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Technical Memorandum

To: Harnett County Environmental Health Date: May 17, 2022

Client: Carolina Construction & Restoration, LLC.

From: Gary S. MacConnell, P.E. Subject: 44 Sweet Home Ct.
Project No.: A05301.00

This technical memorandum is a request for a design daily flow exemption to a residential dwelling
using low flow fixtures as provided for in Session Law 2013-413 (House Bill 74) and Session Law
2014-120 Section 53 which relates to Rule 15A NCAC 18A .1949. Neither the State nor local
health department shall be liable for any damages caused by an engineered system approved or
permitted pursuant to Session Law 2014-120 Section 53.

Carolina Construction & Restoration, LLC. proposes to construct a 4-bedroom single family
dwelling on Lot 20 in the Morgan Farms Subdivision in Hamett County. The street address is 44
Sweet Home Court, Lillington, NC 27546, A copy of the deed can be found in the Existing
Information section of this application package. Adams Soil Consulting has designed the homes
septic layout based on their soils report. MacConnell & Associates, P.C. (M&A) is requesting a
25 percent flow reduction, using low-flow fixtures, to be incorporated into the design so that the
home may be permitted as a 4-bedroom without needing to increase the size of the drainfield. The
proposed treatment system is sized for the unadjusted flow of 480-GPD. The proposed initial and
repair drainfield are sized for the reduced design flow of 360-GPD.

This request is for a flow reduction per provisions provided in Session Law 2013-413 and Session
Law 2014-120. Typically, the basis for the design flow is provided in 15A NCAC 18A and prior
regulations. The applicable regulations which preceded the 15A NCAC 18A rules and which
served as the basis in determining flow in the 15A NCAC 18A rules: dates well before The Energy
Policy Act of 1992 which established maximum flow rates for various fixtures in a nationwide
effort to reduce both energy and water use. The flows which were established in the Act have
recently been further reduced through the WaterSense program, which allows for labeling of
fixtures which meet minimum criteria and conserve water.



Specifications for each fixture model can be found in the Proposed Fixtures section of this
application package. A summary of the fixtures and flow rates be found below in Table 1. Please
note, the Builder does not plan to install a washing machine. A washing machine will be installed
by the home buyers in the future, so to calculate flow rates M&A has elected to go with the base-
rule flow to provide a conservative estimate,

Table 1. Flow rates of proposed fixtures installed by builder.
Flow

Fixture No. Manufacturer Rate Units
Kitchen Faucet 1 Delta/9159 1.8 GPM
Bathroom Faucets 3 Delta/15849LF 1.2 GPM
Bathroom Faucets (Master) 2 Delta/35749LF 1.2 GPM
Showerheads 3 Delta/144749 1.75 GPM
Showerhead (Master) 1 Delta/142749 1.75 GPM
Toilets 4 Mansfield/135-160 1.6 GPF

Table 2 identifies the type of fixture, flows for fixtures based on the 15A NCAC 18A rules {Flow
A), and flows for proposed fixtures (Flow B). The savings or water conservation from both the
rule-based flows and proposed conditions are presented in both flow and percent below (Table 2).

Table 2. Savings of water from rule-based flows with the proposed fixtures.
Base/Rule Proposed AtoB AtoB%

Eixture Nos Units Flow A Flow B Savings  Savings
Kitchen Faucet 1 GPM 3.0 1.8 1.2 40%
Bathroom Faucet 5 GPM 3.0 1.2 1.8 60%
Showerhead 4 GPM 5.5 1.75 3.75 68%
Toilet 4 GPF 3.5 1.6 1.9 54%
Washer 1 GPL 32.0 32.0 0.0 0%
Notes:

Federal EPA Standard of 1992.
Kitchen faucets are exempt per current standard
Excludes: bar faucet, laundry room faucet, and tubs which are rarely used.

Documentation for the above values is presented at the end of this discussion. The documentation

includes:

Rule basis of flow and effective dates of rule.

Typical indoor water use.

Proposed fixtures.

Supporting documentation including historical flow rates for fixtures.

Technical Advisory Council Report for Wastewater Flows from Single Family Dwellings
Existing Information.

Sk wN =

The projected flows using rule-based design flowrates would be:



Unadjusted Design Flow per Rule (15A NCAC 18A and prior regulations)

Description No. Flow/Unit Total
Bedrooms 4 120 GPD 480 GPD
Total 480 GPD

Using the information presented above on flow A and B, the projected water use is presented in
Table 3 below. The savings presented are from fixture rates when the rules were made effective
in comparison to the flow rates with the proposed fixtures.

Table 3. Projected flow with proposed fixtures installed

Fixture % Base Flow % Savings  Adjusted
Use GPD Savings GPD GPD

Kitchen Faucet 6% 29 40% 12 17

Bathroom Faucet 10% 48 60% 29 19

Showerhead 19% 91 68% 62 29

Toilet 28% 134 54% 72 62

Clothes Washer 22% 106 0% 0 106

Leaks & Other 15% 72 0% 0 72

Total 100% 480 36% 175 305 64%

The projected flow of 305-GPD is approximately sixty-four percent of the design flow which we
have found to be typical in newer homes.

Analysis of wastewater shows that with the flow reduction, the waste is not considered high
strength at presented below:

Table 4. Analysis of wastewater concentration

Base Flow Concentration | Reduced Flow Concentration High
220 Strength
(1-.25)
BODs 220 mg/1 293 mg/i 350 mg/l
TSS 220 mg/l 293 mg/l 350 mg/1

Thus, the effluent from the septic tank is expected to be similar to a non-reduced flow effluent.
Based on this analysis, the use of low-flow fixtures provides sufficient remaining capacity. We
respectfully ask for acceptance of this proposal.
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1. Rule basis of flow and effective dates of rule.



ISANCAC 18A 1949 SEWAGE FLOW RATES FOR DESIGN UNITS

(2) In determining the volume of sewage from dwelling units, the flow rate shall be 120 gallons per day per bedroom. The
minimum volume of sewage from each dwelling unit shall be 240 gallons per day and each additional bedroom above two
bedrooms shall increase the volume of sewage by 120 gallons per day. In determining the number of bedrooms in a dwelling
unit, each bedroom and any other room or addition that can reasonably be expected to function as a bedroom shall be
considered a bedroom for design purposes. When the occupancy of a dwelling unit exceeds two persons per bedroom, the
volume of sewage shall be determined by the maximum occupancy at a rate of 60 gallons per person per day.

(b) Table No. I shall be used to determine the minimum design daily flow of sewage required in calculating the design
volume of sanitary sewage systems to serve selected types of establishments. The minimum design volume of sewage from
any establishment shall be 100 gallons per day. Design of sewage treatment and disposal systems for establishments not
identified in this Rule shall be determined using available flow data, water-using fixtures, occupancy or operation patterns,
and other measured data.

TABLENO. I

TYPE OF ESTABLISHMENT DAILY FLOW FOR DESIGN
Airports 5 gal/passenger
(Also R.R. stations, bus terminals —not
including food service facilities)
Barber Shops 50 gal/chair
Bars, Cocktail Lounges (Not including

food service) 20 gal/seat
Beauty Shops (Style Shops) 125 gal/chair
Bowling Lanes 50 gal/lane
Businesses {other than those listed elsewhere in this table) 25 gal/employee
Camps
Construction or Work Camps 60 gal/person

40 gal/person
(with chemical toilets)

Summer Camps 60 gal/person
Campgrounds -- With Comfort Station

(Without water and sewer hookups) 100 gal/campsite
Travel Trailer/Recreational Vehicle Park

(With water and sewer hookups) 120 gal/space
Churches (Not including a Kitchen, Food Service
Facility, Day Care or Camp) 3 gal/seat
Churches (With a Kitchen but, not including a Food
Service Facility, Day Care, or Camp) 5 gal/seat
Country Clubs 20 gal/member
Day Care Facilities 15 gal/person
Factorics (Exclusive of industrial waste) 25 gal/person/shift
Add for showers 10 gal/person/shitt
Food Service Facilities
Restaurants 40 gal/seat or

24-hour Restaurant
Food Stands

40 gal/15 fi2 of
dining area, whichever is greater
75 pal/seat

(1) Per 100 square feet of food stand floor space 50 gal

@) Add per food employee 25 gal

Other Food Service Facilities 5 gal/meal
Hospitals 300 gal/bed
Marinas 10 gal/boat slip
With bathhouse 30 gal/boat slip

Meat Markets



(1) Per 100 square feet of market floor space 50 gal
(2) Add per market employee 25 gal
Motels/Hotels 120 gal/room
With cooking facilities 175 gal/room
Offices (per shift) 25 gal/person
Residential Care Facilities 60 gal/person
Rest Homes and Nursing Homes
With laundry 120 gal/bed
Without laundry 60 gal/bed
Schools
Day Schools
With cafeteria, gym, and showers 15 gal/student
With cafeteria only 12 gal/student
With neither cafeteria nor showers 10 gal/student
Boarding Schools 60 gal/person
Service Stations 250 gal/water

24-hour Service Stations
Stores, Shopping Centers, and Malls

closet or urinal
325 gal/water closet

(Exclusive of food service and meat markets) 120 gal/1000 fi2
of retail sales arca
Stadium, Auditorivun, Theater, Drive-in 5 gal/seat or space
Swimming Pools, Spas, and Bathhouses 10 gal/person

(¢} Anadjusted design daily sewage flow may be granted by the local health department upon a showing as specified in
Subparagraphs (c)(1) through (c)(2) that a sewage system is adequate to meet actual daily water consumption from a faci lity
included in Paragraph (b) of this Rule.

1)

(2)

History Note:

Documented data from that facility or a comparable facility justifying a flow rate reduction shall be
submitted to the local health department and the State. The submitted data shall consist of at least 12
previous consecutive monthly total water consumption readings and at least 30 consecutive daily water
consumption readings. The daily readings shall be taken during a projected normal or above normal
sewage flow month. A peaking factor shall be derived by dividing the highest monthly flow as indicated
from the 12 monthly readings by the sum of the 30 consecutive daily water consumption readings. The
adjusted design daily sewage flow shall be determined by taking the numerical average of the greatest ten
percent of the daily readings and multiplying by the peaking factor. Further adjustments shall be made in
design sewage flow rate used for sizing nitrification fields and pretreatment systems when the sampled or
projected wastewater characteristics exceed those of domestic sewage, such as wastewater from restaurants
or meat markets.

An adjusted daily sewage tlow rate may be granted contingent upon use of extreme water-conserving
fixtures, such as toilets which use 1.6 gallons per flush or less, spring-loaded faucets with flow rates of one
gallon per minute or less, and showerheads with flow rates of two gallons per minute or less. The amount
of sewage flow rate reduction shall be determined by the local health department and the State based upon
the type of fixtures and documentation of the amount of flow reduction to be expected from the proposed
facility. Adjusted daily flow rates based upon use of water-conserving fixtures shall apply only to design
capacity requirements of dosing and distribution systems and nitrification fields. Minimum pretreatment
capacities shall be determined by the design flow rate of Table I of this Rule.

Authority G.S. 1304-335(e);
Eff. July 1, 1982;
Amended Eff. January 1, 1996; January 1, 1984.



2. Typical indoor water use.



TSR2M7 Indoor Water Use at Home

Indoor Water Use at Home

= gracelinks.org /124/indoor-water-use-ai-home

Shutterstock.com

Fortunately, when we want fresh, clean water, all most of us have o do is tumn on a faucet. On average, our direc! Indoor water use (water you use
from your tap, tollet, dishwasher, etc.) adds up to about 60 gallons of water a day per person.

Here's how indoor water use breaks down:

» Tollsts (28 percent)
= Washing Machines {22 percent)

+ Showers and Baths (19 peroant)

« Sinks (16 percent)
« Housshold Leaks (14 percent)

That last number is surprising — I's almost 10 galions of water per person per day lost to leaky toilets and faucets.

Conserving Water with Water-Efficlent Tollets, Showsrheads and More

Fortunately, saving water around the house i= easier today than ever befare. Newer (low-fiow) toflets, showerheads and faucets are designed to be
more efficient than older models and can save your household gallons every day. Ear example, older tollets use up to 7 galions perflush, whereas
low-flow tollets use 1,5 gallons or less.

Likewise, older showerheads flow over 4 galons per minute, while low-flow models can flow as low as 1.5 gallons per minute. Be careful what
showerhead you purchase, though, because soma fixiures, especially those with muitiple nozzles, excesd the federal limit of 2.5 galions per minute. If

you use one of those, consider cutting back your shower time,

Check out EPA's WaterSense website for water- and energy- saving products. In addition, you can find energy- and water-saving appliances llke
dishwashers and washing machines through DOE's ENERGY STAR label. By swiiching 1o water-saving fixtures and appliances you can reduce your

indoor water use by a third on average.

Heating is a Water and Energy Hog!

In most houssholds water heating is a huge energy usar, after indoor heating and cooling, appliances, electronics and fighting. So sadly, long hot
showers waste both water and energy! Although modem fortures and appllances are a great way to save gallons, if's stlll important to simply tum off

the tap.
By teking slmple steps to raduce your water use at home you can save gallons, energy and dollars every day! To find lots of ways to save water and
energy visit the Water Saving Tips page.

il

Did' You Know? Washing dishes by hand takes about 20 gallons per load but Energy Star dishwashers only use 4 fo 6 gallons. Even standard
machines use only & to 8 gallons. if you do wash dishes by hand, turn off the tap untl your're ready 1o rinse.



3. Proposed fixtures.
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[@ DELTA.

see what Delta can do-

KITCHEN FAUCETS

B Trinsic® Collection
M Single Handle Deck Mount
W 2-Function Pull-Down Sprayer

FEATURES:

= MagnaTite® Magnetic System
= DIAMOND Seal® Technology
= Touch-Clean® Sprayhead

STANDARD SPECIFICATIONS:
= Maximum 1.8 gom & 60 psi, 6.8 L/min @ 414 kPa
= One or three hole mount {escutcheon optional,
not included)
u Spout rotates 140°
= Control mechanism shall be full-motion valve cartridge
= Two-function wand; Aerated siream or spray
» Red/biue indicator markings
= Dual integral check valves in sprayer
= Quick connect hoses

WARRANTY

= Parts and Finish - Lifetime limited warranty; or for
commercial purchasers, 10 years for multifamily
residential {apartments and condominiums) and
5 years for all other commercial uses, in each case
from the date of purchase.

= Elecironic Parts and Batteries {if applicable) - 5
years from the date of purchase; or for commercial
purchasers, | year from the date of purchase. No
warranty is provided on batteries.

COMPLIES WITH:

" ASMEA1IZ.18.1 / CSABI25.1
= ASME ANZ.18.6
Indicates compliance to
ICC/ANSIATTZ .1
® Verified compliant with .25% weighted
average Pb content regulations.

Deita Faucet Company
55 . 111th Street, Indianapolis, IN - 446280
350 South Edgeware Road, St. Thomas, ON NSP 4L1

© 2079 Delta Faucet Compary



15848LFA

15849LF A
With Escutcheon

Submitted Model No.:

Specific Features:
i Min. 2 1/2" (64 mm)
9118 Clearance to Back Splash
(230 mm) Recommended
| 1 7o
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| (140 mm)
81M8" ,
g {208 mm)
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3/8" Compression 21/
Fitting (56 mm}
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A Deslgnate proper finish suffix

Delta reserves the: right (1) to make changes In specifications and materials, and (2} to change or discontinue
modsis, both without notice or obfigation. Dimensions are for reference only. See current full-line price book or

www deltalaucet.com for finish options and product availability.
DEP-L-15848LF Rev. B

DELT

see what Delta can do-

BATHROOM FAUCET

M Single Handle Deck Mount

STANDARD SPECIFICATIONS:
= Max. flow rate 1.2 gpm @& 60 psi, 4.5 L/min @ 414 kPa
* One or three hole meount fescutcheon optional, included)
= Polymer braided flexible supply hose with
3/8" compression fitting thread connection
= Control mechanism is replaceable cartridge with
ceramic plates
* Model has push pop-up with overflow

WARRANTY

= Farts and Finish - Lifetime limited warranty; or
fer commercial purchasers, 10 years for multi-iamily
residential (apartmerits and condominiums) and
5 years for all other commercial uses, In each case
from the date of purchase.

= Electronic Parts and Batteries {if applicable) -
5 years from the date of purchase; or for commercial
purchasers, 1 year from the date of purchase. No
warranty Is provided on batteries.

