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Introduction

The purpose of this study was to investigate the energy-related flows of water fixtures in a representative sample of 75 single-family residences in the City of Seattle, and acquire other useful data on characteristics of water appliances in the sampled homes.  Due to recruitment difficulties, measurements were actually made of all relevant bathroom water fixtures in seventy-one (71) single-family homes.

The study had the following four objectives:

1. Showerhead Measurements.  Measure the full throttle flow rates for existing and efficient showerheads in a sample of 75 homes in the City of Seattle. 

2. Bathroom Faucet Aerator Measurements.  Measure the full throttle flow rates for existing and efficient faucet aerators in a sample of 75 homes in the City of Seattle. 

3. Other Water Measurements.  Measure the static water pressure, flowing water pressure, and hot water temperature for each showerhead in the sampled homes.  Note the time taken for the hot water showerhead flow to reach maximum (constant) temperature.  Also measure the flushing volume of each toilet tank.

4. Water Appliance Characteristics.  Take a digital photo of each existing showerhead.  To the extent possible, record other important characteristics for each sampled home, including hot water fuel type, brand name of the existing showerhead, age of existing showerhead, presence of multiple-head or spa-like showers, age of toilet, age and type of clothes washer and dishwasher.

Methodology

This study was completed as a sequence of six tasks, which investigated water and energy-related flows of bathroom water fixtures in a representative sample of single-family residences in the City of Seattle. The study targeted a sample of 75 homes for the measurements. However, due to the difficulty of cost-effectively recruiting homes that were in the desired geographic areas and age categories, Seattle City Light decided to limit the sample to 71 homes. The water fixtures measured as part of this study include showerheads, bathroom sink aerators, and toilet tanks.  The study also acquired useful data on the characteristics of water appliances in the sampled homes. The tasks are described below. 

Workplan

The study began with the development of a workplan. The workplan was an enhanced version of the contract scope of work that refined the data collection procedures. It provided a detailed description of the data elements, which reflected the results from discussions with Seattle City Light and Seattle Public Utilities program staff and Seattle City Light evaluation staff. Additionally, it included the data collection forms and procedures that were developed in the early stages of the contract. The final workplan was approved by both Seattle City Light and Seattle Public Utilities.

Sample Targets

Data collection was performed on single-family homes that were representative of the population of homes in the Seattle City Light and Seattle Public Utilities service areas.  In an effort to select representative homes, Seattle City Light compiled and analyzed real estate records in the Metroscan® database (licensed from First American Real Estate Solutions), which mirrors to a great extent records also accessible from the King County Property Tax Assessor’s office.  The purpose was to determine the distribution of homes with respect to the following important parameters:

· General Location (in one of five major geographical areas of Seattle)

· Period built

· Square footage

· Assessed property value

· Number of bathrooms

A sample of homes that included a range within each of these parameters would provide a representative cross-section of water fixtures and conditions (e.g., degree of corrosion, water pressures, and plumbing system age) that would be expected city-wide.

This information is shown in Table 1 below:

Table 1:  Distribution of Seattle Single Family Detached Homes

	General Location
	
	
	Suffix
	Zipcode group:
	

	Lake City & North of UW
	
	N, NE
	981--5
	
	22.4%

	Ballard, Magnolia, Queen Anne
	
	W, NW
	981--7, 981--9
	19.4%

	UW, Lake Union, Capitol Hill, Central Area
	E, --
	981--2, 98102_03_45_95
	15.7%

	First Hill, I.D., Sodo, Beacon Hill, SE, Duwamish
	S, SE
	981—4, 981—8
	16.4%

	West Seattle
	
	
	SW
	981—6
	
	17.1%

	(excludes areas in King County, north (5.7%) and south (3.2%) of Seattle City limits)

	
	
	
	
	
	
	

	Period Built
	
	
	
	Square Footage
	

	1900-1919
	22.8%
	
	
	Under 1600
	21.9%

	1920-1939
	24.0%
	
	
	1600-1999
	19.2%

	1940-1959
	35.4%
	
	
	2000-2399
	21.5%

	1960-1979
	8.3%
	
	
	2400-2799
	16.9%

	1980-2006
	9.5%
	
	
	2800 & More
	20.5%

	
	
	
	
	
	
	

	Property Value
	
	
	
