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LISTA DE ACRONIMOS Y ABREVIATURAS

AAI
BGA (CCL)
ENAC

FS

GBR-C
GBR-P
GCO
GGR

NF
PEAD
RI
RNP
RU
MEL
MEF

IA25016-EST1

Autorizacion Ambiental Integrada

Barrera geoldgica artificial (Compacted Clay Liner)
Entidad Nacional de Acreditacion

Factor de seguridad

Barrera geosintética de arcilla (Geosynthetic Barrier-Clay)
Barrera geosintética polimérica -geomembrana- (Geosynthetic Barrier-Polymeric)
Geocompuesto de drenaje (Geocomposite)

Geomalla de refuerzo (Geogrid)

Permeabilidad

Nivel fredtico

Polietileno de alta densidad

Residuos inertes

Residuos no peligrosos

Residuos urbanos

Método de equilibrio limite

Método de elementos finitos
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1 INTRODUCCION

1.1 OBJETIVO Y ALCANCE

El objetivo del estudio es definir el modelo geoldgico, hidrogeoldgico, geomecénico, el estado
tensional actual y de la estabilidad del cimiento, cuerpo y taludes dnicamente de la fase 3 del
vertedero de Bistibieta.

Entre los objetivos especificos del estudio se encuentran:

o Determinar el nivel de conocimiento geométrico, geolégico, geotécnico e hidrogeolégico
del vertedero, ampliando y contrastando la informacion geotécnica disponible con una
campafia de investigacion geotécnica disefiada especificamente para la nueva celda.

e Realizar un modelo geomecanico de las nuevas celdas proyectada al objeto de obtener el FS
mediante métodos de equilibrio limite, y tensiones-deformaciones con métodos numéricos.

o Estudiar combinadamente roturas potenciales de diferente tipologia: circular, polinémica,
por superficie predeterminada.

o Definir la variabilidad y analizar la sensibilidad de los diferentes parametros resistentes,
condicionantes hidrogeoldgicos (condiciones drenadas /no drenadas), subpresiones de
fluidos (lixiviados, gases) y efectos dinamicos (sismo).

1.2 EQUIPO DE TRABAJO

El equipo técnico que ha participado de la redaccion del presente informe esta formado por los
siguientes profesionales:

Nombre Titulacion Acciones

~ Responsable del estudio
) ~ Parametrizacion de las
Guillermo Bernal Martinez Gedlogo caracteristicas geotécnicas

~  Modelizacion del vertedero

~  Estudio de la informacion
historica
~  Elaboracion de la documentacion
Daniel Prieto Llamas Ingeniero Técnico de Minas grafica del estudio
~ Disefio y grafiado en planta,
alzados perfiles, secciones,
detalles

~ Interpretacion de resultados
Geé[ogo ~ Revision
~ Redaccioén del informe

Gabriel Jaloén Serrano

Tabla 1. Equipo de trabajo
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1.3 COMPETENCIAS

El autor del presente proyecto segln el Real Decreto 1378/2001 BOE n°303 del 19/12/2001, en su
calidad de gedlogo, es técnico competente en:

e “Estudios y proyectos de ubicacion, construccion y sellado de vertederos de residuos
s6lidos urbanos y depdsitos de seguridad de residuos industriales y radioactivos”.

e “Estudios y proyectos hidrologicos e hidrogeoldgicos, para la investigacion, prospeccion,
captacion, control, explotacion y gestion de los recursos hidricos”.

e “Estudios y proyectos de ingenieria geoldgica”.

1.4 INDEPENDENCIA, IMPARCIALIDAD Y CONFIDENCIALIDAD

LURGINTZA ingenieria geologica, S.L. asi como su personal en concreto, esta sujeto al compromiso
de independencia, imparcialidad y confidencialidad de los datos, informes, documentos del cliente o
proporcionados por el cliente que exige su acreditaciéon como entidad de inspecciéon medioambiental
(Procedimiento general PGO1 de LURGINTZA) y que se establece en su SIGC (sistema integrado de

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

:—
o ®
'§ IS gestion de calidad) certificado por AENOR conforme a la UNE-EN ISO 9001:2015 y la UNE-EN ISO
£ 9 14001:2015.
c 2
ITa
510 Todos los datos e informes manejados y originados en el transcurso de los trabajos, sélo seran

2025 facilitados a aquellas personas u organismos previamente designados por la propiedad. Asi mismo,

tanto el acceso a equipos y programas informaticos, como la distribucién de informes y certificados
estaran comprendidos en el alcance de compromiso de la confidencialidad.
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2 ESTUDIO BIBLIOGRAFICO

2.1 DOCUMENTACION ANALIZADA

F”ara la elaboracion de este estudio se ha analizado la siguiente documentacion, facilitada por FCC
Ambito:

e Estudio geoldgico-hidrolégico del vertedero de Lemoa (CINSA, 1997).

e Ejecucion de vertedero para residuos inertizados en el TM de Lemoa (ASINTEC, 1999).

e C(alculo de estabilidad de los taludes del vertedero de Bistibieta (Geologia y geotecnia Larrea
S.L, 2001).

e Proyecto de ampliacién del vertedero de Bistibieta - Fases IT y IIT (ASTIV S.L, 2005).

e Estudio de acondicionamiento de la Fase II del vertedero de Bistibieta (ASTIV S.L, 2013).

e Proyecto de acondicionamiento final de la Fase II del vertedero de Bistibieta en Lemoa -
Etapa II (ASTIV S.L, 2017).

e Acondicionamiento final de la Fase II del vertedero de Bistibieta (Geologia y geotecnia
Larrea S.L, 2017).

e Resolucion de 12 de septiembre de 2017 de la Viceconsejeria de Medio Ambiente, por la que
se modifica la autorizacion ambiental integrada para la actividad de vertedero de residuos
no peligrosos, concedida a FCC AMBITO, S.A. (Vertedero de Bistibieta) en el término
municipal de Lemoa (Bizkaia).

e Proyecto de acondicionamiento final de la fase II - etapa III del vertedero de Bistibieta,
T.M. de Lemoa (Lurgintza, 2018).

e Proyecto técnico y estudio de impacto ambiental para la modificacion sustancial de la

autorizacion ambiental integrada del vertedero de Bistibieta, T.M. de Lemoa (Lurgintza
2023)

2.2 CAMPANA DE INVERTIGACION (2023)

2.2.1 SONDEOS MECANICOS

Se han realizado dos (2) sondeos de testificacion continua de acuerdo con la norma ASTM-D2113-99,
XP P94-202.

Los sondeos se han realizado a rotacion, con baterias de 101 mm y 86 mm de diametro en
emboquillaje y en avance de sondeo. Se han perforado en seco con bateria simple tipo “B” en
rellenos y materiales no consolidados, soportando las paredes de la perforacién mediante entubacion
metalica recuperable de 101 mm de didmetro. A partir de cota de roca se ha perforado con bateria
doble, tipo “86 T”, con corona de diamante. La refrigeracién en la zona de roca sana se ha efectuado
exclusivamente con agua, no utilizandose lodos de perforaciéon o polimeros.

TA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 12 de 102
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Se han empleado una sonda FRASTE dotada de movimiento propio sobre carro de orugas de goma, vy
equipada con bomba de agua independiente, y penetrometro DPSH automatico para ejecucion de
ensayos SPT y toma de muestras inalteradas.

Los testigos extraidos en el sondeo se han preservado en cajas portatestigos de plastico,
debidamente rotuladas con cotas parciales cada metro y profundidad de las maniobras.

En cada sondeo se han tomado y registrado datos relativos a:

Cotas parciales y totales
Litologias atravesadas
Nivel piezométrico
Muestras tomadas
Porcentaje de recuperacion

Fotografias del emplazamiento y de las cajas portatestigos

Las caracteristicas de los sondeos se recogen en la siguiente tabla:

Sondeo

S-1

S-2

IA25016-EST1

Cota Boca Profundidad  Profundidad

v . ..
Coordenadas (X,Y) i () o) % () Situacion
Z (ta del relleno-
(517.787, 4.785.728) 170 15 9 ona atta detreteno
Este
Z -
(517.720, 4.785.730) 168 3 - ona alta del relleno
Oeste
Tabla 2. Caracteristicas de los sondeos de testificacion (Bistibieta)
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8 3 2.2.2  TOMA DE MUESTRAS
o 5
§ g Se ha procedido a la toma de muestra inalterada de las arcillas-roca meteorizada de grado V, dado
o % que es la unidad critica a la hora de calcular la estabilidad al ser los materiales sobre los que apoya
2 . el mismo.
g =
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N 2.2.3 ENSAYOS DE LABORATORIO

v

G
N

Se han realizado ensayos de caracterizacion geotécnica de las muestras inalteradas obtenidas

durante la ejecucion de los sondeos:

e Ensayos de densidad, seglin norma UNE 103,301:1994
e Ensayos de humedad, segln norma UNE-EN ISO 17892-1:2015
e Ensayos de corte directo en condiciones secas y saturadas, segin norma UNE 103,401:1998

Los resultados se expresan en la siguiente tabla:
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. . Condiciones
Condiciones secas saturadas

Densidad Humedad BEEG
Muestra 5

(kN/m3) (%) N/ Ang Roz  Cohesion Ang Roz  (Cohesion

(kN/m?) Interno Interno
(°) (KPa) (®) (KPa)
S-1MI1 18,7 23,4 15,1 13,6 55 13,1 57
S-2 MI 1 20,3 20,8 16,8 26,4 26 28,9 18
Tabla 3. Resultados de laboratorio obtenidos

Ademas, se han realizado ensayos de permeabilidad para complementar los datos existentes sobre el

vertedero:

Muestra Permeabilidad (m/s)
S-1MI1 2,99 x 1010
S-2MI1 2,71 x 10710

Tabla 4. Resultados de los ensayos de permeabilidad
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3 GEOLOGIA Y HIDROGEOLOGIA

3.1 MARCO GEOLOGICO

El area de estudio se sitGa desde un punto de vista geolégico regional, en la Cuenca Vasco
Cantabrica. Se trata de una cuenca sedimentaria individualizada a finales de Jurasico y que recibi6
un gran aporte sedimentario en direccion general SW-NE durante el Cretacico y el Paledgeno.

Durante este proceso de depésito, la fracturacion procedente de las fases alpinas dividié el fondo de
la cuenca en un conjunto de surcos y paleoaltos donde la sedimentacion que se producia en una
misma época era de naturaleza netamente diferente. A favor de esta fracturacion distensiva, se
produjeron emisiones submarinas de rocas subvolcanicas. Asimismo, estas pulsaciones desencadenan
la halocinensis de los materiales triasicos. Con posterioridad, todo el conjunto fue plegado por la
orogenia propiamente Alpina, generandose la casi totalidad de las estructuras y alineaciones en
direccién N120-130E reconocidos en este sector del Arco Vasco.

La zona estudiada se halla enclavada en el flanco meridional del Sinclinorio de Bizkaia y los
materiales que predominan en la zona es la unidad de 0Oiz, sector de Durango. En general, los
materiales presentan una orientacién NW-SE en la zona con buzamientos altos hacia el NE, incluso
ocasionalmente se presentan verticales y con inclinaciones al SW, producto de la inversion de la
seria.

El sector de Durango forma una banda diagonal orientada noroeste-sureste, paralela a las fallas
limitantes, y que ocupa la parte de centro - noreste del cuadrante. Los materiales que lo componen
son de edades comprendidas entre el Albiense y el Paleoceno, y se encuadran en el Complejo
Urgoniano, formacion Durango y en la base del Cretacico superior carbonatado, con algunas
intercalaciones de rocas volcanicas, asi como en una escama paleocena limitada por contactos
mecanicos.

Sobre las formaciones rocosas aparecen recubrimientos cuaternarios (eluviales, coluviales y
rellenos).

TA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 16 de 102
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UNIDAD DE OIZ. SECTOR DE DURANGO
OIZ UNITATEA. DURANGO ALDEA

CRETACICO
KRETAZIKOA

INFERIOR SUPERIOR
BEHEKOA GOIKOA

Figura 2. Situacién geoldgica (Mapa EVE hoja 62-III)
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3.2 LITOLOGIA

El Sector de Durango esta formado por una sucesion esencialmente detritica, de lutitas y areniscas
que se combinan definiendo, segln su abundancia relativa dentro de la serie, en términos con
caracteristicas propias.

En concreto dentro de la zona de estudio encontramos los siguientes materiales:

o Areniscas y lutitas: Se trata de una alternancia de lutitas grises a negras en fractura fresca
que al alternarse se tornan a ocres y areniscas amarillentas que ocupan la misma
proporcion. Ocasionalmente se puede encontrar algln nivel carbonatado de tipo lutitas
margosas o margas. Petrograficamente estan compuestos por granos de cuarzo y feldespato
en menor proporcidon, como minerales principales constituyentes de la trama, siendo el
cemento predominantemente de caracter siliceo.

Presentan buzamientos subhorizontales de 25°, en la parte baja, mientras que en el resto
de la zona los buzamientos son de 40-60°.

e Areniscas: se denomina asi al término compuesto principalmente por areniscas. Presentan
potencias decimétricas, pudiendo llegas a métricas en algunos casos. Estas areniscas estan
compuestas por granos de cuarzo de tamafio fino a medio, con algo de feldespato, mica
blanca y, en algunos casos, materia organica. En el dambito de estudio estos niveles son
aislados.

e Cuaternario: en su mayoria se compone por depésitos heterométricos de origen fluvial,
abundando los tamafios finos en la parte superior. Unicamente presentes aguas abajo del
vertedero es donde la potencia de estos depdsitos desarrolla cierta importancia.

En el ambito del proyecto se encuentran suelos de origen eluvio-coluvial que llegan a
alcanzar mas de un metro de potencia en las zonas bajas de la ladera, y se componen por
limos arcillosos provenientes de la alteracion de las lutitas y clastos angulosos de pequefio
tamafo que indica un pequeno transporte facilitado por la pendiente.

3.3 TECTONICA

En el area estudiada no se detectan estructuras regionales de importancia, aunque si que se aprecia
paralelismo de las vaguadas existentes en la zona, coincidentes con las directrices regionales
asociadas a la fase de relajacion de los esfuerzos compresivos.

Asociados a estos esfuerzos compresivos que dieron lugar el sinclinorio de Bizkaia (NW-SE), se
generaron fallas inversas paralelas a las directrices estructurales del sinclinal. A este tipo
corresponde la que aparece al Noroeste conocida como la Falla de Durango, de direccién paralela a
los esfuerzos compresivos y buzamiento hacia el SW.

De este tipo también es la que existe al S-SW del area de estudio, de perfil mas irregular y complejo
que limita los materiales detriticos y arcillosos (similares a los del area de trabajo) con materiales
del Cretacico Inferior. A esta falla se le conoce como Falla de Bilbao-Alsasua y sigue por el NW hasta
la costa de Somorrostro.

I1A25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 18 de 102
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Con posterioridad a estos esfuerzos compresivos se produce una serie de familia de fallas normales
asociadas a una etapa de relajacion.

3.4 GEOMORFOLOGIA

La litologia predominante en la zona se caracteriza por presentar relieves suaves, con desniveles de
terreno no superiores a los 200 m y cuyas pendientes se ven incrementadas en las laderas que
vergen hacia el sur.

La geomorfologia del area de estudio estd condicionada principalmente por los arroyos que
discurren. En el area de estudio se puede observar diferentes generaciones de laderas alterando sus
pendientes, que por lo general son pronunciadas y asociadas a la erosion diferencial de las facies
mas blandas.

3.5 SISMICIDAD

A efectos del calculo sismico sera de aplicacién la siguiente norma:

e Norma de Construccion Sismorresistente: Parte General y Edificacion (NCSE-02)" aprobada
por Real Decreto 997/2002 de 27 de septiembre, y publicada en el B.0.E. del 11 de octubre
de 2.002. El Articulo 2 de la misma, establece el ambito de aplicacién de la Norma que se
extiende a los proyectos y obras de construccion que se realicen en territorio nacional,
concretamente en el campo de la Edificaciéon y subsidiariamente en el campo de la
Ingenieria Civil y otros tipos de construcciones en tanto no se aprueben normas especificas
para los mismos.

Segln los criterios de aplicacion de la Norma de Construccidon sismorresistente NCSE-02; la misma
sera de obligado cumplimiento en los proyectos, construcciones y conservaciones de edificaciones
de nueva planta, excepto:

e En las construcciones de importancia moderada.

e En las edificaciones de importancia normal o especial cuando la aceleracidon sismica basica
a® sea inferior a 0,04 g, siendo g la aceleracion de la gravedad.

e En las construcciones de importancia normal con poérticos bien arriostrados entre si en todas
las direcciones cuando la aceleracion sismica basica ab sea inferior a 0,08 g. No obstante, la
Norma sera de aplicacion en los edificios de mas de siete plantas si la aceleracion sismica de
calculo, a¢, es igual o mayor de 0,08 g.

Por lo tanto, en el proyecto objeto de este documento si sera necesaria la consideracion de la accion
sismica, dado que la parcela se encuentra ubicada en una zona calificada en el borrador de la NCSR-
23, con un valor de la aceleracion sismica basica, ap, es de 0,06 g, y la estructura se considera como
de importancia especial.

Clasificacion de las construcciones

Segin la normativa aplicada las actuaciones proyectadas, de acuerdo con el uso a que se destina 'y
de los dafios que puede producir su destruccion, se clasifican como de " importancia especial ", ya
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que se ha considerado que su destruccion por el terremoto puede ocasionar efectos catastroficos,
por ello se realizan los calculos con un coeficiente adimensional de riesgo p =1,3.

Mapa de peligrosidad sismica. Aceleracidon sismica basica

La peligrosidad sismica del territorio nacional se define por medio del mapa de peligrosidad sismica.