COMPLIES WITH:

= ASMEAT12.18.1 / CSABI25.1
= ASMEAT12.18.2/CSAB125.2
Indicates compliance to
ICC / ANSIAI 17,1 - Valve control only
* EPA WaterSense®

Deita Faucet Company

55 E. 11ith Street, indianapalis, indiana 46280

350 South Edgeware Road, 5t Thomas, Ontario Canada N5P 4L1
© 2020 Delta Faucet Compary
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Submitted Model No.:

Speclfic Features:
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A Designate proper finish suffix

Delta resarves the right (1) to make changes in specifications and matsrlals, and (2) to change or discontinue
modsls, bath without notice or obligation. Dimenslons are for reference only. See currert full-line price book or

www.deltafaucet.com for finish options and product availability.

DSP-L-35749LF Rev. B

see what Delta can do-

BATHROOM FAUCET

W Nicoli® Collection
M Two Handle Widespread, Deck Mount

STANDARD SPECIFICATIONS:

= Max. flow rate 1.2 gpm @ 60 psi, 4.5 L/min @ 414 kPa

= Solid brass end valves and spout body

= Three hole mount

= Hot and cold stems are interchangeable

= 1/4 turn handle stops

= [/4" O.D. coper supply lines

= Control mechanism is a rotating cylinder type with
stainless steel plate and 90° rotation, with replaceable
non-metallic seats

= Models have drain with pop-up type fitting with
plated flange and stopper

WARRANTY

® Parts and Finish - Lifetime limited warranty; or for
commerdial purchasers, 10 years for muiti-family
residential {apartments and condominiums) and
5 years for alf other commercial uses, in each case
from the date of purchase.

* Electronic Parts and Batteries {if applicable) - 5
years from the date of purchase; or for commercial
purchasers, | year from the date of purchase. No
warranty is provided on batteries.

&/

Sy

:Emﬁ‘a'

avrn
Catdram

COMPLIES WITH:
= ASMEATT1Z2.18.1 /CSABI125.1
= ASMEAI12.1B.2 / CSAB125.2
E Indicates compliance to
ICC /7 ANSIAT17.1 - Valve control only
» EPA WaterSense®

Delta Faucet Company
S5 E. [11th Street, Indianapclis, IN 46280
350 South Edgeware Road, St. Thormas, ON NSP 41|

© 2020 Delta Faucet Comparny
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| see what Delta can do"

TUB AND SHOWER
FAUCET TRIM

f@ M Euro® Bath Collection
B Shower Only (142749)
1427494 1447494 W Tub/Shower (144749)
Submitted Model No.: FEATURES:
Specific Features: = 14 Series pressure halanced single handie bath mixing
valve trim

= H,Ckinetic® Technology shower head
= 5-Spray setting shower head

STANDARD SPECIFICATIONS:

* Maintains a balanced pressure of hot and cold water even
when a valve is tumed on or off elsewhere in the system

® For use with MultiChoice® Universal rough valve
body {R10000 Series)

= Temperature only controlled with handle

* Field adjustable means to limit handle rotation into hot
water zone

= 120" maximum handie rotation

= Maximum 1.75 gpin @ 80 psi, 6.6 L/min @ 550 kPa

= Tub port maximum flow rate 6.0 gpm @ 60 psi with

:.‘;'33,3’ b[g?ﬁ}:rzg\:ﬁ”hd R10000-UNBX
finish wall line = Shower arm overall horizortal length = 5 1/2* {138 mm),
induding threaded ends
* Red/biue pad print temperature indicators on escutcheon
= /2" OWT slip-on spout adapter
8" {203 mm) = Stem extension kit RP77991 can be ordered to allow for an

additional | 3/4" wall thickness. RP77991 ships with chrome
escutcheeon screws. For special finishes also order RP12630

M.
18" {457 mm)
max. escutcheon screws in desired finish.

f& i ):Lﬁ”"*%f - WARRANTY

T V / ! » Parts and Finish - Lifetime fimited warranty; or for
- | commercial purchasers, 10 years for multi-family
residential {apartments and condaeminiums) and
R 5 years for all other commercial uses, in each case
(7203#,“)—)* e from the date of purchase.
= Electronic Parts and Batteries {if applicable) - 5
years from the date of purchase; or for commercial
purchasers, 1 year from the date of purchase. No

526684 RP733714 Pull-Up Diverter r 2 :
warranty is provided on batteries.
A FA%
s 3 ¥ &
(86 mm) 3 3/18" o

{81 mm) ==;‘_"'3
if“ i COMPLIES WITH:

[ 5 1/4" = ASMEA112.18.1/ CSAB125.1
|<—“33mm)—> " ASSE 1016
Indicates compliance to

HaCOkinetic

pray IPR—T | ICC/ANSI A1 17.1 - Valve control only
{157 mm} ® EPA WaterSense®
Full Body :
Spray RP77991 Avallable Extension Kit
1
Massage Full Spray  Pause by ] ﬂ é ]I B ] @

Spray wf Massage

A Designate Proper Finigh Suffix

. . . " Delta Faucet Company
Delta reserves the right (1) to make changes in spscifications and materials, and (2) to change or discontinue - "
madels, both witho rm(m)a or chligation.” Dimensions are for reference only. Sae! gunem e price book or 55E. 111th Street, Indianapols, IN 46280
www.deltafaucet.com for finish options and product availability. 350 South Edgeware Road, St. Thomas, ON NSP 4L1
© 2G19 Delia Faucet Compary

DSP-B-142748 Rev. A



135-160
ALTO°

I MANSFIELD’

Elongated Front, Vitreous China, Two-Piece Toilet

FEATURES

- 3-belt SmartFasten™ tank-to-bowl connection
+ 1.6 gpf/ 8.0 Ipf low water consumption

+ Eiongated front bowl

« 2" flush tower

+ Anti-siphon ballcock

- 12° rough-in

* Model 40 chrome-plated plastic trip lever

» 2" glazed trapway

» The Mansfield® limited lifetime warranty

« Avallable in White, Biscuit, and Bone

COMPONENTS

MODEL 135-160

L
Toilet seat not included @

Available as CTK — .

MODEL § DESCRIPTION

CODES/STANDARDS

135160 Elongated front, two-piece toilet.

135 Elongated front, toilet bowl only. Less toilet seat. Specify color.

15 Tank and cover only, with left hand, front-mount, chrome-plated,
plastic trip lever. Less supply. Specify color.

&

TANK TRIM & REPLAGEMENT PARTS

40 Trip lever - chrome-plated, plastic trip lever, left hand
211-1112 | Flush tower
OBULF-1112 | Anti-siphon balleock
630-0030 | Repiacement flush valve seal
160410 | Tanklid

MADE IN
EaUSA

Mansfield Plumbing Products, LLC - Customer Service Toll Free 877-850-3060 + Fax 419-938-6234

www.mansfieldplumbing.com - Emall: custserv@mansfieldplumbing.com

©201% Mansfield Plumbing Products, LLC
Rev. 0BA18



4. Supporting documentation including historical flow rates for
fixtures and washer.



EPA ! : High-Efficiency Lavatory Faucet Specification
WaterSense Supporting Statement

WaterSense® High-Efficiency Lavatory Faucet Specification

Supporting Statement

l. Introduction

The WaterSense program released its High-Efficiency Lavatory' Faucet Specification
(specification) on October 1, 2007, to promote and enhance the market for water-efficient
lavatory faucets. The goal of this specification is to aliow consumers to identify and differentiate
products in the marketplace that meet this specification’s criteria for water efficiency and
performance.

This specification addresses lavatory faucets and lavatory faucet accessories? in private use,
such as those found in residences, and private restrooms in hotels and hospitals. Since these
types of faucets are used primarily for hand washing and other sanitary activities, such as face
washing and razor rinsing, WaterSense believes that maximum flow rates can be reduced
enough to impact national water consumption while at the same time not negatively impacting
user satisfaction. This specification is not intended to address kitchen faucets, which have a
very different set of uses and performance criteria, or pubiic restroom faucets (e.g., airports,
theaters, arenas, stadiums, offices, and restaurants), which already have national performance
standards and criteria to which they should conform.

[l. Current Status of Faucets

WaterSense estimates that currently there are 222 million residential lavatory faucets in the
United States. This estimate is based on an assumed one-to-one ratio of lavatory faucets to
residential bathrooms.? In addition to the existing stock, approximately 25 million new faucets
are sold each year for installation in new homes or replacement of aging fixtures in existing
homes.* Of these 25 million faucets, roughly two-thirds of those are lavatory faucets
(approximately 17 million units}. Residential lavatory and kitchen faucets account for

" Lavatory is the terminology used in the Energy Policy Act of 1992 and ASME A112.18.1 to describe the
types of faucets to which the standards apply. In this specification, lavatory means any bathroom sink
faucets intended for private use.

2 Accessory, as defined in ASME 112.18.1, means a component that can, at the discretion of the user, be
readily added, removed, or replaced, and that, when removed, will not prevent the fitting from fulfilling its
primary function. For the purpose of this specification, an accessory can include, but is not limited to
lavatory faucet flow restrictors, flow regulators, aerator devices, laminar devices, and pressure
compensating devices.

®U.S. Census Bureau, American Housing Surveys for the United States, 1970-2003.

* Business Trend Analysts, 2006. “2005/2006 Outlook for the U.S. Plumbing Fixtures and Fittings
Industry.” <www.mindbranch.com/catalog/print_product_page.jsp?code=R225-358>
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approximately 15.7 percent of indoor residential water use in the United States®—equivalent to
more than 1.1 trillion gallons of water used each year.

The Energy Policy Act of 1992 originally set the maximum flow rate for both lavatory and kitchen
faucets at 2.5 gallons per minute (gpm}) at 80 pounds per square inch (psi) static pressure. In
1994, American Society of Mechanical Engineers (ASME) A112.18.1M-1994—Pjumbing Supply
Fittings set the maximum flow rate for lavatory faucets at 2.2 gpm at 60 psi. In response to
industry requests for conformity with a single standard, in 1998, the U.S. Department of Energy
adopted the 2.2 gpm at 60 psi maximum flow rate standard for all faucets (see 63 FR 13307:
March 18, 1998). This national standard is codified in the U.S. Code of Federal Regulations at
10 CFR Part 430.32. As a point of reference, the maximum flow rates of many of the pre-1992
faucets range from 3 to 7 gpm. Other than the aforementioned maximum flow rate standards,
there currently are no universally accepted performance tests or specifications (e.g., rinsing or
wetting performance standards) for faucets.

lll. WaterSense High-Efficiency Lavatory Faucet Specification

Scope

The WaterSense program developed this specification to address criteria for improvement and
recognition of water-efficient and high-performance lavatory faucets and iavatory faucet
accessories. WaterSense labeled lavatory faucet accessories can be incorporated into the
design of new faucets to control the flow rate and provide the mechanism for meeting this
specification’s criteria, or can be purchased separately and retrofit onto existing older faucets to
provide water efficiency and performance. This specification focuses solely on the category of
lavatory faucets intended for private use because of the differences in the uses and
performance expectations between private lavatory faucets and kitchen or public restroom
faucets. Lavatory faucets are used primarily for hand washing and other sanitary activities, such
as teeth brushing, face washing, and shaving. For these activities, discussions with faucet
manufacturers and water utility representatives provided a general consensus that a reduction
in the maximum flow rate from 2.2 gpm (the current federal water-efficiency standard) to 1.5
gpm, as established by this specification, is not very noticeable for most users. The most
noticeable differences are increased wait times when filling the basin or waiting for hot water.
While decreasing a faucet’s maximum flow rate increases user wait time for these activities,
WaterSense determined the potential water savings gained from the primary use of lavatory
faucets (i.e., washing and rinsing) outweigh any potential inconvenience caused by increased
wait times and will not negatively impact overall user satisfaction.

Kitchen sink faucets were excluded from this specification because the different uses and user
expectations require other considerations for defining performance. One major performance
consideration is a kitchen faucet’s ability to effectively rinse dishes. Kitchen faucets also are
commonly used for pot or container filling, and significantly increased wait times might not be
acceptable to most users. WaterSense determined that reducing the maximum fiow rates of
kitchen faucets would create issues of user satisfaction and be counter to its program goals of

® Mayer, Peter W. and William B. DeOreo. Residential End Uses of Water. Aquacraft, Inc. Water
Engineering and Management. American Water Works Association. 1998.

Version 1.0 2 October 1, 2007



EFA ! ) High-Efficiency Lavatory Faucet Specification
WaterSense Supporting Statement

increasing efficiency while maintaining or improving performance. In order to maintain user
satisfaction and ensure a high level of performance, a maximum flow rate greater than what is
suitable for lavatory faucets might need to be considered for kitchen faucets. Some type of
wetting or rinsing performance test also might need to be included. In addition, there is an
emerging area of research and development in multiposition control lever faucet technologies
that offer users “high” and “low” settings for different activities. While performance data are not
yet available, these technologies might prove to be effective in using water more efficiently. For
these reasons, WaterSense intends to evaluate the possibility of developing a WaterSense
specification for kitchen faucets at a later date.

Public restroom and metering faucets (faucets that are set to discharge a specific amount of
water or run for a specified period of time for each use) also were excluded from this
specification because of their differing uses and performance expectations and because
standards governing their maximum flow rate already exist. Public restroom faucets, for
example, are used almost exclusively for hand washing or simple rinsing, compared to lavatory
faucets in homes and in other private bathrooms that face a myriad of uses. As a consequence,
the maximum flow rate for these public restroom and metering fixtures can be set significantly
lower than the flow rate for private lavatory faucets without negatively impacting user
satisfaction. Also, a separate set of standards already apply to these types of fixtures. Codified
in the U.S. Code of Federal Regulations at 10 CFR Part 430 (specifically §430.32(0) Faucets)
are standards setting the maximum flow rate for metering faucets at 0.25 gallons/cycle. Section
5.4.1 and Table 1 of ASME A112.18.1/CSA B125.1-Plumbing Supply Fittings also establish the
maximum flow rates for public lavatory (other than metering) faucets at 0.5 gpm. As a
consequence, this category of faucet is not covered by the current specification. If WaterSense
decides to address water efficiency and performance for these types of faucets, it will do so
under a separate specification at a later time.

Water-Efficiency and Performance Criteria

The water-efficiency component of this specification establishes a maximum flow rate of 1.5
gpm at an inlet pressure of 60 psi. Lowering the maximum flow rate from 2.2 gpm to 1.5 gpm
(both at 60 psi) represents a 32 percent reduction, which is consistent with WaterSense’s stated
goal of improving efficiency by at least 20 percent. Even when installed in systems with high
water pressure (up to 80 psi), faucets designed to this specification will have maximum flow
rates of approximately 1.75 gpm, which still represents a greater than 20 percent increase in
efficiency. WaterSense chose to specify a test pressure of 60 psi to maintain consistency with
the current industry standard (ASME A112.18.1-Plumbing Supply Fittings) to which all faucets
sold in the United States must comply.

The requirements of this specification are also in harmony with other international standards.
The Joint Standards Australia/Standards New Zealand Committee established standards for the
rating and labeling of water-efficient products (AS/NZS 6400:2005). As part of the standard,
water-efficient faucets are rated on a scale of 1 to 6 based on maximum fiow rates. Under this
system, comparable 1.5 gpm WaterSense labeled lavatory faucets would receive a 5 out of 6
star rating, meeting criteria for maximum flow rates between 4.5 liters per minute (L/min) (1.2

gpm) and 6.0 L/min (1.6 gpm).
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Meeting or exceeding user expectations via the establishment of performance criteria for
WaterSense labeled products is an important aspect of the WaterSense program. From the
outset of discussions with interested parties, WaterSense was aware that performance of water-
efficient lavatory faucets is affected by low water pressures. To ensure user satisfaction with
WaterSense labeled lavatory faucets or lavatory faucet accessories across a range of possible
user conditions, WaterSense has established a minimum flow rate of 0.8 gpm at 20 psi in the
specification.

In developing these water-efficiency and performance criteria, WaterSense evaluated
comments received during the draft specification’s public forum and public comment period (see
Response to Issues Raised During Public Comment on February 2007 Draft Specification for
WaterSense®™ Labeling of High-Efficiency Lavatory Faucets). WaterSense also considered
user satisfaction data generated from four high-efficiency lavatory faucet retrofit studies and the
impact of pressure changes on product flow rates for various types of lavatory faucet
accessories.