	Bathrooms
	

	$100,000-249,999
	20.3%
	
	
	1
	
	46.2%

	$250,000-299,999
	17.0%
	
	
	1.25-1.75
	
	24.7%

	$300,000-349,999
	17.2%
	
	
	2
	
	9.0%

	$350,000-449,999
	21.4%
	
	
	2.25-2.75
	
	13.8%

	$450,000 & More
	24.1%
	
	
	3 or More
	
	6.3%

	
	
	
	
	
	
	


With this information, SBW Consulting (SBW) and Seattle City Light created a series of bins, across which the sample was distributed, to achieve a representative baseline of important water system characteristics and performance measurements. It was agreed that, with an intended sample size of only 75 homes, it was not reasonable to vary more than two parameters to create a total of 25 bins. Based on a review of the single-family home real estate data for the jurisdiction of Seattle, Seattle City Light and SBW agreed that the two most appropriate parameters would be General Location and Period Built.  Seattle City Light distributed the planned sample of 75 homes across the 25 bins according to the proportions found in the single-family home population. The target distribution is summarized in Table 2 below. The counts in each bin were viewed as targets to achieve during sample selection, to the extent that they can be supported by the candidate sites available to the study.

Table 2:  Target Sample Counts

	Period Built
	
	
	
	
	
	

	General Location
	1990-1919
	1920-1939
	1940-1959
	1960-1979
	1980-2006
	Area Total

	Lake City &
North of UW
	2
	5
	8
	2
	2
	19

	Ballard, Magnolia,
Queen Anne
	4
	5
	5
	1
	1
	16

	UW, Lake Union,
Capitol Hill, Central Area
	6
	4
	1
	1
	1
	13

	First Hill, I.D., Sodo,
Beacon Hill, SE, Duwamish
	3
	2
	4
	2
	2
	13

	West Seattle

	3
	3
	6
	1
	1
	14

	Total All Locations
	18
	19
	24
	7
	7
	75


Sample Selection

Candidates for selection into the sample came from one of the four sources described below. The initial intent was to obtain the entire sample from the first source. After it was determined that this data source was not sufficient, three additional data sources were added. In the end, the last data source, which included acquaintances of the study team staff, proved to be most fruitful.

Real Estate Open Houses

Seattle Public Utilities and Windermere Real Estate established a cooperative arrangement where lists of homes for sale in the City of Seattle that were offering an open house to real estate agents were provided to Seattle Public Utilities. Homes on the list were pre-screened by Windermere so that they were available for use in this study without further recruitment by SBW. Windermere provided written permission from the homeowner for the measurement work to be done in the homes. This was initially expected to be the primary source of candidate homes. However, getting a sufficient count of candidate sites from this source proved to be more difficult than expected. Fifteen of the 71 sampled homes came from this data source. 

Seattle City Light Neighborhood Power Program “Green Audit” Service

Homes enrolled in the Neighborhood Power Program’s Green Audit service, offered by Seattle City Light, were used a secondary source.  The Green Audit service is presently offered in West Seattle only, so homes from this program were only used to meet the target requirements in the West Seattle geographic area. Data collection at these homes was limited to three days per week. Seventeen of the 71 sampled homes came from this source. 

Senior Services Program Audit Service

The Senior Services Program is offering energy home audits and minor home repairs to eligible senior homeowners. Homes that received an audit under this program were used as a secondary source for this study. Data collection from these homes was limited by the availability of eligible homes within the project schedule. Only two of the 71 sampled homes came from this source.

Acquaintances of the Study Team

Most of sampled homes (37 of the 71 sampled homes) came from lists of acquaintances compiled by members of the SBW staff. In compiling the list, special attention was placed on selecting homes that addressed bins not filled by the other data sources. Care was also taken to select homes that did not have an unusually high level of water conservation. As an incentive to participate in the study, efficient showerheads and aerators were installed at no charge as part of the study. In addition two compact fluorescent light bulbs were left with each homeowner. 

Data Collection

SBW field staff visited the sampled homes and implemented the procedures documented in the workplan. SBW collected the required data and recorded observations on the field data collection form(s). The two data collection forms that were used to document the fieldwork are discussed in detail in Appendix A. Form 1 was completed for all homes. Form 2 was completed when there is more than one showerhead in a bathroom.   Instructions in Appendix A clarify the circumstances under which Form 2 was used as a supplemental form.  The data collection procedures that were applied to each home are as follows.

