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Part 1 - literature search on low flush volume w.c.’s

International database search and current
research findings: low flush w.c.’s.

Extent of search.

The BIDS.ISI, BIDS Compendex and UnCover on-line international electronic databases were
searched back to 1988. The keywords used are listed in Appendix 1. In addition, a selection of
available current research undertaken by the drainage research group headed by Professor J. A.
Swaffield has been included, together with recent work reported at the CIBW’62 and Conserve
90 conferences, as Appendix 2.

Summary of findings.
~In total, 30 references are included in this search. They cover the following range of subjects:
(1) market force studies,
(ii) technology,
(iii) impact/effect/savings,
(iv) policy,
(v) current research.

Across each of these headings, the general tone of the abstracts is that there are benefits from
retrofit programmes and new-build awareness programmes and that, properly marketed,
customers will readily perceive these benefits and are prepared to adopt legislative changes.
Several large scale pilot schemes have been operated in the past, including rebate driven retrofit
projects, with measurable benefits.

Appliance manufacturers are beginning to produce fittings of appropriate design, and code
bodies are researching the implications of low water volume usage patterns. Their findings,
and those of current researchers, is that the quality of a drainage service is not reduced on
reduction of flow volume provided that the system as a whole is properly sized. The design
parameters that influence w.c. performance, and measurement techniques that accurately
characterise it, show that six litre flush w.c.’s have acceptable levels of performance, judged
even by past standards. This is adequately illustrated in the enclosed references, and the
material in Appendix 2.

Report format

As discussed, there was insufficient time to permit the individual search papers, many of which
are held abroad, to be retrieved and copied for this report. The abstracts have been grouped
together into headings, while current research material at our immediate disposal has been
included as separate off-prints in Appendix 2, with illustrations where appropriate. You may
find that some of the CIB-W62 material is difficult to obtain otherwise.
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market forces/studies

Title: Solving MWRA's supply issues through conservation AU: Kempe_M JN: Resources
Planning and Management: Saving a Threatened Resource - In Search of Solutions,
Proceedings of the Water Resources Sessions at Water Forum 1992 pp.163-168 PU: ASCE,
New York, New York, USA IS: 0-87262-876-0 DT: Conference Paper NA: Massachusetts
Water Resources Authority, Boston, Massachussetts, USA CF: 1992 National Conference on
Water Resources Planning and Management - Water Forum '92, Baltimore, MD, USA, Aug
2-6 1992 CC17352, ASCE

Abstract: Facing a supply/demand imbalance where demand was exceeding supply by over
10%, MWRA acted to implement a balanced water conservation strategy. The strategy included
leak detection and repair, meter rehabilitation, retrofit of residential users with water saving
devices, outreach and water audits for commercial/industrial users, public education programs
and other efforts. With the program still underway, MWRA water use has dropped by
approximately 20% to date, well under safe yield limits. (Author abstract)

Key Words: Water supply, Water conservation, Leak detection, Retrofitting, Water meters,
Information dissemination, Massachusetts Water Resource Authority (MWRA), Water
supply/demand imbalance

Title: Market Penetration. Myth or reality: local agency persepctive. AU: Nero WL JN:
Management and Regulations for the New Decade Proceedings - AWWA Annual Conference
1991 pp459-463 PU: American Water Works Assoc, Denver, CO, USA. IS: 0360-814X 0-
89867-591-x DT: Conference Paper NA: City of Tampa Water Dep, Tampa, Florida, CF:
Proceedings of the 1991 AWWA Annual Conference, Philadelphia, Pennsylvania, 23 - 27 Jun
1991 CC16346, AWWA

Abstract: Local governments throughout the country, have been implementing water
conservation programs for nearly twenty years. In that time, not only have water saving
technologies improved, but the understanding of water conserving behavior has also improved.
Through better and more thorough analyses we now know more about who participates
inconservation programs, and why, as well as how much water we can expect to save as a
result of these programs. This paper addresses participation and retention rates and their effect
on a residential retrofit project in Tampa, Florida.

Key Words: PUBLIC UTILITIES - Conservation, WATER SUPPLY - Conservation,
MUNICIPAL ENGINEERING, PENETRATION, PLANNING PROGRAMS

Title: Residential water conservation. Casa del Agua. AU: Karpiscak_MM Foster KE
Schmidt_N JN: Resources Bulletin 1990 Vol.26 No.6 pp.939-948 IS: 0043-1370 DT: Article
NA: Univ of Arizona, Tucson, Arizona

Abstract: A sin gle-family residence in Tucson, Arizona, was retrofitted with water-conserving
fixtures, rainwater harvesting, and graywater reuse systns The use of municipal water was
reduced by 66 percent to 148 gallons per day (gpd) and total household use was reduced by 27
percent to 245 gpd. Graywater reuse averaged approximately 77 gpd or 32 percent of the total
household water use. Evaporative cooling required about 15 gpd. Water use for toilet flushing
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~ was only 9 gallons per capita per day (gpcd) or 14 percent of interior water use. (Author
abstract) 16 Refs.

Key Words: WATER RESOURCES - Conservation, HOUSES - Water Supply, WATER
DISTRIBUTION SYSTEMS, PLUMBING - Fixtures, WATER SUPPLY, WASTEWATER
TREATMENT, RESIDENTIAL WATER CONSERVATION, RAINWATER
HARVESTING, GRAYWATER REUSE, EVAPORATIVE COOLER WATER USE,
DEMONSTRATION PROJECT, WATER CONSERVING FIXTURES

Title: Water use reductions from retrofitting indoor water fixtures. AU: Whitcomb_JB JN:
Resources Bulletin 1990 Vol 26 No.6 pp.921-926 IS: 0043-1370 DT: Article NA: Brown and
Caldwell Consultants, Pleasant Hill, California

Abstract: A water use model was developed to estimate water savings from installation of low-
flow showerheads and toilet displacement devices in residential housing. The model measures
household water use in per capita terms with adjustments for age of occupants, household
income, if occupants responsible for direct paymlletinnvolved with a pilot retrofit program in
the Seattle, Washington, area were analyzed. We estimated per capita indoor water use to
decline by 6.4 and 2.1 percent from complete installation of low-flow showerheads and toﬂet
displacement devices, respectively. (Author abstract) 4 Refs.

Key Words: WATER SUPPLY - Management, PLUMBING - Retrofitting,
MATHEMATICAL MODELS, WATER RESOURCES - Conservation, HOUSING, URBAN
PLANNING, INDOOR WATER FIXTURES, WATER USE MODELS, WATER SAVINGS,
LOW FLOW SHOWERHEADS, TOILET DISPLACEMENT DEVICES, RESIDENTIAL
HOUSING

Title: Low-volume toilet retrofits in low-income public housing projects. AU: Mullarkey N
JN: Management and Regulations for the New Decade Proceedings - AWWA Annual
Conference 1991 pp.487-495 PU: American Water Works Assoc, Denver, CO, USA.IS:
0360-814X 0-89867-591-x DT: Conference Paper NA: Lower Colorado River Authority,
Austin, Texas, CF: Proceedings of the 1991 AWWA Annual Conference, Philadelphia,
Pennsylvania, 23 - 27 Jun 1991 CC16346, AWWA

Abstract: The Lower Colorado River Authority (LCRA) was established by the consisting of
the counties which comprise the watershed of the lower Colorado River. The LCRA Act of
1934 establishes LCRA's mission in four areas - water, electric energy, conservation and
lands. In water, LCRA is empowered to control floods and control, store, sell, preserve and
distribute the waters of the Colorado River and its tributaries. LCRA provides water for
irrigation, generation of electric energy, reclamation of arid lands, and municipal drinking
water for communities in central Texas.

Key Words: WATER RESOURCES - Conservation, HOUSES - Water Supply, TOILET
SYSTEMS, WATER CONSERVATION, PUBLIC HOUSING PROJECTS



Part 1 - literature search on low flush volume w.c.’s

Title: Market penetration of residential retrofits. A statistical perspective. AU: Rodrigo_D
Dziegielewski_B JN: Management and Regulations for the New Deca Full Record (excluding
keywords) CF: Proceedings of the 1991 AWWA Annual Conference, Philadelphia,
Pennsylvania, 23 - 27 Jun 1991 CC16346, AWWA

Abstract: For many water agencies throughout the U.S., water conservation is becoming an
important water management strategy. This is especially true in the western part of the country
where droughts, dwindling reliable water supplies, and fast growing population are forcing
water agencies to consider alternative methods to meet water demands. In particular, one
conservation strategy is receiving widespread attention - the residential plumbing fixture
retrofit. Residential homes using non-conserving plumbing fixtures, (showerheads and toilets)
are retrofited with low-flow showerheads and toilet displacement devices. In some cases a
more aggressive retrofit is applied, where the old non-conserving toilet is replaced with a low
or ultra-low-flush toilet. In either case, large scale retrofit programs require substantial financial
participation on the part of the water agency and can easily cost millions of dollars. 5 Refs.
Key Words: WATER SUPPLY - Conservation, HOUSES - Water Supply, PETROFITS,
MARKET PENETRATION, CONSERVING DEVICES

Title: Water use reductions from retrofitting indoor water fixtures. AU: Whitcomb_JB JN:
Resources Bulletin 1990 Vol 26 No.6 pp.921-926 IS: 0043-1370 DT: Article NA: Brown and
Caldwell Consultants, Pleasant Hill, California

Abstract: A water use model was developed to estimate water savings from installation of low-
flow showerheads and toilet displacement devices in residential housing. The model measures
household water use in per capita terms with adjustments for age of occupants, household
income, if occupants responsible for direct payment of water bill, and type of water fixtures.
Detailed data on 308 single family residences involved with a pilot retrofit program in Seattle,
Washinton was developed to estimate water savings from installation of low-flow showerheads
and toilet displacement devices in residential housing. The model measures household water
use in per capita terms with adjustments for age of occupants, household income, if occupy
showerheads and toilet displacement devices, respectively. (Author abstract) 4 Refs.

Key Words: WATER SUPPLY - Management, PLUMBING - Retrofitting,
MATHEMATICAL MODELS, WATER RESOURCES - Conservation, HOUSING, URBAN
PLANNING, INDOOR WATER FIXTURES, WATER USE MODELS, WATER SAVINGS,

LOW FLOW SHOWERHEADS, TOILET DISPLACEMENT DEVICES, RESIDENTIAL
HOUSING ; »

Title: Bathroom fixtures in today's environment. AU: Suzanski_MJ JN: Construction
Specifier 1990 Vol.43 No.8 pp.68-73 IS: 0010-6925 DT: Article

Abstract: The demand for large, beautiful bathrooms has changed the face of the building
industry. Once found solely in high-priced residences, products such as whirlpools and solid
brass faucets are now frequently specified for both commercial and residential jobs at a variety
of prices. New materials for tubs and advanced engineering for faucets have created products
that are exceptional in function, as well as luxurious in form. At the same time, water shortages
and inadequate sewage treatment capacities in regions across the country have prompted calls -
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and legislation - for plumbing products that conserve water. A combination of new technology
and new materials for tubs and advanced engineering for faucets and many closet designs has
enabled U.S. plumbing product manufacturers to introduce toilets that flush on 1.6 gallons of
water, rather than the current 3.5 standard, with little or no compromise in performance. The
influx of these new plumbing products, and the range of characteristics they exhibit, raises a
number of questions about performance and cost. Profiles of some of the more popular
products are presented: whirlpools; materials; low flush toilets; faucets.

Key Words: PLUMBING - Fixtures, PUMPS, JET, WATER SUPPLY - Management,

SEWAGE

technology

Title: Low flush plumbing fixtures and wastewater systems AU: Konen_TP, Pongavanam_ S
Martin_RB JN: Resources Planning and Management and Urban Water Resources 1993

. pp.657-661 PU: ASCE, New York, New York, USA IS: 0-87262-912-0 DT: Conference
Paper NA: Stevens Inst of Technology, Hoboken, New Jersey, USA CF: Proceedings of the
20th Anniversary Conference on Water Management in the ‘90s, Seattle, WA, USA, May 1-5
1993 CC18621, ASCE, American Consulting Engineers Council, American Water Resources
Assoc, American Water Works Assoc, Bureau of Reclamation, Pacific Northwest Region, et

d

Abstract: The significance of low flush plumbing fixtures on the wastewater collection and
treatment system serving a small community has been determined. Among the concerns studied
were: functional performance of the fixtures, transport of wastes in building drains and laterals,
and the operation of the treatment plant. The results of the laboratory and field measurements
show 39 percent reduction in water use with no detrimental impact on the collection system or
wastewater treatment. (Author abstract) 2 Refs

Key Words: Wastewater treatment, Plumbing fixtures, Flow measurement, Wastewater
collection, Field measurements, Low flush fixture

Title: Conservation. A benefit of good management. AU: DeHart_D JN: Joirnal of the New
England Water Works Association 1991 Vol.105 No.l pp.43-45 IS: 0028-4939 DT: Article
NA: Dept of Public Works, Danvers, Massachussetts

Abstract: In this paper the author outlines the six water saving measures institutedin a small
New England water system of 26,000 subscribers. The results of the conservation program are
reported and as the author says "...you be the judge, you decide if its worth it,...' (Author
abstract) . '
Key Words: WATER RESOURCES - Conservation, WATER SUPPLY, METERING, LEAK
DETECTION, PRICING, PUBLIC EDUCATION, WATER USE

Title: Fixture unit values for the flushometer-tank. AU: Fung_YF Konen_TP JN: Plumbing
Engineer 1989 Vol.17 No.4 pp.28-31 IS: 0192-1711 DT: Article NA: Stevens Inst of
Technology, Hoboken, New Jersey

Abstract: The objective of this engineering study has been the development of fixture unit
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values for the flushometer-tank. The product consists of a sealed reservoir which receives,
stores water and pressurizes the entrapped air to line pressure. When flushed, release of the
charged water creates siphonic action in the bowl instantly, allowing a substantial reduction of
consumption without loss in function. This engineering investigation and study to integrate the
flushometer-tank teéhnology with current plumbing practice consisted of the following: 1)
adaptation of the graphical Hunter method to a computerized procedure to facilitate ease and
consistency in the generation of fixture unit values; 2) verification of the computer program
through the generation of the original Hunter fixture unit values; 3) confirmation of the
Uniform Plumbing Code, UPC, published values for additional fixtures; and 4) determination
of fixture unit values for the flushometer-tank flushing technology products. '

Key Words: PLUMBING - Fixtures, COMPUTER SOFTWARE, FLUSHOMETER TANK,
GRAPHICAL HUNTER METHOD, UNIFORM PLUMBING CODE, FIXTURE UNIT
VALUES

impact/effect/savings
Title: Water and waste water savings achieved by ultra low flush toilets in Santa Monica,
California AU: Perkins_C, Munves_S JN: Resources Planning and Management and Urban
Water Resources 1993 pp.60-673 PU: ASCE, New York, New York, USA IS: 0-87262-
912-0 DT: Conference Paper CF: Proceedings of the 20th Anniversary Conference on Water
~Management in the '90s, Seattle, WA, USA, May 1-5 1993 CC18621, ASCE, American
Consulting Engineers Council, American Water Resources Assoc, American Water Works
Assoc, Bureau of Reclamation, Pacific Northwest Region, et al
Abstract: Since its implementation in December 1989, the Bay Saver Residential Fixture Rebate
Program has replaced over 30,000 water-wasting toilets and shower heads in Santa Monica
with 1.6 gallon per flush ultra low flow toilets and 2.5 gallon per minute shower heads. Upon
anticipated completion of the Bay Saver Program in April 1994, the City will have achieved a
permanent reduction in water usage and waste water flows of 1.9 million gallons per day
(MGD). These 1.9 MGD of reduced water usage and decreased waste water flows represent a
15 percent reduction in Santa Monica's average total daily water demand and a 19 percent
reduction in average total daily waste water flows. It is estimated that the projected 1.9 MGD
permanent sewage flow reduction will save the City of Santa Monica approximately 9.5 million
in avoided sewage treatment capacity purchases alone by the year 2000. (Author abstract)
Key Words: Plumbing fixtures, Sewage treatment, Flow measurement, Low flush toilets,
Shower heads, Santa Monica '

Title: Demonstrating residential water conservation and reuse in the Sonoran Desert. Casa Del
Agua and Desert House. AU: Karpiscak_MM Brittain_RG Gerba_CP Foster_KE JN: Science
and Technology 1991 Vol.24 No.9 pp.323-330 18: 0273-1223 0-08-041837-6 DT: Article,
University of Arizona, Tucson, Arizona, CF: Proceedings of the International Symposium on
Wastewater Reclamation and Reuse, Costa Brava, Spain, 24 - 26 Sep 1991 CC15364,
Abstract: Single-family homes are being used to demonstrate and research water conserving
and reuse techniques and technologies. These facilities can provide real-world data as well as
public information and educational prbgrams. The installation of water-conserving fixtures,
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rainwater harvesting, and graywater reuse systems and storage can reduce the requirements for
potable water by 50 percent. Casa Del Agua and Desert House show that the science of
conserving resources can be balanced with the art of designing quality desert dwellings.
(Author abstract) 9 Refs. _

Key Words: WATER RESOURCES - Conservation, WASTEWATER TREATMENT,

EDUCATION

Title: Social acceptability of water conservation in Springfield, Ill AU: Lant_CL JN: Journal of
the American Water Works Association 1993 Vol.85 No.8 pp.85-89 IS: 0003-150X DT:
Article NA: Southern Illinois Univ - Carbondale, Carbondale, Illinois, USA
Abstract: Water conversation initiatives are more likely to succeed if they are socially
acceptable. A survey of 2,700 residential customers of Springfield (1) City Water, Light and
- Power was conducted to assess the acceptability of 12 possible conservation measures and the
.relationship between demographic and attitudinal factors and overall acceptance of
conservation. Lawn watering restrictions, education, home water-saver killinois, USA
Abstract: Water conversation initiatives are more likely to succeed if they are socially
acceptable. A survey of 2,700 residential customers of Springfield (IlI) City Water, Light and
Power was conducted to assess the acceptability of 12 possible conservation measures and the
_ relationship between demographic and attitudinal factors and overall acceptance of
conservation. Lawn watering restrictions, education, home water-saver kits, low-flush toilet
rebates, and a low-flow fixtures ordinance for new construction were most acceptable.

policy

Title: Energy policy Act: assessing its impact on utilities AU: Vickers_A JN: Journal of the
American Water Works Association 1993 Vol.85 No.8 pp.56-62 IS: 0003-150X DT: Article
NA: Amy Vickers and associate Inc., Boston, Massachussetts, USA

Abstract: With passage of the federal Energy Policy Act in 1992, the United States will have
uniform water efficiency standards for nearly all toilets, urinals, showerheads, and faucets
manufactured after January 1994. The reduced water demand and wastewater volumes will
influence policy and planning decisions of utilities. With passage of the federal Energy Policy
Act in 1992, in the United States, all toilet and sanitary manufacturers will be required after
1994 to provide a minimum 10-year leak-free guarantee on all toilets produced. Use of
treatment chemicals, utility demand for energy, and related energy combustion emissions are all
expected to decrease with reduced water consumption. 12 Refs.

Key Words: Energy policy, Public policy, Energy management, Water conservation, Laws and
legisla_tion, Energy policy act, Impact on utilities, United States

Title: Water audit encourages residents to reduce consumption AU: Nelson_JO JN: Journal of
the American Water Works Association 1992 Vol.84 No.10 pp.59-64 IS: 0003-150X DT:
Article NA: North Marin Water District, Novato, California, USA

Abstract: The North Marin (Calif.) Water District (NMWD) conducted a free home water audit
for randomly selected customers from single-family detached homes. All were in the upper



Appendix 1 - keyword search logic employed for part 1 search _
low flush and w.C. and walter saving
low flush and water closet and water saving
low flush and toilet and water saving
low flush and |water conserving| or water saving
low flush and w.C. and | water conserving
low flush and water closet and |water conserving
low flush and toilet and | water conserving
low flush and w.C. or water saving
Iow flush and water closet or toilet
low flush and water saving or device
low flush and water saving or fixture
low flush and retrofit or rebate

toilet and |water conserving| or water saving
w.C. and |water conserving| or water saving
water closet and - | water conserving| or waler saving
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Item 1, Appendix 2. I .,

‘Low water use sanitation - the design and site evaluation of a 3 litre flush volume w.c.’,
Professor J. A. Swaffield, Dr. R. H. M. Wakelin, pp351, Developing World Water,
Grosvenor Press International, 1988
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LOW WATER USE SANITATION —THE
DESIGN AND SITE EVALUATION OF A
THREE-LITRE FLUSH VOLUMEWC

by Professor | A Swaffield and Dr R H M Wakelin

WATER conservation within the boundaries of
domestic sanitation provision and usage should
not be viewed as simply an end in itself, but
rather as a means of redistribution of an
available resource. In this context it has applica-
tions to both developed and developing coun-
tries. In the developed world it has long been
_understood that for low-water-use domestic
- appliances to be successful, they must be
designed and manufactured to high levels and
must present no operational difficulties to the
user. For example, in the context of wc design,
reduced flush volume must not lead to any
undue pan fouling or subsequent drain block-
age and maintenance costs.

In the developing countries it is necessary to
appreciate the need to satisfy the urban popula-
tion’s understandable desire for sanitation and
water supply systems that replicate the provi-
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Figure 1: Final prototype design of the
we. Not to scale, all dimensions in mm.

sion for the higher income groups. Thus, while
the application of ‘appropriate technology’,
such as the Double Ventilated Improved Pit
Latrine in rural areas suffering a water shortage,
is correct, the application of similar solutions in
urban areas to conserve water may conflict with
the aspirations of the inhabitants.

The UK Overseas Development Administra-
tion-funded low volume flush we design project
at Brunel and Heriot-Watt Universities in the
1983 to 1988 period was set up to meet this need
for water conservation in urban areas while, at
the same time, satisfying the user demand for
‘proper’ sanitation appliances.

The project involved the development of a we
capable of Hushing successfully at three to four
litres of water usage and of being used either as
a pour flush or a cistern flush wc. During the
period from 1974 to 1983 the authors, as
co-founders of the Drainage Research Group at
Brunel University, have been involved in the
analvsis of building drainage networks, parti-
cularly the effect of reduced flush volume on
solid transport, and the development of im-
proved test methods that would allow the
design of low volume flush wc bowls.

From 1978 to 1981, a project to develop a 414
litre flush volume close coupled wc for the UK
market, utilising a siphon cistern and a 530mm
trap seal depth, was undertaken on behalf of the
UK Confederation of British Ceramic Sanitary-
ware Manufacturers. This project led to the
manufacture of trial wes and site evaluation at
Brunel University and allowed the development
of discriminatory test methods for both solid
and fluid contamination removal from the wec -
bowl. It indicated clearly the fundamental
hydraulic linkages existing between flush
volume, trap seal depth, trap volume and wc
passage dimensions. [t was found that reducing
both the trap seal depth and the trap volume
was the key to satisfactory operation at much
reduced flush volumes.

In 1983 the authors obtained ODA funding
for a developmental and site evaluation prog-
ramme, the latter to take place in Botswana and
Lesotho, aimed at the production of a three- to
four-litre flush volume wc. The technique
utilised was to start with a Twyfords British
Standard nine-litre flush volume wc and to

35
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Figure 2: The Low Volume Flush Toilet 'showing the 3.0
fitre flush distribution provided by the spreader bai.,

remove both the flushing rim and the trap seal
back plate. By remodelling the internal contours
of the bowl and also by varying the trap water
volume and the trap seal depth, an optimum
combination was achieved, as shown in Figure
1. The removal of the flushing rim was dictated
by the need to provide a pour flush option and
led to the development of a flushing ‘spreader
bar’ at the rear of the bowl. Water flows from the
cistern through the flush pipe and into the rear
of the bow! and is then distributed around the

b = o e 5
i

bowl by three jets formed at the spreader bar
device that terminate the flush pipe. Two side
jets distribute the flow around the sides of the
bowl while the third provides a vertical flow
downwards to the bowl water surface, therebyv
providing an impetus for the discharge of
solids. Figure 2 illustrates the bowl in operation.

The final bowl design was passed to Twy-
fords in Stoke-on-Trent who produced a trial
batch for delivery to Southern Africa. Prelimin-
ary evaluation of possible trial sites had led to
the choice of Gaborone (Botswana) and Maseru
(Lesotho), two site trial areas which were quite
different. The Gaborone low income housing
provided by the Botswana Housing Corpora-
tion were laid out in orderly estates equipped
with well maintained mains sewerage systems,
Figure 3. Each house was provided with a water
supply and drainage, but no electricity connec-
tion. [n addition tn 89 wcs installed under these
conditions in Gaborone, 10 were installed in
private houses and in the offices of the BHC
Architects Department. and six in a school in
Northern Botswana. Installation was completed
by August 1986 and water usage measurements
were initiated on a 14-day cycle. In Caborone
the majoritv of the BHC houses were retrofitted
with the test we so that water usage data prior to
the installation date was available. This allowed
the identification of an adjacent control group of

Figure 3: A view of the Gaborone West Trial Site in
Botswana, where Low Volume Flush Toilets were

retrofitted in place of 10-11 litre flush twcs.
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30 dwellings that had shown statistically similar
water usage in the preceding year. Water usage
measurements in the modified dwellingsand in
the control group now show statistically signifi-
cant water savings and shifts in the associated
frequency distribution. In the period Novem-
ber, 1986 to July, 1987 water savings of around
20 per cent have been recorded in the trial sites
when compared to the control group.

In Maseru 55 wcs were installed between
October, 1985 and July, 1986 in a wide variety of
housing served by a range of sewerage collec-
tion systems, varying from mains sewers to
conservancy tanks, septic tanks and modified
double pit latrines. The housing policy in
Maseru made it rather more difficult to deter-

‘mine accurately the water savings being
achieved. However, for the cases involving
conservancy tanks, a reduction in tanker visits
of a third has been noted over the year since
installation was completed.

While the low volume flush wc <vould nat
meet British Standards specifications in terms
of water seal depth, it is importaxi to view sach
specifications in the context of their objectives.
For example, the 30mm water seal depth is
linked to the suction pressures commonly
found in the vertical stacks in multi-storey
buildings and, as such an applicaticr. was not
planned for the developed wec, this specification
is irrelevant.

In both Botswana and Lesotho, the wc has
performed well at the low flush volume, no
consistent adverse comments have been noted
from regular visits to users by the research
worker on site, and the water savings have been
shown to be worthwhile.

One of the main research concerns in the
programme was that the sewers served might

become blocked due to the reduced flush
volumes failing to provide self-cleansing condi-
tions. This has not been found to be the case.
However, a parallel exercise involving the trial
of tipping tank designs was also initiated as part
of this programme. A tipping tank is a pivoted
collection tank filled from the dwelling’s sink or
shower waste which, due to its shape, will
automatically empty its contents by tipping
when the stored fluid centre of gravity moves
above and ahead of the pivot location. Figure 4
illustrates such a device installed in Botswana.
The tipping tank was designed to hold some 20
litres of water that could be discharged as a
steep fronted wave at irregular intervals, thus
providing a surge that clears out any deposited
solids from a considerable pipe length.

Laboratory and theoretical studies showed
that the placement of a series of tipping tanks
could be predicted to mtaintain self-cleansing in
a sewer network. While the tanks were not
found to be strictly necessary in the Botswana
and Lesotho evaluations, they would be invalu-
able linked to shallow gradient drain networks
that also featured the use of water conservancy
appliances.

The site trials described in Botswana and
Lesotho have been successful and it is now
hoped to extend the project through joint
British Council and ODA support to Brazil,
where IPT in Sao Paulo will participate in
further site trials. The concept of reduced flush
volume wcs has been shown to be a practical
proposition: manufacture and use of such wc
bowls is the next objective. et

Figure 4: The Tipping Tank installed in Botswana
showing the tipping tank pivoted within the outer tank
and counterbalanced to provide a 20 litre surge.
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Item 2, Appendix 2. 2
.

‘The Engineered Design of Building Drainage Systems’, J. A. Swafﬁeld, L. S. Galowin, ch.
1.5, pp11-15, Ashgate Publishing, 1992
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Building drainage design: historical development and current methodology

summation of the individual appliance discharge unit values.
developed a code relationship linking discharge units to actual flow/ates and
thus, by utilising the steady free surface flow equations, depths of flow were
calculated for various pipe gradients and diameters. Thesé calculations
become the basis for the design guide tables now commonly available in the
UK, USA and Europe that indicate to the designer the logding at which pipe
gradient should be increased or diameters altered. Cleatly this approach was
essential as a simplistic summation of flow rates from all the connected
appliances would yield an unrealistically high sysfem flow and hence lead
to grossly oversized drains. As will be showx later oversizing does not
represent any factor of safety as it leads to/shallow flows with a much
enhanced probability of solid deposition maintenance problems.

However the discharge unit, or fixture/unit, method is basically flawed
once it is transformed into a syster flow rate. This transformation
automatically implies a quasi-steady flow governed by the traditional free
surface flow equations, namely zy and Manning, suitably modified to
allow for the circular cross sectigf of the partially filled pipes. This is not
the appropriate description for fietwork flow as in fact it is, at least in the
upper reaches of the system/ie within the true building drainage system,
- markedly unsteady as th¢/flow reacts to the random discharge of the
appliances connected to jHie network. The value of Hunter's research within
the continuing developfent of drainage design is that it clearly illustrated
~ the need to consider gfatistically the user patterns most likely for a particular
system. These combinations of appliance operation may then be utilised as
the input data fop’an unsteady flow model of the network that will simulate,
and provide on, the actual variations in flow depth and rate at any point
in the netwgrk at any instant, taking into account the effects of junctions,
solids in tpdnsport and possible backflow conditions - conditions which are
all found/within actual systems. -

Huntgf’s work will be returned to later, however its importance over the
past 20 years cannot be underestimated, both as the basis for the design of
cupfent drainage networks and also as an example of the influence of
1¢search upon the development of drainage design methods.

L5 Water conservation and its effect on w.c. design

Water conservation is both an economic necessity and an engineering
challenge. It is by no means a new phenomenon or criteria within drainage
design; Billington and Roberts (1982) quote the controversy raised in 1900
when the London Water Company reduced flush volumes from 40 to 9
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litres. Similar concerns were raised, British Bathroom Council (1988), when
a reduction from 9 to 6 litres for the UK was proposed. In Europe, and
particularly in Scandinavia, 6 litres has been the norm for decades.
Additionally Swedish manufacturers have developed highly successful 3 litre
w.c."s, initially only for use in ‘weekend’ homes, linked to septic tanks by
75mm drains set at a 1/25 slope. More recently these units have become
acceptable within urban applications due to a realisation that it is perhaps the
total flow from the building that matters rather than the individual w.c. flush
volume.

Water conservation is a necessary and achievable objective. In the UK
Webster and Lillywhite (1979) demonstrated that up to 40% of domestic
water use was accounted for by w.c. flushing. The w.c. is the one appliance
where meaningful savings could be made by a careful synthesis of hydraulic
and design methodologies.

As commercial organisations the ceramic manufacturers naturally do not
publish the techniques they employ to determine w.c. shape and
performance. However, in the UK an industry funded research programme
is available for scrutiny and some of its results, linking the hydraulic bowl
parameters to performance may be of interest.

