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CHAPTER 3
REGIONAL CHARACTERISTICS

OVERVIEW

The purpose of the regional component of the study was to identify and characterize
regional variations in water-usage trends. The study developed partnerships with 11 utilities
located in nine U.S. states and one Canadian province (Table 3.1). Study participants provided
aggregate annual residential usage data and participated in in-depth interview sessions. Nearly all
reported a long-term decline in water usage per customer, but the analysis showed considerable
variation among utilities.

Residential Consumption Analysis

The study requested 30 years of annual account and usage data from each partner. The
period of data provided varied according to the utility’s specific record-keeping protocol and the
availability of historical records. All partners were asked to provide a minimum of 11 years of
residential usage data. Water-usage data for other customer classes (multi-family, commercial,
and industrial) were requested but were not available in all cases.

To gain further insight into the relationship among the utility’s specific characteristics,
customer behaviors, and historic consumption trends, each partner participated in an in-depth
interview. Interviews explored the partner’s customer-classification practices, rate structures,
conservation practices, and water-quality issues. A case study report on each partner includes
interview results and general data analysis. Full case studies are found in Appendix B.

Table 3.1
Partner Utilities

Utility

Location

The City of Calgary

Greater Cincinnati Water Works
Cleveland Division of Water
Dallas Public Utilities

Las Vegas Valley Water District
Louisville Water Company

South Central Connecticut Regional
Water Authority

Philadelphia Water Department
Phoenix Water Service Department
Saint Paul Regional Water Services
Seattle Public Works

Calgary, Alberta Canada
Cincinnati, Ohio
Cleveland, Ohio

Dallas, Texas

Las Vegas, Nevada
Louisville, Kentucky

New Haven, Connecticut

Philadelphia, Pennsylvania
Phoenix, Arizona

Saint Paul, Minnesota
Seattle, Washington

19
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Climate Variables and Utility Population Demographics

As in the national analysis, the regional analysis utilized climate measurements — the
annual precipitation and temperature averages for each partner obtained from the NOAA and
Environment Canada. The partner utilities were located across seven precipitation zones and
four temperature zones.

The partners were publicly-owned utilities serving urban communities with populations
greater than 350,000. All partners except for New Haven and Saint Paul Regional Water Services
(Saint Paul) served populations greater than 500,000. All the partners utilized surface water
(lakes and rivers) as their primary water source. One utility, Las Vegas Valley Water District,
relied on a purchased water supply. Many of the partner utilities indicated they used ground
water to supplement their primary water supply or to meet peak demands. Table 3.2 summarizes
the distribution of those observations across the five utility and climate characteristics.

Table 3.2
Overview of partner utility characteristics
i\;erl;sgf Annual Primary Population

Partner Utilities Precipitation Ownership Water P

Temperature Range (in) Source Served

Range (°F) g
The City of Calgary 30-40 9-135 Public Surface 900,000
Greater Cincinnati Water Works 50-60 36-45 Public Surface 813,000
Cleveland Division of Water 40-50 36-45 Public Surface 1,500,000
Dallas Public Utilities 60-70 27-36 Public Surface 1,314,800
- . Purchased
Las Vegas Valley Water District 50-60 4.5-9.0 Public 1,100,000
Surface

Louisville Water Company 50-60 45-63 Public Surface 836,926
South Central Connecticut .
Regional Water Authority 40-50 45-63 Public Surface 389,300
Philadelphia Water Department 50-60 36-45 Public Surface 1,600,000
Phoenix Water Service
Department 60-70 18-27 Public Surface 1,533,582
Saint Paul Regional Water
Services 40-50 27-36 Public Surface 414,735
Seattle Public Works 50-60 63-81 Public Surface 629,000
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ANALYSIS RESULTS

The 11 utility partners had a combined population of more than 11 million residents. To
calculate average water usage, each utility’s annual residential water usage was divided by the
average number of residential customers (households). Several trends emerged. There was
considerable variation among utilities, with the average Dallas customer using over twice as
much water as the average Seattle customer. However, nearly all the utilities reported seeing a
slow, long-term decline in water usage per customer.

Residential Consumption Analysis

Because the period of data provided by each utility varied, descriptive analysis focused
only on the usage data provided from 1996 through 2005. The median and mean annual usages
per account for all the partners were very close, 102,985 gallons to 103,614 gallons per year
respectively, with a standard variation of 21,544 gallons. However, average residential water
usage per household varied widely among the partner utilities. Las Vegas reported the highest
annual water usage per customer, 203,483 gallons, and Seattle reported the lowest, 61,593
gallons. Table 3.3 presents the descriptive statistical summary of the annual residential usage per
account for each partner from the years 1996 through 2005. Figure 3.1 provides an overview of
the regional partners residential usage.

To illustrate the historic trends in residential usage per customer for each partner, a box
plot was constructed, shown in Figure 3.2. The box plot graphically represents the dispersion of
the usage data for each partner, displaying the second quartile, 50" (median), third quartile, and
mathematical outliers.

Table 3.3
Descriptive residential consumption statistics for the eleven partner utilities (1996-2005)
Number
Mean* Standard Median* Sta_ndgrd Sa_mple Range* Minimum* Maximum* of
Error* Deviation*  Variance*
Records
Calgary 79,525 939 79,742 2,301 6,792 75,815 82,606 477,151 6
Cincinnati 69,822 1,489 70,723 4,710 14,272 63,242 77,514 698,217 10
Cleveland 77,341 2,059 76,783 6,510 16,984 68,481 85,465 773,410 10
Dallas 124,147 3,312 123,048 10,474 33,126 111,070 144,197 1,241,472 10
Las Vegas 203,483 6,816 206,383 21,555 73,189 161,167 234,357 2,034,831 10
Louisville 71,236 1,046 71,076 3,307 12,067 66,364 78,431 712,363 10
New Haven 109,558 1,693 110,943 5,353 15,877 102,274 118,152 1,095,575 10
Philadelphia 82,764 919 82,505 2,906 9,448 78,431 87,879 827,637 10
Phoenix 160,844 2,712 163,860 8,576 26,032 143,988 170,020 1,608,439 10
Saint Paul 92,526 1,820 92,636 5,146 15,355 85,815 101,169 740,208 8
Seattle 61,593 1,418 61,559 4,484 13,837 53,634 67,471 615,933 10
Average Overall | 102,985 2,202 103,614 6,848 21,544 91,844 113,387 984,112 9

* Denotes gallons per year
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Regression Analysis

Simple statistical models revealed the trends in average water usage across the 11 partner
utilities. As with the national sample, each of the utilities was coded by precipitation zone,
temperature zone, and water source. All the partner utilities were publicly owned so there was no
need for an ownership variable. The number of residential customers (households) was used as a
measure of utility size. Only partial data was available on their industrial water sales, and
therefore that variable could not be included in this statistical analysis. Also included were the
Palmer Drought Severity Index for the region associated with each utility, as well as a quadratic
term to allow for a possible nonlinearity between soil moisture and residential water usage.
Drought data was not available for Canada, so data was obtained from nearby Montana.

As with the national survey, two statistical models were used, and the results are
summarized in Table 3.4. First, the OLS was used to run a simple regression of average water
usage against climate, institutional, size, drought, and trend variables. Second, a simple fixed
effects model on the panel was used, letting the change in intercept for each utility pick up the
time-invariant place characteristics. All coefficients were statistically significant in both models,
except for the quadratic term on the drought variable. Since there were fewer utilities in the
sample, there was less variation in the categorical variables than with the stratified random
sample used in the national survey model.

It is important to note that the estimated coefficients on the time variable were large and
statistically significant in both specifications. The coefficient estimate was -427.9 in the OLS
model and -389.9 in the fixed effects model, a difference of only 38 gallons per year. Clearly,
both models show that the partner utilities have experienced similar declines in water usage per
residential customer. The degree of the decline was of similar magnitude as that estimated for the
national component of the study, although less than that observed by the PSCs in Kentucky and
Wisconsin. The average annual customer usage for the complete partner data set was 86,012
gallons per year. Thus, the estimated annual decline for the utility partners was between 0.44 and
0.50 percent annually, or between 14 percent and 16 percent if compounded over 30 years.
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Table 3.4
Regression results

Average Water Usage per Single-Family Residential Customer
11 large urban water utilities, mixed time ranges from 1975 to 2007

(2) Panel Model
Variable (1) OLS with Fixed Effects

Precipitation zone -7,195***
(844.3)
Temperature zone 16,682***
(1,818)
Water source -54,852***
(2,956)
Number of customers -0.0401*** -0.0463**
(0.0110) (0.0182)
Drought index -2,375%** -1,562***
(698.7) (245.9)
Drought index squared 291.3 101.7
(230.2) (78.51)
Time -427.9%** -381.9***
(151.2) (61.70)
Constant 154,502*** 103,830***
(7,973) (3,371)
Observations 264 237
R-squared 0.614 0.370

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

INTERVIEW SYNOPSIS

Each study partner participated in an in-depth interview. Interviews specifically explored
the utilities' customer-classification practices, rate structures, leakage management approaches,
and conservation practices. The information obtained from the interviews provided insight into
the impact of the changing water-usage patterns, the utility’s ability to respond to emergencies,
water quality, and system design. Tables 3.5 and 3.6 provide an overview matrix of the case
study results. Full case studies can be found in Appendix B.

Customer Classification

Because of the lack of a standardized customer classification policy, utilities employ
various classification practices. This classification issue has implications on studies of water-
usage patterns because accounts used for commercial establishments are blended with accounts
used primarily for residential purposes. This also contributes to the difficulties encountered when
attempting to differentiate single-family consumption from multifamily consumption.

In 2005, the University of Louisville conducted a study to examine the extent of this
classification issue. The study examined a random sample of 500 commercial customers and
found that the sample contained 162 premises with 1,528 house units. The majority of
commercial premises identified as residences were multifamily rental or condominium
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properties. The sample results imply that about 15 percent of all housing units in Jefferson
County are counted under the commercial, rather than residential, customer class in the LWC’s
database (Coomes et al. 2005).

In this current study, customer classification practices varied from location to location in
the partner utilities. Typically, partners utilized meter size to determine customer classification,
therefore removing the need for strict customer classification practices. As a result, utilities
grouped multifamily accounts in with commercial, residential, or industrial customers. In
addition, many utilities do not charge different rates based upon customer classification, which
further negates the need for a concerted effort to reevaluate customers’ current classification.

Some utilities have recognized this classification issue and have begun proactively
addressing the problem. This is done either when utilities are updating billing systems or when
converting customers to an Automatic Meter Reading (AMR) System. Recently, the Calgary
Water Service separated multi-family customers into a unique rate code because of different
consumption witnessed in multi-family accounts.

System Design and Water Quality

Interviewers investigated whether, and to what extent, changing water consumption rates
influenced distribution system operations, long-term infrastructure planning, and water quality. All
respondents indicated changes in consumption patterns had limited affect on the quality of water
provided or on their ability to respond to emergencies within their communities. These statements
were validated through the Environmental Protection Agencies Safe Drinking Water Information
System (SDWIS), which compiles health and monitoring violations for all water utilities. The
majority of reported violations for the 11 partners were monitoring and reporting in nature.

A few utilities indicated that changes in flow conditions had influenced their water
treatment and distribution systems designs. In those cases, utilities reported that it was actually a
retention-time issue, not low flow, that had influenced changes in pipe and storage tank sizing
and pump curve selection. Water age had been a longtime concern for these utilities, and they
were exploring new ways to address the issue.

Utilities did indicate recent expansions of infrastructure to meet growth or to expand
services to surrounding communities. In particular, Cincinnati, Cleveland, and Louisville have
expanded water infrastructure capacity to surrounding communities in search of future revenue
streams. All three of these utilities have ample water sources.

Demand-Side Conservation

The recent water shortages witnessed in Georgia, Florida, and California exemplify the
need for conservation-planning measures at the local, regional, and state levels. In this study, the
intricacies of the local conservation plans and regulation programs implemented by the partner
utilities varied. They ranged from offering conservation educational material through the utility’s
Web site to distributing conserving plumbing fixtures or offering rebates to customers to purchase
these fixtures. Table 3.7 outlines the conservation programs implemented by each utility.

For a number of partners, water-allocation problems are more difficult than ever due to
increased populations, periodic droughts, groundwater depletion, water-quality degradation,
land-use concerns, and competition among water users (agriculture, recreation, urban drinking
water, and industrial use). In the study, two partners were located in the arid southwestern
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United States: Las Vegas and Phoenix. In these two areas, water-conservation policies and
regulations have become a priority because recent population growth has been compounded with
limited water supplies, increased litigation over surface and groundwater sources, and water
quality issues (Billing et al. 2008).

Of special note, Arizona state law requires the Arizona Department of Water Resources
to designate the adequacy of each municipality to support the water demands of proposed
development projects. In 1998, Arizona Department of Water Resources approved Phoenix’s
application for a designation of assured water supply for the next 100 years (PWSD 2005b).

There is a variety of demand-side conservation programs employed in the industry today.
Below are short descriptions of the most common ones.

e High-efficiency washing machines are designed to save water and energy. Water
utilities provide customers using high efficiency-washing machines with rebates
in various forms.

e Meters are installed at existing customer sites where currently no meter exists.
These programs also require installation of water meters at all new construction
sites. Such programs sometimes add meters to individual units in a multi-family
building where there was previously only a master meter (CUWCC 2005).

e Low-flow shower heads and other water-efficient plumbing devices are provided
to the customer through various types of incentive programs.

e Residential home surveys target both indoor and outdoor water use. In practice,
home surveys usually imply a site visit by trained staff members who solicit
information on current water-use practices and make recommendations for
improvements. Sometimes indoor plumbing retrofit devices are directly installed
when appropriate. The outdoor portion of the survey can vary widely, ranging
from an intensive outdoor efficiency study to provision of a brochure on outdoor
watering practices (CUWCC 2005).

e Ultra-low-flush (ULF) toilets are toilets using no more than 1.6 gallons per flush,
and High Efficiency Toilets (HETS) are toilets using no more than 1.28 gallons
per flush. HETS include dual-flush fixtures. Various incentive programs are used
by water utilities to promote the installation of ULF toilets and HETSs.

e Commercial — Institutional and Industrial Surveys/Audits can range from short
“walkthroughs” to sophisticated water-efficiency studies. Customers are targeted
with a marketing strategy and incentives. Recommendations are made to reduce
the water consumption at the facility (CUWCC 2005).

Federal Regulations

On Jan.24, 2007, the Environmental Protection Agency announced that it is releasing a
final specification for the latest generation of water-saving, high-efficiency toilets. Those toilets
that use fewer than 1.28 gallons per flush and meet performance standards for quality will
qualify for EPA’s WaterSense label to help consumers make informed buying decisions about
water-efficient products. During the development of its WaterSense program, EPA analysts
determined that toilets represented a significant target for its water-efficiency activities. Toilet
usage accounts for nearly one-third of home water consumption. It is estimated that the
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installation of high-efficiency toilets can reduce total household water consumption by about 10
percent (AMWA 2007).

On Feb.8, 2007, the EPA announced that it is developing similar product-performance
criteria for high-efficiency bathroom sink faucets. Residential bathroom and kitchen faucets
account for approximately 15.3 percent of indoor residential water use in the United States
(AMWA 2007). The Energy Policy Act of 1992 originally set the maximum flow rate for both
lavatory and kitchen faucets at 2.2 gallons per minute. Research based upon the standards set by
the 1992 act estimate that public water demands will be reduced by 5 percent by 2010, climbing
to an 8 percent water reduction by 2020 (Dickinson et al. 2003).

Rate Structures and Demand-Side Conservation

As indicated previously, water rates are believed to be an effective tool for reducing
water use in states and cities faced with drought, shrinking water supplies, or other reasons to
conserve water. However, in most locations this strategy appears to have been ineffective
because the pricing structures are not aggressive and the incremental price increases are virtually
unnoticeable to customers (WRA 2003). A majority of the partner utilities had implemented
increasing block rate pricing structures.

Analysis of the marginal price curves of the rate structures revealed differences in the
utilities’” price incentives. Each utility’s rate structure has a unique marginal price curve. The
marginal price curves represent the change in the unit prices of water as consumption levels
increase. In an increasing block rate structure, the marginal price curves move upward in a
“staircase” manner, with each “stair” representing each block rate. Plotting all of these marginal
price curves on one graph exposes the distinct economic effect of each price structure (WRA
2003). Table 3.8 provides a breakdown of partner utilities rate structures. Figure 3.3 illustrates
the significant differences between increasing block rates, declining block rates, uniform, and
seasonal rates implemented by the partner utilities.

Seattle’s 2007 “inside” rate structure showed the steepest marginal price curve of the
partners. The steepness was attributed to the sizeable incremental increases in each block price,
the number of blocks, and the relatively low “volume triggers” for each block. Seattle is an
example of an aggressive increasing block rate structure. Seattle also had the lowest average
usage per residential account among the partner utilities.

While the increasing block rate structure is the typical choice for encouraging
conservation, it may fail to provide revenue stability for the utility (AWWA 2000). The setting
of the block volumes and prices is integral to this strategy’s effectiveness. Although the majority
of water providers in the study implemented an increasing block rate structure, many of the block
prices in these structures appear to be set too low to be effective. This ineffectiveness is
compounded if the incremental price increases from block to block are negligible (WRA 2003).
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Table 3.5
Case Study Matrix
Residential
Utilitiy Rate Structure Customer Classification Conservation Consumption
(Period)
Calgary A three-block Six customer classes: metered single family residential, |The city of Calgary has numerous conservation policies Declining
declining rate flat rate residential, multi-family residential, metered currently in place: water efficiency plan, toilet rebate (1975-2001)
structure. general service, irrigation, and outside city customers. program, rain barrel promotion, indoor water saver Kits,
outdoor water saver Kits, school education programs,
and water conservation report.

Cincinnati A three-block Seven customer classes: commercial, free, industrial, Water is plentiful in the Cincinnati region, and no local Relatively flat
declining rate structure |interdepartmental, residential, welfare, and wholesale. conservation policies are currently in place. GCWW (1993-2006)
for all customer does provides educational materials for customers via
classes. the department's website.

Cleveland A two-block inclining |Customer classification system is based upon meter size. |Water is plentiful in the Cleveland region, and no local Declining
rate structure. The general rule of thumb is that meters less than or conservation policies are currently in place. CWD does (1977-2006)

equal to I are classified as residential. Those accounts  |provides educational materials for customers via the
with meter sizes greater than 1.5 are classified as department's website.
commercial.
Dallas A four-block inclining |Five customer classes: residential, general service, DWU conservation program focuses on outreach Increasing
rate structure. municipal, optional general service, and wholesale. initiatives (minor plumbing repair ,toilet voucher and (1996-2006)
irrigation system inspection programs) and education
and outreach initiatives.
Las Vegas A three-block inclining|Customer classification based upon meter size and LVVWD conservation program focuses on watering Declining

system.

customers indicated function of the property. Currently
there are 15 customer classes

and turf limits and restricitions. LVVVWD offers rebates
and services through Southern Neveda Water Authority
and has an intensive education and outreach intiatives
program.

(1978-2007)

None of the partners indicated that changes in household usage affected the water quality nor their ability to respond to emergencies.
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Table 3.6

Case Study Matrix continued

Residential
Utilitiy Rate Structure Customer Classification Conservation Consumption
(Period)
Louisville A hybird (inclining Seven customer-billing classes: residential, commercial, |Water is plentiful in the Louisville region, and no local Declining
and declining) seven- |industrial, fire hydrant, fire service, municipal, and conservation policies are currently in place. The LWC (1975-2005)
block rate structure.  [wholesale. does provides educational materials for customers via
The first three blocks the department's website.
service all residential
customers.
New Haven Two-block declining |Five customers classes: residential, commercial, The SCCRWA provides water audits for large Relatively flat
rate structure. industrial, public authority, and fire protection. commercial and industrial customers to promote water (1977-2006)
conservation. They provide residential customers
educational materials.
Philadelphia Four block decling rate|Classification by meter size: small meter accounts equal |The Water Conservation Assistance Program (CAP) is Declining
structure. <1”, and large meter accounts for meters >1”. designed to reduce water waste through repairing (1985-2006)
plumbing and installing water conservation devices.
CAP also offers conservation literature to customers.
Phoenix Seasonal uniform rate |Classification based upon meter size. Currently, there are |Water Conservation Plan (WCP) focuses on five areas: Declining
structure. over 40 customer classification types utilized by the education and public awareness; technical assistance; (1991-2006)
department, 87 percent are single family. regulation; planning and research; and interagency and
intra-city coordination.
Saint Paul Seasonal uniform rate |Customers are classified as either domestic or For resiedntial customers SPRWS provides educational Declining
structure. commercial. All services meters one-inch and smaller are |materials. (1975-2005)
typically classified as domestic accounts.
Seattle A seasonal three block | Ttwo customer classes: residential and commercial. The |SPU conservation program focuses on higher marginal Declining

inclining rate structure.

residential class includes single-family and duplex
households. The commercial class serves as a catchall for
all other accounts.

rates in the summer peak season, aggressive water
conservation programs, efficiency standards for water
fixtures, and improved system operations.

