
Drain/Sewer Construction

Things are getting tight under our towns 
and cities! Germany has more than 2.7 mil-
lion kilometres [1] of supply and disposal 
cables and conduits installed underground. 
There are drains, sewers, gas, water and 
district-heating pipes, plus electricity and 
telecommunications cables under our 
streets and pavements (see [2] and [3]).  
All users make many diverse demands  
on soils and in-filling materials.

The use of underground space
We must also add higher requirements for seep-
age drainage of rainwater (see [4]), while street-
side trees and other vegetation also demand 
space underground for healthy root and plant 
growth (see [5], [6], [7] and [8]).

Every utilisation requires corresponding ambi-
ent conditions. This is true both of the civil-
engineering and horticultural properties of the 
soils and in-fill materials used, and of the natural 
functions of the soil. In practice, this can result in 
overtaxing of the underground, with significant 
conflicts and development bottlenecks as the 

consequence. Appropriate solutions 
are needed both in planning and in civil 
engineering. Important lines of argumen-
tation and developments for the German-
speaking regions are examined below.

Uses and codes of practice 
The soil, with its natural functions, is a finite 
asset. This fact is reflected in current legislation 
and in the codes of practice for the protection 
of the soil. A harmonised European provision 
has not yet been enacted, but already exists in 
draft form [9]. Until its enactment and ratifica-
tion, protection of the soil will continue to be 
governed at national level. In Germany, soil pro-
tection was given a uniform basis in 1998, in the 
form of the German Federal Soil Protection Act 
and the Federal Soil Protection and Contamina-
tion Ordinance. This foundation has subsequently 
been expanded by means of higher-level legis-
lation, such as the German Closed Substance 
Cycle and Waste Management Act, the Water 
Management Act and the Federal Nature Conser-
vation Act. In Switzerland, protection of the soil 
is governed, for example, by the Environmental 

Protection Act, augmented by the Soil Pollu-
tion Ordinance. Under the German Federal Soil 
Protection Act [10], the natural functions which 
make the soil a finite asset include the following 
properties:

 �Natural functions as
	  �The foundation and space for the life of 

humans, animals, plants and soil organisms
	  �Status as a constituent of the natural envi-

ronment, including its water and nutrient 
cycles, in particular and

	  �Degradation, balancing and strengthening 
medium for physical effects, due to its filter, 
buffer and metabolic properties, also includ-
ing the protection of the groundwater, in 
particular

 �Functions as an archive of natural  
and cultural history

 �Utility functions as
	  �A source of mineral resources
	  �Space for living and recreation
	  �The location for agricultural and forestry-

management utilisation and
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Not only the natural functions, but also the tech-
nological properties of soils and in-fill materials, 
play an important role for the underground infra-
structure. These are cited, for example, in numer-
ous reference works and codes, inter alia, with 
particular focus on the following applications and 
utilisations:

 �Foundations, and stable substrates, in particu-
lar, see (for example) DIN 1054-1 [11],  
DIN 1536 [12] and DIN EN 1997-1 [13]

 �Highway construction, particularly the under-
ground space and the subgrade surface, see 
(for example) RASt 06 [14], DIN 4301 [15]  
and DIN EN 13286 [16]

 �Drain/sewer and conduit engineering, plus 
bedding effects and loads exerted by the  
predominant in-fill materials, in particular,  
see (for example) ATV-DVWK-A 127 [17],  
DIN 4124 [18] and DIN EN 1610 [19]

 �Rainwater management and, in particular, 
seepage-drainage capability and water  
storage, see (for example) DWA A138 [4], 
DIN 1989-1 [20], BWK Technical Information 
1/2013 [21] and Code for Seepage-Drainage 
Capable Transport Surfaces [22]

 �Heat recovery from waste-water, see  
(for example) DWA M114 [23]

 �Heat storage, see (for example) ITW research 
report [24]

 �Rerouting of high-tension power lines,  
increasingly in the form of underground 
cables, see (for example) dena [25],  
26th BImSchV [26] and BGV B11 [27]

 �Pipelines (for gas, water, oil), and the  
associated bedding and corrosion properties, 
in particular (protection, aggressiveness);  
see (for example) DIN 30675-1[28],  
DIN 50929-3:1985-09 [29], DVGW GW 9 [30] 
and ÖWAV Working Aid 39 [31]

 �Local/district heating pipes, and their friction 
behaviour, in particular, see (for example) FW 
401 Part 1-18 [32] and FW 420 Part 5 [33]

 �Planted areas and, in particular, their substrate 
properties, see (for example) DIN 19731 [34], 
FLL Recommendations for Planting of Trees [7] 
and RAS-LP4 [35]

Potential conflicts and trends
In densely populated urban areas, the above-
mentioned uses are frequently superimposed 
on one another, with the consequence that one 
and the same body of soil is required to perform 
several of the above functions simultaneously. 
Typical examples of this include:

 �Seepage drainage and storage of rainwater in 
the underground root space of trees

 �Bedding and trench in-filling in pipeline engi-
neering as the substrate for roads and, simul-
taneously, as a protecting envelope against 
interactions with vegetation

 �The creation of hold-back space to lessen 
the impact of peak run-off in case of severe 
precipitation events, to protect roads against 
blockage.