Figure 1.7, Swaffield and Wakelin (1990), illustrates the choices present
in the design of a w.c. Figure 1.8 illustrates the effect of the values .
allocated to the governing variables (flush volume, F; trap volume, S; trap
seal depth, h; and minimum passage width, w) on the test performance of
a w.C., evaluated by use of the multiple ball discharge method, to give a
prediction of solid discharge performance and a potassium permanganate
solution removal test, designed to simulate the removal of fluid waste. (It
should be noted that the results for the potassium permanganate test were
obtained by means of a before and after light absorption test on a sample of
trap water, rather than by visual comparison to a range of prepared
solutions). It is clear from the curves in Figure 1.8 that values of the non
dimensional variable Sh/Fw in the region of 0.1 yield acceptable values of
both solid and liquid waste removal, for example a typical w.c. having a 6
litre flush volume, SOmm trap seal and a 66mm passage width, requiring a
Sh/Fw value of 0.13 would require the trap volume to be reduced to 0.95
litres, somewhat less than normally found in current higher flush volume
w.c.'s. These figures also indicate a move to wash down rather than siphonic
w.c.’s, a move that might be unacceptable in some societies.

However research of a fundamental nature has indicated a design direction
that could lead to the considerable savings in water consumption. It is
noticeable that while Scandinavian manufacturers do not publish their design

12
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Pour flush operation

Flush volume, F, dependent Water distribution around

on flushing mode, sewage bowl, choice of cistern
disposal technique, — with syphon or drop
drain length and F valve

gradient

Trap seal depth,

h. dependent upon

? Minimum tra;
pressure fluctuadons ! P

in drainage system and Bowl performance wpasggfi%g?g"ce’
rap evaporation rate n= Q(ISE‘ % dependent

Water surface area limit set by
need to avoid surface fouling

Figure 1.7 Design criteria governing low flush volume w.c.
performance

Bowl efficiency defined as: _
. _ No. 20mm balls, constant s.g. discharged
100% - g = 30 —
o= Residual conc. Potassium anganate // -
3 initial preflush trap conc. //
e ~ 10.0%
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design (ng)
— - - B
T T T T T T
0 0.20 040 S 060

Figure 1.8 Bowl performance for solid and fluid contamination
removal
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methodologies, the successful low flush volume w.c.'s produced in Sweden
all display design parameters clearly in line with the predictions of this
research.

1.5.]1 Water conservation and solid transport

One of the great myths surrounding low flush volume w.c. introduction is
that all the flushed solids will be deposited in the drain and that the system
will fail. Experience in Sweden and in a site trial in Phoenix, Arizona,
Anderson and Seigrist (1986), utilising Ifo low flush bowls, disprove this.
Similarly a 4 year site trial in Botswana of a 4 lire flush volume w.c,,
developed as part of a UK Overseas Development Administration project,
Swaffield and Wakelin (1990), generated no drain blockage problems within
a drainage network, Figure 1.9, laid to British Standard Institution
guidelines, while the water savings, Figure 1.10, were considerable when
compared to the use of locally available Vaal Potteries 10 litre w.c.’s. The
source of this mythology may be traced to a lack of understanding of the
mechanisms of solid transport; these will be outlined in detail in Chapter 10.
Generally solids move through a system by a continuous process of
deposition and re-acceleration caused by the arrival of later appliance -
discharges, not exclusively w.c.’s. Thus an assessment of solid transport
performance must include the system as a whole.

W.c. testing has in the past concentrated upon its ability to discharge waste
or successfully remove liquid contamination. The need to introduce solid
transport as a further test was recognised in the US by ANSI, the current test
is based on the ability of a w.c. to ensure the transport of 50 17mm diameter
balls 16m along a pipe set at a slope of 1/50 (0.02 or, 1/4 inch per foot).
This test may be traced back to a similar procedure reported by Billington
and Roberts (1982). In 1900 the Sanitary Institute in London initiated a test
programme for w.c.'s involving some eighteen hundred tests of a 9 litre w.c.
that left 5% of the test balls in the trap and 21% along a 50ft length of pipe.
(The pipe diameter may be safely assumed to have been 4 inches or 100
mm.)

The influence of research on drainage design is again clear in the
importance now being attached to solid transport, both in the acceptance
tests mentioned above and also in the use of multi media solid testing as
reported by Galowin and Swaffield (1991) as a means of simulating the
heavier loads likely to be found in commercial building applications of low
flush volume w.c.’s.
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Figure 1.9 Layout of 63 low income Botswana Housing Corporation
house plots, Gaborone West, fitted with 4 litre flush
w.c.’s. Note 100mm diameter drains set at 1/90
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Figure 1.10 Comparison of prototype 4 litre flush w.c. housing
group water consumption to a control group over a 3yr
period. Also note pre-installation water consumption
sensibly identical for both groups.
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“Water Efficient Plumbing Fixtures Through Standards and Test Methods’, L. S. Galowin, J.
A. Swaffield, pp 179-183, Conserv 90, The National Conference and Exposition Offering
Water Supply Solutions for the 1990’s, Arizona, August 1990
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Appendix 2. Irf/’

Item 4, Appendix 2. 4.

‘Critical Review of Research and Long-term Experience with Minimum Flow Toilet Fixtures’,
Damann L. Anderson, R. L. Siegrist, pp 189-193, Conserv 90, The National Conference
and Exposition Offering Water Supply Solutions for the 1990°s, Arizona, August 1990
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‘Low Consumption Plumbing Products: An Approach to Standardization’, P. J. Higgins, pp
195-199, Conserv 90, The National Conference and Exposition Offering Water Supply
Solutions for the 1990’s, Arizona, August 1990

Appendix 2.

Ttem 5, Appendix 2.
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Item 6, Appendix 2. : , 6.
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“Wht Toilets? A History of the Low Consumption Toilet and its Introduction into the U.S.
Market’, W. L. Corpening, pp201-202, Conserv 90, The National Conference and
Exposition Offering Water Supply Solutions for the 1990’s, Arizona, August 1990




*A43un02 Y3 noybnoayy

suwedboad pue sue|d juswdabeuew sajem Auew Jo Jaed [eabajuy ue dwodaq sey
pue Aeys 03 343y sp 331107 uopjdunsuod mo| ayp *puckaq pue sQGEL AYy3 OJu}
dA0W am se MOU S} T} uey) Judaedde JA0W UIIQ JIAIU SRY JIJRMIISPM DINPAJ
puv J4djem aavs 0} paau 3y °Aepo} SINUEIUOD JRy) 553304d Kaeuojin|oaa

uv pajavls 9y ‘4djem Jo dsem snopudwady) ayy doys dyay o3 pue|buj

U} 395012 Jajem Y3 JO Judwdo|IABP Y] UO PIAIOM IS4} Jadded) Sewoly) udyy

*35@3 8y} ysj|dwodde 03 weoy dwos pue

493eM JO dND 3U0 BSN ey} S8 10} pue ‘sjuend oMy AU yjIim I)Sem IjendeAd .
03 WNNJIRA BZH|4IN J0YY SI3| |0} 4@ 343yl °ysn|j 331403 Ix8U ay) 40j
Jajem juey dyj Sawodaq spuey ayy bujysem a0j pasn 4d3em a|qeiod IY}--3d}M)
43jeM Swes 3y} IS 0} J4ap4o up juel ayy Jo doj uo d9oney e bupjeuodusodug
£q sysel om) ysjidwodde jey) $33L}03 dAey asauedep ay) pue ysngy
49d adjem Jo (S4d71) g) suoljeb g°Q Aluo asn juy} s}3| 0] ARy SIpamG By)
*Sajeyg Pajpuf) @yy ujp se ||9m Se vjSaucpul pue ‘vj|eaysny *adoany ‘ejsy
*RILABWY YINOS *0VEXIY U} paanydeynuew Bupaq ade $33(403 uopjdunsuod moq

*suojjediidde |RuUOpINYISU} pue | @}OABWWOD

Y10q 404 paubysap s|moq pue sadhy aaubysap uopysey ybyy ayy o3 32110}
|R§qUBPESOU [MOY punoua (@d}dAY ay) wouy ‘ubysap Buppaebaua suopjdo jo uaqunu
¢ 94e 24ay] cubjsap PaYIsS|SSE-UR 40 PIYISO0( Y} BZ|[}IN SJAYJ0 pue ysa(y
A3paeab ayy yipm moyy padcnpaa ayy ysi|dwodow $3INPoad | S4a4N}Oe)NuEl dwog
*sopbojouday pue sodAy |apow jo dbued e apniauj ojJew By} uo $33|40f

*391403 ysnyj uo|jeb

9| 9y3 404 purvwdp ay} Hupjdaw mou pue SOL 0| IY) U} J|ey-e-pue-da.y)

0} umop suo|jeb udaAas 40 aapy wosy BwN|OA ysn|j dbesdae ayj bupyey ‘saeak
404 A60jouyday} uokjdwnsuod MO 54y} 4O Fudwdo|aAap ayj3 uo Bujyaom uasq
aAeYy s4aanjdejnuew uedjdawy  *puewdp ayj jasw 03 Abojouyday ajejuadoadde
Y3im dn Bu0d 03 SauO A|uo 3y} 3,UDUIM SDPAMG DY} puy “QGEL UL Sun

UOL ||t G*2 pajew)sa ue 0) JeaA 3S44) Y} U SIpuUn QQO‘S a-uuns_wmrnun
woJ}y umodb sey S33[10] YSALY MO| RN J0J JINJew [RJ0 BYYS LHGL

up saje}§ pajruf ayj ojup AB0|0uyda) YSLPImMG SEY JO w0EIINPOUIU| mﬁm g

UONJRAIRSLIOD)
pue Ajddng aajep jedniuniy

*Aoud194 330 4ojem DBupjowoad pue swesboud ajeqas Bupynypysup *saduculpao
uopjdunsuod mo) Bupjpam pajaels S84340 dJ4ow *s3afro} ayj bupbueyd Ajdwis
Aq awoy ayj ujp pasn 4ajes jo junow’ Yy} Ionpad A|juedyyiubys oy ajqissod

seM 34 ey} juddedde awedaq 3} Sy 'SMO[J JIMIS pue SN JIJLM JO UOLIONPaAL
up 3sa49ju} Iy3 o3 Jojoey DupIngrajuod @ usaq OS|@ SRY S| LoRy JuBWIRALY
djsem Jo 3503 Bupspa 9yy "aded ppded € 3@ SANUFJUOD UOLIONAYSUOD MIU DLIYM
594 |ddns bujysyxa jo juowabeucw pue A)1ddAs mau Jo $350D ay) 42A0 SUIIUOD
Gujnupjuod pue sapjudaas d3e| By} U} BJULOYL|R) U} JYBAOIP IABAIS Y}

Aq Buoje paysnd ‘anssy Bujseaaouy K||ped}s ¥.9WOIIG SPY UOLIRAIISUOD JITEY

sped) suvlO

*ejaeyepuedg Jnoybnoayl
SUOLJe||@YSU} | @}D4IUWOD PUR |RJUBPESBL YJOQ u} pasn S3onpodd £juo
Y] ddam ‘awiy J404S R UPYIEM ‘pue udpamg jnoybnoayy pajdadar Kjopa a43m




= 3
-

"8521-G6L (602) duoydaia) ‘42256 y) ‘Aaday ‘peoy %ads)
aA0y 2282 *sejvjo0ssy § bujuadio) *°M ‘bujuadioc) Apusy :uostadg 390juo)

SI3[ 403 YSN|§ MOy RN 40 UOEJdWNSUOD MO M3U BS3Y| *Bwpy Iy} 0 AN
Pal4un 9y) up ade|d u} $33| 403 pavpuels 3y} 4ano sbupaes Juadsad gg o)

dn 31q1yxa ppnod pue paemiosybpes}s ‘ajduys sem ubpsap ay) *sauj| Jamds
9y} ojup a3sem a8y} Huphuded jo ysej ayj} ysipdwodve 03 A3400|3A pue A}jaesbd
Y30q pazy{an pue Jajem jo (s433}( 9) suofjeb 9| Afuo pasn ey} 33|40}

v poubjsap saanjxpy bupqunpd jo uaanjoejnuew ysypamg  ‘grep U ‘udyy

‘wa)sAs Jam3as @ Oju} @3sem uewny jo juid auo A|ajew)xosdds

ysngj 03 48jem Jo Suo||e6 uaAas @R} PLNOM 1 FRYF JULYF O3 SNOJD|pR| LY
‘ysniy 03 Jajem jo suojjeb uaaas o3 dn pasn ey} Saunixp) jo ubysap ay)
buppniau} ‘wooayieq 3yy u} aajem Bupavs jo 5353433u) 353Q 9Y) u} J0u A
0y} PaUInI20 SabuvyD |RUBARS *3950(D Jajem AY] UO Yuom s,42dded) wo) a4ayyy

*U0}}IRPAU JuaN|y D pue SBULARS J4OJ0M U0 PaZ)|}In

8q ued ey} saanyxyy bupqungd A3 enb ybyy *Aiejpues apjaoad 0} uogInjoas
Bunuijuod ¢ uaaq sey aaayy *Avpo) a|qe(jeae $33| 10} YSN[J MO| RJY|A

40 sbuva apia ayy 03 AGojouyday aajea sadde|y/aaddeds) 34y oy} wody 43

‘pasn bupeq 3,uduam SIANIXE} USYM USAD A[SNONULIUOD URL JIIRM puy

}2eq Ind 3 usem Bnjd 3y} *J0u uwY] URIJO asow--3jsem Keme ysnpy 0} ,6n(d
ayy ||nd,, Kjdwis 03 4asn Yy pamo||v JUY] SDUNYX}J BYF JIAO JUIUIACJW)
URILJ UGS © Sum 321403 ysnyy Ajpaeub *yueq ybiy ayg  awpy ayy jo
Saunxpj Aavjjues Bup|peaaad sy yjpm paaanado ey} ajsem Jajem SHOPUIWIL]
8Yyy qund djay 03 sSum JuawdO|3AaP S} JOJ UCSEIL UpRW By} ISNLAq *paj|eI
SPA 3} S© ,,°3950|D J4djem, IS4} SPYY 403 uopjdunsuod Mo| waa} BYy3 asn |

‘0002 4eak ayj Jeau am se 53362930435 UOIRALISUOI

JOJUA U0 DARY PINOM SJUIWAAILYIR |@IL6O|OUYDDY Sty Joediy SNOWIOUR

9Y3 uojsiaud 3 upip A|qeqoad ay ‘obe sawak gp A4eau pueibuy uj 33140}

U0}3dwnsuod Mol 35443 8y3 jo Juswda|aAsp ayj uo pajdom aadded) sewoy| udyy
sdjejoossy § Bupuadacy *j°n

bupuadaoy *q Apuay

LIYVH °S°N UL OINT HOILONGOUINT SLII any
137101 NOILdWASNOD MOT 3HL 4O AMOISIH V--iS131I0L AHM

oot amb

[



—— emmgan s - S— [ -

6099-v69 (10€) xXVa

L099-b69 (t0€) PuOyg

10412 AH ‘Moyaepaad

392135 YoFAed *d GOE

sour ‘*oossv % suybbin ‘r°d 0/2
sufbbyy 0 YoFaA30d :3o0B3U0D aanjng

sufbbTH *p Moyxavd Ad

NOIIVZIQUVANVLS OL HOVOuddV NV
' $151L0NA0¥d ONIFWNId NOILIWNSNOD MOT




J

o3nujw xad suoyieb = wdb
ysni3 aad suorteb = 3db

wdb ¢*¢ wdb g-¢ q@0ne3F JUFS
wdb G+z-0°2 wdb o°¢ jeonel £x038407
wdb gz wdb g°¢ speayIamoys
336 G 1-0"1 3d6 o2 Teuyan
3db g-°1 3db g'g - 3980T) 1039y
85,0661 5,086T UOTHATIOSaq Jonpod

uofidunguo) asjeM abeasay

s3onpoxd burqunyg ut uoprdunsuo) asjepm
T a1qeL

*Aje3es puw
uotzeaTuUes ‘yaTeey oFrqud o Ajjabejuy uyejuyew o3 juezaoduy ww
‘pue xejem buyaes jo sesodand ayjz xoj 30npoxd Jo uUOFIRZTPIEPUNI
jo weouejxoduwt oyl 3o bujpuejsaespun as833aq v ‘juedroyizawd
06 axesuo) oYz ‘nok eayh TrIM 3a0dex sTyl 3eyy oadoy ey

* x030adsuy
pue ‘zayreasuy ‘xeseysind HuT3llTI BIANIXTI pue LanjIxTy oYy 03
quezaodwy ST UOFIBOFITIUSPT STYL °*swiojaad 3T YyoTym 03 pIERpURIS
oy3z Jo uorjwubysap oouaxaFAZ LYl YIFH4 pue uotidunsUOD  IDJUA
J0 ej3wx moTJ Oyl YITM pojaew eoq o3 poxfnboa mou sy bugbexoud
pejerax ayeyy pue e3onpoad peuotiusl aaoqu’: @yy Fo TV

‘wdb ¢*g (Lrjuessad)
peoaxa jouurd sajex #ofd ‘*ysd (08-0Z woxj pajss] oaw s390NWI YUTS
pue &xojwaw] - (sjooney) sbuyylf) oanax[y uys pue Arojeareq

+1030713891 ayy JINOYITA pajzsay sT sysffeue ojex
#0TJ @Yyl ‘ssaf 10 'SqT B JO 92I03 © YITH S[gRAOWAI ST I0JDFAISSI
8yl JT IO pesyasmoys oyl uTylTsa PpajlelIsuUl 3Jou ST J03DFIIEAX
%073 8yl 3JI *ysd 08 o3 0¢ woxy soainssaad uy wdb g°g 3Jo
sunwIXew ajex mo[j Ioj pojenteaa Ayjussexad axe speayasmoys

I BN EELTE

*8aNn)XT¥ 8y3z JO sofisTIL)dRIRYDd DUuTysem
yons sajenTLRAd 13593 STYL ‘sTeufan U} uoj3zjpuod Laejzjues w
0] Tea¥3jao sF buyyses Trem Jojxadns e - 3sa3 aull ul (q)

*sSTeuTan uy [eaT3ITAD ST UOTANTTP puw abueyoxs zajem
‘gyuswaxjnbax g3esoo Iejem ayz 03 JefTwIs -~ 3s83 aka (e)

s1A1hutpxoooe waojzaed o3 pexynbex
?I¢ sSTeUTIN ‘uorjeniesa uoyjzdunsuod I23VM4 O UOTITPPE Ul

STeutan

*g3Tsodeap jardoap
{ensTa IoJ poujwexs sT eoejans 3jeas oy3z -~ 3se3 Aexds (y)

*[9a2] poTiroads e 03 9s57a 03 pajjTwiad jou sT a9jea
pue T[moq 8yl utyszTs ponerd aae saqoad -~ 3sa3 yserds (6)

*aayjang sojzses Laauod o3 sdiay abxeyostp ays
jo £310079a Xomols 8Yyyz zo odyd ayj uy xojzem jo yadep ayjy se peoy
ajses ayjz jo Axaeo 1aj3eq e aaaTyoe TTIM (3003 aad ,g/1) 3003 xad
J4/1 ueyy ssat sedors odyd xo (o7dwexs Io3y ,.¢) xojoweFp aorTRWS
¢ Jo Buydyd °3es07D JOjesm B WOIJ WRAI]SUMOP IISTXa pPTNOM YITUm
ofaeuaos buydyd jsaom ayj se pojnayss aiom sjuswaatubex suyjuyeap
3y, *Iayjour oauo jsuyebe sjonpoad jo aouewaozaed osATIRISX
#oys saop 3T Ing ‘suoTjeanbyYJuoo BSUTTUTEIP TI® UT uofrlouny
T4 B2In3xXT3 os2yaz aeyy 3sobbns jou seop 13893 STYL *3993
i§ 30 Azawo wnwuFw P uf pPojTNSaX 5396070 xajem ysnyy xad uoireb
9°1 juwl zajawoysnij puw addy A3jreab oTdwes-wopuei dUFU JO 83897
juspuadapur *300J7 8yl 03 .p/1 3Ie padoys BF YaTym ufeap .p e
U] 3993 0p oq 3Ishw sTTRq 8yl JO eouelsyp Axxed -abexsaw oYL TMOQ
9y3 o3 poppw ujebe &7 efpaw [req oy3z -~ Lxxeo osuytuyeag (3)

‘puof eyy awa[d j3shw ysn(j ayburs e puw [Moq 8Yylx O3 pappw
57 aaded projIajuy Jo junoww XInq paugjap @ - 3say Jadeg (o)




*wZ/T poodxe
ued juswbes suyr ou pue ujewsx ued (yizbusy yelr03) euyr .g € U
axom ou ‘ysnyy eybuys v I83xyv ‘wix Burysayj ay3z moyaq oow)ins
Tmoq L1p eyl uo paqyads ST OUYT UuF ue - 3893 aufy qur (p)

‘uoTjenTRA® 3Ry} 83D8[JaI 3se3 sTY3J pue ysurj youe
J933¢ axo3em 8yj abuwyoxa o3 Tsoq ayjz xoj juezroduf Axsa sT 31 °y
03 00T 3Isear 3 oq 3Isnw ysnij oybuys v x23Je OFIeX UOTINTIP oyl
*8UOTIRAZUAOUOD SNROTIRA U pajnifp oxe sordues oayjejuasszdes
pue TmMoq ey3 o3 peppw sF odp euiq - 3se3 o4a (o)

*80T38TI8oeIRYD @3sem TeoTdLy DBupjernwys
Lgazayy ‘jwory pue Juls yjoq satnueab ayl Ts0q 8Y3 UF UFeual
Lew sietred zT uwyz oaow jou 8ouo Dbufysnijy ae33zv *Ts0q By)
ut pooeld oaw sornuevxb susyzsltod @osez - 3se3 ernuead (q)

*prOT @38bM pejeTnus w Y3 s eourvurojaad [moq bBuyjzwrjsucwep
103 Teyaejuew oayidezje Liea v aq hoj usaoxd sey wvjpem
STYL (*sean3xt3y asn ofjrqund x03 syeaar aaybyy o3 Juawaijnbaz
eourwzojiad wnwiuyw sTY3z Dufseazoutr 3o A3FriqIrssod eyjy
buyutuwxa aaw sdnoan DBuyyioMm 9° puw Z° 6T ZTIV AWSY @YL) 'ysny)
TRTITUT BY3l Y4 THOq SY] IRSTOD Jsnw sTTRq GL IS8T ¥ (oA
8yl OJUY UTs 03 weyl osned sTTeq 8yl Jo AJFsusp oYL TMOq Byl
uy paourd eiw sTieq ouajidoadiiod .p/€ 00T -~ 393 ttred (e)

$182IN3XT] @8aY] X0J WIIAFTID 3833 oyl jw jooyr 8,397 ‘ssed jsnw
388072 Jo3em ayl YoJys sisal Luvw jJo BUC ATuo ST SINIXTI STY3 O
sysi1eurw uojjdunsuod Iajem eyj 3oyl pajou aq 3sIfF prnoys 3I

8398070 183 HN

*gjonpoad Bupqunid xo3 s3saj aouewrojied
jo eosuwjxoduy eyz ojufr JybFsur ouwos sn saafh (83n3zyjisul
spIepuels TeuoTjIeN ueofIswy ay3y Aq paryrivx pur) szsaujbug
Teotueyos 3jo 4Lj3eroos uedtrawy oyl 4Aq paystiqnd se spiepuvie
buT3aTsy eanaxyz puw 8an3xyi burquard ayz jo LAuyjznaos 8so0fd Y

K b ‘Pat3ITIUapY
T21nb pue Arypeex eq 4Lew sentea uoTidunsuos xsjes 3wyl
os buyreqetr pue Hujbeyoed 103 sjuswaxfnbax epnrouy oste sjonpoxd
burqunid x03 spaepuels ‘s3se] eouewxojaxad syl 03 UOFITppR Ul

*2JTT buyyrom jewxou s37 Bujanp
«e3Tnessw, JIayjo puw esnge Teoysdyd ‘eansodxe TedTWOYD ‘FOWIXIAQ
sanjeasdwe; puw eanssead puelsylts o3 puw (Lraxadoxd ejzwaedo
03 JAIT1TqU. 81onpoad v 93WI3SUCWSP 03 WFASITID JO JUIWYSTIQUIee
Jo esodand ey3z 03 pajwoTpap ST UOTITTROD STUYL ‘T erquwl U}
PoTITIuRpPT sjonpoad esoyi e8v yons sjonpoad Hujqunid I0F SpavpuvIs
eourwzozaad wnwyiujw ysyrqesss o3 ajedroyzaed Lryaejunjioa
glaquaw 3sazdjuy [easuab pue ‘syaocnpoad ‘srBWNSUCD JO UOTIFIE0I
¥V ruoyjezfpaepueis jonpaad Jo teab f[eojilfIa. oyl 8F STYL

¢ooueuxoyaad s3T Y34 pafIsyies axouw aq o3
wysep s,3onpoad ey3z LFypow o3 sjdwusjjze Iauwnsuod a8yl Ieyl K1aood
o8 wiojxad sjonpoad usym uoyjeArasuod st poob jeyy -uUOFILAISSUOD
1e3es U314 oouewiojaed 3onpoad puewsp 03 souejzxoduy x83eaxb
0 fenba jo sT 37 anq ‘sjonpoad jo sofIas v 03 juawaxynbax
vojadunsuod Iejes unufxew e ajersyber o3 buyyy euo sy 3II
‘puswap Axojzernbax ayi jo Teabojuy U@ oq sl eouviIojIad 3oNpol
110a0M0Y TEFOTJOuaq B3jsjnbOX Afnij 8q 03 sI9qunu 8sayl Iod

*83w3s 03 93e3s
woxy L73uybrre Axea Lew sxoqunu asayl ‘eanjiny ayjy 1oz uoyaeTsyIbat
jo sentea posodoad tenjdi3 aya s30973°x T OIqeL *gavak aaxyy
ssed ay3 uy ‘3zed 3sow sy3y 103 ‘pexansoo sey ‘ATIUSPTIOUT YITUA
ebueyo sTy3z jJo ordwexs ue 03 [ ©Jqel 8805 °sn Idjem JeUTUTU
Y314 AouaForjje jonpoxd szyjuyxew o3 potidde Buysq mou BY 103IJF9
aATsULlXd  ‘IaAamoOH ‘gppusbe bHuyanjoegnuew &Yl UO JUBWYDIEBOIDUS
uw se usas oouo azam ‘mey Aq pejwloTp se ‘sentea uofjdunsuod
wouyxed -sazonpoxd bujaassuod aejem 8Iouw 103 puevwsp aataeysybat
8y} PuPYISITJ Possaulfm aawy oy °sIwdk usal 3sel ayj uy Krabans,
iofew suobiopun oavy DBufpyInq oYl UTYITA sjonpoad bBuyquntd

+gyonpoad Burqunid uoyjzdumsuod
a0 JO @duruajuTew pue uofile(Ie3Isuy ‘ubysep a8yl YIrm poAsTYow
js0q 87 ‘uofjjearesuod oayssed jo ey ‘yoeoxdde puodas Byl

*suoyzessuab sinjng x03 aejes buyams Jo TeodD oyl
purystidwoooe uy oanswew 3va3b asatyor TIT4 Inq ‘o1h3893TT oYl
03 ujed @13377 soxfnbox 310330 STYL ‘IVIBA BARS 03 ISWNBUOD OYY
Iq 330330 sNOFOSUCD ‘DATIDE UR B IsNW 8XBYJ ‘3IBATd  °8ATIDOIIO
oq 03 Iopio uf seyorvoadde om) 9)BI ISNW UOTILAIISUOD IBJEM

*y3ee3 ino Bujysnaq Io Bujaeys oITys ,Juswiusdwoodw TeOFsSNW, BR
gjeoney pue ‘syiejxeies Testdoxl se siemoys {sdexjyse paT3TIOTh
ge syeuran {sjaxseq o3sesm se pesn Lrjuenbaxy aaw s38s0(d
I87EM ‘osn zxadoad s37 03 se ulzT3lyo obeleav eyj woay aIed
10 UOTIUS3IIE BT33TT YaTs ‘L3ypounod ayqepuedxs ue se pasn usaq
gey I93em ,8X00puf 3Iybnoxq, usaq sey bujqunid odufrs aead

. 3uauabeueut
19384 OSTA puR UOTIRAZBSUOD 03 UOTIEDOTPAP ® Y3ITA 8ININ Ino Uuj
quod Bujuxng eyiz Aepol ejyew ued os 3INg " SSIUTSNG PuR IDUNSUOD
weojxowy ay3l Xq osn zejem pue ALbaous o3 3dadsax yYFs seuTY
jo 3saom 9y3 3ng ‘UoTIBU INO UT Ysoxb f{euoyssagoxd pue jeuoszad
(1t4 sawT3 O 3Is89q 9y} aIr ©83YJL ‘UOTIeU INO UF BISTIV Jajea
oy} JO apBW B UPD JUDUISSASSW A9338q ON ' SWF3 JO I8I0M ay3 oaw
psayy ‘sawyly JOo 3saq eyj oae essyl, ISOTEBERTI oYl ejonb oy

NOILVZIQUYANYLS O HOVOHddV NV
181.00004d ONIARATd NOILIHNSNOD MOT

.



Appendix 2. ' 72' :
Item 7, Appendix 2. ;.

“The Use of Financial Incentives to Encourage Implementation of Water Conservation
Programs’, M. D. Moynahan, E. J, Thomhill, R. W. Brown, pp 355-359, Conserv 90,
The National Conference and Exposition Offering Water Supply Solutions for the 1990’s,
Arizona, August 1990
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5. Innovation -
Metropolitan is looking for innovative water O
conservation measures and encourages the implementation p....h m_l o o nnUu o) o) (o) m m m
. Q (o} Q
of new ymmmm m 'U_% “ nOu m. 8 &8 8 8 8 o o]
As shown in Table 1, Metropolitan to date is = N | w| o m m o n m =O.v m 17..
participating in eight Credits Programs with total project costs = - - -— -— - o
of $8.2 million and Metropolitan's share $3 million. ﬁo.u
; Reduced demands through water conservation has become
an increasingly important component of long-range planning in o O~ O O QO O Oy O~ O
Metropolitan. Due to limited reliable data, estimates of the B own o mmﬂm WM/W m% wwn/w %Wm m% %
effectiveness for conservation vary widely and as a consequence Nn=|w| AN O.W ‘6 o B N N 0..=0u o
are subject to considerable uncertainty. In order to determine (] Wm b4 no _hw( ﬁ% m..n/_u QR I~ O~ vl o
the effectiveness of each type of water conservation measure, b3 =0 — N~ O~ I - -~ - o
Metropolitan is conducting comprehensive independent evaluations < O - ()
for each of the eight projects now in various stages of m
completion. Results of these studies are expected to be 0
available within the next twelve to eighteen months. e ) (o) o O o o (o}
£ 5 3 e g © o S 8 8 |8
The Credits Program is the cornerstone of ) ME.& wl S Q Q <o <Q 5 o o <
Metropolitan's conservation activities. Through the use of ElE3o|#|d e 8 8 R @ 8 @ ©
financial incentives, Metropolitan aspires to maximize the E mmc had N ~ o ™M o o o ] -
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Item 8, Appendix 2. ?.

*Close Coupled Washdown w.c. Design, the Case For a 6 Litre Flush Volume’, J. A.
Swaffield, R. H. M. Wakelin, Drainage Research Group, Dept of Building Technology,
Brunel University, UK., 1982.



CLOSE COUPLED WASHDOWN W.C.
DESIGN. THE CASE FOR A SIX
LITRE FLUSH VOLUME.

by
Dr J.A. Swaffield and Dr R.H.M. Wakelin

Drainage Research Group,
Department of Building Technology,
Brunel University, Uxbridge, Middx.