(1984-2006)

None of the partners indicated that changes in household usage affected the water quality nor their ability to respond to emergencies.
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Table 3.7

Conservation measures implemented by partner utilities

Measurement Calgary Cincinnati Cleveland Dallas Las Vegas Louisville New Haven Philadelphia Phoenix Saint Paul  Seattle
Implemented Conservation Yes No No Yes Yes No Yes Yes Yes Yes Yes
Measuresments
Efficient Showerhead Yes No No Yes Yes No No Yes Yes No Yes
Program
Low Flow Toilet Program Yes No No Yes No No No Yes No No Yes
Water Conservation Fixtures No No No Yes Yes No No Yes No No No
Rain Barrel Yes No No No No Yes No No No No No
Irrigation Ordinance No No No Yes Yes No No No Yes No No
Leak Detection Yes No No Yes Yes No No Yes Yes No Yes
Metering Testingrepair and Yes Yes No Yes Yes No No No No No No
replacement
Public Education Programs Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes
Xeriscape lawn replacement No No No No Yes No No No No No No

program
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Table 3.8
2007 Water rates and surcharges for residential accounts

s 2007 Rate Fixed Service Consumption Rate: per 1,000 gallons of  Additional Rates
Partner Utilities
Structure Charge water consumed or Fees
Calgary Uniform $10.74/month $3.86
Cincinnati Declining $8.17/month” $2.23 for the first 14,960 gal. Fire
Block Rate $1.78 next 433,840 gal. Protection:
$1.59 for over 448,800 gal. ~ $10.56/month
Cleveland Inclining $2.33/month $1.16 first 7,480 gal.
Block Rate $2.49 for over 7,480 gal.
Dallas Inclining $4.24/month” $1.49 first 4,000 gal.
Block Rate $2.43 next 6,000 gal.
$3.37 next 5,000 gal.
$4.32 for over 15,000 gal.
Las Vegas Inclining $4.04/month $1.10 first 5,000 gal.
Block Rate $1.89 next 5,000 gal.
$2.62 next 10,000 gal.
$3.48 over 20,000 gal.
Louisville Mixed $5.65/month” $2.03 first 3,000 gal.
declining and $2.22 next 3,000 gal.
inclining $2.50 next 194,000 gal.
$2.36 next 1,300,000 gal.
$2.16 next 3,500,000 gal.
$1.58 next 5,000,000 gal.
$1.44 for over 8894000 gal.
New Haven Declining $17.75/month” $3.10 first 748,000 gal.
Block Rate $2.35 next gal.
Philadelphia Declining $4.88/month” $2.91 first 14,960 gal.
Block Rate $2.31 next 733,040 gal.
$2.05 next 14,212,000 gal.
$1.54 for over 14,960,000 gal.
Phoenix Seasonal $4.69/month” Dec.-Mar. $2.20 for over 4,448 gal.  Environmental
Inclining (includes 4,488 gal. Apr., May, Oct, Nov. $2.63 over 4,448 gal. Charge:
Oct.-May and 7,480 June-Sept. $3.34 over 7,480 gal. $0.33 per
gal. June-Sept.) 1,000 gal.
Saint Paul Seasonal $0.00/month June-Nov. $2.62 first 748,000 gal.  Yearly Testing
Uniform June-Nov. $2.54 for over 748,001 gal. Fee:
Dec.-May $2.49 gal. first 748,000 gal. $0.53/month

Dec.-May $2.41 for over 748,001 gal.
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Table 3.8 Continued

#: Average between 5/8 and 3/4 sized meters
$ Inside Seattle Customer

% Inside Cincinnati Customer
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Rate per 1000 Gallons

Comparing Marginal Price curves for 2006
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Distribution-Side Conservation

As water-generated revenues continue to decrease, water utilities are increasing efforts to
account for and bill for all water produced. To identify lost water revenues, some utilities are
implementing distribution-side conservation programs, also known as water-loss control
programs. While these programs are not pervasive throughout North America, the programs can
result in multiple benefits to the water utility and the environment (Sturm 2007). For example,
the U.S. Geological Survey (1998) identifies 6 billion gallons per day as the amount of “public
use and loss,” an amount of water sufficient to supply the 10 largest U.S. cities.

Due to the current lack of standard reporting methods, it is difficult to quantify the
amount of water lost in U.S. distribution systems (Sturm 2007). The most commonly employed
water loss-performance indicator (percentage ratio of water losses in relation to the total system
supply) is highly unreliable and translates nothing about water volumes and cost, the two most
important parameters in water-loss assessments (Kunkel et al. 2003). As a result, the majority of
U.S. water utilities only apply reactive leakage management practices (Sturm 2007).

Water-loss control programs vary from utility to utility, since they are tailored to the
needs and specific characteristics of the utility. However, in general there are three major
components in a water-loss control program. The first is the water audit phase, which is
complemented by a component analysis of real losses, the assessment of the economic optimum
volume of real losses, and the design of an appropriate intervention strategy. It is paramount for
the success of any intervention program or any investment in leak detection equipment, no
matter how expensive and sophisticated the equipment might be, that the utility has undertaken a
detailed water audit in order to gain the necessary understanding of its water losses (Sturm
2008). The next step is the intervention phase, which is followed by the final phase of result
evaluation.

Having a reliable water audit is the foundation of proper resource management for
drinking water utilities. The Water Loss Control Committee (WLCC) of the American Water
Works Association (AWWA) recommended both the IWA Water Balance and the IWA
Performance Indicators in their Committee Report (Kunkel et al. 2003) as the current industry
best practice for assessing water losses. The method accounts for all water as either consumption
or losses. The water audit standards can help utilities uncover a number of shortcomings that can
be corrected to recover lost water and revenue (Billings et al. 2008). Table 3.9 outlines the
AWWA standard water balance methodology.

Although nearly all the partner utilities implemented water audits, no common water
audit format was used. Only the Philadelphia Water Department implemented the water audit
methodology recommend by the AWWA.
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Table 3.9
IWA/AWWA Standard water balance

Billed Water Exported

Billed Un-billed  Metered
Authorized Authorized Consumption Revenue Water
Consumption

Un-billed  Un-metered

Authorized Authorized Consumption

Consumption

Un-billed  Metered

System Input Un-billed Authorized Consumption
(Corrected) Authorized
Consumption Un-billed  Un-metered

Authorized Consumption
Non-Revenue

Unauthorized Use Water
(including theft of water)

Apparent Losses

Water Losses -
Consumption Meter Error

Real Loss
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CHAPTER 4
LOCAL BEHAVIOR

INTRODUCTION AND STUDY OBJECTIVES

Over the past decade, water managers have become increasingly concerned about the
causes of declining water usage among their households. For example, water usage for the
average customer peaked in late 1988 at around 7,000 gallons per month for the Louisville Water
Company, but today that number is just 5,600 gallons per month, a decline of 20 percent.
Suggested explanations for the decline include wetter weather, new water-conserving appliances,
declining number of people per residence, classification anomalies (multifamily residences
counted under commercial customer category), and measurement problems (deteriorating
meters). These factors would cause water usage per residence to fall, but the relative magnitude
of each impact is unknown.

Understanding the root causes of the decline in water usage is complicated by competing
factors that typically increase usage. Household incomes continue to rise, leading to more luxury
water features and less sensitivity to price. Lawn-irrigation systems are now commonplace, and
these can easily use as much water as all indoor uses combined. These and other factors
complicate the identification of underlying causes and their associated effects on residential
water usage.

To investigate the causes of residential water usage decline, a local end-use study was
conducted for the Louisville Water Company (LWC) service area. This study built on the 1999
study by Mayer et al., which was thorough in its findings and widely disseminated by the
Foundation. However, the Mayer study noted that the 12 locations chosen for the survey work
“are not statistically representative of all North American utilities.” In fact, most of those study
sites were in the West or Southwest, with Waterloo, Ontario, and Tampa, Fla., the only eastern
cities included. Most of the U.S. population resides east of the Mississippi River, a generally wet
area where many utilities are more concerned with selling all the water they have rather than
with developing conservation and rationing schemes. Therefore, this study was intended to be an
extension of the Mayer study, using essentially the same methods and tools but applying them to
a typical, large urban water system in the middle of the country where the weather is
significantly wetter.

First, the study identified community usage trends and characteristics. A 48-question
survey was mailed to a stratified random sample of 1,002 LWC households. The mail survey
included questions about the type and number of water-using appliances in the home, types of
outdoor water usage, characteristics of the housing structure, number and ages of residents, and
education of the primary wage-earner.

With the characterization survey complete, 65 respondents were randomly selected to
participate in the data-logging phase, conducted jointly with Aquacraft Inc. of Boulder, Colo.
The loggers were installed on meters outside the homes for 14 days and recorded water flows
into the home at 10-second intervals. The resulting usage record was matched to the inventory
and flow signatures of water-using appliances in the home, enabling a detailed breakdown of
how and when customers used water. By focusing on the daily usage patterns of actual
customers, the study could record and measure the effects of demographics, water-conserving
appliances, and other factors.

37
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Performing the local-level study in a two-staged process enabled the development of a
robust database that combined water usage and demographic information with publically
available information from census tracts and tax records. With this combined information, it was
possible to measure the independent effects of:

Weather — local temperature, precipitation, and soil moisture

Demaographic factors - the number of people in the home and their ages

Housing vintage — age of home, as one measure of water infrastructure

Home value and size — as a proxy for income of household

Water-using appliances in home — inventory of number, type, and vintage

Seasonal behavioral patterns — snowbirds leaving for winter, students returning

from college, holiday usage differences

e Lot size, housing footprint on lot — a measure of potential lawn and landscape
watering

e Significant water features, such as swimming pools and fountains

By studying the water usage of a representative sample of households over an extended
period, researchers could directly observe the effects of changing weather and seasonal behavior,
while controlling for demographic, economic, and housing characteristics. The data obtained
from the survey and data logging were combined and used to develop statistical models to
identify and quantify important underlying causes of differential water usage by customer.

MAIL SURVEY DESIGN AND SAMPLING
Mail Survey

For the mail survey, 1,002 customers were randomly selected from a qualifying pool of
over 250,000 LWC households. The qualifying pool was first filtered from the total population
of 1.75 million bi-monthly customer billing records based on households who purchased water
for the full year and who used either 5/8- or 3/4-inch meters. For each selected customer, the
street address, meter size, customer type, and monthly or bimonthly water usage for 2005
through 2007 were obtained. The street address of each customer was subsequently matched to
2005 property tax assessment records to determine the assessed value of the real estate, age of
structure, square footage of home, and lot size. The purpose of the mail survey was to obtain
more precise characteristics of households than is generally available from public or water utility
databases. The survey collected information on indoor water fixtures, outdoor landscaping,
outdoor water fixtures, and household demographics. A copy of the survey is provided in an
appendix to this report.

Researchers used household size, house age, assessed value, water usage, and geographic
distribution by zip code to draw a stratified random sample of 1,002 residential water customers.
These customers were sent a letter from the LWC president asking for their help with the
research project. Included with the letter was the four-page survey instrument, provided in an
appendix to this report. The instrument was a slightly modified version of that used by Mayer et
al. (1999) in their seminal study of residential end uses of water. The LWC survey achieved a
response rate of 30.2 percent (n=302). Due to the limited timeframe to complete the local survey
and data-logging elements of the study, no follow-up letters or postcards were sent to survey
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non-respondents. Out of the respondents, 58 percent (N=178) volunteered to participate in the
data-logging phase of the study. Based on comparison of the data, the survey respondents were
suitably representative of the entire population.

MAIL SURVEY RESULTS
Housing Trends

The results of the mail survey and street-address matching provide insight into
community characteristics and how customers use water. Based on the demographic information
related to the street addresses, Figure 4.1 shows that most of the housing stock for the LWC
predates the federal mandates for water-conserving appliances legislated in the mid-1990s. In
fact, 4 out of 10 homes in the county were constructed between 1950 and 1969. However, those
that were remodeled during the last 15 years may well have water-conserving appliances.

Figure 4.2 provides an overview of the square footage of homes in the LWC community.
Over 40 percent of homes have less than 1,250 square feet, and two-thirds have less than 1,850
square feet. A very small proportion of homes are larger than 4,000 square feet. Home values
are roughly correlated with square footage, with two-thirds of homes valued at less than
$150,000, as shown in Figure 4.3. Water usage, however, is much more evenly distributed,
except at the extremely high end. There is roughly the same number of homes using just 2,000
gallons of water per month as there are those using 6,000 gallons. Only about 2 percent of homes
use more than 12,000 gallons per month, as shown in Figure 4.4.
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Indoor Water Fixtures

One of the primary objectives of the survey instrument was to explore the number and
types of water-using fixtures and appliances in the home. The survey respondents averaged 1.97
toilets and 1.27 bath/shower combinations per house. Over 99 percent of respondents reported
having some kind of clothes washer, and 92 percent were top-loaded compared to 7.4 percent
front-loaded. More than 66 percent reported having a dishwasher in the home, and 35 percent
reported having a garbage disposal, as shown in Table 4.1. Table 4.2 provides a comparison of
the saturation of top-loaded and front-loaded clothes washers, garbage disposals, and
dishwashers.

The U.S. Energy Policy Act of 1992 restricted household toilets to 1.6 gallons per flush
(gpf), and all faucet fixtures manufactured in the United States since 1994 restrict maximum
water flow at or below 2.2 gallons per minute (gpm). Several survey questions were designed to
assess the penetration of these low-flow fixtures in the survey population. Based on the data, 23
percent of respondents had at least one ultra-low-flush toilet (1.6 gallons per flush) in the
household, and 27 percent had at least one low-flow (water-conserving) showerhead in the home.
The extent of low-flow fixtures is detailed in Table 4.3.

The number of respondents who indicated renovation or replacements of indoor water
fixtures and infrastructure since 1994 varied. Nearly one-third of the respondents indicated they
had indoor plumbing work done since 1994. More than 59 percent indicated replacing kitchen
fixtures since 1994, while 60 percent indicated replacing bathroom fixtures. Survey results
related to these issues are detailed in Table 4.4.
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Table 4.1
Water using appliances or fixtures
] Indoor utility
# Toilets # Bath with Bathtub only Shower sink/garage
showers only sink
Mean 1.94 1.26 0.28 0.48 0.32
Median 2 1 0 0 0
Std. Deviation 0.87 0.57 0.60 0.56 0.59
Variance 0.76 0.32 0.36 0.31 0.35
Table 4.2

Saturation of garbage disposal, clothes washers, and dishwashers from local mail survey
Top-loading Front-loading  Dishwashing Garbage Disposal

wash machine  wash machine machine
Yes 92.2% 7.4% 66.4% 35.0%
No 6.4% 79.5% 29.7% 61.8%
NR 1.4% 13.1% 3.9% 3.2%
Table 4.3

Inventory of water-conserving bathroom fixtures
# of ultra-low-flush # of low-flow
toilets (1.6 gallons  (water conserving)

per flush) showerheads
NR 1.1% 2.8%
0 38.9% 40.3%
1 23.3% 27.9%
2 16.6% 15.5%
3 6.0% 1.4%
4 or More 2.8% 2.1%
Don't Know 11.3% 9.9%
Table 4.4

Renovated or replaced water-using fixtures since 1994
Plumbing pipes  Bathroom  Kitchen
(inside the house)  fixtures fixtures

Yes 32.2% 60.4% 59.4%
No 64.3% 37.8% 39.2%
NR 3.5% 1.8% 1.4%
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Outdoor Landscape

The survey also explored household irrigation practices employed for each type of
landscape. The survey instrument included specific questions to determine the percentage of the
household landscape dedicated to turf, gardens (flower or vegetable), and landscaped plants
(trees, shrubs, vines, groundcover, etc.). Irrigation practices employed during the winter and
summer months also were assessed, and more than 53 percent of respondents indicated that they
consistently watered their outside landscape. Of those, 8 percent indicated they employed a
contractor for maintaining outdoor landscapes. Only two respondents indicated that contractors
were responsible for watering outdoor landscapes.

The percentages of turf, gardens, and landscaped plants maintained by each respondent
ranged widely. More than 14 percent reported that turf made up “half or more” of their outdoor
landscape. Approximately 19 percent reported that gardens consisted of “less than 5 percent to
10 percent” of their outdoor landscape. About 21percent of respondents indicated that landscape
plants made up “less than 5 percent” of their outdoor landscape.

The water-irrigation practices associated with maintaining the outdoor landscapes also
ranged widely. Most indicated irrigating outdoor landscapes (turf, gardens, or landscape plants) a
few times per month, or twice or less per month. The third-most-common practice was to irrigate
twice a week. This was true for all three landscapes types. A breakdown of the percentage of
turf, garden, and landscape and the watering frequency are detailed in Figures 4.5 and 4.6.

Three respondents indicated using an alternative water source, directed roof water, in
addition to water purchased to meet outdoor water needs. Nine of the household respondents
indicated having an in-ground watering (irrigation) system. Out of those nine, two indicated the
presence of a weather-based irrigation controller (WBIC) or “smart” controller.
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Figure 4.6. Frequency of watering of outdoor features during the summer months
Outdoor Water Fixtures

The presence of outdoor water fixtures such spas, pools, or ponds found on the property
also may significantly alter water usage. Of the respondents, 4.9 percent (N=14) indicated the
presence of a spa or hot tub on the property. Of those, 57 percent (N=8) indicated the spa or hot
tub was filled year-round. Overall, 8 percent of the respondents indicated the presence of an
outdoor pool on the property. Typically, respondents with pools indicated the outdoor pools are
closed annually September through May.

Household Demographics

The survey asked respondents to report the number of adults living at the address who
were employed full-time outside of the home and the number of people living at the address, by
five predetermined age categories. The average number of residents was 2.24 per household. Of
special interest, the average number of adults per household for survey respondents was 1.89, but
the average number of adults working full-time outside of the home was 1.02. The summarized
responses to these questions are presented in Tables 4.5 and 4.6.

Another issue explored concerned the highest level of education achieved by the primary
wage-earner. The highest frequency occurred in the “some college or associate’s degree”
category, accounting for 30 percent of the respondents. Of the survey respondents, 36 percent
had achieved a bachelor’s degree or higher (masters or doctorate). The educational achievement
levels of the survey respondents are shown in Table 4.7.
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Table 4.5
Frequency distribution and mean number of residents

Adults  Teenagers OIQer Yo.u N9ET | nfants
Children Children
(>18) (age 13-17) (<age 3)
(6-12)  (age3-5) Average
1 83 23 22 11 9 Number of
2 158 8 5 1 2 People
3 27 2 1 _ 594
4 11
5 1
Mean 1.89 1.05 1.09 0.72 0.89
Table 4.6
Breakdown of number of adults working outside of the home
Percentage
0 324
1 37.2
2 26.0
3 2.4
4 0.7
5 0.3
NA 1.0
Mean 1.02
Median 1.00
Std. 0.90
Table 4.7

Level of education of respondents
Frequency Percent

Less than High School 18 6.4%
High School degree 70 25.0%
Some _Col,lege or 85 30.4%
Associate’s degree

Bachelor's Degree 55 19.6%
Master's degree 37 13.2%
Doctoral Degree 10 3.6%
NA 5 1.8%
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LOCAL USAGE DATA DESIGN AND SAMPLING

After the mail survey, the researchers conducted the data-logging phase of the local
study. Brainard 100EL data loggers were installed on 65 household meters for two weeks during
November and December 2007. The flow recorders captured water-usage data at 10-second
intervals, or 120,000 observations over 14 days. Of the 65 attempts, six failed due to meter pit
flooding and other problems related to installing the loggers. The 59 successful data loggers
were returned to Aquacraft in Boulder for analysis. Aquacraft used its proprietary TraceWizard
flow signature software to determine the nature and timing of all indoor water usages. They used
virtually the same process as work performed for the Foundation-sponsored “Residential End
Use” study (Mayer et al. 1999).