Field staff began data collection at each site by finding the identified site contact and making an appropriate introduction. In many cases the site contact was not the homeowner, particularly if the home was identified through the Windermere Real Estate Open House list. Field staff enlisted the help of the site contact to the extent appropriate to determine the information required for the data collection forms. 
Hot Water System

Field staff immediately located the hot-water tank or tanks and the bathrooms in the home.  For each tank the fuel type (gas or electric) and the system type (tank, demand, heat pump, or unusual features) were documented along with the bathrooms they serve. Unusual features of the hot-water system, such as a circulating system, were noted in the Site Notes. 
Showerheads

If the home had more than one shower, field staff determined which shower was situated farthest from the hot-water tank.  The required information was collected using the procedures described below. The required information was recorded on the data collection form provided in Appendix A. 

1. A photograph of the existing showerhead was taken.  The photo was matched with the bathroom number and home ID or address, for future reference.

2. In the bathroom farthest from the hot-water tank, the showerhead was turned on to full flow using only hot water (no cold water during this test).  The amount of time that elapsed until the temperature reached 105 degrees F. was recorded. Observation of the time continued until maximum temperature was reached, when the temperature became more or less stable (10 seconds pass with no additional temperature rise).  The time to 105 degrees, time to maximum, and the maximum temperature reached were recorded.

3. The existing showerhead was removed carefully, holding the shower arm tightly with a non-marking wrench to avoid any twisting behind the wall.  The showerhead was not removed if it did not come off easily or their appeared to be a problem in terms of removal or potential for damage.  Showerheads with old-style cast ball joint assemblies were not threaded to accept new showerheads, so only the existing flow rate was measured and no attempt was made to remove them.  

4. The pressure gauge assembly was installed.  The existing showerhead was then reinstalled.  At all times the existing plumbing was not marked or damaged in any way.

5. Both hot-and-cold temperature water flow controls on the shower were opened to the maximum setting and the static water pressure with no flow was measured from the existing showerhead.  The dynamic pressure with full flow from the existing showerhead was also measured.

6. With both hot- and-cold water flow controls on the shower at the maximum setting, the existing showerhead flow rate was measured using the graduated bucket capture method. The time needed to fill a measured volume of water was recorded.

7. If there was any leakage through the tub diverter valve when the shower was on, the leakage was measured and recorded on the data sheet.

8. The existing showerhead was removed from pressure gauge assembly.  The new efficient 2.0 gpm flow showerhead (supplied by Seattle Public Utilities) was installed.

9. Both the hot-and-cold temperature water flow controls on the shower were opened to the maximum setting and the static water pressure with no flow from the new efficient showerhead was measured.  The dynamic pressure with full flow from the new efficient showerhead was also measured.

10. With both hot- and-cold water flow controls on the shower at the maximum setting, the new efficient showerhead flow rate was measured using the graduated bucket capture method.  The time needed to fill a measured volume of water was recorded.

11. The new efficient showerhead and pressure gauge assembly were removed.  The existing showerhead was reinstalled, if the customer did not want the efficient showerhead.  In all actions, the shower arm was held down tightly with a non-marking wrench to avoid any twisting behind the wall.  The shower was turned on and the existing showerhead was tested for leaks, using Teflon tape to correct any joint leaks found.

12. The manufacturer or brand name of the existing showerhead was determined (if possible) and recorded. The rated flow rate was also recorded, if labeled on the showerhead.

13. The manufacturing date of the existing showerhead was estimated, using judgment based on bathroom having original equipment or suspicion of bathroom remodel, date of home construction, age of toilet, etc.

14. Notation was made if the shower had multiple heads or body sprays that could be turned on at the same time, or was a luxury spa-like shower.  The information for the additional showerheads was recorded on Form 2.  An attempt was made to measure combined flow or total individual flows from multiple heads and sprays. The designation, Showerhead ‘111’ (bath 1, showerhead 1 of 1), ‘122’ (bath 1, showerhead 2 of 2), and so forth was used to identify multiple showerheads or sprays in the same shower stall.

The preceding steps were repeated for each showerhead in the home, except measurement of hot water flow-rate and warm-up time. 

Faucet Aerators

The required flow rate information for each bathroom faucet aerator was collected, using the procedures described below. The required information was recorded on the data collection form provided in Appendix A. 

1. The mixed water temperature flow-rate from the existing faucet aerator was measured at full throttle. A plastic bag or other small collection device was used to capture and measure water.  In a situation with very high flow-rates, it was necessary to measure flow for a shorter amount of time.

2. If possible, the existing aerator was replaced with a new efficient (1.0 gpm) aerator and the flow-rate measurement was repeated.  The existing aerator was re-installed, if the customer did not want the efficient aerator.