Close coupled washdown W.C. design, the case for a six litre flush volume.

by

Dr J.A. Swaffield, and,
Dr R.H.M. Wakelin,

Drainage Research Group,
Department of Building Technology,
Brunel University,

Uxbridge,

Middlesex UB8 3PH

SUMMARY

The case for reduced flush volume operation of w.c.'s is presented in the
context of national water usage. The parameters governing efficient close
coupled washdown w.c, operation at reduced flush volumes are identified,
Six litres is shown to be a realistic minimum flush volume, within the
limitations of cistern and siphon operation. Modifications to the design of
trap shape and trap volume of close coupled washdown w.c.'s are shown
to be capable of providing satisfactory w.c. performance at a 6.0 litre

flush volume,

February, 1982,
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1, The need for water conservation w.c. design

Water conservation may seem to have little justification if it is viewed as
an isolated design objective, However, it is necessary to consider the effects
of water conservation in the wider economic context. Whilst some water uses,
such as indﬁstrial processes or agriculture, incur little expenditure in treatment
either on supply or disposal, this is not the case for domestic usage, where both
water treatment and sewage disposal costs have to be met. Additionally, the
upward trends in life style expectations and improvements in sanitary conditions
inevitably lead to increasing demands for domestic quality water supply, these
demands’ in turn leading to increased capital expenditure on supply and dispoéal
systems.

Against these economic considerations, water conservation may be seen as
both a viable and worthwhile design exercise. Walker (1) outlined the major
problems facing the water supply industry and identified water wastage through
leakage, or apparent wastage through faulty recordings, as accounting for some
20% of daily national consumption. Obviously detailed design of appliances and
processes to reduce water usage cannot readily be seen to compete with this
figure, however the water authorities are currently engaged in efforts to reduce
the unaccounted loss figures and the situation may be expected to improve (1),
so that a detailed study of water usage, such as that presented by Webster (2),

remains helpful.

2513

Water for industrial purposes

33y .
Industrial supplies
301
Bs Other domestic
503 uses
15 x 10% o3 - -
m~ per day 424 Water for domestic
Pul_:;ic water supply Non-industrial supplies - purposes 20 %
. We
25w

Distribution lossun

Figure 1. Estimated use of public water supply {after Webster (2)}.



Webster's estimated use of pl;blic water supply, including a 25% distribution
loss, presented in Figure 1, shows that of the national usage of water, 20% is
utilised for w.c. flushing, A trivial calculation based on a reduction from
9 litres per flush to 6 litres per flush for each w.c. indicates a possible saving
of approximately 7%, or 1 x 106 m3 per day. However, this conclusion is
totally dependant on the ability of either existing or new w.c. designs to provide
a satisfactory performance at the reduced volume of flush, Naturally, unsatisfactory
performance, leading to repeated flushes, is totally counterproductive as it would
inevitably lead to increased usage. It is therefore imperative tﬁat a detailed
assessment of w,c, performance at low flush volumes be undertaken prior to
- introducing the appropriate legislation,

Preliminary work in this area, reported by Swaffield and Marriott (3) in 1978,
indicated a relationship between flush volume and trap volume. However, this work
was limited in that it was a totally university based project with no industrial
involvement in modelling, the results being based on two available washdown pans.
However, this work led to close contacts between Brunel and the industry through
CBCSM and to a joint 3 year research programme dedicated to an investigation
of the w.c. design parameters governing successful performance at reduced flush
volumes, |

The research programme, carried out by the Drainage Research Group at
Brunel University was intended primarily to investigate the possibility of reduced
flush volume operation for close coupled washdown w.c, designs. The project
was undertaken in a number of phases, as outlined below, however the research
programme was organic in that its course responded to both the research findings
and to detailed discussions between CBCSM and the Brunel team. Overall, the -
programme may be seen as having been comprised of the following phases:

(i) Development of improved qu:i'ntitative test methods to measure the
performance of close coupled washdown w.c. 's at reduced flush volumes,
(11) Determination of the acceptability or otherwise of the use of reduced
flush volumes with existing close coupled washdown w.c. designs.
(iii) Systematic study of the effect of désign parameters, such as seal
depth, water surface area, trap volume, trap passage dimensions, etc.
(iv) Synthesis of the results of the research into a modiﬁed close coupled
washdown w.c, design that would be based on an existing w.c. and

subjected to both laboratory and installed site testing.



The main results of this research programme and the basis for the decisions

taken during the programme are presented in this report.

2. Quantitative tests developed to study w.c. performance

The first phase in the programme was the development of quantitative tests
capable of discriminating between the effects of the various w.c. design parameters.
These tests in themselves represent a new approach to the subject area, as
previously the majority of tests methods available were qualitative, or of the
"go - no go" variety. While these tests were primarily developed for the close
coupled washdown w.c, test programme, they have a significantly wider ;ppﬁcation.

In order to obtain a better understanding of the mechanism of w.c. operation,
and the importance of individual design parameters, it was necessary to vary the
applied flush volume beyond the limits of either legislation or design desirability.

The developed tests are set out below:

@) Flow Rate
This test involves the measurement of time dependant water flow rate
out of the cistern, and both into the w,c. bowl, and subsequently out
of the bowl, by monitoring the depth changes in the cistern and a w.c.
discharge collection tank with pressure transducers. Flush volumes
of 9.0, 7.5, 6.0 and 4.5 litres were used, an average of 10 flushes
being taken. The volume build-up rate within the w.c. bowl was also
monitored by a float driven linear displacement transducer,

(ii) British Standard Ball
The 43mm diameter, 1.07-1.08 specific gravity British Standard (w.c.)

Ball was introduced into the w.c. bowl, Using flush volumes of 9.0,
7.5, 6.0 and 4.5 litres, the volume of water ahead of the ball as it
was discharged from the w.c., and both the volume and waterhead in
the w.c. bowl above seal water level on ball discharge, were measured.
A mean value of twenty flushes was taken for each flush volume.

(iif) Single Density Multiple Ball

In this test fifty 20mm diameter plastic spherical balls of known specific
gravity were placed in the w.c. pan. Using flush volumes of 9.0. 7.5.
6.0 and 4,5 litres, the number of balls discharged from the w.c. was
noted. Nine sets of different specific gravity balls (0,236-1.235) were

used for each of the flush volumes, results being averaged over 10 flushes.



(iv)

v)

(vi)

(vii)

(viii)
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Multiple ball test utilising French Ball specific gravity

Unlike the multiple ball test, the French Ball (S.G. = 0.84) test was
carried out using 30 balls - efficiency again being defined by a ratio
of the discharged number of balls to the total number for ten fh;shes.
The Powder (Sawdust) Test

The internal surface area of the w.c, bowl between the lower edge of
the rim and water seal surface were treated with sawdust, and the
ability of the water to reach or clean all parts of the bowl was then
estimated.

Concentration

In this test, a known concentration and quantity of potassium permanganate
solution was added to the seal water - ensuring a thorough mix and
maintenance of usual seal water level, Using flush volumes of 9.0, 7.5,
6.0 and 4.5 litres, a sample of the seal water was taken before and
after each flush for colorimetric/concentration analysis, results being
averaged over five flushes.

Rim Resistance

This test involved varying the flow of wa.ter into the w,c. bowl from
10 litres/minute to 200 litres/minute (0,17-3.3 litres/sec.). This
enabled the rim plus inlet resistance to be measured by the change
in supply back pressure reading as the flow rate was varied.

The Paper Test

Four different grades of paper were used in this test:

@ 'Hard' plain, single Izal sheets of size 125mm x 125mm,
50.3 secs absorbency and 4.2 grams/12 sheets

(ii) 'Hard' rolled, single lzal sheets of size 115mm x 136mm,
53.9 secs absorbency and 4.2 grams/12 sheets

(iii) Winfield 'soft' ply double tissue of size 125mm x 125mm,
50.8 secs absorbency and 6.5 grams/12 double ply sheets

(iv)  Andrex 2 'soft' ply luxury tissue of size 139mm x 112mm,
12.3 secs absorbency and 6.4 grams/12 double ply sheets

For each flush, 12 separate sheets of paper were loosely crumpled
and placed individually into the w.c. pan and flushed within 20 seconds
of the start of the operation. Flush volumes of 9.0, 7.5, 6.0 and
4.5 litres were used and the operation was carried out five times for

each flush volume,



(ix) Sponge Test

Ten 63mm x 19mm x 19mm synthetic sponges with all the air removed

were placed into the w.c. pan and flushed.

3. Suitability of existing close coupled washdown w,c, designs for reduced
flush volume operation

Detajled reporting of the test results would be inappropriate and therefore
only sample results are presented in Figures 2 to 4, However, some trends

revealed by the test programme may be clearly identified,

| @) as expected thers was a deterioration in performance in all the tests
as the flush volumes were reduced from 9 litres.

(ii)  high cistern discharge rates, even at reduced flush volume, resulted
in improved multiple ball discharge efficiency, at all multiple ball
specific gravities, This was due to the increased momentum transfer
to the solids in the w.c., bowl,

(iii) high cistern discharge rates did not improve the residual concentration
test results, designed to simulate urine removal, due to the increased
mixing in the bowl caused by the higher kinetic energy of the cistern
discharge.

(ivy a marked deterioration, of the order of 2 to 4.times, in residual
concentration was noticeable between 6,0 litres and 4.5 litres total
flush volumes.

W) trap seal volume was seen to correlate with improved performance,

i.e. reducing trap volume improved the multiple ball and residual
concentration results,

(vi) surface cleaning, within the limits of the sawdust test, was not found
to be a problem.

(vii) paper removal below 6 litres total flush volume was considered to
present difficuldes with the existing designs of close coupled washdown
w.C, tested,

Based on the results obtained in this initial phase of the research, it was
decided to continue with a systematic appraisal of the effects of individual trap
design parameters cn close coupled washdown w.c. performance, with the aim
of prodr=izgz 2 close coupled washdown w.c. 'design capable of improved, or at
least commnzatls  garfirmasnes at reduced flush volume relative to existing close

coupled washdéown w...'s at 9,0 litre flush volumes.



{unu) taaal tees deay saoqe da-pring yidep zaaeM

{wm) (oAt tvas dexy eaoqe dn-pring tpadep aeaen

ze (seconds)

-
red

—a A

. - « . - -

me {seconds)

Ti

Sample results of cistern discharge flowrate, W.C. discharge flowrate

sl eemdeman A

| _J I | _ | _ | _ I | _ | _ | _ | _ | I | _ ] I ._,ll
u A a w a m E a Q2 5
> s
l— %] — =] -
s o 5
. -]
@ 0
=] [ %)
™ (M
I
I m
B y _ :
"~ -
= 33 -
- 813 5 ¢3 o
S "~ —_ gl v 4 v A
blg 38
..\\\ 9 » u
\.t\. m.u"een
[(Wed wlt o oA
— eV A "]
— 4 0 g
/ ———— A
.o - o o
o] — |s 2 gE
.. L . 53
w....w
.\ [+ I .\l\\\
@ O ¥ 8 e
— T - o 9 4 4
... oo 3 it - SN
I,...e m%.hu.
Q... ] £
B Y = S O T GO O O PEe
I B N B N I 48
g5 °
£ s oy 5
51 hou oo 2
— 4 0oz 2 )
=~
- .— &
] I o}
o b 5
i ! 5
B | _ s,
X =1 3]
] 21 _ s
3¢ 5] <
- ® ._ v
A __
o
g
-l
[
USRI o
e
-
&\\
~ o, ~ : )
A R NN EE R
| ol IR NN RN MR s steak St ! I J
1 n  tedoed TR 0 R PO Y N
(PUGoo6/5a331 (] 9a%AR0[5 obavios]q

Figure 2.



A U L N B B B B

.0 litre flush x % 8 = —
5 litre flush
O litre flush
5

— 90

¢« O 4 X

9
7
]
4

O + X
L]

litre flush

"-70 4 x —

Percentage W.C. flushing efficiency
O

X i
psteeas— + ——
-—30 ! ——

L ] o x
hmmp— e [E——
-10 . -
. ’ - —
0.1 ' 0.3 l 0.5 { 0.7 c.9 , 1.1 [ 1.3
| | | | l | |

Specific gravity of multiéle test balls

Figure 3. Sample results of W.C. flushing efficiency plotted against
’ specific gravity of multiple test balls for flush volumes
of 9.0, 7.5, 6.0 and 4.5 litres.

Percentage relative residual concentration
{
[N}

—l l 3 I 5 ‘ T l 9 I 11 l 13
| i ] I | | |

Flush Yolune (litres)

Figure 4. Sample reults of percentage residuald - n ‘ration

Plotted against flush volume.

o

nc

(]



4, Influence of individual design parameters on close coupled washdown
w.c. performance

Figure 5 illustrates, in a schematic fashion, the hydraulic and legislative
constraints within which close coupled washdown w.c. design may be undertaken,
In order to establish the influence of the individual parameters indicated on the
final performance, it was necessary to both cross the barriers represented by
these constraints and to overcome the limitation imposed on inflow rates by
siphon operation with a mechanical pumped inflow system capable of maximum
flowrate and duration control, Figure 6 illustrates the facility désigned for this
purpose. The full range of quantitative tests described previously were utilised
with this test installation and systematic w.c. parameter changes were achieved

" for trap seal depth, trap volume, and discharge passage dimensions.

*water surface area

_ *discharge passage
width to accept
B.S. Ball test

*trap seal
=50mm.

DESIGN FREEDOM WITHIN THIS AREA -

9 litre horizontal
£lush outlet

volume design

max. £low rate from
cistern via siphon

*These parameturs are determinants of trap volume.

Figure 5. Schematic representation of the hydraulic and legislative
constraints defining close coupled washdown W.C. design.



The horizontal outlet design was retained in all tests as the research was
confined to a consideration of the hydraulic design of the appliance without
imposing criteria onto the aesthetic freedom of the designer.

Similarly, the initial testing of available close coupled washdown w.c.'s -
had shown that the area of design displaying the maximum potential for improvement
was the trap volume and passage shapes below the water line, For this reason
no work was undertaken on rim or cistern and siphon design, however this area
remains as a possible future topic.

An existing close coupled washdown w.c, with an initially large trap volume
was chosen as the basis for the tests, The back plate, Figure 7, was removed
prior to firing and replaced by a perspex plate so that trap seal depth could
be varied. Similarly, the effect of reducing total trap volume, by restricting
the water surface area and passage dimensions was studied by rebuilding the
internal shape of the trap with surface coated plaster of paris.

The series of tests undertaken with the modified w.c. trap and water

seal dimensions highlighted a number of conclusions:

(69 the flow rate to the w.c. bowl should be in the range 1.5 £/s to
2.5 ¢/s, however no advantage was measurable above this range.

(ii) the discharge rate from the wc which is 2 function of the
resistance of the trap passages, should be above 1.0 /s.

(iii) reducing trap volume is undoubtedly the key consideration in
improving the hydraulic efficiency of close coupled washdown
w.c.'s without impairing aesthetic design freedom.

(iv) the tests, which included trap seal values less than 50mm and
a range of passage dimensions, indicated that a relationship existed
linking both residual concentration efficiency and multiple ball discharge
efficiency to the design parameters of trap volume, total flush volume.
seal depth and maximum seal passage dimension. In both cases

an expression of the form

= Seal volume x  Seal depth
Flush volume Seal passage

was developed.
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Figure 7. Schematic (NTS) of experimental W.C. with back plate removed and showing
the (usual) seal depth and maximum or allowable seal passage (D).




In parallel with the controlled inflow tests, siphon operated cistern results
were also obtained at each trap volume and seal depth modification stage, These
results are shown in Figures 8 and 9 and confirm the form of the relationship
developed with the mechanically controlled flow facility.

Following discussion of the practicality of the reduced trap volume w.c.
design for limited production, three models were produced, namely Mk I, II
and 1II. The Mk I close coupled w.c., based on an existing design, failed at
the firing stage and the mould was corrected to form the Mk II. The Mk III
was a similar reduced trap volume, close coupled, washdown w.c. based on
another manufacturer's existing model. Both Mk II and Mk III models complied
with the SOmm trap seal depth requirement, Figure 7, however while the trap
passage was adequate to allow the B.S. ball test to be complied with, geometry
inevitably dictated that the water surface areas of both models were less than

those recommended at present.

5. Laboratory and site testing of trap volume modified close coupled
washdown w.c.'s

Table 1 compares the performance test results for the Mk II and III w.c.’s
and their respective parent w.c.'s. The trap modifications were sufficient
to yield comparable, and often improved. laboratory results at a 6.0 litre
flush volume relative to a 9.0 litre flush volume for the pareat w.c. While
the performance tests have concentrated on the efficiency of w.c, evacuation,
trausport of solids in the downstream drainage system is also important.
Considerable work at Brunel has been devoted to developing suitable test criteria
for solid transport, (4), much of it supported by the Association of Sanitary
Protection Manufacturers, Both the Mk II and Mk III w.c.'s at ‘6.0 litre flush
volumes were found to provide satisfactory transport capability to a range of
sanitary products, of saturated mass in the range 60 to 200 gms. It was
concluded therefore, that the transport performance exhibited by the modified
w.c. 's at a 6.0 litre flush volume were satisfactory.

- Site testing was undertaken at Brunel, where the Mk I and III modified
close coupled washdown w.c.'s were installed in toilet facilities serving the
library, administration offices, student accommodation, academic staff offices
and lecture theatres. Monitoring of the site testing was undertaken by a

variety of methods including:
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@) Daily checks on pan surface fouling, or paper or solids left in the
pan after flushing. .

(ii) Weekly checks of manholes along the drains serving the modified w.c. 's.

(iii) Weekly checks of cleaning and drain maintenance records,

(iv) Toral flush volume for each w.c., was calibrated and set to the desired
6.0 litre level in each installation. Counters both in the w.c. cistern,
and concealed in the cubicle doors allowed the number of flushes per
user as well as the total water volume used to be recorded.

(v) A questionnaire designed to determine user acceptance was devised and
completed by a wide range of users, including students, staff, visitors,
etc., in an interview type situation.

The results of these tests were that the modified w.c,'s caused no adverse
user reaction, the number of flushes per user was recorded as close enough
to unity to indicate no user tendeacy to consistently re-flush, the study of
cleaning and drain maintenance reports indicated no problems of pan fouling
or drain deposition,

The overall impression of the site tests therefore must be that the modified
low trap volume close coupled washdown w.c, operated satisfactorily in a wide

spectrum of user applications,

6. Conclusion

The need to conserve water may be supported both on design and economic
grounds. The work reported was specifically designed to highlight those parametefs
in the design of a close coupled washdown w,c. that could most readily be modified
to yield satisfactory w.c. performance at reduced flush volumes. Through close
collaboration, good relations and many discussions between the Brunel Drainage
Research Group and CBCSM, it was possible to arrive at design solutions that
achieved the hydraulic improvements necessary without impairing the designer's
aesthetic freedom. o

In particular, the work has shown that trap volume modification may be utilised
to achieve satisfactory close coupled washdown w,c. performance at a 6,0 litre flush
volume without modification to existing rim, cistern or siphon designs. This volume
also corresponds, from the residual concentration tests, to a lower limit as below this
volume the residual concentration in the trép water rises significantly.

These conclusions are supported by extensive laboratory testing and by monitoring

performance in a wide range of installed site conditions on the Brunel University campus,
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Assessment of w.c. performance using
computer-based prediction techniques.

by
J.A. McDougall and Prof. J.A. Swaffield

Heriot-Watt University,
Department of Building Engineering,
Riccarton,

Edinburgh,

EH14 4AS

- SUMMARY.

The water flows encountered within a building drainage network as a result of appliance
discharge are inherently unsteady, the local flow at any point in the network being dependent
upon both the usage pattern of the appliances and the attenuation imposed upon any discharge
due to its progress through the network. Such wave attenuation depends upon both the
physical parameters of the network, such as pipe slope, diameter, roughness and junction
design, and on the form of the actual discharge itself. High amplitude, short duration flows
attenuate more rapidly than those featuring longer duration times or more gradual changes in
flowrate. The interaction of such discharge profiles on combination at junctions introduces a
further time dependent component into any design load calculation. The transport of waste
solids within such flows is therefore a complex process, dependent on all the afore mentioned
parameters as well as individual solid mass and size.

While the flow conditons within building drainage systems may appear at first sight to be
complex, they belong to a well understood category of unsteady flows within the wider field of
fluid mechanics. The necessary solution techniques have been available for some time,
awaiting the advent of reliable, fast computing. This paper presents an extension to the method
of characteristics model of unsteady partially filled pipeflows to allow the transport of waste
solids in attenuating and combining appliance discharge flows within complex building
drainage networks to be simulated. In particular the simulation addresses the interaction
between the appliance discharge profile and the design of the drainage network, thus allowing
the suitability of any particular wc design to be evaluated at the system design stage. This
process may also be seen as a means of determining the required wc discharge performance to
yield a particular solid transport performance in a particular network, and is therefore of direct
relevance to appliance manufacturers and drainage system designers. It will be shown that we
performance may be characterised by a single coefficient dependent upon both appliance and
network, emphasising the interactive nature of the design problem.
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1. INTRODUCTION
1.1 Background

The water flows encountered within a building drainage network as a result of appliance
discharge are inherently unsteady, the local flow at any point in the network being dependent
upon both the usage pattern of the appliances and the attenuation imposed upon any discharge
due to its progress through the network. Such wave attenuation depends upon both the
physical parameters of the network, such as pipe slope, diameter, roughness and junction
design, and on the form of the actual discharge itself. High amplitude, short duration flows
attenuate more rapidly than those featuring longer duration tmes or more gradual changes in
flowrate. The interaction of such discharge profiles on combination at junctions introduces a
further time dependent component into any design load calculation. The transport of waste
solids within such flows is therefore a complex process, dependent on all the afore mentioned
parameters as well as individual solid mass and size.

While the flow conditions within building drainage systems may appear at first sight to be
complex, they belong to a well understood category of unsteady flows within the wider field of
fluid mechanics. The necessary solution techniques have been available for some tme,
awaiting the advent of reliable, fast compuﬁng. The research required to allow the development
of drainage simulation models has been regularly reported to CIBW62 meetings and has been
summarised by Swaffield and Galowin (1992). Such simulations allow the local flow
conditions in a drainage network to be predicted, dependent upon the usage pattern of the
connected appliances, the form of individual appliance discharge profiles and the design of the
drainage network. The transport of solids within such attenuating appliance discharge, and as
affected by combining flows at junctions, may be simulated providing a suitable model of the
relationship between solid velocity and the velocity of the surrounding flow can be established.
This paper extends the model introduced by McDougall and Swaffield (1993) and illustrates its
application as an aid for both system designers and we manufacturers. :



. A

The design and selection of w.c.s has, to date, been empirical and experience-based. The
manufacturer has to rely on laboratory tests to determine the effectiveness of a particular design
of w.c., in many cases such tests are merely conformance to standard rather than performance
evaluations; while the architect/engineer choosing a w.c. for a particular system installation is
limited to making comparisons based on appearance, cost or manufacturer’s reputation.
Meanwhile, the design of the drainage system to which the w.c. will be connected has
historically been based on the Fixture Unit method, which is statistically based, the statistical
basis relying on data gathered under steady-flow conditions. No account is taken of the
varying nature of the flows found in building drainage systems, nor of the lengths of the pipes
to which the w.c.s are to be connected. None of these techniques allow an evaluation of the
effectiveness of a particular wc for a particular drainage network operating under set design
conditions, such as a requirement to introduce water conservation measures or to meet set
maintenance targets. '

- This paper will illustrate the benefits of a simulation approach to the design of drainage

networks and the selection of appliances. As such the simulation techniques presented will be
of relevance to both designers and manufacturers and for the first time will introduce the
concept of appliance rating to meet a partcular set of design requirements.

1.2 Development of the Solid Velocity Model

A computer-based solid velocity model has now been developed, based on laboratory
measurements carried out at Heriot-Watt University. The model, which is an addition to the
pre-existing simulation designed to predict flow velocities and flow depths throughout a

building drainage network, is that reported at the CIB/W62 1993 Seminar (McDougall &
Swaffield) as partly complete.

The combined model is capable of predicting flow velocites, flow depths, and solid velocities
throughout any building drainage network based on known flow rates, and includes a facility
to take account of simulated defects. To allow the model to work in all possible defective
system situations, it has been necessary to extend it so that it will work for pipes with positive
or negative slope in conjunction with flows in either the positive or negative direction.

At present, the solid velocity part of the model is based specifically on American National
Bureau of Standards (NBS) solids 80mm long and 38mm diameter with an S.G. of 1.05, and
this is the solid assumed to be used throughout this paper. However, work is now being
carried out at Heriot-Watt University to enable the model to be generalised so that it will be
capable of predicting velocities for solids of any diameter and S.G. Length of the solid is

being ignored as it has been determined that it is not one of the major factors affecting solid
velocity (Bokor, 1982). '

Figure 1 gives a graphical illustration of how the model is used to calculate solid velocites in a

100mm diameter coated cast iron pipe set to a slope of 1:100 (0.01). The flow velocity has
also been shown for comparison. '
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Figure 1 An illustration of the solid velocity model for 100mm diameter
coated cast iron pipe at a slope of 1:100 (0.01)

Whether a given solid is in motion or static is determined on the basis of flow depth. Where
the depth is below a certain level, determined by the diameter and slope of the pipe, the friction
between the solid and the pipe wall exceeds the sum of the forces trying to move the solid and
the solid is therefore static. This corresponds to flow region 1 in figure 1.

If it has been determined by the above test that the solid is in motion, the solid velocity is
calculated based on the theoretical average flow velocity at the point in the flow occupied by the
solid. There are two different flow regions to be considered here; region 2 where the solid is
in motion but retains some contact with the pipe wall, and region 3 where the solid has lifted
off entirely. In flow region 2, friction occurs between the solid and pipe wall, so the solid
velocity is likely to be less than the average flow velocity, but will tend towards and eventually
slightly exceed the flow velocity as the flow rate increases. In flow region 3, there is no longer
significant friction between the solid and the pipe wall; the solid velocity is likely to be slightly
in excess of the average flow velocity, because it is u'avellmg in that part of the flow cross-
section furthest from the pipe walls.

The model automatically takes account of which of the three fore-mentioned flow regions the
_solid is in at any one time and calculates the solid velocity accordingly.

Laboratory observation and measurement have shown that the acceleration and deceleration
rates of the solid are not necessarily the same as those of the surrounding flow due to inertia
effects. While the tendency will be for the velocity of the solid to move towards that dictated
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by the immediately surrounding flow conditions, such change may be more gradual than the
rate of change of the flow velocity. This limitation on the rate of change of velocity of the solid
occurs because the weight of the solid will tend to oppose changes in its velocity. Therefore,
limiting factors for acceleration and deceleration have been incorporated into the model based
on laboratory measurement, to prevent possible unnaturally high acceleration or deceleration of
the modelled solid giving rise to misleading answers.

2. METHODS OF ASSESSING W.C. PERFORMANCE

In this Section, various possible methods of assessing w.c. performance are presented and
discussed. Actual comparisons between the performances of different w.c.s using these
methods are then presented in Sections 3 and 4.

To assess w.c. performance using numerical solid transport prediction techniques, it is
‘necessary to make some assumption as to when a solid is likely to leave the w.c. bowl and
“"enter the pipe. It is possible to assume simplistically that the solid enters the pipe at, say, the
start or the mid-point of the flush, and determine its predicted travel distance on that basis.

However, in practice, solids will enter the pipe at various times throughout the duration of the
flush. Therefore, what is required is a method of averaging the predicted travel distances
resulting from various insertion times throughout the flush so that a weighted average figure
will represent the average distance a solid will travel for a given w.c./pipe combination.

2.1 Using Statistical Averaging Methods

One possible way of representing solid entry dmes is to use a statstical diszibution curve. The
chi-square family of curves is similar in use to the Poisson distribution curve. However,
unlike the Poisson curve that is centred on a specific point, it consists of a whole family of
curves each with differing degrees of skew, dependent on the number of degrees of freedom
present. These curves, whilst being intended for entirely different uses to that proposed here,
are suitable for the purpose, and can be used to represent the distribution of entry times, the
average occurring at any desired point during the flush profile.

Chi-square tables can be found in any statistical text-book. In this application, it is firstly
necessary to calculate the degree of skew inherent in each of the curves represented in the
tables. To quantify the degree of skew, a “skew factor” has been used. The curves are each
divided into ten equal bands, and the skew factor calculated for each using the term

i=10

'2("}’:') 20

izl
where y; is the proportion of the area below the curve in band i to the total area below the
curve, as shown in figure 2. These calculations produce a table of chi-square curves, each of
which has a weighting value for each of the ten bands and a skew factor. The value of the
skew factor will always be greater than 0 and less than 1, a skew factor of 0.5 representing a
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centred curve (i.e., zero skew) whilst values below 0.5 are forward-skewed and those above
0.5 rearward-skewed.

The flush profile is similarly split into ten equal bands, on the basis of flush volume rather than
time. For each of these bands, it is firstly necessary to calculate the time that represents the
mid-point of that band. Secondly, the skew factor inherent in the flush is calculated, by
dividing the time taken for the first half of the total flush volume to enter the pipe by the total
flush duration. Thirdly, the weightings for each of the ten bands are interpolated from the table
derived as described above, on the basis of the skew factor. The solid deposition distance
relative to each insertion time is then determined using the solid velocity model, and the overall
weighted average calculated.

Calculations of flush ratings were done initially using distribution curves with skew factors of
0.25 and 0.5, the distribution charts of which are shown in figures 2 and 3. The problem here,

- however, lies in deciding which of these, if either, more accurately represents the actual flush
pattern.

2.2 Using Flush Profile Biasing

An alternative way of determining a likely diszibution pattern is to assume that solids will enter
the drain for the full duration of the flush, the proportion of solids entering during any one
pericd being in proportion to the percentage of the total flush volume leaving the w.c. during
that period. As with the chi-square weighting methods, the widths of the bands are determined
on the basis of equal flush volume, not time.

Once the bandwidths have been determined, calculation proceeds in the same way as described
in Sub-secdon 2.1.

This method was chosen as most closely representing the various possible solid insertion
times, as it gives a single figure that will characterise the performance of a w.c. within a given
situation, the figure being biased to reflect the effect of skewed distributions. While the
method is not likely to represent exactly the spread of actual insertion times, it is likely to give a

bias to the results which will take into account all factors inherent in the flush profile of the
w.C. being tested.

2.3 Solid Transport on Second and Subsequent Flushes

The method outlined under Sub-section 2.2 produces a single figure that represents the average
distance a solid is expected to travel on its first flush. Thereafter, to determine how far the
solid is likely to travel, it is necessary to calculate how much further the solid will be moved by
each subsequent flush. |

This is possible using the same computer model as is used to calculate the travel distance for
the initial flush, with the starting distance for second and subsequent runs being the finishing
distance for the previous run. By using the output from one run as the input for the next on an
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iterative basis, it is possible to perform this operation automatically, thereby calculating either
the maximum travel distance for that solid in that situadon, or, alternatively, how many flushes
are required to move the solid a given distance.

The process is shown diagrammatically in figure 4, where x-final (the total travel distance
following a flush) is plotted against x-initial (the total travel distance prior to that flush). The
steps required to calculate the number of flushes to clear 30 metres is shown.
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Figure 4 Final flush distance plotted against initial flush distance

The calculations described above could not have been carried out by hand; a computer program
is necessary for this purpose. This program is capable of running multiple set-ups in batch
mode, combining any number of different w.c. flush profiles with any number of different
pipe diameters, materials and slopes, and any desired baseflow. |

3 SOME SAMPLE COMPARISONS OF W.C. PERFORMANCE

The comparisons between the performances of the various w.c.s described in this Section have
been done using flush profile biasing, as discussed in the previous Section, for the first flush.
The travel distance thus calculated for the first flush has then been used as the basis for
multiple-flush evaluations. In practice there would continue to be a spread of travel distances,
although this will decrease further along the drain.