Trace Wizard

Trace Wizard is a software package developed by Aquacraft specifically for the purpose
of analyzing flow-trace data. Trace Wizard provides the analyst with powerful signal-processing
tools and a library of flow-trace patterns for recognizing a variety of residential fixtures. Any
consistent flow pattern can be isolated, quantified, and categorized using Trace Wizard,
including leaks, irrigation, and swimming pools. The Trace Wizard software is capable of
recognizing simultaneous events that occasionally occur in residential households. For example,
if someone is taking a shower after starting a load of laundry in the clothes washer, Trace Wizard
is able to separate these distinct events through a set of user-defined parameters.

Figure 4.7 shows a one-hour portion of a typical flow trace in Trace Wizard. The four light
blue spikes are clothes washer cycles. The first is the wash cycle, the second is a rinse cycle, and
the final two are rinsing during the spin cycle. The yellow events represent faucet use. Note that
the times shown on the graph’s x-axis are the time interval depicted in the graph. The Trace
Wizard graph has six time interval settings: 10 minutes, 20 minutes, 1 hour, 2 hours, 4 hours, and 6
hours. The analyst may use any of these “views” during the flow trace analysis process.

Figure 4.7 — Trace Wizard showing a one-hour view. Water events depicted include a two-
cycle clothes washer followed by two rinses and faucet use
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Usage Results

The flow trace analysis identified eight typical usage categories: toilet, clothes washer,
shower, faucet, leak, bath, dishwasher, and other. This analysis allowed researchers to quantify
the components of the daily water usage for a typical Louisville Water Company household.
Table 4.8 and Figure 4.8 provides an overview of the descriptive statistics by fixture components
for selected households. The data loggers collected information on 59 out of the 65 homes
selected for the study. Overall, the study revealed that toilets constituted the majority (28%) of
household consumption and clothes washers represented 22% of household consumption during
the study period. This is typical of results found in other end use studies (Mayer et al 1999).

Table 4.8
Descriptive usage statistic for Louisville household by water fixtures*

Clothes Dish Total
Toilet  Washer Shower  Faucet Leak Other Bath Washer Indoor

Mean 37.5 324 18.4 20.5 17.5 4.0 3.1 19 151.6
StDev 20.1 25.6 19.7 12.9 34.3 8.5 7.5 2.2 160.2

N 59.0 59.0 59.0 59.0 59.0 59.0 59.0 59.0 59.0
95% ClI 5.12 6.54 5.04 3.30 8.76 2.17 1.92 0.56 40.88
Median 34.0 25.8 12.7 18.1 4.2 1.0 0.0 14 135.8

* All measurements in gallons per day.

Figure 4.8. Pie chart comparing breakdown of daily usage by components
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LOCAL USAGE MODEL DEVELOPMENT

The data obtained from the household survey were combined with water usage and
property tax records to develop statistical models to explain the underlying causes of differential
water usage by customer. The purpose of the statistical models was to determine the magnitude
of the coefficients that relate measures of water demand factors (weather, demographic
characteristics, housing type, and water-using appliances) to differences in daily household water
usage. By estimating and interpreting these coefficients, it is possible to assess the importance
and ranking of these variables as they relate to water-usage trends.

Water Price

A recent study by Olmstead et al. (2007) investigates the sensitivity of residential water
demand to water price, finding that a 10 percent increase in price leads to a 3.3 percent decline in
water demand. That study focused on estimating demand-price elasticity under various block rate
structures among 16 water utilities. In the LWC case, there is very little variation in the price per
gallon for residential customers and hence price elasticity (and endogenous price determination)
is not of much interest. LWC has seven rate blocks, with the price per thousand gallons first
rising with usage, then declining for very large water users (commercial and industrial).
However, all residential customers fall into one of the first three blocks, with a very modest
increase in price as usage rises (Table 4.9 and Figure 4.9). Using the block rate structure, the
average monthly price could be computed for customers using between 0 and 30,000 gallons per
month, the largest water user in the sample. The average price was between $2.03 and $2.43 per
thousand gallons for all the customers, a growth of only one-fifth in price for a tenfold increase
in quantity. Clearly, the supply curve is very elastic with respect to price. Moreover, nearly all
households use between 1,000 and 10,000 gallons per month, meaning their average price varies
only between $2.03 and $2.28 per thousand gallons.

Figure 4.8 plots the average price per thousand gallons against the quantity of water used,
based on the company’s rate schedule. Since this summarizes the amount of water the company
is willing to supply at the prices shown, the relationship is considered the supply curve for
residential water in Louisville. The curve has a slightly cubic shape and is fitted almost perfectly
by the following equation:

PS =1.9413 + .04364 w - .00131 w? + .000013 w*

Water (w) is measured in thousands of gallons. The price schedule is predetermined, but
the average price depends upon the quantity chosen by customers.
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Table 4.9
Louisville Water Company rate structure as of Jan. 1, 2007
Thousand Cost per
Blocks Gallons Per Thousand
M onth Gallons

First <3 $2.03
Next 3 $2.22
Next 194 $2.50
Next 1,300 $2.36
Next 3,500 $2.16
Next 5,000 $1.58

AllOver >10,000 $1.44

5200 o 0 o

$1.50

$1.00

Price per thousand gallons

$0.50

$0.00
0 3.000 10,000 15.000 20,000 23,000 30,000

Gallons per month

Figure 4.9. LWC average price per thousand gallons

While in a technical sense the LWC employs increasing block prices, from a practical point
of view prices are uniform. Households are unlikely to know or care that the 5,599™ gallon in a
month costs $0.00222 while the 6,001™ gallon costs $0.00250. Water prices are low compared to
other household necessities, and the price penalty for using more water is very small. Moreover,
nearly all residential water meters in the LWC system are calibrated to round down to the nearest
whole thousand gallons. Hence, it is not feasible for a household to monitor usage to avoid tipping
over into the higher rate bracket. A further complication is that the LWC only bills on a bimonthly
basis (approximately) and so neither the LWC nor the customer knows how many gallons the
customer uses in a calendar month. In practice, the LWC applies the rate schedule that is stated on
a monthly basis to roughly two months of consumption. LWC adjusts for the longer timeframe by
doubling the break points on the rate schedule, implicitly assuming that billing periods are exactly
two months and that consumption is uniform between the two months.

Households could take action to conserve water, through capital investments or changes
in behavior, if they felt sufficient shock from higher monthly bills. But with households
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typically spending over $100 per month on telecommunications (cell phone, cable TV, Internet
service) the prospect of saving a few cents on a $10 monthly water bill would not induce many
people to install low-flow toilets, take fewer showers, or stop watering their landscaping. Hence,
for the following model development, it is assumed that in practice households recognize the
average residential water price ($2.10 per thousand gallons) as the uniform price of water.

Water Demand Factors

Given a constant water price, water demand can then be specified using Equation 4.1.
w=Zy+Doa+HB+Ad+pn+e (4.1)

where w = daily household water usage
Z = weather variable
D = household demographics and economic characteristics
H = physical characteristics of housing unit
A = types of water using appliance inside and outside the housing unit
u = differences in household water preferences not captured by the other variables
€ = represents the usual random error term due to measurement problems.

The specification assumes that p and ¢ are independent and normally distributed with
zero mean and variances o°, and o* .. Water demand is modeled as a function of the variables in
Z, D, and H, with the estimate coefficients providing the independent contribution of each factor
to water usage in the household.
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Figure 4.10. Average daily usage per month for surveyed residents
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Weather Influence

Household water usage is known to vary seasonally, with potentially large variations due
to abnormal weather events. Figure 4.10 shows average monthly water usage for the households
over the last three years of billing cycles. Note the flatness in usage during the period December
through March and the strong increases into the summer months, followed by a decline in the
fall. Outdoor water usage, especially for lawns and landscapes, is particularly high during the
summer growing season. In fact, the consistent water usage per residential customer in the
winter months has led many analysts to take that as a convenient measure of indoor water use
year round, with higher usage in the other months attributable to the addition of outdoor uses.
Year-to-year fluctuations in outdoor water usage are then attributed to variations in weather.

The fluctuations in water usage due to weather and seasonal demand were accounted for
in the statistical models by a number of methods. First, the monthly data on Louisville
temperature and precipitation was obtained from the National Oceanic and Atmospheric
Administration. Second, the monthly Palmer drought indexes for the Louisville area were
obtained. Finally, monthly “dummy” variables were included in the model to pick up any
regular month-to-month variation in water usage that is perhaps independent of weather. These
dummy variables would capture changing household behavior due to school schedules,
vacations, and holidays.

Table 4.10 provides three years of monthly observations on local weather variables. The
historical “normal” monthly precipitation and average temperature were subtracted from the
actual observations to create “deviation from normal” measures. While these measures did not
add much quantitative value to the statistical work, they did provide insights into the recent
weather history. In the 2005-2007 weather data for Louisville, the most important weather event
was the drought during the summer of 2007. Note that during this time precipitation was well
below normal while temperatures were above normal. The Palmer Modified Drought Index
(PMDI) and the Palmer Drought Severity Index (PDSI) measure the cumulative effects of
decreased precipitation and elevated temperatures through soil moisture. These indexes
generally range from -6 to +6, with negative values denoting dry spells and positive values
indicating wet spells. The PMDI and PDSI will have the same value during an established (long-
term) drought or wet spell, but they will have different values during transition periods. As
shown in Table 4.9, the PMDI indicated a drought during the summer of 2007 but wet conditions
during the summer of 2006.
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Table 4.10
Monthly weather measures, Louisville Airport

Precipitation (inches) Temperature (F) Palmer Drought Indexes
Total Deviation from Aver_age Deviation M od ified Severity
normal daily from normal (PMDI) (PDSI)
2005 January 5.07 1.57 38.40 4.70 3.60 3.49
February 2.35 -0.95 41.60 4.30 2.39 -0.28
March 3.85 -0.67 43.50 -2.60 1.78 -0.45
April 3.56 -0.47 58.80 1.80 1.13 -0.13
May 467 0.02 64.50 -1.50 1.14 -0.40
June 2.46 -1.22 77.00 2.70 0.03 -0.91
July 3.02 -1.04 79.60 1.30 -0.88 -1.02
August 7.17 3.86 80.80 3.80 1.18 133
September 132 -1.83 74.20 4.20 -0.44 -0.77
October 0.82 -2.04 60.50 2.10 -1.48 -1.44
November 3.53 -0.11 49.40 2.50 -1.67 -1.69
December 2.04 -1.63 34.00 -3.40 -2.23 -2.03
2006 January 453 1.03 44.20 10.50 -2.07 -1.44
February 1.82 -1.48 37.90 0.60 -2.32 -1.68
March 521 0.69 47.00 0.90 -1.60 -1.95
April 5.92 1.89 61.50 450 -0.39 -1.83
May 344 -1.21 65.00 -1.00 -0.81 0.28
June 6.11 2.43 73.70 -0.60 1.05 0.36
July 453 0.47 79.30 1.00 1.19 0.35
August 5.14 1.83 79.30 2.30 1.90 0.96
September 9.79 6.64 66.60 -3.40 4.23 2.66
October 431 1.45 55.70 -2.70 483 3.64
November 291 -0.73 49.10 220 462 3.37
December 3.14 -0.53 43.10 5.70 4.27 -0.21
2007 January 3.63 0.13 38.90 5.20 4,00 -0.18
February 2.90 -0.40 30.00 -7.30 340 -0.49
March 2.99 -1.53 55.30 9.20 1.44 -1.32
April 455 0.52 55.60 -1.40 1.67 -1.21
May 2.37 -2.28 70.50 450 -0.29 -1.73
June 158 -2.10 77.30 3.00 -1.96 -1.83
July 413 0.07 77.60 -0.70 -1.94 -1.59
August 161 -1.70 85.10 8.10 -2.93 -2.30
September 1.95 -1.20 76.40 6.40 -3.43 -2.66
October 8.86 6.00 65.90 750 0.60 1.23
November 244 -1.20 48.90 2.00 0.38 1.07
December 7.52 3.85 42.00 4.60 2.60 2.05

Source: National Climatic Data Center, for weather reporting station 93821. PDSI for Kentucky Central region.
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Demographic, Economic, and Housing Unit Influences

The influence of demographic, economic, and housing unit characteristics on household
water usage can be revealed using three years of customer water usage records, the detailed
household information from the mail survey (Spring 2007), and other housing characteristics
available from the local property valuation database (December 2005). The demographic
information of interest includes the number of persons in the household and their age
distribution. Economic variables include measures of the number of residents that worked
outside the home, the educational attainment of the primary wage-earner, and the assessed value
and the square footage of the home (as proxies for income).

The demographic information obtained from the survey in spring 2007 represents a
snapshot in time. There are some potential problems with mixing snapshot observations from
survey data with water-usage and weather data over the three-year, local-use study. Household
characteristics may have been different in 2005 than in 2007, and certainly any children in the
household would be three years older and possibly fall into a different age class in the model.
The household may have added a water-using appliance, such as a hot tub, at the end of the
period that was not in service to explain water usage at the beginning of the period. However, by
expanding the timeframe, information is available on month-to-month changes in household
water usage, obtaining statistical degrees of freedom to more tightly estimate the coefficients in
the model.

Water-Using Appliances

Many utilities have actively promoted the use of water-conserving fixtures as a method to
reduce household water use. While these fixtures are believed to reduce water usage, there has
been limited work to validate the claims or to investigate whether customers are compensating
for the lack of flow through other means, such as longer showers. Alternatively, swimming
pools and spas are believed to increase household water use, and they also are on the rise. The
influence of household water-using appliances was incorporated into the statistical model by
determining the penetration of these units into the housing stock. The mail survey posed specific
questions regarding water-using appliances, including the number and type of tubs and showers,
the type of outdoor watering used if any, and whether the customer had a swimming pool or an
outdoor hot tub or spa.

Local-Level Regression Model

Once the variables believed to influence household water usage were identified and
measured, an Ordinary Least Squares (OLS) statistical model was developed to assess the
influence of each on consumption. The model was estimated in stages, progressively adding
groups of variables, to reveal any sensitivity to coefficient estimates as the model broadened. In
this fashion, as more variable groups were added, the model became more complex. Ultimately,
the model included weather, demographics, economics, indoor appliances, and outdoor water
features variables.
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Table 4.11
Model variable descriptive statistics

Minimum Maximum Mean Stan_da_rd
Deviation

Average daily water usage  0.00 1101.69 14489  99.95
Average monthly precipitation  30.00 85.10 59.12 15.80
Average monthly temperature  0.82 9.79 3.92 2.05
Average Palmer Modified Drought Index  -3.43 4.83 0.64 2.33
Total number of residents  1.00 7.00 2.26 1.16
Adults  1.00 5.00 1.88 0.75
Teens 0.00 2.00 0.13 0.41
Grade-schoolers  0.00 3.00 0.15 0.47
Pre-schoolers  0.00 2.00 0.04 0.22
Babies and toddlers  0.00 3.00 0.06 0.31
Education level of primary wage earner (index)  0.00 6.00 3.17 1.30
Workers  0.00 5.00 0.99 0.88
Year home built 1900 2005 1962 21.38
Home built after 1991 (1,0) 0.00 1.00 0.10
Assessed value of home, 2005 ($000) $28.80 $628.52 $131.73 $64.86
Square footage of home (000)  0.49 5.69 1.52 0.64
Bathtubs with showers (count)  0.00 5.00 1.22 0.61
Bathtubs only, no showers (count)  0.00 5.00 0.16 0.45
Showers only, no bathtub (count)  0.00 2.00 0.34 0.50

Top-loading washing machine (1,0)  0.00 1.00 0.92
Front loading washing machine (1,0)  0.00 1.00 0.07
Water outdoor landscaping (1,0)  0.00 1.00 0.57
Swimming pool (1,0) 0.00 1.00 0.08

Outdoor spa (1,0) 0.00 1.00 0.05
Panel on 293 customer, monthly water usage data for 2005 through 2007, with total of 10,586 observations

During the model development, twenty-six variables were grouped into six “bins” and
were assessed over seven models. Table 4.11 provides descriptive statistics on all variables used.
Although many of the variables and bins created are self-evident, a discussion of the more
complex variables is presented in this section.

A dummy variable was created to indicate whether the home was built after 1994 and
therefore likely to have water-conserving appliances. Houses built in 1994 and after are assumed
to have the more modern appliances, reflecting federal requirements for manufacturers imposed
in 1993. It is possible, however, that houses built before 1994 may have been remodeled and
thus would follow trends associated with newer construction. Several analyses were conducted
to assess the influence of remodeling with respect to water usage, but the results were not
definitive due to household demographics and other factors changing during the post-1994
period. For example, a home built in 1950 might have been remodeled (and expanded) in 1995
when a subsequent owner’s children started attending school. Water-conserving appliances
would have been installed, but water usage could have risen because there were more water-
users (and possibly more bathrooms and other appliances) in the home. Hence, for this model,
only a simple measure of house vintage was included.

House vintage also can be an indicator for other non-observable variables.
Neighborhoods tend to attract residents with particular tastes in common. For example, new
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subdivisions tend to attract families with school-age children, and neighborhoods full of very old
homes tend to attract artists, students, and handymen, who are often unmarried. Neighborhoods
full of homes built in the 1930s to 1950s tend to be populated by a mixture of retirees and young
couples looking for starter homes. In other words, location may matter in ways that are not
directly measured by the survey results. Because neighborhoods tend to be defined by homes
built during a particular era, a proxy measure of neighborhood is the age of the home. The
statistical model thus includes the year in which the home was constructed as another
explanatory variable.

The square footage of the house and its assessed value were initially included in the
model variables. Both are presumed to be highly related to household income, since housing is a
normal good and people on average will consume greater housing as their income rises. Housing
quality can be inferred by calculating value per square foot. This could more precisely measure
the quality of construction, taking into better account that lower-income family units may live in
large, poorly-constructed homes and higher-income family units might live in smaller but very
well-constructed homes. However, the value-per-square-foot measure was not statistically
significant in any model estimated, whereas the square footage and assessed value measures
were consistently significant.

Because water-using appliances are believed to have a great influence on household
water consumption, it was important that the survey adequately capture the range and variety of
fixtures within the community. While the survey produced a rich database on all the water-using
appliances in each home, it was exceedingly cumbersome to include all permutations and
combinations in a causal model of daily household water usage. The number and types of
appliances in a home are highly correlated with each other and primarily a function of household
income and demographics. For example, a large family with a high income will likely buy a
large house with many bathrooms and very modern kitchen and laundry appliances. However,
there are variations in bathing and clothes-washing preferences among households that are
independent of income. Some people prefer baths to showers or front-loading to top-loading
clothes washers. Since water usage varies substantially among these choices, only the more
common household appliances were included in the regression models.

The outdoor water usage group contains three variables, including: whether the residents
water landscaping, whether they have a swimming pool, and whether they have an outdoor spa
or hot tub. The survey asked the methods by which the households watered their landscapes.
However, the more detailed the question, the fewer the number of responses available to estimate
the effects on total household water usage. For example, only eight persons in the sample
reported an automatic timer on their in-ground irrigation system. Eight responses are not enough
to reliably use in a statistical model. Hence, only the questions for which information was
generally complete throughout the full data set were included.

In experimenting with a household fixed effects model, it was observed that the
coefficient estimate on the number of teens in the household changed from a positive to a
negative number. This trend suggested that there was something unobservable that was
contributing to water usage but was inversely related to having teenagers in the home. Since
many families move, often to a new home, when children enter middle or high school, it is
important to account for the interaction effect of variables surrounding teenagers. To test for a
possible teenage interaction effect, interactions term between the number of teens and the age,
square footage, and value of the home was included in a separate model.
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LOCAL USAGE RESULTS

As discussed, a progression of seven models was used to assess the influence of each
factor on household water usage. The seven models were sequentially created and can be found
in Table 4.12, left to right, model numbers (1) through (7). By adding another bin of variables to
each progressive model, the stability of each variable between models could be assessed. Model
(7) provided estimates on all variables, including the interaction terms for teenagers and housing
characteristics.

As expected, weather was an important determinant of water usage, and the magnitude of
the effects was very stable across models. Monthly precipitation, however, was not
independently important, with presumably the importance of moisture picked up by the drought
index. A one-unit increase in the PMDI, indicating wetter soil conditions, led to 2.6 gallons less
water used per customer per day. A one-degree increase in temperature led to about 0.7 gallons
more in average daily water usage. Note that there is a 51-degree swing between the minimum
and maximum average daily temperature in the data set, and hence the model predicts a swing of
approximately 35 gallons per day in water usage over the seasons.

The demographic variables shed new light on household water usage in Louisville.
Model (2) is the simplest specification, controlling only for the total number of residents, not
their ages. Thus, the average water usage per person, ignoring the age profile, is about 36
gallons per day. In the remaining models (3) through (7), more detailed age variables are
included, and the number of adults, teens, and grade-schoolers in a home has clear independent
effects on water usage. In model (6) each adult contributes about 36 gallons and a grade-
schooler about 18 gallons of water demand. Based on the model (6), each preschooler adds
about 10 gallons per day to household water demand, though the coefficient estimate is of
marginal statistical significance. Contrary to Lyman’s (1992) work, the model estimates that the
number of babies and toddlers in the home has no independent effect on water usage.