MAPA SISMICO DE LA NORMA SISMORRESISTENTE NCSE-02
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a, = 0,16g
012g=a,<0,16g
008g=a,<0,12g
0,043 = a, < 0,08g

a, = 0,04g
Coeficiente de
contribucion K

Figura 3. Mapa de peligrosidad sismica seg(in NCSE-02

Este mapa suministra para cada punto del territorio y expresada en relacion al valor de la gravedad
la aceleracién sismica basica ap, un valor caracteristico de la aceleracion horizontal de la superficie
del terreno, correspondiente a un periodo de retorno de quinientos afos.
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Segln se establece en la figura adjunta del Mapa de peligrosidad sismica, extraida de la Norma

NCSE-02, y en el listado de su Anejo 1, el valor de la aceleracién sismica basica para la zona del
proyecto, es ap/g = 0,04, y el coeficiente de contribucion K = 1,0.

Es recomendable tener en cuenta que la NCSR - 02 en vigor, se encuentra en fase de una profunda
revision, derivado especialmente por el terremoto de Lorca en el afio 2011 y se ha desarrollado un
nuevo mapa de peligrosidad sismica incluido en el borrador de la NCSR-23. Esta nueva norma adn se
encuentra sin aprobacion, aunque se ha considerado oportuna su consideracion, por lo que se ha
consultado el mapa de peligrosidad sismica de la pagina oficial del Instituto Geografico Nacional en
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el que se puede consultar el visor de este nuevo mapa de peligrosidad, en que obtenemos que en la
zona de estudio ab = 0,06g y K=1,0.
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Figura 4. Visor del Mapa de peligrosidad sismica segin NCSE-23 (Fuente: Instituto Geografico Nacional)

Se opta por tomar para el calculo los valores de la aceleracion sismica basica y del coeficiente de
contribucion arrojados por el borrador de la NCSR-23, ab=0,04g y K=1,0, dado que son los valores

3
3]
i
:
I
= mas actualizados y los mas desfavorables.
g L
o3
§ s Clasificacion del terreno. coeficiente del terreno
o 3
o 2 pe .. .
5 S En la Norma NCSP-02, se establece que el terreno se clasifica en los siguientes tipos:
[a) L
% IS
2 2 Tipo De o -
> > 'P Caracteristicas Coeficiente C
Terreno
I Roca compacta, suelo cementado o granular muy denso, vs> 750 m/s 1,0
1I Roca muy fracturada, suelo granular denso o cohesivo duro, 750 m/s > vs> 400 m/s 1,3
I Suelo granular de compacidad media o suelo cohesivo de consistencia firme a muy 16
firme, 400 m/s = vs> 200 m/s '
v Suelo granular suelto, o suelo cohesivo blando, vs < 200 m/s 2,0
Tabla 5. Tabla resumen del Coeficiente C en funcion del Tipo de Terreno. (Fuente: NCSP-02)
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A partir de este dato se calcula el coeficiente de amplificacion del terreno, S, que se calcula como
sigue:

C

Parapa,<0,1g S

" 125

El terreno que se ha encontrado mayoritariamente en la campafa de investigacion geotécnica es de
Tipo III Suelo granular de compacidad media o suelo cohesivo de consistencia firme a muy firme,
400 m/s = vs> 200 m/s con un Coeficiente de (=1,6.

Por lo que, S=1,28.

Aceleracion sismica de calculo

Aplicando la Norma NCSP-02, la aceleracion sismica de calculo a- se define como el producto del
coeficiente de amplificacion del terreno (5), el Coeficiente adimensional de riesgo (p) vy la
aceleracion sismica basica (ap).
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a=5.p.a
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5SS ac=1,28.13.0,04g
g5
z 9 a =0,0665g
89
IIn
2/10 .
2025 3.6 HIDROGEOLOGIA

3.6.1 ENCUADRE HIDROGEOLOGICO

La zona del vertedero se encuadra dentro del Dominio Hidrogeolégico del Anticlinorio Sur, en
concreto en la Unidad Hidrogeoldgica de Aramotz
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Figura 5. Mapa hidrogeoldgico de Euskadi (Vertedero de Bistibieta)

Las caracteristicas hidrogeologicas de la zona estan condicionadas por la litologia que encontramos,
que principalmente estdn compuesta por una alternancia de areniscas y lutitas que presentan una
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permeabilidad baja. La poca permeabilidad que se puede encontrar estd asociada al contacto entre
estos materiales y las fracturas presentes. Podemos dividir estos materiales seg(n su predominancia:

e En las zonas donde haya una mayor proporcion de lutitas la permeabilidad se reduce.

e En las zonas donde abunden los niveles de arenisca la permeabilidad sera baja por
porosidad, por lo que se podria dar cierta saturacion de agua.

En el estudio hidrogeoldégico que se desarrollé para el proyecto del vertedero (CINSA, 1997) se
realizaron una serie de ensayos de permeabilidad (Lugeon y Lefranc) sobre cada una de las litologias
descritas llegando a las siguientes conclusiones:

e Los suelos presentan valores de permeabilidad (k) entre 107 y 10° m/s, coincidiendo los
valores mas bajos con los limos aluviales.

e El sustrato rocoso (lutitas y areniscas) presenta una permeabilidad media del orden de 10”7
m/s.

3.6.2 INVENTARIO DE PUNTOS DE AGUA

Se ha consultado el inventario de Puntos de Agua de Gobierno Vasco y no se han detectado puntos
de interés en la zona afectada.

Las circulaciones superficiales se limitan a regatos y arroyos con caudales temporales, siendo el
principal el situado al oeste de la nueva celda que en la actualidad esta captado y reconducido por
el canal perimetral.

3.6.3 VULNERABILIDAD DE LOS ACUIFEROS

Tanto en la propia zona de ampliacién como aguas abajo no existen acuiferos de interés y por lo
tanto susceptibles de contaminacion por aguas subterraneas.

Tampoco se han detectado fallas o fracturas en la zona que permitan una conexion hidraulica con
otros acuiferos.
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3.6.4 PERMEABILIDAD

g Son de aplicacion tanto el Estudio Hidrogeolégico original (CINSA, 1997) para el proyecto de la Fase
2 I, como el estudio Geolégico - Geotécnico para las fases II y III (Geotecnia Larrea, 2013). En estos
E estudios se evalia la permeabilidad del sustrato rocoso (alternancia de lutitas y areniscas) en base a
® i ensayos tipo Lugeon y Lefranc, obteniéndose valores inferiores a K < 1x10-7 m/s.
S g
§ g Complementariamente, se han realizado dos (2) ensayos de permeabilidad por el método triaxial,
§ g segln la norma UNE-EN ISO 17892-11:2019, sobre cada una de las muestras inalteradas de roca
S g meteorizada gr. V obtenidas en sondeo (Tabla 4).
o g
2 = Los ensayos realizados sobre las muestras obtenidas en los sondeos realizados en el emplazamiento
0 =2 ope . .
S 3 de la nueva celda S-1y S-2, dan como resultado permeabilidades inferiores a K< 3x107° m/s (ver
LN apartado 2.2.3 ENSAYOS DE LABORATORIO).

Segln el RD 646/2020 y la capa mineral de la base y lados del vertedero debe garantizar una

permeabilidad K < 1,0 x 10 m/s para vertederos de residuos no peligrosos.

A la vista de los resultados de los ensayos de permeabilidad realizados, el terreno natural (roca
meteorizada gr. V) cumpliria con los requerimientos normativos! tanto en permeabilidad como

V' Real Decreto 646,/2020, de 7 de julio, por el que se requla la eliminacion de residuos mediante depdsito en vertedero, y
Decreto 49/2009 de 24 de febrero, por el que se regula la eliminacion de residuos mediante su depdsito en vertedero.
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espesor? para constituirse como barrera geoldgica de un vertedero de residuos no peligrosos. Sin
embargo, no se puede garantizar la continuidad de la barrera geolégica en fondo y laterales de la
nueva celda proyectada, tras el movimiento de tierras que supone el conformado de base.

Asi pues, ademas del revestimiento artificial impermeable (geomembrana de PEAD) tal y como senala

la misma normativa, resultard necesario complementar la barrera geolégica natural con una barrera
geologica artificial que asegure una permeabilidad K inferior a 1x10 m/s.

3.6.5 NIVEL FREATICO

En los piezdmetros situados aguas arriba y abajo del vertedero obtenemos los siguientes datos:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

.‘%
=
E
é Piezometro Nivel freatico (m)
£
3 PZ-Aguas arriba PZ-7 5,320
% PZ-1 1,328
8 PZ-Aguas abajo
S$3 Pz-2 1,80()
g5
=9 S1 (nueva celda)* S1 12,30
g°
o . s
210 Tabla 6. Niveles freaticos
2025

El nivel piezométrico en el terreno natural sobre el que se apoya la nueva celda hasta la base del
vertedero formara una linea virtual que se sitla entre 1,3 y 12,3 m respecto a la superficie
topografica original.
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2 La barrera geologica natural debe garantizar una permeabilidad K < 1,0 x 10-9 m/s en 1 m de espesor para vertederos de
residuos no peligrosos.

3 Promedio afio 2022.

4 Desaparecido tras el inicio de las obras de conformado de la nueva celda
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4 ANALISIS DE ESTABILIDAD

4.1 INTRODUCCION

En este capitulo se describen y justifican los datos que soportan la base del calculo de estabilidad
objeto de este estudio.

Los datos necesarios para la alimentar estos calculos, estan en relacion con:

e La geometria de las secciones de estudio.
e Los parametros resistentes de los materiales que participan del modelo de estabilidad.

e La presencia/ausencia de fluidos (agua, lixiviado, gases).

4.2 GEOMETRIAS DE CALCULO

4.2.1 INTRODUCCION

Se han analizado diferentes secciones del vertedero al objeto de seleccionar la mas critica para el
calculo de estabilidad (ver Anexo 1. Planos)

4.2.2  ESTUDIO DE LA SECCION LONGITUDINAL

Se han realizado tres (3) secciones longitudinales cubriendo un doble criterio:

e El criterio de buscar la lineacion mas fiel a la linea de maxima pendiente de los taludes de
relleno.

e El criterio de completar los escenarios con mayor espesor de residuo, buscando que el
trazado de las secciones pasase por el fondo de la vaguada original.

En concreto, se han definido tres perfiles diferenciados:
e Un perfil por el dique oeste.
e Un perfil por el dique este.

e Un perfil en direccion norte-sur, destinado a estudiar el apoyo de la ampliacién sobre el
vertedero clausulado.

Estas secciones se presentan en el Anexo 1. Planos.

TA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 26 de 102





ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
[}
£
5]
=
=
c
£
[
1]
o
£
8
E
o
©
N
N
N
o
(=
3
o

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

g’
e

.’},‘
7
N %
W
W\
5

EReey
gl
Bl o

Figura 7.

o

Situacidn de los perfiles

4.3 PARAMETROS DE CALCULO DE LAS UNIDADES GEOTECNICAS DIFERENCIADAS

4.3.1 INTRODUCCION

La seleccion de los materiales que participan del analisis de estabilidad y de los parametros
geotécnicos de cada uno de ellos, es un aspecto fundamental que incidira de forma clave en el FS

que va a resultar tras el proceso de célculo.

Al no disponerse de nuevos datos se usaran como referencia los valores del estudio “Proyecto

técnico y estudio de impacto ambiental para la modificacién sustancial de la autorizacion ambiental
integrada del vertedero de Bistibieta, T.M. de Lemoa (Lurgintza 2023)".
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A continuacion, se estudian y justifica la seleccién de estos valores de calculo.

4.3.2  SUSTRATO ROCOSO

El material de la base del vertedero esta constituido por una secuencia de lutitas grises y areniscas.
(ver capitulo 3.2 LITOLOGIA).

Se han realizado dos (2) sondeos mecanicos, uno de ellos alcanzando la roca sana. La asignacion de
parametros al sustrato rocoso se ha realizado sobre la base las observaciones de campo usando como
referencia la documentacién analizada.

De estudio de los parametros, nos queda:
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Nivel qeotécnico Densidad Cohesion Ang.roz.int. ::gt:l(l:? d:?i Coeficiente
g (kN/m3) (kN/m2) ©) de poisson
(kN/m2)
Sustrato rocoso 26 50 45 200.000 0,25
SE
8 2 Tabla 7. Parametros geotécnicos del terreno natural
Ta B
510 4.3.3 IMPERMEABILIZACION
2025

La solucién de impermeabilizacion se ha modelizado en los calculos como un material con una
resistencia al corte igual a la menor resistencia existente entre las superficies de contacto que en
cada escenario entran en juego.

2

24

o

]

i

£ +

©
® g - GTX-NW - Geotextil separacion y filtro
é‘ i B —— Arido de drenaje limpio y seleccionado

S i v —
§ g Drenaje de lixiviados / GTX-NW - Geotextil antipunzonamiento
g — [ GBR-P - Geomembrana PEAD
8 8 Barrera hidrau!fcaJ > “93\\2 GBR-C - Geocompuesto de bentonita
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> R | TERRENO
/«:71«. Conformado — A E
N 2N
=537 AP

Figura 8. Detalle secuencia impermeabilizacion

De esta forma, se adoptara la resistencia de corte de la interfaz superior (GTX antipunzonamiento vs.
PEAD) en condiciones drenadas o de saturacion dentro del vaso de vertido, mientras que se tomara
la resistencia de corte de la interfaz de la cara inferior de la geomembrana (PEAD vs. GBR-C) cuando
lo que se modelice sea condiciones saturadas bajo la impermeabilizacion.
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Teniendo en cuenta estas consideraciones, los valores resistentes que consideraremos en este
informe como representativos del sistema de impermeabilizacion correspondientes a la resistencia
pico, son los que recoge la siguiente tabla:

Nivel qeotécnico Densidad Cohesion Ang.roz.int. ::gt?::? difi Coeficiente
g (kN/m3) (kN/m2) ©) de poisson
(kN/m2)
Impermeabilizacion 5 51/0? 261/18? 35.000 0,45
Tabla 8. Parametros geotécnicos de la impermeabilizacion

En relacion con los parametros en los que se modelizan situaciones con presencia de agua entre los
materiales en contacto con la ldmina de PEAD, aplicaremos el coeficiente de reduccion que propone
el Laboratorio de Geotecnia del CEDEX (Estaire y Olivenza, 2013), segln el cual la resistencia al corte
en condiciones saturadas puede disminuir hasta en un 30% respecto a la resistencia en condiciones
secas. En nuestro caso, bajo un criterio de prudencia, adoptaremos una reduccién intermedia, esto
es, del 15%.

4.3.4 RESIDUOS

La nueva ampliacion del vertedero cuenta con celdas diferenciadas: unas destinadas a la eliminacion
de residuos no peligrosos (RNP) y una celda especifica para el depésito de residuo
inertizado/estabilizado. El residuo antiguo corresponde a un relleno antropogénico compuesto por
RNP procedentes de la industria, tierras contaminadas y lodos inertizados.

El residuo antiguo del vertedero es un relleno antropogénico de residuos no peligrosos (RNP)
procedentes de la industria, tierras contaminadas y lodos inertizados

La asignacién de parametros geotécnicos a los residuos ya vertidos se ha realizado en base a los
estudios de ASTIV (2005 y 2017).

En conclusién, los parametros geotécnicos considerados para el residuo son:

Nivel qeotécnico Densidad Cohesion Ang.roz.int. e[:gtl;t? d:?i Coeficiente de
g (kN/m3) (kN/m2) ©) poisson
(kN/m2)
Residuos antiguo 16 14 20 10.000 0,3
Residuo nuevo - RNP 18 5 26 7.500 0,3
Residuo nuevo - 18 7 27 8.500 0.3

Inertizado

Tabla 9. Parametros geotécnicos del residuo
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4.3.5 DIQUE

Los diques proyectados constituyen elementos de contencion destinados a garantizar la estabilidad
del futuro relleno. Se ejecutaran mediante terraplenado con materiales procedentes del desmonte,
colocados en tongadas de 0,30 m de espesor y adecuadamente compactadas. Cada dique quedara
empotrado en el terreno natural para trabajar como elemento pasivo, contrarrestando los empujes
derivados del deposito de residuos en las celdas.

En total se han disefiado tres diques: uno situado en el frente oeste y otro en el frente este, que
delimitan el vertedero por ambos lados, y un tercer dique de caracter interno, dispuesto en la
trinchera generada entre el antiguo vertedero y la nueva ampliacién (antiguo vial de acceso). Este
altimo quedara progresivamente embebido en el propio residuo durante la explotacion de la celda.

Todos los diques estaran reforzados con geomallas, lo que les confiere una mayor capacidad de
resistencia frente a los empujes y mejora su comportamiento estructural a largo plazo.

ot of et e

. e

Figura 9. Disefio del dique

Nos atendremos a los parametros adoptados en el anexo constructivo en base a los materiales y la
proporcion que lo componen y que, por tanto, asumimos coherente:

Nivel aeotécnico Densidad Cohesion Ang.roz.int. 2::;: d(:z Coeficiente de
g (kN/m3) (kN/m2) ©) poisson
(kN/m2)
Dique 20 15 40 80.000 0,32
Tabla 10. Parametros geotécnicos del muro de escollera

4.3.6  RESUMEN DE PARAMETROS GEOTECNICOS

En la siguiente tabla se realiza una sintesis de los parametros resistentes de todos los materiales
intervinientes en el calculo de estabilidad:
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Médulo de

Nivel geotécrico Densidad Cohesidn Ang.roz.int. elasticidad Coeﬁc'iente de
(kN/m3) (kN/m2) Q) (kN/m2) poisson
Residuo antiguo 16 14 20 10.000 0,3
Impermeabilizacion 5 5/0 26/18 35.000 0,45
Residuo nuevo - RNP 18 5 26 7.500 0,3
Residuo nuevo - IN 18 7 27 8.500 0,3
Dique 20 15 40 80.000 0,32
Sustrato rocoso 26 50 45 200.000 0,25
Tabla 11. Parametros geotécnicos considerados en el calculo de estabilidad

4.4 NIVELES PIEZOMETRICOS CONSIDERADOS

Para el estudio de la estabilidad consideramos tres (3) niveles piezométricos en funcion de las
situaciones analizadas:

e Situacion normal: en esta situacion los drenajes de fondo de celda funcionan correctamente
y por lo tanto, no hay un nivel piezométrico en el interior del vertedero.

e Situacion accidental 1: un fallo en el drenaje interior del vertedero ocasiona una
acumulacion del lixiviado dentro del cuerpo del vertedero. Se considera un nivel
piezométrico que satura la mitad del espesor del residuo de la celda.

e Situacion accidental 2: se considera un fallo en el sistema de drenaje de aguas sub-
superficiales que ocasione una saturacion del contacto de geosintéticos y un nivel
piezométrico que sature la mitad del espesor de residuo de la celda.

