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FOREWORD

The availability of drinking water in buildings is taken for granted
in developed, industrialized countries. Drinking water is, however, a valu-
able commodity, and is scarce in many parts of the world. The collection
and treatment of drinking water are becoming increasingly expensive for
industrialized countries and therefore also for the consumer. Similarly, the
disposal and cleaning of waste water are becoming more resource-inten-
sive and complex due to the substances it contains.

The interface between the drinking water and waste water is the dis-
tribution, use and disposal of water within buildings, a significant com-
ponent of the architect’s design. The arrangement of supply and disposal
pipework and the technical requirements influence the location of sanitary
and kitchen areas. Avoiding high water consumption is an important as-
pect of technical building services planning.

A broad knowledge of the requirements and possibilities for reduc-
ing water consumption is necessary to be able to take these key topics into
account in the design of a building, right from its inception. This includes,
above all, an understanding of the interrelationships and dependencies, as
well as technical systems. It is important to think of the water cycle in a
building as an integral part of the design.

The volume Basics Water Cycles is aimed at students of architecture
and recent graduates without previous knowledge of building services.
With the aid of easy-to-understand introductions and explanations, the
reader is taken through the subject matter step by step. The path of water
through the various zones of a building is described and related to their
specific roles and requirements, so that students are able to fully under-
stand the interrelationships and introduce them into their own designs.

Bert Bielefeld, Editor






INTRODUCTION

Part of the technical services in a modern building is a complex pipe-
work system for supplying drinking water and dispoesing of waste water.
This system is a cycle, somewhat similar to the natural water cycle: fresh
water is collected, supplied to the building, distributed through a pipe-
work system, and heated if required. It is piped to the draw-off points in
bathrooms, kitchens and other sanitary rooms. As soon as it leaves the
drinking water pipe through the faucet, it becomes waste water and flows
through the waste water pipework into the sewers, from where it is cleaned
again and finally returned to natural watercourses. Architects must inte-
grate this cycle into the design of their buildings, as without a carefully
planned and properly functioning fresh and waste water system, WCs can-
not be flushed, washing machines cannot be operated, and no water will
emerge from a shower.

The chapters that follow consider the individual positions of wa-
ter in a building along the water cycle, and describe the functions of the
elements connected to this cycle. It should become clear how a drinking
water supply system works, how it is designed into a building, and which
aspects should be taken into account. There is also an explanation of how
waste water is created and conducted into the drainage system, the general
problems that arise in the supply and disposal of water, and the options
for their solution.
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Groundwater

WATER SUPPLY

Approximately two thirds of the earth’s surface is covered with wa-
ter. Of this, only 0.3% is fresh water and therefore potential drinking water.

Drinking water is very high-quality fresh water that is suitable for human
consumption.

THE NATURAL WATER CYCLE

The natural water cycle—or hydrologic cycle—is a continuous se-
quence of evaporation, precipitation, and rainwater draining into bodies
of open water or seeping into the ground to accumulate as groundwater.
Water vapor rises under the influence of solar radiation or other heat-
ing effects to form clouds, and falls as precipitation back onto the earth’s
surface. Some of the rainwater that seeps away is absorbed by the ground,
some evaporates, and some is taken up into plants by capillary action. A
proportion reaches the lower soil strata and helps maintain the ground-
water table. » Fig. 1

Groundwater is described as precipitation water that is stored on top
of an impervious stratum and has a temperature of between 8 and 10°C all
year round. Groundwater is generally microbe-free and is pumped up to
the surface from deep wells. It provides about three quarters of our drink-
ing water, and goes through several stages of cleaning and filtering before
it is fed into the public supply network.
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Substantial groundwater extraction and extensive sealing of urban
land surfaces have a substantial impact on the natural water cycle. Rain-
water falling on impervious areas cannot seep naturally into groundwater,
but is conducted directly into bodies of open water or into the drains, The
groundwater table is greatly reduced by building developments, deforesta-
tion and drainage works.

In addition, the extensive extraction of groundwater for agriculture
and industry, and the pollutants that these activities introduce, are harm-
ful to the system. Pollutants from sources such as manure, agricultural
pesticides, landfill, highway drainage and industrial emissions, which fall
as acid rain and seep into the groundwater, are a serious cause for concern
and can be removed only by expensive cleaning and filtering. The increas-
ing contamination of water combined with high water usage produces an
ecological imbalance, the consequences of which result in high costs.

STANDARDS FOR DRINKING WATER .

Drinking water intended for human consumption has to meet certain
standards. It must be good to taste, odorless and colorless, and free of
pathogens and microbes. Every draw-off point must provide best-qual-
ity drinking water at sufficient pressure. Quantities of chemicals added
to disinfect the water, and of other possible constituents, must be kept
within limits specified for European Union countries by an EU directive
and regional drinking water regulations. The water's quality and the limits
for the substances it contains are checked regularly in accordance with
the applicable national standards for drinking water. These standards for
drinking water quality change constantly. Today's level of pollution means
they can be met only with great difficulty and at increasing cost.

Water with high calcium and magnesium content is described as
hard, while water with low calcium and magnesium content is soft. High
levels of hardness produce a build-up of mineral deposits in pipe net-
works; these deposits are known as scale. Considerably more detergent is
required for washing clothes in hard water, and the dishwasher may leave

b
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Surfacings such as asphalt are impervious to The Europeon Union Council Directive $8/83
water and effectively seal the ground, thus (EU Drinking Water Directive) concerns the
preventing groundwater from being replenished. quality of drinking woter for humaen consump-
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pH

Tab.1:
Woter hardness ranges

Hardness ronge Hardness in mmol/l Pescription
1 <1.3 soft

2 1.3-2.5 redium hard
3 2.5-3.8 hard

4 >3.8 very hard

a thin film of lime on the dishes. Water hardness is measured in mmol/l
(millimoles per liter). The hardness level depends on the source of the wa-
ter. » Tab. 1 Water with less than 30 mg/l calcium bicarbonate, on the other
hand, does not allow the pipes to form a protective surface layer, with the
result that the pipe material is attacked by acids, and corrodes. The effect
of water hardness on health is insignificant.