In model (7), the interaction terms between teenagers and housing characteristics were
particularly interesting. The coefficients obtained in model 7 measure the strength of interaction
between variables only and thus should not be considered as a measure of usage. All housing
parameters were statistically significant, indicating that teenage water usage varies with the age,
size, and value of the home. This is consistent with the casual observation that many families
choose to move to a larger and more modern home when children enter the middle school and
high school years. Thus, from the coefficient estimates it is evident that teenagers in newer
homes use less water than teenagers in older homes, but those in larger homes use more water
than in smaller homes. As an example, a teenager in a 2,500-square-foot home built in 2005,
valued at $250,000, would use about 20 gallons less water per day than a teenager living in the
average home. This difference is presumably due to the improved efficiency of water appliances
in newer homes. However, only a few of the households in the sample reported teenage
residents, and thus these results must be considered exploratory and tentative, inviting future
research with a larger sample of households.

The number and characteristics of full-time workers in the home contributed to overall
customer water usage. In model (6) each full-time worker in the home is estimated to increase,
water usage by approximately 6.5 gallons. However, this variable is not as important as the
number of residents in the household. The education level of the primary wage-earner is
positively related to water usage and is highly significant statistically. Both of these variables, as
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well as the value of the home, are proxies for household income. As incomes rise, households
consume more water.

Results from model (6) suggest that newer, larger, and more expensive homes use more
water on average than older, smaller, and less expensive homes. This is likely reflecting the
higher incomes of those water customers, with more appliances and outdoor watering masking
the fact that the newer homes have more efficient indoor appliances. A dummy variable was
included for homes built after 1994 to determine if there is an independent downward shift in
usage after the federal conservation laws went into effect. After controlling for size and value,
homes built after 1994 use about 10 gallons per day less than those built before 1994.

Homes in the sample varied in value from $28,800 to $628,520, so the estimated
coefficient implies that the most expensive home consumed 100 gallons per day more than the
least expensive home. Homes in the sample varied between 494 and 5,687 square feet, and thus
the model (6) estimated coefficient implies that the largest home used 86 gallons per day more
water than the smallest home, after controlling for value.

An important result with respect to indoor water-using appliances was the effect of using
bathtubs that do not have showers. On average, a bathtub-only fixture in the home led to an
additional 14 gallons per day of water consumption. Homes that have only showers used nearly
8 gallons less than average. Top-loading clothes-washing machines also increased average daily
water usage relative to homes with front-loading or no washing machines.

Finally, in models (6) and (7) it is clear that outdoor watering and the presence of a
swimming pool or spa/hot tub have large impacts on household water usage. Landscape watering
adds 10 gallons per day, a swimming pool adds 65 gallons per day, and an outdoor spa or hot tub
adds 13 gallons per day. To put these estimates in perspective, for the average customer,
landscape watering would amount to 3,300 gallons annually, a pool would require 23,700
gallons, and an outdoor spa 5,400 gallons. These numbers represent 6, 45, and 10 percent,
respectively, of total average household water usage in a year.
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Table 4.12

OLS models of average daily water usage for the Louisville Water Company
OLS Models of Average Daily Water Usage, 293 Randomly Selected Residential Customers

@ @ (©)] @ ®) (©)] @
Average monthly precipiation (inches) ~ -0.0380  -0.0740  -0.0729  -0.0882 -0.0718 -0.0962 -0.109
(0.565) (0.510) (0.500) (0.495) (0.475) (0.459)  (0.458)
; Average monthly temperature °F)  0.767**  0.750%**  0.745%** (,737*** 0.739*** 0.728***  0.724***
o (0.308) (0.278) (0.273) (0.270) (0.259) (0.251)  (0.250)
Palmer Modified Drought Index (-4 to+4) -2.554*** -2 589*** .2 §]13*** .2 §12*** -2.594*** -2.599*** -2 5QQ***

(0496)  (0.448)  (0.439)  (0.435) (0.417) (0.403)

Number of workers 5.404*** 6.694*** 6.521***

(1.093) (1.055) (1.035)

Education level (Education indices) 7.883*** 3.400*** 3.593***

- (0.666) (0.660) (0.654)
= Year home built (Year) 0.226*** 0.176%**
@ (0.0515) (0.0529)
Built after 1994 (no, yes) -11.66*** -10.42%**

(3.492) (3.503)

Assessed value of home ($) 0.181%** 0.105%**

(0.0324) (0.0338)

Square footage of home (sq ft) 20.34*** 23.96%**

(2.871) (2.822)

Water outdoor landscaping (no, yes) 9.684***

(1.666)

; Swimming pool (no, yes) 65.19%**
b (2.982)
Outdoor spa (no, yes)) 13.62%**

(3.828)

(0.402)

6.508%**
(1.034)

3.655%**

(0.653)
0.325%**
(0.0562)
-13.19%%*
(3.548)
0.146%**
(0.0375)
17.05%%*
(3.212)

(1.675)
64.80%**
(2.974)
14.89%%*
(3.837)

Constant  109.5*** 29 ,22** 13.09 -11.35 -484.5*** -394, 1%** -§79.2%**
(13.03) (11.88) (11.71) (11.78) (100.8) (103.4)  (109.5)

Observations 10146 10146 10146 10146 10146 10146 10146
R-squared 0.036 0.214 0.246 0.260 0.318 0.364 0.368

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
All models include monthly dummy variables, not shown.
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Local study comparisons

While there have been several studies that physically measured the type and volume of
water usage in individual homes (1984 HUD study, 1999 Water Research Foundation
Residential End Use Water Study (REUWS) and a series of AquaCraft conducted end use
studies), there has been few end use studies conducted in the water rich regions of the Midwest.
The end use study completed for Louisville Water Company customers allowed for comparison
of a water rich utility to previously conducted end use studies. Providing practitioners from
water rich regions with a baseline for single-family customers’ daily usage. Figure 4.11
compares the average daily indoor household usage by components for the REUWS, Denver
Water and Louisville Water Company studies.

When comparing the Louisville and Denver households daily indoor water usage to the
baselines established with the REWUS households, both communities consistently used less
water than in the REUWS Study. This is attributed to two contributing factors: the lower number
of people per household in both studies and higher penetration rates of low flush toilets. Table
4.13 compares the number of people per household for the three studies (2.7 for the REUWS
compared to 2.5 for Denver Water and 2.24 for Louisville). Figure 4.12 compares the penetration
rates of Low Flush Toilets between the three studies. (9 percent for the REUWS, 20% for Denver
and 17% for Louisville).

50.0 7

45.0 1 REUWS 1995 Total Indoor Use = 177 + 5.5 gpd
Denver 2005 Total Indoor Use = 155.6 + 15.1 gpd

20,0 Louisville 2007 Total Indoor Use = 151.6 + 40.8 gpd

30.0
25.0 |
o 20.0
o
o L
15.0
10.0
5.0 }
0.0 1 . l
Toilet CW Shower Fau Leak Other Bath DwW
B REUWS ('98) 452 39.3 30.8 26.7 219 7.4 3.2 2.4
O Denver ('05) 38.6 315 28.9 215 24.5 5.7 29 2.0
O Louisville ('07) 375 324 184 20.5 33.8 4.0 31 1.9

Figure 4.11. Comparing average household indoor use of the REUWS, Denver Water and
Louisville Water Company end use studies
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Table 4.13
Comparing the number of people households for the REUWS, Denver Water and
Louisville Water Company end use studies

Number of

people per

hopusehold
REUWS('98) 2.7
Denver ('05) 2.5
Louisville (*07) 2.24

25% -

20% -

15% -

10% A

Percent Homes Meeting Criteria
(2.5 Gallons Per Flush)

5% A

0% A

Low Flush Toilets
B REUWS ('98) 9%
O Denver ('05) 20%
B Louisville (07) 17%

Figure 4.12. Comparing the penetration rates for low flush toilets for the REUWS, Denver
Water and Louisville Water Company end use studies

Effect of Low-Flow Appliances on Water Usage Per Customer

A contributing factor to declining household usage is the increasing presence of water
efficient fixtures and appliances in homes. In order to estimate what fixtures will be in place in
each home in the future, it is necessary to estimate what percentage of each type of
fixture/appliance is available on the market in a certain time, and at what rate that new technology
is installed in the home, either due to new dwellings being constructed, or renovations. The
adoption of new technology in the market is often defined by 'S' curves (Dent 1993).
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The “S” curve adoption of new technology describes that after an initial period of
innovation, about 10% of the market will use the new technology. This part of the curve is
marked “A” in Figure 4.13. , followed by a period of large growth in which, fairly quickly, 90%
of the market will use the new technology (“B”). The maturity stage is when the residual people
adopt the technology (“C”). Dent indicates that much of this 'S' curve is driven by a reduction in
cost of the technology due to improved production and economies of scale (Griffin 1998).

For the Louisville end use study the researchers employed Aquacraft and their flow
signature software to determine the penetration rates of low-flow appliances, as well as water
usage per day, in the random sample of homes studied. The detailed results from the data-
logging project shed new light on one of the causes of declining water usage among LWC
households.

Based on the usage data collected, toilets, showers, and clothes washers are the largest
indoor users of water. The TraceWizard software can distinguish between low-flow water
conserving toilets, showerheads, and washing machines and older versions of these appliances.
Table 4.14 shows the amount of water used by toilets, showers, and washing machines in those
households with and without water conserving versions of those appliances.

On a per capita basis, the difference in water usage between low-flow and older
appliances is greatest for toilets, with households using low-flow toilets consuming 11.5 gallons
per day less per person than households not using low-flow toilets. But since many more
households have low-flow showerheads than toilets, low-flow showerheads are currently saving
more water per household than toilets. This will change as more low-flow toilets replace older
ones, and by 2040 it is expected low-flow toilets to be saving more than twice the amount of
water as showerheads compared to 1994 usage.

These penetration rates and water usage rates can be applied to the universe of LWC
residential customers in order to make an inference about how much water households would be
using if there were no low-flow appliances. LWC had 245,729 residential customers in 2007,
with average daily usage of 194.9 gallons. Applying the results from the table would raise
average daily water usage to 210.8 gallons, an increase of 8.2 percent. Interpreted alternatively,
over a period of approximately 14 years low-flow appliances had accounted for a 7.6 percent
reduction in household water use by 2008. This translates into an annual average “conservation”
effect of 0.56% per household per year, compounded. This phenomenon helps explain how
average household usage has fallen over the period even as higher incomes led to larger homes
and more outdoor water usage.

Figure 4.14 compares the penetration rates for high-efficiency fixtures from the REUWS,
the Denver Water and LWC study. Within the Louisville sample of households, the penetration
rates measured for ultra low flow toilets (<=2.0 gpf), low flow shower heads (2.5 gpm) and water
efficient clothes washers (30 gpl) were measured at 17 percent, 79 percent and 12 percent
respectively. These penetration rate for the ULF toilets and water efficient cloth washers are
simular to the penetration rate observed in the 2005 Denver Water study, 19.8 percent and 19
percent respectively. The penetration rates for low flow showerheads were not included in the
Denver Water study, although the typical flow rate for showers was 2.21 gpm. Based upon
Dent’s penetration rate curve, Louisville is still in between the innovation and maturity period
for the ULF toilets and efficient cloth washers.
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With the penetration rates measured in the 1999 REUWS study serving as a benchmark,
it is interesting to examine the penetration rates measured in studies that are more recent.
Comparing these rates serves as a qualitative measurement for the rate of penetration for high-
efficiency fixtures in the Denver and Louisville households over the past decade. The penetration
of high efficiency toilets, the largest component of indoor water usage, was nearly double in the
Denver and Louisville sample households when compared to established REUWS benchmarks.

Figure 4.13. The natural adoption curve for a typical technology

Table 4.14
Data logging results for Louisville Water Company Customers
Percent of
Households using Persons per Appliance Usage Water Usage per
Low-flow Appliances Household Events per Day Household per Day
(-) (-) (gallons)

Low-flow Other Low-flow Other Low-flow Other

Toilets 17% 2.3 2.2 10.4 11.7 18.5 43.6
Showers 79% 2.4 2.0 1.5 15 21.8 26.6
Clothes washers 12% 2.1 2.3 1.2 0.8 26.7 33.9
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90% -
80% -
70% -
60% -
50% -
40%
30% -

20%

N .
0%

Percent Homes Meeting Criteria

Toilet Shower Clothes Washer
HREUWS ('98) 0oy 15%
ODenver {'05) 20% 19%
B L ouisville {'07) 17% 79% 12%

Figure 4.14. Comparing penetration rates for high-efficiency fixtures between studies
IMPLICATIONS FOR THE LOUISVILLE WATER COMPANY

With the development of the usage model specific to the Louisville Water Company, it is
possible to assess and interpret the influence of the variables with respect to local conditions.
Historically, water usage per customer in the Louisville area peaked in the late 1980s, with a
subsequent negative trend (exclusive of extreme weather events, such as the droughts of 1999
and 2007 and the wet periods of 1992 and 2006). A linear trend through the data since 1990
indicates that average daily usage has been declining by 1.25 gallons per day per household. This
amounts to a 21-gallon-per-day reduction in usage per customer over the 17 years shown, a
decline of 10 percent. Table 4.15 provides a breakdown of the key factors and their estimated
influence on Louisville Water Company households.

During this same period, the average number of people per household in Jefferson
County fell from 2.52 to 2.38. From the water usage model the average person used about 36
gallons per day. This reduction in household size would lead to a decline in average household
water usage of five gallons [(2.52 — 2.38) * 36] per day over the period. Demographic changes
thus explain approximately one-fourth of the total 21-gallon decline in usage per household.

While changing demographics can account for a portion of the declining water usage, a
variety of other variables contributes to rising water usage. Within the Louisville area, there has
been a slow but steady increase in educational attainment since 1990, raising the value of the
education index from 2.45 to 2.81. Multiplied by the coefficient in Model (6), this implies a rise
in daily water usage of 1.3 gallons.

Similarly, home values in Jefferson County have risen from $120,100 to $144,600 (in
constant 2007 dollars) over the period, implying an increase in water usage of 3.5 gallons per
day. There is no direct local measure of home square footage over time; however, the Census
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Bureau provides a national measure. It shows average square footage rose from 2,155 to 2,581
between 1990 and 2007. Applying the regression coefficient from Model (6) yields a growth in
average daily water usage of 0.6 gallons due to larger home size. Thus, income-related measures
suggest that the average household has increased water usage by 5.4 gallons per day.

The decline in number of residents per household is clearly an important factor in falling
water consumption per residential customer. However, the negative consequences of smaller
households appears to be more than offset by the positive consequences of higher household
incomes. Higher incomes have led to larger homes, with more water-using appliances, and more
landscape irrigation. Thus, the net decline in water usage per household appears to be primarily
due to the steady penetration of low-flow appliances over the past two decades.

Table 4.15
Breakdown of key factors on Louisville Water Company household usage

1990 2007 Change
Louisville (gallons per day) 208 187 -21 gallons
Palmer Modified Drought Index 0.29 0.75 -2.6 gallons
People Per Household (Census) 2.52 2.38 -5.0 gallons
Educational index (Census) 2.45 2.81 +1.3 gallons
Average home value (Census) $120,100{ $144,600[ +3.5gallons
Home size (sq ft) 2,155 2,581 +0.6 gallons
Conservation Fixtures (implied) -18.8 gallons
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CHAPTER 5
CONCLUSIONS

OVERVIEW

This research investigated trends in household water usage in North America. Many
water utilities have noted that residential water usage has fallen as the number of residents and
households continues to grow and as household incomes continue to rise. A variety of theories
have been posited to explain the declining usage, including wet weather; household size and
type; water-conserving fixtures and appliances; changing demographics; customer classification
anomalies; and price increases. However, to date, no definitive statement could be made as to the
validity of these theories or the amount each contributes to residential water-usage decline. This
study analyzed these components and their contribution to national, regional, and local water-
usage trends.

The study began with collecting residential water-usage data from randomly selected
utilities across North America. When controlling for weather and other variables, the evident
decline in residential usage was pervasive. National and regional components of the study found
that residential usage per customer has decreased more than 380 gallons annually in the last three
decades. When compounding this estimated decline over the past 30 years, the total decline is
approximately 11,400 gallons per customer. Within the regional component of the study, case
studies were compiled to examine the underlying factors affecting partners household water
usage. Household water usage trends varied widely among the partner utilities. This can be
contributed to a series of underlying site-specific factors; housing stock age, local demographics
and stressed water supplies. These factors hindered the study’s efforts to group utilities based
upon similar usage trends.

To investigate the causes of this decline, a local study of statistically representative
households was conducted. Statistical modeling and data logging exercises examined the
relationships among socioeconomic factors, demographic factors, water-using appliances,
behavior patterns, significant water features and types of irrigation, and residential water
consumption. Adjusting for weather, water usage per LWC customer fell from 208 to 187
gallons per day between 1990 and 2007, a decline of 21 gallons. Demographic factors can
account for a decline of five gallons, while income-related factors suggest an increase of about
seven gallons. Low-flow appliances are believed to account for the rest of the decline.

The 2006 Denver Water “Post Post Drought Changes in Residential Water Use” study
produced similar results. The study assessed how single-family water demands have changed in
their community between the mid-1990s and 2005. Denver participated in the 1999 REUWS and
subsequently went through a drought and extensive conservation efforts. Analysis of indoor use
showed a reduction of approximately 7,000 gallons per year, which represents an 11% reduction
in indoor use, from 173 gpd to 156 gpd. The study estimates that one third of the 11% decrease
was due to changes in demographics and 7% was due to efficient fixtures and appliances
(Denver 2006).
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WATER-USAGE TRENDS

To appropriately identify the source of declining water sales, it was necessary to assess
overall water-usage trends at the national, regional and local levels. By separating the problem
into three distinct data sets, it was possible to isolate specific variables and assess their
contributions to declining usage.

National Trends

The changing national trends were quantified by surveying and reviewing publicly
available information from 602 utilities. This information helped to define general trends within
the industry and served as a means to segregate water-use patterns into discrete regions on a
basis other than geographical characteristics. National water-usage trends are shown in Figure
5.1, and a pervasive decline in water usage per residential customer across the United States and
Canada is evident. Statistical analyses were conducted on the data sample (Table 5.1) and
concluded that on average, after correcting for localized drought severity, there has been a 0.44
percent decrease of water usage per household per year since 1975. While the estimated annual
decline in water usage, using the coefficient on Time from the last column, amounted to only
0.44 percent of average annual usage, the long-term consequences of the reduced water usage are
important. Compounded over 30 years, the decline amounts to 13.2 percent and implies that a
customer would use 11,673 gallons less water in the 2008 billing year than an identical customer
did in 1978.
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Figure 5.1. National historic residential usage trend

Table 5.1

Village of Brown Deer

2005 Winchester Municipal Utilities

Annual water usage per single-family residential customer
43 Water Utilities, Mixed Time Periods, 1975 to 2006

Variable (1) OLS (2) Panel, with Fixed Effects
Precipitation zone -15,233***
(1,003)
Temperature zone 14,5147+
(1,516)
Ownership type 3,821
(6,869)
Water source 7,923%**
(3,018)
Number of customers -0.0887%** -0.0155
(0.0296) (0.122)
Percent industrial -4,908***
(1,121)
Drought index -2,256™** -738.8** -741.3%*
(695.8) (3335) (332.6)
Drought index squared 536.7%* 123.0 1227
(237.3) (1134) (113.3)
Time -200.5 -380.8%** -388.5%*
(176.4) (111.0) (93.15)
Constant 138,650*** 96,758*** 96,411%*+*
(9,068) (3,547) (2,269)
Observations 605 605 605
R-squared 0.484 0.038 0.038

Standard errors in parentheses
Hokk p<001’ *k p<005’ * p<01
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Regional Trends

While characterization of national water usage can provide a broad overview of general
water-usage trends, water usage also is significantly affected by regional characteristics.
Although regional characteristics commonly refer to geographic or climatic boundaries, it also
was possible to designate regions based on community characteristics, including: size, city age,
growth patterns, conservation awareness, rate structure, and water supply. The national level
data were used to assess the importance of each factor, and it was determined that critical
regional variables to consider include: precipitation zone, temperature zone, water source,
number of customers, percent industrial, and drought index.