4.5 SISMICIDAD

En este estudio se ha tenido en consideracion la ocurrencia de un evento sismico basandose en lo
estipulado en la Norma de Construccion Sismorresistente vigente en el Estado espafiol (NCSE-02).

Asi, la aplicacion de la NCSE-02 es obligatoria en aquellas construcciones situadas en municipios con
aceleracion sismica basica superior a 0,04 g. En el término municipal de Lemoa este valor es de 0,04
g, tal y como figura en el listado de municipios del Anejo 1 “Valores de la aceleracion sismica
basica, ap, y del coeficiente de contribucion, k, de los términos municipales con ap = 0,04 g,
organizado por Comunidades Auténomas”.

Esta situacion supone que no es necesario realizar un calculo pseudo-estatico que incorpore el
efecto sismico a través de la consideracion de fuerzas de inercia adicionales, proporcionales a la
aceleracion sismica correspondiente.
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@ Lurgintza

4.6 MODELO DE CALCULO

Integrando todos los aspectos descritos en los apartados anteriores, obtenemos dos modelos de
calculo que se sintetizan en las siguientes figuras:
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E ~ Friction Angle: 40 degrees Strength Type: Mohr-Coulomb
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Unit Weight: 25 kNim3
2/10 Strength Type: Mahr-Coulomb
ohesion: 50 kPa
2025 Friction Angle: 45 degrees
. . .- . .
Figura 10. Modelo de célculo de estabilidad para perfil A-A
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Material- Residuo nuevo - IN
Unit Weight: 18 kiN/m3

Material: Residuo nuevo - RMP Strength Type: Mohr-Coulomb
Unit Weight: 18 kN/m3 Cohesion: 7 kPa

Strength Type: Mohr-Coulomb Friction Angle: 27 degrees
Cohesion: 5§ kPa . -

Friction Angle: 26 degrees

o 3 : \ 3 <\'\\\\\\\\\ N

Material- Residuo antiguo
Unit Weight: 16 kiN/m3
Strength Type: Mohr-Coulomb
’| Cohesion: 14 kPa

Friction Angle: 20 degrees
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\g © g Material- Impermeabilizacidn
S S Watrial Diae Unit Weight' 5 kN/m?3
o . St h Type: Mohr-Coulomb
& Unit Weight: 20 ki/m3 Sength Type Monr-Coulom
= 0 Strength Type: Mohr-Coulomb : e
o "6 Cohesion 15 kPa Friction Angle: 26 degrees
T = Material: Sustrato rocoso Friction Angle: 40 degrees
o Waterial Impermeabilizacicn Unit Weight: 26 kNfm3
Unit Weight: 5 kN/m3 Strength Type: Mohr-Coulomb)
2/10 Strength Type: Mohr-Coulomb| Cohesion: 50 kPa
Cohesion: 5 kPa Friction Angle: 45 degrees
2025 Friction Angle: 26 degrees
Figura 11. Modelo de célculo de estabilidad perfil B-B
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Waterial: Digue |-1
Unit Weight: 20 kN/m3
Strength Type: Mohr-Coulomb
Cohesion: 15 kPa Material: Residuo nuevo - RNP)
Friction Angle: 40 degrees Unit Weight: 18 kN/m3
Strength Type: Mohr-Coulomb
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Friction &ngle: 28 degrees
2/10 Material: Sustrato rocose
2025 Unit Weight: 26 kN/m3

Strength Type: Mohr-Coulombj
Cohesion: 50 kPa
Friction Angle: 45 degrees

Figura 12. Modelo de calculo de estabilidad perfil C-C
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4.6.1 SOFTWARE DE CALCULO

4.6.1.1 Calculo mediante métodos de equilibrio limite - SLIDE

El software seleccionado para la realizacion de los calculos de estabilidad es el programa Slide, de
Rocsience Inc.

Slide es un software de analisis de estabilidad de taludes que utiliza métodos de equilibro limite
para el calculo de la estabilidad. Su ambito de aplicacién en obra civil es muy variado, permitiendo
evaluar un gran nimero de probleméaticas geotécnicas, tales como estabilidad de terraplenes, presas,
vertederos, taludes en excavaciones mineras o en edificaciones, efectos de cargas externas, sismicas,
eficiencia de elementos de refuerzo, etc.

Incluye analisis de agua subterrdnea e integra capacidades de analisis de sensibilidad,
probabilisticos y analisis retrospectivos.

Esta basado en dos métodos:

e Métodos de equilibrio limite: se centran en la comparacion de las fuerzas favorables al
deslizamiento y las fuerzas estabilizadoras a través de una superficie de rotura. El criterio de
rotura empleado es generalmente el de Mohr-Coulomb, siendo el resultado del analisis el
valor del coeficiente o factor de seguridad. Estos métodos permiten determinar si la masa es
estable o no (la estabilidad global o de parte del conjunto).

e Métodos de las rebanadas: dividen la masa que desliza en fracciones mas pequefias.

o Métodos precisos: Bishop riguroso, Morgenstern-Price, Spencer...

o Métodos aproximados: Janbu, Fellenius, Bishop simplificado...

Son métodos que proporcionan resultados razonablemente buenos de cara a la evaluacion de la
estabilidad de un talud. Son aplicables a todo tipo de terrenos y, por tanto, a vertederos, y suelen
conducir a cargas de rotura superiores a las exactas (segin la teoria de la plasticidad) del lado de la
seguridad, aunque suficientemente préximas a ellas.

La aplicacion de estos métodos requiere las siguientes etapas de calculo:

e Se busca un mecanismo de rotura cinematicamente admisible. Usualmente se consideran
masas de suelo rigidas que deslizan sobre superficies de rotura posibles de formas
geométricamente sencillas, tales como rectas, circunferencias y espirales logaritmicas. Si el
suelo es heterogéneo estas superficies pueden ser mas complejas.

e Generalmente se define el coeficiente de seguridad a partir del concepto de esfuerzo o
tension de corte “movilizado”. Este esfuerzo se calcula dividiendo el maximo esfuerzo de
corte disponible (calculable mediante la expresion de Mohr-Coulomb) por el coeficiente de
sequridad, FS.

e Mediante consideraciones de equilibrio se establecen relaciones entre las fuerzas (vectores)
que intervienen en un problema dado. En general cabe distinguir entre fuerzas inductoras
del desequilibrio (peso, cargas exteriores, presiones de agua) y fuerzas internas resistentes.
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En general las condiciones de equilibrio a satisfacer en un problema plano son:
- Dos ecuaciones de equilibrio de fuerzas (horizontales y verticales)

- Una ecuacion de equilibrio de momentos, con relacién a un punto arbitrario.

En muchas ocasiones, una sola de estas condiciones (por ejemplo, equilibrio de momento en
algn tipo de analisis de rotura circular) es suficiente para definir estaticamente el
problema.
§ e Se obtiene el factor de sequridad “despejando F en las ecuaciones de equilibrio
o . P . P . . ..
3 mencionadas en 3. Sera necesario buscar el F minimo variando la geometria de la superficie
] £ . o
WS de rotura, lo que conduce a un proceso de célculo repetitivo.
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Q g F.S. (Bihop M.)
< s
Q :
> > Una hipdtesis comln a todos los métodos de calculo es la consideracion del talud como indefinido
/::(\\ en la direccion horizontal paralela a la superficie del mismo. Aunque la forma de la superficie de
L5 rotura sea tridimensional, el hecho de considerar el problema plano conduce a resultados del lado de
la seguridad al no tener en cuenta el efecto de los bordes laterales que limitan el deslizamiento.

Los métodos de las rebanadas son mucho mas flexibles y se pueden utilizar en casos de suelo
heterogéneo y de geometria arbitraria. Cabe distinguir entre los “exactos” y los “simplificados”, por
un lado y entre los que se adaptan a cualquier forma de superficie de rotura y los que contemplan
superficies de roturas circulares, por otro. Los exactos son aquellos que consideran la accion de
todas las fuerzas que actian en las rebanadas. Esto sucede en los métodos de Janbu, Morgenstern y
Price y Bishop. Estos métodos dan lugar a coeficientes de seguridad muy precisos. Sin embargo, el
nlmero de calculos a realizar en todos ellos es muy elevado. Se debe conocer que se considerara un
problema bidimensional, analizandose la estabilidad del talud en una seccidon transversal del mismo,
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@ Lurgintza

de tal forma que la zona del terreno que pueda sufrir deslizamiento se divide en una serie de fajas
verticales, estudiandose el equilibrio en cada una de ellas.

Los métodos de superficie de rotura de forma arbitraria son Gtiles cuando se dispone de medios
informaticos potentes, de forma que la introduccién de la forma de las distintas superficies de rotura
en los calculos de ordenador pueda ser realizada mediante digitalizacion y el calculo pueda
realizarse de una forma interactiva.

. Condiciones de Tipo de ’
Meétodo Etabe St Observaciones
- " No cumple equilibrio de Errores pequefios si superficie es circular.
Blshnp{%l;lsp}:rﬁcadn fuerzas horizontales ni Circular Mo tiene en cuenta la variacion de fuerzas
momentos en rebanadas. horizontales entre rebanadas.

Supone una determinada distribucion de
fuerzas horizontales (E) entre rebanadas
que cumpla equilibrio. Se comprueba que la
linea de accién de E sea razonable.

Obliga a que se cumpla el equilibrio de fuer-
Arbitraria zas horizontales. Emplea un factor de co-
meccion para mejorar resultados.

Supone conocida la linea de accion de las
fuerzas horizontales entre rebanadas. No

Bishop Riguroso Cumple todas las condi-

(1958) ciones de equilibrio Circular

Janbu Simplificado | No satisface equilibrio de
(1957) momentos

Janbu Generalizado Satisface equilibrio (salvo

ntos en la ditima Arbitraria -
(1957) ml me; siempre converge. Cuando converge da
mada) buenos resultados.
. e Supone que la inclinacién de fuerzas entre
Lowe{%fgréaur}aﬁam Ezrifr'“sga:e equilibrio de Circular rebanadas es la media entre las pendientes

del terreno y de la superficie de rotura.

Se plantea el problema en forma diferen-
cial. Se supone que la inclinacion de las
Morgenstern y Price | Satisface todas las con- Arbitraria fuerzas enftre rebanadas es: X/E = i - f{x),
diciones de equilibrio siendo A un factor de escala y f(x) una fun-
cion dada. El problema puede resolverse
usando la técnica de Newton—Raphson.
Supone X/E = tan 8 = cte. (f(x)=1; A = tan 8)
Varia tan 6 hasta que los factores de segu-
ridad resultantes del equilibrio de fuerzas y
Circular momento global coincidan. Linea de accion
dada a posteriori por equilibrio de momen-
tos en cada rebanada. Generalizado a su-
perficie arbitraria (Wright, 1969)

Resultados conservadores razonablemente
exactos

Satisface todas las con-

Spencer (1967) | Giciones de equilibrio

No cumple equilibrio de
Carter (1971) fuerzas horizontales y Arbitraria
momentos en rebanadas

Fredlund (1981) Satisface todas las con- Compusesta Analogo a Morgenstern y Price en forma
(G.LE.

- g (circulo y ;
) diciones de equilibrio secante) discreta

Analogo a Spencer pero considerando el
Circular equilibrio de momentos en cada rebanada.
Solucion iterativa par calculo recursivo.

Satisface todas las con-
Chugh (1963) diciones de equilibrio

Figura 14. Métodos de calculo de estabilidad de taludes que emplean rebanadas verticales

4,6.1.2 Software elementos finitos — PLAXIS 2D

Plaxis es un programa de elementos finitos, disefiado para el analisis de deformacién, estabilidad y
flujo de agua subterranea en ingenieria geotécnica. Desarrollado en 1987 en la Universidad Técnica
de Delft en Holanda con la iniciativa del Ministerio de Obras Piblicas y el Control de Aguas del
estado holandés. Por el crecimiento de las actividades la compafiia Plaxis (Plaxis bv) se formé en
1993.

El objetivo de Plaxis es proporcionar una herramienta para un analisis practico usado por los
ingenieros geotécnicos que no son necesariamente especialistas en programacidon numérica. Los
equipos de investigacion y desarrollo de Plaxis han direccionado las inquietudes de los ingenieros
practicantes al disefiar procedimientos computacionales robustos que encapsulan una facil y légica
herramienta de calculo. Como resultado, muchos ingenieros geotécnicos alrededor del mundo han
adoptado el producto y es usado para propésitos de ingenieria y disefio (Brinkgreve et al., 2019).

TA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 38 de 102





@ Lurgintza

Plaxis estd equipado con caracteristicas para tratar con varios aspectos complejos de la geotecnia,
como la interaccion de suelo-estructura, y modelos constitutivos avanzados que se ocupan de la
simulacion del comportamiento del suelo/roca no lineal, dependiente del tiempo y anisdtropo.

El software una como base de célculo el método de elementos finitos, en el ambito de la Mecéanica
de Solido Deformable, es el principal método de resolucion de sistemas de ecuaciones en derivadas
parciales. La metodologia de elementos finitos consiste en dividir el dominio que constituye el
objeto de analisis en pequefios subdominios de geometria sencilla denominados elementos finitos,
en los que las propiedades del dominio pueden considerarse uniformes y por tanto se puede resolver
en ellos el campo de desplazamiento, deformaciones y tensiones, atendiendo a la logica de
simplificacion.

Los elementos finitos en los que se divide el dominio objeto del analisis estan unidos en sus nodos,
que son puntos particulares de contorno del elemento que se disponen siempre en sus esquinas y, en
ocasiones, en puntos intermedios de los lados o aristas. Los elementos finitos empleados
generalmente en geotecnia en modelos numéricos bidimensionales (2D) son de forma triangular o
cuadrilateros y en modelos numéricos tridimensionales (3D) son de forma tetraédrica o hexaédrica.
Sin embargo, pueden emplearse elementos con geometrias diferentes, en particular en modelos
numeéricos tridimensionales, aunque de formas fundamentales o basicas.
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Figura 15. Modelo de elementos finitos - Plaxis 2D
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Los modelos constitutivos que estan disponibles en Plaxis 2D son los siguientes:

e Modelo eléstico lineal (Linear elastic model): Modelo basado en la teoria de la elasticidad y
las ecuaciones generalizadas de Hooke para elasticidad isétropa. Definido por dos (nicos
parametros (el modulo de Young y el coeficiente de Poisson). Todas las deformaciones son
recuperables una vez cesa la accién que las genera y nunca se alcanza la rotura o
plastificacion del material. Aunque no es apropiado para modelizar el comportamiento del
terreno, resulta Gtil para simular estructuras macizas de hormigén como muros.

