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Abstract
Purpose:
This work is framed within a reuse project of traditional underground cellars. Underground
wine cellars are singular elements of the architectonic and cultural Spanish heritage. The goal
is to have for the reuse and intervention analysis valid documents which represent the reality
of the object being studied as closely as possible, understanding the level of abstraction of
the graphic representation.

Method:
To establish the proposed reuse and intervention measures the mapping of the cellars is
necessary. First of all it was necessary to clean and recondition the cellars. Then a
topographical survey of the cellars was carried out. Given the irregular geometry and
characteristics of the constructions under study, the conducted survey data have required a
graphic interpretation, completing these data with the information obtained in subsequent
visits to the cellars.

Result:
The result plans are as complete as possible to understand the shape, interior volume and
state of the cellars: location, framework, details and singular points, pathologies, cross
sections, longitudinal sections, images, necessary intervention measures and reuse proposal.

Discussion & Conclusion:
We propose a methodology for conducting the mapping of underground constructions,
through a topographic survey and graphic interpretation of the results. The result plans offers
a geometric definition of the wine cellars, being the support for the analysis and diagnosis of
the conservation state. The plans are instrument to know with acceptable error the real
surface, geometry and length of the cellars. This methodology based on total stations could
be a reference for similar studies.

1 Introduction
Underground wine cellars are singular elements of the
architectonic and cultural heritage of Spain.
They are usually small underground constructions
excavated by hand under the surface. The door leads to
an entrance tunnel usually measuring less than 2 m high
and 1 m wide with varying gradients and length (fig. 1).
This tunnel leads to a maturing cave where the wine is
traditionally stored for fermentation and maturing.
Its geometry is the result of traditional methods
employed in its excavation. Its labyrinthine growth is a
clear indication of anarchic underground activity
depending on the needs of the moment, taking the
direction that suited in each case or perhaps it was easier
to dig (fig. 2 and fig. 3).
Are common detected cases of galleries that are
interrupted because their path cross with existing ones or
tunnels that lead nowhere perhaps because of difficulty in
the excavation process (trial and error).
Are also common ventilation chimneys between
different galleries, allowing the existence of air currents in
the underground level. The presence of ventilation
chimneys greatly influences indoor conditions [1].
A more detailed description of the properties and types
of traditional wine cellars can be found in Fuentes Pardo

and Cañas Guerrero [2]. Also, the ambience indoor and
seasonal behaviour of these constructions have been
described in recent studies [3] and [4].

Fig. 1 Access tunnel to the cellar.
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2 Methodology

Fig. 2 Detail of the cellar galleries.

The goal is to have a valid document which represents
the reality of the object being studied as closely as
possible, understanding the level of abstraction of the
graphic representation. This document will be essential in
both the study and analysis of their current status and in
the proposals for reuse.
To do this the first step was the preparation of the
cellars to carry out further work. Once conditioned the
cellars a topographic survey was conducted.
It would be naive to think that in a construction of such
geometric complexity a simple capture of points serve to
define the geometry of the element studied, even though
this data collection is, as has been rigorous.
Therefore, the resulting plans (floor, longitudinal and
cross sections) are based on survey data (fully trusted by
the rigor with which they have been taken) and with the
observations made on posterior visits to the cellars.

2.1

Fig. 3 Detail of the cave ramifications.

This work is framed within a reuse project of traditional
underground cellars funded by the city council of
Fuentelcesped. The main objective is to promote their
reuse in the context of cultural and enology tourism.
There are few previous studies about the mapping of
underground constructions. A report of the International
Tunnelling Association [5] compares practices in nine
countries concerning the planning and mapping of
underground space, but provides no information on the
mapping methodology.
Some studies [6] and [7] have used 3D scanner for
mapping in mines. The main drawback of 3D methods is
the cost of the equipment. There are other less common
methods such as a gravimetric survey to help locate the
holes and to better define the bounds of a mine [8].
We propose a low cost alternative methodology for
conducting the mapping of underground constructions,
through a topographic survey and graphic interpretation of
the results. The starting point is the knowledge of the
reality studied. To establish the proposed reuse and
intervention measures the survey of the cellars is
necessary. Given the irregular geometry and
characteristics of the constructions under study, the
conducted survey data have required a graphic
interpretation, completing the information with subsequent
visits to the cellars.
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Cellars state and preparation for later work