Eleven utilities were selected to represent the wide variety of regional characteristics. As
shown in Figure 5.2, the water-usage trends of the 11 utilities followed the general decline
quantified in the national-level analysis. The variability within each utility system, however, is
attributable to specific regional characteristics that affect residential consumption. To assess the
influence of precipitation zone, temperature zone, water source, number of customers, percent
industrial, and drought index on regional water-usage patterns, the 11 utilities provided detailed
information with respect to billing records, financial practices, and operating procedures. As
with the national panel, both ordinary least squares and the fixed effects regression models were
estimated. Coefficient estimates for the included variables are shown in Table 5.2.

The results for the panel of regional partners are similar to that for the national panel. Note
that the estimated coefficient on the Time variable (-381.0) in the fixed effects model is almost
identical to that in the national model (-388.5), providing some confidence that the annual trend in
water usage is indeed pervasive and of similar magnitude around the United States and Canada.

Other more qualitative components of the regional case studies provide insight into
various issues and questions, including the effects of changing residential water consumption on
a utility’s system designs, revenue, conservation practices, and water quality. The case studies
considered geography, population, age of the city, and how the utilities handled a multitude of
issues and competing factors. The case study reports, found in the appendix, allow utilities to
access information from utilities facing experiences similar to their own. Utility managers may
extrapolate from the data the most salient points to assist them with making more informed
planning decisions.
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Figure 5.2. Regional historic residential usage trend

Table 5.2

Average water usage per single-family residential customer
11 large urban water utilities, mixed time ranges from 1975 to 2007

(2) Panel Model

Variable (1) oLs with Fixed Effects
Precipitation zone -7,195%**
(844.3)
Temperature zone 16,682***
(1,818)
Water source -54,852***
(2,956)
Number of customers -0.0401*** -0.0463**
(0.0110) (0.0182)
Drought index -2,375%** -1,562%**
(698.7) (245.9)
Drought index squared 291.3 101.7
(230.2) (78.51)
Time -427.9%** -381.9***
(151.2) (61.70)
Constant 154,502%** 103,830***
(7,973) (3,371)
Observations 264 237
R-squared 0.614 0.370

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Local Trends

The national and regional studies confirm and quantify the long-term trend toward less
water usage per residential customer but do not include sufficient detailed local data to assess the
causes of the decline. An end-use study of the Louisville Water Company customers was
performed to assess the influence of specific socioeconomic and demographic characteristics on
water usage. To assess water usage of individual households, data loggers were attached to 60
residences to passively record water-using activities. This information was paired with
household survey data, water billing records, and real estate assessment information to form a
rich data set for assessing the influence of demographic factors, house vintage, home value,
water-using appliances, behavioral patterns, lot size, significant water features, and types of
irrigation. OLS regression models were estimated to quantify the influence of each variable and
the results are presented in Table 5.3.

Based on the statistical analysis, the influence of each variable on water usage can be
determined. For example, as shown in specification (6), homes built after 1994 use on average
10.4 fewer gallons of water per day than houses constructed prior to that date. Similarly, homes
with swimming pools use 65.2 gallons per day more water.

Two important determinants of water usage are the number of residents in the household
and the water fixtures and appliances in the home. The steady decline in household size in the
Louisville Water Company service area appears to account for at least one-fourth of the decline
in average water usage over the past two decades. However, other variables in the model suggest
increasing water usage over time. Higher incomes have led to larger and more expensive homes,
with more landscape irrigation, and these forces appear to more than offset the negative effects
of fewer people per household.

The penetration of water efficient fixtures and appliances into the market is the other
major determinant in household water usage. Within the Louisville household sample 17 percent
of the homes contained ULF toilets while 12 percent contain efficient clothes washers. These
two components constitute over 50 percent of daily household water consumption. The
introduction of low-flow toilets, showers, and clothes washers have had a significant impact on
residential water usage, accounting for a decline of about 16 percent in average daily usage over
approximately the last 20 years.
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Table 5.3

OLS variable model for local level study
OLS Models of Average Daily Water Usage, 293 Randomly Selected Residential Customers

@ @ (©)] @ ©)] (O] @
Average monthly precipiation (inches) ~ -0.0380  -0.0740  -0.0729  -0.0882 -0.0718 -0.0962 -0.109
(0.565) (0.510) (0.500) (0.495) (0.475) (0.459)  (0.458)
; Average monthly temperature (°F)  0.767**  0.750%** (.745%** (,737*** 0.739%** 0.728***  0.724***
) (0.308) (0.278) (0.273) (0.270) (0.259) (0.251)  (0.250)
Palmer Modified Drought Index (-4 to+4) -2.554*** -2 589*** .2 §13*** -2 612*** -2.594*** -2.599*** 2 5ggr**
(0.496)  (0.448)  (0.439)  (0.435) (0.417) (0.403)  (0.402)

Number of workers 5.404*** 6.694*** 6.521***  6.508***

(1.093) (1.055) (1.035)  (1.034)

Education level (Education indices) 7.883*** 3.400*** 3.503*** 3 ,655%**

- (0.666) (0.660) (0.654)  (0.653)
= Year home built (Year) 0.226%** 0.176***  0.325***
o (0.0515) (0.0529)  (0.0562)
Built after 1994 (no, yes) -11.66*** -10.42%** -13.19***

(3.492) (3.503)  (3.548)

Assessed value of home ($) 0.181*** 0.105%**  0.146***

(0.0324) (0.0338)  (0.0375)

Square footage of home (sq ft) 20.34%** 23.96%**  17.05%**

(2.871) (2.822) (3.212)

Water outdoor landscaping (no, yes) 9.684***
(1.666)  (1.675)
;’ Swimming pool (no, yes) 65.19***  64.80***
o (2.982)  (2.974)
Outdoor spa (no, yes)) 13.62%**  14.89%**

(3828)  (3.837)

Constant  109.5***  29.22** 13.09 -11.35 -484 . 5*** -394.1%** -§79.2%**
(13.03)  (11.88)  (11.71)  (11.78) (100.8) (103.4)  (109.5)

Observations 10146 10146 10146 10146 10146 10146 10146
R-squared 0.036 0.214 0.246 0.260 0.318 0.364 0.368

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
All models include monthly dummy variables, not shown.
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SUMMARY OF ANALYSES

To appropriately identify the source of declining water sales, it was necessary to assess
overall water usage trends at the national, regional and local levels. By separating the problem
into three distinct data sets, it was possible to isolate specific variables and assess their
contributions to declining usage. In this fashion, rigorous statistical analysis techniques could be
applied to the data and quantifiable influence factors could be determined. Ultimately, these
influence factors could be used to project water-usage trends into the future given specific
changes in specific variables. Depending on the range and scope of the question, either the
national, regional, or local data set is appropriate for the analysis.

The overall goals of the research investigation can be summarized into three categories:
1) understanding residential water-usage behavior patterns and trends; 2) assessing the impact of
those patterns on water utility operations; and 3) providing data that can be correlated with future
trends for planning purposes. Conclusions related to each overall goal are provided below.

Assessing Water-Usage Patterns

As indicated, many utilities have observed declining residential water usage within their
customer base and have advanced several theories to explain the causes. To date, no definitive
statement could be made as to the validity of these hypotheses or the amount each component
contributed to the observed decline. This research assessed a number of components and their
contribution to the decline.

Both the national and regional analyses indicate a pervasive decline in residential usage
since 1975; however, usage trends varied widely among the national and regional participants’
consumption data. Local or utility specific factors play a critical role in influencing household
water usage. As examined with the local level analysis of Louisville Water Company
households, the age of housing stock, household demographics and local conservation measures
are all factors influencing residential usage. These influencing factors can vary significantly from
one utility to another. This trend of declining household water usage could be substantially
different for various utilities, thus the impacts of factors on specific utilities will be unique.
Because of the impact of local factors, it is important to note that although the national
household usage trend is negative, different utilities maybe be experiencing different usage
trends. The results gained from this study can serve as a baseline for utility purveyors to estimate
the influence of these site-specific factors locally.

Beyond examining usage per household the study explored, quantitatively, the influence
of the changing household demand on average and maximum daily water production for the
regional participants. Overall, when assessing the raw data for total water usage (including
residential, commercial, and industrial); there was no consistent average and maximum daily
demand trend. The average and maximum daily demands were highly influenced by local
fluctuations in demographics, weather, and drought conditions. For example, the Seattle Public
Utility usage data showed that the average and maximum daily demand has steadily declined
since the mid-1980s (Figure 5.3). However, the average daily demand for Dallas Water Utilities
has been steadily increasing since 1975 (Figure 5.4). The demand for the South Central
Connecticut Regional Water Authority has been flat (Figure 5.5).

Statistical analysis tools were utilized to assess the influence of regional and national
variables on water usage. By developing the statistical models, the importance of regional-
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specific factors could be assessed, including: demographics, drought conditions, changes in
utility population, and the strength and magnitude of local conservation policies. The statistical
models showed that regional variables play a significant role in water usage. However, when the
data are corrected for climate zone, drought index, and other key factors, the models showed that
overall residential household use has declined by approximately 380 gallons per year since 1978.
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Figure 5.3. Seattle water usage
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Figure 5.4. Dallas water usage
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Pumpage in Million
Gallons per Day (MGL)
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Figure 5.5. South Central Connecticut water usage
Impact of Declining Water Usage on Utility Operations

As identified by many water utilities and documented by this research, households are
reducing their water usage. There is general concern that this decline in usage may adversely
impact the normal business operations of many water utilities. Although the full impact of
declining usage is unknown, the research data can provide a qualitative assessment of a few
primary issues.

Water Treatment and Emergency Response

During the research project, the regional survey tools were specifically designed to assess
the impact of declining water usage on current operations. During the interview process, utilities
were asked to what extent changing water-consumption patterns impacted distribution system
operations, long-term infrastructure planning, and water quality. All the utilities that participated
in the regional-level interviews indicated that the changing water-consumption patterns had no
impact on their abilities to react to emergencies such as drought or fire and that they had no
effect on the quality of water provided. No increases in contaminants were observed during
distribution testing, and interviews with wastewater personnel did not indicate an increase of
contaminants in wastewater flows. While overall water usage had declined per household, there
did not appear to be a significant change in total water produced by utilities. Water quality,

distribution, and emergency response capabilities of the water utilities have remained relatively
unchanged.

Impact on Utility Revenues
As customers continue to purchase less water, many utilities are growing increasingly

concerned with the effects on their operating revenues. Most of the funding for water and
wastewater comes from the revenues generated by purchased water. Therefore, pricing that
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recovers the costs of building, operating, and maintaining the system is absolutely essential to
achieving sustainability. Drinking water and wastewater utilities must be able to price water to
reflect the full costs of treatment and delivery (USEPA 2006).

Impact of Graywater Systems

Graywater includes the reuse of any water previously used in the home, except water
from toilets. Dish, shower, sink, and laundry water comprise 50-80% of residential "waste"
water. This “waste” water may be reused for other purposes, especially landscape irrigation.
Currently there is no standardized legislation regulating household graywater retrofit systems
(Noah 2002).

The impacts of graywater systems on public health and the environment have been
extensively examined but research on its impact on household water usage is limited. A 1996
study conducted in Brisbane, Australia estimates that domestic graywater re-used for water
landscape irrigation could reduce average household potable water usage by 30 to 50 percent
(Jeppesen 1996). Within the United States, a 1990 study retrofitted a single-family residence in
Tucson, Arizona with water-conserving fixtures, rainwater harvesting, and a graywater reuse
systems to examine their affects on daily household usage. The study found that the graywater
system reused an average of 77 gpd or 32 percent of the total household water use (Karpiscak et
al 1990).

While the impact of graywater systems on daily household usage has been estimated the
total number of residential graywater systems in use in the United State is still unknown. A
Graywater Awareness and Usage Study conducted by the Soap and Detergent Association (SDA)
estimated that only 7 percent of those US household surveyed are currently reusing graywater
(SDA 1999). This number can be deceiving because the portion of households reusing graywater
varied among the states due to local climatic variations. The SDA study, found that households
in the southwest and western regions of the United States had the highest concentration of
households with graywater systems. This included the states of California (13.9 percent), Texas
(11 percent) and Arizona (3.6 percent) (SDA 1999).

As graywater reuse becomes more accepted by the general the pubic and local
municipalities, utilities could expect further negative impact on household water usage. The
impact could be greater in certain regions due to local or regional factors such as weather and
stressed water supplies.

Data for Correlation With Future Trends

The data compiled in this research investigation are intended to assist utilities in developing
realistic management plans that take into account the primary causes of declining residential water
usage. The data provide a tool for projecting residential water usage in light of utility-specific
trends. Utilities are encouraged to consider which regional case studies most closely resemble their
own situations when forming these plans. While local trends will impact utility-specific plans, this
research investigation identified decreasing household size and penetration of water-conserving
appliances as the primary causes of declining residential water usage. Although the rate of decline
may slow, there is no indication that national household-size trends will reverse. Also, new and
existing federal regulations will prompt further penetration of water-conserving appliances. Thus,
there is no indication that the decline in water usage will reverse.
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Recent studies confirm that the average household size has more than halved since 1790,
dropping from 5.8 persons per household to 2.62 in 2000 (U.S. Census Bureau 2005). While the
change in household composition has been continuous, it accelerated after 1960. In 1960, 85
percent of households were family households; this figure dropped to 69 percent by 2000. Two-
parent family households with children declined from 44 percent to 24 percent of all households
between 1960 and 2000. Over the same period, unmarried-couple households increased from less
than 1 percent to about 5 percent of total households and became progressively more likely to
include children. The number of single-parent (primarily single-mother) households increased
from 1.5 million in 1950 to 9.5 million in 2000 (Bianchi and Casper 2000).

The most dramatic of these changes in household formation and dissolution occurred
from 1960 to the early 1980s. Trends since the 1980s suggest a slowing or even in some cases a
cessation of changes in household living arrangements: very little change in the proportion of
two-parent or single-mother households, stabilized living arrangements for young adults and the
elderly, a slowing growth in cohabitation, a decline in divorce, and an almost unchanged average
household size during the 1990s (Jiang 2007). It is unclear whether this recent stability indicates
a new, sustained equilibrium or is just a temporary lull (Bianchi and Casper 2000).

Another factor that will continue to lower residential water usage is the recently approved
higher water-efficiency standards for washing machines and dishwashers. Under the new
legislation, new home dishwashers manufactured beginning in 2010 will be prohibited from
using more than 4.5 or 6.5 gallons of water per cycle, depending on machine size. Beginning in
2011 all new home clothes washers will use at least 9.5 gallons per cycle per cubic foot that the
clothes washer uses (AWR 2008).

The water-efficiency provisions included in the bill are expected to continue to improve
efficiency of appliances in the coming years and continue to negatively influence household
water usage. Through the level of impact will be influenced highly by local penetration rates of
these efficient appliances and fixtures, which in turn are influenced by rates of home renovation,
new housing construction and local conservation programs.

Though there has been a clear trend of declining residential customer water use over the
last twenty-five years, this trend may begin flattening over the next twenty years. There are some
indications that the two main factors driving this decline in water usage, declining household size
and increased efficiency appliance standards, may not have as strong an impact on water usage in
the future as previously. Both of these trends have theoretical limits on how low they can go.
Recently the rate of decline in household size have been slowing (Bianchi and Casper 2000).
Though third generation water efficient appliances resulting from 2008 federal standard will be
more efficient, the change in efficiency is less than achieved with the second efficiency
generation appliances resulting from the 1992 federal standards. These combined trends may
mean that the rate of decrease in residential water usage may begin to level out over time.

RECOMMENDATIONS
Standardized Classification and Data Management Practices

Researchers faced difficulties in obtaining accurate data for measuring usage and
identifying patterns. Water-usage data reflect information captured for billing and metering

reasons, not for demographic and economic analysis. It is challenging to assemble consistent
household water-usage data over time across utilities because of the lack of universal metering
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practices and a standardized method for classifying customers and maintaining databases. Thus,
it is recommended that the American Water Work Association (AWWA) along with the Water
Research Foundation (Foundation) and the International Water Association (IWA) work on
establishing standardized customer classification and maintaining databases practices.

Local Level Studies

Though the water usage model developed for this study provides valuable insight into the
detailed structure of residential water usage, these models are still weak in explaining the huge
variations in residential water usage among the participating utilities. Others studies have also
found only weak relationships between water usage and traditional socio-economic and physical
factors (Balling 2008), (Domene and Sauri 2005), (Schleich 2007). Further research is needed on
other demographic and housing variables to obtain a more comprehensive understanding of the
determinants of residential water usage, especially in areas periodically affected by water stress.

For a utility to adequately understand the local factors influencing residential usage, it
needs to conduct an in-depth demographic study of existing customers. Combining this
information with daily household usage data gathered via data logging allows utilities to gain
valuable insight into the influence of local factors on residential water usage. The model
employed in this study provides a methodology for utilities to employ.
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APPENDIX A
SURVEY INSTRUMENTS

NATIONAL TRENDS SURVEY INSTRUMENTS

March 1, 2007

Dear {Mr.Mrs.Ms -+

We need your help with a very simple data request We are requesting historical data on
aggregate residential water usage at {Water Utility Name}.

We are conducting a study sponsored by the American Water Works Association Research
Foundation: “Changes in Water Use Patterns”, project #4031. Water Research Foundation
members are concerned about the effect of changing water usage patterns on utility finances,
rates, capacity, and quality. The organization is commissioning research that can help the
industry understand these changes and prepare for the future. Our first task is to document
changes in residential water use around the US and Canada. Next we will investigate the
underlying causes of these changes. As appreciation for your help we will provide you with the
results of our study.

You can see from the attached table the type of data we need from you. We need to know the
number of active residential customers and their water usage by year for the last 25-30 years. If
you break out single-family from multi-family customers, we would like these separated.

You can simply fill in the cells below and return by mail/fax, or preferably email us a
spreadsheet containing the data which you may have on hand in electronic form. If stored
together and convenient for you, we would also be interested in comparable data on commercial,
industrial, government, wholesale and other customers, though that is not the primary focus of
the current study.

Your response will be used to make inferences about national trends, and
information about individual utilities will not be published or otherwise shared outside our
research team.

By proceeding with the survey you are consenting to your voluntary participation in this study.
Thank you for your help with this important research. Feel free to contact any of us with
questions.

Please respond by Friday, March 16

Paul Coomes, PhD Tom Rockaway, Ph.D., PE
Professor of Economics Assistant Professor of Civil Engineering
502.852.4841 502.852.3272
paul.coomes@Ilouisville.edu tom.rockaway@Iouisville.edu
Josh Rivard Barry Kornstein
Research Associate Senior Research Associate
502.852.3470 502.852.4866
josh.rivard@Iouisville.edu barry.kornstein@Iouisville.edu
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Utlllty Name: pure H20
L ocation: Mayberry

Contact: President of Pure H20

Single-family Total Residential
Number of active Annual Usage Total number of Annual Usage
single-family (million gallons per active residential (million gallons per
residential customers year) customers year)
Year
1975
1976}
1977
1978}
1979
1980%
198
19824
1983}
1984}
1985
1986}
1987}
1988}
1989
1990§
199]]
19924
1993}
1994}
1995
1996}
1997}
1998}
1999
20008
200]]
2002
2003}

2004]

Sample. Your water utility is one of
200 selected for participation in the first
phase of our study. We drew a random
sample of utilities in such a way that
they represent the universe of all water
utilities in terms of size, ownership,
industrial structure, and moisture
conditions. The validity of our
inferences depends upon the
participation of those selected, and we
appreciate your cooperation.

Transmission. You can forward a
spreadsheet as an email attachment to
any members of the research team
listed. A hard copy response can be
mailed to the Center for Infrastructure
Research at the address above. Please
note any special characteristics of the
data reported, such as customer

2009

2006]

Notes on data:
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Local Behavior Survey Instruments

Dear V alvable Louisville Water Compan Customer

[ am witing to request vour help with an tmportant research project we are conducting with the University of
Lowssille. To lLbztter sere vou, we need vour help to understand bow water consumption patisms in the
Lowsville area have evolved due 1o changes m technology. demographics. and economic conditions.

