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Antecedents

Area amb sals potassigues

Area amb evaporites

Evaparites aflorants

The city of Sallent is located in the
Ebro Basin. As a geological point of
view is within the Potassic Catalan
Basin. Which is formed by a great
saline unit, composed by an
intercalations of potash salts layers
(sylvinita and carnalita mainly).
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£~ /| The potash salts have been traditionally exploited since |-
L - 7 1] ancient times, being still the most important mining activity |
i,‘?_; ~ 1 in Catalonia. Sallent as other towns in the area as |
o & Balsareny, Cardona, and Sduria are the main towns in the |5

oo Lt T(SLY Bages area with mining activities
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A significant system of sinkholes are present in
the subsoil, either as a direct consequence of
the exploitation of the saline units, or as the
result of the dissolution processes caused by
subterranean water flows.
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Sallent that, according to the 2004 population census has 6,417 inhabitants, is affected
by subsidence phenomena related with an old underground mine, called Enrique Mine.
Two areas of the town, L’Estacié and La Rampinya neighborhoods are located within the
limits of the old exploitation zone of the potash mine.
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ENRIQUE MINE (Sallent) - active from 1932
to 1974. Max. depth 260 m.

1954. CAVITY (120 m height x 40 m wide).
It was caused by underground water
circulation. Located under the SE sector of
Estacio neighborhood.

1957 — 1962. Two WATER UNDERGROUND
FLOODS from Llobregat River. Located under
Rampinya Quarter.

1973. ABANDONMENT of Enrique Mine
(flooding problems).

1976. FILLED UP with saturated salty water,
to avoid dissolution processes.
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In the 1990's several building damages were st :
reported in L’Estacié neighborhood and so the o o "\ omood Sallent city
Catalan Government started a series of studies, . N\ A\ e 1

through the Geological Institute of Catalonia N\
(IGC), to investigate the causes for the damages -~ %
and propose possible solutions. I T~4 | %
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Al e Objectives and methodology

Many studies and monitoring actions have been implemented since 1997 in order to:

|

1. Determine the causes of the ground subsidence at the
Estacido and Rampinya neighborhoods.

2. Detailed measuring and monitoring of deformation to
evaluate the areal extension and its evolution in time.

3. Determine the adequate preventive and corrective measures
to reduce the risk due to ground deformation.

Implement and improve security plans and soil use regulations

!
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Al e Objectives and methodology

From the beginning of the study in the 1990’s to the present day, the implemented
monitoring techniques and surveys have consisted of:

Modeling and Simulation

—» »  Geomechanical numerical modelling <
for evaluations of ground stability

»  Scenarios of structural damages
|

v Monitoring
Extension and

» Implementation of a high precision surveying network

evolution . : .
» Ground deformation measuring through remote sensing
. | techniques: DINSAR and Ground Based Radar.
Preventive or L : :
. » Monitoring deformation with a network of extensometers
corrective measures at different depths

Geological Methods

» Geological, geotechnical and hidrogeological >
studies Causes

» Geophysical prospecting campaigns
» Core drilling to identify geological stratigraphy

1l IDRC International Disaster and Risk Conference 2008
Davos, Switzerland. August 25-29 2008.
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Al e Objectives and methodology

Geological, Geophysical and Geotechnical Techniques
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Subsidence measurements S I
from topographic surveying

Subsidéncia (cm)
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= Leveling
¢ DInSAR

Year

= Leveling
* DINSAR||
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Year
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Al e Objectives and methodology

Geomechanical Modeling

Barri
de I'estacié

With all gathered geomechanical data a
numerical model was carried out to analyze
the origin of the subsidence processes and to
predict future scenarios
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(e Data Analysis Results

~|Sallent city

Rampinya Neighborhood

1. The structural problems of buildings / v

are the results from large ground 7 // P | el
subsidence phenomena that extends ‘//47//7%‘4/’;// %,
within the former exploitation limits of _ vﬂ‘/ \
the Mina Enrique. o / 288
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2. Data from extensometers and results % Gy
from geological and geophysical
studies showed that ground
subsidence is related mainly to the

mining cavities.
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The largest vertical
ground deformations,
up to 5 cmlyear,
occur over the above

mentioned large
cavity. Subsidence
decreases at

increasing distances
from this cavity.