Toilets

The required information for each toilet was collected using the procedures described below. The required information was recorded on the data collection form provided in Appendix A. 

1. The lid of the toilet tank was removed.

2. The ‘Full’ level of water in the tank was marked with a small pencil line on the inside of the tank.

3. A record was made of cases where water was observed to flow over the top of the overflow tube.  A record was also made of noises that indicated that the fill valve was slowly running.  In addition a record was made if the toilet tank fill valve was most likely the original or an upgraded unit. 

4. The incoming water to the tank was disabled by preventing the float from dropping during the flush.

5. The toilet was flushed by depressing the lever or button for three seconds.

6. The tank was refilled with water from a graduated bucket and notation was made of the amount of water needed to refill the toilet tank to the original level.

7. The year of manufacture of the toilet was noted.  In many cases the date of manufacture was stamped on the inside of the porcelain tank or lid.  Otherwise, the manufacture date was estimated from the age of the home, or estimated from the remodel year.  If the date is not found stamped on the toilet, an E was added to the date (for example, ‘1963E’) to indicate the date was estimated.

8. Any other observations regarding toilet leakage were recorded.

9. Before leaving each bathroom, absorbent towels were used to dry any dripped or standing water on fixtures, counters, or floors near the shower, sink, and toilet. 

Other Water Appliance Characteristics Data

The required information was collected using the procedures described below. The required information was recorded on the data collection form provided in Appendix A. 

1. The type of clothes washer (vertical or horizontal) and manufacturer were observed and recorded.  Notation was made if the appliance was labeled Energy Star.  The clothes washer door was opened and nameplate information was observed near the hinge area. If available, model number, serial number, and year of manufacture were also noted.

2. The dishwasher manufacturer was observed and recorded. Notation was made if the appliance was labeled Energy Star.  The door of the dishwasher was opened and the nameplate information near the hinge area was observed.  If available, model number, serial number, and year of manufacture were noted.

Data Analysis

SBW developed an Excel spreadsheet to compile data that were collected.  SBW entered all data from the field data collection forms into the spreadsheet.  SBW also computed the flow rates from the collected volume and time measurements.  The data were subjected to quality control procedures to ensure that the information was accurate and reasonable.  SBW computed summary statistics for each measured parameter, including minimum, maximum, mean, median and standard deviation. SBW also prepared a frequency distribution for important characteristics variables.  

Report and Documentation

SBW prepared this summary report to document work performed in this study. The report summarizes the methodology that was used to for data collection and data analysis.  The Excel spreadsheet containing the collected data, along with accompanying notes, was delivered to Seattle City Light at the conclusion of the project. The showerhead photographs, identified for each bathroom and home, were also delivered electronically to Seattle City Light.

Findings

The methodology described above was applied to a representative sample of 71 single-family residences in the City of Seattle. Throughout the selection of the sample, an attempt was made to achieve the distribution of homes that was targeted in Table 2 above. The ability to achieve the counts in each targeted bin was limited by the availability of candidates from the four sources of sample homes described above. The actual count of homes within each of the bins is summarized in Table 3. This table shows that some homes were treated in 21 of the 25 bins. The targets were reached exactly in 11 of the 25 bins. Due to the limitations of candidates from the sample sources, the remaining 14 bins were slightly over or under sampled. Across the 71 homes, data was collected from a total of 151 bathrooms. Nearly all of the bathrooms had one or more faucets, one toilet and one shower (or tub/shower combination). In few cases a bathroom consisted of just one faucet, or one shower or one toilet.

Table 3:  Actual Sample Counts

	Period Built
	
	
	
	
	
	

	General Location
	1990-1919
	1920-1939
	1940-1959
	1960-1979
	1980-2006
	Area Total

	Lake City &
North of UW
	2
	3
	8
	2
	1
	16

	Ballard, Magnolia,
Queen Anne
	3
	4
	5
	0
	1
	13

	UW, Lake Union,
Capitol Hill, Central Area
	4
	5
	1
	0
	1
	11

	First Hill, I.D., Sodo,
Beacon Hill, SE, Duwamish
	5
	5
	4
	0
	0
	14

	West Seattle

	3
	3
	7
	1
	3
	17

	Total All Locations
	17
	20
	25
	3
	6
	71


Table 4 provides summary statistics for the measured parameters; Figure 1, using acronyms, displays the means and standard deviations for these parameters, with the label placed at the position occupied by the mean value. The existing values reflect the measured baseline equipment that currently exists in the home. The efficient replacement values reflect the measured performance after the installation of a rated 2.0 gpm showerhead and a rated 1.0 gpm aerator on the bathroom sink. The difference between the existing and efficient values reflects the performance of the efficiency improvements.