Even greater use of underground space must be 
anticipated, in view of current developments, for 
instance:

 �Underground installation of power cables, 
and the expansion and modification of gas-
supply systems as a result of power-to-gas 
developments and for temporary storage and 
transmission of gas from regenerative sources, 
in the course of the energy turnaround (see 
[36], [37])

 �Provisions for the management of flooding 
events and greater diversion of stormwater 
into and via the underground space, as a con-
sequence of climate change (see [21])

 �Provisions for the improvement of the urban 
climate by means of the provision of green 
spaces and shade, with greater concomitant 
requirements made on root space and sub-
strate quality, for enhancement of the quality 
of life in towns and cities (see [38])

 �Expansion of the broadband infrastructure 
and installation using (semi-)open-trench and 
trenchless methods (see [39], [40])

 �System for regulation of the groundwater in 
former mining areas, and higher groundwater 
tables (see [41], [42])

The above-mentioned developments make 
conflicts likely. Exploiting these conflicts as an 
opportunity for future-orientated use of the soil 
will be a focal task in the coming years.

Potentials and challenges
There are special perspectives for long-term 
regional planning and co-ordination. These apply, 
on the “product side”, to the use of innovative 
soils and in-fill materials in the underground 
space of our towns and cities [43] and, at the 
planning stage, to design and project manage-
ment. Requirements made on space needs and 
the use of soils have up to now been derived from 
surface utilisations (see [8], [6]) or are defined on 
an industry-specific basis, making no allowance 
whatsoever for other utilisations. Typical exam-
ples can be found in DIN 1998 [2], with general 
relevance to conduit and cable systems, DIN EN 
1610 [19], in the case of open-trench installation 
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of drains, sewers, and cables, FGSV RAL [44] with 
respect to surfaced roadways, DVGW GW 9 [30] 
concerning the bedding of gas and water supply 
pipes, AGFW FW 401 [32], the code of practice 
for district-heating systems, DWA-A 138 [4], 
in rainwater management, and the FLL recom-
mendations [7], specifying plant substrates. In 
some cases, minimum distances from other users’ 
routings are also defined (see [45], [5]), thus con-
fronting planners with boundary conditions and 
conflicts of aims which can nowadays scarcely be 
resolved in densely populated conurbations.

In the past, diverse utilisations have also been 
implemented in cases in which the above-men-
tioned normative boundary conditions could not 
at all be met. The challenge is in assessing the 
particular situation realistically, accepting it and 
organising responsibility in such a way that it can 
in fact be accepted by all participants. Acceptance 

can be enhanced, in particular, if drain/sewer 
engineering, for example, is used as the driv-
ing force for co-ordinated action (see Göttingen 
[46]). A particular important role is then played 
by open-trench installation and the selection of 
the soils used, since conflicts of aims arising, for 
instance, from generalised minimum spacings, 
can be solved only by means of the clear spatial 
assignment of soil functions for foundations, 
conduit/cable routes, plant root space and other 
utilisations.

Further potentials arise if life-cycle analyses 
are harmonised with one another on a supra-
infrastructural basis. This applies as much to the 
pipes and components installed as to the soil 
and the in-fill materials, since these must also 
be regarded as elements in the overall structure 
[47]. Pore space and water permeability play a 
special role in this context in cases, for instance, 

in which local barriers (for root protection, for 
example, see [48]) are intended to assure per-
manence while, conversely, water permeability 
is a hydrogeological requirement in the overall 
geographical area, in order to attain long-term 
water-management targets. Structure-analytical 
interactions between the pipe/soil system and 
adjacent projects, as a result of transference 
of loads, for example, must also be taken into 
account. The analysis of existing soil systems, the 
development of new soils and in-fill materials, 
engineering methods, and the use of innovative 
planning instruments [49] can all help in increas-
ing the stability of the system throughout its 
life-cycle. The use of temporarily flowable in-fill 
materials may be mentioned by way of example, 
with a view to shallower trench depths, perma-
nently stable bedding conditions and defined pen-
etrability in case of subsequent excavation work 
(see [50], [43]).
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