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Abstract
Waste solid transport from the appliance to the sewer connection is a fundamental
requirement of a successful building drainage system. Reductions in appliance
discharge volumes have raised concerns that this drain line carry is being severely
threatened, leading to the emotive use of the term ‘dry drains’ to encapsulate a
perceived problem that may or may not be real.
This paper will review the demographic and climatic change drivers that have led to the
current international emphasis on water conservation. The central importance of wc
flush volume in the water conservation debate will be reviewed, as will the efforts to
reduce the water usage attributed to wc operation from internationally. The fundamental
prerequisites of low flush wc design will be revisited, including the importance of the
percentage of the flush discharged behind the solid. Similarly the strategies available to
enhance solid transport will be reviewed, including both the simplistic ‘reduce drain
cross sectional area and increase drain slope’ options and the more sophisticated
solutions based on the introduction of flow boost appliances. In addition the importance
of wc flush only transport to the first flow confluence will be emphasised.
An argument will be presented to support a concerted research review to identify the
reality of the concerns being expressed over solid transport that would identify for the
first time the necessary transport distances and strategies to allow successful transport
without reneging on the internationally agreed commitment to reduce water
consumption. This proposed study will require historic comparative water usage data as
well as a summary of the architectural details that determine minimum distances to
reach junctions carrying additional flow. Strategies to ensure solid transport will be
supported by simulations utilising the Heriot Watt University DRAINET model, as well
as arguments based on the substantial body of research reported through CIBW62 over
the past 30 years.
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1.

Introduction.

The concept that ‘dry drains’ could be a probable consequence of water conservation
was initiated in the US where ‘concerned groups’ are prepared to argue that further
reductions in w.c. flush volume should be resisted on the basis that current water
conservation measures reduce the throughflow in the drains to the extent that solid
transport – or ‘drainline carry’ becomes impossible.
In March 2009 a Dry Drains Forum was hosted at the ISH exhibition by Jeff Patchell’s
organisation and several speakers presented arguments for and against the concept. The
US contribution harked back to the 1992 Energy Bill that introduced 6 litre w.c. flush
volume without consultation and was concerned that any move towards 4 litres would
be achieved in a similar fashion. The UK and Australian contributions emphasised the
role of climate change and our ability to design for reduced flush volume – quite
different approaches.
It is necessary to rationally examine the concept of the ‘dry drain’, 1.
2.
3.
4.

What effect will climate change have on drain throughflows?
What effect will demographic and social changes have on throughflow?
What can we learn from previous research?
What design or installation strategies might be used to offset any perceived
problem?

While it may be attractive to begin again by defining a series of research objectives –
for which funding would have to be sought in a climate where arguably other priorities
may dominate – including the correlation of laboratory results to field observation and
an assessment of the feasibility of employing CFD, it is possibly more prudent to start
by reviewing what has already been achieved. In research it is always beneficial to
remember that ‘because you don’t know the answer does not mean that nobody else
does either’. Proceeding to ‘develop Request for Proposals to be sent to universities for
the CFD work, qualified test laboratories for the laboratory work, and plumbing
contractors for the field study work to determine the cost of the work so that funding
can be sought from the US government and other entities to underwrite the research’,
(Private communication, Pete DeMarco, IAPMO
2009), while delaying ‘an
international literature search pending funding’, appears misguided.
This paper will address the four issues highlighted above and suggest a way forward
that will draw on previous research and development while at the same time providing a
route for meaningfull collaboration with and through CIBW62 as the appropriate
organization with the required background experience and publication record.

2.

What effect will climate change have on drain throughflows?

UK Government predictions for climate change, published on June 18th 2009, are
aimed at industries and organisations that need to make long term investment decisions
that could be influenced by climate change. These new predictions suggest that summer

Figure 1:

Water stress areas in England, Environment Agency in 2007,
showing a North Westerly expansion compared to 2001.

Figure 2: Met. Office data as to the rainfall disparity across the UK.

rainfall in SE England could fall by 19% by 2050 and possibly (1 in 10 chance) by 41%.
Winter rainfall in the West of Scotland will rise by 15% by 2050 and possibly (1 in 10
chance) by 29%. In launching these new scenarios Hilary Benn, the UK government’s
Environment Secretary was of the opinion that ‘.climate change is the biggest challenge
facing the world today .. this landmark scientific evidence shows that we need to tackle
the causes of climate change and deal with its consequences’, (Guardian report of
Benn’s presentation, June 19th 2009).
These predictions extend the concern at the water stress assessments in 2001 and 2007
undertaken by the Environment Agency. Figure 1 illustrates the more recent mapping.
It should also be noted that the centres of current population, particularly in the South
East of the UK, lie well within the water stress areas. The new scenarios strengthen the
already known disparity in rainfall across the UK, Figure 2 illustrates recent findings
that show a fourfold difference from North West to South East.
Climate change will introduce wetter winters and higher summer temperatures for the
UK. Water availability will become more problematic and water conservation will
continue to be a major issue for government, industry and the domestic and commercial
building owner. Thus water conservation will continue as a major priority for the UK
that has to be reflected in appliance design and user perceptions.