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 39 de 102





@ Lurgintza

e Modelo Mohr-Coulomb (Mohr-Coulomb model): Es un modelo elastoplastico perfecto definido
por 5 parametros: médulo de Young, coeficiente de Poisson, angulo de rozamiento, cohesion
y angulo de dilatancia. Es posiblemente el modelo constitutivo mas empleado en geotecnia.
Su criterio de plastificacion se emplea en modelos constitutivos mas avanzados. Puede

emplearse para simular el comportamiento de suelos y rocas e incluso hormigon con una
buena seleccién de parametros. Se recomienda su empleo para Gnicamente para llevar a cabo
los analisis preliminares o sencillos (6rdenes de magnitud) del problema en cuestion. Plaxis
permite considerar, para este modelo, un incremento de la rigidez (E' o Eu) y de la cohesidn
(c' o su) con la profundidad.

o Hardening Soil model: Se trata de un modelo avanzado para simular el comportamiento de
los suelos. Su criterio de plastificacion es el mismo que el de Mohr-Coulomb, definido por los
parametros de angulo de rozamiento, cohesion y angulo de dilatancia. Sin embargo, permite
considerar la rigidez del suelo de forma mucho mas precisa que el modelo de Mohr-Coulomb
puesto que considera tres componentes de la rigidez: la rigidez a corte o triaxial Eso, la
rigidez edométrica o de carga vertical primaria Eoed y la rigidez de descarga/recarga Eur. El
modelo permite tener en cuenta la variacion de estas rigideces con el nivel tensional (al
contrario que el modelo de Mohr-Coulomb, que considera una rigidez constante
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o5 independiente del nivel tensional) y permite considerar estados de sobreconsolidacion del
=0
%% terreno.
Ia
2110 e Hardening Soil with Small Strain Stiffness (HSsmaill): Es una modificaciéon del modelo
2025 Hardening Soil que, ademas de poseer todas las caracteristicas de éste, considera la

variacion de la rigidez del suelo con el nivel de deformacion adquirido por este. Se ha
comprobado que el suelo presenta mayor rigidez con pequefios valores de deformacion, y que
esta rigidez varia de manera no lineal a medida que el suelo alcanza grandes deformaciones,
propias de las obras de ingenieria. El modelo permite tener en cuenta esta variacién no
lineal de la rigidez con el nivel de deformacién, permitiendo llevar a cabo estimaciones mas
realistas de los desplazamientos que el modelo Hardening Soil.

e Soft Soil Model (SS): Es un modelo de tipo Cam-Clay especialmente definido para considerar
la compresion/consolidacion primaria de suelos arcillosos normalmente consolidado. Aunque
el modelo Hardening Soil es mas avanzado en lineas generales, el modelo Soft Soil esta
mejor adaptado para simular el comportamiento a compresiéon de los suelos muy blandos.

e Soft Soil Creep Model (SSC): Este modelo permite tener en cuenta el comportamiento viscoso
de suelos para modelizar fenémenos como la fluencia y la relajacion. Los fendmenos viscosos
son procesos mecanicos dependientes del tiempo (variaciobn del estado tensional vy
deformacional con el tiempo). Por lo general, casi todos los suelos cohesivos de tipo
arcilloso o limoso presentan fendmenos de fluencia o consolidacién secundaria tras el
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proceso de consolidacién primaria. Este fenémeno es mas habitual en suelos arcillosos
normalmente consolidados, limos y turbas. Para tener en cuenta los procesos viscosos como
la fluencia (consolidacion secundaria) y la relajacion, Plaxis desarrollo el modelo Soft Soil
Creep model, que permite tener en cuenta el estado de sobreconsolidacion del suelo. Por sus
caracteristicas y definicibn matematica, este modelo constitutivo permite considerar la
variable tiempo en el calculo.
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e Jointed Rock Model (JR): Se trata de un modelo elastoplastico perfecto anisotrépico
(propiedades no son las mismas en todas las direcciones) especialmente concebido para
simular el comportamiento de macizos rocosos con discontinuidades en direcciones
determinadas. El comportamiento plastico estd limitado a las discontinuidades y definido

por la cohesion y el angulo de rozamiento. La matriz rocosa se considera elastica.

e Modified Cam-Clay Model (MCC): Se trata de uno de los modelos mas conocidos en el ambito
de la geotecnia. Fue desarrollado en la Universidad de Cambridge. Se emplea sobre todo para
modelizar el comportamiento de suelos arcillosos normalmente consolidados.

e NGI-ADP model: Esta especialmente definido para aplicaciones onshore y offshore en suelos
arcillosos y limosos no drenados. Se basa en el empleo de la resistencia a corte sin drenaje.
Se emplea para el analisis de la capacidad portante, deformacién e interacciéon suelo-
estructura en problemas que implican fenémenos de carga sin drenaje (undrained) en
arcillas.

e UDCAM-S model: Las iniciales del nombre del modelo indican Simplified UnDrained Cyclic
Accumulation Model. Se trata de un modelo avanzado, derivado del modelo NGI-ADP, para
considerar el comportamiento no drenado de suelos arcillosos o limosos de muy baja
permeabilidad y la degradacion de los parametros de rigidez y resistencia en cargas ciclicas.
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o Sekiguchi-Ohta model: Es un modelo de tipo Cam-Clay, adecuado para el analisis de suelos

2/10 arcillosos. Existen dos versiones del modelo. La version “Inviscid” es un modelo
2025 independiente del tiempo similar al Soft Soil model. La version “Viscid” es tiempo

dependiente y similar al modelo Soft Soil Creep. Ambos fueron desarrollados en Japdn.

e Hoek-Brown: Se trata de un modelo elastico perfectamente plastico is6tropo para considerar
el comportamiento de macizos rocosos como un medio continuo. Tiene un criterio de
plastificacion no lineal y dependiente del nivel tensional. Ademas de los parametros
elasticos, incorpora otros parametros propios de la Mecanica de Rocas como la resistencia a
compresion simple de la matriz rocosa, el Geological Strength Index (GSI) y el factor de
perturbacién D. Fue desarrollado por los investigadores Evert Hoek y E.T. Brown y es
posiblemente el modelo constitutivo mas empleado para simular el comportamiento de
macizos rocosos.

e UBC3D-PLM: Se trata de un modelo avanzado para simular el fendmeno de la licuefaccion de
suelos en analisis dinamicos. EL modelo incluye la posibilidad de considerar la acumulacion
de deformaciones irreversibles durante la carga ciclica. Si se combina con el comportamiento
no drenado (undrained), se produce la acumulacion de presiones de poro, que
eventualmente pueden dar lugar a la licuefaccion.
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e Concrete model: Se trata de un modelo elastoplastico perfecto para simular el
comportamiento de estructuras de hormigén (concrete) o de hormigén proyectado (shotcrete
en inglés). Permite considerar la resistencia y rigidez tiempo dependiente del hormigdn, asi
como fenémenos de retraccion y fluencia. Emplea un criterio de plastificacion combinado de
tipo Mohr-Coulomb para estados desviadores de carga y de Rankine para estados de traccion.
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conodela | Cimentacion | Excavacion | Tunel | Terraplén | Talud | Presa | Offshore | Ofros
Linear Elastic
Model ¢ c
hMohr-Coulomb
madel C C C Cc c C C C
Hardening Soil
modsl B B B B B B B B
Hardening Soil
model with
small-strain A A A A A A A A
stiffness
UBC3D-PLM
modeal® B B B B B B B B
Soft Soil model B B B A A B B B
Soft Soil Creep
model B B B A A B B B
Jointed Rock
modal B B B B B B B B
Modified Cam-
Clay model C G C G G C G G
MNGI-ADP model B B B A A B A B
LDCAM-5
A
model
Hoek-Brown
model B B B B B B B B
GConcrete model A A A A A A A A
&7 El mejor modelo constitutivo en Plaxis para esta aplicacion
B: Modelizacidn con resultados aceptables.
C: Orden de magnitud. Resultados preliminares. Aproximacian.
* Modelo UDCAR-5 para analisis con carga ciclica, en caso de que se conozca la resistencia al corte sin drenaje,
UB3D-FPLI para andlisis dinédmicos de arenas con carga ciclica no drenada.

Tabla 12.

Modelos constitutivos en funcién de la aplicacion (Fuente: Plaxis materials model manual)

En este estudio se ha empleado el modelo constitutivo Mohr-Coulomb, ampliamente aceptado en
geotecnia por su simplicidad y utilidad en analisis preliminares. Este modelo elastoplastico perfecto
se define mediante cinco parametros: médulo de Young (E), coeficiente de Poisson (v), angulo de
friccion (), cohesion (c) y angulo de dilatancia (). PLAXIS permite asignar valores variables con
la profundidad para algunos de estos parametros, lo cual resulta Gtil en medios estratificados o
sometidos a consolidacion.
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5 ANALISIS DE ESTABILIDAD

5.1 INTRODUCCION

En este capitulo se explica el marco conceptual y metodolégico en base al cual se va a realizar el
analisis de estabilidad, se documenta el calculo realizado y, finalmente, se obtienen los resultados
numéricos del analisis realizado.

En relacion a la metodologia de analisis, se describe el método y los factores de seguridad
adoptados en funcién de los distintos escenarios considerados.

En relacion con el andlisis sensu estricto, se documentan las tipologias de superficies de
deslizamiento establecidas y se calculan las condiciones de equilibrio para cada uno de escenarios
considerados.

Col. n° 2226 Guillermo Bernal Martinez

5.2 ESCENARIOS DE CALCULO CONSIDERADOS

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

G T El analisis de estabilidad se ha desarrollado distinguiendo tres (3) situaciones de calculo,
Q0o oL . 1 v . ’ 1 . 4
g-g clasificadas con las etiquetas de ‘normal’, ‘accidental’ o ‘extraordinaria’.
89
ITa
2/10 5.2.1 SITUACION NORMAL
2025

Este escenario se corresponde con la situacion de explotacion normal del vertedero, en donde la
impermeabilizacion y los sistemas de drenaje y gestion de gases funcionan adecuadamente.

En esta situacion se entiende que:

e La impermeabilizacion de base y de sellado funciona eficientemente, no existiendo ninguna
entrada de agua en el cuerpo del vertedero, y el drenaje de fondo asegura la evacuacion de
los lixiviados al exterior. No existe, por tanto, nivel piezométrico en el interior de la masa
de residuos.

e El drenaje de fondo, el drenaje bajo impermeabilizacion, y el de lixiviados funcionan
adecuadamente. EL nivel freatico en el terreno natural no entra en contacto con la
impermeabilizacion de fondo.
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e El residuo no ha sufrido desplazamientos, alteraciones, ni deformaciones importantes, mas
alld del extendido y compactacion, ligado al proceso de explotacion, y el asentamiento

g’
>

s
A

$or

¥
V7
N

3

posterior por peso propio.

5.2.2  SITUACION ACCIDENTAL

Se considera situacion accidental aquella que se produce como consecuencia del mal
funcionamiento, ruina o modificacién de las condiciones hidrogeoldgicas del sistema.

Se han considerado dos (2) situaciones accidentales:
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5.2.2.1 Rotura del paquete de sellado y obturacion del sistema de drenaje
Esta situacion supone que se cumplan simultaneamente las siguientes condiciones:

e Haya aporte de agua al interior del vertedero.
e El sistema de drenaje de lixiviados se obstruya, o el aporte de agua sea tal que se establezca
un nivel freatico en el interior del cuerpo del vertedero.

El nivel piezométrico de calculo correspondiente a esta situacion se sitlla en una altura maxima que
satura hasta el 50% del espesor de los residuos (15 m), segln el perfil de estudio considerado.

Adicionalmente, se han considerado otros escenarios de saturacion del interior del vertedero mas
razonables en un vertedero sellado respecto al punto mas bajo del perfil considerado al objeto de
realizar un analisis de sensibilidad del modelo.

5.2.2.2 Obturacién del sistema de drenaje bajo impermeabilizacion

Esta situacion refleja un escenario segln el cual la obturacion del sistema de drenaje bajo
impermeabilizacion o un ascenso del nivel freatico provocado por cualquier causa provocase, a
efectos de célculo, que el contacto entre geosintéticos se saturase, disminuyendo su resistencia al
corte.

5.3 FACTORES DE SEGURIDAD ADOPTADOS

5.3.1 FACTORES DE SEGURIDAD CONFORME A LA AUTORIZACION AMBIENTAL INTEGRADA

Los coeficientes de seguridad que se adoptan en el presente estudio son los indicados por el 6rgano
ambiental, esto, es:

e En situacidon normal: FS > 1,50

e En situacion accidental (fallo del sistema de drenaje): FS = 1,30

5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS

Teniendo en cuenta los aspectos indicados en los apartados precedentes, se considera justificado
adoptar los siguientes factores de sequridad para el estudio de la estabilidad del vertedero.
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Situacion Escenario Resistencia del paquete de Factor de
postclausura impermeabilizacion seguridad minimo

Resistencia pico en condiciones

Normal Condiciones drenadas 1,50
secas
1) Rot . .. ..
) Rotura del Paguete de Resistencia pico en condiciones
sellado y condiciones de 1,30
. .. saturadas
drenaje deficiente
Accidental
(Tipo 1y 2) 2) Obturacion del sistema de
drenaje bajo Resistencia en condiciones 130
impermeabilizacion y/o ascenso saturadas !
del nivel fredtico
Tabla 13. Factores de sequridad minimos adoptados AAI del vertedero

5.3.3  FACTORES DE SEGURIDAD CONFORME AL MINISTERIO DE TRANSICION ECOLOGICA

Se sequiran las “Recomendaciones para el establecimiento de criterios de ubicacion, disefio y
programas de vigilancia en vertederos v1” del Ministerio para la Transicion Ecolégica y el Reto
Demografico en el que se asignan una etiqueta en funcion de las consecuencias que en condiciones
de inestabilidad podria producir un vertedero en relacion con la seguridad de las personas y/o del
medio ambiente. En tal sentido se consideran los siguientes escenarios de riesgo:

e Situaciones de bajo riesgo son aquéllas en las que una potencial inestabilidad provocaria
exclusivamente dafios materiales sin consecuencias significativas ambientales ni para la
seguridad de las personas.

e Situaciones de riesgo medio en las que una potencial inestabilidad provocaria dafios
significativos para el medio ambiente pero no para la sequridad de las personas.

e Situaciones de alto riesgo son aquéllas en las que se pueden provocar dafios a personas o
bien impactos ambientales severos o irreversibles.

Segln la definicion del Ministerio, el vertedero de Bistibieta se define como instalaciéon en situacion
de medio, por ser susceptible de provocar dafios a personas y/o impactos ambientales severos o
irreversibles.

El documento de recomendaciones del Ministerio, establece que en el escenario normal se
determinara una situacion de angulo de reposo estable ponderandose con los siguientes factores de
seguridad:

Clase de vertedero
Situacion de riesgo Residuos inertes | Residuos no peligrosos | Residuos peligrosos
Bajo 1.3 14 1.5
Medio 14 1.5 1.6
Alto 1.5 1.6 1.8
Tabla 14. FS recomendados en situacion normal (Ministerio para la Transicion Ecoldgica y el

Reto Demografico)

1A25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 45 de 102





@ Lurgintza

5.4 TIPOLOGIA DE LAS SUPERFICIES DE DESLIZAMIENTO ANALIZADAS

Los escenarios de calculo descritos no hacen ninguna referencia a la geometria de las superficies de
deslizamiento que deben considerarse en cada uno de ellos.

En todas las situaciones de calculo se realizan las siguientes comprobaciones relativas a la geometria
de la superficie de deslizamiento:

e Estabilidad del conjunto nueva celda - terreno.
e Estabilidad interna de la masa de residuos.

e Estabilidad del conjunto nueva celda - impermeabilizacién de fondo.

En el presente estudio, al objeto de cubrir todas estas comprobaciones de célculo, se han
desarrollado las siguientes tipologias de deslizamiento:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Tipologia de deslizamiento Tipo de rotura Situaciones consideradas

o Estabilidad 1nte'rna de la masa de Circular por la cabeza del dique a) Normal ‘ ‘

G T residuos. b) Accidental (tipo 1y tipo 2)

Qo

a2

29

T2 Estabili j - . .. .

=5 stabilidad del conjunto vertedero Circular por el cimiento del dique 2) Normal . .

ITo terreno b) Accidental (tipo 1y tipo 2)
2/10
2025 a) Normal

Circular por la impermeabilizacion . . .
b) Accidental (tipo 1y tipo 2)
Estabilidad del conjunto vertedero -

impermeabilizacion de fondo Poligonal aleatoria y N l
predeterminada por la a) orma . .

g impermeabilizacion b) Accidental (tipo 1y tipo 2)

]

g Tabla 15. Tipologia de las superficies de deslizamiento analizadas

>
§ % 5.4.1 SUPERFICIES DE DESLIZAMIENTO POR ELEMENTOS FINITOS
[
o o
§ g En el caso del analisis mediante elementos finitos, la localizacion y geometria de las superficies de
8 deslizamiento no se define a priori, sino que resulta de la aplicacion del método de reduccion de
0O g . . . . . -
Q - resistencias (Strength Reduction Method), el cual permite identificar de manera natural el
%’ § mecanismo de rotura mas desfavorable para cada escenario de calculo.
/‘:}‘ A fin de forzar la representacion de las posibles superficies criticas identificadas en el equilibrio

g
vy
N
LR
W

limite (rotura interna en la masa de residuos, rotura global por cimiento y rotura asociada a la
impermeabilizacion de fondo), en el modelo de elementos finitos se ha introducido un refinado

especifico de la malla en las zonas potencialmente débiles, de manera que el calculo sea capaz de
concentrar las deformaciones plasticas en dichas interfaces. Este refinado permite que el método
numérico capture tanto mecanismos circulares en el terreno como mecanismos poligonales
condicionados por la presencia de la impermeabilizacion o las transiciones entre materiales.

En consecuencia, las superficies de deslizamiento contempladas en el equilibrio limite quedan
implicitamente cubiertas en el modelo de elementos finitos, sin necesidad de definir su geometria
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de forma previa, asegurando que la rotura se produzca en la interfaz o zona critica mas desfavorable
bajo cada hipdtesis de carga (normal o accidental).

IA25016-EST1

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)

pag. 47 de 102





ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

.:7': (\ é
(RS

27

@ Lurgintza

6 SLIDE - ANALISIS DE ESTABILIDAD POR EQUILIBRIO LIMITE

6.1 ANALISIS DE ESTABILIDAD SEGUN PERFIL A-A"

6.1.1 SITUACION NORMAL

6.1.1.1 Estabilidad interna de la masa de residuos

El comportamiento de estabilidad interna de la masa de residuo se evalda mediante la consideracion
de superficies circulares representativas que discurren integramente por el cuerpo del vertedero y
afloran por encima de la cabeza del dique, sin atravesarla.

Las potenciales roturas se representan junto con su factor de seguridad, tal y como refleja la figura
adjunta:

Safety Factor

0.000
0.500
1.000

1.500

2.000

=

. N

2.500

3.000

+ 3.500

4.000

4.500

L 5.000
5.500
€.000+

Figura 16. Situacion normal: rotura circular por la cabeza del dique del perfil A-A’
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Los FS obtenidos para este caso son superiores a 1,5 (FS = 1.505 segin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.

6.1.1.2 Estabilidad vertedero-terreno

La estabilidad del conjunto vertedero-terreno se evalla mediante la consideracion de superficies
circulares que atraviesan la cimentacion del dique.

Safety Factor
0.000

0.500

1.000

1.500

2.000

SRR

2.500
3.000
3.500
4.000
—1 4.500
5.000

5.500

€.000+

Figura 17. Situacion normal: rotura circular por el cimiento del dique del perfil A-A’

Los FS obtenidos para este caso son superiores a 1,5 (FS = 1,869 segin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.

6.1.1.3 Estabilidad de la celda en su conjunto

El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas
se desarrollan ampliamente sobre el conjunto de la celda.
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% Figura 18. Situacion normal: rotura circular por el conjunto del dique del perfil A-A’
o E
g § Los FS obtenidos para este caso son superiores a 1,5 (FS = 1,563 segin método Bishop simplificado),
g g coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
§ % ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.
o %
o F
9 . 6.1.1.4 Rotura predeterminada poligonal
0 =
i,f; Se han tenido en cuenta las superficies poligonales generadas con un patron aleatorio y también se
\.,tl: han modelizado superficies con rotura poligonal con menor FS que discurran por la lamina de

Vs

impermeabilizacion, al objeto de evaluar la estabilidad de la celda frente al deslizamiento
generalizado a favor de esta superficie.