WaterSense established a maximum flow rate of 1.5 gpm at 60 psi because interested parties
that provided comments on the draft specification generally agreed that a flow rate of 1.5 gpm
would provide no noticeable difference for most users. In addition, data coliected from retrofit
studies demonstrate a high level of user satisfaction with high-efficiency lavatory faucets that
have maximum flow rates of 1.0 and 1.5 gpm. Aquacrait, Inc. conducted retrofit studies in
Seattle, Washington (2000)° and East Bay Municipal Utility District (EBMUD), California (2003)”
in which they replaced existing lavatory faucet aerators with 1.5 gpm pressure compensating
aerators. In the Seattle study, 58 percent of the participants felt their faucets with the new
aerators performed the same or better than their old faucet fixtures and 50 percent stated they
would recommend these aerators to others. In the EBMUD study, 80 percent of the participants
felt their faucets with the new aerators performed the same or better than their old faucet
fixtures, and 67 percent stated they would recommend these aerators to others. A third
Aquacraft, Inc. retrofit study conducted in Tampa, Florida (2004)® replaced existing lavatory
faucet aerators with 1.0 gpm pressure compensating aerators. The participants in this study
were receptive to an even higher-efficiency fixture, with 89 percent saying their new aerators
performed the same or better than their old faucet fixtures and would recommend them to
others. Seattle Public Utilities also provided WaterSense with survey results of customer use
and satisfaction with 1.0 gpm pressure compensating aerators distributed through the utility'’s
direct-mail showerhead and faucet aerator pilot program. According to its survey, 94 percent of
the participants that received the free aerators installed them and only 2 percent disliked the
aerators and removed them.®

® Seattle Home Water Conservation Study: The Impacts of High-Efficiency Plumbing Fixture Retrofits in
Single-Family Homes, December 2000.

? Water Conservation Study: Evaluation of High-Efficiency Indoor Plumbing Fixture Retrofits in Singie-
Family Homes in the East Bay Municipal Utility District Service Area, July 2003.

® Tampa Water Department Residential Water Conservation Study: The Impacts of High-Efficiency
Plumbing Fixture Retrofits in Single-Family Homes, January 2004,

® Seattle Public Utilities. “Showerhead/Aerator Pilot Program Summary.” Unpublished.
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WaterSense established a minimum flow rate of 0.8 gpm at 20 psi for several reasons. First,
WaterSense felt this minimum flow rate was reasonabie to ensure user satisfaction in homes
with low water pressure based on comments that were received regarding the draft
specification. Second, WaterSense received comments from several utilities regarding
programs in which 1.0 gpm lavatory faucet aerators are provided to customers. These products
have shown a high level of user satisfaction, and WaterSense wants to recognize these
products and the efforts of the utilities to ensure that additional water savings can be achieved
through such programs. Third, WaterSense wants to avoid restricting design options to the
extent possible. The specification leaves open the possibility for the use of fixed orifice flow
control devices (with a maximum flow rate of 1.5 gpm) instead of restricting manufacturers to
the use of pressure compensating devices. Under the specification, a 1.5 gpm maximum flow
rate fixed orifice aerator could qualify for use of the label (according to currently available
product specifications and fiow curves). Pressure compensating devices with maximum flow
rates between 1.5 and 1.0 gpm could also qualify for the use of the WaterSense label
(according to currently available product specifications and flow curves). WaterSense believes
that this approach allows for the greatest degree of design freedom for manufacturers and
supports existing utility programs, while still ensuring a high level of performance and user
satisfaction.

In order for high-efficiency lavatory faucets to effectively emerge in the market following the
release of the final version of this specification, the market must ideally be equipped to produce
the faucets or faucet technology that the specification requires. WaterSense is not currently
aware of any lavatory faucets on the market with a maximum flow rate of 1.5 gpm. There are,
however, several types and models of faucet components and accessories currently available
that have the capability to control the flow to the level that is required by this specification. As a
result, WaterSense is confident that faucets and faucet accessories that meet the requirements
of this specification can be readily brought to market.

Potential Water and Energy Savings

To estimate water and energy savings that can be achieved by products that meet this
specification, WaterSense examined the Seattle (2000) and EBMUD (2003) Aquacraft retrofit
studies, which provided actual water consumption reductions generated by the installation of
high-efficiency, pressure-compensating 1.5 gpm aerators on lavatory faucets. WaterSense
expects the results under this specification to be similar to what was found in these two studies.
These studies indicate that installing high-efficiency aerators can yield significant reductions in
household water consumption. Post faucet retrofit, the weighted average daily per capita
reduction in water consumption achieved was 0.6 gallons per capita per day (gcpd). ltis
important to note that in both of these studies, kitchen faucets in each household were
retrofitted with 2.2 gpm pressure compensating aerators. While these retrofits contributed in
part to overall reductions in household water consumption, the retrofits simply brought those
kitchen sink faucets up to current water-efficiency standards, therefore, WaterSense decided to
set aside this confounding influence in order to estimate the water savings. Assuming the
average household consists of 2.6 people, this equates to an average annual household
savings of approximately 570 gallons of water (see Calculation 1).
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Calculation 1. Average Household Water Savings
0.6 gped - 2.6 people/household - 365 days = 570 gallons annually

Extrapolated to the national level, potential estimated water savings could be as great as 61
billion gallons annually (see Calculation 2). These estimates clearly demonstrate the significant
water savings potential of high-efficiency lavatory faucets and accessories.

Calculation 2. National Water Savings
570 gal/year - 107,574,000 occupied residences w/ plumbing fixtures = 61 billion gallons

Based upon these estimates, the average household could save more than 70 kWh of electricity
(see Calculation 3) or 350 cubic feet of natural gas (see Calcuiation 4) each year. National
savings could exceed 3 billion kWh hours and 20 billion cubic feet (Bcf) of natural gas each year
(see Calculations 5 and 6).

Calculation 3. Electricity Saving Per Household
(570 gallyear - 0.70) - (176.5 kWh of electricity/1,000 gal) = 70 kWh of electricity per year

Calculation 4. Natural Gas Savings Per Household
(570 galfyear - 0.70) - (0.8784 Mcf of natural gas/1,000 gal) = 0.35 Mcf (350 cubic feet) of
natural gas per year

Calculation 5. National Electricity Savings Potential
(61,000,000,000 gal - 0.70 - 0.40) - (176.5 kWh of electricity/1,000 gal) = 3 billion kWh of
electricity nationwide

Calculation 6. National Natural Gas Savings Potential
(61,000,000,000 gal - 0.70 - 0.56) - (0.8784 Mcf of natural gas/1,000 gal) = 20 million Mcf of
natural gas nationwide = 20 Bcf of natural gas nationwide

These calculations are based upon the foliowing assumptions:
« Approximately 70 percent of faucet water used in a household is hot water (Tampa and

Seattle Aquacraft studies).
e 42,788,000 (approximately 40 percent) of occupied residences in the United States heat

their water using electricity. !
e 60,222,000 (approximately 56 percent) of occupied residences in the United States heat
their water using natural gas.'

Yyus. Department of Housing and Urban Development and U.S. Census Bureau. American Housing
Survey for the United States 2005. Table 1A-4 page 5.
"' U.S. Department of Housing and Urban Development and U.S. Census Bureau. American Housing
Survey for the United States 2005. Table 1A-5, page 6,
"2 U.S. Department of Housing and Urban Development and U.S. Census Bureau. American Housing
Survey for the United States 2005. Table 1A-5, page 6,
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¢ Water heating consumes 0.1765 kWh of electricity per gallon of water heated assuming:
o Specific heat of water = 1.0 BTU/b -° F

1 gallon of water = 8.34 |bs

1 kWh = 3,412 BTUs

Incoming water temperature is raised from 55° F to 120° F (A 65 ° F).

Water heating process is 90 percent efficient, electric hot water heater.

C 00 O

Calculation 7.
[(1gal - 1.0 BTU/bs - ° F) (1KWh/3,412 BTUs) / (1 gallon/8.34 Ibs) - 65° F]/ 0.90
= 0.1765 kWh/gal

¢ Water heating consumes 0.8784 Mcf of natural gas per 1,000 gallons of water heated
assuming:
o Specific heat of water = 1.0 BTU/b - °F
1 gallon of water = 8.34 |bs
1 Therm = 99,976 BTUs
Incoming water temperature is raised from 55° F to 120° F (A 65 ° F)
Water heating process is 60 percent efficient, natural gas hot water heater

¢ 00O

Calculation 8.
[(1 gal - 1.0 BTU/Ibs - ° F) (1Therm/99,976 BTUs) / (1 gallon/8.34 Ibs) - 65° F] / 0.60
= 0.009053 Therms/gal

Calculation 9.
0.010428 Therms/gal - 1,000 gal - 1Mcf/10.307 Therms = 0.8784 Mcf/kgal

Cost Effectiveness and Payback Period

The average homeowner retrofitting their lavatory faucets with WaterSense labeled high-
efficiency lavatory faucet accessories (e.g., aerator, laminar flow device, flow restrictor) will
realize accompanying $3.26 savings on water and wastewater cost annually due to lower water
consumption (see Calculation 10).

Calculation 10. Annual Water and Wastewater Cost Savings
570 gallonsfyear - $5.72/1,000 gallons™ = $3.26/year

Factoring in the accompanying energy savings, the average household with electric water
heating may save an additional $6.65 (70 kWh/year - $.095/kWh), for a combined annual
savings of $9.91. The average household with natural gas water heating, may save an
additional $4.56.(0.35 Mcf/year - $13.04/Mcf), for a combined annual savings of $7.82.

** Raftelis Financial Consulting. Water and Wastewater Rate Survey. American Water Works Association.
2004.
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Assuming that the average household has two lavatory faucets", replacing the aerators in each
lavatory faucet with a WaterSense labeled aerator would save $1.63 per faucet on annual water
and wastewater costs. The average payback period for the replacement of two lavatory faucet
aerators would be approximately 10 months for those with electric water heating and 12 months
for those heating with natural gas (See Calculations 11 and 12).

Calculation 11. Average Payback Period (Electric Water Heating)
$8.00/[$3.26/year + (70 kWh/year - $.095/kWh)] = 0.8 years (~10 months)

Calculation 12. Average Payback Period (Natural Gas Water Heating)
$8.00 / [$3.26/year + (0.35 Mcfiyear - $13.04 /Mcf)] = 1.0 years (~12 months)

These calculations are based upon the following assumptions:

s WaterSense labeied retrofit devices retail for $4.00 each.
s Average cost of electricity is $0.095/kWh™>.
» Average cost of natural gas is $13.04/Mcf'®

Unit Abbreviations:

Bef = billion cubic feet

BTU = British thermal unit

F = Fahrenheit

gal = gallon

gpcd = gallons per capita per day
gpm = gallons per minute

kgal = kilogallons

kWh = kilowatt hour

Ibs = pounds

L/min = liters per minute

Mcf = thousand cubic feet

psi = pressure per square inch

WaterSense assumes that the cost of new faucets manufactured and sold as WaterSense
labeled fixtures will not increase significantly since in many cases the manufacturer will simply
need to substitute the current flow regulating device with a similar, more efficient rated device.
in many cases this will be as simple as switching from the current 2.2 gpm aerator or faminar
flow device to a comparable 1.5 gpm WaterSense labeled device

“us. Department of Housing and Urban Development and U.S. Census Bureau. American Housing
Survey for the United States 2005. Table 1A-3 page 4.

b Average Retail Price of Electricity to Uitimate Customers by End-Use Sector, Energy Information
Administration. <www.eia.doe.gov/cneaflelectricity/epa/epat7p4.html>

'® Short-Term Energy Outlook, Energy Information Administration. <www.eia.doe.gov/stec>
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WaterSense® Specification for Showerheads

1.0 Scope and Objective

This specification establishes the criteria for showerheads labeled under the U.S. Environmental
Protection Agency's (EPA’s) WaterSense® program. It is applicable to showerhead fixture
fittings, inclusive of:

» Fixed showerheads that direct water onto a user (excluding body sprays) for bathing
purposes; and

» Hand-held showers, a subset of showerheads that are moveable devices for directing
water onto a user. Hand-held showers can be installed on a support to function as a
fixed showerhead.

When used in this document the term “showerhead” shall also include hand-held showers.

This specification is designed to ensure sustainable, efficient water use and a high level of user
satisfaction with showerhead performance.

2.0 General Requirements

2.1 The showerhead shall conform to applicable requirements in ASME
A112.18.1/CSAB125.1."

2.2  Ifthe showerhead has more than one mode, aill modes must meet the maximum
flow rate requirement outlined in Section 3.1.1 and at least one of the modes, as
specified by the manufacturer, must meet ail of the requirements outlined in this
specification.

23  The showerhead shall not be packaged, marked, or provided with instructions
directing the user to an alternative water-use setting that would override the
maximum flow rate, as established by this specification. Any instruction related to
the maintenance of the product, including changing or cleaning showerhead
components, shall direct the user on how to return the product to its intended
maximum flow rate.

3.0 Water-Efficiency Criteria

3.1 The flow rate of the showerhead shall be tested in accordance with the
procedures in ASME A112.18.1/CSA B125.1 and shall meet the following criteria:

3.1.1  The manufacturer shall specify a maximum flow rate value (rated flow) of
the showerhead. This specified value must be equal to or less than 2.0
gallons per minute (gpm) (7.6 liters per minute [L/min]).

! References to this and other standards apply to the most current version of those standards.
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3.1.2 The maximum flow rate shall be the highest value obtained through
testing at flowing pressures of 20, 45, and 80 + 1 pounds per square inch
{psi) (140, 310, and 550 x 7 kilopascal [kPa]), when evaluated in
accordance with 10 CFR 430 Subpart F, Appendix B, Step 6(b). This
maximum flow rate shall not exceed the maximum flow rate value
specified in Section 3.1.1.

3.1.3 The minimum flow rate, determined through testing at a flowing pressure
of 20 + 1 psi (140 + 7 kPa) and when evaluated in accordance with 10
CFR 430 Subpart F, Appendix B, Step 6(a), shall not be less than 60
percent of the maximum flow rate value specified in Section 3.1.1.

3.1.4 The minimum flow rate shall be the lowest value obtained through testing
at flowing pressures of 45 and 80 + 1 psi (310 and 550 & 7 kPa), when
evaluated in accordance with 10 CFR 430 Subpart F, Appendix B, Step
6(a). This minimum flow rate shall not be less than 75 percent of the
maximum flow rate value specified in Section 3.1.1.

4.0 Spray Force Criteria

4.1 The spray force of the showerhead shall be tested in accordance with the
procedures outlined in Appendix A and shall meet the following criteria:

4.1.1  The minimum spray force shall not be less than 2.0 ounces (0.56 newtons
[N]} at a pressure of 20 + 1 psi (140 + 7 kPa) at the inlet when water is
flowing.
5.0 Spray Coverage Criteria

5.1 The spray coverage of the showerhead shall be tested in accordance with the
procedures outlined in Appendix B and shall meet the following criteria:

5.1.1 The total combined maximum volume of water coliected in the 2- and 4-
inch [in.] (50-, 101-millimeter [mm]) annular rings shail not exceed 75
percent of the total volume of water collected, and;

5.1.2 The total combined minimum volume of water collected in the 2-, 4-, and
6-in. (50-, 101-, 152-mm) annular rings shall not be less than 25 percent
of the total volume of water collected.

6.0 Marking

In addition to the marking requirements in ASME A112.18.1/CSA B125.1, the foliowing
markings shall apply:
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6.1 The product shall be marked with the maximum flow rate value in gpm and L/min
as specified by the manufacturer, verified through testing and in compliance with
this specification.

6.2  The product packaging shall be marked with the maximum flow rate value in apm
and L/min as specified by the manufacturer, verified through testing and in
compliance with this specification.

6.3  The product packaging shall be marked with the minimum flow rate value in apm
and L/min at 45 psi, calculated in Section 3.1.4 as 75 percent of the
manufacturer’s specified maximum flow rate value, verified through testing and in
compliance with this specification.

64  Flow rate marking shall be in gpm and L/min in two or three digit resolutions
(e.g., 2.0 gpm [7.6 L/min]).

7.0 Effective Date

This specification is effective on February 9, 2010.

8.0 Future Specification Revisions

EPA reserves the right to revise this specification should technological and/or market changes
affect its usefulness to consumers, industry, or the environment. Revisions to the specification
would be made following discussions with industry partners and other interested stakeholders.
9.0 Definitions

Definitions within ASME A112.18.1/CSA B125.1 are included by reference

ASME - American Society of Mechanical Engineers

ASME PTC - American Society of Mechanical Engineers Performance Test Codes

ANSI — American National Standards Institute

CFR — Code of Federal Regulations

CSA — Canadian Standards Association

ISA — International Society of Automation
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WaterSense® Specification for Showerheads
Supporting Statement

I Introduction

Showering is one of the leading uses of water inside the home, representing approximately 17
percent of annual residential indoor water use in the United States. This translates into more
than 1.2 frillion gallons of water consumed each year',%. The WaterSense program released its
final specification for showerheads on March 4, 2010, to capitalize on this opportunity to further
improve the nation’s water and energy efficiency by raising consumer awareness and promoting
the use of more efficient showerheads. The intent of this specification is to help consumers
identify those products that have met EPA’s criteria for water efficiency and performance.