3.

What effect will demographic and social changes have on
throughflow?

Demographic and user preferences have changed the water use pattern in the UK over
past decades and in the context of the ‘dry drain’ it is useful to determine whether we
use less water now than previously. Publicly available data is instructive.
•

The number of households in England is projected to grow to 27.8 million in 2031,
an increase of 6.3 million (29 per cent) over the 2006 estimate, or 252,000
households per year.

•

One person households are projected to increase by 163,000 per year, equating to
two-thirds of the overall increase in households.

•

By 2031, 32 per cent of households will be headed by those aged 65 or over, up
from 26 per cent in 2006.

•

By 2031, 18 per cent of the total population of England is projected to live alone,
compared with 13 per cent in 2006.

The combination of demographic change and population growth and the rise in single
occupancy suggests that water use will rise rather than fall in the immediate future. It is
therefore useful to attempt to determine likely water usage figures and how these have
changed over the past decades.

In 1976 the per capita per day water use in the UK was estimated as 115 litres pcpd
rising by 2001 to 143 litres pcpd while the population grew by at least 10%, Figure 5.
Current proposals by the Department for Communities and Local Government (DCLG)
within the Part G Building Regulations proposes a figure of 125 litres pcpd – effectively
a rise cf. 1976.

Figure 3:

Demographic predictions drawn from the current Housing
Statistical Release 11 March 2009 DCLG.
http://www.statistics.gov.uk/statbase/Product.asp?vlnk=997

Figure 4:

Water use per capita per day dependent upon number of coresidents.

Past research also allows the identification of the appliances contributing to these
figures. It is well established that the w.c. is a major contributor with historic data
internationally confirming a figure close to 33% of the domestic water use and
somewhat greater in the commercial building area.

Figure 5:

UK Water use per capita per day 1976 - 2006

International data over the past 15 years includes UK domestic water usage, Griggs and
Shouler (1994) – w.c. % at 32%, UK commercial building `domestic' water usage,
Griggs and Shouler (1994) - 40%, Australian domestic water use data, Cox (1997), - 32
%, US domestic water use, AWWA Research Foundation (1999), - 23%.
Thus demographic changes will increase water usage and the highest % of water use
will remain through the w.c. These results give a clear guide as to the area requiring
action – it continues to be the w.c. in terms of usage and design.

4.

What can we learn from previous research?

Knowledge of previous research identifies the following priority areas and activities –
•
•
•
•

W.c. design is central,
Identify and understand the parameters defining solid transport and develop
predictive models,
Introduce careful drainage system design to minimise probability of deposition,
Understand and apply 30 + years of research freely available through
international published papers.

Water Conservation will remain a major issue for the foreseeable future. Savings
cannot be achieved by merely relying on a change in public attitudes to water usage changing the habits of a population is questionable at best. The solution must lie in a
combination of user attitudes and the provision of improved appliance design so
conservation just happens, water conservation with no life style changes must be a
target. Figure 6 illustrates the application of this principle to w.c. design over the past
100 years.

Figure 6:

Reduction in w.c. flush volume over the past century through design
innovation.

In addition to an understanding of the design parameters governing advanced w.c.
design for efficient low flush volume operation, the mechanisms of solid transport
withion the drainage network must also be fully understood. Research reported via
CIBW62 meetings since the first meeting in 1973 have consistently returned to this
theme with a full range of international contributors. Figure 8 illustrates the current
understanding of the interrelationship of waste solid, drain and water flow parameters
aided by both laboratory and site testing as well as computational modeling through
simulations capable of representing the unsteady partially filled pipe flow conditions
and the shear interactions between the solids in transport and the surrounding water
flows. Figure 9 reinforces the importance of w.c. design and in particular the % of flush
water available behind the discharged solid – this is a major determinant of successful
drain line carry.
In addition it is necessary to understand the mechanisms of solid transport within the
drainline. Historic work dating back 30 years has illustrated the relationships that
dominate as well as providing a basis for computational simulation. The role of drain
cross section is highly significant. As flush volumes decrease and if throughflows

decrease the design response should be to reduce drain diameter or introduce the same
hydraulic solutions as commonly found in low flow sewers, namely the introduction of
non-circular drain cross sections. Smaller diameters coupled to steeper slopes will be a
potent design option under low flow conditions.

Figure 7:

Solid transport dependence on w.c. design parameters as well as
both drain and waste solid dimensions.

Figure 8:

Solid transport depends primarily on the volume of flush water
discharged behind the solid. Maximising this volume is a major
design objective.