The wine cellars studied are in Spain, in a village in the
province of Burgos called Fuentelcesped. Currently the
cellars are in disuse, estimated that remain in this state for
40 years. Therefore, their level of abandonment is
considerable.
Thus, before carrying out the survey of the cellars, it
has been necessary to carry out a cleansing of the
unusable material accumulated during the long period of
neglect.
It has also been required to drain one of the cellars,
partly flooded by water leaks. As a result they have
problems of collapse of the galleries that have not been
fully explored by the obvious risk of structural instability.
The walls are often the result of the direct excavation
and, therefore, have concave section. However, there are
some rooms and corridors reinforced with stone masonry
walls and brick buttresses.
The floor of the cellar is the result of excavating the
ground and usually has a cross section that allows the
water evacuation into the ends.
Given the particular configuration and popular
architecture status, underground wine cellars are not
illuminated. So to be able to carry out the survey and data
acquisition, it has been necessary to install a temporary
lighting system.

2.2

Topographic survey

The purpose of the survey conducted was to obtain
accurate data from which to develop a mapping that
reflects as closely as possible the current state of the
cellars studied.
The radiation method was applied. The first step was to
place a base system with arbitrary origin by assigning
coordinates X = 1000, Y = 1000, Z = 700. Then, the
successive bases used in the polygonals have been
placed by the Bessel method. Subsequently the absolute
coordinates of all points have been calculated from the
observations.
Due to the small size of the area, we used a planar
coordinate system, uncorrected by anamorphosis, and
positioning the survey to the Geographic North.
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A total station GTS-4B TOPCON has been used, with
angular appreciation of 10s (centesimal) and distance
accuracy of 5mm + 5ppm (mm / km.).
Also for data management the DATA v50 software with
PSION collector has been used.

2.3

Plans representation

From the data obtained in the survey the cellars
current state plans have been drawn in two phases.
First, as an approach to the geometry of the cellars, a
polygonal that connects the points taken in the survey has
been establish. This polygonal is a first approximation to
the geometry studied and served to advance the
knowledge of the cellars.
The second phase was the interpretation of survey
data through direct observation of the existing reality
being represented. Thus, the polygonal obtained by the
fixed points taken in situ has become a perimeter line that
tries to take account of real accidents found in the cellars.
In general the state of conservation of its walls and
vaults is appropriate, although there are areas with
shallow landslides, usually in the lower parts of the walls
due to humidity problems. We have noted on the
pathology map both shallow landslides areas as those
where landslides are of greater depth and should be
considered for consolidation and structural reinforcement
for future interventions in the cellars.
Given the particular geometric configuration of the
underground cellars analyzed, it was judged appropriate
to developed, as well as the plan representation, a
collection of transverse and longitudinal sections to better
understand the real situation. For the purpose of
establishing the potential for reuse, these representations
are especially important in designing the possible routes
of tourist visits.
To develop cross sections, data were taken from each
of the rooms, as well as each of the passages. In
addition, sections were taken in singular places and
where there is a marked change of geometry in the
galleries section. For this, necessary measures were
taken using a range finder and a device developed to
indicate the position and angles of measurements (Fig.
4), completing the graphic information with photographs.
Thus, floor and section plans are the result of a
rigorous data collection and the interpretation of the
resulting plans by crossing them with the data observed in
the cellars.

Survey and graphic interpretation of underground cellars

3 Results
The result plans are as complete as possible to
understand the shape, interior volume and state of the
cellars: location, framework, details and singular points,
pathologies, cross sections, longitudinal sections, images,
necessary intervention measures and reuse proposal. The
contents and graphic information of these plans are
described below.
a) Location of the study area (Fig. 5): location of the
study area at different scales, from country to town scales.
b) Location of the cellars (Fig. 6): presents the location
of the cellars in the town, superimposing the underground
network and the surface buildings. To do this, besides
positioning the cellars in the updated orthophoto, a
schematic representation of the buildings and streets of
the town that facilitates and simplifies their location has
developed. This information is essential for carrying out
new works or constructions in the area.

Fig. 5 Location of the study area at different scales.