WaterSense collaborated with the American Society of Mechanical Engineers
(ASME)/Canadian Standards Association (CSA) Joint Harmonization Task Force to develop the
specification criteria for high-efficiency showerheads. This task force is open to the public and
comprises a wide variety of stakeholders, including showerhead manufacturers, water and
energy utilities, testing laboratories, consultants, and other water-efficiency and conservation
specialists. Their participation, resources, and expertise enabled WaterSense to evaluate
showerhead efficiency and performance and develop meaningful testing protocols that can
effectively differentiate showerhead performance.

Prior to the task force’s work there were no universally accepted criteria for measuring
showerhead performance. Federal water-efficiency legislation and national performance
standards only establish product flow rates that dictate water consumption—they do not address
what makes a satisfactory, or unsatisfactory, shower. Now, with this specification, WaterSense
and the task force have bridged this consumer information gap by incorporating performance
requirements for products seeking to earn the WaterSense label. The requirements address
flow rates across a range of pressures, spray force, and spray coverage, three key attributes of
showerhead performance, according to consumer testing. These new requirements are
designed to ensure a high level of performance and user satisfaction with high-efficiency

showerheads.

I. Current Status of Showerheads

With nearly 110 million occupied housing units in the United States® and an average of two
showerheads per household®, WaterSense estimates that there are 220 million showerheads

! Assumes a per capita shower use of 11.6 gallons. See Mayer, Peter W. and William B. DeOreo.
Residential End Uses of Water. Aquacraft, Inc. Water Engineering and Management. American Water

Works Association. 1998, Page 102.

2 According to the U.S. Census Bureau, there are 300 million persons in the United States.

® See U.S. Census Bureau and the U.S. Department of Housing and Urban Development's American
Housing Survey for the United States. 2007.

4 Mayer and DeOreo, op. cit., 99,
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currently installed in homes across the United States. WaterSense also estimates that
approximately 10 percent of the existing 220 million showerheads are replaced each year due to
wear, remodeling, or other reasons. This means that the vast majority of these existing
showerheads have flow rates equal to or less than the federal standard of 2.5 gallons per
minute (gpm), which was mandated by the Energy Policy Act (EPAct) of 1892. With normal
replacements and units sold for new construction, WaterSense estimates that approximately
25.6 million® new showerheads are sold each year. Since Congress enacted the federal
requirements in the early 1990s, manufacturers have gone on to develop showerheads that use
significantly less water than the flow rates set in EPAct 1992, These high-efficiency
showerheads can save at least 20 percent compared to standard fixtures, resulting in a potential
savings of more than 1,200 gallons per showerhead per year.

1. WaterSense Specification for Showerheads

Scope

This specification applies to showerheads and hand-held showers. Showerheads are fixed
devices for directing water onto a user for bathing purposes. Hand-held showers, a subset of
showerheads, are moveable devices for directing water onto a user. Hand-held showers can be
installed on a support to function as a showerhead.

Multiple showerheads are eligible to receive the WaterSense label provided the showerheads
are sold in combination in a single device intended to be connected to a single shower outlet.
Further, each showerhead must meet all of the requirements of the specification and the entire
multiple-head system must meet the maximum flow rate requirement of the specification in all
possible operating modes.

Body sprays are excluded from this specification because their function and design are wholly
different than that of a showerhead or hand-held shower. Retrofit devices, including aftermarket
flow control devices, are also excluded because the intent of the specification is to recognize
and label complete, fully functioning fixtures or fittings, and not individual components.

General Requirements

Many showerheads are sold with multiple modes to provide the user with options for different
spray types (e.g., misting, massaging, or pause). WaterSense wants to maintain manufacturing
flexibility and consumer choice for multiple mode showerheads, thus the specification addresses
these types of showerheads by requiring all modes to meet the maximum flow rate requirement
(i.e., no mode can exceed 2.0 galions per minute [gpm]) and at least one of the modes, as
specified by the manufacturer, must meet all of the requirements contained in the specification,
including the maximum and minimum flow rates, spray force, and spray coverage requirements.

Water-Efficiency Criteria

® Units sold for replacement is based upon a 10 percent natural replacement rate. Units sold for new
construction is based on 1,797,000 new housing starts per year based on the average number of new
housing starts from 2003-2007.from U.S. Census. 2007 American Housing Survey, Table 1A-1.

www.census.qov/prod/2008pubs/h150-07 pdi.
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The water-efficiency component of this specification establishes a maximum flow rate of 2.0
gpm (7.6 liter per minute [L/min]). WaterSense settied on this flow rate after examining the
range of products currently available on the market. This maximum flow rate represents a 20
percent reduction from the current federally allowable maximum flow rate of 2.5 gpm
established by EPAct 1992, which is consistent with WaterSense’s stated water-efficiency goal.

The specification also includes minimum flow rate requirements at 80, 45, and 20 pounds per
square inch (psi) of pressure (the upper, mid, and lower range of potential household pressures)
to ensure performance and user satisfaction under a variety of household conditions.
Specifically, at 45 and 80 psi the tested flow rate cannot be less than 75 percent of the
showerhead’s maximum “rated™ flow rate value. This minimum requirement is specified at both
45 and 80 psi because some showerheads that are designed to compensate and adjust for
changes in water pressure will actually produce maximum flow at 45 psi and not at 80 psi. As a
result, WaterSense wants to ensure that this minimum flow rate requirement is met at both
pressures. Likewise, at 20 psi the tested flow rate cannot be less than 60 percent of the
showerhead’s maximum rated flow rate vaiue. Table 1 below provides some examples of the
allowable minimum flow rates for showerheads with various rated flow rates. Defining minimum
flow rate requirements in this manner ensures that the showerhead is designed to provide
consistent flow across a range of pressures.

Table 1. Example Minimum Flow Rates

Showerhead Minimum Allowable Flow Rate
Rated Flow Rate 80 psi 45 psi 20 psi
2.0 gpm 1.5 gpm 1.5 gpm 1.2 gpm
1.75 gpm 1.3 gpm 1.3 gpm 1.1 gpm
1.5 gpm 1.1 gpm 1.1 gpm 0.2 gpm
1.0 gpm 0.8 gpm 0.8 gpm 0.6 gpm

WaterSense is requiring both the maximum and minimum flow rates of the showerhead to meet
the testing and verification protocols for sampling outlined in the Code of Federal Regulations
(see 10 CFR 430 Subpart F, Appendix B, Steps 6[b] and 6[a], respectively). The U.S.
Department of Energy currently uses the sampling plan outlined in the CFR for assessing
compliance of showerhead flow rates with EPAct 1992 requirements, and thus referencing it in
this specification provides specific and familiar guidance to third-party certifying bodies for
determining whether a showerhead meets the flow rate requirements established by
WaterSense.

Performance Criteria

Establishing performance-based criteria for WaterSense labeled showerheads is critical to
ensuring user satisfaction and maintaining the integrity of the WaterSense label. Prior to this
specification, however, there were no universally agreed-upon testing protocols for showerhead
performance or measures that adequately defined user satisfaction. WaterSense worked with

® The “rated” flow rate is the showerhead’s maximum flow rate, as specified by the manufacturer, verified
through testing, and in compliance with this specification.
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the task force to determine, through its expertise and supported by consumer testing, the key
performance attributes of showerheads.

To measure those attributes in a laboratory setting, the task force undertook an intensive effort
to develop test protocols. The spray force and spray coverage requirements contained in the
specification are a result of these efforts. Both test protocols subsequently underwent several
iterations of round robin testing in various laboratories by muttiple manufacturers and
independent third-party certifiers in order to ensure that the procedures are repeatable and the
results reproducible. Laboratory test data were then compared back to the consumer test data
for a variety of showerheads to determine the specific performance levels that are included in
the specification. These performance levels define the boundaries for user satisfaction for both
spray force and spray coverage.

The spray force component of the specification requires a showerhead’s spray force to be at
least 2.0 ounces (0.56 newtons [N]) at an inlet pressure of 20 psi when the water is flowing. The
testing procedure, described in Appendix A of the specification, is a pass/fail test that assesses
the relative force of the shower spray through the use of a force balance fixture. The force
balance fixture is equipped with a force target on one side that receives the shower spray and
counterbalancing weights on the other side, set to the specified force (i.e., 2.0 ounces). As the
shower spray hits the force target, the force balance fixture measures the rotation angle of the
balance at the pivot point of the two sides (the spray and counterbalancing weights).

If the shower spray force is greater than the specified minimum, it will overcome, or move, the
counterbalancing weights to or beyond the point of balance, achieved when the angle rotates
within 0.1° of zero or past it. Under this scenario the showerhead would pass the force
requirements. If the showerhead’s force is less than the specified minimum, it will not overcome
the counterbalancing weights and the angle of balance will not rotate within 0.1° of zero or past
it. Under this scenario, the showerhead would fail the force requirements. The target force of 2.0
ounces specified in the specification represents the lower bounds of user satisfaction based on
results from consumer tests using a variety of showerheads.

The spray coverage component of the specification, as described in Appendix B of the
specification, requires the use of an annular ring gauge consisting of a series of concentric
rings, starting with a 2-inch diameter center ring and each successive ring increasing in
diameter by 2 inches out to 20 inches. The showerhead is positioned and turned on directly
above the surface of the annular ring gauge. The relative amount of water captured in each set
of concentric rings provides a representation of the distribution of the spray pattern and can be
used to evaluate the showerhead’s spray coverage.

Simultaneous to the development of the test apparatus, WaterSense gathered consumer test
data to determine user preferences with respect to spray coverage. Data showed general
dissatisfaction with showerheads that spray with a hollow spot in the center or that have too
much water flowing in the center to form a very narrow beam. Thus the criteria contained in the
specification were crafted to capture and disqualify showerheads with these types of coverage
characteristics. Specifically, to meet the spray coverage requirement, the total volume of water
collected in the two center rings (out to 4 inches) cannot exceed 75 percent of the total collected
water volume (i.e., the showerhead cannot deliver all its water through a narrow beam in the
center). In addition, the total combined volume of water coliected in the three center rings (out to
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8 inches) must be at least 25 percent of the total collected water volume (i.e., the showerhead
cannot have a hollow spot in the center).

Marking

With this specification, WaterSense has adopted a new approach to product and package flow
rate marking. The requirements are designed to clarify and clearly indicate which maximum flow
rate value the manufacturer is to use. At the outset of certification, the manufacturer specifies a
maximum flow rate value (“rated” flow rate}, not to exceed 2.0 gpm, which is subsequently
verified through testing. WaterSense requires the manufacturer to mark the product and product
packaging with this rated flow rate value, so that the information provided to the consumer is
both informative and accurate.

In addition to marking the product and packaging with the maximum rated flow rate, the product
packaging (but not the product itself) must also be marked with the showerhead’s minimum flow
rate at 45 psi. This minimum flow rate is calculated as 75 percent of the manufacturer's
specified maximum flow rate value and is subsequently verified through testing. The purpose of
this marking requirement is to assist installers in properly matching showerheads and
automatic-compensating mixing valves for installation in order to provide protection against
thermal shock and scalding events (see Section V below for more information).

Potential Water and Energy Savings

Note: Refer to Appendix A for the assumptions and calculations used to derive these estimaltes.

Showerheads with a flow rate of 2.0 gpm or iess have the potential to save significant amounts
of water both individually and at the national level. Replacing standard showerheads with
WaterSense labeled showerheads couid save more than 1,200 gallons per showerhead or
2,300 gallons of water per household per year. Based upon the amount of water saved, the
average household could save 300 kilowatt hours (kWh) of electricity or 1,500 cubic feet of
natural gas that would otherwise be required to heat the water.

Nationwide, if WaterSense labeled showerheads were purchased for all normal showerhead
replacements and installed in all new construction, WaterSense estimates that water savings
could reach 30.3 billion gallons per year. National energy savings could exceed 1.6 billion kWh
of electricity and 10.9 million cubic feet (Mcf) of natural gas each year.

Cost-Effectiveness

Note: Refer to Appendix A for the assumptions and calculations used fo derive these estimates.

The average homeowner retrofitting his or her showerheads with WaterSense labeled
showerheads will realize an accompanying $14 savings on water and wastewater costs
annually due to lower water consumption. Factoring in the accompanying energy savings, the
average household with electric water heating may save an additional $36, for a combined
annual savings of $50. The average household with natural gas water heating may save an
additional $18 for a combined annual savings of $32.
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If the average showerhead costs $30 retail, the average payback period for the replacement of
two standard showerheads per household with WaterSense labeled models would be
approximately 14 months for those with electric water heating and about two years for those
heating with natural gas.

v. Certification and Labeling

WaterSense has established an independent third-party product certification process, described
on the WaterSense Web site at www.epa.gov/watersense/partners/certification.html. Under this
process, products are certified to conform to applicable WaterSense specifications by
accredited third-party licensed certifying bodies. Manufacturers are then authorized to use the
WaterSense [abel in conjunction with certified products.

V. Other Issues

Detailed Drawings for the Force Balance Test Apparatus

As the specification indicates, the spray force performance requirement is measured via a force
balance test apparatus. This force balance test apparatus was developed by the task force
specifically for the purpose of determining a showerhead's compliance with the specification’s
force requirements; therefore it is not a readily available or mass-produced piece of testing
equipment. In addition, the test apparatus needs to be manufactured with very specific
tolerances to ensure the resuits are repeatable and reproducible in any laboratory setting.
WaterSense has made available the specification drawings to facilitate the construction of this
test equipment. Detailed drawings for the force baiance test apparatus are available on the

WaterSense Web site at www.epa.gov/watersense/products/showerheads.html.
Health and Safety

In developing this specification, WaterSense and the task force considered potential negative
impacts of reducing the flow rate on consumer satisfaction, including potential health and safety
issues once these products are installed in the plumbing system. Of particular concern is the
potential for increasing the risk of thermal shock or scalding as shower flow rates are reduced.
Thermal shock or scalding can be caused when a hot- or cold-water-using device is activated
(e.g., flushing the toilet or running the dishwasher) while the shower is running. Water is
diverted away from the shower, causing a pressure drop in either the hot or cold water supply
line to the shower. As a consequence, the balance of hot and cold water is shifted either to a
hotter or colder temperature mix. This sudden change in temperature can either cause a user to
abruptly move away from the shower stream, potentially resulting in an injury or fall, or if the
temperature increase is severe enough, scalding can occur.

To mitigate the risks of temperature-related shower injuries, most U.S. plumbing codes require
showers to be outfitted with individual automatic-compensating mixing valves that comply with
either the American Society of Sanitary Engineers (ASSE) 1016 or ASME A112.18.1/CSA
B125.1 standards. An automatic-compensating mixing valve is a device that is installed as part
of the shower's flow control that helps to regulate water temperature; it is not part of the
showerhead itself. The valve works either through balancing the incoming hot and cold water
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pressures or through controlling the mixed outlet temperature with a thermostatic element that
can maintain water temperature to within +/- 3.6°F.

Despite advances in plumbing codes and mixing valve technology, thermal shock and scalding
risks are still present under two scenarios. First, automatic-compensating mixing valves are
currently only required to be tested and certified at a flow rate of 2.5 gpm at 45 psi. When these
devices are outfitted with a showerhead that has a lower flow rate, there may not be adequate
assurance that the valve is sensitive enough to provide the required protection. This is
potentially true for all showerheads, as standard showerheads are currently tested and certified
at a flow rate of 2.5 gpm at 80 psi. Second, not all homes are equipped with an automatic-
compensating mixing valve. The risks are of particular concern for showerhead retrofits in

homes built prior to 1987,

As a part of the development of the criteria for showerheads, WaterSense and the task force
evaluated the link between flow rate and temperature deviations associated with pressure and
temperature changes. The task force gathered and presented data to compare the temperature
profiles that result from a drop in hot and coid water pressure for both standard and high-
efficiency showerheads under the two risk scenarios: (1) installation with various types of
automatic-compensating mixing valves (thermostatic, pressure balancing, or combination)
designed for a flow rate of 2.5 gpm at 45 psi and (2) installation without the protection of an
automatic-compensating mixing valve. The data showed that the risks are present for
showerheads of all flow rates, but that more efficient showerheads are more sensitive to sudden
changes in water pressure. As a consequence, a temperature change in water exiting the
shower may be amplified when the pressure within the cold water or hot water supply plumbing

suddenly changes.

Ultimately, WaterSense and the task force came to the conclusion that the thermal shock and
scalding risks cannot be fully addressed through the specification for showerheads. First, there
is a clear disconnect between the showerhead and automatic-compensating mixing valve
compatibility, as the products are tested at different pressures (80 psi and 45 psi, respectively)
and currently automatic-compensating mixing valves are only tested at a flow rate of 2.5 gpm.
Second, the potential temperature of the hot water is controlled by the design of the hot water
heater and delivery system, which can discharge water well in excess of the code required
140°F due to “layering” and the location of the thermostat at a point that is not necessarily the
location of the hottest water. Because of the interrelated nature of these three components in
the plumbing system, the control of the risks cannot solely rest on the design of the
showerhead. In fact, the showerhead itself has very little, if any, control over the outlet water
temperature.