Table 4:  Summary Statistics of Measured Parameters
	
	Units
	N
	Min
	Median
	Max
	Mean
	Std Dev

	Existing Fixtures
	
	
	
	
	
	
	

	Static Pressure
	psi
	133
	36.0
	69.0
	128.0
	73.1
	17.4

	Dynamic Pressure
	psi
	133
	10.0
	53.0
	112.0
	52.2
	21.2

	Mixed Shower Flow
	gpm
	139
	1.0
	2.2
	9.0
	2.5
	1.2

	Aerator Flow
	gpm
	154
	0.4
	2.0
	8.8
	2.2
	1.1

	Tub Diverter Leak
	gpm
	94
	0.0
	0.01
	1.3
	0.1
	0.3

	Max Hot Water Temp
	ºF
	71
	105.0
	123.0
	159.0
	125.2
	10.7

	Time to Max ºF
	minutes
	70
	0.4
	1.8
	7.0
	1.9
	1.0

	Time to 105 ºF
	minutes
	67
	0.1
	0.7
	4.5
	0.7
	0.5

	Hot Gallons to 105 ºF
	gal
	67
	0.2
	1.4
	8.5
	1.6
	1.1

	Toilet Volume
	gal
	145
	1.3
	2.0
	4.5
	2.2
	0.7

	Efficient Replacements
	
	
	
	
	
	
	

	Static Pressure
	psi
	102
	36.0
	69.0
	128.0
	73.1
	17.4

	Dynamic Pressure
	psi
	132
	22.0
	61.0
	111.0
	61.2
	18.1

	Mixed Shower Flow
	gpm
	132
	1.2
	1.8
	2.4
	1.8
	0.2

	Aerator Flow
	gpm
	116
	0.8
	1.0
	1.2
	1.0
	0.1

	Tub Diverter Leak
	gpm
	93
	0.0
	0.00
	1.3
	0.1
	0.3


Figure 1:  Means and Standard Deviations of Measured Parameters
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Below are some observations made regarding the measured parameters.
Showerheads

· The study examined 144 showerheads in the 71 homes. The study measured the pre-retrofit full throttle flow rate for a total of 139 showerheads in 71 homes. The flow rate measurement could not be made in five cases because the water to the showerhead was shut off. The full throttle flow rate across the 139 showerheads where measurements could be made ranged from 1.0 to 9.0 gpm. The average flow rate was measured to be 2.5 gpm. This value was slightly greater than the median baseline flow rate of 2.2 gpm. 

· The study measured the post-retrofit full throttle flow rate for a total of 132 showerheads. Fewer measurements were made for the post-retrofit case because seven of the showerheads had ball joints that could not be retrofit. The full throttle flow rate for the efficient showerheads (rated 2.0 gpm) ranged from 1.2 to 2.4 gpm. The average flow rate was measured to be 1.8 gpm. This value was the same as the median efficient flow rate.  This observed value is lower than the rated flow rate for this showerhead (2.0 gpm).

· The efficient showerhead reduced the flow rate in all but a few cases where it replaced an existing clogged showerhead or a showerhead with the same rating. On average the flow rate was reduced from 2.5 gpm to 1.8 gpm. This results in a water savings rate of 0.7 gpm. 

· A measurement of static pressure was made before and after the installation of the efficient showerheads. The static pressure did not change with the installation of the efficient showerheads. The average static pressure was measured to be 73 psi. This was slightly greater than the median value of 69 psi. The static pressure ranged across the sampled homes from a high of 128 psi to a low of 36 psi. 

· A measurement of dynamic pressure was made for each showerhead before and after the installation the efficient showerheads. The average dynamic pressure increased slightly, from 52 psi to 61 psi, with the installation of the efficient showerhead. A similar change is noted for the median pressure. The existing system dynamic pressure ranged from a low of 10 psi to a high of 112 psi. A similar range of 22 psi to 111 psi is noted for the efficient case.

· A total of 94 tub diverters were observed across the 71 homes. A range of 0 gpm (no leaks) to 1.25 gpm was measured across these cases. On average the measured tub diverter leak rate was 0.1 gpm. The median leak rate was 0.006 gpm. The leak rate did not change with the installation of the efficient showerheads. 