These mechanisms and dependencies identified are confirmed by the HWU solid
transport simulation, DRAINET, that models the relationship between the solid and
water velocities to replicate the effect of w.c. discharge profile, drain slope, roughness

Figure 9: Summary of the effect of drain diameter, cross section and slope on solid
transport.
and cross sectional shape and dimension, frequency of appliance discharge and the
interaction of multiple appliance discharges to complex networks, including junction
design and defective drain slopes and obstructions. The simulation draws on previous
solid transport studies, HWU laboratory tests and site evaluations at Nottingham
Teaching Hospital and London Underground in the UK as well as extended periods of
collaboration with NBS Washington in the 1980s.

Figure 10:

DRAINET simulation allows solid transport to be predicted in
single and multiple pipe situations, with and without joining flows
or secondary flushes.

Thus previous research provides all the necessary tools to predict solid transport as
water conservation is achieved internationally. Based on the outcomes of this research
effort it is possible to identify some design priorities that will assist solid transport.
Accessing the available research is a major priority. This paper cannot provide a full
reference listing, however the bibliography presented will act as a series of signposts to
where relevant data may be found. CIBW62 symposia prior to 1992 that included solid
transport papers were summarized in Swaffield and Galowin (1992) while Kiya (2000)
provided a cd compilation of all CIBW62 papers from 1973 to 2000. Since 1992 there
has been a continuing series of presentations at CIBW62 and also a series of research
papers in established international research journals now accessible directly from the
web, for example Building and Environment, Building Research and Information and
Building Services Engineering Research and Technology – a sample of HWU papers to
these journals is provided.
In addition there has been a major contributions by Galowin in the US through NBS
(now NIST) Washington DC and the Washington Suburban Sanitary Commission and
the late Tom Konen’s group at Stevens Institute, Hoboken, New Jersey published
extensively on solid transport and drainline carry. WRc in the UK has in recent years
published and undertaken considerable laboratory testing on low flush w.c.s. in
conjunction with Butler at Exeter University. Industrially Caroma Australia have
introduced non-circular drains in domestic sizes and published this research,
individually and in collaboration with HWU. The bibliography included covers the
majority of these possible avenues as an introduction to the extensive data available.

5.

What design or installation strategies might be used to offset any
perceived problem?

Careful drainage system design can minimise the probability of deposition. In addition
appliance design can play a major role in providing suitable discharge flows while flow
booster solutions should also be recognised. Minimum transport distance to the first
joining flow junction is an essential parameter in determining drainline carry acceptance
tests and has design implications. Accurate data is not available however experience
suggests that the majority of w.c. connections to a flow confluence will be less than 5
metres, the frequency of w.c. to junction distances may well follow the pattern
suggested in Figure 11. Before any definitive conclusion can be reached on dry drains it
will be necessary to have a view as to the actual form of Figure 11. The mean distance
to a flow confluence is a major determinant of drainline carry and a research effort
should be put in place to amplify this issue.
Similarly junction design becomes a major issue. The formation of hydraulic jumps
upstream of a junction of two or more flows presents an impediment to solid transport
and can lead to deposition in the region of the junction. Swept entry junctions should be
used and top entry 90o entries banned.
Flow boosting applications may well be of interest. Research in the 1980s concentrated
on two alternate designs; the traditional tipping tank used in the UK from at least the
1860s where an eccentrically pivoted tank tips a large water volume into the drain at
periodic intervals and the siphon tank, accepted by Stockholm in 1989 as a design
solution to the installation of 3 litre w.c.’s in city apartment blocks – a 21 litre siphon
tank in the basement intercepted w.c. flushes and then delivered its contents to the drain
in one surge.

Figure 11:

Distribution of w.c. to junction distances likely in current practice.

6.

Conclusions – myth or reality.

Research over the past 35 years reported primarily through CIBW62 but also in
recognised research journals has fully investigated the mechanisms of solid transport or
drainline carry. This work has included site and laboratory testing and observation and
has led to at least one computational model based on the numerical solution of the free
surface unsteady flow equations defining drainage system flow and wave attenuation.
The challenge is therefore to access that work rather than re-invent the wheel.
However that does not answer the question – Myth or Reality? Climate change and
demographic evidence suggests that, while water conservation will continue to be a
priority, water usage levels are much higher than 20 years ago and will continue to be so
even if current government targets – in the UK Part G Building Regulations – are
achieved. This suggests strongly that the basic perception of dry drains is misguided.
In order to deliver a high quality drainage performance it will be necessary to deliver
good design for both w.c.s and the drainage network to mitigate any possibility of solid
deposition and fully support the prime objective which must be to contribute to water
conservation as an essential constituent of our response to climate change – a response
that wioll need top be truly international to be successful. CIBW62 therefore has the
opportunity to contribute significantly to this debate if it chooses to do so.
Finally this paper submits that Dry Drains are a Myth.
7.
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