To the extent possible, WaterSense has addressed this issue in the specification by

requiring manufacturers to mark the product packaging with the minimum flow rate at 45 psi as
determined by testing at that pressure. This is a vital step toward providing the information
necessary to "match” the showerhead with a compatible automatic-compensating mixing valve
that is rated to perform at the same flow rate and tested pressure. In addition, industry is
currently working to harmonize automatic-compensating mixing valve standards and
showerhead standards to address potential incompatibilities of these plumbing system
components. This will go a long way toward addressing the risks of thermal shock and scalding
associated with the installation of a WaterSense labeled showerhead, indeed with all
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showerheads, particularly in new construction. WaterSense is also educating consumers and
program partners regarding the issue and associated risks so that consumers can continue to
make informed purchasing decisions.
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Appendix A: Calculations and Key Assumptions

Potential Water Savings Calculations

Assumptions:

» Average actual flow rate for an existing showerhead is 2.22 gpm’ (the average flow rate
is less than the standard rated flow rate of 2.5 gpm most likely because the products are
rated at 80 psi, but installed in homes with less pressure)

Average shower duration is 8.2 minutes’’

The average person takes 0.67 showers per day®

A WaterSense labeled showerhead reduces the flow rate by 20 percent

An estimated 10 percent of existing showerheads are replaced each year due to wear,

remodeling, or other reasons

» There are an estimated 1,797,000 new housing starts per year based on the average
number of new housing starts from 2003-2007°

Equation 1. Annual Water Savings Potential from Replacing a 2.5 gpm Rated Showerhead
({(2.22 gpm — (2.22 gpm x (1-0.2))) x 8.2 minutes/shower x 0.67 showers/person/day x 2.6
peoplefhousehold x 365 days/year) = 2,300 gal/household/year

(2,300 gal/househoid/year / 2 showerheads/househoid) = 1,200 gal/showerhead/year

Equation 2. Annual National Water Savings Potential from Replacing All Existing 2.5 gpm
Showerheads
(1,200 gal’showerhead/year x 220 million existing showerheads) = 260 billion gal/year

Equation 3. Annual National Water Savings Potential from Natural Replacement with
WaterSense Labeled Showerheads
(1,200 gal/showerhead/year x 220 million showerheads * 0.10) = 26 billion gal/year

Equation 4. Annual National Water Savings Potential from Installation of WaterSense Labeled
Showerheads in New Construction
(1,200 gal/showerhead/year x 1,797,000 annual new housing starts x 2
showerheads/household) = 4.3 billion gal/year

Unit Abbreviations:

gal = gallon

gpm = gallons per minute

psi = pressure per square inch

Potential Energy Savings Calculations

" Mayer and DeOreo, Op. cit., 102.

® Calculated based upon an assumed 17.2 gallons per shower and 11.6 gallons per day for showering.
Ibid.)

S U.S. Census. 2007 American Housing Survey, Table 1A-1. www.census.gov/prod/2008pubs/h150-

07.pdf.
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Assumptions;
e Approximately 73 percent of showerhead water used in a household is hot water™
* 42,239,000 (approximately 40 percent) of occupied residences in the United States heat
their water using electricity"!
e 60,998,000 (approximately 56 Percent) of occupied residences in the United States heat
their water using natural gas'"'2
» Water heating consumes 0.18 kWh of electricity per gallon of water heated assuming:
o Specific heat of water= 1.0 Btu/lb x ° F
o 1 gallon of water = 8.34 Ibs
o 1 kWh = 3,412 Btus
o Incoming water temperature is raised from 55° F to 120° F (A 65 ° F)
o Water heating process is 90 percent efficient for electric hot water heaters
» Water heating consumes 0.88 Mcf of natural gas per 1,000 galions of water heated
assuming:
o Specific heat of water = 1.0 Btu/lb x °F
o 1 gallon of water = 8.34 ibs
o 1Therm = 99,976 Btus
o Incoming water temperature is raised from 55° F to 120° F (A 65 ° F)
o Water heating process is 60 percent efficient for natural gas hot water heaters

Electricity

Equation 5. KWh Required fo Raise 1 Gallon of Water 65° F
[(1.0 Btuflbs x ° F) (1kWh/3,412 Btus) / (1 gal/8.34 Ibs) x 65° F] / 0.90 = 0.18 kWh/gal

Equation 6. Electricily Saving Potential per Household
(2,300 gallyear x 0.73) x (180 kWh of electricity/1,000 gal} = 300 kWh of electricity per year

Equation 7. National Eleclricity Savings Potential from Replacing All Existing 2.5 gom
Showerheads
(260 billion galfyear x 0.73 x 0.40) x (180 kWh of electricity/1,000 gal) = 14 billion kWh of
electricity nationwide

Equation 8. National Electricity Savings Potential from Natural Replacement with WaterSense
Labeled Showerheads
(26 billion gal/year x 0.73 x 0.40) x (180 kWh of electricity/1,000 gal) = 1.4 billion kWh of
electricity nationwide

Equation 9. National Electricity Savings Potential from installation of WaterSense Labeled
Showerheads in New Construction

** DeOreo, William B., and Peter W. Mayer. The End Uses of Hot Water in Single Family Homes From
Flow Trace Analysis. 2000. Aquacraft, Inc.
"us. Department of Housing and Urban Development and U.S. Census Bureau. American Housing
182urvey for the United Stafes: 2007. 2008. Table 1A-5, page 7.

Ibid.
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(4.3 billion gal/year x 0.73 x 0.40) x (180 kWh of electricity/1,000 gal) = 230 million kWh of
electricity nationwide

Natural Gas

Equation 9. Therms Required to Raise 1 Gallon of Water 65° F
[(1.0 Btu/lbs x ° F) (1 Therm/99,876 Btus) / (1 gal/8.34 Ibs) x 65° F]/ 0.60 = 0.009 Therms/gal

Equation 10. Converting Therms to Mcf
0.009 Therms/gal x 1,000 gal/kgal x 1 Mcf/10.307 Therms = 0.88 Mcf/kgal

Equation 11. Natural Gas Savings Potential per Household
(2,300 gal/year x 0.73} x (0.88 Mcf of natural gas/1,000 gal) = 1.5 Mcf (1,500 cubic feet) of
natural gas per year

Equation 12. National Natural Gas Savings Potential from Replacing All 2.5 gpm Showerheads
(260 billion gal x 0.73 x 0.56) x (0.88 Mcf of natural gas/1,000 gai} = 94 million Mcf of natural
gas nationwide

Equation 13, National Natural Gas Savings Potential from Natural Replacement with
WaterSense Labeled Showerheads
(26 billion gal x 0.73 x 0.56) x (0.88 Mcf of natural gas/1,000 gal) = 9.4 million Mcf of natural gas
nationwide

Equation 14. National Natural Gas Savings Potential from Installation of WaterSense Labeled
Showerheads in New Construction
(4.3 billion galfyear x 0.73 x 0.56) x (0.88 Mcf of natural gas/1,000 gal) = 1.5 million Mcf of
natural gas nationwide

Unit Abbreviations:

Bef = billion cubic feet
Btu = British thermal unit
F = Fahrenheit

kgal = kilogallons

kWh = kilowatt hour

Ibs = pounds

Mcf = thousand cubic feet

Cost-Effectiveness Calculations

Assumptions:
» Price of water and wastewater is $6.06/1000 gallons™

* 2009 Price of electricity is $0.12/kWh'*
s 2009 Price of natural gas is $11.98/Mcf'

** Raftelis Financial Consulting. Water and Wastewaler Rate Survey. American Water Works Association.
2006.

* U.8. Department of Energy, www_eia.doe.qovicneaf/electricity/epm/tableS 3.html.
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Equation 15. Annual Household Water and Wastewater Cost Savings
2,300 gallons/year x $6.06/1,000 gallons = $14/year

Equation 16. Annual Household Electricity Savings
(300 kWh/household/year * $0.12/kWh) = $36/year

Equation 17. Annual Household Natural Gas Savings
(1.5 Mcffhousehold/year * $11.98/Mcf) = $18/year

Equation 18. Annual Water, Wastewater, and Electricity Savings
($14/year + $36/year) = $50/year

Equation 19. Annual Water, Wastewater, and Natural Gas Savings
($14/year + $18/year) = $32/year

Equation 11. Average Full Payback Period (Electric Water Healing)
($30/showerhead x 2 showerheads/household) / $50/year = 1.2 years (~14 months)

Equation 12. Average Full Payback Period (Natural Gas Water Heating)
($30/showerhead x 2 showerheads/household) / $32/year = 1.9 years (~ 23 months)

'3 U.8. Department of Energy, www.eia.doe.govisteo.
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WaterSense® Specification for Tank-Type Toilets

1.0  Scope and Objective

This specification establishes the criteria for a tank-type high-efficiency toilet under the U.S.
Environmental Protection Agency’s (EPA’s) WaterSense program. It is applicable to:

Single-flush, tank-type gravity toilets

Dual-flush, tank-type gravity toilets

Duai-flush, tank-type flushometer tank (pressure-assist) toilets

Tank-type, flushometer tank (pressure-assist) toilets

Tank-type electrohydraulic toilets

Any other tank-type technologies that meet these performance specifications

The specification is designed to ensure both sustainable, efficient water use and a high level of
user satisfaction with flushing performance.

2.0 General Requirements

2.1 The toilet shail conform to applicable water closet requirements in ASME
A112.19.2/CSA B45.1," except as otherwise indicated in this specification.

2.2 If the toilet has dual-flush capabilities, it shall conform to requirements in ASME
A112.19.14,

3.0 Water Efficiency Criteria

3.1 Single-flush toilets: The effective flush volume shall not exceed 1.28 gallons (4.8
liters) when evaluated in accordance with the sampling plan contained in 10 CFR
429.30. For single-flush toilets, the effective flush volume is the average fiush
volume when tested in accordance with ASME A112.19.2/CSA B45.1.

3.2 Dual-flush toilets: The effective flush volume shall not exceed 1.28 gallons (4.8
liters) when evaluated in accordance with the sampling plan contained in 10 CFR
429.30. For dual-flush toilets, the effective flush volume is the average flush
volume of two reduced flushes and one full flush. Flush volumes shall be tested
in accordance with ASME A112.19.2/CSA B45.1 and ASME A112.19.14.

3.3 Samples with average flush volume in excess of 0.10 gallon (0.4 liter) greater
than their rated flush volume shall be deemed to fail testing requirements due to
excessive flush volume.?

! References to this and other standards apply to the most current version of that standard.

2 For exam ple, fixtures rated at 1.28 gallons per flush (the maximum flush volume) but flushing at greater than 1.38 gallons (5.2 liter)
when adjusted in accordance with the water consumption test procedure in ASME A112.19.2/CSA B45.1 shall be deemed 1o have
“failed” the requirements of this specification.
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34  Samples with average flush volumes less than or equal to 0.10 gallon (0.4 liter)
greater than their rated flush volume shall be adjusted, if possible, to their rated
flush volume prior to performance testing.

3.5  Samples with average flush volumes less than their rated flush volume shall be
tested at measured volume and this volume shall be recorded on the test report.

4.0 Flush Performance Criteria

4.1 Toilet model performance is identified as either a “pass” or “fail’ depending upon
whether it can successfully and completely clear all test media from the fixture in
a single flush in at least four of five attempts. Flush performance testing shali be
conducted in accordance with the waste extraction test protocol provided in
ASME A112.19.2/CSA B45.1.

5.0  Product Marking

5.1 Toilet fixtures shall be marked in accordance with requirements in ASME
A112.19.2/CSA B45.1 with the exception identified in Section 5.1.1 below.

5.1.1 Toilet bowls intended to be used with tanks of varying consumption levels
(e.g., 1.6 and 1.28 gallons per flush) shall be marked with a dual
consumption marking or a consumption range, as indicated in ASME
A112.19.2/CSA B45.1; however, toilet bowls shall not be marked with the
words “or less” to indicate compatibility with tanks of varying consumption
levels.

5.2  Toilet tanks shall not be packaged, marked, nor provided with instructions
directing the user to an alternative water use setting that would override the rated
flush volume, as established by this specification. Any instruction related to the

maintenance of the product shall direct the user on how to return the product to
its rated flush volume.

6.0 Effective Date

This specification is effective on June 2, 2014.

7.0  Future Specification Revisions

EPA reserves the right to revise this specification should technological and/or market changes

affect its usefulness to consumers, industry, or the environment. Revisions to the specification
would be made following discussions with industry partners and other interested stakeholders.

8.0 Definitions

Definitions within ASME A112.19.2/CSA B45.1 and ASME A112.19.14 are included by
reference.

Version 1.2 2 June 2, 2014
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. Pressure-assist toilet: A water closet that uses a flushometer tank as a flushing
device, as defined in ASME A112.19.2/CSA B45.1.

. Rated flush volume: The maximum flush volume, as specified by the
manufacturer, verified through testing and in compliance with this specification.

Version 1.2 3 June 2, 2014
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Appendix A: Requirements for WaterSense Labeling
The following requirements must be met for products to be bear the WaterSense label.
1.0 WaterSense Partnership
The manufacturer® of the product must have a signed partnership agreement in place with EPA.
2.0 Conformity Assessment

Conformance to this specification must be certified by an EPA licensed certifying body
accredited for this specification in accordance with the WaterSense Product Certification

System.
3.0 Clarifications
3.1 Adjustability

Toilet tanks with adjustable water use settings that can be identified and activated by a
user or plumbing professional to override the rated flush volume, as established by this
specification, do not comply with the intent of this specification or the WaterSense
program and do not qualify for use of the WaterSense label.

3.2 Tanks and Bowls Manufactured and Sold by Different Companies

WaterSense requires every combination tank and bowl to be tested and certified for
conformance to this specification in order to ensure that the toilet as a whole provides
the expected water efficiency and performance. Wall-hung bowls and in-wall carrier
systems manufactured and sold by different companies can earn the WaterSense label,
provided that the combination unit is tested and certified. However, since these products
might not necessarily be sold as a unit, WaterSense has established some additional
certification requirements that these products must meet in order to earn the
WaterSense label. Both manufacturers must agree to have their products tested and
certified together in order for the tank and bowl combination to receive the WaterSense

label.
Certification Listing

In order to control the use of the WaterSense Iabel, EPA is requiring each manufacturer
(e.g., the tank manufacturer and the bow! manufacturer) to obtain a certification listing
with one of EPA’s licensed certifying bodies to show that the toilet, formed by the
combination tank and bowl, was certified for conformance to the specification. The
listings must identify both components, along with the respective manufacturers’ names,

¥ Manufacturer, as defined in the WaterSense program guidelines, means: “Any organizafion that produces a product for market that
might be eligible to meet WaterSense criteria for efficiency and performance. Manufacturers can also produce ‘private label’
products that are sold under the brand name of a separate organization, which is treated as a separate partner/application from the
original product manufacturer.” In the case of private labeling, the private labeling organization that ultimately brands the product for
sale must have a signed WaterSense partnership agreement in place with EPA.

Version 1.2 A-1 June 2, 2014
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brand names, model names, and model numbers by which the products are identified
and sold. Separate listings will allow the licensed certifying body to directly authorize
each manufacturer to use the WaterSense label on their tanks or bowls. Note that
though a certification listing is required for each manufacturer, WaterSense is not
requiring the combination toilet to be tested more than once. The licensed certifying
body must ensure that the listing information is complete prior to issuing the certification
and the WaterSense label to either manufacturer.

As an alternative to separate listings, and at the discretion of the licensed certifying
body, the manufacturer of one of the components (e.g., either the tank or bowl
manufacturer) can become listed as an additional company under the certification listing
of the manufacturer of the corresponding component {e.g., the bowl or tank). Howsver,
both components, along with the respective manufacturer's names, brand names, model
names, and model numbers by which the products are identified and sold, must be
identified under both the certification file owner’s listing and the additional company's
listing. This will ensure that there is no confusion about which products were certified in
combination to earn the WaterSense label.

3.3 Product Packaging Marking and Labeling

Though every combination tank and bow! must be tested and certified for conformance
to this specification in order to ensure that the toilet as a whole provides the expected
water efficiency and performance, in some cases the tank and bowl might be packaged
individually and/or sold separately. To ensure that it is clear to the purchaser that a
particular combination tank and bowl is labeled, EPA is providing clarification regarding
how the packaging must be marked and how the WaterSense |label must be used.
These marking and labeling requirements apply to tanks and bowls made by the same
company and those made by different companies, as is the case for some wall-hung
bowls and in-wall carrier systems.

Manufacturers must adhere to the following product packaging marking and labeling
requirements for toilet tanks and bowls packaged and sold individually:

« In all cases, the toilet tank and toilet bowl packaging must bear the WaterSense
label.