All tests have been done assuming the w.c. is connected to a long, straight coated cast iron pipe
ata slope of 0.015 with a baseflow of 0.1 litres/second, the only variation being in the diameter



of the pipe being used.

3.1 The Effects of Variations in Flush Volume

Figure 5 shows the flush profiles for six w.c.s, which have been numbered, for convenience,
from 1 to 6.

Figure 6 shows the results obtained using w.c.s 1, 2 and 3, with flush volumes of 11.2, 12.6
and 13.25 litres respectively, each connected to a 100mm diameter pipe. The graph shows
that, to move a solid beyond 100 mewes down the pipe requires 19, 13 and 12 flushes
respectively.

Compare the previous figure with figure 7, which shows the results obtained using w.c.s 4, 5

and 6, with flush volumes of 3.6, 5.94 and 6.84 litres respectively, each connected to 2 75mm
-diameter pipe. This time, the graph shows that, to move a solid beyond 100 metres down the
" pipe requires 28, 7 and 7 flushes respectively.

This gives a clear demonstration of the effect of water conservation measures on solid
ransport. The 3.6 litre w.c. does not perform as well as the larger w.c.s in this situation.
However, leaving this w.c. aside for the moment, the results obtained for the other two low -
flush volume w.c.s show that increased solid ransport performance is possible while using
considerably less water per flush, simply by decreasing the diameter of the pipe. It is possible
to optimise further the performance of these w.c.s, up to a point, by increasing the slope of the
pipe where site conditions allow, and this is where the 3.6 litre w.c. is likely to work best, i.e.,
with 75mm diameter pipes at slopes of 0.02 or greater.

3.2 The Effects of Variations in Flush Duration, Skew Factor and Peak Flow
Rate

Figure 8 shows the flush profiles of five w.c.s, each having the same flush volume but
differing in flush duration, skew factor or peak flow rate from each other. Note that the flush
profile for w.c. 5, which was included in figure S, has been repeated here for clarity. Skew
factors, where not shown, are equal to 0.5. All tests in this Sub-section have been done
assuming a 75mm diameter pipe. For the moment, we are interested in w.c.s 5 and 5a to Sc;
w.C. 5d will be discussed in the next Sub-section.

Duration - Figure 9 shows a comparison of the results for two w.c.s having identical flush
volumes, skew factors and peak flow rates, but with different flush durations. The w.c. with

the increased flush duration performed very slightly better in this test (by about 2%), but the
two sets of results are very similar.

Peak Flow Rate - Figure' 10 shows a comparison of the results for two w.c.s having
identical flush volumes, flush durations and skew factors, but with different peak flow rates.
The w.c. with the higher peak flow rate performs considerably better on the first flush (by
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about 70%). However, the two sets of results are coming closer as the total distance
approaches the limit of 100 metres. ‘

Skew Factor - Figure 11 shows a comparison of the results for two w.c.s having identical
flush volumes, flush durations and peak flow rates, but with different skew factors. The w.c.
with the forward-skewed flush profile performed very slightly worse in this test (by about
1.4%), but the two sets of results are very similar.

The above comparisons show that it is possible to determine whether a change in one of the
factors representing a flush profile is likely to improve or worsen the performance of the w.c.
in a given situaton. It should not, however, be assumed that a change in one of the factorsin a
given direction will always affect performance in the same direction - every case would haveto
be individually investigated.

_; 3.3 The Effects of a Combined Variation in Peak Flow Rate and Flush

Duration

Referring again to Figure 8, w.c.s § and 5d each have the same flush volume and skew factor,
but different peak flow rates and flush durations. Effectively, w.c. 5§ has a gravity cistern
while w.c. 5d has a pressure cistern.

Figure 12 shows a comparison of the results for these two w.c.s each connected to a 75Smm
diameter pipe. The first flush carries the solid 9.92 mewes and 22.24 metres, respectively,
down the pipe, whilst to carry the solid beyond 100 metwes down the pipe requires 8 and 9
flushes respectively. The pressure cistern (w.c. 5d) is clearly seen to carry the solid a
considerably greater distance on the first flush than the gravity cistern (w.c. 5). The situation
is reversed, however, for pipe lengths in excess of about 45 merres.

Thus, this example has clearly demonstrated that a w.c. which has been shown to perform well
in a given situation is not necessarily the best w.c. for all situatons.

4. APPLICATIONS OF W.C. PERFORMANCE ASSESSMENT

It has been shown that it is now possible to summarise w.c. performance in a single figure for
a given situation, whether that figure be distance travelled following a single flush, the number
of flushes required to travel a given distance or the maximum travel distance beyond which a
solid will not be affected by further flushes. Therefore, it is possible to make direct
comparisons between a range of w.c.s to assess which is likely to perform best in a given
situation. Alternatively, where a w.c. has already been chosen, it would be possible to run a
variety of situations to determine which pipe diameter / slope / material combination would give
the best performance.

13
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Whilst the examples presented here have only shown results based on a single w.c. flushing
into a single long pipe, this has been done for the sake of simplicity. The techniques already
developed would allow evaluation of w.c.s in complete building drainage networks, with one
or more w.c.s flushing at various times and, as required, sink, wash-basin, shower and bath
flushes added.

As an example of the various possible methods of comparison presented in this paper, Table 1
below shows results on a 100mm diameter pipe for w.c.s 1 to 3 using all the methods

~ previously discussed. As can be seen, the w.c. with the greatest flush volume (w.c. 3)

performs best on the first flush if it is assumed that the solid will be inserted at the start of the
flush. However, all three of the methods of evaluation which employ some kind of weighted
average show that w.c. 2, with a lesser flush volume than w.c. 3, performs best overall on the
first flush. Finally, the last column shows that w.c. 2’s advantage on the first flush, and

therefore in short pipes, is not in evidence in long pipes.

<---- Distance travelled on first flush (metres) ---->
W.c. Flush Insertion  Chi-square  Chi-square Flush Flushes

volume at ime biased biased profile to move
(litres) Zero (skew=0.25) (skew=0.50) biased solid
100m
1 11.19 14.93 12.72 10.54 9.40 19
2 12.6 17.82 15.92 12.24 11.42 13
3 13.25 17.95 15.20 12.01 10.54 12

Table 1 A comparison of various methods of evaluating w.c. flush
performance

It will be clear from the examples given in this paper that it is possible to use the techniques
presented as a design tool for w.c. manufacturers, as the effects of variations in flush profile
could be rapidly and accurately predicted for any particular drainage network, or for any target
network that a future code committee might decide was representative of the range of
conditions likely to be met in practice. The use of such simulations would also allow the
interactive performance of the appliance and the network to be evaluated for any user defined
appliance usage profile, thus allowing the implications of such design constraints as water
conservation and maintenance regimes, based on probable solid deposition patterns, to be
investigated. This is not intended to suggest that numerical methods should be used as a
replacement for laboratory testing, rather the opposite as it would become even more important
for manufacturers to be able to provide reliable appliance discharge profiles as a basis for the
evaluation of the suitability of their product within any proposed drainage network. Thus the
use of simulation packages in parallel with appliance design would be a preliminary indicator to
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the w.c. designer prior to final product manufacture. Such a technique would remove many of
the uncertainties currently surrounding appliance choice, as well as providing the manufacturer
with a reliable measure of the product's capabilities in service.

5. FINAL REMARKS

This paper has outlined the application of numerical simulation techniques to the design of both
drainage systems and appliances. In doing so the paper has drawn on the output of a concerted
and planned research programme, whose objective was to introduce soundly based fluid
mechanics analysis techniques to the design of building drainage systems. The applications
described in this paper must be seen as concurrent with the design and analysis simulations for
vent systems presented by the other members of the research group at Heriot-Watt University.
Taken together, these proposals offer a new approach to the design and evaluation of building
drainage networks that emphasises an user defined appliance usage profile as the basic data
. required to drive the simulation, a departure from the probability based approach previously
- employed in system design. It must be swressed that the current probability/steady flow design
limits approach cannot by its very nature address the problems solved by this paper and the
accompanying vent system simulation, Swaffield, Campbell and Jack (1994). Equally it must
be stressed that the limitations of the current design methodology was fully recognised by
Hunter (1940) when he wrote

“..hence the conventional pipe formulae apply to the irregular and intermittent flows
that occur in plumbing systems only during that time (usually very short) and in that
section of pipe in which the variable factors involved (velocity or volume rate of flow
or hydraulic gradient and hydraulic radius) are constant’,

although this caveat may have been overlooked in its application over the past 50 years.

The current programme of research will continue with further laboratory measurement and
analysis of solid velocities using solids with different S.G.s and diameters. Itis expected that,
on completion of this work, the solid velocity model already completed can be extended to take
account of variations solid diameter and S.G. In addition, the site surveys carried out to date to
determine the extent of defects in installed building drainage systems will be extended to give a
large database of defects. It will then be possible to apply the information contained in this
database to the computer-based model, to allow prediction of flow depths, flow velocities and
solid velocities throughout defective (i.e., realistic) building drainage networks. Completion of

this work will allow the methods dlSCUSSCd in this paper to be applied to any drainage network
with or without defects.
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SUMMARY

Low flush volume water closets and other water conservation fixtures are of major interest
because of national regulations for water conservation under the Energy Policy Act of
1992. Parameters necessary to understand performance with linkage to laboratory test
methods in plumbing standards for fixture evaluations and apply to design for drainage
pipe sizing requirements were examined . Theoretical and experimental investigations of
the hydraulic conditions in drains were undertaken to demonstrate methods for analysis
and testing of water closet performance with transport of waste solids in drains.

Currently, interest in plumbing standards for water closets is toward several classifications
for usage based on intended classification of buildings. New test requirements with
different levels of performance will be required. Mixed media for such testing now

appears to be under favorable consideration with specification of different loads for testing
evaluations. :

Numerical solutions from a computer model for unsteady partially filled pipe flow in
drains with transport of solids discharged from water closets were applied in this study.
Discrete solid waste simulants in gravity and pressurized tank types of low flush volume

water closets were modeled and drainline transport distances determined for diameter and
pitch variables.

Test results are reported for two loadings of mixed media simulant waste loadings,
categorized for residential and commercial simulations, in evaluations of water closet
discharges and transport of solids in drainlines for two different diameters and slopes.
Eighteen low flush volume water closets of gravity and pressurized (flushometer) tank
types were tested following a prescribed protocol for water closet performance capabilities
for clearing the bowl and transport distance. Test data comparisons showed that model
representations can confidently be applied in guiding standards writers for test methods
development and for engineering analysis by designers for pipe sizing purposes.
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INTRODUCTION

The United States Energy Policy Act of 1992, Public Law 102-146 regulates flow rates or
consumption by volume for many plumbing products. Reference to ASME plumbing
standards is made for test methods and performance requirements in laboratory test
evaluations. Plumbing and water authorities have great concern about solids deposition in
the drain that may cause blockages with reduced flows.

Replacement of plastic balls as standard test media with more complex mix of simulants
has gained interest. To improve testing more appropriate simulation materials of normally
discharged wastes from water closets are required to evaluate i) discharge of solids from
the bowl, and ii) transport distance of solids along the length of the drain. Finding a
useful mixed media for testing has become an urgent topic. '

Currently, test requirements with 6 liter water consumption can be met by product
manufacturers. At least two types of water closets are commercially available; those are
gravity and pressurized (flushometer) tank types. However, growing concern for
differences in performance, and need for design information, i.e., drainage fixture units
differences, recognizes that all low flush volume water closets with low flush volumes do
not provide the same performance.

STANDARDS ISSUES

The current hydraulic standard ASME A112 19.6 [1] requires loadings of plastic balls and
that 75 percent of the test plastic balls clear the bowl and that average carry distance of 40
feet (about 12 meters) is achieved in a 4 inch (100mm) diameter drain at 2 percent slope.
At the initial time of acceptance of that test it represented an achievement of linking, for
the first time, drainline conditions to the fixture performance. The requirement of a
transport test has been vindicated as necessary for providing a rational basis for
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acceptance installations by water conservation authorities in replacement programs with
low flush volume water closets. No distinction for acceptable performance separates
higher from marginal levels of performance; only a minimum requirement is set for
pass/fail criteria.

Commercially available 6 liter water closets operation is of either gravity or pressurized
tank types. Selected tests [2, 3, 4] suggest that differentiation of the usage also becomes
an additional necessity. There is a growing call for improvements in the standard since
performance differences can result. Interest in standards revisions that leads to categories
for different purposes with distinct levels of performance requirements has extended to
considerations for plumbing code drainage fixture units changes based upon usage and
possibly the type of water closet.

Usage classifications are (broadly) suggested for i) single family residences, ii) apartments
and light commercial buildings, iii) commercial, light industrial, and public buildings, iv)
heavy industrial and special events facilities (arenas, public convention halls and airport

- facilities). Those distinctions attempt to account for differences in maintenance, non-

" personal commitment, and intense or abusive use with unusual waste loads not customarily
experienced. Congested utilization due to time scheduled intermissions and recesses
contribute to heavy traffic into the restroom facilities that may cause unusual loadings and
high frequency usages. For different levels of service establishment of new test
requirements are therefore needed in standard laboratory testing measurements with new
appropriate criteria for pass/fail.

Determination of properties and loadings with new waste simulant materials, other than
plastic balls, is recognized as an important change for laboratory testing. What materials
and quantities should constitute loadings remains subject to discussion rather than a
product of informed plumbing research. Identification needs to be made for selection of
the constituent materials, defining properties, and particularly loading sample sizes
(numbers, mass, volume, availability, reusability, retention of prescribed characteristics,
etc.) and formulation of acceptable performance criteria. Mixed media should have
characteristics that allow for some compression and interactions in passage through the
trap, enough resiliency to restore to its shape and have dimensional similarities to real
waste loads. Materials should have specific gravity and total mass volume at
representative values of fecal materials. Additional characterization would entail paper, or
paper-like materials. For laboratory testing there are requirements for stability and
reusability from repetitive use and the assurance that reproducible data can be obtained.

MODELING WATER CLOSET DISCHARGES

The simulation and prediction of hydraulic conditions in partially filled drains requires
modeling of the hydraulics coupled with solid waste transport. Computer based numerical
method of solution by the method of characteristics for the governing time dependent
equations developed for mathematical analysis with applications to calculations for drain
pipe conditions in building drainage systems is contained in "The Engineered Design of
Building Drainage Systems" [S]. The lead authors showed attenuation of the surge from
water closets and the location of solids in the discharge profile governs waste transport in
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and quantities should constitute loadings remains subject to discussion rather than a
product of informed plumbing research. Identification needs to be made for selection of
the constituent materials, defining properties, and particularly loading sample sizes
(numbers, mass, volume, availability, reusability, retention of prescribed characteristics,
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trap, enough resiliency to restore to its shape and have dimensional similarities to real
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representative values of fecal materials. Additional characterization would entail paper, or
paper-like materials. For laboratory testing there are requirements for stability and
reusability from repetitive use and the assurance that reproducible data can be obtained.

MODELING WATER CLOSET DISCHARGES

The simulation and prediction of hydraulic conditions in partially filled drains requires
modeling of the hydraulics coupled with solid waste transport. Computer based numerical
methiod of solution by the method of characteristics for the governing time dependent
equations developed for mathematical analysis with applications to calculations for drain
pipe conditions in building drainage systems is contained in "The Engineered Design of
Building Drainage Systems" [5]. The lead authors showed attenuation of the surge from
water closets and the location of solids in the discharge profile governs waste transport in
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partially filled drainage pipe systems (S, 6, 7, 8]. Comparisons of computer model
analyses and experimental results with measured unsteady flows have been in good
agreement.

The shape and peak flow rate of discharge profiles are significant for the capability of
removing solid wastes from the bowl.and entry/transport along the drain. Location of
solids in the discharge profile governs delivery into the drain and the resulting transport
distance. The carry distance from a single surge has been shown to be limited and
dependent upon pipe pitch, diameter, and roughness.

Water closet discharge profiles for low flush volume water closet types considered in this
study are shown in the sketch. The inflow rate vs time curve generates a wave that
propagates along the length of the drain. Friction reduces the difference between the flow
velocities within the wave and the overall effect will be to attenuate the wave, lowering

the peak flow rate and depth as the wave moves through the drainlines, with a consequent

reduction in solids transport.

Gravity cistern Pressure cistern
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In this study three waste solids were considered in the discharge profile; they were
midway along the rising, steady, and falling portions of the assumed discharge profiles.
In the calculations the times noted on the figure were used to introduce, in turn, the first,

CALCULATION MODEL
Pipe diameter, in (mm) Pitch or Slope (%)
3 (75) 0.01, 0.02
4 (100) P 0.01, 0.02
6 (150) 0.01, 0.02




partially filled drainage pipe systems [5, 6, 7, 8]. Comparisons of computer model
analyses and experimental results with measured unsteady flows have been in good
agreement.

The shape and peak flow rate of discharge profiles are significant for the capability of
removing solid wastes from the bowl and entry/transport along the drain. Location of
solids in the discharge profile governs delivery into the drain and the resulting transport
distance. The carry distance from a single surge has been shown to be limited and
dependent upon pipe pitch, diameter, and roughness.

Water closet discharge profiles for low flush volume water closet types considered in this
study are shown in the sketch. The inflow rate vs time curve generates a wave that .
propagates along the length of the drain. Friction reduces the difference between the flow
velocities within the wave and the overall effect will be to attenuate the wave, lowering
the peak flow rate and depth as the wave moves through the drainlines, with a consequent
reduction in solids transport.. :

MODELING SIMULATIONS

In this study three waste solids were considered in the discharge profile; they were
midway along the rising, steady, and falling portions of the assumed discharge profiles.
In the calculations the times noted on the figure were used to introduce, in turn, the first,

CALCULATION MODEL
Pipe diameter, in (mm) Pitch or Slope (%)
3 (75) 0.01, 0.02
4 (100) 0.01, 0.02
6 (150) . 0.01, 0.02
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second, and third solid. The profiles are representative of the two types of 6 liter low
flush volume water closets. Discharge through a turning elbow to a straight pitched pipe
drain 20 meters in length with a smooth wall (standard test requirement) was assumed.
The solid transport was determined for the conditions listed.

Results for the transport distance for the three solids for the gravity and pressure tank
types are presented as distance against time in figures 1 and 2. The time varying sections
of the curves attain constant values that represent the maximum distance from one flush
action of the water closet; the solids stopped within the pipes. The maximum distances
are listed below and shown in figure 3. Greater transport distances for the pressurized
tank as compared to the gravity type are shown. That results from higher energy content
associated with the peak flow rates (other test data comparisons follow descriptions of the
testing of twenty water closets discussed in the latter part of the report). Results for a

~ diameter of 150 mm show no sensitivity to the pitch effects for both types of water

. closets.

SOLIDS TRANSPORT DISTANCES (m), [ft]
GRAVITY TYPE
- SLOPE 0.01 [ SLOPE 0.02
Pipe Diameter “ . Pipe Diameter _
Solid # 75 (mm) | 100 (mm) | 150 (mm) || 75 (mm) | 100 (mm) | 150 (mm)
1 9.1 5.4 1.3 || 167 9.7 1.3
2 8.5 4.9 1.1 15.8 9 1
3 7.2 3.5 0.7 13.8 7 0.7
Avg. (8.3) (4.6) (1.03) (15.43) (8.9) (1.0)
[27.3] [15.2] [3.4] [50.9] [29.37] [3.3]
PRESSURIZED TANK -
1 9.7 7 6.9 | 192 12.1 7.4
2 9.3 6.6 6.3 18.5 11.5 6.7
3 8.1 52 48 || 17 10.1 5.2
Avg. (9.03) (6.3) © | 8.2 (11.2) (6.4)
| [29.8) 2071 | (19.81 || [60.2) [37.1] [21.2]

The differences between the average transport distances for slopes of 0.02 and 0.01 are
important for design information. For considerations leading to standard test methods the
size of the test facility may influence first consideration for the smaller slope. To
improve distinguishing differences in performance from the average transport a greater
pipe pitch is necessary. '

The transport distance of solids in the drain depends on the location of the solid(s) in the
discharge profile.  Solids in the earlier part of the profile are carried further along the
drain; those that are in the tail of the profile have reduced carry distances. Delays
attributable to the exit passage through the bowl and trap are not included in the model.
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In the (following) test data delays of solids in the water closet were found mostly due to
the mode of flow pattern in the bowl and the trapway unable to accommodate the solids,
prior to entry into the drain; that appears to depend upon the individual design and results
in widely varying transport distances. Also, it was found that for some water closets all
solids were not discharged in the first flush and even in the second flush.

DESCRIPTION OF TEST PROGRAM

The Washington Suburban Sanitary Commission laboratory test facility was built at the
Burnt Mills Depot, Maryland, the layout is shown in figure 4. The test stand provides
four water closet locations with drain pipe connections for solids discharge and waste
transport testing. A fifth station provided a vertical outflow location for measurement of
flush volume of each water closet prior to transport testing. The angled platform and the
dimensions of the test room required turning fittings in the piping drain direction

. (simulations of more realistic installations of building drains) that may only effect

" transport distance but not of the number of solids discharged from the bowl. The drains
of transparent PVC were 3 and 4 inch diameters (75 and 100 mm) at pipe pitch (slope) of
1 and 2 percent (1/8 inch and 1/4 inch per foot). A 4 inch diameter cast iron pipe at 1
percent slope also was provided for a limited number of tests. An additional branch flow
tee fitting, 20 feet from the platform was set into each drain to introduce a steady 2.2 gpm
branch flow (for simulation of other discharged fixtures) into each drain for determining
interacting flow effects on main drain waste transport.

Water closets were mounted in turn at each of the four drain connection stations so that all
drainline conditions were measured for each water closet. All test runs were duplicated,
five times for the light loads and a sixth test with flow entry at the branch fitting; for
heavy loads the tests were run three times, without branch flows. Each test set (run)
consisted of two flush sequences, one with a waste load in the bowl and the second flush
without added solids in the bowl after complete bowl refill and water flow cessation, and
if any solids remained from the initial flush they were retained for the second flush. Data
was recorded after each flush operation. With branch sideflow only one test run of two
flushes was conducted. Additionally, selected water closets were tested with discharges
into a 4 inch diameter, one percent slope, cast iron drain with a milled slot in the crown
to permit test measurements with "rough wall new condition” pipe for a "worst case
acceptable drain” (current code allows cast iron pipe of that-size). Consequently, each
water closet was operated at least thirty six times with loads for the first flush and thirty
six times for the second flush (no added load), so that for the twenty water closets tested
in four transparent drains and selective added tests, over 1400 tests were conducted. -

Measurement tapes were mounted on the crown of all drains from which transport
distances were measured. Controls, pressure gauges, flowmeters were installed for setting
and maintaining test conditions and for recording test events. Drain lengths were
approximately 100 feet, but the maximum test length for transport was 80 feet because the
exit manifold collector for recovery of the solids had potential impact on pipe end
conditions. Details of the test developments, samples tried, trial testing leading to the test
protocol and discussion of the different conditions evaluated are presented in the
Washington Suburban Sanitary Commission report [9].
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Considerations for light (residential) loads and heavy (commercial) loads were based on
trials with several candidate materials. The observed extent of *filling the well" was
examined for the two different quantities of test materials finally accepted. The adopted
heavy load stood above the water level in the bowl (with normally filled condition) for
some water closets. Fully soaked synthetic sponges floated and fully soaked natural
sponges sank to the base of the bowl; towelettes tended to be nearly neutral and were
added after the sponges into the test loading. After solids came to rest, with some
partially submerged, the test proceeded. Test protocols for the loading procedure and
conducting tests were written in order to minimize error and bias to assure a common
approach in conducting the tests.

The data for the sample materials and average mixed load parameters are shown in the
following table. The natural sponge solids at the base of the bowl were the earliest solids
discharged and generally had the greatest transport distance. In some tests all solids were

.not cleared from the bowl; those were mostly synthetic sponges that floated, an indication

SOLID WASTE SIMULANT TEST LOADS

Simulant Light (Residential) Load Heavy (Commercial) Load
Material  Size  Sp. Gr. | Qty. Displ, Wt. Qty. Displ, Wt.
Syn.Sponge 1"x1"x1"  .83| 8 131 ml 109 ¢ 12 197 ml 164 g
Natl.Sponge 1"x1"x1" 1.04 | 12 197 ml 238 g 14 229 ml 238 g
Towelettes 6.5"x 6.2" .75 | O - - 4 30 ml 23g
Total 20 328 ml 346g | 30 456 ml 425 ¢
Avg. Specific Gravity 0.96 0.93

that lighter solids had greéter difficulty to clear the bowl.

- TEST RESULTS

Test data forms are shown for a pressurized and gravity water closet used for recording
the tests. Test conditions are identified by the notation for first and second flush. Note
that a zero entry indicates solids did not leave the water closet. For branch flow tests
flow was set on before the flush, at 2.2 gals/min; the data are listed in the last columns of
the forms. An example of distributions of individual solid distances for another pressure
tank type water closet with both loads is shown in figure 5. Note the definite tailing off
of the latter solids that must have been in the last part of the discharge profile.

Individual test run averages were calculated for each group of test solids in first and
second flush tests, then a combined average formed. The average of all the test runs for
each water closet with each category of loads was determined and are illustrated in figure
3. The agreement of data and predicted results are favorable and demonstrate the utility
of planning test programs in order to anticipate the measured parameters in magnitude and
trends. No adjustments were made for any testing/observation conditions when solids
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blocked the trapway entrance and prevented discharge from the bowl into the drain; such
data was incorporated into the test summary. The spot size water surface in the bow! was
determined (approximately) to evaluate effects of that water closet parameter.

The computer based model calculations indicated that position of the solids in the
discharge profiles would show different distances of waste transport along the length of
the drain and dependency upon pipe diameters. The water closets for both loadings
yielded different distances for gravity and pressurized tank types that varied with pipe
pitch and diameter which were in accord with the model predictions.

Seven water closets were tested with a light load for discharges into the cast iron drain
with 4" diameter pipe at 1/8 in/ft (0.10) including one water saver type of 3.5 gal flush.
Those tests also consisted of five test runs of sequenced first load flush and second flush
(with any residual solids) and no branch flow.

"DATA PRESENTATIONS

The figures 6, 7, 8, 9, present the average transport distance test results for light and
heavy loads for both diameters and pipe slopes. The first flush is separated from the
second flush and permits comparisons between each water closet for each condition. Cast
iron pipe test (4 inch diameter, 1% slope) data is included on figure 8 for comparison
with the smooth wall plastic pipes. Decreased performance is attributable to the rough
wall pipe condition. Overall conditions for transport distance is in descending order: 3
inch at 2%, 4 inch at 2%, 3 inch at 1%, and 4 inch at 1%. Designers should recognize
this information in their engineering procedures. Limited performance correlation of
water closets appears for effects of the light and heavy loads ranking order.

A summary of the tests with heavy loads is presented in figure 10 for two flush sequences
and no branch flows. In almost all cases pipe slope of 2%, with 3 inch and 4 inch
diameters, provide the greatest distances. The variability between performance of each
water closet is clear from the different values of transport distances. The differences
found in the tests must be attributed to the difficulty or ease of extraction of solids in the
leading part of the discharge profiles.

Figure 11 indicates effects of added branch flows on transport distance in a 3 inch
diameter, 1% slope drain with a light load and two flushes. Added flow extends carry
distances of solids but the greatest transport effect was observed to occur from the second
flush. Additional transport shown here has been assumed as a fact, but that assumption
has not previously had test measurement confirmation.

Performance differences appear in comparisons of light and heavy load simulations and
confirmed in the testing. Classifications for categories of use does appear to be feasible
and explicit from these measurements based on both the number of solids discharged and
transport distance. Significant differences between the 20 water closets were evident,
most likely due to design concepts integrated into the products.

Figure 12 indicates the number of sblids discharged in rank order for the first flush and as
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indicated for both loading conditions and are listed (unordered) in the following table.
Water spot areas (from a normal to the surface projection) are indicated on the figures.
No correlation appears with water spot size for the light load. However for heavy loads
the peak number(s) discharged are associated with larger water spot areas. The smallest
spot areas do not have the lowest solids out of the water closets.

FIRST FLUSH AVERAGE NUMBER SOLIDS OUT (AVERAGE)
No Branch Flow, Into PVC Drains
wc| 3D.@2% | #D.@2% | 3"D.@1% | 4 D.@2%
? Light | Heavy | Light | Heavy | Light | Heavy | Light | Heavy J
Load Load Load | Load Load | Load | Load | Load
i w0 | o3 [isa | s8] 3] o | 12| s2
2 | 20 30 | 20 | 267 | 198 | 30 | 20 | 207
3 | 20 0 | 20 | 297 20 | 30 | 198 | 293
s | 20 | 203 | 20 | 19 | 20 | 30 | 20 | 183
s | 20 | 7| 20 | 163 ] 20 | 13| 20 | 243
6 | 20 | 297 | 20 | 29 | 20 | 30 | 20 | 30
7 20 | 247 | 20 | n7 | 20 | 207 20 | 15
8 | 20 | 227 | 20 | 223 | 20 | 213 | 20 | 29
o || 190 | 147 | 20 | 26 | 198 | 167 | 19 | 22
0 | 20 30 20 | 30 | 20 | 30 | 20 | 3
1| 198 | 33 | 152 ] 147 | 196 | 193] 198 ] 19
12 | 20 30 | 20 | 30 | 20 | 26 | 20 | 30
13 | 124 | 183 | 186 | 20 | 182 | 247 | 19 | 203
4| 20 | 163 | 20 | 30 | 20 | 183] 20 | 30
15 | 20 3 | 20 | 167 ] 20 | 77| 20 | 171
16 | 20 0 | 20 | 30 | 20 | 203 | 20 | 30
17| 20 | 193 | 20 | 203 | 20 | 233 ] 20 | 30
is | 20 | 223 | 20 | 147 | 20 | 227 | 20 | 267
19 | 196 | 173 | 172 | 193 | w2 | 20 | 198 | 183
20 | 20 16 | 196 | 247 | 194 [ 193 | 19 | 25 |




The following. table indicates the total number of solids not discharged for both loading

WATER CLOSET SUMMARY
FOR TOTAL NUMBER OF SOLIDS NOT DISCHARGED!

100 Total Solids for Light Loads in S Paired Flush Sequence Test Runs?
90 Total Solids for Heavy Loads in 3 Paired Flush Sequence Test Runs®
WwC 3" Diameter 4" Diameter 3" Diameter 4" Diameter
| # 2% Slope 2% Slope 1% Slope 1% Slope

1

2

3

4

5 14 8
6 1

7 6 29 15 31
8 19 2 3

9 29 11 11 21
10

11 67 19 35 | 8 | . 34
12

13 36 28 1 30 13 36
14

15 43 15 51 30
16 1

17 32 20 20

18 20 - 43 8 ,
19 2 | 17 | 13 7
20 29 - 21 28 __1Is

! No branch flow tests in summary.

2

Represents 10 flushes. A fresh load followed by another flush without added solids in each
pair of tests with initial solids load of 20 items.

Represents 6 flushes. A fresh load followed by another flush without added solids in each
pair of tests with initial solids load of 30 items.
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conditions. Water closets are capable of removing all solids with the light loads with two
flushes except for two cases. With heavy loads there are differences; some water closets
are not able to discharge all the solids, even with a second flush. Distinctive performance
differences can be demonstrated with this test loading and be applicable to development of
a rating method.

In figure 13 a summary of all tests for transport distances is presented with the first flush,
averaged for all water closets for each diameter and pitch for the pressurized tank, gravity
tank and the 3.5 gallon flush volume. The cast iron pipe with the 3.5 gallon flush water
closet was assumed as the target acceptance value for the required carry distance since
current code practice permits such installations (without reports of failures due to
blockages and wall deposits). The only 6 liter water closets able to meet that equivalent
condition is with a 3 inch diameter pipe at 2% slope and that may be acceptable practice
for installations.