Aerators

· The study measured the pre-retrofit full throttle flow rate for a total of 154 faucets in 71 homes. The full throttle flow rate ranged from 0.4 to 8.8 gpm. The average flow rate was measured to be 2.2 gpm. This value was slightly greater than the median baseline flow rate of 2.0 gpm. 

· The study measured the post-retrofit full throttle flow rate for a total of 116 faucets. Fewer measurements were made for the post-retrofit case because the efficient aerators would not fit on the faucets in 38 cases (25 percent). The flow rate of the efficient aerators (rated 1.0 gpm) ranged from 0.8 to 1.2 gpm. The average flow rate was measured to be 1.0 gpm. This value was the same as the median efficient flow rate. This value accords with the rated flow rate for this aerator.
· The efficient aerator reduced the flow rate in all but a few cases where it replaced an existing clogged aerator. On average the full throttle flow rate was reduced from 2.2 gpm to 1.0 gpm. This results in a water savings rate of 1.2 gpm. 

Toilets

· The study examined a total of 150 toilets in the 71 homes. One bathroom did not have a toilet (shower only). The tank volume could be measured for a total of 144 toilets. The tank volume could not be measured in 6 cases because the toilets had pressure tanks or the bathroom water was shutoff. The toilet volumes ranged from 1.3 to 4.5 gallons across these cases. The average tank volume of 2.3 gallons was slightly greater than the median value of 2.0 gallons.  

· Water efficient toilets, rated at 1.6 gallons per flush, were observed in 49 percent of the cases (73 of 150). 

· Leaking/running toilets were rarely observed.

Water Temperature

· The maximum hot water temperature was measured at all 71 homes in the sample. The maximum hot water temperature ranged from 105F to 159F. The average maximum temperature across the 71 cases was 125F. The average was only slightly greater then the median temperature of 123F. 
· In all cases it was necessary to run some water through the test showerhead to reach the maximum temperature. The amount of time required to reach the maximum temperature ranged from 0.4 minutes to 7.0 minutes. On average it took 1.9 minutes to reach the maximum temperature. This value was slightly greater than the median time of 1.8 minutes.
· The comfortable shower temperature was assumed to be 105F. In all cases it was necessary to run some water through the test showerhead to reach this temperature. The amount of time required to reach the comfort temperature ranged from 0.1 to 4.5 minutes. On average it took 0.7 minutes to reach a temperature of 105F. This value was the same as the median time.
· The amount of water that was used to reach the comfort temperature varied from 0.2 to 8.5 gallons. On average 1.6 gallons of water were used before the comfort temperature was reached. This value was slightly greater than the median volume of 1.4 gallons.
Figure 2 through Figure 11 provide frequency distributions for several important water system characteristics that were observed during the site visits.  Below are observations made regarding the characteristics data.
Year Home Built

Figure 2 provides a graphical display of the distribution of the 71 sampled homes by category of year constructed. For comparison the figure also provides the targeted counts for each category of year constructed. The increments of construction year in the figure are consistent with the period built ranges in Table 2 and Table 3. The figure shows that the largest portion of the sampled homes (24 homes) was constructed in the period between 1940 and 1959. This group is closely followed by the period between 1920 and 1939. These results are consistent with the age distribution noted in Table 1, showing that the actual age distribution is similar to the targeted distribution. 

Figure 2:  Frequency of Year Built
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Home Floor Area

Figure 3 provides a graphical display of the distribution of home floor area across the sample. The figure shows that the greatest number of homes in the sample (61 percent) have a floor area between 1,000 and 2,000 square feet. Homes with floor area between 2,000 and 3,000 square feet were the next highest count. Homes with floor areas less than 1,000 square feet and greater than 3,000 square feet account for a relatively small portion of the sample. The average floor area across the entire sample was 1,857 square feet.

Figure 3:  Frequency of Home Floor Area
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Hot Water Fuel Type

Figure 4 shows the distribution of hot water fuel type across the 71 home sample. All homes in the sample had either an electric or natural gas fuel type. The figure shows that the majority of the homes (54 percent or 38 homes) used electricity to heat hot water. The remaining 46 percent used natural gas. 

Figure 4:  Frequency of Hot Water Fuel Type
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Showerhead Type

Figure 5 shows the distribution of the 144 showerheads between standard and hand-held types. No luxury showerheads were observed. The vast majority (78 percent) were standard showerheads.  