You were randomly selected for participarion in ot surver. sent to only one 1 200 customers Y our responses
will be used for research purposes onlv and vour personal mformation will not bre shared svich any outside
garonps

Thie survey should take onl~ 10 1o 17 mynuies wo complete. as most responses siaply require you io check a
box We ask for basic information on vow mdoor water fix-ures and vour typocal ourdoor svater usage We also
need to know a few things al'out vour hovsehoid size. Thece will be used m our statisical work 1o draw
conclusions about the causes of changimg water usage across all our residential customers Please retom tlie
survey m the pre-siamped envelope by Septemler XX 2007

Foilowing the survev. select customers will be unvited 1o participate m a water metering studs where very
precise v ater meters will Le affized to thewr household s swater supply line  The recorded munute-by v-minute
waier flow data recorded through —rour meter will be comrelated tlow signatures of mndoor water fixtures and
applhances The recording device vwould e wstalled cutside the home and no further wvolvement on vour part
1s tequired  If vou are interested 1 participaiing m the two-week water meiersng phase of the stud::. please
indicate 50 on question 327 of the enclosed survey

Thank vou mn advance for ~our participation m this unportant survey If vou have anv questions or comments,
please contact our customer service department at 302 383-6610

Sincerely

Greg € Heilizman
Presidem and CEO
Lowisville Water Compan-
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LWC Household Water Use Survey

|Ind{mr Water Fixtures
|

1. Please mdicate how matre of each of the following types of water-usmg appliances or fixnwes vou have

in vour home Please circle the approprate number for =ach.

B Nene One Two Three Four Five Six Sevenormore
Laudsts 1 1=
Patlinib with shower
ﬂﬂzlinb ol

shover only (no bathtub)
'lnﬂq:é\r utility garage sink

s R e T Y R i 5

. Please mvlcate whether von have an of the follovwmng in vour home
Please check the appropiiate box for each.

m_LEage cisposal
l'om-loading clothies vaslung machane
fﬁ-lnading clothes washing maclane. . .
I Ji-;lmaslnng maclie
e Iﬂulpool batlinib vath jets
1nﬂca|:n spa or hot tnb wwith jets (1fhet tub 1« NOT us'uauv nllecl w1l water, mdicate “uo”) ..
E_ﬂgoram @ a7 unp cooler
A buidt-m sndoor water featmre (like a water ﬁ:-mnmn of vater pond).
A “whole house water treatment system {lilie a water soltener or a flter 5}rs'l:em}
“Ech 15 attachied to water systein, 110t ustto a fancer .

Q ODIO
QoQ

0

MNone One Two Three Four or more

. Hov- manv of the toilers in vour home are

nltra-low-flush todets {1 6 gallons per flush)? . O S %) % o
(¥ pour home vias buet i 1994 orizfer, ihs fofers are protahly ttfra-ow fiesh)

How many of the showers in ~ovr home have

lovw-flens (water conseromg ©) showsrlizads? ] ) O i) ]
2.5 0alons per miute (gnm)] of kess. usualy slamcen o e showerhead

How matry of the showers in wonr home hase

a hand-held spraver® . .. . = o O o

. Do any of the showers in vour home have multiple shovwertheads?

O Yesw How many showerlieads per shower?
QX 02 O3 Olormore

. Pl=ase indicate whether 7ou have renovated or replaced anv of the following since 1994
Please check the avpropriate l'ox for each

-[l:"lmnbmg pipesm(umde the house}
Bathroom fixres
© len fixmures

. Please il cate whether vou have ans- of the followimng
Please check de appropiiate box for each. o Ifnot applicable go o qrestion &9

‘aking toalet (vou can hear 1t mnming when not 1n use)
Drippang faucet
I pake m mour pool svstem
Leaks 1 yous umiganon systema .
Cher leaks m the water system

L WE Househald Waeter Use Sunvey
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Ontdoar Landscape

9. Do you water your outside landscape?
(Inzlude everything von apply water ta, either by hand,

Of 71d AU UrigaAtion sysfem ol othe: method}

Q Yes O No 2 go to yuestion #30

1.Do vou use a contractor for any part of
voun outdeor landscape mantenance?

QYes 2 No o goteguestion w2

11, Is vour comtractor responsible for
watenng {irngaing) your outdoor
landscape”

Q YesQ No

12. Al:out how much of o ontdoot
landscape 15 merf (Tavn or grass)?
Q Al of it {100%)
Q Half or more
Q About 20% to J0%
Q About 0% to 20%
Q Al 3% o 10%
Q Less than %
Q Noue of it 47 go to guestion #13

13. During the wiater months of the vear
{geterallyDeceinber - February), how otten
do vou usually water vour serf”

O Never

Q Twice a month or less
Q A few umes per month
O | day aweek

Q 2 das aweek

O Jdasawesk

Q Adasawesk

QO Sdasaweek

Q 6 dars aweek

Q 7davsaweek

Q Mot sure

14, During the summer months of the ~ear
(generall June - Aungust), how offen do
wvou usuall™ water row teef?

Q Never

Q Twice a month or less
O A fevw tmes per month
Q | dayaweek

Q 7darsaweek
Q ot sure

LWC Househohd Liater Lse Suriey
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15 About hew much of vour outdoor landscape 1g
garden (flower or vegetables)?
Q All of it {100%)
O Half or more
O About 20% ta 50%
O About 10% to 0%
Q About 52 to 10%
OQ Less than 5%
Q None of u & go to qresiion #18

16 Duning the wnter months of ihe vear
(generalls Deceml er - Febmary), how often do
ou water vour garderfs)?

O Never
Q Twice a month or less
Q A few tumes per month

1 day a week

2 days a week

3 davs a week

4+ davs a week

4 days a week

6 davs a week

7 davs a week

O Not wure

17 Durng the simmer months of the vear
(generally June - August). how often do vou
nsnally water wow gardenfs)?

Q Never
Q Twice a month or less
2 A faw nmes per month

1 day a week

2 davs a neek

3 davs a week

4 days a week

5 davs a week

6 davs a week

7 days a week

Q Waot sure

18 About how much of vour outdoor landscape 15
other landscape plaits {e.g., tre es, shiribs,
Vviies, grotird covers, err.f?

Q All of 1t {L00%)

O Half or more

O About 20% 1o 0%

Q Abaut 10% 1o 20%

Q About 5% 1o 10%

Q .45 than 5%

Q None of it ¢ go to qitestion #22

19 Duning the viter months of ithe vear (generally
December - Felruary). how often do vou water —our
other laidscape plants?

Q Never

Q Twice a month or less
Q A few times per month
1 dav a week

2 davs a week

3 davs 2 week

+ davs a week

5 davs a week

6 days a week

7 days aweek

Q) Not sure

googoooeo

lefelelslolelel

cooooce
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| alaﬂﬂl'ﬂllldﬁﬂl]]ﬁ aJlll'HlHé[T. '

M. During the sumitner mouths of the vear (generall~

June - Angnst), how often do vou usvall: water ~wour

other landscape planis?
QO Never
Q Twiee a month o less
O A few times per month
2 | day a week
Q 2 dams aweek
Q 3damawesk
2 4 dars aweek
Q 5 dars aweek
2 6dars aweek
Q 7 dars aweek
Q Mot sure

21 In addition to ihe water purchased from vour
water utility. do you use any of the following
sonrces of water for vom ontdaat water
needs?

2 o additional sources of water used

2 Well water

O Canal/diich

Q Stream rver

QO Cistern (rammvater harvesins)

2 Landscaping or device which direcis roof
water tovard plants m the vard

O Other:

27 Is anw part of wonr outdoor landscape watered
matmall+?

2 Yes O No @ ge te grestion 526

23 In what ways 15 the outdoor landscape watered
mannallv? (Please check all that appl- )
2 Hand-held garden hase (with or svithout a
nozzle)
Q Garden hoce with spronkler attached
O Soalker hose
Q Drip irrigation or Fullesr swstein
2 In-ground sprinkler system without a imer

24 About how much of vour outdoor landsc ape
1s warered manually?
O Allof 1t {100%%)
2 Half or more
2 About 0% to “0%
O About 106 1o 20%
O Abwat 3% 1o 10%%
3 Less than °%

LW Househotd Yarer Use Survey

Do vou have an in-ground watenng (ungation)
sstem?

2 Yes O No @ ge fo question #30

Does your cutdanr water system have an
broken sprinkler heads?

O Yes O No O Don't know

Does vour 1u-ground urigaiton svsiem have an
antomatic tumer?

Q Yes O No

Does vour antomatic wrgarion system have an
overnde shut-off device such as a soil moisture
sensor or rain sensor” (Please check all that
applv)

O No override shut-off device

O Yes soul moisture sensor mstalled

O Yes, raun sensor mstallad

O Other

O Don't know

Does vour automatic inigation system have a
weather-based imigation controlier (WBIC) or
“smart controller?

2 Yes O No O Don 1 lnow

Ontdoor Water Fixtures

30 Does vour home have an outdoor spa or hot tub?
2 Yes O No @ ge fo guestion 532

31 Is the outdoor spa or hot tub usnall- filied?
2 Yes, all vear round
(2 Yeq, m the winter
(2 o but 11 15 somnenmes filied
2 Na 1t isnever filled

32 Do wvom have an outdoor water feature like a

fouutain of pond” Nois oo Ror mclude bird Baths; ol
Tealures far dae 3 sgifcant amount of water |

O Yes ONo
Swimining Pools

33 Does vour honte bave a swimming poal”
2 No 7 go te questian #44

QO Yes. outdoor pool only 7 ge fe grestian #13

O Ye ndoor pool onlv
Q Yeu indoor AND outdoor pool

34 Wi hat tpe of filling system does the imndoor
sywimming pool have? (If your home ONLY
hias an indoor swimuning paol, please check the
appropnate box atd then go to question #44 )

O Manpnal O Automatic
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Swimﬁug Pools Cenrinued

35 What type of filling svstem does the outdoor

switntng paul have?
Q MManval O Autematic

36. Do you have a stvimong pool cover that von
use when the outdaar pool 15 noi 1 use?

O YesQ No @ go to question 538

37. What months of the vear do vou typicaliy nse tlie
puonl cover? (Please check all that apply )

O Janpary O Julv

O Febmary O Augnst

O March 2 September

O Apnil 2 Octohat

3 May 2 Novemhbar

O June J Decembet

|Honsehold Demographics

Do vou rent of own vour residence?

QRent Q Own
Is vour house on a sepiic sistemn?

3 Yes 2 No O Don t Know
Is vour household responsible for paving tlie
svater U1l or 15 1t paid b a landlord or
homeowners' association?

Q Household pavs

Q Landlord or a homeowner's association

Q Don't know

. flow many hediooms does ihis house have?
a1 D3 L
o 2 D4 Q6 or more
2 In wlat vear did vou mosve 1o this home?
year

- W hat nuwml-er of adults lving at vhis
address are emaploved full-time OUTSIDE
the homea?

2 Nooe (0) a2 Q4
a1 23 J 3 or more

. 1low maany people wcloding —rourself e

full-tume at thas address?
__Aduls, nclnding sourself (age 184
___ Teenagers {age 13-17)
__ Older Chaldlren {age 6-12)
_ Younger Cliildren {age 3-3)
___ Infants or Toddlers {under age 3)

LIAC Household Warer Use Survey
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45 What 15 the last grade of formal edocanion the
primary wage eamer has completed”
2 Less than High Schoal
2 High School degree
Q2 Some College or Associate s Jdegres
‘0 Bachelor s degree
2 Nlaster's degree
2 Docroral degree

Metering Study Paiticipation

if von choose to partuicipate 1 the metenng phase of
the study an emploves from LWC will mnstall a
flov metering deviee m the meter box outside of
vour home Tlas device records flow rates, wluch
identify specific flow signatures of indoor water
fixtures and appliances Tlie flow meier will record
household swvater usage over a two-wesk perniod.
After the two-week petind. a Lowsville Water
Company emploves will remove the meters

Tlie water usage Jdata will be used in conjunction
with this survey results o provide the Louisvilie
Water Compan vwith a current picture of residential
water demand.

There 15 no additional cost associated with
participating vwith this phase of the stdyv. And,
since the meiers are mnstalled ouside vo home,
there 15 no need for vou to L= home or assist i any
wav Levond giving uns permission to take the
readings.

Be assured if vou choose to voluateer for the
metenng sty all personal and  household
wnformation will e completels confidential

46. Are you willing to parmicipate in the follow-up
metering phiase of this stucdy?

2 Yed O No

PEEE 4 o
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STATISTICAL SIGNIFICANCE OF THE SURVEY SAMPLE

To determine if the sample population’s water-usage characteristics were representative
of the residential account populations, a t-test compared the means for the four categories of the
sample population (1002), the survey respondents (302), and data logging households (65). An
independent t-test across the four strata was conducted to ensure that the randomly selected

The statistical breakdown for the survey population, survey respondents, and the data-
logging sample are detailed in Table A.1. The results for the independent t-test revealed no
significant difference between the three populations across the four strata. The results from the
independent t-test are detailed in Table A.2 and A.3.

Table A1
Comparing the descriptive statistics for the sample populations

Annual Usage : Total Value (Land

(000 gal) Year Built Total Sq Footage & Improvments)
Sample Population Mean 53.64 1962 1521.89 $134,597
(N=1000) Std. Deviation 30.31 23.16 747.11 $93,227
Clean Survey Mean 50.13 1962 1550.72 $135,589
Respondents (N=302) Std. Deviation 25.81 21.55 681.21 $70,837
Data Logging Sample Mean 47.12 1961 1562.58 $138,205
Population (N=65) Std. Deviation 23.93 18.46 593.53 $53,260
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Table A.2

T-Test comparing survey respondents (302) to sample population (1002)

Levene’'s Test for Equality of

dINHG3ISTL SLHOIY 17V ‘UoIEepuUNnoS Yydoteassy LM 0T0CO

Variances t-test for Equality of Means
95% Confidence Interval of the
Difference
Std. Error
. Sig. t df Sig. (2-tailed} |Mean Difference Difference Lower Upper

n —

Armual Uaage Egus arinneen estume 12559 ool 2413 1000 016 5.024 -9.108 -930
Eau raranchs nok 2625 699.266 009 5024 8782 1266
assumed

Seart EquS Varatoes Sostmed 2536 112 808 1000 421 1.284 1.845 4413
Bauatvanances ot 838 E2E.820 403 1284 1,728 4294
assumed

kel S Fodage el vasiancesasaumed 1983 162 802 1000 423 41.261 53,531 142213
Equal variances not 244| 643629 209 41.261 54783 137.305
assumed

ot Vatied and & Equa anantes assumed 3743 053 221 1000 825 1420 657 B421. -11180.238 14021553

Improvments)

b vanancss ok 54| 700408 800 1420657 55 0552647| 12403962
assumed

/8 | squswnuisu] ASAINS 1 Xipuaddy
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APPENDIX B
REGIONAL PARNTER CASE STUDIES

GREATER CINCINNATI WATER WORKS

Greater Cincinnati Water Works (GCWW) is a municipal water utility owned and
operated by the City of Cincinnati. The municipality purchased the utility from a private owner
in 1839. The service area of Greater Cincinnati Water Works includes the entire city of
Cincinnati, most of Hamilton County, and additional areas in the adjacent counties of Butler,
Warren, and Clermont in Ohio. Additionally, service has been expanded to Boone County in
Kentucky. The city is responsible for the complete administration, operation, maintenance, and
capital planning for the entire service area. GCWW receives no share of any state or local
property or income taxes. Annually, GCWW supplies approximately 50 billion gallons of water,
via 3,102 miles of water main, to over 240,000 residential and commercial accounts representing
more than 1 million customers in the region (GCWW 2007a).

Recent Expansion

Over recent years, GCWW has built out infrastructure to meet growing demand outside
of the city center. Specifically, the utility has actively expanded services into the counties to the
north, south, and east of Hamilton County (Cincinnati). In March 2003, the GCWW entered into
one of the largest interstate drinking water agreements ever made when GCWW began pumping
water to Boone County and the city of Florence in Northern Kentucky. Providing water to
Northern Kentucky involved not only construction of a new pump station and reservoir on the
Kentucky side of the Ohio River but also installation of 3,000 feet of 36-inch steel pipe under the
Ohio River. In 2004, GCWW signed a 10-year agreement with the Butler County Department of
Environmental Services (BCDES) to provide customer service and utility billing for BCDES’s
38,000 customers (GCWW 2007a).

GCWW has numerous standby agreements with surrounding communities, counties and
private utilities to provide water during periods of excess demand. GCWW also serves as the
primary wholesaler for the area, providing nine water utilities with water. GCWW has a
wholesaler agreement with two private providers: the S. W. Ohio Water Company of Butler
County and the Western Water Company of Warren County (GCWW 2007a).

Conservation

Water is plentiful in the Cincinnati region, and no local conservation policies are
currently in place.

Water Quality

State and federal regulations significantly affect the drinking water industry. GCWW
seeks to identify and understand impending issues by participating in national regulatory and
technology activities. This approach results in a proactive mode of operation that heightens
GCWW'’s ability to make optimal decisions in providing high-quality, safe drinking water at

89
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reasonable prices. The quality of water distributed by GCWW meets or exceeds all current
applicable federal and Ohio standards in all material respects. GCWW has never had a violation
of any regulated maximum contaminant level. Between 1995 and 2005, GCWW experienced no
monitoring or reporting violations, according to the EPA’s Safe Drinking Water Information
System (SDWIS) (GCWW 2007a).

GCWW does not have any compliance concerns with the final arsenic rule recently
promulgated by the United States Environmental Protection Agency (USEPA). In addition,
GCWW does not expect to have any compliance concerns with the new versions of the radon
rule, enhanced surface water treatment rule, and groundwater rule that the USEPA is expected to
issue (GCWW 2007a).

Customer Classifications

Greater Cincinnati Water Works (GCWW) identifies seven customer classes:
Commercial, Free, Industrial, Interdepartmental, Residential, Welfare, and Wholesale. The
“Free” customer class is used for municipal purposes, including the Cincinnati Zoo and
Botanical Gardens. The interdepartmental customer class is used by city agencies for non-
municipal purposes. Welfare accounts, charitable and educational facilities established prior to
1983 have discounted rates for services. The two customer classes included in this analysis are
residential and commercial.

GCWW officials are aware of misclassification of residential customers as commercial in
the current bill system. Because GCWW does not charge different rates for residential and
commercial customers, there has not been a concerted effort to clearly define and categorize
customer accounts. For GCWW, residential customers include accounts serving one-, two-, and
three-family homes. It also includes some apartment complexes of four units or more, but
typically these are captured under the commercial customer class. Customer classifications for
new services are determined by the meter size and intended use as submitted on the service
application. For example, accounts with 5/8” meters, serving single-family homes, are classified
as residential (GWWW 2007a).

Meter Update

Beginning in 2003, GCWW began a four-year project to replace nearly all of the 240,000
residential and small business water meters with Automated Meter Reading (AMR) technology,
to install an electronic meter register, and to wire the device to a meter interface unit. Each
meter interface unit’s circuitry reads the water meter and transmits the radio signal to a data
collector (handheld or laptop computer). The technology allows the utility to accurately read
meters without entering customers’ homes. The AMR has greatly improved meter reading
accuracy and efficiency, successfully reading up to 99.5 percent of all installed units without
issue (GCWW 2007a).

Rate Structure

Greater Cincinnati Water Works (GCWW) determines usage charges through internally
conducted cost-of-service studies. The studies are conducted every five years. All proposed
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water rate increases must be approved by city council. The historic and future rate increases for
customers within the “Inside Cincinnati” service area are detailed in Table B.1 (GCWW 2007a).

GCWW does not charge a different usage rate among five of the seven customer classes.
Accounts with a Welfare rate receive a 20 percent discount. Wholesale rates are negotiated on a
case-by-case basis. The usage charge rate is based on four service areas. The usage and service
charges for each service area are detailed in Tables B.2 and B.3. The service fee charged by
CGWW is based upon meter size and service area. GCWW employs a three-block declining rate
structure for all customer classes. GCWW has employed a declining rate structure for 30 plus
years (GCWW 2007a).

Revenues from the sale of water are used for the operation, maintenance, and debt service
requirements of the utility. On Dec. 21, 2006, city council passed an ordinance approving a 7
percent increase effective Jan. 20, 2007, and a 6 percent increase effective Jan. 1, 2008. This
action by city council was its second consecutive approval of rate increases for a multi-year
period (GCWW 2007a).

Table B.1
Historic and future rate increases
Inside Cincinnati
Date  Residential Quarterly Rate* Revenue Increase

1/1/1990 $26.19 10%
1/1/1991 $28.00 7%
1/1/1992 $29.86 5%
1/15/1993 $30.74 3%
1/1/1994 $32.52 4%
1/1/1996 $36.93 5%
1/1/1998 $37.46 6%
1/18/2002 $38.67 3%
1/17/2003 $39.53 2%
1/16/2004 $40.70 3%
1/14/2005 $42.95 5%
1/1/2006 $46.49 7.50%
1/20/2007 $50.55** 7.00%
1/1/2008 $53.83** 6.00%

*Cost is based on usage of 25 ccf per quarter with a 5/8” residential meter
** Rates based on multi-year ordinance passed by City Council on Dec. 21, 2006.