" In a number of tests the total heavy load solids were not completely discharged and even

with a second flush some water closets could not empty the bowl. Both loadings
represented a challenge to some water closets in performance testing, for others good
repeatability in multiple tests was found (repeated 5 runs for light loads and 3 runs for .
heavy loads). Water closets that displayed poor performance with the sample materials
had various numbers of solids discharged and inconsistent measured transport distances.
Consistency for numbers discharged and transport distance in the drain was displayed by
better performing water closets. However, no one-to-one correlation between _
performance with light and heavy loads was found from comparisons of data for both
conditions, i.e., a good performance with a light load did not demonstrate good
performance with a heavy load. That appears to demonstrate that the mixed media
loading can be applied to obtain distinct differences from the two test loading conditions
for application to differences in usage classifications.

COMPARISONS OF TESTS WITH ANALYTICAL MODEL

Test data and theoretical determinations of transport performance for each low flush
volume water closet are listed below and shown in figures 3, 14, 15 for comparisons of
waste transport capabpility. Considerable variations about the average are seen from one
water closet to another. Agreement in the average distances for pipe diameter and pltch
effects are confirmed between the computed and test measurements. Solids transport in
the drain from water closets depend upon the surge wave generated and then upon the
attenuation of the wave in the drain. The water closet discharge profiles are modified by
the waste solid loads and delays in exiting the fixture; the trapway/bowl interactions with
light and heavy loads are not necessarily the same and the consequence of different
performance results. Drainline distance limits with low flush volume fixtures are
important specification qualifications so that pipe size diameter and plpe pitch parameters
must be accounted for in proper design. The analytical tool for carrying out the correct
engineering design procedures is avaﬂable from the computer analysis.
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AVERAGE DISTANCE FOR SOLIDS TRANSPORT

PRESSURIZED TANK WC GRAVITY TANK WC COMPUTER MODEL
3" D., s=.02 3" D., s=.02 3" D, 1=.02
Test Data Test Data Distance (ft)
WwC # Distance (ft) wWC ¥ Distance () Pressurized Gravity
24 1 23 Avg. Avg.
6 44 5 39 60.2 50.9
8 23 7 32 Transport Distance for
10 s ° 26 Each Solid (ft)
12 37 11 30 ¥ Dist. 4 Dist.
14 39 13 18 1 63.4 1 55.1
16 45 15 , 41 2 61.1 2 52.1
17 75 3 56.1 3 45.5
18 40
19 50
20 24
Avg. =38 & Avg. =30 ft

AVERAGE DISTANCE FOR SOLIDS TRANSPORT

.. PRESSURIZED TANK WC, . . GRAVITY TANKWC . - |l COMPUTER MODEL - -
- 4" D, s=.02. T 4" D., s=.02 - " ' 4" D, s=.02
© Test Data Test Data Distance (ft)
“wc# | Dismnce () ‘wec# | Distance () Pressurized |  Gravity
18 1 17 Avg, Avg.
6 33 ] 27 37.1 29.4
8 17 7 19 Transport Distance for
10 19 9 2 Each Solid (ft)
12 29 11 18 # Dist. ¥ Dist.
14 31 13 2 1 39.9 1 32
' 17 56 3 33.3 3 23.1
-18 - -] - .48
9 3
_ 20 21 _
Avg. =30 f Avg. =28 ft
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CLASSIFICATION FOR CATEGORIES OF USAGE

The different loads represent two variable mixed media material groups that appear to
satisfy the need for discrimination of performance of water closets. There is little
evidence for setting the quantities of mass and volume that best represent light and/or
heavy usage. Therefore, it seems to be important that the test loadings have distinct
characteristics that indicate clear differences in testing, with discrimination capability from
one fixture to another. The test data and observations showed better performing water
closets, in repeated test runs, gave comparable results without much difference from one
run to another. Lesser performance fixtures were characterized by wider swings of the
data when tests were repeated, an undesirable lack of fixture consistency that test media
should be able to distinguish as shown by these tests. The test materials were able to be
reused and yield repeatability; no efforts were made to establish lifetimes.

- The water closet test data clearly separated the performance capabilities so that confidence
- in establishing a criteria for rank order strategy can be a realistic consideration. A

combination of "scoring’ assessment should account for: a) removal of solids from the
bowl, and b) transport distances by a ranking order or distance (measured in the drain)
with a weighting rule for determining a mean value, or an average value. The testing
demonstrates the essential part of planning necessary progress toward a better standard. .

CONCLUSIONS

Mixed media test loads for residential (light) loads and commercial (heavy) loads were

arranged from preliminary laboratory evaluations to apply to testing of low flush volume ‘

water closets. In a new test facility test measurements were obtained for extraction of
solids from water closets and solid waste transport distances in drainlines.

Testing of low flush volume water closets with two different mixed media representing

residential and commercial loads demonstrated that gravity and pressurized tank types

provided different levels of performance and demonstrated other parametric information.
- The capability of extracting solids from the fixture into a drain line was shown to be
approximately the same for all water closets with the residential loading.
- For the commercial loading there were smaller numbers of solids out of the bowl;
greater extraction capability was determined for the pressurized tank type water
closets. Some water closets could not clear the bowl with a second water (only)
flush. Waste solids transport distances for the pipe sizes and pitches tested indicated
partially greater values for pressurized tank types, but not consistently for all models.
- For the residential loading the waste transport distances were only partially greater
with the pressurized tank types. For commercial loadings transport distances were
mainly greater for pressurized tank types. All water closets had separate overall
performance levels identified.

Therefore, the mixed media can be considered to have shown a discriminating capacity for

separate category ratings based upon combined performance for extraction and distance.

Model analysis comparisons with test results validated the predictive proficiency for
determining transport and pipe sizing effects and applicability to plumbing drain problems.
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W.C. MIXED MEDIA DRAIN LINE TRANSPORT TEST

{ Public Commercial )

7

Tester }')'b" Dae _2=7-73 W.C.-#'._/é_._
Supply Pressure (psi} 24 Orain Dia.lin) 3— 4. X Pitch 1% X 2%

‘Water Consumption as Tested: Flush®1 gal. Flush# 2 ____gal. Average gt [ 7 &5 ]

TRANSPORT DISTANCE OF TEST MEDIA (FEET)®
{ WITHOUT BRANCH FLOW)

é AUN1 RUN#2 RUN#13
; First Flush Second Flush First Flush Second Flush First Flush Sscond Flush
s inl 7 sinlvlsinl{rlsinlr]sinls s inlT
1 |233 2821 e 40.b | 231" | 304 |
2 {123 75 b /S, 40.0 227 i 39.4
3 11g4 7%.4 | 133 399 13.5 5.2
4 e 78.3] ] 14 39.4 13-\ 33-1
5 1563 | 79.2 | 1.5 39.S ] %2 30.0
8 J/L.1 | 28.2 1 12.31 3341 | 15.2 5.9
7 h.ol 2%.1 | n.C | 29.3i .3 AR
g8 581 78.0l ! TR 29.21 ! 1S b | 255 ¢
g 4.0l 77.94 ' Hob 26.21 ; 15§ ! 295 1 |
10 |12.6} ] 779 | i [T ] 9.1 i 2.0 ] RNE i
14241 ! ANE : H.1d 1 24.0! : KK ' 5.0 '
12 {1731 [ b ! 19.9 1 | 38.51 KN ! 9L ]
I | : i | i [ | : ; ]
1 2521 1292 12 itgd i 24-3 1 S i
2 f25.4] 244 | 17,2 jug 24 243 1 ] 3.0l
3 24.0 1 Falill 122 {vo.01 124.2 1 :31.0 1
4 23.6! 174.1 ¢ 213 HoSi rAR I 209!
5 23.2: (73.0¢ Tl fnp.l! D49 ] 25.8°
6 21.9 - 129.91 Lo | 40| ¢ 1239 @ ] 209
7 123.3 17331 152 1Ug. 1236 | 30%i
8 i9.2 (2.5 1 115.0 ! 1399 | 123-L | -20.81
9 1) 8b: g% TERR | EERE 231! 20.b!
10 18.5 ¢ 284 | 2.4 | | EERE - z2 Q1 i i3y
1 15-8 28.0 1.3 - {4 21,0 I 302
12 4.3, 7%.0: ‘.o ].0 NAT B ] 9.2
13 ez 22% 10.% 15 9 X : 30 0°
14 TCHE ik 9.7 i 3% 1S3 1 553
T T . | s i b :
1 1224 | 2841 - ¢ k{15] i +H0.b ! 23§ - 130.7
2 121.8 1239 I Wb i igo.d i 224 L 133
1 14-5 78 b : i17.5 | ty0.y i 234 , [32.7
4 | 1193 i ‘285 i TEE) | 1394 i 121.\ : 110.3
Tor 1 979178.8181.0 1320439961149 115642299 0.t 4134558 yor-2|203.6 13103192 13593 ¥285.122 4
Ave | J6.991/9, 91 2047 |19.83,28.54 11,972 1/3-95 /641 ¥7.5 2139.95 399140 -31)6 3612210123 12534 32.U0 1204

Ave. 3.7 7.7 25.54
Ave, 25. ‘.97
S=Synthetic Sponge {12!  N=Natwral Sponge (180 T=Towelerte {4)  *Media not clearing towl recarded 3 zero (01 feet
. .'\.:. e e .. ;..1..:~ .
P

\n

.
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W.C. MIXED MEDIA DRAIN LINE TRANSPORT TEST

( Public Commercial )

Tester Mohr Date __=-7=%a wes_17
Supply Pressure {psi) 22 Drain Dia.{in) 32X 4___ Pirch 1% 2%
Water Consumption as Tested: Flush#1 ___qal.  Flush#2 ___qal. Average Gal.[ /.72 |

TRANSPORT DISTANCE OF TEST MEDIA (FEET)* :
{ WITHOUT BRANCH FLOW)
& RUNH1 X RUN#2 & RUN#13
; First Flush Second Flush First Flush Second Flush First Flush Second Flush
S sinlv |sinltlsinitlsialvsInlrlsin]|T
1 |32 7o Ity A5 37 36,2
2 1229 7.8 4 284 R.7 s 7
3 |6 2.2 %3 fx 2.5 846
4 1203 6.4 272 252 2.9 5.5
5 122 e | 12) gt | 2.4 1< |
6§12 ) 20 NA&) o 20N ¢ |
71c o ] RB.¢4 o 5 254 | .
8lo | c { 134 | 2y ] 2.0 16,3 |
'R | QO | | 9,0 £ i 3L 354 |
wlo | o | | 0 D ! |2/, 5 | “.9 |
11lo | | Q ! ; O | { o ' 32y ' 8
1210 | [ o | [ S ! D i I 192 | ! AN !
| | | 1 i ! | { ! (
1 la4.3 i 0745 | 3] 1.1 i 1343, +31,5 !
2 4.3 | 99,8 i3, 130,01 1923 | he.3
3 T 27,2 | 127.3 fazy | 3.2 | Y
4 hyo | nros i 1203 we 3.0 1 1361
5 1224 | 7.2 LA 20,0 ! 25 1 ‘% i
6 3.2 P i2%0 ¢ 2901 1.9 | D ¢
7 23.C 2?14 290 idg.ol .9l 259 |
8 23.571 27201 8.9 iady | 122.7 | 359
g 234" Py Tl 7, 81 1288 ¢ 335 ! 154,
10 20, D=7 i 22.9 1 1274 22.3 | 3574 |
1 20,4 i 2ol ah b ‘346 3Ly 53
12 423 ; 155 BYE 284 519 1552 .
13 i0 | ol M F4.A U7 260
14 : o 1 v <F L % 3.5 . 3250 -
| { | i ' H : ; } ; !
11 f | & ] S ; 1D i Q i 1259 : 1397
12 ] i O T i t0 1 13 i 3k T 1347
L3 i i 0 | P i 0 bt C s i g7
4 i | © ] i { : 0 ] i 0 i 190 ! 1343
Tor [J3L R8O [238 %A O 22031975t O Mada vendi . I3 WS7a Q1L kT Sooa ildly
Ave. %2 19471 0 frid sl O [radlawag| 9 (w25 Qteg] ) 130,92 2abSR01 (36,49 36 1260
Ave, /0.3\ /15.58 31.s¢
Ave. / q:/l
S=Synthetic Sponge (12} NsNatwesf Sponge (18)  TzTowelette (4] *Media aot clearing bowl recorded as zero (09 leet
e 2
J Grers 20 /3 4

.
LR \ WABHINGTON SUBUADAN
HP. ‘& BANITAGY COMMIBEION
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3" DIAM. 1% SLOPE PVC PIPE - LIGHT LOADS

B First Flush - Solias £ Second Flush - water

Underine numbers Indicate flushomeler tank WC's
Numbers not underlined indicate gravity flush WC’s

8og
BB o
60 . - . PO 2 N T I R R I e B T T R PR -
wence CHERTT o
seort L IR [ B BB o
OISTANCE
M 30
20 . csen - »
10 - - - - - - - -

0

17 16 15 14 10 18 § 6 7 12 19 11 § 1320 4 8 1
NO. ASSIGNED TO WC FOR TESTING |8 GaLtwes

Two Sequence Flush #1 Solids, #2 Water: Aversges from § test runs
Test souds displacement 185 mi 160 gmi. § svnthetic 12 natural 1° cute sponges

3" DIAM. 1% SLOPE PVC PIPE - HEAVY LOADS

Numoer not undertined
indicates grawity tank WC's

Underlined number indicates
flushometer tank WC's

W First Flush O Secona Alush

AERAGE 50
TRANSPQRT
OISTANGE 40

13 2
3.5 GaL we

1_6_‘10_176131914_.13_7 185 4201158 9 1

NO. ASSIGNED TO WC FOR TESTING ] 1.6 GAL. wC's

Two sequence liush-#1 Solids-#2 Water: Avernges from 3 test runs
Tota! solids disowcement 300 mi, 265 gms; 12 synihetic 14 natural 1° cude 309nges 4 towelattes

Figure 6
23
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L B e )

3" DIAM. 2% SLOPE PVC PIPE - LIGHT LOADS
AVERAGE 5 TEST RUNS; 8 SYNTHETIC 12 NATURAL 1* CUBE SPONGES

¥ First Fiush - Solids (ElSecond Flush - water

Underline Number Indicates Flushometer Tank WC's

Sl E N g} .
b |
70 : - ceos . EXy Lileltleccceeilletife dit] snocncccncefidoa i cocvaccacnncenan .
o B R... B EELE REER & Teeeennnns
AVERAGE Bl ' : : :
CARRY m : - sasw . §§ '+ B g- ------
DISTANCE [ i :
lm E - aes e e - - - - A ;. e .-g. .
H : ’ : H
30 : - soee H . 13 - O o - - - - . - . S .s. .
- -1
H H
»
2—-8-&----B- 338 8-B-BE2-B B2 B80 81
s
»
10 : - sese o - . . @ . - - - . . . . . . .. °
-
-
-
o — . 4 v 1 v \ ' 0 v . v 3 . . 3 1 3 v .
2.3 |[i77T1019516 6 1518 § 14 12 7 11 8§ 4 20 & 1 13
3.5 GAL wC WC TEST ASSIGNED NUMBER |___1-6 GAL WC'S

Tota! Displacement: 185 mi, 160 gms; Two Sequence Flush #1 Solids, #2 Water

Ry2

3" DIAM. 2% SLOPE PVC PIPE - HEAVY LOADS

AVERAGE 3 TEST RUNS; 12 SYNTHETIC 14 NATURAL 1* CUBE SPONGES 4 TOWLELETTES

M First Flush - Solids (JSecond Flusn - water

Underline Numper Indicates Flushometer Tank WC's

m 7. v.
70—&' l . .
H . :
- . H
680 = - : e sesesebssiiees o  Lees-asa
AVERAGE __ H )
CAnRY : SN 11 RET SIRTTI _
OISTANCE _H )
40 -4 B B i £1 PP B5 8 B EEREEER I R R R P R PP
D : 5 I
30 E . . B = S ..................
: : ]
10— . . . BN -
o l Y 1 . 3 . + 0 + . . . L] [ . . 13 1 .

[l
3 2z |f16€30 6 1718 14 19 1215 7 § 13 9§ 20 8 1 4 11
3.5 GaL we WC TEST ASSIGNED NUMBER | 1-6 GAL WC'S

Totas Displacement: 300 mi, 265 gms; Two Sequence Flush #1 Solds. #2 Water
ave

Figure 7
24



4" DIAM. 1% SLOPE PVC & CAST IRON - LIGHT LOADS

meswescecee CAST IRON
FIRST FLUSH

M First Flush [l Second Flush

e CAST IRON

SECOND FLUSH

AVERAGE
TRANSPORT
DISTACE 4

#n

-J

..............................................................

[o2}

..............................................................

.............................................................

...........................................................

EERTR i TR

N @ o
—I® O O O © O O O

-

)

S| 1617 (5101459161218 1913°7. 91472018 -
3.5.GALWE WC TEST ASSIGNED NUMBER [1.6°GALIWC'S |

Two sequence flush-#1 Solids-#2 Water: Averages S test runs: 3 symhete, 12 natural {° cube sponges

xvr

4" DIAM. 1% SLOPE PVC PIPE - HEAVY LOADS
AVERAGE 3 TEST RUNS; 12 SYNTHETIC 14 NATURAL 1"CUBE SPONGES 4 TOWELETTES

AYERAGE
TRANSPORT
DISTAKCE 4

{m

M First Flush (3 Second Flush

wm

Underline Number Indicates Flushometer Tank WC's

» ~
O O O

[3,)

N W
O O O O O o

-k

32 |i410161712615185 819209137 4 11 1
2.5 GAL wcl WC TEST ASSIGNED NUMBER

Two sequence flush.-#1 Solids-#2 Water; Total gisplacement 300 mi, 265 gms

Figure 8
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4" DIAM. 2% SLOPE PVC PIPE - LIGHT LOADS

M Ficst Alush - Solids [ Secona Flusn - Water | Underline numbers indicate flushometer tank WC's

Numbers not undertined indicate gravity flush WC's

80z

70

o) 3 R
AVERAGE so -B-..
TRANSPORT
DISTANCE 40 -
(Fn 30 cee

20 @

108 8-

i
I EEO0ER
[}

&
g
-9

[77 78 16 1015 6 14 12 § 19 § 13 20 7 01
NO. ASSIGNED TO WC FOR TESTING  |_1.5 GAL we's |

Twao sequence flush - #1 Scligs - #2 Water; Averages S test runs

Total displacement 185 mi 160 gms; 8 synthetic 12 natural 1° cube sponges

-

4" DIAM. 2% SLOPE PVC PIPE - HEAVY LOADS

M First Flush - Solids {3 Second Flush - Water Underine numbers indicate flushometer tank WC's

o
o

Numbers not underlined indicate gravity flush WC's

~3
o

3

AVERAGE so HE-

TRANSPORT
DISTANCE 40

(Fn

-t
[=]

8 8

3.5 GAL we

3 2 fil6 101415 17 6 12 19 9 20 S 1813 8 11 7 4 1

NO. ASSIGNED TO WC FOR TESTING I 1.8 GAL wCS |

Twa sequence flush - #1 Solids - #2 water; Averages 3 test runs
Total displacement 300 ml 265 gms: 12 synthetic 14 natural 1° cube sponges 4 towelettes

Figure 9
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SOUIDS DISCHARGED FROM WC'S - LIGHT LOADS, RANK ORDER

FIRST FLUSH ONLY; AVERAGES FAOM 20 TEST RUNS

M scligs Out O Spot Area

30

25

NUMBER
SouDs
out
{Total
Max.=20)

20

15

10 -

Underline number indicates flushometer tank
Numbers not underlined indicate gravity WC's

140

)
e
]
G ' &

NO ASS(GNED TO WC FOR TESTING - [nd[cates 3.5 Gal WE's

Total solids dispiacemerit 185 ml 160 gms; Test loads 8 synthetic, 12 natural 1* cube sponges

AYa

SOLIDS DISCHARGED FROM WC'S - HEAVY LOADS, RANK ORDER

FIRST FLUSH ONLY: AVERAGE FROM 12 TEST RUNS

| W Solids Out © Spot Area

30

25

NUMBE]
SOUDS 20
ouT

(Total
Max=30) .5

10

oBie s F121417 8 4 1820137 5 9 191115 1
NO. ASSIGNED TO WC FOR TESTING

Underiine Number indicates Flushomefer Tank
Indicates 3.5 Gal. WC's

140

1120

100
APPROX.

1gg SPOT
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{SQ IN)
60

40

20

Test Load 12 Synthetic, 14 Natural 1° Cube Spanges, 4 Towelettes: Displacement 300 ml, 265 gms

Figure 12
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Abstract

This paper presents an overview of the research on the design of w.c.
performance for water conservation over the past 20 years. In doing so
it concentrates upon the evolution of low £lush volume w.c.s as a msans
of reducing urban water consumption. The paper investigates the
relationship between waste transport within building drainage systems and
w.c. digcharge volume, utilising both experimental and computer modelling
research to demonstrate the implicit interactions that exist in this
field. The paper will draw upon previously published work, much of it
presented to CIBW62 seminars, in order %o put in perspective the current
debate as to the acceptable w.c. discharge volume and its relationship
to drainage systems design and maintenance. -

Keywords: Water conservation, W.c. design, Drainage systems, Solid
transport, Standards tests.

1. INTRODUCTION

The Industrial Revolution and the mass migration to the cities led
to major public health problems. In the UK Chadwick’s zeport of 1842
eventually led to a major expansion of sewer provisioen in London and
elsewhere in the UK. Other major cities followed, including Paris, 1848,
Soston, 1857, Berlin, 1875 and Tokyo, 1887.

Modern water supply and sanitation may be seen as ‘post-Chadwick’.
The urban sprawl resulting £rom the Industrial Revolution, first apparent
in the UK but soon found throughout Eurcpe, generatad both the problems
and the reformist movements concerned with the health and housing of the
urban working classes. By the end of the 19th century water supply and
sanitation techniques and designs would be generally recognisable against
modern practice. In particular the importance of odour ingress prevention
to the dwelling by the use of appliance water trap seals was understood
and a basic w.c. was in use.

The development of the w.c. had awaited the provision of a
distributed water supply and drainage system within buildings. The first
recognisable w.c. was designed by Sir John Harrington, an Elizabethan
eccentric, and included a cistern, bowl, f£lush pipe and seat. Between the
17th and 19th centuries many ‘experimental’ w.c. types were developed,
however the first recognisably modera w.c. was the Jennings closet,
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utiliging a siphon to flush from a water storage cistern. During the
1880s the art of plumbing, the subject having taken its name from the
wide spread use of lead for piping, was eloquently described by Hellyer
(1891) in a series of commentaries on good practice. During this period
many of the still existing ceramic manufacturers came into existence,
including Twyfords in the UK and Gustavsberg in Sweden.

By 1880 w.c. flush volumes were already a concern, as indeed they
remain over 100 years later. London's Water Company protested at flush
volumes of up to 40 litres being used by some new w.c. designs and by
1900 9 litres, or 2 Imperial gallons, was established as the UK norm,
Billington and Roberts (1982). (This decision appears to have been
arbitrary with no surviving evidence as to the deciding factors.) In the
USA public preference led to siphonic¢ rather than wash down w.c. designs,
with £lush volumes as high as 36 litres serving into the 1980s. 1In
Europe, particularly Germany, wash ocut bowls became popular, with flush
volumss similar to the UK norms.

3y the 1980s most of the developsed countries had realised that the
water consumption attributable to the w.c. was unrealistic and not
necessary. New designs, many originating in Sweden, coupled to the
effects of water shortages and droughts have led to 4 to 6 litres
becoming the likely norm for future w.c. water usage.

2. WATER CONSERVATION AND ITS EFFECT ON W.C. DESIGN

Wacer conservation is both an economic necessity and an engineering
challenge. It is by no means a new phenomenon or criteria within drainage
design; Billington and Roberts (1982) gquotre the controversy raised in
1900 when the London wWater Company reduced flush volumes from 40 to 9
licres. Similar concerns were raised, 3ritish Bathroom Council (1988),
when a reduction £rom 9 to 6§ litres for the UK was proposed. In Eurocpe,
and particularly in Scandinavia, 6 litres has been the norm for decades.
Additionally Swedish manufacturers have developed highly successful 3
licre w.c.’s, initially only for use in ‘weekend’ homes, linked to septic
tanks by 75mm drains set at a 1/25 slope. More recently these units have
become acceptahle within urban applications due to a realisation that it
is perhaps the total flow from the buildiag that matters rather than the
individual w.c. £lush volume.

Water conservation is a necessary and achievable objective. In the
UK Webster and Lillywhite (1979) demonstrated that up to 40% of domestic
water use was accounted for by w.c. £flushing. The w.c. is the one
appliance where meaningful savings could be made by a carsful synthesis
of hydraulic and design methodoleogies.

As commercial organisations the ceramic manufacturers naturally do
not publish the techniques'they employ to determine w.¢. shape and
performance., However, in the UK an industry funded research programme is
available for scrutiny and some of its results, linking the hydraulic
bowl parameters to performance may be of interest.

Figure 1, Swaffield and Wakelin (199C¢), illustrates the choices

present in the design of a w.c., while Figure 2 illustrates the effect

of the values allocated to the governing variables (£lush volume, F; trap
volume, S; trap seal depth, h:; and minimum passage width, w) on the test
performance of a w.c., evaluated by use of the multiple ball discharge
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Pour flush operation

Flush volume, F, dependent
on flushing mode, sewage
disposal technique,
drain length and
gradient

Trap seal depth,
h, dependent upon
pressure fluctuations
in drainage system and
trap evaporation rate

Bowl performance
n=o(¥L

Water surface area limit set by

need to avoid surface fouling

Water distribution around

bowl, choice of cistern
with syphon or drop
valve

Minimum trap
passage clearance,
w, possibly diét
dependent

Figure 1 Design criteria governing low flush volume w.c.

performance
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Figure2 Bowl performance for solid and fluid contamination removal
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method, to give a prediction of solid discharge performance and a
potassium permanganate solution removal test, designed to simulate the
removal of fluid waste. (It should be noted that the results for the
potassium permanganate test were obtained by means of a before and after
light absorption test on a sample of trap water, rather than by visual
comparison to a range of prepared solutions). It is clear from the curves
in Figure 2 that values of the non-dimensional variable Sh/Fw in the
region of 0.1 yield acceptable wvalues of both solid and liquid waste
removal, thus a typical w.c¢. having a 6§ litzre flush volume, SOmm trap
seal and a 66mm passage width, ie a Sh/Fw value of 0.13 would require the
trap volume to be reduced to 0.95 litres, somewhat less than normally
found in current higher £lush volume w.c.’s. These figures also indicate
a move to wash down rather than siphonic w.c.’s, a move that might be
unacceptable in some societies,

However this research indicated a design direction that could lead
to the considerable savings in water consumption. It is noticeable that
while manufacturers do not publish their design methodologies, the
successful low flush volume w.c.’s produced in Sweden all display design
parameters clearly in line with the predictions of this research.

3. W.C. ACCEPTANCE TESTS

Standards organisations have been involved in the development of w.c.
acceptance tests for many decades. Tests have developed which proport to
guarantee a minimum level of acceptability for w.c. operation in normal
usage. The main areas of concern are

1. Removal of waste solids.

2. Removal of fluid wastes.

3. Bowl cleansing.

4. Trap seal retention on w.c. discharge.

5. W.c. discharge as a contribution to drain loading.

Clearly the subjecr area indicates that simulants are necessary to
model practice. In the case of solid removal the British Standarzds
Institucion single ball test is perhaps the oldest, utilising a 43mm
diameter ball of specific gravity 1.08. Similarly the multiple ball test

(100 or 50 of 20mm diamecer) has been utilised, essentially a French.

standard. In the late 1970s Fakazell simulant was developed in Germany
as a test medium, XKnoblauch (1979), and in the United States tests were
developed in the mid 1580°’s utilising mixed media -~ sponges of various
dimensions, water filled latex sheets and non-woven fabrics, Xenen and
Kannan (1991). Various sponge tests were also prevalent, together with
tests designed to assess the removal of toilet tissus, including
specifications for crumpling procedures and soak time.

In the UK the Association of Sanitary Protection Manufacturers
instituted a flushability test that pioneerad the linkage between w.c.
¢learance and drain transport, Howarth et al (1980). :

Generally these tests were of the pass only variety and cffered no
developmental data that could be used in the design of future w.c.’s to
provide water conservation through reduced f£lush volumes. The multiple
ball test, developed from the original French standard, did offer the
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possibility of design data as the number of balls discharged could be
linked to flush volume and other w.c. design parameters.

The removal of fluid contamination from w.c. bowls, particularly
urine removal, with no solid or toilet tissue paper present in the bowl,
was the subject of basic pass standards in many national acceptance
codes. Normally a dye test would be utilised and a visual comparison made
at the end of the test against a range of pre-prepared samples. This is
the basis for the current U.S. test as developed by Stevens Institute.
Again this is a test method that does not offer any developmental data.
A natural extension of this test involves the use of a photometric
technique to assess the residual concentration left in the bowl after
flushing. The tsachnique invelves adding a known quantity of Potassium
Permanganate to the w.c. trap seal water and taking a sample after fully
mixing. A further sample is taken at the end of the w.c. flush. Light
absorption measurements for both samples yield a comparative residual
concentration following flushing. This test modification allows
quantitative data to be gathered that can determine the effect of reduced
flush volume operation on any existing w.c. and could be utilised in the
assessment of dual flush water saving devices.

While the solid removal tests are basically not amenable to any form
of mathematical modelling, the removal of fluid contamination may be
represented by a reference to the measurable inflow profile to the bowl,
recorded by measurement of the cistern water level, and the w.c.
discharge profile. Numerical application of the contamination decay
equation over small time steps within the flush duration then yields
reasonable agreement between measured and predicted residual
concentration values, Figures 3 and 4, Uujamhan (1981), provided that a
sustainable model of the contamination mixing and discharge is developed.

The initial BSI testing for bowl cleansing utilised the so called
sawdust test where the area of bowl suriace left covered with sawdust at
the end of a flush was measured and comparsd to a specified minimum. More
racent US tests have utilised a fibre tip marking pen to introduce a line
grid on the bowl surface. The length ¢f line left unwashed away at the
end of the test may be compared to a specified minimum. These tests are
not amenable to modelling and would have to be part of any w.c.
development testing programme. The water surface area minimums included
in national codes are designed te aid the achievement of satisfactory
bowl cleansing by reducing the likelihcod of surface fouling. Tests by
BRE in the UK in the 1380‘s considerasd various alternative media to
represent surface fouling but these results were not published.

Splash tests are concerned with the possibility of water droplets
reaching seat level. These tests were davelopad utilising blotting paper
sheets to cover the seat level and would have to be part of any w.c.
development process.

Due to the normal 75mm or 100mm drain connections to w.c. discharge
spigots, there is unlixely to be a self siphonage probliem. Induced
siphonage may occur and limits are set in the standards that control the
negative pressures in the drainage network to retain trap seal at a
minimum level. Normally 50mm is utilised as a trap seal depth, however
this value could be varied depending upon the w.c. application. Clearly
commercial considerations would become important if non-standard trap
seal depths were to be considered.
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D Water volume in w.c.
bowl at time ¢

Initial contamination
[7] mass in w.c. bowl X(1)
and trap volume Q (t=0)

- we. discharges at initial contaminant
~ concentration upto time T,

L

= = = w.c. discharge contaminent concentration
cistem discharge rate
seee**** wc. discharge rate

- final contamination
S oo }concenu-auon in bowl

Comamination concentration
and Volumetric fow rate

Teenn.... . Time
I'w c. discharge completed
Cistern discharge completed

w.c. discharge commences

Cistern flow commences

Figure 3 Schematic diagram of w.c. bowl mixing and contamination discharge
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Figure 4 Measured potassium permanganate (KMnO,) contamination
concentration in the trap after the flush compared to laboratory
measurements, T, value set to 2 seconds in mixing model:
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4. W.C. DISCHARGE PROFILES AS A BASIS FOR DRAIN LOADING

Traditional methods of drain loading calculations have developed from
the original work of Hunter (1940) in the fixture unit/discharge unit
design method. In order to assign a value to each w.c. type it was
necessary to develop a test to record the w.c. discharge profile, in
particular its duration and peak flow, A wide range of methods have been
utilised, falling into two main categories, namely a mass versus time
record and a volume discharge versus time record.