Figure 5:  Frequency of Existing Showerhead Type
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Existing Showerhead Flow Ratings

Figure 6 shows the distribution of the existing showerhead ratings across the 87 showerheads where the rating could be identified. The figure shows that the largest portion of the flow ratings (95%) were 2.5 gpm. Only one showerhead was rated lower than 2.5 gpm and only 3 were rated above 2.5 gpm.  

Figure 6:  Frequency of Existing Showerhead Flow Ratings
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Existing Showerhead Measured Flow Rates

Figure 7 shows the distribution of the measured pre-retrofit flow rates across the 139 existing showerheads where measurements were made. The figure shows that the largest portion of the measured flow rates were between 2.0 and 2.5 gpm. The second most common flow rate range was between 1.5 and 2.0 gpm.  A total of 67 percent of the flow rate measurements were between 1.5 and 2.5 gpm.  The remaining 33 percent were distributed across the remaining intervals.

Figure 7:  Frequency of Existing Showerhead Measured Flow Rates
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Efficient Showerhead Measured Flow Rates

Figure 8 shows the distribution of the measured pre-retrofit flow rates across the 132 efficient showerheads where measurements were made. The figure shows that the largest portion of the measured flow rates (46%) were between 1.6 and 1.8 gpm.  An additional 30 percent of the measured flow rates were between 1.8 and 2.0 gpm.  The remaining 24 percent were distributed across the other intervals.  

Figure 8:  Frequency of Efficient Showerhead Measured Flow Rates
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Existing Faucet Aerator Measured Flow Rates

Figure 9 shows the distribution of the measured pre-retrofit flow rates across the 154 existing faucets where measurements were made. The figure shows that the largest portion of the measured flow rates (40%) were between 1.5 and 2.0 gpm. The second most common flow rate range was between 2.0 and 2.5 gpm.  A total of 64 percent of the flow rate measurements were between 1.5 and 2.5 gpm.  The remaining 36 percent were distributed across the remaining intervals.  

Figure 9:  Frequency of Existing Faucet Aerator Measured Flow Rates
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Efficient Faucet Aerator Measured Flow Rates

Figure 10 shows the distribution of the measured pre-retrofit flow rates across the 116 efficient aerators where measurements were made. The figure shows that the largest portion of the measured flow rates (91%) were between 0.8 and 1.0 gpm.  The remaining 9 percent were distributed across the remaining intervals.  

Figure 10:  Frequency of Efficient Faucet Aerator Measured Flow Rates
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Toilet Year

Figure 11 provides a graphical display of the distribution of the sampled toilets by year manufactured. The year manufactured was either directly observed or estimated for 149 toilets. The increments of manufactured year in the figure are decades between 1900 and 2006. The figure shows that the largest portion of the sampled toilets (51 Toilets or 34 percent) were manufactured between 2000 and 2006. The second largest portion of the sampled toilets (49 toilets or 33 percent) were manufactured during the decade of 1990 and 1999. This indicates that toilet replacements are common in the Seattle housing stock, with 67 percent being replaced within the last 16 years. Most of the replacement toilets were the 1.6 gpf efficient models.

Figure 11:  Frequency of Toilet Manufacture Year
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APPENDIX A

DATA COLLECTION 

PROCEDURES AND FORMS 

Data Collection Procedures

Form 1 was used to record data as described in this Workplan.  Form 2 was used in situations where there were multiple showerheads in a single bathroom.  The following procedures were used by field staff  to collect the required information.

Site Identification

Enter a unique site ID.  The site ID will follow the convention of:

· First three characters– Installer initials

· Next six characters– Date in month day year format

· Next two characters– Sequential number of homes measured that day

For instance, ‘RLB 10182006 05’ represents the fifth house Randy Birk measured on October 18, 2006.

Site ID

Address.  Enter the address of the home. 

Contact.  Enter the name provided as the contact.  This may be a real estate listing agent for a home that is offered for sale. 

Phone Number.  Enter the phone number provided for the contact.  This will not likely be the resident of the home if the real estate agent is the contact. 

Year Residence Built.  Enter the year that the home was initially constructed.  

Year Remodel.  If the home has had a major remodel or addition, determine the year of the remodel from the site contact and enter on the form. In the notes section at the end of the form, provide more detailed information about remodel or addition that would help to explain the data that are collected for the water systems.  

Square Feet.  Enter the approximate floor area of the home.  