Las geometrias de las roturas se han establecido después de un gran ndmero de iteraciones, de
forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud
cinematicamente posible. En este caso, como se indica, ademas de roturas predeterminadas también
se ha empleado el sistema de bdsqueda por trayectoria automatica, que es uno de los métodos que
se puede emplear para localizar el F.S. global minimo para superficies no circulares. En todo caso el
FS minimo obtenido se corresponde con una de las superficies determinadas de forma automatica,
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con lo que la lamina de impermeabilizacién no supone una superficie preferencial de inestabilidad
segln la configuracion geométrica estudiada:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Figura 19. Situacién normal: rotura predeterminada poligonal del perfil A-A

En este caso, en la blsqueda automatica por trayectoria se obtiene el F.S. minimo que, por otra
parte, es muy similar en cuanto al emplazamiento, inicio y salida, al obtenido en el estudio de
rotura circular por la cabeza del dique. Los FS obtenidos para este caso son superiores a 1,5 (FS =
1,547 segin método Bishop simplificado), coeficiente minimo establecido (ver capitulo 5.3.2

z
&
:
o & FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS) para una situacion de
é' E calculo normal.
S
S g 6.1.2 SITUACION ACCIDENTAL 1: ROTURA DE LA IMPERMEABILIZACION BASAL
3
%’ 2 6.1.2.1 Estabilidad interna de la masa de residuos
>
'Cx?\ Se analiza un hipotético escenario, donde la rotura o un fallo del sistema de impermeabilizacion

if=
)
%

posibilitara la entrada de agua en el interior de la celda, y un deficiente funcionamiento del drenaje

de fondo generase una acumulacion de agua/lixiviado en su interior (ver 4.4 NIVELES
PIEZOMETRICOS CONSIDERADOS)

El comportamiento de estabilidad interna de la masa de residuo se evalla mediante la consideracion
de superficies circulares representativas que discurren integramente por el cuerpo de la celda y
afloran por encima de la cabeza del dique de cierre, sin atravesarlo.

Las potenciales roturas se representan junto con su factor de seguridad, tal y como refleja la figura
adjunta:
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Figura 20. Situacion accidental 1: rotura circular por la cabeza del dique del perfil A-A’

Los FS obtenidos son ampliamente superiores a 1,3 (FS = 1,577 segin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1.

6.1.2.2 Estabilidad vertedero-terreno

En este escenario, la estabilidad del conjunto vertedero-terreno se evala mediante la consideracién
de superficies circulares que atraviesan la cimentacion del dique.
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% Figura 21. Situacién accidental 1: rotura circular por el cimiento del dique del perfil A-A’
[coRENTH
g g Los FS obtenidos son ampliamente superiores a 1,3 (FS = 1,695 segin método Bishop simplificado),
I g coeficiente minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
3 :"; ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1.
3
0 2 6.1.2.3 Estabilidad conjunto vertedero

>
/::'\‘ El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas

il
k¥4

0

son tangentes al fondo del vertedero, en condicién accidental 1.
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Figura 22. Situacion accidental 1: rotura circular por el conjunto del vertedero del perfil A-A’
% Los FS obtenidos son ampliamente superiores a 1,3 (FS = 1,575 segln método Bishop simplificado),
2 coeficiente minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
E ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1. En este caso, el
ox
] = establecimiento del N.F. definido, genera una disminucion del F.S. minimo inferior al 4%.
S
& ¢ .
§ g 6.1.2.4 Rotura poligonal
o °
5 S Se han modelizado las superficies con rotura poligonal con menor FS que discurran por la
2 ; impermeabilizacion, al objeto de evaluar la estabilidad del vertedero frente al deslizamiento
‘£ § generalizado a favor de esta superficie. Todas ellas han sido analizadas en situacion accidental 1.
‘\:yf';_‘ Las geometrias de las roturas se han establecido después de un gran ndmero de iteraciones, de

Vs

forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud
cinematicamente posible. En este caso, partiendo del estudio en situacion normal, ademas de

roturas predeterminadas también se ha empleado el sistema de bdsqueda por trayectoria automatica,
que es uno de los métodos que se puede emplear para localizar el F.S. global minimo para superficies
no circulares, tal y como se muestra en la figura siguiente:
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Situacion accidental 1: rotura predeterminada poligonal del perfil A-A

, ademas, a las caracteristicas resistentes e hidrogeolégicas de las unidades geotécnicas

Los FS obtenidos para este caso son superiores a 1,3 (FS = 1,421 segin método Bishop simplificado),
Se analiza un hipotético escenario, donde el ascenso del nivel piezométrico o una rotura del drenaje
de fondo del vertedero generase una acumulacion de agua/lixiviado en el interior del vertedero,
consideracion de superficies circulares representativas que discurren integramente por el cuerpo del
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tal y como refleja la figura
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Las potenciales roturas se representan junto con su factor de seguridad,
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Situacidén accidental tipo 2: rotura circular por la cabeza del dique del perfil A-A

Los FS obtenidos son superiores a 1,3 (FS = 1,577), coeficiente minimo establecido (ver capitulo
5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS) para una
situacion de calculo accidental 2.

6.1.3.2 Estabilidad vertedero-terreno

En este escenario, la estabilidad del conjunto vertedero-terreno se evalla mediante la consideracidn
de superficies circulares que atraviesan la cimentacion del dique.
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Figura 25. Situacion accidental tipo 2: circular por el cimiento del dique del perfil A-A’

Los FS obtenidos para este caso son superiores a 1,3 (FS = 1,628), coeficiente minimo establecido
(ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS)
para una situacion de calculo accidental 2.

6.1.3.3 Estabilidad de la celda en su conjunto

El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas
son tangentes al fondo de la celda, en condicion accidental 2.
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g Figura 26. Situacién accidental tipo 2: rotura circular por el conjunto del vertedero del perfil A-
8 AN
o & Los FS obtenidos para este caso son inferiores a 1,3 (FS = 1,558), coeficiente minimo establecido
§ £ (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS)
§ 2 para una situacion de calculo accidental 2.
Q 2
g ;',’ 6.1.3.4 Rotura poligonal
é g Se han modelizado las superficies con rotura poligonal con menor FS que discurran por la
/::,\N impermeabilizacion, al objeto de evaluar la estabilidad de la celda frente al deslizamiento

\
3
e

generalizado a favor de esta superficie. Todas ellas han sido analizadas en situacion accidental 2.

e

G
0

Las geometrias de las roturas se han establecido después de un gran nGmero de iteraciones, de

forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud
cinematicamente posible. En este caso, partiendo del estudio en situacién normal y accidental 1,
ademas de roturas predeterminadas también se ha empleado el sistema de blsqueda por trayectoria
automatica, que es uno de los métodos que se puede emplear para localizar el FS global minimo para
superficies no circulares, tal y como se muestra en la figura siguiente:
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Los FS obtenidos para este caso son superiores a 1,3 (FS = 1.639 segin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOQS) para una situacion de calculo accidental 2. En este caso, el
establecimiento del N.F. definido en situacion accidental 2, genera una disminucién del F.S. minimo
del 8%, referido a la situacion normal.

§ % 6.2 ANALISIS DE ESTABILIDAD SEGUN PERFIL B-B°

=

S s 6.2.1 SITUACION NORMAL

S g 6.2.1.1 Estabilidad interna de la masa de residuos

é':({,\ El comportamiento de la estabilidad interna de la masa de residuo se evalia mediante la

consideracion de superficies circulares representativas que discurren integramente por la celda del

vertedero y afloran al pie de la misma.

Las potenciales roturas se representan junto con su factor de seguridad, tal y como refleja la figura
adjunta:
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Figura 28. Situacion normal: rotura circular por el pie de la celda del perfil B-B’

Los FS obtenidos para este caso son superiores a 1,5 (FS = 2,175 segin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.

6.2.1.2 Estabilidad vertedero-terreno

La estabilidad del conjunto vertedero-terreno se evalla mediante la consideracion de superficies
circulares que atraviesan el apoyo de la celda en la zona potencialmente mas desfavorable:
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o E Figura 29. Situacion normal: rotura circular por el cimiento de la celda del perfil B-B’
§ 8 Los FS obtenidos para este caso son superiores a 1,5 (FS = 2,287 segin método Bishop simplificado),
5, % coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
2 g ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.
Q 8
5 £ " ,
S 6.2.1.3 Estabilidad de la celda en su conjunto
'T:i\\ El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas

if=
)
%

se desarrollan en el conjunto de la celda:
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Figura 30. Situacion normal: rotura circular por el conjunto de la celda

® £ Los FS obtenidos para este caso son superiores a 1,5 (FS = 2,180 segin método Bishop simplificado),
é' g coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
§ g ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.

o2 6.2.1.4 Rotura poligonal

la) L

< 5

2= Se han modelizado las superficies con rotura poligonal con menor FS que discurran por la
> > . ce . - . .

f e impermeabilizacion, al objeto de evaluar la estabilidad del vertedero frente al deslizamiento
\;;\j",\f, generalizado a favor de esta superficie.

Las geometrias de las roturas se han establecido después de un gran ndmero de iteraciones, de
forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud
cinematicamente posible. En este caso, ademas de roturas predeterminadas también se ha empleado
el sistema de bdsqueda por trayectoria automatica, que es uno de los métodos que se puede emplear
para localizar el FS global minimo para superficies no circulares. En todo caso el F.S. minimo
obtenido se corresponde con una de las superficies predefinidas por iteracion:
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Los FS obtenidos para este caso son superiores sensiblemente a 1,5 (FS = 2,190 segin método
Bishop simplificado), coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD
MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.

6.2.2 SITUACION ACCIDENTAL 1: ROTURA DE LA IMPERMEABILIZACION BASAL

6.2.2.1 Estabilidad interna de la masa de residuos

Se analiza un hipotético escenario, donde la rotura o un fallo del sistema de impermeabilizacion
posibilitara la entrada de agua en el interior de la celda, y un deficiente funcionamiento del drenaje
de fondo generase una acumulacién de agua/lixiviado en su interior (ver capitulo 4.4.2. NIVELES
PIEZOMETRICOS CONSIDERADOS)

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

EL comportamiento de estabilidad interna de la masa de residuo se evalda mediante la consideracion
de superficies circulares representativas que discurren integramente por el cuerpo de la celda y
afloran al pie.

if=

W AP
0%

LN

Las potenciales roturas se representan junto con su factor de seguridad, tal y como refleja la figura
adjunta:
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Figura 32. Situacion accidental 1: rotura circular por el pie de la celda del perfil B-B’

Los FS obtenidos son superiores a 1,3 (FS = 2,175 segin método Bishop simplificado), coeficiente
minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1. Al encontrarse el circulo de
rotura por encima del nivel freatico no se ve afectado.

6.2.2.2 Estabilidad vertedero-terreno

En este escenario, la estabilidad del conjunto vertedero-terreno se evala mediante la consideracién
de superficies circulares que atraviesan el apoyo de la celda:
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Figura 33. Situacién accidental 1: rotura circular por el apoyo de la celda del perfil B-B’

Los FS obtenidos son superiores a 1,3 (FS = 1,987 segiin método Bishop simplificado), coeficiente

§ minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
g ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1

o £

g 3 6.2.2.3 Estabilidad de la celda en su conjunto

=

§ < El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas

§ g se desarrollan en el conjunto de la celda, en condicidn accidental 1.

D =

< s

0 =2

S S

‘\-5;i7\‘?;f\
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Figura 34. Situacion accidental 1: rotura circular por el conjunto del vertedero del perfil B-B’

Los FS obtenidos son superiores a 1,3 (FS = 1,983 segiin método Bishop simplificado), coeficiente

:

ox
§ % minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
§ = ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1.
© % 6.2.2.4 Rotura poligonal
QF
(9,() é Se han modelizado las superficies con rotura poligonal con menor FS que discurran por la lamina de
S 3 impermeabilizacion, al objeto de evaluar la estabilidad del vertedero frente al deslizamiento
) generalizado a favor de esta superficie. Todas ellas han sido analizadas en situacion accidental 1.

Vs

Las geometrias de las roturas se han establecido después de un gran ndmero de iteraciones, de

forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud
cinematicamente posible. En este caso, partiendo del estudio en situacion normal, ademas de
roturas predeterminadas también se ha empleado el sistema de bdsqueda por trayectoria automatica,
que es uno de los métodos que se puede emplear para localizar el FS global minimo para superficies
no circulares, tal y como se muestra en la figura siguiente:
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22625% Figura 35. Situacion accidental 1: rotura predeterminada poligonal del perfil B-B’

Los FS obtenidos para este caso son superiores a 1,3 (FS = 1,793 seglin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1. En este caso, la lamina de

§ impermeabilizacion no supone una superficie de rotura preferencial. De hecho, se obtiene el mismo
g FS que en condiciones normales porque el FS pésimo no esta influenciado por el nivel piezométrico
o & representado.
N =
S g
2y , :
S s 6.2.3 SITUACION ACCIDENTAL 2: CONDICIONES SATURADAS BAJO IMPERMEABILIZACION
Q g 6.2.3.1 Estabilidad interna de la masa de residuos
< 5
%’ § Se analiza un hipotético escenario, donde el ascenso del nivel piezométrico o una rotura del drenaje
N de fondo del vertedero generase una acumulacién de agua/lixiviado en el interior del vertedero,

\
"

afectando, ademas, a las caracteristicas resistentes e hidrogeolégicas de las unidades geotécnicas
inferiores (impermeabilizacion, roca alterada y sustrato rocoso) (ver capitulo 4.4. NIVELES

if=
)
%

PIEZOMETRICOS CONSIDERADOS)

El comportamiento de estabilidad interna de la masa de residuo se evalGa mediante la consideracion
de superficies circulares representativas que discurren integramente por el cuerpo de la celda y
afloran al pie.

Las potenciales roturas se representan junto con su factor de seguridad, tal y como refleja la figura
adjunta:
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Figura 36. Situacidén accidental tipo 2: rotura circular al pie de la celda del perfil B-B

Los FS obtenidos son superiores a 1,3 (FS = 1,982), coeficiente minimo establecido (ver capitulo
5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS) para una
situacion de calculo accidental 2.

6.2.3.2 Estabilidad vertedero-terreno

En este escenario, la estabilidad del conjunto vertedero-terreno se evala mediante la consideracién
de superficies circulares que atraviesan el apoyo de la celda.
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Figura 37. Situacién accidental tipo 2: circular por el apoyo de la celda del perfil B-B’

Los FS obtenidos para este caso son superiores a 1,3 (FS = 1.981), coeficiente minimo establecido
(ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS)
para una situacion de calculo accidental 2.

6.2.3.3 Estabilidad de la celda en su conjunto

El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas
en el conjunto de la celda, en condicion accidental 2.
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Figura 38. Situacion accidental tipo 2: rotura circular por el conjunto de la celda del perfil B-B’
% Los FS obtenidos para este caso son superiores a 1,3 (FS = 1,863), coeficiente minimo establecido
g (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS)
s para una situacion de calculo accidental 2.
S &
3 g 6.2.3.4 Rotura poligonal
o S
§ g Se han modelizado las superficies con rotura poligonal con menor F.S. que discurran por la zona
o g inferior de la impermeabilizacion, al objeto de evaluar la estabilidad del vertedero frente al
(% é deslizamiento generalizado a favor de esta superficie. Todas ellas han sido analizadas en situacion
S g accidental 2.
6%

e

Las geometrias de las roturas se han establecido después de un gran nGmero de iteraciones, de
forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud

v
7

N

cinematicamente posible. En este caso, partiendo del estudio en situacién normal y accidental 1,
ademas de roturas predeterminadas también se ha empleado el sistema de blsqueda por trayectoria
automatica, que es uno de los métodos que se puede emplear para localizar el FS global minimo para
superficies no circulares, tal y como se muestra en la figura siguiente:
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Los FS obtenidos para este caso son superiores a 1,3 (FS = 1.553 seglin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS

Las potenciales roturas se representan junto con su factor de seguridad, tal y como refleja la figura

EL comportamiento de la estabilidad interna de la masa de residuo se evalia mediante la
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Figura 40. Situacién normal: rotura circular por el pie de la celda del perfil C-C’

Los FS obtenidos para este caso son superiores a 1,5 (FS = 1.508 segin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.

z
@
o
O
i
=
&
§ s 6.3.1.2 Estabilidad vertedero-terreno
g
i La estabilidad del conjunto vertedero-terreno se evalta mediante la consideracién de superficies
o o . . . 2
S 3 circulares que atraviesan el apoyo de la celda en la zona potencialmente mas desfavorable:
° g
o 9
A <
< 5
g s
> s
i\\/)f:»"\
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% Figura 41. Situacion normal: rotura circular por el cimiento de la celda del perfil C-C
[coRENTH
g S
§ g Los FS obtenidos para este caso son superiores a 1,5 (FS = 1.994seg(in método Bishop simplificado),
IS g coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
3 ? ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.
3
0 2 6.3.1.3 Estabilidad de la celda en su conjunto
>
/::(\ El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas

se desarrollan en el conjunto de la celda:
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Figura 42. Situacion normal: rotura circular por el conjunto de la celda

Los FS obtenidos para este caso son superiores a 1,5 (FS = 1.526 segin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.
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6.3.1.4 Rotura poligonal

Se han modelizado las superficies con rotura poligonal con menor FS que discurran por la
impermeabilizacién, al objeto de evaluar la estabilidad del vertedero frente al deslizamiento
generalizado a favor de esta superficie.