Pink (1973) presented a form of the mass wversus time record that
illustrates the fundamental problem with this mode of measurement may be
a necessity to "take out“ the momentum of the discharge flow. This
inevitably damps the peak £lows recorded.

Uujamhan (1981) utilised the volume versus time methodology, however
the major problem here is that "waves" on the surface of the collection
tank introduced "noise" into the readings.

A very recent development at Heriot-Watt University is illustrated
in Figure 5 where the volume versus time advantages are maximised by the
introduction of a system cof depth measurement at a range of locations
over the surface of the collection tank. The rates of change of the water
surface height in the collection tank is measured by means of a pressure
transducer recording the average air pressure in the vertical tubes
distributed across the surface of the tank. Figure § illustrates a
comparison of the results based on 1 to 12 monitoring points. This
technique removed the problems associacted with the earlier test methods
and would allow the utilisation of improved models of drain lcading and
w.c. fluid contamination removal. ’

Traditionally the w.c. discharge profile has been recorded without
solids in the flush, however the presence of solids in =he bowl modifies
the flush profile. The mass versus time techniques mentionaed cannot
handle this. However the volume versus time technigue above can cope with
this as shown in Figure §. If the design of networks in the future is to
be undertaken utilising improved mathematical models that incorporate
appliance discharge profiles and user patterns, rather than depending
upon a quasi-steady flow based on the fixture unit method, then these
modified discharge profiles become important.

S. WATER CONSERVATION AND SOLID TRANSPORT

One of the great myths surrounding low £lush volume w.c. introduction
is that all the flushed solids will be deposited in the drain and that
the system will fail. Experience in Sweden and in a site trial in
Phoenix, Arizona, Anderson and Seigrist (1986), utilising Ifo low flush
bowls, disprove this. Similarly a 4 year site trial in 3otswana of a 4
litre flush volume w.c., developed as part of a UK Overseas Development
Administration project, Swaffield and Wakelin (1990), generated no drain
blockage problems within a drainage network, Figure 7, laid to British
Standard Institution guidelines, while the water savings, Figurs 8, were
considerable when compared to the use of locally available Vaal Potteries
10 litre w.c.’s. The source of this mythology may be traced to a lack of
understanding of the mechanisms of solid transport, Swaifisld and Galowin
{1992) . Generally solids move through a system by a continuous process

141




T

—i

- .

w.c./cistem unit
under test

eylindrical 4

glass vessel glass tube bundle

manifold
—_

equalizing
valve D
datalogper

pressure
transducer

water level before

and after discharge

®e@euraIBcBrming armcmtmswiw

Figure 5  Schematic diagram

of device for measuring the flush characteristics of a w.c./cistern

unit, by averaging air pressure increase in 12 glass tubes submerged in a tank of

known dimensions

------ - ball float plastic 1 sescoseees glags |
= e — plastic 12 —  pglass 12
B
5 ;:6 - Sy ﬂ e .',-'._:'-...-.. —
8 § o ‘ a‘ ; /
5] ot 3 d Y
53 ; g E i
231 i worst o' : best /
&3 Y i 5 7
Ua H i : ;
st 3 H /
0 R ___‘/ —iE oy .
1 T T T T
¢ > 10 tme (seconds)
2 plastic vessel & float glass vessel & tube
=——— water only water only
water + balls 4 ***=*==* water + balls
! T
1 TN = i l
< 3 -
A1 N i |/
3z a S
4
I ' \\ 2 \"-.__
0 - .
° 2 time ¢ ¢ $ ° 2 time ¢ 6
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Figure 7  Layout of 63 low income Botswana Housing Corporation house plots,
Gaborone West, fitted with 4 lige flush w.c.’s. Note 100mm diameter
drains set at 1/90 :
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of deposition and re-acceleration caused by the arrival of later
appliance discharges, not exclusively w.c.’s. Thus an assessment of solid
transport performance must include the system as a whole,

W.c. testing has in the past concentrated upon its ability to
discharge waste or successfully remove liquid contamination. The need to
introduce solid transport as a further test was recognised in the US by
ANSI; the current test is based on the ability of a w.c. to ensure the
trangport of 50 20mm diameter balls 16m along a pipe set at a slope of
1/50 {0.02 or 1/4 inch per foot). This test may be traced back to a
similar procedure reported by Billington and Roberts (1982). In 1900 the
Sanitary Institute in London initiated a test programme for w.c.'’s
involving some eighteen hundred tests of a 9 litre w.c. that left S% of
the test balls in the trap and 21% along a 50ft length of pipe. (The pipe
diameter may be assumed to have been 4 inches or 100 mm.)

Building drainage networks are required to carry away both waste
water and wasts solids. As the flow mechanisms within building drainage
systems leads to intermittent partially filled pipe flows, the
satigfactory transport of waste solids becomes an important factor in the
assessment of a drainage design., This also affects any water conserving
proposals, either for w.c. design or for other appliances discharging to
the system, such as low flow showers. It is important to differentiate
the treatment of waste solid transport in building drainage networks f£rom
sewer flows. In the building drainage system the solids may still be
treated as discrete, subject to a system of forces including hydrostatic,
mass, buoyancy and frictional components. _

The transport of waste solids within gravity-driven building drainage
systems is, to a large extent, devendent on the maintenance of sufficiaent
wastewater flow depth in the pitched drain pipes. The predicticn of waste
solid transport in partially-filled pitched pipes requires development
of the inter-relationships between the controlling transport parameters:;
ag time-dependent wastewater flow rates and depth, the dimensions of the
solids, the pipe diameter, pitch and internal surface conditions, which
affects the friction between the solids and pipe wall. The reduction of
the water volume discharged £rom fixtures, such as w.c.’‘s with reduced
£lush volumes, or decreased £low rates, can result in lower pipe swseseping
velocities or reduced solid carrying capability in conventional sized
drain piping. Alternatively, in new building design, the use of smaller
diameter drain pipes, which maintain satisfactory solid movement with
smaller quantities of water, may be feasible.

The available theory and experimental test data indicate that
transport with flows, established either from actual water closets or
laboratory experiments with a controlled discharge tank, in pitched
drains cause the bodies initially at rest, or introduced with small
velocities, to undergo an early acceleration followed by a gradual
deceleration. Observations of the phenomena show that following the surge
peak the depth of the water in the pipe decreases and the solid velocity
decreases or the body may be deposited within the pitched drain pipe. The
attenuation of the input surge wave along the length of the drain results
in a decreased depth of water and an increase in the time interval for
passage of the surge wave, which reduces the transport effectiveness in
long drains. The prediction and measursment of attenuation is therefore
of significance in the evaluation of the effects of reduced water
consumption.
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In the UK interest in solid transport in building drains was probably
initiated by the problems encountered in the operation of the long,
shallow gradient building drainage systems installed in many of the large
hospitals built in the 1960s. Additionally, the growing concera with
water conservation gave added impetus to the study of this topic, which
is now actively being pursued at a number of centres in the UK, Europe
and the USA.

The earliest systematic work on solid transport may be traced to Wyly
(1964) working at the National Bureau of Standards, Washington, while in
the UK Webster and Lillywhite (1979) refer to work conducted in the early
1970s. However, this work, and the contribution of Tsukagoshi and Matsuo
{(1975), was not primarily concerned with solid transport performance and
as such did not introduce the experimental and instrumentation techniques
necessary to monitor solid velocity variations along the pips system.

A gystematic study of the transport of waste solids was initiated in
the UK in 1974 at Brunel University, as reported by Swaffield et al.
(1975, 1977, 1978, 1980), Wakelin (1978) and Bokor (1982). This study
developed the necessary instrumentation techniques and established the
mechanisms of seolid transport in both the laboratory and in insctalled
hospital drainage systems.

In parallel to this research a wide range of work was also undertaken
by other 1laboratories. In particular, at the National Bureau of
Standards, Galowin initiated fundamental investigations of the force

system acting on moving solids in partially filled pipe flow, while both -

the Danish and Swedish Building Research Iastitutes, Neilsen (1979),
Olsson (1980), and Japanese researchers have contributed papers to CIBW62
meetings.

During 1981-83 work was under way at IPT, Sao Paulo, concerned with
monitoring waste transport from a pour £flush toilet installation, via a
20m drain to a cesspit, while BRE in the UK undertook studies based on
observations carried out during trials of low flush volume w.c.’'s
installed in a London office building, Webster and Davidson (1982).

Work directed at a better understanding of the mechanisms of solid
transport has continued up to the present. Lilja (1989) considered the
effacts of pipe diameter and joining £flows while Swaffield and Galowin
(1992) developed a series of unsteady flow modsis utilising the numerical
method of characteristics to predict local flow conditions and hence
solid carrying capacity. Work at Stevens Institute concentratad on
assessing w.c. £lush volume reduction and the effect of multiple £lushing
on solid transport leading to the demonstration that a w.c. with a
particular £lush volume linked to a particular drainage network with no
other flows present has a maximum travel range, Kannan (19%2). The
prediction of this ‘'range’ by numerical means £or a single solid had been
demonstrated earlier, Figure 9, Swaffield (19%91), for a range of single
drains of various diameters and slopes. The cyclic effects of multiple
flushing demonstrated experimentally by Kannan were also predictable,
Figure 10, Swaffield and Galowin (1992')

Taken together this body of work presents a firm base on which to
develop an experimental model that will adequately predict the likely
transport of solids discharged from low cistera f£lush or pour flush w.c.
designs, and will also provide a basis for a wider study of solid
transport and deposition.
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6. SOLID TRANSPORT AS A CRITERIA FOR W.C. - SYSTEM DESIGN

The implication of w.c. design on solid transport in drainage systems
was largely ignored until the water conservation proposals of the 1980s.
Flushability criteria for sanitary products had been developed, Howarth
et al. (1980}, however these were concerned with the disposal of the
product and while the test specification dictated a successful travel of
10m in a 100mm diameter drain at 1/80 following discharge from a 9 litre
£lush volume w.c., the test method was not accepted by the w.c.
manufacturers.

The first w.c./solid transport test criteria accepted was the ANSI
Standard Al112.19.6 in the US, applicable to w.c. designs down to 6 litre
flush volume. Considerable concern exists for the performance of water
conserving fixtures and devices as related to their sufficiency for
providing waste transport and clearing drains. Design considerations and
plumbing code information have seriously lagged behind the development
of newly introduced manufactured products for plumbing installations.
However the revision of standards has been under way for some time in the
USA, reflecting the need for potable water conservation as part of a
national recognition of the importance of water resource management.

ANSI Standard A112.19.2-82, the 1990 revision consists of two
standards, A112.19.2 and 19.6 for hydraulic tests, was primarily oriented
toward the 3.5 USgallon f£lush water closet with tests for hydraulic
performance. The test methods, however, are appropriate to the ultra-low
volume w.c. since the functions and test media are mostly the same and
performance is zequired to be essentially the same. A new test for
drainline carry was included in a revision of the standard to determine
the capability of a water closet surge to carry the test medium a minimum
distance along the drain. All the hydraulic test methods have baeen
assembled in a new document under a new sctandard, ANSI All12.19.6, for
hydraulic test metheds.

The development of test material and requirements £or water
conserving water closet performance tests in ANSI Standard A112.19.2M
included bulk deformable sheath water-£illed solids, plastic balls, and
plastic pellet test matserials. Subsequent difficulties and limited
longevity in the use of the bulk sheath water-£filled wvinyl cylinders was
experienced; these are not now specified in updating the new standard for
hydraulic test methods (ANSI All12.19.8). Test methods in the standard
have been expanded to include a toilet tissue test and a drainline carry
test utilising plascic balls.

In the test rig installation for the drainline carry test of the
standard, a 60 £t long, 4-in diameter pipe pitched at X-in per £t was
attached by a turning elbow to the water closet. The test uses 100
plastic ballsg, each of 20 mm diameter, in each load and is repeated three
consecutive times. A 40 £t average carry distance is required for the
water closet drainline carry. A detailed test procedurs describes how to
conduct the test and evaluate the measurements from the calculation for
the average carry distance. Test results for several water closets from
the drainline carry test are presented in Figure 1ll. Those results are
from recent tests for 12 3.5 USgallon £flush water closets, 12 1.6
USgallon £flush water closets and 2 pressurised 1.6 USgallon flush water
closets. All the closets tested were observed to achieve the 40 £t carry
distance requirsment. Other tests were undertaken to determine the effect
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of larger bulk media in passing through the trap and transport aleng the
drain.

Critique of the plastic balls for water closet svaluations has been
‘based on the fact that the faecal matter has not been simulated in the
performance test. However, it must be recognised that test evaluation
techniques require that a reliably reproducible, reusable, test material
be available for utilisation in any laboratory.

The ANSI ball test represents the first attempt act linking w.c.
acceptance criteria to solid transport. The test could be developed to
yield information as to the effect of pipe slope and diameter on
transport efficiency, Figure 12 illustrates the results obtained in 75.
100 and 150mm drains following the flushing test defined by ANSI. The
choice of a suitable test medium is difficult, particularly as this is
a somewhat taboe area in any case, and the problem is naturally
complicated by the natural randomness of the input and by anecdotal
opinions. A combination of the ball test together with the sanitary
product flushability criteria defined by Howarth et al. (1980) may well
prove to be the best available.

7. CONCLUSIONS

This paper has attempted to present an overview of the research on
w.c. design, identifying the parameters that determine satisfac:iory
performance against the dual objectives of solid and fluid contamination
removal. Inevitably this has led to the identification of the w.c. as
merely part of a system, rather than an isolated appliance whose design
can be considered in isolation from its interaction with the building
drainage network. The introduction of water conservation highlights the
need for a systems based approach to both appliance and drainage network
design as the ability of the w.c. to guarantee solid waste transport, at
least as far as the first junction carrying flow from other system
applainces, becomes essential.

Advances in drainage design methodology derived £rom the availability
of modern computing facilities linked to mathematical modelling of the
unsteady drainage flow allows this approach to be followed and developed.
The greatest need is therefore for appliance manufacturers, drainage
designers and code specifiers to recognise the advantages inherent in
theso methodologies.

This paper has also illustrated the w.c. design parameters that
determine good performance. The confirmation of the systematic laboratory
identification of these governing parameters in field tests should give
confidence in their use in future w.c¢. design. While it would be
simplistic to expect that the design of applainces for competitive sale
could be governed totally by such relationships, the application of the
rosearch discussed could avoid excessive water consumption by poorly
designed w.c.’s that either fail to guarantee solid transport or require
multiple f£lushing to clear the bowl.

Finally the reserch summarized has identified the need to establish
standards acceptance tests that reflect the role of the w.c. as a
constituent part of a system, rather than an isolated applaince. It is
clear that further work will be necessary to establish these test
requirements and CIBW62 has a role in this.
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Item 12, Appendix 2. / 2.

‘Reduction in Domestic Water Consumption Through the use of Low Volume Flush Toilets’,
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REDUCTION IN DOMESTIC WATER CONSUMPTION
THROUGH THE USE OF LOW VOLUME FLUSH TOILET

ADILSON LOURENGCC ROCHA
Instituto de Pesquisas Tecnoldgicas - IPT
P.O. Box 7141, SAO PAULO - SP
BRAZIL

Abstract
The use of low volume flush toilet (LVFT) is a subject of

research in a number of countries. There are expressive

advantages on the use of these toilets, highlighted by the

reduction in the overall demand for water. This gives the

water public services opportunity to supply a greater number

of people, and by the reduction in sewer volume, permits the

use of more economical alternative systems of waste water

treatment and disposal. In Brazil the theme has being carried

on at IPT where, among other activities on the subject, the

Institute has been working with manufactures on LVFT

development. The present work treats a real case where LVFT
were employed. Two Brazilian manufactured toilet types along
with a foreign one obtained thanks to a cooperative technical

agreement between IPT and Heriot-Watt University, Edinburgh,

Scotland, were used. The research concluded that the use of
this type of toilet permitted an economy of 3 L per capita
in the water volume daily utilized for toilet flushing. ,
Kevwords: Water Conservation, WC, Low Volume Appliances, Low
Volume Flush Toilets

1  INTRODUCTION

Water, like energy, is a limited resource. The petroleum
crisis of 1973 awoke the world to the need to conserve
energy. Likewise the drought of 1976/77 that occurred in
parts of northern hemisphere stirred discussions about what
had seemed and inexhaustible resource: the water. Not that
studies on the conservation of either energy or water were
nonexistent before, but from these dates the problems became
definitely integrated into the  universe of human
precoccupations in the last years of this millennium.

When we speak here of a lack of water we are not saying
that rivers and seas will dry up. The problem consists in the
significantly higher costs for the implantation of new water
supply systems when the water consumption overtakes the
local water service capacity. The normal solution is to take
water from sources more and more distant or by more costly
processes what imply in a increase of energy consumption.
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In the domain of buildipg services, solutions are
constrained by water conservation to reduce the cénsumption

in the different water usage points in the building.

Obviously, these solutions must preserve the good system
performance and assure users satisfaction on their
requirements. There is a large number of possible technical
alternatives which have been discussed in publications over
the last 20 years (IPT, 1986).

The economy gained by the reduction in the volume of
discharge in toilets is considered potentially promising for
two main reasons. Firstly, this appliance alone has been
considered to be responsible for about 40 % of total water
domestic consumption (Fowell, 1979). Secondly, it presents
consumption that can be considered independent of users
"taste® offering the possibility to work in its
rationalization, in opposition to showers, taps, etc,. The
volume of water used in the discharge basically must be
sufficient to remove liquid and solid waste from the toilet
itself and also from the building drainage pipelines,
assuring the waste transportation to a disposal site, that
can be the public sewer network.

The research was carried on firstly through the
development of an appropriate methodology to evaluate the
toilet system (flush tank or valve, toilet bowl and the
sanitary branch). Secondly it was studied the toilet system
functioning in order to reduce the water consumption, being
settled at this phase the directive parameters for the bowl
design itself. Finally work was done actually developing a
low volume flush toilet.

The industrial development of these bowls along with
flush tanks was undertaken by manufactures and the evaluation
of the product was made by IPT in terms of laboratory
behaviour (Rocha, 1986). However its behave in actual use
took some time to be perfcrmed. Only in 1990 were all the
pre-requisite conditions fulfilled to begin a research
project aimed at monitoring the water consumption of LVFT*
installed in a housing estate. This project, named "Projeto
Sdo Carlos", is the subject of this paper (IPT, 1993).

2 DESCRIPTION OF THE PROJECT
2.1 Locale chosen and toilets used

From the mid 1980s contacts were made with the agencies
concerned with planning and financing housing for low income
families in order to identify a housing estate in Sdo Paulo,
or a nearby town, suitable for the installation of LVFT. It
was chosen an estate with 150 houses planned to be
constructed in S3o Carlos, located 220 km from Sao Paulo,

PEEE—————— T

! In Brazil LVFT is called “"bacia VDR", i.e,"bacia de volume
de descarga reduzido™,.
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through a governmental housing agency.

The estate called "Sdo Carlos Participagio® was designed
to house employees of "Escola de Engenharia de Sao Carlos da
Universidade de Sdao Paulo" (Engineering School of Sdo Carlos,
University of Sdo Paulo). The majority of the houses (110 in
total) have 2 bedrooms and a built area of about 46 m?. From
the others 40 houses, all of them with 1 bedroom, 20 have a
built area of about 31 m® and the rest about 37 m.

IPT accompanied the estate construction from the
beginning. During this period arrangements were made with
toilet bowl and flush tank manufacturers in order to obtain
the necessary products. The types, makes and quantities of
toilet bowls and flush tanks installed in the houses are
presented in Table 1. It is important to do some comments
about these products:

a) the bowls and flush tanks were supplied free of charge
by the manufacturers;

b) the Twyfords LVFT bowls comes from UK as an item of
the cooperative agreement signed between IPT and Heriot-Watt
University, Edinburgh, Scotland;

c) the normal bowls and flush tanks, used for control
s purpose, were acquired by the construction company using
o normal purchasing procedures without any orientation from
S IPT;
: d) the flush tank make Astra used for controcl purpose
had a discharge volume of 10 L when adjusted to the maximum
=5 possible operational level.

i
! LVFT Normal i
: Type flush tank | flush tank i
{control) Total !
: Make Cipla Astra
: LVFT bowl | Celite 45 - 45 _
; Deca 45 - 45 v
Twyfords 30, - 30 i
Normal : { i
toilet Celite - 30 30 :
. bowl 111,
oy (control) '
R Total 120 30 150 i h

Table 1 - Number of houses where each type/make
of toilet bowl and flush tank were installed

s

2.2 Project objectives and planned activities l

The basic objective of the research project was to
gy compare de water consumption in houses installed with LVFT
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with those installed with normal teilets, and to evaluate
over a length of time the LVFT performance.

To make possible to compare the water consumption it was
planned:

a) the measurement of the house water consumption, total,
considering all the sanitary appliances, obtained through the
periodic reading of the water meter installed in the meter
chamber at the house entry:

b) the measurement of the toilet water consumptzon,
individually, obtained through the periodic reading of the
water meter installed immediately upstream the flush tank
entry.

To make possible to compute the per caplta water
consumption, both from the whole house and from the toilet,
it was done a periocdic control of the dwelling resident
number.

The water meters installed at the flush tank were donated
to IPT by a Brazilian water meter manufacturer. It is a 1.5
m*/h nominal flow-rate meter. The water meters installed at
the house entrance were installed by the municipal water
service department.

The LVFT behaviour control was carried through the entire

research duration, mainly during the periodic visit for water
meter reading.

2.3 Conducted measurements

Water meter reading were monthly decne during 12 months
from June/91 to May/92, in 95 houses of the estate, i.e., 63
% of the total houses. The reasons for not reading 55 houses
are the following:

a) not occupied houses by the residents:;

b) houses where the entry water meter was not installed
due any reason and the flush tank had been substituted by
flush valve;

c) houses where the residents do not accepted to
participate of the research.

Research measurement data constitute an important source
from which it was possible to extract valuable information.
The results and conclusions here presented are based in
measurements over 61 houses, according to 2nd, 3rd and 4th
columns of Table 2 (houses with flush tank where reading was
validated). From these 61 measurements, 13 houses had only
reading on the flush tank water meter because the entry water
meter had not been installed yet. In another 6 houses only
the entry water meter reading was considered because the
resident had installed flush valve substituting flush tank.

3  RESULTS

This work aims basically to show that the consequence of
LVFT use was an effective reduction on water consumption when
compared with. normal toilet. Two numerical indicators will
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be utilized for this objective: the house per capita water
consumption and the toilet per capita water consumption.
Employing per capita indicators was necessary to neutralize
the random influence of number of residents variable from
direct reading of water meters. To neutralize the not exactly
periodic water meter monthly reading, it was adopted the
daily average water consumption for each of measured months.

N 4 i : $
T T T T

Houses where the reading was done

i
T

Type and considered valid Houses | Houses
HBouses with flush tank shere the | where
of reading the
¢ : + + reading
toilet |Reading at | Reading | Reading Bouses | was done was Total
the house | only at only with and not not
bowl  |entry and | the house at flush considered | done
at toilet entry toilet valve valid
LVFT 10 1 7 3 7 17 {5
(Celite)
LVFT 15 3 2 5 $ 16 15
(Decal
LveT 12 9 i 2 8 . 4 30
(Twyfords)
_ |
Control 5 2 0 1 T4 18 30
Total 42 6 13 11 23 55 150
Table 2 - Number of houses where water meter readings

were or nor done and were or not considered valid .

3.1 House consumption

Figure 1 shows graphically the variation of the per
capita average daily consumption of the houses during the 12
month period of measurements. Houses are differentiated
according to type and make of toilets installed. It can be
observed in Figure 1 that all 4 curves have practically the
same behaviour. It is not possible to extract from these
curves any, even remote, information showing water economy
due to the use of any of the four groups type/make of
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toilets. This fact 1is explained by the nature of the
indicator since the per capita average daily consumption
includes the water consumpiion of all types of water use at
house. Thus, the total volume of water used in the shower,
lavatory, laundry, kitchen sink, kitchen filter and garden
tap reach an amount much higher than the volume used only in
the toilet. This phenomenon implies that the total water
consumption of different houses had similar behaviour
independent of the group type/make of toilet installed. This
result also leads to speculate on the real participation of
the toilet on the total house consumption that would not be
around the 38% previcusly assessed (Rocha, 1984). If that
figure was true an effective reduction on the toilet would
imply in a detectable change in the house consumption. .
The per capita average daily consumption was computed

from monthly readings of the 48 house entry water meters -

resulting in 120 L valid both for houses with LVFT or normal
toilets, 1ndlst1nct1y. This value is compatible with the
dally average per capita of the residential figure of 141 L

.in S&o0 Pauloc and 30 municipalities of Sdo Paulo metropolitan
area (Boaventura, 1986).
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3.2 Toilet consumption

Figure 2 shows graphically the variation of the toilet
per capita average daily consumption during the 12 month
period of measurements, according the type of tocilet: LVFT
or normal (contrel). It is evident the lower consumption of
LVFT toilets. From data obtained from monthly reading in 55
flush tank water meters it was computed the per capita
average daily consumption of 10 L for LVFT, and 14 L for
normal toilets.

Figure 3 shows graphically the same monthly variation of
consumption differentiating between LVFT makes. The per
capita average daily consumption computed for each make
resulted in the same value of 10 L.

3.3 Toilet consumption ratio

The toilet consumption ratio is computed dividing the
water volume used in the toilet by the total water volume
utilized in the house (including the toilet). Figure 4 shows
graphically its variation during the 12 month period of
measurements, detaching the LVFT from normal toilet (control)
ratio. The LVFT average consumption ratio was 10% while the
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corresponding figure for normal toilets was 16%.

4 CONCLUSIONS AND COWTARI ES

The employment of LVFT leads to an effective reduction in
the water volume used on the toilet flushing. A daily average
reduction of 4 L per capita was observed. In terms of
comparison with the per capita average daily consumption of
the normal toilet used for control (14 L), the LVFT
corresponding figure was 29% lower. Referring to the global
per capita consumption of 120 L computed for all the houses
independently of the toilet type installed, the LVFT
represented about 3% of reduction.

Bearing in mind that the LVFT flushing volume is § L and
considering that its per capita average daily consumption was
10 L, it can be concluded that its average number of flushing
actions was 2.0. For the normal toilet the flushing volume
is 10 L and the per capita average daily consumption was 14

+ resulting a per capita average number of 1.4 flushing
actions. This higher value for the LVFT seems to show that
they had to be flushed more times by users for its proper
cleaning, i.e, the LVFT would had presenting functioning
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problems. This picture suggests a design revision of the
employed LVFT, trying to identify the reasons that lead users
to flush it more times.

The global ratio of water consumption in the toilets (16%
if all toilets are included - LVFT and normal) actually is
much lower than the figure initially expected (about 38%).
It shall be stressed that this was the first time that this
measurement was carried on in Brazil. However the found water
consumption ratio value must not be extended for others types
of buildings even residential ones. The validity of the found
consumption ratio can be applied only to dwellings of the
same type of those subject of this research and with the same
economic and social-cultural profile.
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SUMMARY

The design of drainage systems that take into account waste solid transport has been shown
to be dependent upon the discharge profile produced by water closets at the entry to the drain.
For low flush volume water closets there is a special need to apply an accurate description
of the time distribution of the surge and the time dependency of the hydraulic conditions and
waste transport in the drainage system. The determination of the time varying sequences of
loadings on the drainage system from appliance discharge into either vertical stacks or
horizontal collection systems is essential in order to evaluate the downstream hydraulic

conditions, in particular the flow depth and rate, and the associated solid transport velocity
variations.

The study presented in this paper applied an unsteady free surface flow numerical simulation
based on the method of characteristics to solve the differential equations defining the drain
flow conditions. The application of such a simulation is the only means available to model
the local hydraulic conditions in the drain following user defined appliance discharge. The
study investigated the time dependent flow conditions caused by staggered and simultaneous
discharge of four wcs on four floors to a vertical stack and collection drain and compared
these to the flow conditions in a horizontal collection drain network accepting staggered or
simultaneous discharges from four similar wc types mounted at the end of a series of

horizontal branches. The study illustrates the inherently differing flow conditions that apply
" in each of these cases and the dependency of the resulting solid transport on both system
design and appliance specification.

The paper concludes that the availability of dependable simulation techniques offers drainage
designers and code specifiers the opportunity to both improve system design and evaluate the
implications of water conservation and wc performance on overall system efficiency.
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system design.
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INTRODUCTION - UNSTEADY FLOW MODELLING IN BUILDING DRAINAGE
SYSTEMS. '

Water flow within a building drainage network may be described as unsteady due to both the
variation of outflow at each appliance during its discharge, the random usage of the

appliances connected to the network and the modifications to the appliance discharge during
passage through the network.

Current design methods have incorporated the usage pattern of system appliances by the
introduction of probability of use functions, the Fixture Unit Method, Hunter (1940). However
the design guidance offered is conservative and assumes steady flow rates related to a
summation of the network fixture units. For horizontal branches it has been shown, Swaffield
and Galowin (1992), that the increases in diameter and slope recommended correspond to
steady flow depths reaching 50% of the pipe diameter.

In parallel to the US / UK design guidelines outlined above, all other developed national
codes have their own particular methodologies and limiting values. As these are entirely based
upon the translation of steady state empirical data into ‘safe’ design guidelines, it is extremely

difﬁcult to compare their relative merits or suitability to meet changing norms and usage
patterns within building drainage.

The introduction of water conservation and the increased installation of water using appliances
set up design requirements not necessarily covered by the steady state empirical data utilised
to generate these current design guides. Rapid changes in the water consumption of



appliances, together with water conservation considerations and future metering and costing
strategies imply that improved modelling methods are required to ensure that systems are not
over designed for their likely loadings. In building drainage system design, overdesign cannot
be regarded as a safety factor as increases in pipe diameter at any given flow rate
automatically lead to an enhanced likelihood of solid deposition and maintenance costs.

The harmonisation of European design standards in the immediate future also presents a need
for an alternative analysis and design evaluation methodology to allow direct comparison of
national codes and the derivation of improved design guides based upon the need to meet
system performance requirements.

The term ‘unsteady’ has an accepted definition that at-any chosen location in the pipe network
the flowrate and depth will vary with time. This is clearly true for a building drainage system
fed by a random selection of appliance discharges.

_An appliance discharge to the head of a drain may be described by an inflow vs time curve.
" This generates a wave that propagates down the drain towards its termination at a vertical
stack or at a junction with other branches, which may naturally be carrying their own
discharges. Within such discharge waves the deeper zones tend to move faster than the
shallower, effectively redistributing the water mass in the wave forward, steepening the
leading edge and spreading the tail of the wave. Friction obviously reduces the difference
between the flow velocities along the wave, so that not all waves ‘break’. The overall effect
will be to attenuate the wave, lowering the peak flow depth as the wave moves through the
network, with a consequent reduction in both flow depth and peak flow rate, and an increase -
in flow duration at any location. None of these effects can be predicted by the current design

methods and this provided the impetus for the development of the methodology and numerical
modelling described.