» Toilet bowl packaging must indicate all of the specific brand names, model
names, and model numbers, as applicable, of the counterpart tanks it can be
used with to form a WaterSense |abeled tank-type toilet. For example, the toilet
bowl packaging might say:

“This [insert description of bowl] is WaterSense labeled when used with
[list brand names, model names, and model numbers, as applicable, of
the tank(s) that the bowl can be used with to form a WaterSense labeled
tank-type toilet).”

Version 1.2 A-2 June 2, 2014
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Product specification sheets or other product documentation for both the toilet
tank and bow] must indicate all of the specific brand names, model names, and
model numbers, as applicable, of the counterpart products (e.g., the bowl or
tank) that the product can be used with to form a WaterSense labeled tank-type

toilet.

Note that for toilet tanks and bowls packaged and sold together as a unit, the packaging
must bear the WaterSense label.

Version 1.2 A-3 June 2, 2014
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Summary of Revisions to the
WaterSense® Specification for Tank-Type Toilets
Version 1.2

The U.S. Environmental Protection Agency’s (EPA’s} WaterSense program is announcing the
release of Version 1.2 of its WaterSense Specification for Tank-Type Toilets (specification). The
purpose of this document is to summarize the revisions made to the specification, share the
reasoning for the changes, and provide a timeline for compliance with the new requirements.

ltis important to note that EPA considers the revisions made in Version 1.2 of the specification
to be minor in nature. The revisions are meant to provide clarification of the existing
requirements and do not materially affect the scope, performance, or efficiency requirements.
The revisions also do not affect the status of existing certified, WaterSense labeled tank-type

toilets.
Background

WaterSense released its initial Tank-Type High-Efficiency Toilet Specification in January 2007
and issued the first revision to the specification in May 2011. Since that time, the American
Society of Mechanical Engineers (ASME) and Canadian Standards Association (CSA) have
revised ASME A112.19.2/CSA B45.1 Ceramic Plumbing Fixtures to include the waste media
extraction test, fill valve integrity test, and tank trim adjustability test protocols established in the
WaterSense Specification for Tank-Type Toilets. To align with the revised ASME
A112.19.2/CSA B45.1 standard, to the extent possible, WaterSense is issuing Version 1.2 of the
specification. The changes to the specification, described in this document, will ensure
consistency and reduce redundancy in toilet testing for manufacturers seeking the WaterSense
label. WaterSense has also taken this opportunity to make some additional minor revisions to
the specification to align it with the other WaterSense product specifications. All of the revisions
contained in Version 1.2 will ensure that tank-type toilets receiving the WaterSense label are
certified and labeled consistently, in accordance with EPA’s intent, and will continue to meet
consumer expectations for efficiency and performance.

Section 2.0 General Requirements

EPA has revised the title of the section from “Summary of Criteria” to “General Requirements.”
This change does not affect the specification’s original scope of objective, but rather aligns the
organization of the specification with other WaterSense product specifications.

Similarly, to align with other WaterSense product specifications, EPA has revised the content of
Section 2.0 to provide the general and overarching requirements that products must meet to
earn the WaterSense label, rather than a summary of the specification requirements. This
section now indicates that all tank-type toilets shall conform to the applicable water closet
requirements in ASME A112.19.2/CSA B45.1, and all dual-flush tank-type toilets must conform
to applicable requirements within ASME A112.19.14 Six-Liter Water Closets Equipped With a
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Dual Flushing Device. This change now more fully and clearly aligns the specification with the
requirements of the guiding national standards for tank-type toilets.

Section 3.0 Water Efficiency Criteria
Flush Volume Measurement Requirements

The majority of the fixture performance testing protocol, originally provided in Appendix A of the
specification, is included in the recent revisions to the ASME A112.19.2/CSA B45.1 standard.
The fixture performance testing protocol is now incorporated by reference in Section 2.0 of the
specification. However, the ASME/CSA standard does not address the average flush volume
iimits that dictate whether a toilet is deemed to pass or fail the flush volume test or whether the
flush volume should be adjusted to complete the test. As a result, WaterSense has retained
these requirements in the specification. As discussed below, Appendix A was removed from the
specification because a majority of the requirements are now redundant with the
A112.19.2/CSA B45.1 standard; therefore, WaterSense moved these flush volume limit
requirements to Section 3.0 Water Efficiency Criteria. This change does not affect the
specification’s original requirements or intent.

Section 4.0 Flush Performance Criteria

Testing Protocol Reference

in Version 1.1 of the specification, the fixture performance testing protocol was identified in
Appendix A. Since the protocol is now included in the recent revisions to the ASME
A112.19.2/CSA B45.1 standard, WaterSense has updated Section 4.0 Flush Performance
Criteria to reference compliance with the standard rather than Appendix A (Appendix A has
been subsequently deleted). In addition, under Version 1.1, this section summarized the test
media requirements. It also stipulated that the protocol was only applicable to single-flush toilets
and to the full flush option of dual-flush toilets. These requirements are also covered in the
referenced standards and, therefore, WaterSense removed them from this section to minimize

redundancy.

In addition, in the development of the revised ASME A112.19.2/CSA B45.1 standard, there was
consensus that the casing used for the test media did not materially affect the results of the test.
Either cased or uncased media were deemed acceptable for performance testing. In view of this
decision and because of the desire for the WaterSense specification to be consistent with the
standard, EPA has determined that performance testing using cased or uncased media is
acceptable under this specification. This allowance is included by reference to the standard.

Section 5.0 Supplementary Requirements for Flush Volume Adjustability (Version 1.1)

Section Removal
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In Version 1.1 of the specification, Section 5.0 Supplementary Requirements for Flush Volume
Adjustability included testing protocols intended to limit the flush volume adjustability of certified
tank-type toilets. These testing protocols included the fill valve integrity test protocol {Appendix
B of Version 1.1 of the specification) and the tank trim adjustability testing protocol {Appendix C
of Version 1.1 of the specification). These testing protocols were adopted by the ASME
A112.19.2/CSA B45.1 standard, which is now incorporated by reference in Section 2.0 of the
specification. Therefore, WaterSense removed these requirements from the specification to
minimize redundancy. This change does not affect the specification’s original requirements or
intent.

Section 5.0 Product Marking
Tank Marking Requirements

Toilet tank marking requirements identified in ASME A112.19.5 Fiush valves and spuds for
waler closets, urinals, and tanks (referenced in Version 1.1 of the specification) require
manufacturers to permanently mark or label the tank with information pertaining to the
appropriate flush valve replacement parts. These requirements have subsequently been
incorporated into ASME A112.19.2/CSA B45.1. Therefore, WaterSense updated the
specification to reference compliance with the toilet fixture marking requirements identified in the
ASME A112.19.2/CSA B45.1 standard.

Bowl Marking

Version 1.1 of the specification allowed toilet bowls to be marked in a manner that indicated
compatibility with flush volumes below 1.6 gallons per flush (gpf). This requirement was
intended to alleviate confusion because many manufacturers were marking their toilet bowls
with a 1.6 gpf flush volume despite compatibility and certification with tanks that flush at lower
volumes (e.g., 1.28 gpf). The revisions to ASME A112.19.2/CSA B45.1 now include provisions
clarifying the marking requirements for bowls that are compatible with lower (or varying) flush
volumes. Specifically, the standard allows toilet bowls to be marked using the words “or less,” a
dual consumption marking, or a consumption range.

WaterSense is incorporating by reference the bowl marking requirements from the ASME/CSA
standard, which will provide clarity on the appropriate ways to mark bowls that are compatible
with a range of flush volumes. However, WaterSense is taking exception to the allowance for
the use of the words “or less.” Placing a marking on the bowl that identifies a maximum flush
volume along with the words “or less” could imply that the bowl is compatible with tanks of any
flush volume, potentially below the minimum the flush volumes with which the bowl was certified

to perform.
Section 8.0 Definitions

Referenced Standards
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WaterSense has removed the reference to ASME A112.19.5, as the marking requirements have
been incorporated into ASME A112.19.2/CSA B45.1.

Definitions

WaterSense has removed the definition of an electrohydraulic toilet because it is incorporated
by reference in ASME A112,19.2/CSA B45.1.

WaterSense has revised the definition of a pressure-assist toilet to use language consistent with
definitions included in ASME A112.19.2/CSA B45.1.

WaterSense has revised the definition of rated flush volume to be consistent with the definition
included in other WaterSense product specifications. The new definition clarifies that the rated
flush volume is specified by the manufacturer and verified through testing to ensure compliance

with the specification.

Appendix A: Fixture Performance Testing Protocol (Version 1.1)

Section Removal

As mentioned previously, a majority of the fixture performance testing protocol, originally
provided in Appendix A of Version 1.1 of the specification, is now incorporated by reference in
the ASME A112.19.2/CSA B45.1 standard. One exception is the flush volume measurement
limits that dictate whether the toilet passes, fails, or should be readjusted for testing. To reduce
redundancy with the standard, WaterSense has subsequently moved these requirements to
Section 3.0 and has removed the entirety of Appendix A from the specification. This change
does not affect the specification’s original requirements or intent.

Appendix B: Fill Valve Integrity Test Protocol (Version 1.1)

Section Removal

As mentioned previously, the fill valve integrity test protocol, originally provided in Appendix B of
Version 1.1 of the specification, is now incorporated by reference in the ASME A112.19.2/CSA
B45.1 standard. To reduce redundancy with the standard, WaterSense has subsequently

removed the entirety of Appendix B from the specification. This change does not affect the
specification’s original requirements or intent.

Appendix C: Tank Trim Adjustability Testing Protocol (Version 1.1)
Section Removal
As mentioned previously, the tank trim adjustability testing protocol, originally provided in

Appendix C of Version 1.1 of the specification, is now incorporated by reference in the ASME
A112.19.2/CSA B45.1 standard. To reduce redundancy with the standard, WaterSense has
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subsequently removed the entirety of Appendix C from the specification. This change does not
affect the specification’s original requirements or intent.

Appendix A: Requirements for WaterSense Labeling
Section 3.3 Product Packaging Marking and Labeling

Section 3.3 of Appendix A provides additional product packaging marking and labeling
requirements for toilet tanks and bowls that are packaged and sold individually. Version 1.1
prohibited the WaterSense label on toilet bow! packaging that indicated compatibility with flush
volumes greater than the rated flush volume identified in this specification. WaterSense
developed that requirement to prevent confusion about whether a bowl with an advertised flush
volume higher than the maximum allowed by the specification was actually labeled.

The new bowl marking requirements identified in ASME A112.19.2/CSA B45.1, and now
incorporated by reference in the specification, should eliminate this confusion as toilet bowls can
be marked with a dual consumption marking or a consumption range to indicate compatibility
with multiple flush volumes. Therefore, EPA is now requiring the toilet tank and bowl packaging,
in all cases, to bear the WaterSense label.

Timeline for Compliance with Version 1.2 of the Specification

Version 1.2 of this specification goes into effect June 2, 2014. EPA is providing manufacturers
with a six-month grace period to begin complying with the new requirements. By December 2,
2014 all certification activities must be completed in accordance with Version 1.2 of this
specification, in order for tank-type toilets to earn the WaterSense label. The existing licensing
agreements between EPA and the licensed certifying body will remain in full force and effect.
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About Us

Crisp, Clean Clothes Without the Waste

Washing laundry is a significant use of water in the average home; accounting for
15% to 40% of the overall water consumption inside the typical household of four
persons. The average American family washes almost 400 loads of laundry each
year.

Water Factor

Because washers come in various sizes and capacity, the water efficiency of
clothes washers is rated using the term "Water Factor” to accurately compare water
use. Water Factor (WF) is measured by the quantity of water (gallons) used to wash each cubic foot of laundry.

Older Washers

An cld school washer will use approximately 40 to 45 gallons {151.4 L to 170.3 L) of water per load and have a
water factor of 10 or higher. A family of four using a standard clothes washer will generate more than 300 loads

per year, consuming 12,000 gallons (45.4 m3) of water annually.

High Efficiency Washers

New, High-Efficiency Washers (HEW) {front loading or tap loading machines are available) can use 14 to 25
gallons {53 L to 94.6 L) of water per load and will have a waler factor of 8 or less. Replacing an old and
inefficient clothes washer can reduce this water use by more than 6,000 gallons per year (22.7 m3), save energy,
clean the clothes better, and reduce fabric wear.

Clothes Washer Water Saving Tips

1. Run full loads only, even if the washer has an adjustable load setting. A full load is the most efficient way to

wash clothes.
2. Replace the old inefficient clothes washer with a new high-efficiency model to save water and energy.

https:/fwww.home-water-works.orgfindoor-use/clothes-washer
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More Information About Clothes Washers

Standard Washers

The standard top loading clothes washer, using a vertical-axis drum, has changed
little from General Electric's design in 1947. The vertical axis design requires enough
water in the drum to suspend the fabric in the soapy water while the agitator churns
the clothes to help remove dirt and stains. The large amount of water required to
suspend the fabric in the fub limits the ability for this type of washer to efficiently use
water. Historically, vertical axis washers consumed 45 gallons per load (170 L),
though newer models of the past few years have reduced this to less than 40 gallons
per load (151.4 L). Even the best designs manufactured today require more than 9
gallons (34.1 L) of water per cubic foot of capacity (28.31 L). =

High-Efficiency Washers

. High-efficiency front or top loading washers facilitate greater efficiency because they use less

water and energy. These high-tech machines are proven to be more effective in cleaning the
clothes with less water, and is gentler on the fabric when compared to old-school vertical axis
washers. Additional benefits of lower water use are: a) less laundry detergent is required; and, b)
less water needs to be heated resulting in energy conservation. Mast high-efficiency washers use
only 15 to 30 gallons (56.8 to 113.6 L) of water to wash the same amount of cicthes as older
washers (29 to 45 gallons per load (109.7 to 170 L). The most efficient washers use less than 5
gallons (18.9 L) per cubic foot of capacity.

Water Efficiency of Washers

The smalier the water factor rating, the more water efficient the clothes washer. A typical
residential clothes washer has a capacity of approximately 3 cubic foot, though sizes range from
1.7 cubic feet (48.13 L) to more than 4.2 cubic feet (118.9 L) for the exira large capacity machines. The Water
Factor provides a means to directly compare water efficiency of different sized machines.

Efficiency Example

Washer A uses 32 gallons of water per load (wash and rinse cycles) with a 4 cubic foot capacity of laundry; thus,
has a Water Factor rating of 8 (32+4=8).

Washer B uses 30 gallons of water (wash and rinse cycles) with a 2.5 cubic foot capacity; thus, has a Water
Factor rating of 12 {30+2.5=12).

Washer A uses water more efficiently (WF=8) than Washer B (WF=12). While Washer A uses slightly more
water per load, it can clean 40% more clothes per load.

Looking for a New Water Efficient Washer?

When buying a new machine, finding the Water Factor rating of a clothes washer is not always easy. Though
manufacturers measure Water Factors for each model of washer, manufacturers are not required to display the
rating on the machine. Fortunately, the Energy Star Program reports Water Factors and energy use for nearly

every HEW in the market.

Listing of High Efficiency Clothes Washers

Are you in the market for a new clothes washer? The most recent listings of high-efficiency clothes washers are
provided here:

» CEE Residential Clothes Washers Quaiifying Product List

https/iwww.home-water-works.org/indoor-use/clothes-washer



1/28/2020 Energy Efficient Washing Machine | ENERGY STAR

CLOTH ES WAS HERS For Partners

| OVERVIEW
SPECIFICATION
BUYING GUIDANCE

PROMOTIONS

The average American family washes about 300 loads of laundry each year. ENERGY STAR can he!p families cut their related
energy and water costs. ENERGY STAR certified clothes washers use about 25% less energy and 33% less water than
regular washers. Over the lifetime of the product, models that have earned the ENERGY STAR can save $380 in energy costs.

They have a greater tub capacity which means you can wash fewer loads to clean the
same amount of laundry. They are available in front-foad and top-load models from brands
including Blomberg, Asko, GE, Kenmore, LG, Samsung, Whirlpool, and many more. ENERGY
STAR top-load models utilize new technologies that do not require the tub to fill with

water. They clean using sophisticated wash systems to flip or spin clothes through a
stream of water. Many have sensors to monitor incoming water levels and temperature.
They also rinse clothes with repeated high-pressure spraying instead of soaking them in a —
full tub of water.

Consider the following:

* Use less energy. On average, a new ENERGY STAR certified clothes washer uses 316 kWh of electricity and can save
you about $35 a year on your utility bills compared to a standard model.

* Use less water. A full-sized ENERGY STAR certified clothes washer uses 14 gallons of water per load, compared to
the 20 gallons used by a standard machine. That's a savings of more than 2,000 gallons of water, per year!!