Las geometrias de las roturas se han establecido después de un gran ndmero de iteraciones, de
forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud
cinematicamente posible. En este caso, ademas de roturas predeterminadas también se ha empleado

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 74 de 102





ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

if=

W AP
0%

LN

@ Lurgintza

el sistema de blsqueda por trayectoria automatica, que es uno de los métodos que se puede emplear
para localizar el FS global minimo para superficies no circulares. En todo caso el F.S. minimo
obtenido se corresponde con una de las superficies predefinidas por iteracion:

4
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Figura 43. Situacién normal: rotura predeterminada poligonal del perfil C-C

Los FS obtenidos para este caso son superiores sensiblemente a 1,5 (FS = 1,530 segin método
Bishop simplificado), coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD
MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS) para una situacion de calculo normal.

6.3.2 SITUACION ACCIDENTAL 1: ROTURA DE LA IMPERMEABILIZACION BASAL

6.3.2.1 Estabilidad interna de la masa de residuos

Se analiza un hipotético escenario, donde la rotura o un fallo del sistema de impermeabilizacion
posibilitara la entrada de agua en el interior de la celda, y un deficiente funcionamiento del drenaje
de fondo generase una acumulacién de agua/lixiviado en su interior (ver capitulo 4.4.2. NIVELES
PIEZOMETRICOS CONSIDERADOS)

El comportamiento de estabilidad interna de la masa de residuo se evalda mediante la consideracion
de superficies circulares representativas que discurren integramente por el cuerpo de la celda y
afloran al pie.

Las potenciales roturas se representan junto con su factor de seguridad, tal y como refleja la figura
adjunta:
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Figura 44. Situacion accidental 1: rotura circular por el pie de la celda del perfil C-C

Los FS obtenidos son superiores a 1,3 (FS = 1,558 segin método Bishop simplificado), coeficiente
minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1.
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g 8 Figura 45. Situacidn accidental 1: rotura circular por el apoyo de la celda del perfil C-C’
S ) Los FS obtenidos son superiores a 1,3 (FS = 1,994 segin método Bishop simplificado), coeficiente
Q g minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
%’ = ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1.
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6.3.2.3 Estabilidad de la celda en su conjunto

v
N

El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas
se desarrollan en el conjunto de la celda, en condicion accidental 1.
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Figura 46. Situacion accidental 1: rotura circular por el conjunto del vertedero del perfil C-C’

Los FS obtenidos son superiores a 1,3 (FS = 1,576 segin método Bishop simplificado), coeficiente

z

&

:

ox
§ 3 minimo establecido (ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
Q % ESCENARIOS CONSIDERADOS) para una situacién de calculo accidental 1.
e3¢ 6.3.2.4 Rotura poligonal
Q5
% é Se han modelizado las superficies con rotura poligonal con menor FS que discurran por la [amina de
> 2 impermeabilizacién, al objeto de evaluar la estabilidad del vertedero frente al deslizamiento
’;?N generalizado a favor de esta superficie. Todas ellas han sido analizadas en situacién accidental 1.
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Las geometrias de las roturas se han establecido después de un gran ndmero de iteraciones, de

forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud
cinematicamente posible. En este caso, partiendo del estudio en situacion normal, ademas de
roturas predeterminadas también se ha empleado el sistema de bdsqueda por trayectoria automatica,
que es uno de los métodos que se puede emplear para localizar el FS global minimo para superficies
no circulares, tal y como se muestra en la figura siguiente:
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E"é Figura 47. Situacién accidental 1: rotura predeterminada poligonal del perfil C-C”
@
2/10 . : N : N
2025 Los FS obtenidos para este caso son superiores a 1,3 (FS = 1,460 segn método Bishop simplificado),

coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 1. En este caso, la lamina de
impermeabilizacién no supone una superficie de rotura preferencial. De hecho, se obtiene el mismo
FS que en condiciones normales porque el FS pésimo no esta influenciado por el nivel piezométrico
representado.
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§ s 6.3.3 SITUACION ACCIDENTAL 2: CONDICIONES SATURADAS BAJO IMPERMEABILIZACION
§ 5 6.3.3.1 Estabilidad interna de la masa de residuos
o 3
S
o E Se analiza un hipotético escenario, donde el ascenso del nivel piezométrico o una rotura del drenaje
Q de fondo del vertedero generase una acumulacion de agua/lixiviado en el interior del vertedero,
%’ § afectando, ademas, a las caracteristicas resistentes e hidrogeoldgicas de las unidades geotécnicas
TN inferiores (impermeabilizacion, roca alterada y sustrato rocoso) (ver capitulo 4.4. NIVELES

/*\V'\

PIEZOMETRICOS CONSIDERADOS)

if=
)
%

El comportamiento de estabilidad interna de la masa de residuo se evalda mediante la consideracién
de superficies circulares representativas que discurren integramente por el cuerpo de la celda y
afloran al pie.

Las potenciales roturas se representan junto con su factor de seguridad, tal y como refleja la figura
adjunta:
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2025 Figura 48. Situacion accidental tipo 2: rotura circular al pie de la celda del perfil C-C°

Los FS obtenidos son superiores a 1,3 (FS = 1,558), coeficiente minimo establecido (ver capitulo
5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS) para una

3 situacion de calculo accidental 2.
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Sz 6.3.3.2 Estabilidad vertedero-terreno
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Q En este escenario, la estabilidad del conjunto vertedero-terreno se evalla mediante la consideracion
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Figura 49. Situacion accidental tipo 2: circular por el apoyo de la celda del perfil C-C
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Los FS obtenidos para este caso son superiores a 1,3 (FS = 1,987), coeficiente minimo establecido
(ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS)
para una situacion de calculo accidental 2.
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6.3.3.3 Estabilidad de la celda en su conjunto

El resultado de este caso se muestra en la figura siguiente, donde las superficies circulares pésimas
en el conjunto de la celda, en condicion accidental 2.
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Figura 50. Situacion accidental tipo 2: rotura circular por el conjunto de la celda del perfil C-C

Los FS obtenidos para este caso son superiores a 1,3 (FS = 1.576), coeficiente minimo establecido
(ver capitulo 5.3.2. FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS ESCENARIOS CONSIDERADOS)
para una situacion de calculo accidental 2.
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Q& 6.3.3.4 Rotura poligonal
s
8t : . . :
D8 Se han modelizado las superficies con rotura poligonal con menor F.S. que discurran por la zona
C@) 2 inferior de la impermeabilizacion, al objeto de evaluar la estabilidad del vertedero frente al
[
¥ deslizamiento generalizado a favor de esta superficie. Todas ellas han sido analizadas en situacion
Q 8 accidental 2.
5 2
S S Las geometrias de las roturas se han establecido después de un gran nGmero de iteraciones, de
N forma que discurran por el nivel geotécnico mas desfavorable con la mayor longitud

¥
V7
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cinematicamente posible. En este caso, partiendo del estudio en situacién normal y accidental 1,
ademas de roturas predeterminadas también se ha empleado el sistema de blsqueda por trayectoria

automatica, que es uno de los métodos que se puede emplear para localizar el FS global minimo para
superficies no circulares, tal y como se muestra en la figura siguiente:
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Figura 51. Situacion accidental 2: rotura predeterminada poligonal del perfil C-C

Los FS obtenidos para este caso son superiores a 1,3 (FS = 1,462 segin método Bishop simplificado),
coeficiente minimo establecido (ver capitulo 5.3.2 FACTORES DE SEGURIDAD MINIMOS FRENTE A LOS
ESCENARIOS CONSIDERADOS) para una situacion de calculo accidental 2. En este caso, la lamina de
impermeabilizacion no supone una superficie de rotura preferencial, ni siquiera para situacion
accidental 2. De hecho, se obtiene el mismo FS que en condiciones normales porque el FS pésimo no
esta influenciado por el nivel piezométrico representado.

6.4 RESULTADOS ANALISIS DE ESTABILIDAD

6.4.1 RESUMEN DE RESULTADOQS

Las siguientes tablas muestras los valores de los FS obtenidos en los calculos de estabilidad. Se ha
realizado una tabla por cada situacion de calculo, para el perfil de estudio A-A”, B-B” y para el perfil
c-C.
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6.4.1.1 Perfil A-A”

PERFIL A-A” Situacion normal (FS minimo = 1,50)

Método de calculo Bishop M-Price

Circular por la cabeza del dique 1,505 1,502
g Circular por el cimiento del dique 1,869 1,864
)
(o)
§ b Circular conjunto vertedero 1,563 1,564
2 g Rotura predeterminada/aleatoria poligonal 1,547 1,548
@] @
i 1]
o o
2 5 Tabla 16. Factores de seguridad obtenidos en el analisis de estabilidad: situacion normal Perfil A-A”
w =]
3 e
w N
£t PERFIL A-A" Situacion accidental, tipo 1 (FS minimo = 1,30)
=) ©
= (@]

G T Método de calculo Bishop M-Price
89S
20
;?5 % Circular por la cabeza del dique 1,577 1,576
TA
2/10 Circular por el cimiento del dique 1,695 1,699
2025
Circular conjunto vertedero 1,575 1,578
Rotura predeterminada/aleatoria poligonal 1,421 1,422
% Tabla 17. Factores de seguridad obtenidos en el andlisis de estabilidad: caso accidental (tipo 1) Perfil
2 A-A"
=
QL
g 3 PERFIL A-A" Situacion accidental, tipo 2 (FS minimo = 1,30)
Q Método de calculo Bishop M-Price
8 s
('j 2 Circular por la cabeza del dique 1,577 1,578
la) L
< 5
%’ § Circular por el cimiento del dique 1,628 1,622
e Circular conjunto vertedero 1,558 1,554
Rotura predeterminada/aleatoria poligonal 1,418 1,418
Tabla 18. Factores de seguridad obtenidos en el andlisis de estabilidad: caso accidental (tipo 2) Perfil
A-A"

6.4.1.2 Perfil B-B”
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PERFIL B-B° Situacién normal (FS minimo = 1,50)

Método de calculo Bishop M-Price
Circular por el pie 2,175 2,161
Circular por el apoyo 2,287 2,288
Circular conjunto 2,180 2,179
Rotura predeterminada/aleatoria poligonal 2,189 2,180
Tabla 19. Factores de seguridad obtenidos en el analisis de estabilidad: situacién normal Perfil B-B”

PERFIL B-B” Situacion accidental, tipo 1 (FS minimo = 1,30)
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Método de calculo Bishop M-Price
& S Circular por el pie 2,175 2,161
&S
=3 .
25 Circular por el apoyo 1,987 1,985
ITa
2/10 Circular conjunto 1,983 1,985
2025 ’ '
Rotura predeterminada/aleatoria poligonal 1,793 1,819
Tabla 20. Factores de seguridad obtenidos en el andlisis de estabilidad: caso accidental (tipo 1) Perfil
— B-B~
:
g
g PERFIL B-B" Situacién accidental, tipo 2 (FS minimo = 1,30)
ox
2 : .
3z Método de calculo Bishop M-Price
B g
AN < . .
Q& 2 Circular por el pie 1,982 1,970
8 § Circular por el apoyo 1,981 1,980
< 3
0 E . .
S 3 Circular conjunto 1,863 1,860
w3 Rotura predeterminada/aleatoria poligonal 1,762 1,776
Tabla 21. Factores de seguridad obtenidos en el andlisis de estabilidad: caso accidental (tipo 2) Perfil
B-B~

6.4.1.3 Perfil C-C’
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PERFIL C-C” Situacién normal (FS minimo = 1,50)

Método de calculo Bishop M-Price
Circular por el pie 1,508 1,505
Circular por el apoyo 1,994 2,025
Circular conjunto 1,526 1,522
Rotura predeterminada/aleatoria poligonal 1,530 1,534
Tabla 22, Factores de seguridad obtenidos en el analisis de estabilidad: situacién normal Perfil C-C’

PERFIL C-C” Situacion accidental, tipo 1 (FS minimo = 1,30)
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Método de calculo Bishop M-Price
S S Circular por el pie 1,558 1,556
& S
=3 .
25 Circular por el apoyo 1,994 2,025
ITo
2/10 Circular conjunto 1,576 1,573
2025 ' '
Rotura predeterminada/aleatoria poligonal 1,460 1,456
Tabla 23. Factores de seguridad obtenidos en el andlisis de estabilidad: caso accidental (tipo 1) Perfil
= c-C
&
g
§ PERFIL C-C” Situacion accidental, tipo 2 (FS minimo = 1,30)
ox
2 : .
3z Método de calculo Bishop M-Price
B g
N ¢ . .
Q& 2 Circular por el pie 1,558 1,556
8 § Circular por el apoyo 1,987 2,030
< 3
0 E . .
S 3 Circular conjunto 1,576 1,572
w3 Rotura predeterminada/aleatoria poligonal 1,462 1,456
Tabla 24. Factores de seguridad obtenidos en el andlisis de estabilidad: caso accidental (tipo 2) Perfil
c-C
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6.5 RESUMEN DE LOS FACTORES DE SEGURIDAD CONSIDERADOS

Finalmente, en la siguiente tabla se muestran los FS considerados en base a las consideraciones
expuestas en los capitulos anteriores:

Factores de seguridad (FS) - PERFIL A-A"

Tipo de rotura

Situacion Situacion Situacion
normal accidental 1 accidental 2

(%]
§ Circular por la cabeza del dique 1,50 1,57 1,57
% g Circular por el cimiento del dique 1,86 1,69 1,62
% % Circular conjunto vertedero 1,56 1,57 1,55
= £ . . .
o g Rotura predeterminada/aleatoria poligonal 1,54 1,42 1,41
(e} o

£
§ ;'53 Tabla 25. Valores de los factores de seguridad (FS) obtenidos para perfil A-A”
5 o
S g
g
B Factores de seguridad (FS) - PERFIL B-B~
] o

Tipo de rotura

& E Situacion Sifcuacién SiFuacién
8 2 normal accidental 1 accidental 2
:-,_';5 ‘8 Circular por el pie 2,16 2,16 1,97
2/?00- Circular por el apoyo 2,28 1,98 1,98
2025 Circular conjunto 2,17 1,98 1,86
Rotura predeterminada/aleatoria poligonal 2,19 1,79 1,76
Tabla 26. Valores de los factores de seguridad (FS) obtenidos para perfil B-B”
z
8 Factores de seguridad (FS) - PERFIL C-C
é (129 G2 Situacion Situacion Situacion
® % normal accidental 1 accidental 2
% % Circular por el pie 1,50 1,55 1,55
§ § Circular por el apoyo 1,99 1,99 1,98
3 ?‘; Circular conjunto 1,52 1,57 1,57
8( ? Rotura predeterminada/aleatoria poligonal 1,53 1,46 1,45
%’ éé Tabla 27. Valores de los factores de seguridad (FS) obtenidos para perfil C-C
2

¥
\
N
3

-
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W

6.6 ANALISIS DE SENSIBILIDAD

El analisis de sensibilidad realizado con el método de Bishop simplificado muestra la influencia de
los parametros resistentes sobre el factor de seguridad (FS) frente al deslizamiento. En el eje
horizontal se representa la variacién de los parametros en porcentaje respecto a su valor medio y en
el eje vertical el factor de seguridad obtenido:
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2 38 circular por el conjunto del vertedero
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g'g Los resultados indican que el parametro con mayor sensibilidad es el angulo de friccion de los
‘|0 residuos nuevos no plastificados (RNP), cuyo incremento produce un aumento significativo del
Ta . .. .
510 factor de seguridad desde valores proximos a 1,9 hasta superiores a 3,8, lo que demuestra que este
2025 parametro es determinante en la estabilidad global.

El dngulo de friccion de los residuos nuevos inertizados (IN) también presenta cierta influencia,
aunque mas moderada, alcanzando valores en torno a 2,2. El sustrato rocoso aporta una
contribucion intermedia, con un incremento limitado del factor de seguridad.

En cambio, el resto de parametros analizados, tanto las cohesiones como los dngulos de friccion de
los residuos antiguos, la impermeabilizacién y el dique, apenas generan variaciones apreciables,
manteniéndose el factor de seguridad practicamente constante en el rango de 1,8 a 1,9.

En conjunto, el andlisis pone de manifiesto que la estabilidad del talud depende principalmente del
angulo de friccion de los residuos nuevos y, en menor medida, del sustrato rocoso, mientras que la
cohesion y los demas parametros juegan un papel poco relevante. El factor de seguridad se mantiene
en todo momento por encima de 1,3, lo que sugiere una condicion de estabilidad adecuada dentro
de los margenes habitualmente exigidos.
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6.7 CONCLUSIONES
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6.7.1 CONCLUSIONES POR PERFILES

n el perfil A-A" la rotura principal se localiza en el primer talud del residuo nuevo, observandose que
el dique de contencion resiste adecuadamente la presion inducida por la ampliacion. En condiciones
de saturacion, la interfaz critica se sitda en la impermeabilizacién de fondo, que actia como plano
de deslizamiento preferente. Los factores de seguridad obtenidos cumplen en todo momento los
valores minimos establecidos en la Autorizacion Ambiental Integrada (FS = 1,50 en situacidon normal
y FS > 1,30 en accidental).
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En el perfil B-B’ el vertedero antiguo actia como refuerzo pasivo, ofreciendo un efecto de sujecién
adicional frente a los empujes derivados de la nueva celda. La rotura en el residuo se produce en el
primer talud de la ampliacién, mientras que en los demas mecanismos de fallo la zona critica se
concentra en la interfaz con el vertedero antiguo, debido a la transmision de esfuerzos. Se alcanza

un nivel de seguridad superior al exigido en todos los escenarios analizados.

En el perfil C-C’ la rotura principal se desarrolla en la masa de residuo, aunque al analizar de forma
independiente la estabilidad del dique (rotura circular vertedero-terreno) los factores de seguridad
se mantienen por encima de los minimos reglamentarios. EL comportamiento es estable tanto en
condiciones drenadas como en escenarios de saturacién parcial o total, con factores de seguridad
proximos o superiores a 1,5.