The degree of attenuation experienced by any appliance discharge is dependent upon pipe
diameter, roughness, slope, the shape of the initial flow vs time profile and the baseflow over
which it must pass. The driving force for attenuation is the difference in depth and velocity
within the wave itself; as these differences decrease due to attenuation, so does the attenuation
decrease. Far downstream the wave becomes ‘almost’ a steady flow, as the summation of
many such attenuated waves within the sewer leads to conditions that may be approximated
by the equations governing steady free surface flows.

THE MODELLING OF UNSTEADY FLOW CONDITIONS

The water flow and entrained airflows within drainage systems belong to a family of unsteady
flows that may be described by the full equations of continuity and momentum, whose
solution was first investigated by d’ Alembert in the 1750’s. The momentum equation may be

stated, for either free surface flows or entrained airflows, Swaffield and Galowin
(1992) as :
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where p - pressure, V - mean flow velocity, p - fluid density

14 =0

The modulus of the velocity,| V], is introduced so that the friction force opposes the direction
of the flow at any given time. (The velocity is defined as positive in the positive x direction).

Similarly the continuity equation becomes

oV _ 1 dp 1 da _
% "paE "z’
where oV/ox accounts for the change between inflow and outflow,

1/p dp/dt accounts for the liquid compressibility, and
1/A dA/dt accounts for the radial change in conduit size.

This equation is general in application as no assumptions have been made as to fluid
properties, conduit cross sectional shape or the presence of a free surface.

FREE SURFACE WAVE PROPAGATION IN UNSTEADY FLOWS.

In this case, for the equation of motion, the fluid pressure may be replaced by flow depth, h,
as p=pgh and the frictional resistance may be expressed via the friction slope, S, defined from
the Chezy equation yielding an expression

aV BV ah -
— .3._ g — g {s SO) 0

where S, is the channel slope, positive if inclined downwards.

The equation of continuity may also be simplified as in this case there is no fluid

compressibility effect but the cross sectional shape of the filled channel will change with flow
depth, thus

oV _ . oh _ oh _
A..a.’_{ T?E VT?}_C-O

where T is the free surface width.

The unsteady flow equations of motion and continuity this flow case are examples of quasi-
linear hyperbolic partial differential equations and as such may be solved by numerical



techniques.

In order to solve these equations numerically they must first be transformed into total
differential equations, via the method of characteristics, resulting in expressions for free
surface flow

provided that
& - ysc
at

" where the term (gA/T)* is the wave propagation velocity, reducing to (gh)* for the special
case of the rectangular channel

As the methodology depends upon the inflow profiles of discharging appliances, it follows
that this technique also offers the opportunity to deal with the appliance usage pattern
explicitly, rather than by depending upon some probability of use function that might well be
inappropriate for the particular building or user condition being considered.

It should be noted that the finite difference expressions only exist provided that the dx/dt
relationships are adhered to, this is known as the Courant Criterion and links simulation time
step to distance increments or inter node pipe lengths. It will be seen that the Courant
Criterion depends upon flow velocity and wave speed; it is useful to note that for free surface
flows these are comparable, commonly <5m/s, These dx/dt equations define lines drawn in
the x - t plane known as characteristics. These characteristics may be thought of as the mode
of communication of information from one location in the flow at the current time to another
location one time step in the future. '

At the boundaries to any system only one characteristic can exist and it is necessary to
represent the boundary by some developed equation linking flow depth, or air pressure to flow
rate and/or time. It is the ability to develop such boundary conditions that endows the method
of characteristics with its particular suitability as a simulation technique for unsteady flow in
building drainage and vent systems.

Any network may be subdivided into two categories of unsteady flow modelling, namely the
transmission of transients along a partially filled pipe and the effect of any imposed condition
at pipe boundary. Boundary conditions include w.c. discharge to a drain; pipe junctions.
including displaced hydraulic jumps; entry to vertical stacks; the transformation of the stack
annular flow back into free surface flow at entry to the lowest level collection drain or solid
transport within a pipe network.

The development of these boundary conditions requires both an empirical, laboratory based
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input, as well as a study of the mathematics required to transfer the observed boundary effects
into a set of relationships compatible with the method of characteristics model. A fuller
description of the model mathematics and the validation undertaken may be found in
Swaffield and Galowin (1992) and Swaffield and Boldy (1993).

INCLUSION OF SOLID TRANSPORT WITHIN A METHOD OF
CHARACTERISTICS UNSTEADY FLOW MODEL - THE SOLID VELOCITY /
FLOW VELOCITY DECREMENT APPROACH

The introduction of a moving solid into the method of characteristics model requires a
suitable boundary condition to be developed that links solid velocity to the flow depths and
velocities both immediately upstream and downstream of the solid location. Observations of
actual drainage system operation, Bokor (1982), indicated that for a large proportion of
. discharged solids ie. paper towels, toilet paper, some faecal material, the solid velocity may
be approximated by a relationship involving local flow depth and velocity. This model would
retain all the advantages of the method of characteristics prediction of wave attenuation
effects but would in all probability slightly underestimate solid transport distance.

The local velocity of the solid may be calculated from the lecal flow depth and velocity

calculated by the full method of characteristics solution, McDougal and Swaffield (1993,

1994). This model is limited in the region of final deposition as the flow depth upstream of

the solid is likely to increase considerably as the solid velocity goes to zero, however as the

velocities predicted will be low the error on deposition position will be small. The model can
deal with multiple solids that close up or merge by introducing a change in the form of the

relationship to conform to some larger merged solid. Despite its limitation this model presents

the designer with a rapid methodology for identifying both possible solid deposition, and

design solutions by adjusting pipe slope, diameter or appliance choice.

APPLICATION OF THE SIMULATION TO THE PREDICTION OF FLOW

CONDITIONS IN BOTH A VERTICAL AND HORIZONTAL DRAINAGE
NETWORK.

Figure 1 is a summary of the drainage system layouts compared, namely a vertical stack and
a horizontal collection system. The overall lengths of the systems are identical. Two different
6 litre wc types are considered, a ‘gravity’ cistern and a ‘pressure’ cistern model, peak
outflows 1.8 and 3.3 litre/second respectively. Simultaneous and random discharges for the
4 wc's shown were considered. Three solids are discharged from each, timed midway along
the rising, steady and falling portions of the assumed discharge profiles. The slopes of all

pipes in any one network are assumed constant, ie if the collection drain is at 0.01 then all
the branches etc are also at 0.01.

One point of special note in Figure 1 is the presence of the ‘comparative point’ taken as entry

S



to the horizontal drain downstream of the final wc branch and the base of the vertical stack.
Solid transport will be compared relative to this point and this will explain the NEGATIVE

solid location shown on later figures, ie solids discharged from wcl effectively start at -22m
relative to this point.

Figures 1a, 1b and 2a, 2b compare the accumulated flow entering the collection drain at the
base of the stack or downstream of the last wc horizontal branch. Points to note are ..

1

_ the pressure tank discharges give a higher maximum at the base of the stack for both

simultaneous and random discharge, 4.6 compared to 3.6 litres/second.

there is evidence of fewer peaks in the random discharge accumulated flow than in
the simultaneous case, but this is not a major factor as the secondary peaks are quite
low, ie. not more than 1 litre/second maximum.

although not illustrated, changing the slope of the wc connection, 2m long, on each
upper floor had little or no effect on the accumulated flow at the base of the stack.

Figures 3a and 3b compare the accumulated flow to the collection drain downstream of the
last wc branch for the 8 cases considered. Points to note are ...

1.

In all cases the simultaneous discharge condition results in a series of maximum
flowrates at entry to the collection drain, the first and largest representing the
discharge from the last wc, wcd on Figure 1. Subsequent peaks corresponding to
we3,wc2 and wel in that order demonstrate the increased attenuation expected with
greater travel distance and the separation of the peaks also corresponds to the relative

lengths of the pipes traversed to reach this point, 2, 6, 14 and 22 m for wc4, 3, 2 and
1 respectively.

In all cases the random discharge case gave a higher peak flowrate and fewer
subsequent lower peaks as the discharge from wcl, having the furthest to travel.
arrives at the entry to the collection drain to reinforce the later discharge from wc4,
the discharge with the shortest travel distance.

The effect of pipe slope is more important here and in all cases results in higher peak
flows but in the same number of subsequent peaks. There is also evidence that the
wave velocity is higher with increased slope as subsequent peak flow values at entry
to the collection drain happen earlier as the slope is changed from 0.01 to 0.02.

Figures 4a,b to 7a,b present the flow depths and local flowrates along the collection drain at
the base of the vertical stack for the 8 cases considered. Points to note are ..

1

In every case there is evidence of a steepening of the wavefront due to the energy of
the flow at the base of the stack, Swaffield and Galowin (1992). Results are presented
for the 0.01 slope case only, the steepening would have been more marked for 0.02
and would also have persisted further along the collection drain.



2. The differential wave speed depending on flow depth is clearly responsible for the
smoothing of the rather jagged flow profile at the base of the stack into the flow
profile 15 m further down the collection drain.

Figures 8a,bto 11a,b present flow depths and flowrates along the collection drain downstream
of the last wc branch in the horizontal systern, and are therefore comparable to Figures 4 to
7. Points to note are .

1. All cases show continuous attenuation.

2. The smoothing out of the flow peaks over the 15 m length of the drain is more
marked.

3. The entry depth is the depth appropriate to the downstream side of a 45 degree
junction, ie the local flow critical depth, and therefore is pretty close to the exact
opposite of the ‘energy’ flow case at the base of the stack. This should have a
detrimental effect on solid transport performance.

4. While all the cases show attenuation, the attenuation in the pressure cistern case is
more marked and illustrates- the dependence of wave attenuation on appliance
discharge profile as well as the system parameters of slope, roughness and diameter.

3. The peak flow is greater for the random discharge cases compared to the simultaneous
cases as the discharge from wcl has time to arrive.

Figures 12a.b and 13a.b compare the solid transport performance in the collection drains for
both the vertical stack and horizontal systems. Note the negative distances on these figures,
these refer to solids discharge into the horizontal system that have to travel from 22 to 2 m
to reach the entry to the collection drain, the point of comparison identified in Figure 1. For

these figures only transport predictions for solid no. 2, ie the solid discharged at the mid point
- of the wc discharge profile plateau has been presented Points to be noted ..

1. The solid start time for the collection drain at the base of the vertical stack depends
on the time taken to fall, this varies for each floor, hence the four lines starting at 0
m and leaving the system at 15 m.

2. The four solids discharged into the horizontal branches typically travel about 10 - 12
m, and hence none leaves the system on the first flush with pipe slopes of 0.01.
3. For the vertical stack system the effect of increasing the collection drain slope to 0.02

would only speed the solids out of the system and these results are not presented.

4, For the vertical stack system all solids leave the system at all slopes and this is true
¢ for all three solids from each wc. However it will be seen that the random discharge

of either the grav1ty or pressure wc's resulted in a ‘poorer’ solid transport
performance.



5. For the horizontal system the effect of random vs. simultaneous discharge is mixed.
From the figures presented for the wcl solid, with the farthest to travel, random
discharge improved travel distance as it benefitted from flow reinforcement as it
passed the branch junctions downstream. For the simultaneous case, this did not occur
for the solids from wc!l and we2, however solids from wc3 and more markedly wc4,
benefitted from simultaneous discharge as the later arrival of the surge from upstream
gave added impetus to these solids, by then within the collection drain.

6. The same comments apply in general to both the gravity and pressure wc’s. However
the advantage of random discharge is even more marked in the case of the solid from
wcl.

Figures 14a,b and 15a,b compare the effect of pipe slope on the transport in the horizontal
system collection drain. In every case transport is improved by increasing pipe slope, in one
case the wc4 solid following simultaneous discharge of the four wc’s exits the system, having
. travelled 17 m along the wc4 branch and the collection drain.

Figure 16 demonstrates that for repeated simultaneous discharge of the four gravity cistern
wc’s, at 60 second intervals, that three flush sequences are need to clear the mid profile solids
from the horizontal system. The curves illustrate that the solids become deposited while
waiting for the next flush to move them on.

CONCLUSIONS

The application of the method of characteristics based simulation presented in this paper has
illustrated the flexibility of such numerical techniques. By choosing an application where the
predictions would inevitably confirm the expectations of experienced system designers it is
hoped that other system performance predictions will also be seen as accurately representing

the unsteady flow conditions that prevail within building drainage systems in response to
system operation.

The study has also illustrated the dependence of local flow conditions upon both the appliance
discharge profile and the design of the system itself. The simulation therefore offers
advantages to system designers and appliance manufacturers. For the first time simulation of
the type illustrated allow the designer to specify the required performance of the appliance
or the manufacturer to demonstrate ahead of system installation that a particular appliance can
meet the system specification. This has obvious advantages in dealing with such changes in
drainage performance criteria as water conservation.

The. use of simulations, as illustrated in this paper, also allows the designer to consider user
regimes not previously addressed via steady flow/probability models. For example the effects

of random or simultaneous discharge may be investigated, as can flows in little used
networks. . :

This paper should be seen as part of an ongoing research programme, fully reported to past
CIBW62 meetings from 1981 onwards, aimed at the introduction of computer based analysis

8



and simulation techniques to the design of building drainage networks. The overall objective
of the programme was to emphasise that the unsteady flow conditions generated within
building drainage networks belong to a well understood family of flow regimes within the
wider field of fluid mechanics and that the future design of drainage networks, and the
specification of design codes across national boundaries, could be improved and enhanced by
the adoption of such computer based simulation techniques.
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Figure 1. Test specification

Vertical system Horizontal system

/ w.c. 1
2

8g ) w.c. 2
+ 2m
8m / W.C. 3
+ 2m ' '
4m / w.c. 4 .
+ 2m . j
4m
THA — Note comparative point A
15m
All pipe slopes: 0.01 or 0.02
All pipe diameters: 100mm
w.c. Discharge characteristics
Gravity cistern Pressure cistern
Q Q
(Us) (i/s)
3 -

i

2 , 4
Time(s) - Time (s)
Solid insert times (Q): Solid insert imes (Q):
0.35s 0.25s
2.0s 1.15 s
3.65s 2.05s
Discharge sequence: 1 Simultaneous - - 0 secs

2 Random w.c. 1 0 secs
w.C. 2 4 secs
w.c. 3 6 secs
w.c. 4 9 secs
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SOLID POSITION RELATIVE TO ENTRY
HORIZONTAL COLLECTION DRAIN, M.

Rigure 16. Effect on solid deposition in the
horizontal drain network of repeated wc operation.
Four gravity cistern wcs (WcH1-4) flushed
simultaneously and at 60s intervals. All drains
100mm diameter, 0.01 slope. All solids ejected by
3rd flush. )

/ §
12.0 §
/ .
8.0 /\
3rd flush,
4,0
0.0
-4.0 s
2ad flush b
-8.0
-12.0
Single solid/wc initially
-16.0 discharged to drain .
2.0s into 1st flush i
-20.0 Ist flush ;
-24.0 ‘ | ‘ ‘

0 100 200

TIME, SECONDS
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SURVEY OF PURCIHASER OPINIONS ABOUT
ULTRA-LOW-FLUSH TOILETS
George Martin
Waterworks Engineer
Los Angeles Department of Water and Power
Los Angcles, California 90051

Like many other agencies, the Los Angeles Department of Water and Power
(Department) began its Ultra-Low-Flush (ULF) Toilet Rebate Program with
concerns about the customers’ acceptance of these ULF toilets. How do
customers like their new ULF toilet compared to the old toilet that was replaced?
Do some brands or models work better than others? In developing the list of
approved toilcts should some be excluded because of inlerior quality or
performance?

To answer these questions and assure Departinent management that
continued expenditure of several million dollars was providing the auticipated
customer satisfaction, the Department contracted with the Wirthlin Group to
obtain purchaser opinions about their ULF toilets.

This paper summarizes the report done by Wirthlin titled "A SURVLEY OF
PURCHASER OPINIONS ABOUT ULTRA-LOW-FLUSIH TOILETS". Copics
of the report can be obtained by writing the Department. The report sununarized
the purchasers opinions regarding ULF toilets in general as well as rating
responscs of the performance of twelve specific ULF toilet models that gencerated
enough responscs for statistical validation. .

ENECUTIVE SUMMARY

The survey was mailed to nearly 23,000 Departinent customers who
reccived rebates for ULF toilet installations. Nearly 9,000 responscs were
received back with 1,625 coming from multi-family dwellings and 7,315 lrom
private residences. The responscs represented over 31,000 ULEF toilet

instailations. The mailing list came from early participants in the u.batcgrgylram

so most respondents had use of their new toilets for over one year.

Besides overall satisfaction with ULF toilets, purchascrs rated their toilets in
the frequency of the following activitics: double flushing, clcaning, use of a
plunger to unclog, mechanical problems, and the need for a plumber to unclog.

These responses were rated with respect to more often, less often, or the sane as
the old toilet that was replaced.

Ccueral!y, ULF toilet purchasers are well satislicd with their new toilets.
Almost 75 percent said they would "very likely" purchase ULF toilets in the
future as compared with only 7 percent who would "very likely" purchasc
conventional toilets in the future, Also, overall satisfuction ratings or the new
ULF toilets were high. Considering the aggregate ratings across all brands, using
a ten-point scale where "10" means "very satisfied” and a "1" means "very

1057



? .
dissatisficd", more than half the respondents gave their new ULEF wilet a 9 or a
10. The mean rating is a very positive 7.8.

As can be expected, what purchasers liked best about ULF tailets is that
they save water, even thouz,h they penerally require double flushing somewhat
more oftcn than conventional toilcts. Also the survey found that the issue ol
double flushing exerted the greatest influence on satisfaction as compared to o the

other factors tested, such as frequency of clogging cte. In n other words, the toilet

brands which requircd the least double flushing tend to receive the highest

“purchaser satisfaction ratings.

Based on the survey results, the most satisfactory (highest rated) models are
the American Standard New Cadet 2172, the Kilgore Quantum 150-1 (both
pressure assisted models) and the Toto Kiki USA 703/704 (gravity model), T he
American Standard and the Kilgore models out scored the other models in

virtually all categories.

DETAILED FINDINGS

OVERALL SATISFACTION

Purchasers were asked their overall satisfaction with their ULF toilets.
Figure | shows the results of this question. With a mean rating of 7.8, this
indicates a very high satisfaction level with ULF toilets. Also over two-thirds of
the respondents rated their toilets into one of the three highest cntcz,orlcs either a
10 (36%), a9 (17%) or an 8 (16%).

Purchasers were also asked their likelihood to purchase a ULF toilet in the
future. With a [ indicating 'very likely to purchase a UL and a 4 indicating 'very
likely to purchase a conventional toilet’, a mean rating of 1.4 indicates a strong
hkchhood of purchasing ULF toilets. Figure 2 sununarizes the results.

ot d Gt S8 Miiee et a0 Stn &

Figurc 3 shows the overall levels of satisfaction with the various specilic
ULF toilet models. The toilets receiving the highest ratings are the American
Standard New Cadet Aquameter 2172, the Kilgore Quantum 150-1 and the Toto
Kiki USA 703/704. The toilets receiving the lowest are the Eljer Preserver 091-

4800 and the Norris 516/516C.
TOILET PERFORMANCE IN TERMS OF SPECIFIC FAC’I"ORS

" ULF toilets were surveyed on the frequency with which the purchaser
performed several performance related activities on their new ULF toilet versus
the old toilet that was replaced. The activities surveyed were double flushing, use
of a plunger, cleaning, mechanical problems, and use of a professional plumber to
unclog the sewer lines. The frequency of these actions were rated 'less often’, ‘the
saine as', or 'more often’ than the old toilet replaced. Percentages for each
response were then calculated. Finally an index for each performance
characteristic was then derived by subtracting the percentage of respondents
reporting that a specific problem occurred "nore often now' (in reference to ULF
toilets) from the percentage reporting 'less often now'. For example, with regard
to doublc flushing, 21% of the total sample reported that they double [lush less
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often now' while 34% reported they double Hush ‘more olften now'. This results in
a double flushing index of -13%. Therefore a positive index indicates a positive
ULF responsc with a negative index indicating negative responsc.

Figures 4 through 8 illustrate the survey results for the performance indices
for the responscs to the frequencies of double flushing, mechanical problems, use
of a plunger, cleaning, and need for a plumber. The ULF toilets signilicantly out
rated their conventional toilet counterparts in the arcas of mcchanical problems
and the need for plumbers as indicated by the very high positive indices.
Iowecver, the conventional toilets rated better than ULF toilets on double flushing
frequency. Performances were very similar in the categorics of cleaning and use
of a plunger.

Finally, two open ended questions were asked regarding what the purchascrs
liked and disliked about their new ULF toilets. As expected the [eature liked best

“was 'uses less water' while the biggest dislike noted was 'flushing action'.

CONCLUSIONS

The survey provided very valuable information to the Department about our
customers’ perception of their ULF toilets’ performances. The results were
overwhelmingly positive indicating a high level of satisfaction. The more
frequency of double flushing is a concern, however, relatively high ratings of the
ULF toilets among purchasers who double flush more often now indicate that this
‘negative' performance characteristic was not significant cnough to be dissatistied
with the ULF toilet or to dissuade customers from future ULF purchases. The
survey was also valuable in developing the current list of approved ULF toilets
that qualify for the Department's rebate.




Rating
Respondents

Percentages

Respondents
Percentages

FIGURE 1
OVERALL SATISFACTION RATINGS
TOTAL RESPONDENTS = 8940

1 2 3 4 5 6 7 8 9 10

516 216 213 224 472 346 GO0 1393 1515 32506

6 2 2 3 5 4 7 16 17 36

FIGURE 2
LIKELIHOOD OF PURCHASING A
ULF TOILET IN THE FUTURE

very likely to very likely to
purchase ULF purchase conv.
l 2 3 4
6712 1027 416 603

75 L1 3 7



FIGURE 3

95% CONFIDENCE LEVEL AROUND MEAN .
RATINGS OF ULF TOILET MODELS

Total

(mean 7.8)

A.S. New Cadet 2172

(imcan 8.5)

Kilgore Quantum 150-1
(mean 8.3)

Toto Kiki USA 703/704
(mean 8.3)

Kohler Wellworth 3421
{mean 8.1)

Kohler Wellworth 3420
(mean 8.0)

Western Pottery 822L/C Aris
(inean 8.0)

Kilgore Allegro 130-16
(mean 7.6)

A.S. Plebe Aquameter 2139
(mean 7.6)

Universal-Rundle Atlas 4090
{mean 7.6)

Titon Phoenix Flush Lite ** -

(mean 7.5)

Eijer Perserver 091-4800
(mean 7.3)

Norris 516/516C

(mean 6.7)

* Was the Microphor LF 16R at the time of the study

** Was the Lamosa Sahara at the time of the study

7.8xx79
- 8.3 Xxxxx 8.7
8.0 xxxx 8.6
8.1 xxxx 8.6
8.0 xx 8.2
7.8 xxx 8.2
7.7 XXXXX 8.3
7.6 xx 7.8
7.6xx7.8
7.3 XXXXx 7.9
7.3 Xxx 7.7

6.9 Xxxxxx 7.7

6.4 xxXxxxx 7.0



FIGURE 4
FREQUENCY OF DOUBLE FLUSHING
. Index = Less now - More now

Less Now Same More Now
Total 21% 30% 34%
A.S. New Cadet 44 % 30% 16%
Kilgore Quantum 150-1 40 33 1S
Toto Kiki USA 703/704 * 19 36 26
Western Pot. 822L/C Aris 19 34 30
Kilgore Allegro 130-16 20 33 31
Titon Flush Lite ** 16 38 29
Kohler Wellworth 3420 21 31 38
A.S. Plebe Aqua. 2139 19 30 36
Univ. Rundle Atlas 4090 17 30 34
Kohler Wellworth 3421 21 31 39
Eljer Prescrver 091-4800° 15 28 43
Norris 516/516C 13 20 57

* Was the Microphor LFIGR at the time of the study
** Was the Lamosa Sahara at the time of the study

FIGURE 5
FREQUENCY OF MECHANICAL PROBLEMS
" Index = Less now - More now

Less Now Same More Now

Total 38% 42% 6%
Kilgore Quantum 150-1 58% 28% 4%
A.S. New Cadet 51 32 5
Kohler Wellworth 3421 46 4] 4
Kohler Wellworth 3420. 44 42 3
Toto Kiki USA 703/704 * 37 4] 6
Univ. Rundle Atlas 4090 37 41 8
Eljer Preserver 091-4800 33 - 47 6
Kilgore Allegro 130-16 35 41 9
A.S. Plebe Aqua. 2139 35 41 10
Norris 516/516C 30 54 7
Western Pot. 822L/C Aris 29 45 8
Titon Flush Lite ** 25 48 10

* Was the Microphor LFI6R at the time of the study
** Was the Lamosa Sahara at the time of the study

INDEX
-13

+ 28
+ 25
-7
- 11
-11
-13
- 17
- 17
=17
-18
-28
-44

INDEX
+ 32

+ 54
+ 40
+ 42
+4]
+ 31
+ 29
+27
+ 26
+ 25
+ 23
+ 21
+ 15



FIGURE 6
FREQUENCY OF USE OF PLUNGLR
Index = Less now - More now

Less Now Same Morc Now INDEX

T'otal 21% 48% 21% 0
A.S. New Cadct 44 % 43% 3% + 41
Kilgore Quantum 150-1 40 49 6 + 34
Toto Kiki USA 703/704 * 21 53 10 + 11
Eljer Preserver 091-4800 . 20 51 17 +3
Western Pot. 822L/C Aris 16 49 15 -+
Univ. Rundle Atlas 4090 18 : 50 20 -2
Kohler Wellworth 3420 19 50 23 -4
Kohler Wellworth 3421 20 50 25 -5 .
A.S. Plebe Aqua. 2139 18 47 24 -6
Titon Flush Litc ** 16 45 23 -7
Kilgore Allegro 130-16 18 41 27 -9
Norris 516/516C 13 34 45 -32

* Was the Microphior LFIGR at the time of the study
*% \Was the Lamosa Sahara at the time of the study

FIGURE 7
FREQUENCY OF CLEANING
Index = Less now - More now

Less Now Same More Now INDEX

Total 8% 70% 12% -4
A.S. New Cadct 17 % 69% % + 11
Kilgore Quanturn 150-1 10 75 6. +4
Western Pot. 822L/C Aris 6 67 7 -1
Titon Flush Lite ** 3 62 10 -2
Toto Kiki USA 703/704 * 6 67 9 -3
Kohler Wellworth 3421 8 72 11 -3
Kohler Wellworth 3420 6 76 10 -4
Kilgore Allegro 130-16 3 63 14 -6
AS. Plcbe Aqua. 2139 7 65 15 -8
Univ. Rundle Atlas 4090 7 61 16 -9
Norris 516/516C 5 71 17 - 12
Eljer Preserver 091-4800 4 58 22 -18

* Was the Microphor LFI6R at the time of the study
*# Was the Lamosa Sahara at the time of the study



FIGURE 8
FREQUENCY OF NEED FOR A PLUMBER.
Index = Less now - More now

Less Now Same More Now

Total . 41% 47% 7%
A.S. New Cadet 50 % 45% 3%
Kilgore Quantum 150-1 47 - 45 3
Eljer Prescrver 091-4300 47 - 46 6
Toto Kiki USA 703/704 * 44 45 6
Univ. Rundle Atlas 4090 45 42 7
Kohler Wellworth 3420 42 49 7
Kohler Wellworth 3421 40 49 7
Western Pot. 822L/C Aris 40 47 7
A.S. Plebe Aqua. 2139 40 45 9
Kilgore Allegro 130-16 40 44 11
Titon Flush Lite ** 37 49 9
Norris 516/516C 35 Sl 10

* Was the Microphor LFI6R at the time of the study
** Was the Lamosa Sahara at the time of the study

INDEX
+34

+ 47
+ 44
+41
+6
+ 38
+35
+33
+33

+3]

+ 29
+ 28
+ 25
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SAN SIMEON STORY

1

ZACKGROUND & ETTTORY

San Simeon, Califcrnia is & small town located about half
way between Los Angele- and San Fransisco on the Pacific
coast {Exhibit "A"). I 1is visited annually by tens of
zhousands cf tourists who ccme to see the Hearst Castle and

enjcy the srectacular views.

Tnitiaily setil ¥ in 1769 2y Spanish padres, the first
Zcrmal missicn was established in 17¢7. In 1836, the Spanish
gcvernor secularized the mission when he tock possession of
it anc the surrounding arsa -- divicding the land intc three
sreat ranches -- Piledras Z2lzncas, Santa Rcsa and San Simeon.
Sv 1BS2, beside .he massive ranching activity, San Simeon
was alsc the center of a Zazirly large whaling business. The
villag 1incluced forty-five buildings and twenty-two

I: .li:s whe were emploved at the whaling station.

- the 1860's, a great drcught hit the arsa causing the loss
ci grazing livestock and Ifcrcing ranchers o sell their
~and. As a result, new set:tlers moved into the area -- the
Swiss bringing their dairy's; the New Engiancder's their
crcherds. In 1863, Senatcr Gecrge Hearst purchased 43,000
acres including all of San Simeon Ranche.

With the decline of whaling, the village of San Simeon
essentially disappeared by 1878, except for a hotel. Other
than service by a stage line from Cambria, the only access
o the area was by boat. '

1t

In 1219, William Randolph Hearst began construction of the
fearst Castle -- 165 rooms and 127 acres of gardens located
on a hilltop overlooking the area. The Castle was not

completed until 1947, 28 years later (Exhibit "B").

Up to the beginning to WWII, the economic life of the area
was deminated by William Randolph Hearst, his ranch hands



San Simeon Storv (Continued)

and construction workers he smployed. The only exception to
the "one man ownersh’y' of the area was a government
lighthouse (built in 1874) and a general store.

) o

-
e
}.J

Tourism didn't start until 1551, when, followirng the death
cf Hearst, a plot of land southeast cf the general sitiore was
given by the estate to be used as a day park. In 1957, the
County of San Luis Obiszo built a pleasure pier extending
from the ocean koundary of the park. In 1958, the Hearst
~Corpcration gave the castle to the State, thereby setting it
"asicde as a State Histericel t -- which is now visited
by lelions of tourists each year. In 1971, the State cof

oje! o’

California took over :the eration oI the park.
SAN SIMECN TODAY

4 as a tecurist a
in the Village ¢
a3 the v;l-aue cons;s

As the Hearst Castle emer

isitor support facilitie
followed (Exhibit "C"). T
vest ¢ffice:; 222 condes,
motels with 700 rocms:, =
tourist shops. While the
250 people, on a typiczl
tourists. Because the wvil
S3CS) is small, communica
me, "...everycne Kknows wha:
deing."”

]
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about
are also ab 2,060

which 1s governed 2y the

re easy. As orne perscn told

neighbecrs (competitors) are
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San £ -ecn, which is in

core s cperated since 1961
as a California State Speci <
ces D "

under the name "San
SSCS"‘. It Zas its own
{mcstly)

Simeon Community Servi b
water supply and waste treatment
censtructed in that vearl.

e Water is obtained from wells locatad near the village
and zbout 250 yards from the shorsiine (mxhibi“ "D").
These wells are fed by undergrcunc aquifers that depend
heavily on mountain runoff.