= Is your washer over 10 years old? It's estimated that there are 74 million top-loading washers and 24 million front-
loading washers - 26 million of which are at least 10 years old, still in use across the country, Washers that are
approximately 10 years old are significantly less efficient than newer modets. Together, these inefficient washers
cost consumers about $4.7 billion each year in energy and water. If you have a standard clothes washer that is

approximately 10 years old, it's costing you, on average $185 a year.

ff every clothes washer purchased in the U.S. was ENERGY STAR certified, we could save more than $3.3 billion each year
and prevent more than 19 billion pounds of annual greenhouse gas emissions, equal to the emissions from more than 1.8

million vehicles.

hitps:/fwww.energystar.gov/products/appliances/clothes_washers
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Executive Summary
Wastewater Flows from Single Family Dwellings

Study done for the Michigan Technical Advisory Council for Onsite Wastewater Treatment
Danielle N. McEachin and Ted L. Loudon
Student Intern and Professor, respectively,
Agriculiural Engineering Department
Michigan State University

The purpose of this study was to colleet, organize and present what is known about the amount of wastewater that can be expected to flow from dwellings. Th
goal is 1o provide designers and regulators with an actual flow based data set from which to develop design flow numbers for sizing systems. The data in this
document comes from a variety of sources. Most were found on the Intemet, some were found in the library, and others were provided from file data collected
by entities in Michigan. The study was restricted to data collected during the years 1980-2000, so that the values determined would be representative of life
styles of the present generation. In fact, only two numbers in the data tables are from before 1987.

A group of studies providing metered home water use rates presented in units of gpd per capita from around the country were reviewed and summarized.
When averages were weighted based on the number of homes per study, the overall weighted average per capila daily water use was just under 51 gpd (Table
1). The value of this data is limited by the fact that much of the data was total use, including outdoor water use, and had to have a correction factor applied.
Numerous sources containing recommended per capita design flows were reviewed. Most recommendations are in the 50-70 gpd/c range (Tablc 4).

Perhaps the most valuable data is data gathered in Michigan. A study of metered data from 700 homes in souther Michigan showed an average daily use
per home 0f214.3 gallons. The three bedroom home average was 221.3 gpd (74 gpd/br) and the four bedroom average was 285.5 gpd (71 gpd/br). A study
of measured flows from 66 homes in Jackson County showed flows of 56 gpd per bedroom.

Average per person flows, averaged aver large numbers of people, appear to be in the 50-55 gpd/c range. Average flows expressed per bedroom, for 3-4
bedroom homes appear to be in the 70-75 gpd/br range. While bedrooms do not generate flow, people do, it is common to design on the basis of number of
bedrooms since occupancy varies. For large clusters of homes, designing on the basis of 75 gpd/br would appear to be supported by the data available. For
an individual home design, a significant safety or peaking factor must be applied. Many of the references consulted suggest a factor of 2 or even 2.5. Use of
a high design flow for individual homes helps to compensate for the state of the art in site evaluation and the occasional high water use occupancy.

The Technical Advisory Council will produce a companion guidance document providing recommendations for applying this data in design
recommendations.

Wastewater Flows from Single Family Dwellings

Study done for the Michigan Technical Advisory Council for Onsite Wastewater Treatment
Danielle N. McEachin and Ted L. Loudon
Student Intern and Professor, respectively,
Agricultural Engineering Department
Michigan State University

Purpose: Rational design of wastewater treatment and dispersal systems is based on the flow that the system nst be able to handle. This is usually
expressed on a daily flow basis and typically includes a factor of safety which is large for individual home systems and may be reduced as sysiems are
clustered together. The purpose of this study was to collect, organize and present what is known about the amount of wastewater that can be expected to
flow from dwellings. The goal is to provide designers and regulators with an actual flow based date set from which to develop design flow numbers for

sizing systems.

The data in this document comes from a variety of sources. Most were found on the Interet, some were found in the library, and others were provided from
file data collected by entities in Michigan. Every effort was made to ensure that the data reflect indoor water use, which eliminates most consumptive uses
and represents the flow that would be expected in the wastewater system. Because consumptive uses are hard to eliminate completely, particularly in arid
climates, we restricted our data to the more humid states. One exception is that a study from Denver, CO is included fu which a significant effort was made
to eliminate outdoor consumptive uses in the design of the study. The numbers in the Colorade study are higher than those from more hunid states but we
cannot determine exactly what the reason for this might be. Wherever total water use numbers were encountered they were multiplied by a factor of 0.70 to
give indoor water use only. These values are indicated by a *. This factor is based on the findings of multiple studies which measured both indoor and
outdoor usage. We restricted our selection of data to include only data collected during the years 1980-2000, so that the values determined would be
representative of life styles of the present generation. In fact, only two numbers in the data tables are {from before 1987, and these are from a study deemed
to be sufficiently reliable that we did not wish to exclude it.

The data are divided into four tables. Table 1 contains data from literature and internal sources that were obtained through actual measurement. This means
thet the numbers were derived from meter readings at occupied residences. These mumbers are from studies where multiple homes were metered and the
indoor water use was determined. Only some of these studies reported indoor water use only. For those where the reported values were total use, the 0.70
factor was used to obtain ndoor water use numbers. See footnotes following the tabulated data for the basis of this factor. The study done by the American



Water Works Association Research Foundation metered 1188 homes to obtain their data. The Denver Board of Water Commissioners metered 5649 homes
in the city and county of Denver.

The U.S. Department of Housing and Urban Development has conducted many studies on residential water usc. In some of their work, they designed
studies to obtain as diverse a group of homnes as possible by gathering data on each household through issuing a questionnaire to each resident. Their study
entitled “Water Saved by Low-flow Fixtures” included water meter data from over 200 homes. They also conducted a study of flow from apartment
buildings in which they collected data from 23 buildings. The apartments were noted to be especially leaky and they found unusually high per capita water
use. The U.S. Geological Survey published 2 table with water use values for every state. We sclected data from the more humid states and applied the 0.70
factor to oblain indoor water use values. Data were collected from homes where the water supply was from both self-supplied (SS) and public-supplied (PS)

SOuUrces.

Table 2 contains data that was found through acinal measurement but is presented as gallons per day per home. The Michigan study done by Equinox Inc.
for use in the design of the Mill Valley Condominium Subdivision metered over 700 homes in Livingston and Oakland counties and determined average
waler use per dwelling. The first 7 entries in Table 2 represent flows averaged over multiple single family dwellings and would be representative of flows to
be expected from a cluster of homes, The average flow equals 159 GPI/home over 640 homes. The Michigan Department of Environmental Quality study
involved determination of metered flows from over 500 homes in Oakland County and Highland Township. Both of these Michigan studies are believed to
be highly reliable but resulted in per home flows that were higher.

Table 3 contains data found through actual measurement but the values were presented in the original studies in units of gallons per day per bedroom. This
data is from a study done by the Michigan Department of Environmental Quality. In this study, 66 homes were metered in Jackson County and the size of
home determined so that the data could be presented in terms of a per bedroom water use average.

Table 4 contains data from publications which give representative numbers that are recommended for design of wastewater systems. These are not well
referenced so it is unclear whether they originally came from actual use studies or are estimates, possibly including a safety factor, that are simply repeated
from another publication. These sources were mostly found on the Internet.

Afier the tables are a set of staternents and observations gleaned from literature. The effect of income level and household size on water use is analyzed.
Our reasons for using the 0.70 factor are given, a comparison of self-supplied and public-supplied water use is given. Typical times of peak water use are
analyzed as are the effects of metering and water pressure.

Conclusions that can be drawn:

From Table i, the per capita metered indoot water use data from nationwide studies show an average value of 69 gallons per person per day. The per capita
data obtained by applying the 0.70 factor to total water use data found in humid climates shows an average value of 55.2 gallons per day, with a self-supplied
average of 50.5, a public-supplied average of 57.7 and a range of 35-86.8. The weighted average per capita water use data for all homes in Table 1 show an
overall average use of 50.7 gallons per day, with a seli-supplied use of 51.1 and a public-supplied use of 50.47.

The per home metered indoor data in Table 2 shows an average of 214.3, with a 3 bedroom average of 221.3, a 4 bedroom average of 285.5 and a range of
140-327. The first 7 entries in Table 2 represents measured flow data from 640 Michigan homes and shows an average of 159 GPD/home.

The nationwide data sets show somewhat higher per capita water use. Humid region data suggest that average per capita indoor water use averages between
50 and 70 gpd. Total water use per home averages between 160 and 285 GPD with the larger figure for larger homes.

This should be considered a work in progress. We would like to include additional data. If the reader has or is aware of additional data that could be
included, we would like to receive it. This summary will be modified if additional data are received or otherwise located.

Residential Water Consumption Data, From a Variety of Sources Report by: Danielle McEachin
Table 1. Sources whose data was found by actual measurement, measured in GPD/Person
Sponsor Source Study Area of Sudy | Time Period Indoor | Type of Per capita
useor | Dwelling daily
Total water use
use?
AWWA Research ey avwarf com/exsuns'00781.him | Residential End | 12 study sites, | Copyright1999 | Indoor | 1,188 Single- | 69.3,
Foundation Uses of Water | across the ULS. family Including
[Project#241] homes Leakage
Denver Board of Litke and Kauffman, “Analysis of Residential Use of | 16 groups of Data From Indoor | 5,649 Single- | 64-119
Water Water in the Denver Metropolitan Area, CO, 1980-87 | homes in the 1980-87 family Mean =
Commmissioners city and county homes 85.6
of Denver
Rhode Island M. A. Horn, P.A. Crafi & Lisa Bratton, “Estimation of | Cumberland, Data From Indoor | Single- 70 S8
Govemnor’s Office of | Water Withdrawal and Distribution, Water Use, and Rhode Island 1928 and family (Total)
Housing, Energy, Wastewater Collection and Return Flow in Total homes 77PS
and Cumberland, Rhode Island, 1988 {Indoor)
Intergovemnmental & 90 PS
Relations (Total)
U.S. Department of | Brown and Caldwell, “Residential | Water Saved by | Nationwide Data from Indoor | 200 Single- | 66.2
Housing and Urban | Water Conservation Projects, Low-flow 1983 family
Development, Office | Summary Report”, 1984 Fixtures homes




of Policy Retrofit of Washington, Data From Indoor |23 100**
Development and Apariment D.C. 1981 Apartment Including
Research Buildings buildings Leakage
Table 1. {cont.)
Source Study Area of Study Time Indoor | Typeof Per
Sponsor Period use or Dwelling capita
Total daily
use? water
use
United States hap/iwaterusgs pov//watuse/tables/dotab st.himl | Tablel2. Alabama Data Indoor | Single-family | 52.5% 8§
Geological Survey Domestic From homes 70* PS
Freshwater Use 1990
by State (States | Arkansas Data Indoor | Single-family | 61.6* 88
chosen with From homes 74.2* PS
humidity similar 1990
to that of Connecticut Data Indoor Single-family | 52.5* 88
Michigan) From homes 49* p§
1990
Delaware Data Indoor Single-family | 55.3* 8§
From homes 54.6* PS
1990
Georgia Data Indoor Single-family | 52.5* 8§
From homes 80.5* PS
1990
Dlinois Data Indoor | Single-family | 58.8* S§
From homes 63* PS
1990
Indiana Data Indoor Single-family | 53.2* 88
From homes 53.2*PS
1990
Kentucky Data Indoor | Single-fammily | 35* SS
From homes 49* p§
1990
Louisiana Data Indoor Single-family | 58.1* SS
From homes 86.8* PS
1990
Maine Data Indoor Single-family | 63* S8
From homes 40.6* PS
1990
Maryland Data Indoor Single-family | 58.1* 8§
From homes 73.5*% P§S
1990
Massachusetts Data Indoor | Single-family | 50.4* 88
From homes 46.2* P§
1990
Michigan Data Indoor | Single-family | 51.1* 88
From homes 539*PS
1990
Mississippi Data Indoor Single-family | 35* S§
From homes 86.1* PS8
1950
Table 1. {cont.)
Sponsor Source Study Area of Study Time Indoor Type of Per
Period use or Dweelling capita
Total daily
use? water
use
United States hup./water.usps pov/iwatuse‘tables ‘dotab sthiml | Table]2, Missour Data Indoor Single-family | 42* S8
Geological Survey Domestic From homes 59.5*PS
Freshwater Use 1990
by State (States | New Hampshire | Data Indoor Single-family | 45.5% S8
chosen with From homes 49.7* PS
humidity similar 1990
to that of New Jersey Data Indoor | Single-family | 52.5* SS
Michigan) From homes 52.5%PS
{cont.) 1990
New York Data Indoor | Single-family [ 40.6* 8§
From homes 83.3*PpPS
1990
North Carolina | Data Indoor Single-family | 38.5* 88
From homes 39.9*PS
1990




Ohio Data Indoor | Single-family | 52.5* 8§
From homes 37.5*PS
1990
Pennsylvania Data Indoor Single-family | 36.4* SS
From homes 43.4* PS
1990
Rhode Island Data Indoor Single-family | 49* SS
From homes 46.9* PS
1990
South Carolina | Data Indoor Single-family | 52.5* 88
From homes 53.2*PS
1990
Tennessee Data Indeor | Single-family | 45.5% 88
From homes 59.5*PS
1990
Vermont Data Indoor | Single-family | 50.4*8S
From homes 56*Ps
1990
Virginia Data Indoor | Single-family | 52.5* $§
From homes 52.5*%PS
19%0
West Virginia Data Indoor Single-family | 56* S8
From homes 51.8*PS
19990
Wisconsin Data Indoor Single-family ! 42.7* S8
From homes 36.4* PS
1990
Table 1. (cont.)
Sponsor Source Study Area of Time Indoor Type of Per
Smdy Period use or Dwelling capita
Total daily
use? water
use
United States huip:ioh watetusgs. gov/water_use/9Shuchinl | Estimated Water Ohio Data Indoor Single-family | 70 88*
Geological Survey Use for Ohio, 1995, From homes 50 pS*
by Hydrologic 1995
Cataloging Unit
Michigan Department of Public Health QOszkland County Oakland Data Total 1512 56.7%
Water County, MI From bedroom
Use/Population 1991 homes
Study 4453 79*
bedroom
homes
186 4 51.8*
bedroom
homes
30 5 bedroom | 57.4*
homes

88 = Self-supplied
PS = Public-supplied

*Converted to Indoor Use From Total Use by using the formula Indoor Use = (0.70) Total Use

** This study stated these apartments to have an especially large amount of leakage and

therefore the numbers from these apartments were not used in any averages

Table 2. Sources whose data was found by actual measurement, measured in GPD/Home

Average per capita indoor water use = 50.76
S8 average per capita indoor water use = 51.1
PS8 average per capita indoor water use = 50.47

Range of per capita water use = 35-100

Sponsor Study Area of Study Time Indoor use | Type of Dwelling | GPLY
Period or Total Home
use?
Equinox, Inc., Stephens | Danie] C. Schrauben and David R. Deer Creck Data From | Indoor 3 single~-family 148
Consulting, Inc. Beschke, “Basis of Design, Flow 1590 homes
Adjustment, Wastewater System, Mill Greenock Hills Data From | Indoor 20 single-family | 158
Valley Condominium Subdivision”, June | No. 3 1990 homes
17, 1999. Lake Tyrone Data From | Indoor 182 single-family | 165
1990 homes
Portage Bay Data From | Indoor 20 single family | 140
1990 homes
Runyan Lake Data From | Indoor 274 single-family | 164
1990 homes
Sandy Creek Data From | Indoor 5 single-family 154
1990 homes
Tanglewood 77 Indoor 136 single-family | 145




homes
City of Novi DataFrom | Indoor 4 bedroom home | 327
1990-1992
City of Nowvi Data From { Indoor 3 bedroomhome | 234
1990-1992
Eagle Ravine Data From | Indoor 8 Single-family | 270
1990 homes
Milford Bluffs Data From | Indoor 3 bedroom home | 222
1990
Milford Bluffs Data From | Indoor 4 bedroom home | 255
1990
Settler’s Pointe Data From | Indoor 3 bedroom home | 213
1990
Table 2. (cont.)
Sponsor Study Area of Study Time Indoor use | Type of Dwelling | GPD/
Period or Total Home
use?
Equinox, Inc., Stephens | Daniel C. Schrauben and David R. Settler’s Pointe Data From | Indoor 4 bedroomhome | 281
Consulting, Inc, Beschke, “Basis of Design, Flow 1990
Adjustment, Wastewater System, Mill
Valley Condominium Subdivision”, June | Village of Milford | 77 Indoer 4 bedroom home | 209
(‘Z(;nltg)”' Village of Milford | 77 Tadoor | 3 bedroom Bome | 206
Michigan Department of | Oakiand County Water Use/Population Qakland County, | Data From | Total 3 Bedroom home | 197
Public Health Study Mi 1991 4 Bedroom home | 257
Highland Township, Four Bedroom and Highland Data From | Total 3 Bedroom home | 256
Three Bedroom Water Usage Comparison | Township 1993 4 Bedroom home | 284