Fig. 6 Location of the wine cellars studied.

c) Wine cellars framework (Fig. 7): plant of the cellars
studied, representing each of the cellars with different
colors, including access information. The most relevant
information on the surface (outlines of the buildings,
roads, etc.) is superimposed with the cellars
framework.
Fig. 4 Sections measures.
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Fig. 7 Representation of the wine cellars studied.

Fig. 9 Pathology plan of one of the cellars

d) Current status of the cellar (Fig. 8). Detailed
representation of the cellars, describing in words all the
singular points and remarkable interior details to
understand the current state of the cellar. These
details and singular points include vents, walls of stone
masonry and brick, end galleries, stairs and slopes,
deposits or other interior elements, etc.

Fig. 10 Location of the cross sections.

Fig. 8 Details and singular points of one of the cellars

e) Pathologies (Fig. 9): the existing pathologies in the
wine cellar are grouped into 6 types (disintegration,
detachment of surface layer, perforation of the walls,
cracks and fissures, stone masonry and brick
reinforcement), being represented by different symbols,
adjusting the length and thickness to the intensity of the
pathology).
f) Cross sections location (Fig. 10): Represents the
location of the cross sections: each of the rooms, each of
the passages and singular places where there is a
marked change of geometry in the galleries section.
g) Cross sections (Fig. 11): sections developed allow
us to know basic information for the rehabilitation and
design of visitors routes, such as height and width, the
uniformity of the floor, obstacles, etc.

June 15th – 17th, 2011, Venice, Italy

Fig. 11 Examples of cave cross sections.

h) Longitudinal sections location (Fig. 12): Plan
distribution of the longitudinal sections developed, adding
the elevation information (referenced with respect to the
height of the entrance) at the start of each gallery or when
there is change of slope, which allows to know the slope
change along the entire wine cellar.
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k) The intervention measures are represented by
symbols when are repeated in different areas of the cellar,
with the corresponding description at the bottom, or by
words when they are exclusively to one location.

Fig. 12 Location of the longitudinal sections.

i) Cross sections (Fig. 13): each developed axis
represents a cross section. At the beginning of the
galleries and at special points, values for the following
parameters are included at the bottom: height over the
entrance floor, entrance distance, distance to the origin of
the gallery and distance from the last section.

Fig. 15 Necessary intervention measures in one of the
cellars.

l) In the reuse proposed the route for visitors inside the
wine cellar has been represented, differing in color
exhibition areas, the room used for tasting and areas
closed to visitors.

Fig. 13 Example of cave longitudinal sections.

j) Images (Fig. 14): photographs of representative
points, identifying the position and direction in which
these photographs were made. Each photograph
presents a brief description.
Fig. 16 Reuse proposal for one of the cellars.

4 Conclusion

Fig. 14 Images plan.

From the previous plans the necessary intervention
measures for their rehabilitation (fig. 15) and proposals for
their reuse in the wine tourism context (fig. 16) can be
establish.

June 15th – 17th, 2011, Venice, Italy

This paper describes the low-cost methodology
followed to perform the mapping of underground
constructions, presenting the resulting plans and graphic
information.
Underground wine cellars are singular elements of the
architectonic and cultural Spanish heritage. For the
purpose of analyzing its possible recover and reuse as
touristic elements, it is necessary to develop floor and
sections plans which represent the reality of the object
being studied as closely as possible, understanding the
level of abstraction of the graphic representation.
Given the irregular geometry and characteristics of the
constructions under study, the conducted survey data
have required a graphic interpretation. In order to do this,
885
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it has been necessary to collect information by visiting the
cellars under study, adjusting the perimeter line, making a
collection of cross and longitudinal sections, identifying
pathologies, etc. Thus, plans are the result of a rigorous
data collection and the interpretation of the information by
means of the data observed in the cellars.
The resulting plans provide a geometric definition of
the cellars, support for analysis and diagnosis of the state
of conservation. The plans developed are instrument to
know with acceptable error the real surface, geometry
and length of the cellars. The ultimate objective pursued
is to be a graphic support to analyze the capacity of
underground cellars for rehabilitation and reuse as
elements visited.
The proposed low cost methodology based on total
stations could be a reference for similar studies.
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