Full Bath, ¾ Bath, ½ Bath.  Observe the number of bathrooms and record.

Clothes Washer.  Record manufacturer, model, serial number and approximate year of manufacture of the clothes washer, if possible.  The serial number can usually be found by opening the door to the washer and looking near the hinge area.  Note if washer is horizontal or vertical axis.  Note if the appliance is labeled “Energy Star”.

Dishwasher.  Record manufacturer, model, serial number and approximate year of manufacture of the dishwasher, if possible.  This information can usually be found by opening the door of the dishwasher and looking near the hinge area.  Note if the appliance is labeled “Energy Star”.

Site Data

Bathroom 1

If there is more than one bathroom in a home, the bathroom located farthest from the source of hot water is designated as Bathroom 1.

Showerhead Identification.  Assign a unique identifier to each showerhead using the following convention:

111 – First bathroom, showerhead 1 of 1

112 – First bathroom, showerhead 1 of 2

122 – First bathroom, showerhead 2 of 2

211 – Second bathroom, showerhead 1 of 1

212 – Second bathroom, showerhead 1 of 2

222 – Second bathroom, showerhead 2 of 2

The pattern is repeated for additional bathrooms and showerhead with bathrooms. All the data for the extra showerheads is entered on Form 2.

DHW Fuel.  Observe the fuel source for domestic hot water. Record electric, natural gas or propane.

DHW Type.  Observe the hot-water heater type. Record tank, demand, heat pump, or unusual.  Unusual would refer to atypical characteristics such as a recirculating system or other items of energy or water conservation interest.   Make a note describing these unusual characteristics.

Showerhead Picture Taken.  Check box to indicate that a digital photograph was taken of the existing showerhead.  Identify each picture by bathroom and by home ID or address.

Showerhead Date.  If it is possible to determine an approximate year of manufacture for the showerhead, enter that information here.  Note if this is an estimated date.

Showerhead Brand. Note the brand name of the showerhead, if available.

Showerhead Type.  Observe the type of showerhead and enter standard head, hand held unit or a high flow “spa type” head.

Shower Temperature.  Follow the data collection procedures for shower temperature. Record the time needed for the water at the shower to reach 105 degrees Fahrenheit, and then monitor and record the time needed to reach the maximum temperature.  Record the maximum temperature in degrees Fahrenheit also.

Hot Shower Flow Data – Existing.  Follow the data collection procedures for hot-water flow rate. This measurement is taken with hot water only.  Use full flow.  Enter the measured gallons and number of seconds for the collection period.  The measurement is taken with the existing showerhead only. 

Mixed Shower Flow Data – Existing and Efficient.  Follow the data collection procedures for mixed shower flow rate. This measurement is taken with full flow of mixed water.  Enter the measured gallons and number of seconds for the collection period.  The measurement is taken with the existing showerhead and repeated with an efficient showerhead.

Tub Diverter Leak Data.  Follow the data collection procedures for tub diverter leak rate, if applicable. Enter the measured volume and number of seconds for the collection period.  This measurement is taken for both the existing showerhead and the efficient showerhead.

Shower Pressure Data.  Follow the data collection procedures for shower pressure. Enter measured static and dynamic pressure for existing and efficient showerheads. 

Aerator 1 Flow Data.  Follow the data collection procedures for faucet aerator flow rate.  Enter the measured gallons and number of seconds for the collection period.  The measurement is taken with the existing sink aerator and repeated with an efficient aerator.

Aerator 2 Flow Data.  Follow the data collection procedures for faucet aerator flow rate.   Enter the measured gallons and number of seconds for the collection period.  The measurement is taken with the existing aerator and repeated with an efficient aerator.

Toilet Date.  Observe the date of manufacture for the toilet.  This date may be found stamped into the porcelain of the toilet tank.  Note if the date stated here is an estimate.

Toilet Tank Volume.  Follow the data collection procedures for measuring toilet volume.   Enter the number of gallons measured as replacement volume after a 3-second timed flush.
Bathroom 2, etc.

Repeat all measurements and record data for all additional bathrooms, with the exception that the shower temperature and hot-water flow measurements are taken only at the first bathroom.
Form 2 (Multiple Showerheads)

Additional showerhead data for installations with more than one showerhead in a single bathroom are recorded on this form.  Measurement procedures are the same as for single showerhead installations.  Note whether the second showerhead flows simultaneously with or alternatively to the primary showerhead (for example, a handheld operated by a diverter from the wall-mounted head).  
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