Table B.2
GCWW usage charges (effective 1/20/2007)
Incorporated  Unincorporated

Inside Hamilton & Hamilton Butler and
Per Month Per Quarter Cincinnati Warren
Clermont County .
. Counties
Counties
First 20 Ccf First 60 Ccf $1.67 $2.10 $2.22 $2.42
Next 580 Ccf  Next 1740 Ccf $1.33 $1.68 $1.77 $1.93
Over 600 Ccf  Over 1800 Ccf $1.19 $1.50 $1.58 $1.73
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Table B.3
Service charge rates by service area and meter size (effective 1/20/2007)
Incorporated Hamilton ~ Unincorporated Butler & Warren
Meter Size  Inside Cincinnati & Clermont Counties ~ Hamilton County Counties

(Inches)  Monthly Quarterly Monthly Quarterly Monthly Quarterly Monthly  Quarterly

5/8 $6.63 $8.80 $8.35 $11.09 $8.82 $11.70 $9.61 $12.75
3/4 8.07 15.70 10.17 19.78 10.73 20.88 11.69 22.75
1 10.30 20.55 12.98 25.89 13.70 27.33 14.92 29.78
1-1/2 13.45 32.00 16.95 40.32 17.89 42.56 19.49 46.37
2 17.17 44.95 21.63 56.64 22.84 59.78 24.88 65.13
3 37.63 103.80 47.41 130.79 50.05 138.05 54.53 150.41
4 72.07 180.89 90.81 227.92 95.85 240.58 104.43 262.11
6 144.47 354.82  182.03 447.07 192.15 471.91 209.34 514.13
8 210.96 528.77  265.81 666.25 280.58 703.26 305.68 766.19
10 295.19 716.59  371.94 902.90 392.60 953.06 427.73 1,038.34
12 352.97 843.21 44474 1,062.44 46945 1,121.47 511.45 1,221.81

Residential Consumption

Of special note, in 1993 GCWW converted from its legacy system to the current billing
system. GCWW does not charge different rates based upon customer classification. As such,
there has not been a concerted effort to clearly define and categorize accounts into residential
and commercial groups. For the most part, residential accounts include those accounts serving
one-, two- and three-family homes. It also includes some apartment complexes of four units or
more, but most of these are captured under the “commercial” designation. It should be noted that
a data cleanup effort was completed after the new billing system went into effect. However, the
lack of clear distinction between residential and commercial customers skews the annual
consumption result in each group, especially prior to 1996.

GCWW percentage of water loss is approximately 16 percent. This percentage includes
water used for fire protection, system flushing, system leaks, and unregistered water flow
through meters. The utility estimates that true water loss from system leakage is approximately 5
percent (GCWW 2007b).

GWCC has added 52,517 residential customer accounts from 1993 to 2006, an increase
of just under 30 percent (Figure B.1). During this same period, total consumption for residential
customers has remained relatively flat, with 14.71 billion gallons in 1994 and 14.13 billion
gallons in 2006, with peak residential consumption of 18.14 billion gallons occurring in 1995.
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This year was a relatively normal year in regard to drought, with a Palmer Severity Drought
Index score of -.06. Between 1993 and 2006, annual consumption per residential customer
steadily decreased to a low of 61.7 thousand gallons in 2006.

Commercial Consumption

From 1993 to 2006, 7,099 commercial customers were added, an increase of 37 percent.
During the period between 1993 and 1996, consumption reports show a dramatic increase.
However, much of this is attributed to the internal switch to a new billing system and
improvements in data collection and reporting. Between 1996 and 2006, annual commercial
consumption fluctuated, but the trend was a general increase in consumption (Figure B.2).

Average and Maximum Daily Demand

Figure B.3 compares the maximum day and average daily demands of GCWW. The
maximum day demand fluctuates during the time series provided, with a peak of 234.3 mgd in
1999. This year was a relatively normal year in regard to drought, with a Palmer Severity
Drought Index score of -.06. During the period, the average daily demand remained relatively
constant with a 6 percent increase over the years.

250,000 100,000
90,000 §
@ 200,000 80,000 S
= <
3 70,000 o
§ 150,000 60,000 =
3
< 50,000
£ 100,000 - - 40,000 3
c
= - 30,000 §
()
@ 50,000 - - 20000 £
- 10,000 T
O T T T T T T 0 (D
®) “ A O N > o)
S S S 9 Q Q 9
NJ NJ NJ NJ » » »

——Residential Accounts  —#— Residential consumption per account

Figure B.1. Cincinnati residential water consumption and account trends
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Figure B.2. Cincinnati commercial water consumption and account trends
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Figure B.3. Comparing the maximum day demand and the average daily demands
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CLEVELAND WATER DEPARTMENT

The City of Cleveland Water Department (CWD) has owned and operated the public
water supply system since 1856. The CWD draws its water supply from Lake Erie, a virtually
unlimited source of high-quality water, through four intakes located 2.5 to 5 miles offshore. The
CWD is one of the 10 largest municipal water systems in the United States. The CWD’s service
area covers roughly 640 square miles and serves approximately 1.5 million people in Cuyahoga,
Geauga, Portage, Summit, and Medina counties. In addition to the City of Cleveland, the CWD
serves 71 suburban communities, 65 on a retail basis and six on a wholesale basis. In addition,
CWD has emergency service connections to areas in Cuyahoga, Lake, Lorain, Summit, Portage,
and Medina Counties (CWD 2007a).

Water is sold on a retail basis to approximately 417,400 individually metered customers,
comprised of 130,000 customers within the city of Cleveland and 287,400 customers located in
65 suburban communities, (the Direct Service Suburb communities). Customers within the
Direct Service Suburb communities receive bills directly from and make payments to the CWD
(CWD 2007a).

Rate Structure

The CWD provides water service to approximately 1.5 million persons, representing
approximately 99 percent of the total population residing within its approximately 640-square-
mile service area, with the remainder of the population being served via private well systems or
independent water suppliers. The CWD does not charge different rates among customer classes.
Water service within CWD’s total service area is divided into four separate but interconnected
subsystems, referred to as Service Districts. Service Districts are identified by pressure zones,
which reflect distance from and elevation above Lake Erie. The four Service Districts are the
Low Service District, the First High Service District, the Second High Service District, and the
Third High Service District (CWD 2007b).

The CWD implements an inclining two-block rate structure. This rate structure has been
in place for over 30 years. The CWD does offer a “super rate” for high-consuming industrial
customers. Currently, only one industrial account occasionally qualifies for this “super rate.”
Table B.4 displays the current water rate structure for 2007 (CWD 2007b).

CWD does subsidize some residential accounts, offering “homestead” rates to those
customers that that meet three criteria: owner of home, household income below 27K, and over
65 years of age or permanently and totally disabled. In addition the CWD offers a discount
program of 20 percent on the quarterly water bill to those customers that meet the HEAP energy
assistance program guidelines (CWD 2007b).

Starting Jan. 1, 2007, the CWD implemented a flat customer-service fee to be charged to
all accounts regardless of consumption. The fee is to remain unchanged through 2010, when this
multi-year rate increase ends. This recently enacted customer service fee will generate
approximately $12 million in revenue annually (CWD 2007b).
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Table B.4
Rate Structure for 2006
CLEVELAND DIRECT SERVICE DISTRICTS RATES
Cleveland Low/1st High 2nd High  3rd High

Regular 1st MCF $8.71 $15.50 $17.88 $20.93

Additional MCFs $18.62 $33.08 $38.96 $44.73
Homestead All MCFs $3.87 $6.77 $8.76 $11.09
Quarterly Service Charge $7.00 $7.00 $7.00 $7.00

History of Rate Changes

Table B.5 shows the history of the increases to the CWD rate service charges since 1976.
The city has enacted timely multi-year water rate increases since 1991. Prior to this, the CWD
enacted water rate increases periodically (CWD 2007b).

Table B.5
Historic changes in rates

Ratefor 1st
Date % of Inarease

MCFE
June 29 1976 43 $0.89
December 16, 1981 15 $1.05
Octobe 11 1982 25 $1.40
April 17, 1985 285 $1.96
February 11, 187 37 $3.11
Augud 1, 1991 20 $3.88
Jauary 1, 1993 8.5 $4.25
January 1, 1994 8.5 54.64
Jauary 1, 1993 8.5 $5.07
May 11, 1994 7 $5.45
Jauary 1, 1997 7 $5.86
Jauary 1, 1998 7 $6.30
Jauary 1, 199% 7 $6.78
Jauary 1, 2000 7 $7.29
January 1, 2001 35 $7.55
Jauary 1, 2002 33 $7.83
January 1, 2003 35 $8.11
Jauary 1, 2004 33 5841
January 1, 2003 35 $8.71
January 1, 2006 0 $8.71
January 1, 2007 158 $9.62
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Water Quality

CWD complies with all existing USEPA and Ohio EPA regulatory requirements and
expects to comply with all pending requirements. All water treatment plants have achieved water
quality levels meeting or exceeding those set by the Partnership for Safe Water, which are much
more stringent than existing or proposed regulatory levels. Due to continued compliance,
Cleveland enjoys “reduced monitoring” status for lead and copper (CWD 2007a).

Cleveland Water was one of the first in the country to establish a voluntary finished water
turbidity goal of 0.1 nephelometric turbidity units or less, reflecting a high degree of particulate
removal. The CWD expects to meet all requirements of the Long-Term 2 Enhanced Surface
Water Treatment Rules and Stage 2 Disinfection By-Products Rule. Cleveland Water regularly
participates in research and collaboration projects with the American Water Works Association
Research Foundation (CWD 2007a).

The CWD enjoys a virtually unlimited supply of high-quality water from Lake

Erie, the 12th largest lake in the world. CWD maintains water intake structures located
far away from shoreline or river outflows, minimizing agricultural and urban runoff and
industrial waste in the raw water supply. For over 15 years, the CWD has not posted limitations
on customer use.

Customer Classification

CWD does not charge different rates based upon the customer classification. As such,
there has not been a concerted effort to clearly define and categorize accounts into residential
and commercial groups. Currently, the CWD customer classification system is based upon meter
size. The general rule of thumb is that meters less than or equal to I are classified as residential.
Those accounts with meter sizes greater than 1.5 are classified as commercial (CWD 2007a).

In the near future, the CWD will undertake a meter automation and replacement project.
The initial phase of the update will focus on updating meters for industrial and commercial
accounts. The second phase will focus on updating meters for residential accounts. During the
first phase of this project, commercial and industrial accounts also will be analyzed to determine
if the correct meter size is in use and accounts are correctly classified (CWD 2007a).

Of special note, state law enables the CWD to place liens on property owners to ensure
payment of water bills; all CWD accounts are thus in the name of the homeowner, not the tenant
(CWD 2007a).

Total Residential Consumption
From 1977 to 2006, the number of CWD’s residential customer accounts rose from
350,622 to 402,450, an increase 14.8 percent. Total residential consumption remained constant

between 1977 and 1999 before experiencing an average 2.9 percent decrease in total residential
consumption between 2000 and 2006 (Figure B.4).
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Urban Compared to Suburban Residential Consumption

The CWD distinguishes account rates between those inside the city of Cleveland
boundary (Urban) and three direct service districts (Suburban) outside of the boundary. This
section examines the changes in consumption rates experienced from 1977 to 2006.

Between 1977 and 2006, urban residential accounts saw a steady decrease in
consumption and the number of active accounts. Active accounts decreased 10.2 percent, from
139,152 in 1977 to 124,989 in 2006. Consumption per account decreased 38.8 percent, from
114,376 gallons per account in 1977 to 70,041 gallons in 2006 (Figure B.5).

During this same period, CWD saw a steady incline in suburban residential accounts.
Overall, suburban accounts increased 31.2 percent, from 211,470 in 1977 to 277,461 in 2006 (or
an average annual increase of 0.96 percent). Despite the increase in suburban accounts,
consumption decreased 31.8 percent, from 91,689 gallons in 1977 to 62,461 gallons in 2006, per
account (Figure B.6). Figure B.7 compares the consumption per account for the urban and
suburban residential accounts during this same time period.
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Figure B.4. Cleveland total residential water consumption and account trends
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Figure B.7. Comparing suburban and urban residential consumption per account
Commercial Consumption
The number of commercial customers rose from 11,106 customers in 1977, to 14,937
customers in 2006, an increase of 34.5 percent. As shown in Figure B.8, between 1977 and 2006,

commercial annual consumption fluctuated but saw a distinctive downward trend. During this
period, CWD experienced a 67.4 percent decrease in total commercial consumption per account.
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Figure B.8. Cleveland commercial water consumption and account trends
Average and Maximum Daily Demand

Figure B.9 compares the maximum day and average daily demands of total CWD
pumpage. The maximum day demand fluctuates during the time period, with a peak of 498 mgd

in 1978 and a low of 285.6 mgd in 2004. Overall, during this period the CWD experienced
declines in both maximum daily demand and average daily demand.
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Figure B.9. Comparing the maximum day demand and the average daily demands
(pumpage)
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DALLAS WATER UTILITIES

The Dallas Water Utilities (DWU), founded in 1881, provides water and wastewater
services to about 2.3 million people in Dallas and nearby communities. The city-owned DWU is
operated as a self-supporting enterprise. The department receives no tax dollars and obtains its
revenues through the sale of water and wastewater services.

The DWU currently obtains all its water supply from local surface water sources: Lake Ray
Hubbard, Lake Lewisville, Lake Grapevine, Lake Ray Roberts, and Lake Tawakoni (DWU 2007).

Customer Classification

DWU employs five customer classes: residential, general service, municipal, optional
general service, and wholesale. The wholesale customer class is comprised of 22 communities
outside the city of Dallas that receive water service and 11 communities that receive wastewater
service. DWU also has untreated water customers (DWU 2007).

Rate Structure

The DWU implements specific usage charges for each customer class. Rates for each
customer class are determined by a cost-of-service study that assigns costs to each class based on
the department’s cost to provide them with these services. For residential accounts, DWU
implements a four-block inverted rate structure. The rate structure is detailed in Table B.6.
Additionally, customers are assessed a monthly service charge based on meter size. This charge
does not include any usage. These rates are detailed in Table B.7 (DWU 2007).

Table B.6

Residential water rates
Rate

per 1,000

Gallons

Up to 4,000 gallons $1.41
4,001 to 10,000 gallons $2.31
10,001 to 15,000 gallons ~ $3.20
Above 15,000 gallons $4.10

Table B.7

Customer service charge

Rate

5/8 Inch Meter $3.61
3/4 Inch Meter $4.23
1 Inch Meter $6.14
1 1/2 Inch Meter $11.56
2 Inch Meter $18.07
3 Inch Meter $43.37
4 Inch Meter $72.28
6 Inch Meter $144.55
8 Inch Meter $242.13

10 Inch Meter or larger  $368.61
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For the fiscal year 2005-2006, water and wastewater revenues totaled $433.6M including
a 7.3 percent increase in the retail rate. The utility receives other miscellaneous revenue from
interest earnings, connection fees, and system improvement contributions. Historically, Dallas
has experienced revenue fluctuations related to summer temperatures and rainfall in the region.
The majority of the annual revenue is accounted for through sales to residential (35 percent),
general service (40 percent), and wholesale customers (16 percent) (DWU 2007).

Annual revenue is used for the daily operating and maintenance costs of providing water
and wastewater service to customers and maintaining debt service (principal and interest) on
outstanding debt used to design and construct the facilities necessary to provide these services.
Additionally, revenues are used for cash funding for capital improvement facilities not funded
through the sale of revenue bonds or other debt (DWU 2007).

Residential Consumption

From 1996 to 2006, residential accounts increased an average of 0.53 percent annually.
Consumption per account fluctuated between 1996 and 2005, but consumption increased an
average of 1,031 gallons annually, Figure B.10. Multi-family accounts increased an average 1.71
percent annually between 1999 and 2006. Consumption for multi-family accounts decreased an
average of 5,961 gallons annually during this period, Figure B.11.

Commercial Consumption

The number of commercial accounts increased an average of 1.09 percent annually, from
1996 to 2006. During this period, commercial consumption decreased an average of 3,507 gallons
annually. Consumption per commercial account peaked at 714,193 in 2000 (Figure B.12).
Industrial Consumption

From 1996 to 2006, industrial accounts decreased an average of 5.02 percent annually. In
2002 the Dallas Water Utilities undertook a meter updating and customer reclassification project.

This resulted in a 24 percent decrease in accounts between 2002 and 2003. Consumption per account
increased an average of 3.1 million gallons annually between 1996 and 2006 (Figure B.13).
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Figure B.10. Dallas residential accounts and consumption trends
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Figure B.11. Dallas multi-family accounts and consumption trends
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Figure B.12. Dallas commercial accounts and consumption trends
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Figure B.13. Dallas industrial accounts and consumption trends
Average and Maximum Daily Demand
From 1975 to 2006, the average daily demand was 337 mgd, while the maximum demand

averaged 554 mgd, with a peak demand of 790 mgd in 2000 (Figure B.14). Overall, both
maximum and average daily demands showed a positive trend.
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Figure B.14. Comparing the maximum day demand and the average daily demands
(pumpage)

LAS VEGAS VALLEY WATER DISTRICT

The Las Vegas Valley Water District (LVVWD) is a quasi-municipal corporation that
began providing water to the Las Vegas Valley in 1954. The district now provides water to more
than 1 million people in southern Nevada. The Clark County Commissioners serve as the
LVVWD Board of Directors. The board appoints the general manager, who carries out day-to-
day activities (LVVWD 2007a).

Nearly 90 percent of Las Vegas drinking water comes from the Colorado River via Lake
Mead. The remainder comes from a deep groundwater aquifer beneath the Las Vegas Valley,
which is used primarily during summer months to meet peak water demand (LVVWD 2007a).

Population Growth

Population growth in the Las Vegas Valley was fairly slow during the first half of the 20"
century, but as the gaming and tourism industry blossomed, population growth began to increase
rapidly. The population for Clark County was 48,289 in 1950. Las Vegas accounted for 24,624
of the total population. In 1960, Clark County's population was 127,016 and the population of
Las Vegas was 64,405 (Acevedo et al. 1997).

In the 1960s and 1970s growth continued. By 1980 Clark County's population was
463,087 and the population of Las Vegas was 164,674. Growth has been even more dramatic in
the last several decades. Since 1980, population has more than doubled. Today, the Valley's
population tops 2 million, but that does not include the tourist population, which itself is
estimated at 39 million annually. It is the fastest-growing metropolitan area in the country. One
estimate is that the population will double by 2015 (Acevedo et al. 1997).

The unprecedented growth within the Las Vegas Valley has created an expanding
customer base for the LVVWD, with increased demands for service in all parts of the valley.
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This growth, combined with the community’s response to drought, meaningful reductions in
water use, and no increases in water rates before 2006, has led to a less certain revenue
environment (Acevedo et al. 1997). Only recently has LVVWD implemented rate increases, one
in February of 2007 and the latest in May of 2008.

Water Conservation

Local water providers and wastewater agents in Nevada formed the Southern Nevada Water
Authority (SNWA) in 1991 to address the area's unique water needs on a regional basis. The SNWA
responsibilities include managing current water resources, ensuring that southern Nevada has enough
water for the future, and overseeing a conservation plan. LVVWD customers are eligible for
numerous water-saving rebates and services through the SNWA. The SNWA also maintains regional
water treatment and delivery systems and monitors regional water quality to ensure that area water
meets or exceeds the standards of the Safe Drinking Water Act (SNWA 2007).

Over the past several years, southern Nevada has taken dramatic steps to increase its
water conservation in response to the drought. Community-wide drought messaging, irrigation
watering restrictions, and higher water rates have resulted in substantial conservation gains,
surpassing long-term goals established for the region in the mid 1990s (SNWA 2007).

Eliminating system loss from LVVWD’s distribution system is critical to sustaining the
conservation achievements of the past two to three years. In 2004 and 2005, the LVVWD
invested $1.6 million to automate leak detection and identification. This project is comprised of
7,857 monitoring units installed throughout the district’s service area. The units monitor water
distribution pipelines and identify locations where an unobservable underground water leak
might exist. In addition to the leak detection program, the LVVWD has been converting
conventional meters to the Automated Meter Reading (AMR) System for several years and
expects to have the system completely deployed by the end of fiscal year 2006/2007. Newly
implemented service rules require developers to pay for the installed cost of the AMR units on
all new water service connections (SNWA 2007).

Regional conservation efforts over the last three years have yielded a significant increase
in water savings by LVVWD customers. Although conservation achievements had fallen below
long-term regional goals from 2000 through 2002, over the last four years, the average monthly
water use of a single-service residential customer declined significantly — from approximately
17,900 gallons per month to 13,800 gallons per month, or a 23 percent reduction (SNWA 2007).