An important measure of the “aggressivity” of water is its pH (Latin:
potentia Hydrogenii). The pH describes the concentration of hydrogen ions
in water, or more precisely: the negative logarithm of the hydrogen ion
concentration. On this scale, pure water has a pH of 7, i.e. there are 107 g
Hions in one liter of pure water. If the pH drops below 7, the water behaves
aggressively like an acid; if the pH is higher, the water behaves as a base
(alkali) and more lime is deposited.

THE DEMAND FOR DRINKING WATER

In the 19th century, Germany required about 30 1 of drinking water
per day per head for consumption and personal hygiene. Today, by contrast,
the figure will soon reach 130 1, due to the increasing levels of sanitary
convenience, such as flowing water, showers and flushing toilets. This con-
sumption is doubtless very high, but it has already decreased, because a
great number of water-saving fittings have been installed in bathrooms
and WCs in recent years. However, industry, commerce and agriculture are
using increasing amounts of water. The irrigation of agricultural land con-
sumes the largest quantity of drinking water worldwide.

In the industrialized countries, almost all buildings are connected
to the public drinking water supply network. Many billion cubic meters
of water are removed from the natural water cycle for drinking water sup-
plies every year. Most of this comes from groundwater and bodies of open
water, and the rest from sources such as river bank filtration. The term
“bodies of open water” refers to rivers or lakes, the water of which is usu-

13
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ally contaminated with bacteria and mechanically eroded solids, and can
be supplied as drinking water only after a long purification process.

Conurbations and regions where water is scarce have to rely on some
of their drinking water being transported from far away. At the same time,
the high proportion of impervious surfaces in cities means most of the
rainwater flows directly into their drainage systems. As it is particularly
difficult to supply the quantities of drinking water required in these areas,
it is imperative to reduce drinking water demand.

The daily drinking water demand of domestic households can be di-
vided into different uses. The amount actually consumed is quite a small
proportion of the total. Only about 5 1 water are drunk or used for cooking,
and the rest used for other purposes. Peaks and troughs during the day are
compensated for by water storage at waterworks.

The average hot water demand in domestic residential properties is
between 30 and 60 1 per person per day. It can vary greatly from day to day
and with the habits of the users. A bath requires about 120 to 180 1 hot
water at 40°C; a 5-minute shower about 40 1 at 37 °C. Energy and drinking
water can be saved by choosing to have a shower instead of a bath.

SAVING DRINKING WATER

Today there are many sanitary engineering solutions for saving
drinking water: flow limiters in shower heads, water-saving faucets and
toilets, and domestic appliances (e.g. washing machines and dishwashers)

! Tab.2:

l Typical usoge of drinking water J
fictivity Usage in 1/day/person
Drinking ond cooking 5
Bosic personol hygiene 10
Baths and showers 38
Oishwashing 8
Cleaning 8
Clothes washing 15
Toilet flushing 40
Garden watering 8
Total 130




with reduced water consumption. Installing a water meter in each apart-
ment instead of having one central metering point in the basement has
a proven water-saving effect, because users can track their consumption
directly; they just pay for the water they have used. WG cisterns with stop
buttons and a water usage of 4-6 1 per flush are now standard. More ad-
vanced systems such as vacuum toilets use 1.2 1 water per flush. Compost-
ing toilets of various types use no water at all. > Chapter Drinking water systems
in buildings, Sanitary rooms

A more accurate analysis of drinking water usage makes it clear that
water of drinking water quality is required for only the smallest propor-
tion of the total amount supplied. » Tab. 2 Pure drinking water is neces-
sary only for personal hygiene, washing kitchenware, cooking and drink-
ing. Rainwater-quality water is adequate for toilet flushing, cleaning, or
watering the garden. Water consumption can therefore be substantially
reduced by using rainwater. Cleaned gray water from showers and hand
basins, for example, can also be used for flushing WCs. » Chapter Waste water,
Uses of waste water

Merely installing modern water-saving faucets in sanitary rooms can
reduce average drinking water demand to about 100 | per person per day.
With a few more of the measures mentioned above, it would even be pos-
sible to manage on half of normal drinking water consumption with no
significant loss of comfort.
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DRINKING WATER SYSTEMS IN BUILDINGS

The water cycle normally begins in buildings with the supply of
cold drinking water through a pipe connected to the public water sup-
ply network, unless the plot has its own private supply (well). In larger
towns and settlements, the connection to the public drinking water sup-
ply is normally at a frost-free depth of between 1.00 and 1.80 m below
the sidewalk. Each plot has its own drinking water service pipe, which
heads off into the building at right angles to the public supply pipe, as
far as the house connection or main stopcock and water metering point.
» Fig.2 In residential properties this pipe has a nominal diameter of about
25 mm (DN 25).

In some European countries, the position of the drinking water con-
nection is marked with a colored sign on a nearby house wall for ease of
identification and location of the connection point. The lines and numbers
on the sign give the distance to the drinking water connection—from the
sign—and the direction (to the right, left, in front or behind). The other ab-
breviations normally describe the type of connection; the accompanying
numbers give the nominal internal pipe diameter.

To prevent microbes from flourishing, the drinking water supplied
to the building is cold, i.e. between 5 and 15°C. To obtain hot water, the