1The basic water and sewer system was constructed in 1961; added to in
1971; and again (sewer only) in 1987.
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San_ Simeon Storv (Continued)

e The waste treatment plant is located on the shore
(Exhibit "F") and is supplied by gravity-flow through
8,100 linezl feet of sewer pipe.

n
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O

located wiziin the village (including 1,198
are connecced to beth the water and sewer
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western drought began to be serious in 1986.
its effects on San Simeon's water supplies
as wel’ levels, which had been dropping,

iczl levels. In addition, waste water

was reaching 100% of canac‘ty during
mecn was facing the dual crisis cf
ly and sewer disposal capacity.
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tuted, in 1986, a
a sublic awareness
on water ccnservaticn; and "voluntary" water
ng2. ncweve:, as matters continued to worsen, in
! cutsicde watering (eg. lawn
dlt. The well levels
n seeping into the Zfresh
heir action plan.

is, the S8CS insti
ystem hicck-ups;
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rnatives under consideration during the precading menths

(5]

v b
N,
bes

2
o
ts 1t

b m

ter socurces -- determined as not
term. Design and construction would

e Additicnal waste treatment capacity -- determined as
viable. Design and construction would take more than a
year;

e Additicnal rationing such as mandating the closure of 103
f'all motel rooms -- deemed as self defeating since it

2This resulted in only minor reductions being obtained from voluntary
conservation; retrofit to low~flow showers; etc.
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San Simeon Storvy (Continued)

would cut directly intc the economic ccre of the

community;
. Re“laceme“- of all tcilsts with low consumption type
{(<1.6 GPr) -~ deemed azs the most viable, near term

solution that would cnlv compliment %he longer term
alternatives.

Since SSCS Xxnew that the zc¢ci let was the largest consumer of
. water within any structure, they decided to take a unique
step of replacing everv Tcilet in the town.

While other communities had mandated that a;l new
installations be low ccnsumption (eg. <1.6 GPF), San
Simeon was the first ccmmunity in the naticn o recguire
the replzcement of exis:;:g WC's, as well.

However, the City Fathers Ze:

cecision because o0f the earlier wa
exrerience ortained at the 102 rcom Hel

On the surface, the San Simecn ordi

The Holiday Ion

- aiss

During most ¢ the 1980's, zn engineer named Steve Crimmel
was head of maintenance et the Holicday Ian. When he was
first emploved, all the tcilets in the structure were 5-1/2

CPF type. However, because =zhe d*ougn; of the 1970's had
2lso made Crimmel an avid scnservationist, it upset him to
see water being wasted by the 5-1/2 GPF "gas guzzlers". As a
resuit, he convinced his xznzgement to convert the structure
to the, theﬁ, state of the art water closet -- 3-1/2 G27

{(gravity activated) units. This conversion was completed in
1983.

Wnile this Heliday Inn conversion resulted in reduced water
consumption4, because of the smaller diameter trapways in
the 3-1/2 GPF toilets, a significant increase of in-rocm

3Now a "Motel 6" franchise. (See exhibit "N"; appendix A-1l & A-2).
4specific data is not available.
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San Simeon Storv (Continued)

°

clogs resulted -- typically averaging one per day5. Thus, iz
the fall of 1986, having read trade journal stories and ads
(Exhibits "G" & "H") ebout the new flushometer-tank flushing
technologv's superior extraction and drainline carry
capability (Exhibits "I" & "J"), Crimmel accepted Water.
Control International's ("WCI") promoticnal offer and
purchased and installied a Flushmate® activated water
closet® for evaluation.

A flushcmeter-tank uses the pressure of the supzly
system to boost the energy stored in its accumtlator
tank (Zxhibits "X" & "L"). Sluve a flushcmeter-tank's
discharge velocity is significantly higher than a
gravity tank, it rsguires less water to obtain the same
extracticn and cdrzinline carry effectiveness.

J W
O

eva_uation’ resulted in Crlmme’ preposing,
i Hol -dav Inn be converted -- resultinc
‘nstallaticn of 101 Mans ielgd Quantum
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b
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ull vear following the retrofit (12 mcnths
8%, zhe perfcrmance of the Mansiield uni:ts

<M
-
(o]
Wty

1yt

« Consumption (per occuried-rcoccom/day) reduced by 23% --
from 1458 to 1135 ga’lcns, exclusive of restaurant and
launcdry (Exhibit "N"}; and, more importantly,

e Stoppaces (for the entire motel) were reduced v better
than 93% (from one 2 day to arproximately one per month).

5c:mversat.on with Crimmicn on 3/17/92.

Swer only manufactures the Flushmate flushometer-tank that it sells to
WCI licensees who incorporate it into special hydraulically designed
water closets. WCI was offering Mansfield Quantum for $25.00 each (limit
one/customer) to demonstrate the efficacy of its technology.

7During the same period, Crimmion also tested several gravisv-fed 1.6
gpf WC's that he found to be unsatisfactory because of clogging and
cleanliness problems.

BA WCI licensee plumbing fixture manufacturer.
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San Simeon Story (Continued)

SSCS Decision To Buy Flushmate Units

Since the SSCS were determined to minimize their risk, they
decided to purchase what "...they knew would wocrk”.
Accordingly, purchase crders were placed with arez zlumbing
wholesalers for a total of 1,198 Flushmate act ivated water
closets divided between American-Standard's Cacds:™
Aquameter™ (Zxhibit "0"), Briggs Industries Turboilush™
(Exhibit "2") and Mznsfield Plumbing Products' Quantum™,
The conversicn of San Simeon's toilets, which ook six (6)
months, was completed in December, 1989.

Results

While San Simeon be-'evoﬂ that if it could obtain a 20%

cverall reduction in water usage, its well levels would

stabilize zr possibly begin to rise again, the results of
the water closet conversion program far exceeded their
fondest hcpes:

o tTotal ccmmunicty water consumption was reduced by 39% --
almost twice what thev had hoped for (Exhibits "¢Q","R" &
llsll) ;

e in-rcom :coppages were almost completely eliminated (as
confirmed by virtually 2ver; motel maintenance engineer

. D
in the district}:

e The economic vitality of the community was preserved. By
not having to shut 10% of the available rental rcoms,
they retained more than $500,000 cf revenue per year9
(LXu-b’- "T") .

9Exhibit wpe,
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San Simeon Storv (Continued)

Water usage for the 12 months preceding the conversion

(June, 1989) compared with the 12 months following its
ccmpletion ‘December, 1991) was:
12 Months Ending*
Segment 6/89 12/81 3 Change
Residential 8,128.3 5,235.3 (35.65}
Commercial 935.0 165.8 (81.8%)
Restaura=nt 3,832.8 3,310.6 (13.6%)
Ledging 26,647.5 15,924.¢9 {40.2%)
Irrigation 820.86 2.2 (99.7%)
Totals 40,3565.1 24,643.5% (32.0%)

ned were:

The need to expand the waste trszziment plant was
able to e pushed back for (at least) seven (7.
vears =-- saving more than $750,000 (capital
deferment ¢f $500,000 ancd an annual savings of

approximately $37,500 in debt service or $262,:30
cver the saven years).

2. A gain in the operating eifficiency of the wate

treatment plant because of the higher SOllQ-LQ'
liquid ratio and the discharge of a higher qua:ity
effluent;

Deferral of the immediate need for additional
water supplies which meant a significant economic
savings to the tax payers ~- instead of San Simson
having to expend socmewhere between $600,000 and
33,500,000 (cost range of the six alternative
plans evaluated), they now have the opt*on’to tie
cn to adjo*nlng facilities at a fraction of thab
cest.
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San Simeon Storv (Continued)

f‘l

fect of Reduced Flow cn the Sewer lines

A major concern was what effect would the reduced flow
resulting from the new toilets have on waste transfer to the
treatment plant? Would b1ockages occur in the sewer system?
To answer these guestions, in March, 1992, San Sizmeon hired
Video Inspection Specialists ("VIS") of Fresno, California
to both clean and inspect (via use of a video camera) the
linesl0 (Exhibit "V"). All that VIS removed amounted to only
less than 1/2 trucklcad -- more than two vears after
lnstallation of the low consumptlion WC's.

According to John Mickelson, President of VIS, the
debris remc -~ consistsd entirely of stcnes an

dirt. He sa-. "... there was virtually no Zuman
waste ¢r ¢thexr WC alscha*ge in the lines." Grsgory
Ray, Vice President cf VIS, adcded that they Zcun

[ S0 (M

nCc surorises whatsoe.:r -- even at the beginning
of the system (furthest from the treatment rliant)
where an ca: croclem would be most likely =

S

manifisst it

Assuming that the toilets constitute no more than 40% of
total water consumption in any residential community and

censidering that the theoretical savings/flush anticipated
was 58%, suggests that (by conver:;ng all toilets to 1.5
GPF) the community-wide consumption recduction tc ze .obtained
would not exceed 20%. Thus, since the ccnversion actually
obtained a 39% community-wide reduction, one has o ask the
cuestion, "How is it possible?”

L

The answer appears to lie in t.e fact that pricr to the
conversion, the ballcocks and flappers in the gravity
activated water closets were leaking excessivelv!

rther, the data seems to suggest that these flushing
devices begin leaking (imperceptibly) after accut three

10p;iret inspection since construction £f system.
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San Simeon Storv (Continued)

years of creration -- and as they age fu rthe-, the
leakage rate continues to increase.

To clarify the above, monthly water consumption reccrds were
cbtained from the Holiday Innll (July, 1986 thru Jure, 1988)
and the Cavalier Inn (January, 1988 thru March, 1992}

(Exhibits "W" & "X"). These two motel's account for slightl
more than 25% of the total motel rooms in San Simeon and 17%

p; all SSCS units. This data was then used to:

~
Y

Calculace the difference between theoretical an
actual consumption; and then,

S,

b. Reduce "a" (above) into consumption per flush
(since only the water closets wers changed).

Secause no cazta is available as to how many times, cn
average, each water closet in a motel is flushed, an
rbitrary assumpticn of 10 flushes/WC/day was deemed
reasonable (:;ght bty the renter; two by the maids). Laundry
consumption Ter ﬂccupied-rocm and occupancy ratas were
assumed to e the same for all motels as chat experisnced dv
the Cavalier ZInn.

) -t

this analysis shows (Exhibit "¥Y"} the

(%1

cllzwing:

-
1]

Hh

Result ©

)

The Heliday Inn, with relatively new 3-1/2 GP
units (less than 3 years old at the time coversd
by the cdata) had only a 2% leakage factor pricr to
conversion to flushometer-tank activated WC's;
whereas,

}-a
L]

2. The Cavsa -le* Inn (with much older 3-1/2 GPF WC' s)
was experiencing 64% 1ea»:age, and,

3. All san Simeon motels (as a group) were
exner¢enc1ng a leakage rate of approximately 44%
.0 all water consumed/year.

1lNew owners {Motel 6) unwilling to supply consumption and occupancy
data after date of their acquisition. ’
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San Simeon Storv (Continued)

Conclusions

The San Simeon Story clearly shows that:

1. Flushometer-tank activated toilets really work -- both in
their ability to stop clogs and leaks as well as carry
waste through a sewer svstem designed for higher volume

discharge WC's.

It is eccncmically viable to convert cld, high

consumptiocn toilets even if each owner was macde ¢ pay.
the cost of each toilet
would have been recaptured in less than two years in
reduced water and sawer charges. Each Flushmate activated

Had that teen done in San Simeon,

WC reduced the average S35CS water

-
|

bill

by $i101.63/vear

cZXnikzit "Z").
The conversion also saved each tax
dollars and avoided a real crisis

severely damaged the eccnomic base

w2
s oo

. W
(S s ]
(SO /)]

e
'—I

ra
th
o

v
J

a
=
=

er
-
L

thousands of
would have

the communityl2.

1225 one motel maintenance engineer stated, "The new toilets literally
- saved my job. Without water everything would have closed and I would

have lost my job".
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SYNOPSIS
SAN SIMEON STORY
By
R. Bruce Martin
W/C Technology Corporation

San Simeon, California, is a small town located on the Pacific coast about half way
between Los Angeles and San Fransisco. Its economy is based almost entirely on tourism -
- sheltering, feeding and serving visitors to the nearby Hearst Castle. The town consists of
approximately 250 permanent residents, twelve motels (approximately 700 rooms) and
1,198 water closets.

By the end of 1987, combination of the now famous Western drought and record tourist
usage had reduced their fresh water supplies to the point that sait water was intruding into
their wells. Additionally, peak summer tourist demand exceeded their wastewater
treatment capacity. San Simeon's basic existence was threatened. Voluntary rationing?
begun in 1986, had failed. Water consumption had to be dramatically reduced since new
(additional) supplies of fresh water and waste treatment would take years to obtain. Thus,
faced with having to close (not rent) motel rooms to curb water usage - - which would cut
directly into their economic base, the Village leaders decided instead on a radical alternate
plan - - replacement all toilets with Flushmate® activated Low Consumption {eq. less than
1.6 GPF) types as manufactured by American Standard, Briggs and Mansfield.

The retrofit of all San Simeon's 1,198 toilets2, was completed in December, 1989, and
resuited in:

total community water consumption reduced3 by 39%;

in-room bowl stoppages reduced by 95%;

salt water intrusion into the fresh water wells eliminated; and,

economic vitality of the community preserved.

waste treatment plant expansion deferred for (at least) seven (7) years; operating
efficiency improved; higher quality effluent discharge; and,

e opportunity to connect to a new fresh water system being constructed by an
adjacent community instead of building new - - saving millions of dollars.

Conclusions

Flushmate® flushometer-tank activated low consumption WC's work reliably;
Have no operating problem on sewer system designed for high volume {5-1/2 GPF)
toilets?;
Effectively eliminate imperceptible ballcock leakage?®;
e Virtually eliminate in-room bowl! stoppages®; and,
Lowered operating costs by more than $100 annually per toilet’.

The full report detailing this remarkable story is available upon request.

'RBM:ns
(H602271)

1lncludmg replacement of all showerheads in the village (page #3).

2Combination of American Standard Cadet® Aquameter™; Briggs Turboflush™ and Mansfield Quantum.
3Consumption/flush accounted for 20%; elimination of ballcock leakage for 19% (Exhibit "Z").
4!nspecuon in March, 1992, of all 8,100 feet of system by Video Inspection Specialists, Inc. (Page #6).

Spifference between actual and theoretical usage (Exhibit “Y").

Survey of all San Simeon motel maintenance engineers.

7Dollar value of actual savings per toilet (Exhibit *Z").
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9070 Castillo Drive San Simeon. CA 93452
805-927-8691

Taoll Free Reservations

Nationwide: (800) 854-3380

Califormia: 1800) 432 7045

Telex: 683-324 . 2

Represented by Warla Travei Planners
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San Simeon ‘ﬂasteATre'atment Plant
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FLUSHMATE*TOILETS OUTPERFORM ALL OTHERS

)nly Flushmate flushometer/tanks give performance that
engineers know works

DRAN LI CARNY PERFORMAICE
i gravity-activated. “low consumption-type™; | MINIMUM DSTANCE REQUIRED
i I TO MEET STANDARD

\ ; (1.6 gallons/flush) { FOR D;AINLIHE CARRAY

_ |

b gravity-activated. “waiersaver-type”’; |

=\ /? (351043 gallonslﬂusﬁ) |
i

: i fl shonmate k. ant, 3,

\ J “low cunsuinsnon. ";:" l!f‘ llonafiuzin ‘

e

|

I gravity-activatea. “conventionai-type™; [ -

\ 7 (5+ gallons/fiush) {
|

| | i | i |
r 7 14
9 15 25 39’ 45’ 55"  OUT
AVERAGE CARRY DISTANCE
*Double flushes often necessary
Tests congucied according to-ANSi sian.dard p;ce;.uesw Write for t;s'tTesv.;l.ls

{penaing). Toilets tested collectively represent more than 75%
of current domestic sates.

=52] FLUSHMATE —the Scrubless Flush that Works!

Toilets using Sloan’s Flushmate® (flushometer/
tank operating system) are available from
leading plumbing fixture manufacturers.

VWATER COMTROL N IDROIATIONAL ]G,

~ r_. A SLOAN VALVE COMPANY
} 2820-224 West Maple Road « Troy, Michigan 48084
(800) 533-3460 (313) 643-0530

Fax: (313) 643-8066

P
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Only Flushometerltanks Offer Low Cunsumptmn
and Full-Sized Water Seal Surfaces

: 'Iess than 6 quarts
+ per flush

Sloan’s Flushmate® Operating System toilets
outperform all others. Now available from
leading plumbmg fixture manufacturers

—
.

= WATER CONTROLINTERNATIONAL INC.

' "ll ! A'SLOAN VALVE COMPANY

2820-224 West Maple Road ¢ Troy. Michigan 48084

1 (800) 533-3460 (313)643-0530

!IT:



Exhibit "

“ . .in addition, maintenance is virtually nil!”’

~ut Cost. Increase profit. Use less than 6 quarts of water per
iush. It's possible when all guest rooms have Flushmate*
Jperaung System (flushometeritank) activated toilets. If you
1eed another way to increase profit. find out how much old
ashioned. gravity-fed toilets actually cost to operate. How
nuch of your money do they flush down the drain?

At the 240 room Novi Hilton. toilet consumption has been
mly 77 gallons per occupied room per day. This is 68% iess
han neighboring hoteis where gravity-fed, “watersaver”
pilets are used. Actually, the flushometeritanks have more
‘han paid their way since the beginning of construction.
31.000 per toilet was saved through tap fee reductions and
sconopmicai pipe system design. With construction soon to

A%

—~ - p——

G.E. SEIBERT, C.H.A.
General Manager, Novi Hilton: Novi. Michigan

start on a new wing. you can bet all 140 new rooms will have
toilets that use the Flushmate Operating System.

FLUSHOMETER/TANK ACTIVATED TOILETS
DON'T SHAKE, RATTLE OR RUN

A patentec. pressurized valve seal eliminates most
maintenance cepartment plumbing headaches—those im-
perceptible leaks you can hear but not find. those annoying
mechanical failures common to ballcocks ana {lapoers. By
all measurements, flushometer/tank activated toiets have
superior periormance characteristics.

Incredible? It's fact! These toilets perform betier than any
other made today. All toilets are not created equal.

M~ AVAILABLE FROM LEADING
PLUMBING FIXTURE MANUFACTURERS.

WATER CONTROL INTERNATIONAL, INC.

A SLOAN VALVE COMPANY

2820-224 West Maple Road * Troy. Michigan 48084
(800) 533-3480

{313)643-0530
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Exhibit "J"
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The Quality Inns of Farmington Hills (160 rooms)
and Livonia, Michigan (125 rooms) are almost twins.
Standard design includes on-site laundry, an indoor
pool, whirlpools.

Because occupancy rates were the same last year,
water usage per occupied room per day should ailso
have been the same. IT WASN'T! Farmington Hills’
was 95 gallons. Livonia’s consumption was 173—
88% HIGHER. :

WATER USAGE PER OCCUPIED ROOM

Livonia 179 gal/day
Farmington Hills 95 gal/day

Livonia Difference 84 gal/day MORE

WHY?

New concept Flushmate?® (flushometer/tank)
activated toilets are installed in Farmington Hills, By
using less than six quarts of water per flush, the
owners of the Farmington Hills Quality Inn put water
to work for them. :

Do you want to save money by putting water to
work for you?

Call us.

TOILETS WITH SLOAN’S FLUSHMATE® (FLUSHOMETER/TANK OPERATING
SYSTEM) OUTPERFORM ALL OTHERS. NOW AVAILABLE FROM LEADING
PLUMBING FIXTURE MANUFACTURERS.

WATER CONTROL [TV ERNATIONALL INC.

e = A SLOAN VALVE COMPANY

2820-224 West Maple Road ¢ Troy, Michigan 48084

. (800) 533-3460 (313) 643-0530
. - o . : (313) 643-8066
=TT DI Fax: (319)

oo




Exhibit "K"

ooooo

Typical Flushmate® Combination




FLOW RATE (GPM)

. COMPARISON OF DISCHARGE CURVES

Typical Flushmate® Combination

< (1.5 GPF)

TYPICAL
GRAVITY-TANK
COMBINATION

Z (3.5 GPF)

' A )
\
\
: . \
\~~
-~

3456 78 910111213
TIME(SECONDS)
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New Cadet™ Aquameter Series Features: EXHIBIT “0" *
m Confemporary, strecmlined design - ,,-_-'
® Strong 1.6 gallon direct-fed siphon jet fushraaion = ~
pressure assisted close-coupled Hushomeieﬁnk‘ & - .
m Full size 12"x10” water surfacs in area : @t g
: ® Available in Round, Elongated an 8' high
- g models & i
“ m Available in @ colors: White, Dresden Blue,
* Fawn Beige, Bone, Shell, Hecnher Silver and Black,_lé'b‘
complement American Standard bath fixtures §

L

-5 s Conforms to ANS! Standards g

~ - . RS e

-

1)

13 : American-Standard Cadet
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Brigas now ?) ers

¢ ixzz_v‘tn cur your
waier consumplion
Jramaticallvy and
still eve a
sparkling bowl.
mroducing the
wnrire Iin;' of

Low Consumprion

wilers fron Briogs.

o e - . N Y I LS s M il

Briggs Industries EXHIBIT "

Model 6090 Turbotlush™
One-Picee



Exhibit "Q"

“S7-
%09~
Nmnu
%0%-
Nmmw
%02-

“Ast-

%0L-

[A s

%0

(3Lyeerya)
o -~
LA

]
o

e L....

an
oy
R}

-
~-

(2%

xS

* * - Bupuz s1e10L Yuoy 2|

P v vt - ¢y N J:e < < Lo ' L L2 R ) =
M h (¥ th IR} Y o <. - [ (%) [ o (8] o

€} o ) o . = TS < L3 - H £ [y 1 i n\..v
L} ] § 1 [} [} } i L} 1 | | t | | t |
0y "] e e o "W (T3 (TR (') 0w e 0w tLs “wh why [X4] (¥ 1)

. ... . [ (3R] [ ] < L3 ] [ ' L L3 ] (2R (3] (3] [1&] [3+]
| = =1l =l =t ==t = =t =l i1t ey et e = ey
n

LAE =
[} L] -
|
|

(31028 1)31) abesp jei0)

am  vam
ne= ol
- b

(3y1e3s 1ybLy) uotlonpay 3

(Siveunelsay Jo aalsnaxd) Auo $13I104 TI¥ - uoiidunsuo) jeiof

LOIMISIA HALYM XLINNWWOD SHYIY NOIHIS NUS

ne
i

an
e
weT

000°005

000°000°L

000°005°L

000°000°2

000°005°2

000°000°'€

000°005'€

000°000°Y

'qn)

=

199}



RN

Caghr s

eLyedrya)

Exhibit "R"
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Exhibit "T"

ESTIMATED ECONOMIC IMPACT OF 10X ROOM CLOSING oP
700 Rooms (D442231)
ALl Motels

Rooms

Value
Honth Availabl #Rented X Occ. ¥4 Closed (3390/Day)

Jan-88 21,700 13,454 62%

0 $0
Feb-88 20,300 15,225 752 - 0 $0
Mar-88 21,700 18,445 8z 0 $0
Apr-88 21,000 19,950 952z 0 $0
May-38 21,700 19,747 9% 0 $0
Jun-88 21,000 20,580 98% 0 $0
Jul-88 21,700 21,700 1002 0 $0
Aug-38 21,700 21,700 002 0 $0
Sep-38 21,000 21,000 00%2 0 $0
0ct-88 21,700 21,049 972 0 $0
Nov-88 21,000 15,960 767 0 $0
Dec-38 21,700 12,586 s8x 0 $0

256,203 221,398 867  HA NA
Jan-89 21,700 13,888 62 0 $0
Feb-89 19,600 14,308 320 $0
Har-89 21,700 17,577 812 0 $0
Apr-89 21,000 18,900 0% 0 $0
May-89 21,700 19,964 92 0 50
Jun-39 21,000 20,790 9% 0 $0
Jul-89 a 21,700 21,700 06 0 50
Aug-39 21,700 21,700 1005 0 $0
Sep-89 21,000 20,580 98x 0 $0
oct-39 21,700 19,096 88r 0 $0
Nov-89 21,000 13,650 65% O 50
Dec-39 b 21,700 12,152 5650 $0
¢ 255,503 214,307 8z 0 $0
Jan-90 21,700 12,586 sax 0 $0
Feb-90 19,600 14,308 730 $0
Mar-90 21,700 16,709 70 $0
Apr-90 21,000 17,640 gz 0 $0
May-90 21,700 18,011 8%z 0 $0
Jun=90 21,000 19,320 927 420 $37,800
Jul-90 21,700 21,483 99% 1,953 $175,772
Aug-90 21,700 21,700 1002 2,170 $195,302
Sep-90 21,000 20,160 967 1,260 $113,401
0ct-90 21,700 19,964 92% 434 $39,060
Nov=90 21,000 14,700 700 0 $0
Dec~90 21,700 12,152 sz 0 $0
255,503 208,735 821 6,237  $561,336

(Page 1 of 2)



ESTIMATED ECONOMIC IMPACT OF 10% ROOM CLOSING OP
700 Rooms (D442231)
ALl Motels

Rooms

Value
Month Availabl #Rented X Occ. # Closed (33$90/Day)

Jan-91 21,700 12,152 564 0 $0
Feb-91 19,600 11,564 59%2 0 $0
Mar-91 21,700 15,190 704 0 $0
Apr-91 21,000 15,330 730 $0
May-91 21,700 17,794 822 0 $0 -
Jun-91 21,000 17,430 83% 0 $0
Jul-91 21,700 18,879 872 0 $0
Aug-91 21,700 21,049 97% 1,519 $136,712
Sep~91 21,000 21,000 . 100% 2,100 $189,002
Oct=91 21,700 20,832 96% 1,302 $117,181
Nov=91 21,000 18,900 0% 0 - $0
Dec~91 21,700 15,624 72% 0 $0

255,503 205,746 81% 4,921  $442,895
Jan-92 21,700 13,020 60%2 0 0
Feb~92 20,300 12,586 2% 0 $0
Har-92 21,700 15,407 7% 0 $0
Totals : 11,158  $1,004,231

—— —— - —— —— o o e s 2 ot
=34 1

(Page 2 of 2)



COMPARISON OF CONSUMPTION
San Simeon Community Water District
(D442241)

Year Ended 6/89 Year Ended 12/91

Exhibit "U"

% Cﬁg.
Type CF % Tot. CF % Tot. (30 Mos.)
Residential 1,086.80 20.14% 699.90 21.24% -35.60%
Commercial 125.00 2.32% 22.70 0.69% -81.84%
Restaurant 512.40 9.50% 442,60 13.43% -=13.62%
Lodging 3,562.50 66.02% 2,129.10 64.62% —40.24%
Irrigation 109.70 2.03% 0.30 0.01% -99.73%
Totals 5,396.40 100.00% 3,294.60 100.00% =-38.95%



EXHIBIT *v"

Walter Blankenship (SSCS Board Chairman)
& Other Community Leaders
Viewing Sewer Inspection
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Exhibit "X"
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Analysis of Water Closet Efficiency

San Simeon Motels

Exhibit "y"

(D342242¢) Holiday Inn Cavalier Inn ALL Motels
Basic Data & Assumptions
Total # WC’s 102 %0 770
Avg. Flushes/0cc~Room/Day 10 10 10
# Days/Year 365 365 365
Total flushes/Yr./WC 3,650 3,650 3,650
Total Flushes/Yr. (ALl WC’s) 372,300 328,500 2,810,500
Rated Consumption/Flush
3.5 GPF - Gravity 3.50 3.50 3.50
1.5 GPF - Pressurized 1.50 1.50 1.50
Savings/flush 2.00 2.00 2.00
Theoretical WC Consumption
Gravity Units 1,303,050 1,149,750 9,836,750
Pressurized Units 558,450 492,750 4,215,750
Theoretical Savings 744,600 657,000 5,621,000
Actual Room Consumption (Gal)*
Year-ended 6/89%* 3,203,225 3,407,278 15,861,352
Year-ended 12/91*%* 2,443,383 1,405,742 5,578,262
Annual Savings Obtained 759,842 1,801,536 10,083,089
Amount Attributible to Leaks 15,242 1,144,536 4,462,089
Avg. Actual WC Usage/Flushx*=
3.5 GPF (Gravity) - Flushing 3.50 3.50 3.50
- Leakage 0.04 3.48 1.59
3.54 6.98 5.09
1.5 GPF (Pressurized) - Flushing 1.50 1.50 1.50
- Leakage 0.00 0.00 0.00
1.50 1.50 1.50
Pressurized Savings/Flush 2.04 5.48 - 3.59
Distribution of Savings
WC Flushing 98% 38% 56%
WC Leaks Bewteen Flushing 2% 64% &4
100% 100% 100%

*

Excluding Laundry & Restaurant Usage.

Laundry assumed to be 50 gals./Occupied-roonm.
Occupancy assumed to same as Cavalier Inn for same intervals.

** Holiday Inn data for 12 Months Ending 1/87 & 1/89, Respectively.
***Theoretical Usage + Leakage/# flushes.



sation of Conversion Return-on-Investment

San Simeon Community

Exhibit "Z2"

2273) Year-Ending Savings
jory 6/30/89 12/31/91 Amount Percent
ir & Sewer Cost /1000 Gal. $8.17 $8.17 $0.00 0.00%
Nater Closets 1.198 1.188 o 0.00%
| Usage (Gal) 40,365,581 24 644 453 15,721,127 T -38.95%
Irrigation (Gal) 820,706 2.461 818.245 -99.70%
Zonsumption (Gal) 39.544.875 24,841,992 14.802.883 -37.68%
Nater Closet (Gal) 33.008 20.569 12.440 -37.69%
ial Cost of Water & Sawer $323.081.63 $201,325.08 $121.758.585 -37.68%
Jai Cost/Water Closat $269.68 $168.C5 $101.63 -37.69%
lled CostWC $180.00

ual % Return-on-investimant

56%




Appendix 3 - keyword search logic employed for part 2 search

unvented heating | and | expansion vessel| and | expansion valve | and water loss
unvented heating or |expansion vessel| and | expansion valve | and water loss
unvented heating | and |expansion vessel| or | expansion valve | and water loss
unvented heating or |expansion vessel| or | expansion valve| and water loss
unvented heating | and | expansion vessel| and | expansionvalve | or water loss
unvented heating or | expansion vessel] and | expansionvalve| or water loss
unvented heating | and | expansion vessel] or | expansion valve|{ or water loss
unvented heating or |expansion vessel| or | expansion valve| or water loss
unvented heating or | expansion vessel| or | expansion valve | and water saving
unvented hot water | and | expansion vessel] and | expansion valve | and water loss
unvented hot water | or | expansion vessel| and | expansion valve | and water loss
unvenied hot water | and | expansion vessel| or | expansion valve | and water loss
unvented hot water | or | expansion vessel|] or | expansion valve | and water loss
unvented hot water | and | expansion vessel| and | expansion valve | or water loss
unvented hot water | or | expansion vessel| and | expansion valve | or water loss
unvented hot water | and | expansion vessel| or | expansion valve | or water loss
unvented hot water | or | expansion vessel| or | expansionvalve| or water loss
unvented hot water | or | expansion vessel| or | expansion valve | and water saving
unvented heating | and | expansion vessel| and maintenance and water loss
unvented heating or | expansion vessel| and maintenance and water loss
unvented heating or | expansion valve | and maintenance and water loss
unvented heating | and |expansion vessel| and maintenance and water saving
unvented heating | and | expansion vessel{ and | pressurerelief | and water loss
unvented heating or | expansion vessel| and | pressurerelief | and water loss
unvented heating or | expansion valve | and | pressurerelief | and water loss
unvented heating or | expansion valve | and | pressure relief or water loss
unvented heating | and | expansion vessel| and pressure relief | and water saving
unvented heating | and maintenance and | pressurerelief | and water loss
unvented heating | or maintenance | and | pressurerelief | and water loss
unvented heating or maintenance and | pressurerelief | and water loss
unvented heating | and maintenance and | pressurerelief | and water saving