6.7.2 CONCLUSIONES GENERALES

De forma global, los resultados del analisis confirman que la estabilidad del vertedero se encuentra
garantizada frente a los escenarios considerados, cumpliendo en todos los casos los factores de
seguridad minimos exigidos por la AAI (FS > 1,50 en situacion normal y FS > 1,30 en situacion
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53 accidental). El analisis de sensibilidad demuestra que el parametro mas influyente es el angulo de
2 é friccion de los residuos nuevos no plastificados (RNP), sequido del angulo de friccion de los residuos
%% inertizados (IN) y, en menor medida, del sustrato rocoso. La cohesién de los materiales y las
ITa

propiedades de la impermeabilizacién apenas condicionan la estabilidad. En consecuencia, puede

2/10 concluirse que la seguridad global del vertedero depende fundamentalmente del comportamiento

2025 2 s . . .
mecanico de los residuos nuevos, resultando en todo momento factores de seguridad superiores a
los requeridos por normativa tanto en situacion normal como accidental.
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7 PLAXIS 2D - ANALISIS NUMERICO MEDIANTE ELEMENTOS FINITOS

7.1 GENERACION DE LA MALLA DE ELEMENTOS FINITOS

La generacion de la malla de elementos finitos requiere de un factor o parametro global de mallado
(global meshing parameter). Dicho factor se denomina dimension de elementos objetivo (target
element dimension) y se representa como I.. Este parametro se calcula a partir de las dimensiones
maximas y minimas del modelo segin los ejes horizontales (X e Y) y verticales (Z) y el factor de
tamafio de elemento relativo (r) que depende de la distribucion de elemento elegida. La expresion
que permite calcular el target element dimension es:

I, = 1, % 0,05 * \/ (Xmax — Xmin)2+(Ymax — Ymin)? + (Zmax — Zmin)?

El factor de tamafio relativo puede estar comprendido entre 2 (muy poco denso) y 0,5 (muy denso).
Debido al poco espesor de las posibles interfaces criticas se ha optado por un tamafio muy fino de
malla.

Asi pues, puede concluirse que el parametro I. constituye para Plaxis un tamafio referencia de
elementos finitos a partir del cual constituir la malla para el modelo en cuestion.

Figura 53. Malla de elementos finitos generada - Perfil A-A”
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Figura 54. Malla de elementos finitos generada - Perfil B-B”
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Figura 55. Malla de elementos finitos generada - Perfil C-C

7.2 ANALISIS DE ESTABILIDAD SEGUN PERFIL A-A"

7.2.1  SUPERFICIE DE ROTURA Y FS OBTENIDO

En el perfil A-A", el analisis mediante el modelo de elementos finitos muestra que en la situacion
normal se obtiene un factor de seguridad (FS) de 1,51, con un mecanismo de rotura circular que
atraviesa la masa de residuo justo por encima del dique. En la situacion accidental tipo 1,
correspondiente a condiciones de drenaje deficiente, el FS alcanzado es 1,442, manteniéndose
igualmente un mecanismo de rotura circular por el cuerpo del residuo en la zona inmediata superior
al dique.

Figura 56. Perfil A-A” - Situaciéon normal
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Figura 57. Perfil A-A” - Situacion accidental 1

Por el contrario, en la situacién accidental tipo 2, cuando se considera que la barrera geosintética se
encuentra saturada y que tanto su cohesién como su angulo de rozamiento disminuyen, el plano de
deslizamiento se traslada a la interfaz de la impermeabilizacion, alcanzdndose un factor de
seguridad de 1,382. Este resultado pone de manifiesto que la interfaz geosintética constituye el
plano critico en condiciones de saturacion, mientras que en estado drenado la rotura se controla
fundamentalmente por la resistencia del residuo.

Figura 58. Perfil A-A” - Situacion accidental 2

7.2.2  VOLUMEN POTENCIALMENTE MOVILIZABLE

Segln se indica en las siguientes figuras, los extremos inferior y superior del circulo de rotura
obtenidos geométricamente mediante modelo, se trasladan al plano de planta del vertedero, sobre la
seccion de calculo AA'. Una vez representados dichos extremos, se asume que la geometria de la
rotura tanto en cabecera como en base serda en forma de “cufia”, pasando el extremo superior e
inferior de dicha cufia por la seccion de calculo, la cual resulta ser la mas desfavorable.
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Figura 59. Ejemplo de rotura tipo “cufia”

La estimacion de la masa de residuo movilizable se obtiene a partir de la extrapolacion del perfil
bidimensional (2D) a la configuracion tridimensional (3D) de la celda en situacién accidental. De
este modo, se ha determinado que el volumen total potencialmente movilizable alcanza un valor de
60 m3 por metro lineal.

T/ 0+180

Figura 60. Plano de planta topografica. Emplazamiento Vertedero de Bistibieta. Seccion A-A”
Estimacion en planta del circulo de rotura

Asi pues, del modelo PLAXIS se habia estimado inicialmente un volumen total de residuos
potencialmente movilizables por metro lineal de 60 m3/ml.
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Por otro lado, tomando en consideracién que el area de la zona potencialmente inestable es de 555
m2 y que la longitud del circulo de rotura es de aproximadamente 31 m, se obtiene un ancho medio
de la superficie de rotura en planta de 19 m.

En definitiva, el volumen total de la masa potencialmente inestable resulta del producto entre el
volumen movilizable por metro lineal y el ancho medio calculado, es decir 33.300 m3.

7.3  ANALISIS DE ESTABILIDAD SEGUN PERFIL B-B’

7.3.1 SUPERFICIE DE ROTURA Y FS OBTENIDO

En el perfil B-B’, el analisis con el modelo de elementos finitos muestra que en la situacién normal
el plano de deslizamiento principal se inicia en la impermeabilizacion que actia como separacién de
vasos entre la celda de residuos no plastificados (RNP) y la de residuos inertizados (IN).
Posteriormente, el deslizamiento progresa hacia el fondo de la celda, donde el movimiento continta
por el contacto entre la impermeabilizacion y el residuo, hasta alcanzar el vertedero antiguo, punto
en el que el desplazamiento se detiene. El factor de seguridad (FS) en este escenario es de 2,023,
valor claramente superior al minimo exigido de 1,50 en condiciones normales.

Figura 61. Perfil B-B™ - Situacion normal

En las situaciones accidentales tipo 1 y tipo 2, el plano de deslizamiento presenta un
comportamiento muy similar en ambos casos: parte de la cabecera de la nueva celda y atraviesa el
vertedero actual, empleando la impermeabilizacion existente como plano de deslizamiento
preferente. EL FS alcanzado en la situacién accidental tipo 1 es de 1,592, mientras que en la
situacion accidental tipo 2 desciende hasta 1,512, manteniéndose en ambos supuestos por encima
del limite de 1,30 requerido por la AAI
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Figura 62. Perfil B-B~ - Situacién accidental 1y 2

7.3.2  VOLUMEN POTENCIALMENTE MOVILIZABLE

La estimacion de la masa de residuo movilizable se obtiene a partir de la extrapolacion del perfil
bidimensional (2D) a la configuracién tridimensional (3D) de la celda en situacién accidental. De
este modo, se ha determinado que el volumen total potencialmente movilizable alcanza un valor de
1.276 m3 por metro lineal.

B r | 0400/

Figura 63. Plano de planta topografica. Emplazamiento Vertedero de Bistibieta. Seccion B-B”
Estimacion en planta del circulo de rotura
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Asi pues, del modelo PLAXIS se habia estimado inicialmente un volumen total de residuos
potencialmente movilizables por metro lineal de 1.276 m3/ml.

Por otro lado, tomando en consideracion que el area de la zona potencialmente inestable es de

8.000 m2y que la longitud del circulo de rotura es de aproximadamente 115 m, se obtiene un ancho
medio de la superficie de rotura en planta de 83 m.

En definitiva, el volumen total de la masa inestable resulta del producto entre el volumen
potencialmente movilizable por metro lineal y el ancho medio calculado, es decir 105.908 m3.

7.4  ANALISIS DE ESTABILIDAD SEGUN PERFIL C-C*

7.4.1 SUPERFICIE DE ROTURA Y FS OBTENIDO

el perfil C-C', el analisis mediante el modelo de elementos finitos indica que en todas las situaciones
estudiadas la rotura se desarrolla a través de la masa de residuo, sin afectar directamente a las
interfaces de impermeabilizacion. El factor de seguridad (FS) obtenido en la situacion normal es de
1,501, mientras que en las situaciones accidentales tipo 1 y tipo 2 el valor desciende hasta 1,308,
siendo en ambos casos idéntico al producirse la rotura por encima del nivel freatico (NF).
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La razon por la que los valores de FS en las situaciones accidentales no coinciden con los de la

2/10 situacion normal se debe a la aparicién de presiones de poro adicionales en el interior del residuo
2025 cuando se simulan condiciones de saturacion parcial. Estas presiones reducen la resistencia efectiva

del material y, en consecuencia, disminuyen el factor de sequridad, incluso cuando el mecanismo de
rotura se mantiene en la misma zona.
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Figura 64. Perfil C-C” - Situacién normal, accidental tipo 1y tipo 2

7.4.2  VOLUMEN POTENCIALMENTE MOVILIZABLE

La estimacion de la masa de residuo movilizable se obtiene a partir de la extrapolacion del perfil
bidimensional (2D) a la configuracion tridimensional (3D) de la celda. De este modo, se ha
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determinado que el volumen total potencialmente movilizable alcanza un valor de 96 m3 por metro
lineal (96 m3/ml).
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Figura 65. Plano de planta topografica. Emplazamiento Vertedero de Bistibieta. Seccion C-C".
Estimacion en planta del circulo de rotura
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2025

Asi pues, del modelo PLAXIS se habia estimado inicialmente un volumen total de residuos
potencialmente movilizables por metro lineal de 96 m3/ml.

Por otro lado, tomando en consideracion que el area de la zona potencialmente inestable es de 907
m2 y que la longitud del circulo de rotura es de aproximadamente 30 m, se obtiene un ancho medio
de la superficie de rotura en planta de 33 m.

En definitiva, el volumen total de la masa inestable resulta del producto entre el volumen
potencialmente movilizable por metro lineal y el ancho medio calculado, es decir 3.168 m3.

7.5 CONCLUSIONES

En el perfil A-A’, el analisis con el modelo de elementos finitos muestra que la rotura se produce por
la masa de residuo justo por encima del digue en la situacién normal (FS = 1,51) y en la situacion
accidental tipo 1 (FS = 1,442). Sin embargo, en la situacion accidental tipo 2, cuando la barrera
geosintética se encuentra saturada y disminuyen sus parametros resistentes, el plano de
deslizamiento se traslada a la interfaz de la impermeabilizacion, con un FS de 1,382. Este resultado
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confirma que la interfaz geosintética constituye el plano critico en condiciones de saturacion,
mientras que en estado drenado la rotura esta controlada por la resistencia del residuo. El volumen
total de la masa inestable se ha estimado en 33.300 m3.

En el perfil B-B’, en la situacion normal el plano de deslizamiento se inicia en la impermeabilizacion
que separa la celda de RNP y la de IN, progresando hacia el fondo de la celda hasta alcanzar el
vertedero antiguo, donde el movimiento se detiene. EL FS obtenido es de 2,023, superior al minimo
exigido. En las situaciones accidentales tipo 1 y 2, el plano de rotura parte de la cabecera de la
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nueva celda y atraviesa el vertedero actual empleando la impermeabilizacion como plano de
deslizamiento, con factores de sequridad de 1,592 y 1,512, respectivamente, siempre por encima del
valor de 1,30 establecido en la AAL El volumen total de masa potencialmente movilizable para este
perfil se ha estimado en 105.908 m3, lo que representa el escenario de mayor entidad en términos

de material inestable.

En el perfil C-C’, en todas las situaciones analizadas la rotura se produce a través de la masa de
residuo, sin afectar directamente a las interfaces de impermeabilizacion. EL FS en situacién normal
es de 1,501, mientras que en las situaciones accidentales tipo 1y 2 desciende hasta 1,308, siendo
idénticos al generarse la rotura por encima del nivel fredtico (NF). La diferencia respecto a la
situacion normal se explica por la aparicion de presiones de poro adicionales, que reducen la
resistencia efectiva del residuo. El volumen total de la masa potencialmente movilizable se ha
calculado en 3.168 m3.

En términos generales, los resultados obtenidos muestran que los factores de seguridad calculados
en los tres perfiles se mantienen siempre por encima de los minimos establecidos en la AAI (FS >
1,50 en situacion normal y FS > 1,30 en situacién accidental), garantizando la estabilidad del
vertedero en todos los escenarios contemplados. Asimismo, los volimenes potencialmente
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?ég movilizables varian de forma notable entre perfiles, siendo el perfil B-B’ el mas desfavorable
£ (105.908 m3) frente a valores sensiblemente menores en los perfiles A-A” (33.300 m3) y C-C" (3.168
39 m3).
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8 CONCLUSIONES

8.1 INTRODUCCION

El objetivo principal del estudio es definir las caracteristicas geoldgico-geotécnicas e
hidrogeolégicas de los materiales que participan del proyecto, analizar la estabilidad y determinar el
factor de seguridad de la nueva celda proyectada.

8.2 EN RELACION CON LAS CONDICIONES HIDROGEOLOGICAS DEL EMPLAZAMIENTO

Son de aplicacion tanto el Estudio Hidrogeolégico original (CINSA, 1997) para el proyecto de la Fase
I, como el estudio Geolégico - Geotécnico para las fases II y III (Geotecnia Larrea, 2013). En estos
estudios se evalla la permeabilidad del sustrato rocoso obteniéndose valores inferiores a K < 1x10-7
m/s.

Complementariamente, se ha caracterizado en laboratorio la permeabilidad de los materiales de
apoyo de la nueva celda (roca meteorizada gr. V) obteniéndose valores permeabilidades (K)
inferiores a 3x107'° m/s que, por tanto, cumplirian con los requerimientos normativos para
constituirse como barrera geolégica de un vertedero de residuos no peligrosos.

A pesar de estos valores de permeabilidad, no se puede garantizar la continuidad de la barrera
geologica en fondo y laterales de la nueva celda proyectada tras el movimiento de tierras que
implica el conformado de base por lo que el proyecto, ademas del revestimiento artificial
impermeable (geomembrana de PEAD), debe complementar la barrera geoldgica natural con una
barrera geoldgica artificial con un espesor > 0,5 m y una permeabilidad K < 1x10-9 m/s, o
equivalente.

8.3 REL’ACI()N CON LAS CARACTERISTICAS DE LOS MATERIALES QUE PARTICIPAN EN EL
ANALISIS DE ESTABILIDAD

De la informacion e investigacion realizada sobre las caracteristicas geotécnicas del vertedero y los
elementos que intervienen en el estudio de estahilidad, se obtienen las siguientes conclusiones:

e El sustrato rocoso del emplazamiento esta constituido por una secuencia de lutitas margosas y
areniscas siliceas de grano fino, litotipo al que se asignan los siguientes parametros
geotécnicos: 6 = 26 kN/m3, ¢'=50 kN/m2 y ¢= 45°.

e Laimpermeabilizacién de fondo se ha modelizado como un material con una resistencia al corte
igual a la menor resistencia existente entre las superficies de contacto segin los distintos
escenarios. Asi, en condiciones drenadas o de drenaje deficiente en el interior del cuerpo del
vertedero, se han asignado los siguientes parametros: 6= 5 kN/m3, ¢’=5 kN/m2 y ¢= 26°,
mientras que bajo la hipotesis de condiciones saturadas dentro y fuera de la
impermeabilizacion, tendremos: 6 =5 kN/m3, c’=0 kN/m2 y ¢= 18°.

e El proyecto prevé la construccion de un dique de contencion en la zona oeste sobre el actual
vial de acceso y otro al este. Este elemento se estudia en el perfil A-A" y C-C". En base a
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parametros constructivos los parametros asignados son: angulo de rozamiento interno ¢= 40°,
una cohesion efectiva de c’= 15 kN/m2 y densidad &= 20 kN/m3.

e En base a los estudios de estabilidad realizados los parametros que se le asignan al residuo ya
vertido en el cuerpo del vertedero son: 0 =16 kN/m3, c'= 14 kN/m2 y ¢= 20°.

e En relacion con el residuo que se va a depositar en la nueva celda se le asignan los siguientes
parametros:

o Residuo RNP: § = 18 kN/m3, c’=5 kN/m2 y ¢= 26°.
o Residuo IN: § = 18 kN/m3, c’=7 kN/m2 y ¢p= 27°.

8.4 EN RELACION CON LA ESTABILIDAD GLOBAL DEL VERTEDERO

8.4.1 COMPARATIVA ENTRE METODOS DE CALCULO - FUNDAMENTO TEORICO

El anélisis comparativo entre el Método de Equilibrio Limite (MEL) y el Método de Elementos Finitos
(MEF) permite destacar tanto las diferencias conceptuales entre ambos enfoques como las
variaciones en los resultados obtenidos. EL MEL se basa en un planteamiento simplificado que parte
de superficies de rotura predefinidas, generalmente circulares o poligonales, y evalda el equilibrio
entre fuerzas y momentos para obtener un factor de sequridad global (FS). Este enfoque resulta
adecuado para cumplir con criterios normativos, es agil en el calculo y ofrece una vision
conservadora de la estabilidad, aunque presenta limitaciones importantes: no reproduce
deformaciones ni presiones de poro y depende en gran medida de la geometria asumida para el
plano de rotura.

Por su parte, el MEF representa un enfoque mas avanzado, en el que se resuelve el campo completo
de tensiones y deformaciones, permitiendo que el plano de fallo se desarrolle de manera natural en
el modelo. De este modo, el MEF es capaz de simular con mayor realismo la influencia de presiones
de poro, la interaccién entre residuos y geosintéticos o la heterogeneidad de materiales, aportando
ademéas una estimacion del volumen movilizable, aspecto que el MEL no contempla.