Rate Structure

LVVWD’s water rates cover only the costs of water delivery and the maintenance and
building of facilities. The current four-block inclining rate structure has been in place since 1996.
Prior to 1996, the district implemented a three-block inclining system. The rates listed in Table
B.8 were effective as of Jan. 1, 2007. Additional monthly charges include a SNWA commodity
charge of $0.10 for every 1,000 gallons used. In addition, there is a SNWA reliability surcharge,
which is calculated as a percentage of water usage plus service charges: .25 percent for
residential and 2.5 percent for commercial, respectively (LVVWD 2007b).
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Table B.8
Common residential meter sizes rate structure
Meter Size S[e)ri;:)c/e Tier Threshold (x Rate
(inches) Charge 1000 gallons) (per 1,000 gallons)
1 0-5 $1.10
" 2 5.01-10 $1.89
5/8 $0.1347 3 10.01-20 $2.62
4 20.01 and over $3.48
1 0-75 $1.10
N 2 7.501 - 15 $1.89
1 $0.1551 3 15.01 - 30 $2.62
4 30.01 and over $3.48

Customer Classification

The LVVWD bases customer classification on the meter size associated with the account
and the function of the property indicated by the customer during activation of services.
Historically, the rate thresholds had been set based on meter size equivalency. Currently,
LVVWD implements 15 customer classes, but typically uses seven on a regular basis (LVVWD
2007a). LVVWC has begun consolidating the tier thresholds for single-family residential
accounts to achieve equity among customers and to target conservation of discretionary water
use. Under the current rate structure, residents with a %-, 1-, 1%- or 2-inch meter are allowed
proportionately greater amounts of water in the lower-priced rate tiers than a 5/8-inch meter
(LVVWDc 2007).

Water Quality

Water delivered by the LVVWD meets or surpasses all state and federal drinking water
standards. According to the EPA’s Safe Drinking Water Information System (SDWIS), the Las
Vegas Valley Water District has no health-based violations (LVVWD 2007a). The LVVWD has
experienced nine monitoring and reporting violations over the past 10 years.

Residential Consumption

The LVVWD provided single-family and total residential consumption data from 1978 to
2006. The total residential customer classification includes both single and multi-family
customers.

For single-family customers, accounts increased 381 percent between 1978 and 2007.
During this period, consumption per account fluctuated annually, with an overall negative trend.
Consumption during this period peaked at 286,660 gallons per account in 1989. Since reaching this
peak 1989, consumption per account has steadily decreased through 2007. Overall, consumption
per account decreased an estimated 3,484 gallons from 1978 to in 2007 (Figure B.15).
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For multi-family data, the project used the difference between the single-family and total
residential data provided by the LVVWD. The extracted multi-family account and annual usage
data serve only as an estimate. The amount of water consumed per meter varies with the number
of units being served by the meter. Both multi-family account and usage experienced a positive
trend between 1978 through 2007 (Figure B.16). Multi-family accounts increased an estimated
112 per year. Multi-family usage per account increased an estimate 54,029 gallon annually.

Average and Maximum Daily Demands

Figure B.17 compares the annual changes in the maximum and average daily demands
for all accounts. Maximum demand has an overall upward trend until 2003, when the SNWA
declared a drought warning, which implemented water usage restrictions and water waste fines

for violators.
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Figure B.16. Las Vegas Valley Water Department multi-family consumption and account
trends
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Louisville Water Company

The Louisville Water Company (LWC) is a municipal corporation that provides water to
the more than 840,000 people in Louisville, Kentucky, through over 3,900 miles of pipeline. The
company also supplies water service to parts of Oldham and Bullitt counties in Kentucky.
Additionally, the LWC provides wholesale water to surrounding Shelby, Spencer, and Nelson
Counties of Kentucky. The LWC has been in operation since 1860 (LWC 2006a).

The Louisville Water Company identifies seven customer-billing classes: residential,
commercial, industrial, fire hydrant, fire service, municipal, and wholesale. Types of services
offered by the LWC include domestic, fire, irrigation, combined residential domestic/fire, and
combined commercial domestic/fire (Coomes et al. 2005). For the purpose of this research, the
analysis focuses on the residential, commercial, and industrial customers.

All water supplied by the Louisville Water Company is measured by meters installed and
maintained by the LWC. The LWC calculates the amount of water a premise uses over 1- or 2-
month billing cycles as indicated by the on-premise meter. A meter can be of varying sizes in
diameter, from 5/8” to 12”7, depending on the volume of water needed by the customer. An
industrial manufacturing customer whose production process depends on large volumes of water
would typically have a meter or combination of meters of at least 4” in diameter, while a single-
family residential customer would normally use 5/8” to 5/8” X 3/4” to 3/4” meters
(Coomes et al. 2005).

Customer Classification Issues

Many customers classified as commercial are in fact multi-family housing facilities rather
than typical commercial business establishments. This classification issue has implications on
studies of water usage patterns due to the blending of accounts used for commercial
establishments with accounts used primarily for residential purposes. Until the 2005 study
conducted by the University of Louisville, the extent of the classification issue was unknown.
The study examined a random sample of 500 commercial customers and found that the sample
contained 162 premises with 1,528 house units. The majority of commercial premises identified
as residences were multi-family rental or condominium properties. The sample results imply that
about 15 percent of all housing units in Jefferson County are counted under the commercial,
rather than residential, customer class in the company’s database. Interestingly, the average
commercially classified housing unit uses more water than the average residentially classified
housing unit (Coomes et al. 2005).

There are several reasons why such properties may be classified commercial in the LWC
database. According to the 2005 Louisville Water Company Service Rules and Regulations, the
distinction between residential and commercial properties is vague in regard to apartment
complexes and condominiums. For example, condos are considered residential if they are
properties held in common, while condominium units are categorized as commercial if owned by
the developer. The reason for the differentiation is two-fold: first, the need for compliance with
state tax laws, and second, a result of legacy information-technology applications
(Coomes et al. 2005).

In compliance with state tax laws, the Louisville Water Company classifies apartment
complexes, some condominium groupings, and other multi-family housing units as commercial
if the real estate company or homeowner’s association overseeing such properties sets up a single
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account for multiple rental or condo units. In such cases, all units are served by one meter and
individual water charges are passed on to the occupants as a portion of the monthly rental or
maintenance fees. The State of Kentucky requires the LWC to levy a sales tax on water service
to these developments (Coomes et al. 2005).

Rate Structure

The LWC utilizes a utility approach to determine cost of service. This approach involves
measuring revenue requirements of a utility without allocating those revenue requirements
among classes of customers served (AWWA 2000, LWC 2006a). Currently, the LWC utilizes
annual budget reports to determine cost of services and an annual rate study in determining rate
increases (LWC 2006a).

The LWC does not provide subsidized water programs for low-income customers. The
LWC delineates its service district into five service areas. These service areas are differentiated
by wholesale customers that were acquired in 2000 and later. Each acquired service area outside
of the retail service area pays the same rates as when the LWC acquired them to fund the capital
improvements required to bring their service level to LWC’s standards. Also of note, customers
located at a higher elevation than the general pressure plan pay a surcharge of $0.27 per thousand
gallons (LWC 2006a).

Annually, a budget report is developed for the LWC. Based upon the results of the budget
report, an annual rate study is conducted. Proposed rate changes take effect on Jan. 1 of the
following year. In 2007, the average monthly rates increased by 6.5 percent. The percent of rate
changes can vary by customer class, depending on the predicted cost of services for a particular
block in the rate structure (LWC 2006a).

LWC employs a seven-block rate structure. This block structure is applied to all customer
classes. An inclining block rate structure is used for the first 200,000 gallons consumed. The first
three blocks service all residential customers. After 200,000 gallons, the rate structure becomes a
declining-block rate structure. The block rate structure utilized by the LWC addresses the issue
of cost or service inequities and concerns of commercial and industrial customers with relative
constant consumption patterns (low peak demands but high total usage). The current rate
structure has been in place for over 30 years (LWC 2006a). See Table B.9.

Table B.9
LWC Rate Structure as of Jan. 1, 2007
Thousand Gallons

Categories Cost per Thousand Gallons

Per Month
First <3 At $2.03 per Thousand Gallons
Next 3 At $2.22 per Thousand Gallons
Next 194 At $2.50 per Thousand Gallons
Next 1,300 At $2.36 per Thousand Gallons
Next 3,500 At $2.16 per Thousand Gallons
Next 5,000 At $1.58 per Thousand Gallons
All Over >10,000 At $1.44 per Thousand Gallons

©2010 Water Research Foundation. ALL RIGHTS RESERVED



112 | North America Residential Water Usage Trends Since 1992

Residential Consumption

The number of residential customers increased 38 percent from 1975 to 2005. This is
related to the extension of water mains throughout Jefferson County and the conversion of
previous wholesale customer accounts through mergers and acquisitions. During this time,
consumption per account showed fluctuation annually but exhibited an overall negative trend
(Figure B.18).

Commercial Consumption

The number of commercial customers has increased 52 percent from 1975 to 2005.
During that time, consumption per account increased until 2000, at which point it leveled out and
began a decline (Figure B.19).

Industrial Consumption

The number of industrial customers has decreased 29 percent from 1975 to 2005. During
that time, consumption exhibited a negative trend (Figure B.20).

Average and Maximum Daily Demand
The average daily demand has remained relatively constant between 1975 and 2005.

During the same period the maximum day demand fluctuated annually and exhibited an overall
increasing trend (Figure B.21).
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Figure B.18. Louisville residential water consumption and account trends
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Figure B.19. Louisville commercial water consumption and account trends
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Figure B.20. Louisville industrial water consumption and account trends
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Figure B.21. Comparing the maximum day demand and the average daily demands
(pumpage)

SOUTH CENTRAL CONNECTICUT REGIONAL WATER AUTHORITY

The South Central Connecticut Regional Water Authority (SCCRWA) was established in
1977. As of 2006, the SCCRWA had served approximately 108,101 customers. This represents
approximately 395,282 individuals in 12 municipalities in the south-central region of
Connecticut. The city of New Haven is the most populous municipality in the service area
(SCCRWA 2007b).

For its water supply, the SCCRWA currently utilizes the watersheds that lie between the
Naugatuck River and the Connecticut River, extending to the Long Island Sound. The water
supply is obtained from four surface water supply systems and five well fields. When taking into
account safe yield limitations, the active sources supply 73.7 million gallons per day (mgd). This
is approximately 25 percent greater than the highest annual average draft of 58.9 mgd which
occurred in 1988. Approximately 41 percent of the mains in the system are less than 40 years
old, and approximately 67 percent of the mains are less than 60 years old (SCCRWA 2007b).

Unaccounted-for Water

The SCCRWA has responded to increases in unaccounted-for water through increased
monitoring and investigative work. An internal water-loss performance benchmark has been
established. In 2002, the SCCRWA began tracking gross unaccounted-for water each month.
During 2006, the total gross volume of unaccounted-for water, including water losses, amounted
to 3 billion gallons, or 15.1 percent of the water produced and admitted into the water system.
This represents an increase of approximately 6 percent from the 2.83 billion gallons of gross
unaccounted-for water in 2004 (SCCRWA 2007b).

The SCCRWA continues its internal leak detection, meter sizing and replacement, main
rehabilitation, and other practices that have been effective in reducing unaccounted-for water. In
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addition to internal programs for investigating unaccountable-for water loss, the Authority
continues to participate in Water Research Foundation projects concerning international
techniques for water loss reduction (SCCRA 2007b).

Rate Structure

Currently the SCCRWA has the power to set just and equitable rates and charges, free
from review or approval by the state’s Department of Public Utility Control or any successor
board or commission. All rate increases are subjected to approval by the Representative Policy
Board (RPB). Rates are increased as needed, historically about every two years. Rates changes
are based on cost-of-service studies (SCCRWA 2007b).

The SCCRWA implements a declining-block structure with two blocks: $2.32 per 100
cubic feet for 1 million cubic feet or less and $1.76 per 100 cubic feet for anything over 1 million
cubic feet. These rates are charged either quarterly or monthly and a service charge is added each
billing cycle. The service charge is based on the meter size for that customer. The two-block
structure has been in place since 1992 (SCCRWA 2007b).

Customer Classification

Customers of the SCCRWA are classified according to the nature of their use of water.
All homes, dormitories, and apartment buildings are classified as residential. Multi-family
customers are classified as residential. These classes have been maintained by the SCCRWA for
decades. All manufacturing enterprises in which water is used as part of the manufacturing
process are classified as industrial. The commercial classification includes all businesses and
institutional enterprises not classified under industrial. Water sales to governmental units are
classified as sales to public authority (Table B.10). For 2006, residential accounts accounted for
61 percent of overall water consumption and approximately 65 percent of overall water revenue
(SCCRWA 2007b). Table B.11 provides an overview of the historic rate changes by years.
Between 2001 and 2006, the number of customers served by the SCCRWA increased by
approximately 2 percent.

Table B.10

Breakdown of classification of customers
Classification Number of Customers
Residential 98,123
Commercial 6,469
Industrial 216
Public Authority,
Private and Public 3,293
Fire Protection
Total 108,101
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Table B.11
Rate increases

Amount of Increase (%) Effective Date

14.5 1980
10.8 1981
5.2 1983
5.1 1984
3.1 1986
7.2 1988
9.5 1990
7.4 1991
5.3 1992
4.6 1996
3.7 1999
2.5 2000
4.5 2004
5.1 2005
4.6 2007

Residential Consumption

The SCCRWA experienced an increase of 21.6 percent in residential accounts from 1977
to 2006. The residential account and consumption data for 1975 through 1977 were excluded
from the study because during this period commercial accounts were included under the
residential classification. During this period consumption fluctuated. Overall, residential
consumption per residential account decreased an average of 0.07 percent per year (Figure B.22).

Commercial Consumption

The number of commercial accounts increased by over 30 percent from 1977 to 2006.
During this period commercial annual consumption fluctuated but saw an overall decreasing
trend in commercial consumption (Figure B.23).

Industrial Consumption

The SCCRWA experienced a 33 percent decrease in industrial accounts, from 323 in 1975
to 216 in 2006. During this period, consumption per industrial account decreased (Figure B.24).
Overall, industrial consumption decreased by 49.7 percent between 1975 and 2006.

Maximum and Average Demand

The average and maximum daily demands of the SCCRWA are compared in Figure B.25.
The maximum day demand fluctuates during the time series provided, with a peak of 98.4 mgd
in 1999. This year was considered a drought year, with an average monthly Palmer Severity
Drought Index score of -1.12. During the period, the average daily demand has remained
relatively constant.
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Figure B.22. Regional Water Authority residential water consumption and account trends
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Figure B.23. Regional Water Authority commercial residential water consumption and
account trends
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Figure B.24. Regional Water Authority industrial water consumption and account trends
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Figure B.25. Comparing the maximum day demand and the average daily demands
(pumpage)
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PHILADELPHIA WATER DEPARTMENT

The Philadelphia Water Department (PWD) began service in 1801. Currently, PWD
supplies water to the city of Philadelphia and portions of Montgomery, Delaware, and Bucks
counties of Pennsylvania. The water system served approximately 1,672,000 accounts in 2000, of
which 90 percent were located within the Philadelphia city limits. PWD also provides wastewater
service to Philadelphia and to 10 municipalities and authorities located in Montgomery, Delaware,
and Bucks counties of Pennsylvania. As of June 2006, PWD served approximately 475,300 retail
customers through 3,014 miles of mains. In addition, as of June 2006, approximately 16,200
accounts were in non-service status due to service shutoffs for non-payment (PWD 2007b).

Approximately 56 percent of PWD’s water supply comes from the Delaware River and the
balance from the Schuylkill River. Currently, the city is authorized by applicable regulatory
authorities to withdraw up to 390 mgd (million gallons per day) from the Delaware River and up to
258 mgd from the Schuylkill River. The storage capacity for treated and untreated water in the
combined plant and distribution system totals 1,065.5 million gallons. In fiscal year 2006, PWD
distributed 92,650 million gallons of water at an average rate of 253.8 mgd. The maximum daily
water production requirement experienced by PWD in fiscal year 2006 was 300 million gallons
and occurred on August 14, 2005 (PWD 2006, PWD 2007b).

The water provided by PWD meets all physical, chemical, radiological, and bacteriological
water-quality standards established by the United States Environmental Protection Agency
(USEPA) under the Safe Drinking Water Act and by the Pennsylvania Department of
Environmental Protection (PaDEP) (PWD 2005).

PWD has been a participant in the development of drought management plans which,
during drought periods, allocates Delaware River Basin water resources among jurisdictions
dependent on the Delaware River for water. These plans have been used to effectively manage past
drought emergencies and are expected to adequately address future drought emergencies. In
addition, the city is able to draw water from both the Schuylkill and the Delaware River systems
and is not, therefore, dependent on a single source of supply (PWD 2007b).

Non-Revenue Water

The PWD was the first water utility in the United States to adopt the new best management
water audit approach published by the International Water Association (IWA) and the American
Water Works Association (AWWA) in 2000. This method accounts for all water as either
consumption or losses. Apparent losses are the paper losses due to customer meter inaccuracies,
billing error, and unauthorized consumption. These losses cause water utilities to lose a portion of
the revenue to which they are entitled and the aggregate measure of customer consumption to be
understated. Real losses are physical losses, largely leakage, which cause excess production costs
for water utilities (PWD 2007b). The water audit methodology distinguishes between the value of
treated water supplied and customer-billed authorized consumption. For some utilities, including
PWD, these two values can be dramatically different because of the amount of non-revenue water.
For its fiscal year 2006 period, PWD supplied water averaging 253.7 million gallons per day (mgd)
but billed an average of 177.0 mgd. The difference of 76.7 mgd represents non-revenue water.
PWD determined that roughly 61 mgd of this amount occurs as distribution system leakage and
approximately 15.7 mgd occurs as apparent losses of billing system data handling errors,
unauthorized consumption, and a small portion as customer meter inaccuracy.
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Water Rates

PWD is empowered and required to establish rates for water and wastewater service, in
accordance with standards ordained by city council. General service customers’ water rate
consists of a service charge related to the size of the meter, plus a schedule of quantity charges
for all water use. The sewer rate is similar in form. On July 21, 2005, the water commissioner
directed that there be a 4.2 percent or $2.14 monthly increase starting July 1, 2007, for typical
customers. This rate increase is the third in a series of rate increases in place since 2005. Similar
increases were directed for other customers. This followed a 12.8 percent rate increase, effective
Feb. 1, 2005 (PWD 2007b).

Customer Classification

Within the billing system for the Philadelphia Water Department, customers are classified
into two groups: small meter accounts for customers with meters equal to or smaller than 1”, and
large meter accounts for customers with meters greater than 1”. In general, those accounts
classified as small meter serve residential customers. Those under the large meter classification
serve commercial and industrial accounts (PWD 2007b).

Between 1997 and 1999, PWD and the city’s Water Revenue Bureau completed
installation of the country’s largest water utility Automatic Meter Reading (AMR) System,
installing over 425,000 AMR units on the city’s residential accounts. All residential water
meters were replaced as part of this project. Since 1999, PWD has gradually implemented AMR
on the remaining large meters and is approximately 95 percent complete with these installations
(PWD 2007b).

Residential Consumption

For the purpose of this study, those accounts classified as small meter were classified as
residential. This broad classification includes single-family and multi-family accounts, but not
apartment complexes, which typically utilize meters great than 1”. The number of small meter
accounts decreased 5 percent between 1985 and 2006. Over this period, consumption per account
remained relatively flat. Between 1985 and 2006, the average annual consumption was 77,412
gallons per account (Figure B.26). Consumption per account decreased .3 percent between 1985
and 2006. Upon examining the consumption trends between 2000 and 2006, post AMR
conversion, consumption decreased an average 2.7 percent annually.

Commercial and Industrial Consumption

Under the PWD billing system, those accounts greater than 1 are categorized as large meter
customers. This classification includes apartment complexes, commercial, and industrial accounts.

The number of large meter accounts decreased an average of 88 accounts per year
(Figure B.27). Between 1985 and 2006, consumption decreased an average 1.03 percent
annually. Upon examining the consumption trends between 2000 and 2006, post AMR
conversion, consumption increased an average 1.85 percent annually.
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Average and Maximum Daily Demand

Both the maximum and average daily demands have steadily decreased from 1980 to
2006 (Figure B.28). While the maximum demand fluctuated annually, it experienced an overall
negative trend. The average daily demand was relatively constant, with a negative trend. For
comparison, the total-billed authorized consumption (mgd) is included in Figure B.28. Note that
the billed-authorized consumption is