Data Analysis Results
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(e Data Analysis Results

4.  The largest values of absolute subsidence is not at the zone with the largest
building damage.

It is well known that buildings are
specially vulnerable to angular
distortion (Skempton and MacDonald, /

/. A ~Sallent city

'Rampinya Neighborhood

“ f 7 \ ‘ el
1956). The largest building damage 7 /
are related with the largest differential ‘///%/A\*”/Z/ WA Y

settlements. it is where angular 7 //”’, /// ALY
i I 1 5 X 2, Horts
distortion  induces the largest /:/ ~ |

differential settlements.
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5. Decrease of the deformation is not expected in the nearest future and damages in
buildings within the neighborhoods are expected to continue.
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Simulation — Damage scenarios Risk assessment

This angular distortion can be wused to
establish levels of building structural damage
and thus to assess risk criteria.

Simulation under the hypothesis of linear
movement (from angular distortion computed
considering a 4m spacing grid)

Building damages (50 years)
- Structural damages

Cracks developed
Probable cracks

- Without significant damages

IDRC International Disaster and Risk Conference 2008
Davos, Switzerland. August 25-29 2008.
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Different technical solutions were discussed but none of the solutions was technically and
economically feasible.

The only option was to establish a program for long term evacuation of inhabitants of the
neighborhood and relocation in new urban areas.

This solution requires some time for the construction of new houses, and evacuation is
not being performed immediately and temporal preventive measures have been adopted
for securing people:

» 1. Demolition of the most damaged buildings (in 2004).

» 2. Continue with the monthly topographic surveying and the implementation of an
alert system and an emergency plan for an organized an efficient response of the
civil protection authorities. The system is composed by two independent automatic
monitoring networks one of extensometers and the other one by topographic
station.

- IDRC International Disaster and Risk Conference 2008
Davos, Switzerland. August 25-29 2008.
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The institutions participating in Direccio del pla

the plan development involved Consellera d'intedar Alcaldessa de Sallent
different government levels and
different scientific institutions.

GABINET
D'INFORMA CIO
Relacid mitjans
de comunicacio B

s uplesels
tecnic pohlacio

: IDRC International Disaster and Risk Conference 2008
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Al

Triggering levels for the plan are defined on the basis of deformation rates
automatically detected by a surveying network of monitoring points

Susceptibility zonation and Civil Protectioné

Situacio

Criteris

Accions implicades

Pre-alerta

Situacio "d'anormalitat” que no arriba
al nivells dels criteris d'alerta o
emergéncia. Sequiment de la situacia.

Situacid d'anarmalitat sobre |z qua cal fer un saguiment detzllat. Per example, algun dzlz sistameas dz masura
dena valers en el rang d'alerta, perd amb abast mes limitat que I'alerta,

No imEIica unes accions immediates de El'evisid d'actuacio,

Alerta

La situacio implica un s=guiment
intensiu i una preparacia per @ una
possible actuacia.

Emergencia-1

La situacid implica una evacuacia
parcial @ totzl de barr en pravisia
d'esfondrament del sdl i habitatges {o
tan sols dels habitatges).

Emergancia-2

S'ha produit un esfondrament. La
situzcic implica una intervencic de
salvament i rescat i una evacuacid
parcial o tatal de barr an pravisia de
ncus esfondrament del s&l i habitatges
{o tan sols dels habitatges).

Informacic als membres del Comite d'Emergéncia,
Seguimant de |z situacid pel grup assessor tacnic.
Seguimant diari de |a situacio pel Comité d'Emergancia.
Seguiment intern. No infarmacic a la poblacia.

Afectacid sol i subsal:
= Velocitat d'esfondrament amb algun dels s=giients valors de peferancia en 2l sector de maxim
esfondrament:
7 mm{mes en suparficia,
15 mm/mes d'esfondrament total a 70-100 m de profunditat.
25 mm/mes d'esfondrament total a2 120-142 m de profunditat.

. Velocitat d'esfondrament amb algun dzls segiients valors de referéncia en el sector de maxim
esfondrament:
2,5 mm/setmana en superficie
5 mm/satmana d'esfondrament total 2 70-100 m de profunditat
10 mm/setmana d'esfondrament total a 120-142 m de profunditat

. Algun dels sistemas de mesura dona valers en 2l rang d'emargéncia 1, perd amb pravisio d'efactes mas
limitats gue I'emergéncia 1 i po impliquen unes acciens immediates de mesures de proteccio per a la
pablacia.

. Quan les evidencizs sobre &l terreny, especialment pel que fa a I'afectacic als habitatges, 2ls serveis basic
(aigua, clavegueram, ...) i |z seva possible evolucid, svidencien un possible augment important de la

s veloeat Aesfondiamient,. . oonf s e e sl

Afectacio habitatges:

I"afectacic als habitatges evidencia un increment impartant en 'evolucic dels danys, peré no es requarsix una

evacuacio d'emergéncia.