Table 3. Sources whose data was found by actual measurement, measured in GPD/BR

Average per home indoor water use (all homes) =214.3
Average indoor water use (3 bedroom homes) = 221.3
Average indoor water use (4 bedroom homes) = 285.5
Range of indoor water nse (all homes) = 140-327

Sponsor Study Area of Study Time Indoor use | Type of Dwelling | GPD/
Period or Total Bedroom
use?
Michigan Department of | Engineering Company Review of One Jackson County | Data From | Total 66 single-family | 56
Public Health Subdivision, Jackson County 1991 homes (3 & 4
bedrooms)
Table 4. Sources using published numbers (recommended for design use)
Sponsor Source Study Area of Time Indoor | Type of | Per capita
Study Period use or | Dwelling | daily
Total water use
use?
Auburn htp://hemnes ecn purdne.eduicg/convertwg?7696 Conserving | Alabama Data Indoor | Single- | 50-70
University Water, From family
Developing 1995 homes
Water-
Conserving
Habits: A
Checklist
Domestic hurfrechestins ] atwebjunp.com‘6ebac4886 pupumpmans Planning N/A Last Indoor | Single- | 75
Wastewater | 2ebjump/planhim Your Water Modified family
Systems & Systemn May homes
Pump Talk, 2000
R.L. Peeks
Pump Sales
Individual hitpriwwiw 0o scottmn.us EHASTS septichtm Water Usage | Minnesota | Data Indoor | Single- | 52.5%-70*
Sewage and Your From family
Treatment On-Site 1990 homes
System Sewage
(ISTS), Scott Treatment
County System
Kennewick 32 Tips on Washington | Last Indoor | Single- | 63.75
Public Water Modified family
Works Conservation June homes
Department 2000
Michigan httpi/thenmes ecn.purdys edu/Cei/converiwg?3373 How to Michigan | Data Indoor | Single- | 50-70
State Conserve from family




University, Water in 1987 homes
Extension Your Home
and Yard
Missouri bttp:/fwww dnr state mo.us/de/resideptialiwaterusage htm Residential | Missouri Last Indoor | Single- | 50
Department Energy Maodified family
of Natural Efficiency, Mar. homes
Resources, Water Usage 2000
Energy
Center
North hetps/iwww bae nesn.edubag/pro fextension/publicat/w 50 himl | Focus on North Last Indoor | Single- | 52.5*
Carolina Residential | Carolina Modified family
Cooperative Water Mar. homes
Extension Conservation 1996
Services
Polk County, Water Iowa Last Indoor | Single- | 50
Department Conservation Modified family
of Water for Kids June homes
Conservation 2000
Sponsor Source Study Area of Study | Time Indoor | Type of Per
Period use or | Dwelling | capita
Total daily
use? water
use
Prairie Water hitpeiferwy quantumlynx.comAvater/back/vol 1 2no1 421 _st2 hen] | Bill Saskatchewan | Spring, Indoor | Single- 50 8§
News, Vol. 12, Anderson, 1992 family
no. 1 “Water Use homes
Trends on the
Prairies”
Ron Crites and George Tchobanoglous, “Small and Decentralized Wastewater N/A Copyright, | Indoor | Highrise |35
Management Systems, 1999, 1999 Low rise 55
Hotel 40
Newer 70
home
Older 50
home
Summer 40
cottage
Motel 100
wikitchen
Motel wio | 95
kitchen
Trailer 40
- park
United States htipiifwww.ena. gov/OGWDWwothowmuch him] How Much N/A Last Indoor | Single- 54.5
Environmental Drinking Modified family
Protection Water Do We June 20600 homes
Agency (EPA), Use in Our
Office of Water Homes
United States bitpfwateruses, eov/outreach/pogirderade schoolPaeeThuml | Water N/A Last Indoor | Single- 79
Geological Resources Modified family
Survey QOutreach Mar. 2000 homes
Program
University of hitp://henmes, ecn purdue. edu/cgi'convertwg?7541 Home Water | Arkansas Data From | Indoor | Single- 63.75
Arkansas Use 1992 family
Management homes
University of huphermes.ecn.purdue.edw/cgiconvertwg 26229 Conserving Georgia Data From | Indoor | Single- 50-75
Georgia Water at 1991 family
Home homes
University of htgp:henmes.ecn prdue.edu/cejconvertwq 26453 Conserving Maine Data From | Indoor | Single- 45-50
Maine Waler at 1991 family
Home homes
Sponsor Source Study Area of Time Indoor | Typeof |[Per
Study Period us¢or | Dwelling | capita
Total daily
use? water
! use
University | http://hermes ecn purdue edu/cai/covertwy?5321 Margaret T. | Maryland | ?? Indoor | Single- 50-75
of Ordonez, family
Maryland “Water homes
Conservation




In the

Home.”
University | hup:/foww,extension . edu/distribution/youthdevelopment/components/0328- | Water Use Minnesota | Last Indoor | Single- 50
of 05l and Modified family
Minnesota Conservation June homes

2000

University | hup/hermes.eqnpurdue edw/cei'convertwq?6425 Alyson Rhode Data Indoor | Single- 50-75
of Rhode McCannt and | Island From family
Island Thomas P. 1991 homes

Husband,

“Water

Conservation

In and

Around the

Home”,

1999.

S8 = Self-supplied Range of per capita water use for homes = 40-79

PS8 = Public-supplied
*Converted to indoor use from total use by using the formula Indcor Use = (0.70) Total Use

Water-conserving toilets were shown to leak more often than non-conserving ones in the “Water Saved by Low-flow Fixtures” study done by the U.S.

Department of Housing and Urban Development.
Effects of income level and household size on water use:

To determine the effects of income on residential water use, the study “Water Saved by Low-flow Fixtures” by the U.S Department of Housing
and Urban Development compared the average interior water use in gallons per capita-day for each household with the average income range for
that household. The scatter plot of this data showed a wide variation of per capita water use within each income range.

The average interior water use values for cach income bracket were also compared, and showed little or no correlation between income and water
use.

- In this same study, the average interior water use in gped was compared with household size. A wide variation of water usage within cach
houschold size was observed. However, the comparison of average interior water use for cach group of household sizes did show a decreasing
trend in per capita use as the number of people in the house increased.

If outside use were also included in this study, a correlation between income and water use would most likely be observed, due to bigger yard
size and pools.

In the study, “Analysis of Residential Use of Water in the Denver Metropolitan Area, Co”, it was found that Indoor water use correlated best with
persons per household and that correlation with assessed value was very low.

~  The Oakland County Water Use/Population Study also showed little or no correlation between assessed value and water use.

It is interesting to note, however, that homes with low incomes may not have washing machines or dishwashers, while homes with hi gher
incomes usually do. This could have a great effect on water use.

Indoor water use as a function of total water use;

Indoor water use is said to be about seventy-five percent of total water use in the document, “Focus on Residential Water Conservation™ by the North
Carolina Cooperative Extension Service.

The book “Small and Decentralized Wastewater Management Syslems” states that, “If a community has a water system but not a wastewater
collection system, the average wastewater flow-rate can be estimated by multiplying the watet nse by a factor of sixty-eighty percent, depending on
the landscaping.” This is approximately equivalent to saying that base water use is sixty-eighty percent of total water use.

The Oakland County Water Use/Population Study shows a difference between winter and summer water use of sixty-six percent.

Based on these observations some of the total water use data in the above table was multiplied by a factor of 0.70 10 get the indoor water use.

The study “Analysis of Residential use of Water in the Denver Metrapolitan Area, Co” states that, “Water used to grow lawns in Denver is forty-two
percent of water consumption.” This is because Colorado is a very dry state.

Times of peak water use:

In the study, “Analysis of Residential Use of Water in the Denver Metropolitan Area, Co”, it is stated that, “more water is used in the summer, on
Sundays, and from 7 a.m~9am.”

On the EPA’s website “How Much Drinking Water Do We Use In Our Homes?”, it states that

- The lowest rate of use is from 11:30 p.m. io 5:00 a.m.

- There is a sharp rise in use from 5:00 a.m. to noon, with a peak hourly use from 7:00 a.n. to 8:00 a.m.

- There is a moderate use from noon to 5:00 p.m., with a lull around 3:00 p.m.

- There is an increase in usc in the evening from 5:00 to 11:00 p.m., with the second minor peak from 6:00 to 8:00 pm.

- Metered versus flat rate customers:

The study, “Water Saved by Metering™, done by the U.S. Department of Housing and Urban Development compares metered customers’ water use
with that of flat rate customers,

Denver is unique because it has both metered and flat rate customers. Since 1957, all new homes have been required to be metered. In spite of this,
most custamners are flat rate because they pre-existed this policy. Because of this, nearly identical homes in the same area can have different billing
systems.

To study the effect of metering, one group of twenty-five metered homes and two groups of flat-rate homes ( forty-two homes total) were identified,
and there water use data collected for a period of three-years.

The test groups were selected so those factors such as fire hydrants and downstream water uses were eliminated.

Over the three-year period of data collection, water use in metered homes averaged about 453 gallons per day (total, 42% is yard watering), and
water use in flat-rate homes averaged about 566 gpd. Thus, metered homes used twenty-percent less water than flat-rate homes.

The basic effect of metering is to reduce the amount of water used for irmigation. Thercfore, water use would be reduced more in a dry area such as
Denver than a more humid area.

- Effect of water pressure on water use:

Reducing water pressure can be one means of reducing water use. A decrease in water pressure causes a decrease in water flow related to the square

root of pressure drop.



Many water usc appliances regulate the volume of water they use, eliminating the effect of water pressure. Water pressure does, however, have an

effect on water leakage and cutdoor water use.
The U. 8. Department of Housing and Urban Development did a study on water pressure entitled, “Effect of Water Pressure on Water Use”, in which

they studied different pressure zones in Denver, Los Angeles, and Atlanta, They found a difference of about two-three percent in the water use of
homes with high compared to low pressure (difference of about 35 psi).

Equations Related to Water Use
- The book, “Small and Decentralized Wastewater Management Systems™, states that the equation for flow from a residence can be given as: Flow,

gal/home*day = 40 gal/home*day + 35 gal/person*day x (mamber of persons/home).
- e document, “Water Use”, given to me by Larry Stephens describes three types of residences, with separate equations for estimating water use.
- In a Type I residence the total floor area of the residence divided by the number of bedrooms is more than 800 square feet, or more than two of
the following water-use appliances are installed: automatic washer, dishwasher. In a Type I residence the estimated water use is equal to 150

gpd/bedroom. This assumes an occupancy of two people per bedroom, each using 75 gpd.
- In a Type Ii residence the total floor area of the residence divided by the number of bedrooms is more than 500 squarc feet and there are no more
than two water-use appliances. Water use in a Type 1l residence is obtained by multiplying 75 times a factor equal to the number of bedrooms

plus one.
In a Type III residence the total floor area of the residence divided by the number of bedrooms is mare than 500 square feet and there are no

more than two water-use appliances. Water use in a Type III residence is obtained from the formula: 66+38(mumber of bedrooms +1 )
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Excise Tax $ 170,00
Parcel Identifier No: 08-0641-0051-33

2022004628

Recording Time, Book and Page

Mail after recording to Bain & McRae, LLP, Attorneys, 65 Bain Street, Lillington, NC 27546
This instrument was prepared by Bain & McRae, LLP, Attorneys, 65 Bain Street, Lillington, NC 27546

Brief Description for the index: Lot #20 Morgan Farm Map # 2017-222

NORTH CAROLINA GENERAL WARRANTY DEED

TEIS DEED mado tis 7V anyor _{f \SYTV) 2022 by and betwesa

GRANTOR

Southern Living Invesiment Properties, LLC
a North Carolina Limited Liability Company
1187 N, Raleigh Street

Angier, NC 27501

GRANTEE

Carolina Constroction & Restoration, LLC,

& North Carolina Limited Liability Company,
and Boris Jovanovic, each a one-half undivided
interest

Post Office Box 203

Lilington, NC 27546

Enter in appropriate block for each party: name, address, and, if appropriate, character of entity, e.g., corporation

or partnership.

The designation Grantor and Grantee as used herein shall include sald perties, their heirs, successors, and assigns, and

shall include singuler, plural, masculine, fominine or neuter as required by context,

WITNESSETH, thet the Grantor, for a valuable consideration paid by the Grantee, the receipl of which is hereby
acknowledged, has and by these presents does grant, bargain, sefl and convey unto the Grantee in fee simple, afl that
certain lot or parcel of land situated in Hector’s Creek Township, Harnett County, North Carolina and more particularly

described as follows;

Hamett County Tax Parcel # 08-0641-6051-33

ALL of Lot 20, containing 25,596 square feet as shown on that plat of survey entited, “Subdivision
Survey of Morgan Farms” dated April 4, 2017 by Benton W. Dewar and Associates, PLS and
recorded at Map # 2017, Pages 222-223, Hamett County Registry.

Being part of that property conveyed to the Grantor by that deed recorded at Book 3364, Page 666,

Hamelt County Registry,
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This conveyance is made subject to those certain restrictive and protective covenants which appear
of record In Book 3520, Page 863, Harnest County Registry.

A map showing the above described property is recorded et Map 2017, Pages 222-223, Harnett County Registry.
The above described property [T does [5J does not include the primary residence of ths Granor.

TO HAVE AND TO HOLD the aforesaid lot or parcel of land and all privileges and appurtenances thereto belonging
to the Grantes in fee simple.

And the Grantor covenants with the Grantee, that Grantor Is seized of the premises In fee simple, has the right to
convey the samo in fos simple, that title is marketabls and frez and clear of all encumbreances, and that Grantor will

warrant and defend the title against the lawful claims of all persons whomsoever except for the exceptions hereinafter
stated,

Title to the property hereinabove described is subject to the following exceptions:
Any and all restrictions, roadway easements, and utility easements 2 may appear of record in the Harnett
County Regisiry.

IN WITNESS WHEREOF, the Grantor has hereunto set his hand and seal, or if corporate, has caused this instrument

to be signed in its corporate name by its duly autharized officers and its seal to be hereunto affixed by authority of its
Board of Directors, the day and year first above writien.

Southemn Living/l7ments Properties, LLC
By: %)J (SEAL)
A%, Sea——"

vr

(SBAL)

State of North Carolina, County of Harnett

L Aol An Rathbone. Notary Public of the County and State aforesaid,

cortify that Philip D. Stopkenson personally appeared before me this day in his capaclty as &
member/manager of Southern Living Investments Propertles, LLC and acknowledged the A
NOTARy  Sesution of the forogoing instrument. Witness my band and official stamp or seal, this SN

day of _(YYAITA\ 2022, T
SEAL-STAMP
’ Lol 00 O attune
§¢\«;"‘{‘,‘ﬁ""’é"‘q} Signature of Notary Public
4 A )
g‘j?\” WOTAR) @%3 Hotlyfnn R atineom
ms

Printed Nafe of Notary Public
My Commission Expires: 8 l 3"” 32)
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State of North Caroling, County of Harnett

L_follyAVinRathuone. Notary Public of the County and State aforesaid,

certify that Philllp R. Stephenson personaily appeared before me this day in his capacity as a

member/manager of Southern Living Investment Properties, LLC and acknowledged the

execution of the foregoing instrument. Witness my hand and official stamp or seal, this i
ouzin 22,

NOTARY day of

SEAL-STAMP
>
Y0y Purecrvyone
Jp— Signature of Notary Public
@%N HA?‘/,,
£ oc)
£ WOTARY Z
£0 me |
= o Wollu-Pnn atinian e
%3, usl ‘Q}ﬁ Printed Name of Notary Public
o, §

My Commission Expires: 2!1 HAE)
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Carolina Construction and Restoration, LLC
Lot #20 Morgan Farms
44 Sweet Home Ct.
4-Bedroom Septic Proposal

*If plumbing is not sufficient then a seperate pump
tank may be required to dose septic field.

110.00°

|

#3 White 100
#4 Orange 100
#5 Pink 100"
#6 Blue 100"

#7 Red 100"

#1 Blue 75
#2 Red 100'

216.99’

60’

*Comply with all setbacks

GRAPHIC SCALE
1" = 50’

50 0] S50

245.37’

*Do Not Cut, Fill, or Alter Drainfield or Repair Area

*1000 Gallon Septic Tank

System: Gravity to D-Box
Lines: 4-7 (400"
0.3LTAR

18" Trench Bottom
Accepted Status System
Repair: serial distribution
Lines: 1-3 (270"

0.3LTAR

18" Trench Bottom

T&J Panel - 50% Reduction

Adams
Soil Consulting
100 919—-414—-6761

e — Job #1405