Afectacio sol i subsal:
. Velocitat d'esfondrament assoleixi algun dals saglients valors de referdncia 2n 2l sector de maxim
esfondrament:
1 mm/dia en suparficie
5 mm/dia d'esfondrament total a 70-100 m de profunditat
20 mm/dia d'esfondrament total 3 120-142 m de profunditat

[ Quan les svidencias sobre 2| tarreny, especialment pel que fa a I'afectacié als habitatges, 2ls serveiz basic {aigua,
clavegueram, ...} i la seva possible evolucig, produeixen un risc inacceptable de la zona previsiblement afectada .

Afectacis habitatges:
Un risc imminent d'esfondrament d’habitatges

Afectacio sol i subsal:

Quan s'hagi produit un enfonsament parcial o generalitzat en |2 zona previsibla | hagin quadat afectats els habitatges,

Afectacié habitatges: U ormmrommrns
Ezfondrament dels habitatges sensze esfondrament del sél.

Infarmacis i reunié dzl Comite d'Emargéncia.
Informacis a tets els integrants dels des plans,
Seguimant intensiu pel grup assessor tacnic,
Mesures preventives per a |'actuacic.
Informacic a la pablacia.

Les indicades antericrment per a 'slerta mes les
mesures preventives per al desallotjamant delz
habitatges afactats.

Informacic i reunié dzl Comite d'Emargancia.
Informacic a tots els integrants delz dos plans.
Actuacio de tots els grups.

Evacuacia de tot el barri,

Informacis i reunié dzl Comite d'Emargéncia.
Informacis a tets ls integrants dels des plans,
Actuacio de tots els grups.

Evacuacio del habitatges en risc,

Informaciz | reunié dzl Comite d'Emargéncia.
Informacic a tots els integrants dels dos plans,
Actuacio de tots els grups.

Evacuacio de tot =l barri,

Informaciz i reunid dzl Comité d'Emargéncia.
Informacic a tots els integrants dels dos plans.
Actuacid de tots els grups.

Evacuacia dels habitatges 2n risc.

IDRC International Disaster and Risk Conference 2008

Davos, Switzerland. August 25-29 2008.
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Automatic underground monitoring network with 18 extensometers, at depths between
50 and 140 m to measure deformation velocities and accelerations

4 Extensdmetres antics
Extensdmatre + Inclinometre

4 Extsnsdémetre

4 Piordmetra

SITUACIO | PROFUNDITAT
DINSTRUMENTACIO

! IDRC International Disaster and Risk Conference 2008
| Davos, Switzerland. August 25-29 2008.

23



=55 Susceptibility zonation and Civil Protection

Automatic topographic surveying (taqguymetric) network at the area with the largest
subsidence rates (the southwestern section of the Estacio neighborhood).

v . Detall de la situacié els prismes dels edificis | .-

=8 Esquema components
| sistema taquimétric

|
1 EDIFICI ADRECA N° DE PRISMES
: A Tarragona/Gaudi 4
I B Tarragona 45 2
: D Tarragona 43 4
1 E Tarragona 41 4
: F Tarragona 37 4
1 G Tarragona 35 2
| H Gaudi 3
1 | Tarragona 29 4
: Prismes de Caseta de salmorres, Ermita de Sant 5
| Control Sebastia i Antenes de telefonia

:: Prismes Totals 32

|

i

|

i

|

1

g

i

H|

A Prismes
4 C1;C2:C3,C4,C5

T Taquimetre
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==55"" Susceptibility zonation and Civil Protection

Data from both measuring networks are continuously recorded locally and sent to the
reception center at the Geological Institute (IGC) who is in charge of informing
immediately the civil defense centre for executing the actions established in the
emergency plan.

Optic fibre

GSM Civil
Defense
Dol Centre
GSM Sallent PC Control Barlgelcona

¥ Extensometers

- -_

—— .\
s
%
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(Y st eoiosic Conclusions

The analysis of the data obtained by different techniques, satellite radar
interferometry, and high precision topographic surveying, has been crucial for
determining magnitude and extension of ground subsidence.

Geological, geotechnical and geophysical prospection have aided for identification of
the existing materials and the conditions that produce ground movements.

The information acquired allow to conclude that ground subsidence will not stop in the
nearest future and will continue affecting buildings.

The performed studies are the scientific-technical basis for the development of the
present protection measures that have been implemented.

The automatic monitoring network which is operative in the area is the basic element
to eventually activate the emergency plan in the case that acceleration in the
subsidence process is detected.

IDRC International Disaster and Risk Conference 2008

Davos, Switzerland. August 25-29 2008.
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