8.4.2 PERFIL A-A"

En el perfil A-A", ambos métodos identifican la rotura en la masa de residuo en condiciones
normales. El MEL sitda la rotura en el primer talud del residuo nuevo, con el dique de contencion
resistiendo adecuadamente. En condiciones de saturacién, la interfaz critica se traslada a la
impermeabilizacion de fondo, que actla como plano de deslizamiento preferente, manteniendo
factores de seguridad por encima de lo exigido.

EL MEF confirma este comportamiento, pero lo describe con mayor detalle: en la situaciéon normal (FS
= 1,561) y en la accidental tipo 1 (FS = 1,442), la rotura atraviesa la masa de residuo justo por
encima del dique, mientras que en la situacién accidental tipo 2 el plano de deslizamiento se
traslada a la interfaz de la impermeabilizacion, reduciendo el FS hasta 1,382. Ademas, permite
cuantificar el volumen potencialmente movilizable, que asciende a 33.300 m3.
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Factores de seguridad (FS) - PERFIL A-A

Tipo de rotura Situacién normal Situacién accidental 1 Situaci6n accidental 2
MEL MEF MEL MEF MEL MEF
Circular por. la cabeza del 150 157 157
dique
Circular por fel cimiento del 186 169 162
dique
. _ 1,51 1,44 1,38
Circular conjunto vertedero 1,56 1,57 1,55
Rotura
predeterminada/aleatoria 1,54 1,42 1,41
poligonal

Tabla 28. Resumen de valores de los factores de seguridad (FS) obtenidos para perfil A-A”

8.4.3 PERFIL B-B”

En el perfil B-B’, el MEL sefiala que el vertedero antiguo actia como refuerzo pasivo, conteniendo los
empujes derivados de la nueva celda. La rotura del residuo se da en el primer talud de la ampliacidn,
mientras que otros mecanismos de fallo se concentran en la interfaz con el vertedero antiguo. En
todos los casos, los FS calculados superan los valores normativos.

EL MEF identifica un mecanismo de fallo mas complejo: en situacion normal (FS = 2,023), el plano de
deslizamiento se inicia en la impermeabilizacion que separa la celda de RNP y la de IN,
extendiéndose hacia el fondo hasta alcanzar el vertedero antiguo, donde el desplazamiento se
detiene. En las situaciones accidentales, el plano de rotura parte de la cabecera de la nueva celda y
atraviesa el vertedero actual empleando la impermeabilizacion como plano de deslizamiento, con FS
de 1,592 y 1,512. Ademas, el MEF estima un volumen movilizable de 105.908 m3, lo que convierte a
este perfil en el mas desfavorable en términos de masa potencialmente inestable.

Factores de seguridad (FS) - PERFIL B-B*

Tipo de rotura Situacién normal Situacion accidental 1 Situacion accidental 2
MEL MEF MEL MEF MEL MEF
Circular por‘ la cabeza del 216 216 197
dique
Circular por fel cimiento del 2 28 198 108
dique
2,02 1,59 1,52
Circular conjunto vertedero 2,17 1,98 1,86
Rotura
predeterminada/aleatoria 2,19 1,79 1,76
poligonal

Tabla 29. Resumen de valores de los factores de seguridad (FS) obtenidos para perfil B-B”
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8.4.4  PERFIL C-C

En el perfil C-C, tanto el MEL como el MEF coinciden en que la rotura se produce a través de la masa
de residuo, sin afectar directamente a la impermeabilizacién. EL MEL indica factores de seguridad
préximos o superiores a 1,5 en todas las condiciones, confirmando la estabilidad del sistema.

EL MEF, por su parte, ofrece una vision mas detallada: en situacion normal se obtiene un FS de
1,501, mientras que en las situaciones accidentales tipo 1y tipo 2 el valor desciende hasta 1,308, al
generarse presiones de poro adicionales en el interior del residuo. Este aspecto explica la diferencia
respecto a la situacion normal, pese a que el mecanismo de rotura sea el mismo. El volumen
potencialmente movilizable estimado es de 3.168 m3, muy inferior al de los otros perfiles.

Factores de seguridad (FS) - PERFIL C-C

Tipo de rotura Situacién normal Situacion accidental 1 Situacion accidental 2
MEL MEF MEL MEF MEL MEF
Circular por‘ la cabeza del 150 155 155
dique
Circular por ‘el cimiento del 199 199 108
dique
. . 1,50 1,30 1,30
Circular conjunto vertedero 1,52 1,57 1,57
Rotura
predeterminada/aleatoria 1,53 1,46 1,45
poligonal

Tabla 30. Resumen de valores de los factores de seguridad (FS) obtenidos para perfil C-C

8.4.5 CONCLUSIONES FINALES

De forma global, ambos métodos coinciden en que el vertedero mantiene factores de seguridad
superiores a los minimos exigidos por la AAI en todos los escenarios, garantizando la estabilidad
frente a las condiciones normales y accidentales.

La rotura mas critica se produce a lo largo de la masa de residuos, y el analisis de sensibilidad pone
de manifiesto que el factor determinante en la estabilidad global del nuevo vertedero son las
caracteristicas geotécnicas de los propios residuos. Por ello, se recomienda asegurar una adecuada
compactacion durante su disposicion.

Asimismo, en el perfil C-C" los factores de seguridad (FS) obtenidos mediante el método de
elementos finitos se sitlGan en el limite de los valores exigidos tanto en situacién normal como
accidental. En consecuencia, se recomienda no exceder la inclinacién del talud 2H:1V, tal y como se
establece en el plan de explotacion.

TA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia) pag. 102 de 102





ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
[}
£
5]
=
=
c
£
[
1]
o
£
8
E
o
©
N
N
N
o
(=
3
o

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

g
VAP
P
KA
(@)
X¢

Lurgintza

ingenieria geoldgica s.l.

ESTUDIO DE ESTABILIDAD DE LA
FASE 3 DEL VERTEDERO DE
BISTIBIETA, T.M. DE LEMOA
(BIZKAIA)

DOCUMENTO I:
ANEXOS

IA25015-EST1
SEPTIEMBRE 2025

GESTION GESTION
DELACALIDAD AMBIENTAL

\\\\\ 01 15014001

>»

cre
1 &% dn

bito






ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

®
~
—
o
o
0
N
o
I
™
o
o
o
<
2}
>

Euskalduna, 5 ext. 1° dcha.
48008 Bilbao

T +34 944 446 853
www.lurgintza.com

Lurgintza

ENTIDAD ACREDITADA PARA LA INVESTIGACION Y RECUPERACION DE LA CALIDAD DEL SUELO,
INCLUYENDO EL ANALISIS DE RIESGOS, DEL DEPARTAMENTO DE MEDIO AMBIENTE Y POLITICA
TERRITORIAL DE GOBIERNO VASCO.

LABORATORIO DE CONTROL DE CALIDAD EN LA EDIFICACION INSCRITO EN EL REGISTRO GENERAL DE
LABORATORIOS DE ENSAYOS PARA EL CONTROL DE CALIDAD DE LA EDIFICACION CON EL CODIGO PVS-L-
019 EN EL AREA DE GEOTECNIA (CATEGORIA I, ENSAYOS IN SITU).

ENTIDAD DE COLABORACION AMBIENTAL (ECA) DEL DPTO. DE MEDIO AMBIENTE Y POLITICA
TERRITORIAL DE GOBIERNO VASCO, NIVEL I'Y IT: VALIDACION Y CONTROL AMBIENTAL, INSCRITA EN EL
REGISTRO DE ENTIDADES DE COLABORACION AMBIENTAL CON EL CODIGO 16R05/2013/539.

ORGANISMO DE CONTROL AUTORIZADO (OCA) POR LA CONSELLERIA DE MEDIO AMBIENTE, TERRITORIO
E INFRAESTRUCTURAS DE LA XUNTA DE GALICIA PARA LAS ACTIVIDADES DE INSPECCION EN EL AREA
MEDIOAMBIENTAL.

ORGANISMO DE CONTROL ACREDITADO (OCA) POR LA CONSEJERIA DE FOMENTO Y MEDIO AMBIENTE DE
LA JUNTA DE CASTILLA Y LEON PARA LAS ACTIVIDADES DE INSPECCION ACREDITADAS POR ENAC EN EL
AREA DE INSPECCION MEDIOAMBIENTAL.

ENTIDAD COLABORADORA EN MATERIA DE CALIDAD AMBIENTAL DE LA COMUNIDAD AUTONOMA DE
CANARIAS (ECA-34), EN LAS CATEGORIAS DE ACTIVIDAD, CAMPOS DE ACTUACION, ACTIVIDADES
ESPECIFICAS Y PROCEDIMIENTOS, NORMAS O METODOS PARA LOS QUE SE DISPONE DE ACREDITACION
OFICIAL, DE ACUERDO AL DECRETO 70/2012, DE 26 DE JULIO.

ENTIDAD ACREDITADA POR LA CONSELLERIA DE AGRICULTURA, MEDIO AMBIENTE, CAMBIO CLIMATICO
Y DESARROLLO RURAL DE LA GENERALITAT VALENCIANA EN LA ACTIVIDAD DE RESIDUOS Y SUELOS
CONTAMINADOS.

GESTION GESTIGN
DE LA CALIDAD AMBIENTAL

1509001 15014001



http://www.lurgintza.com/



. >»
Lurgintza P
ingenieria geologica s.. 1 OO amb]to

INDICE DE ANEXOS

1. Anexo 1. Planos

2. Anexo 2. Calculos equilibrio limite (SLIDE)

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

:’\ s
N ( \

L ¥4

N

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa

IA25016-EST1 (Bizkaia) pég 1de1





ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

ANEXO 1. PLANOS

IA25016-EST1

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)

r-rr

Wb d

e

bito





ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
[}
£
5]
=
=
c
£
[
1]
o
£
8
E
o
©
N
N
N
o
(=
3
o

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Vb
v A >
% ,\)

N

Lurgintza l'l'l' 2
ingenieria geologica s.. T O amb]to

INDICE DE PLANOS

1.- Situacion inicial - Conformado celdas, e: 1 / 3.500.
2.- Situacion final - Celdas colmatadas, e: 1 / 3.500.
3.- Perfiles de estabilidad:

3.1. Situacion de los perfiles, e: 1 / 3.500.

3.2. Perfiles, e: 1 / 3.500.

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa

IA25016-EST1 (Bizkaia) pég 1de1





— )

// /, / ; J/\ — |
N AL Al 2P\
S l
D) 1|
| . 7
Ny % Wy \/l\_
\ .
s h / & =
=
e -
\ﬁ.
\\\\

v
S

; AN S _

iy, %ﬂ P\\NN\ xﬁg
et~

N N

,, G
2 N ] T %@ o ]
e zaUy 1 ou |0 uoleN! o~ P S | v Iepl lﬁ\ﬁw \
_ /ﬁ///&\\\\ﬁ\”\“\& —z = . (0_12\\\/ g 0 wm_,, “

Ty
R
[

\
_

7

A



AutoCAD SHX Text
Reji.

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
OFICINAS

AutoCAD SHX Text
Arq.

AutoCAD SHX Text
Arq.

AutoCAD SHX Text
Rf

AutoCAD SHX Text
Rf

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
12

AutoCAD SHX Text
13

AutoCAD SHX Text
7

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
8

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
15

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
9

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
11

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
14

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
6

AutoCAD SHX Text
10

AutoCAD SHX Text
19

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
18

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
17

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
16

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
P

AutoCAD SHX Text
P

AutoCAD SHX Text
Averia

AutoCAD SHX Text
141.79

AutoCAD SHX Text
Averia

AutoCAD SHX Text
141.49

AutoCAD SHX Text
e=0.45

AutoCAD SHX Text
e=0.50

AutoCAD SHX Text
150.85

AutoCAD SHX Text
150.81

AutoCAD SHX Text
150.99

AutoCAD SHX Text
150.99

AutoCAD SHX Text
158.01

AutoCAD SHX Text
151.31

AutoCAD SHX Text
151.11

AutoCAD SHX Text
158.09

AutoCAD SHX Text
158.41

AutoCAD SHX Text
157.98

AutoCAD SHX Text
158.08

AutoCAD SHX Text
158.00

AutoCAD SHX Text
157.98

AutoCAD SHX Text
157.67

AutoCAD SHX Text
152.07

AutoCAD SHX Text
152.29

AutoCAD SHX Text
151.51

AutoCAD SHX Text
151.42

AutoCAD SHX Text
157.97

AutoCAD SHX Text
157.85

AutoCAD SHX Text
157.76

AutoCAD SHX Text
150.85

AutoCAD SHX Text
158.16

AutoCAD SHX Text
157.18

AutoCAD SHX Text
157.17

AutoCAD SHX Text
157.34

AutoCAD SHX Text
157.31

AutoCAD SHX Text
154.56

AutoCAD SHX Text
155.46

AutoCAD SHX Text
157.12

AutoCAD SHX Text
154.99

AutoCAD SHX Text
156.33

AutoCAD SHX Text
156.65

AutoCAD SHX Text
157.29

AutoCAD SHX Text
155.31

AutoCAD SHX Text
151.48

AutoCAD SHX Text
152.96

AutoCAD SHX Text
154.20

AutoCAD SHX Text
153.74

AutoCAD SHX Text
151.28

AutoCAD SHX Text
151.97

AutoCAD SHX Text
157.64

AutoCAD SHX Text
152.74

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.05

AutoCAD SHX Text
157.16

AutoCAD SHX Text
157.35

AutoCAD SHX Text
160.33

AutoCAD SHX Text
157.29

AutoCAD SHX Text
157.36

AutoCAD SHX Text
157.26

AutoCAD SHX Text
157.24

AutoCAD SHX Text
157.22

AutoCAD SHX Text
156.42

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.37

AutoCAD SHX Text
157.28

AutoCAD SHX Text
157.41

AutoCAD SHX Text
157.28

AutoCAD SHX Text
157.54

AutoCAD SHX Text
156.52

AutoCAD SHX Text
156.31

AutoCAD SHX Text
155.98

AutoCAD SHX Text
155.66

AutoCAD SHX Text
157.50

AutoCAD SHX Text
158.00

AutoCAD SHX Text
151.52

AutoCAD SHX Text
151.79

AutoCAD SHX Text
157.75

AutoCAD SHX Text
158.07

AutoCAD SHX Text
158.26

AutoCAD SHX Text
158.25

AutoCAD SHX Text
158.40

AutoCAD SHX Text
150.88

AutoCAD SHX Text
150.53

AutoCAD SHX Text
146.88

AutoCAD SHX Text
148.19

AutoCAD SHX Text
147.49

AutoCAD SHX Text
148.10

AutoCAD SHX Text
158.35

AutoCAD SHX Text
158.11

AutoCAD SHX Text
158.22

AutoCAD SHX Text
150.90

AutoCAD SHX Text
149.70

AutoCAD SHX Text
151.27

AutoCAD SHX Text
148.04

AutoCAD SHX Text
151.59

AutoCAD SHX Text
150.47

AutoCAD SHX Text
148.71

AutoCAD SHX Text
157.75

AutoCAD SHX Text
154.81

AutoCAD SHX Text
154.29

AutoCAD SHX Text
155.79

AutoCAD SHX Text
156.05

AutoCAD SHX Text
156.72

AutoCAD SHX Text
152.23

AutoCAD SHX Text
153.51

AutoCAD SHX Text
152.02

AutoCAD SHX Text
157.63

AutoCAD SHX Text
154.44

AutoCAD SHX Text
158.52

AutoCAD SHX Text
157.24

AutoCAD SHX Text
154.75

AutoCAD SHX Text
145.50

AutoCAD SHX Text
153.77

AutoCAD SHX Text
154.95

AutoCAD SHX Text
154.98

AutoCAD SHX Text
154.85

AutoCAD SHX Text
154.65

AutoCAD SHX Text
154.47

AutoCAD SHX Text
153.47

AutoCAD SHX Text
154.69

AutoCAD SHX Text
153.64

AutoCAD SHX Text
157.16

AutoCAD SHX Text
157.36

AutoCAD SHX Text
153.21

AutoCAD SHX Text
153.53

AutoCAD SHX Text
153.61

AutoCAD SHX Text
153.44

AutoCAD SHX Text
153.58

AutoCAD SHX Text
153.51

AutoCAD SHX Text
153.56

AutoCAD SHX Text
152.51

AutoCAD SHX Text
151.57

AutoCAD SHX Text
152.74

AutoCAD SHX Text
145.63

AutoCAD SHX Text
136.79

AutoCAD SHX Text
137.55

AutoCAD SHX Text
136.60

AutoCAD SHX Text
137.01

AutoCAD SHX Text
140.25

AutoCAD SHX Text
152.89

AutoCAD SHX Text
149.83

AutoCAD SHX Text
144.88

AutoCAD SHX Text
148.24

AutoCAD SHX Text
144.66

AutoCAD SHX Text
144.36

AutoCAD SHX Text
135.96

AutoCAD SHX Text
142.09

AutoCAD SHX Text
136.57

AutoCAD SHX Text
137.76

AutoCAD SHX Text
138.73

AutoCAD SHX Text
145.16

AutoCAD SHX Text
147.50

AutoCAD SHX Text
144.96

AutoCAD SHX Text
145.17

AutoCAD SHX Text
153.53

AutoCAD SHX Text
140.11

AutoCAD SHX Text
141.52

AutoCAD SHX Text
153.67

AutoCAD SHX Text
145.25

AutoCAD SHX Text
145.24

AutoCAD SHX Text
153.67

AutoCAD SHX Text
149.83

AutoCAD SHX Text
150.00

AutoCAD SHX Text
142.83

AutoCAD SHX Text
144.23

AutoCAD SHX Text
145.38

AutoCAD SHX Text
145.83

AutoCAD SHX Text
146.02

AutoCAD SHX Text
145.37

AutoCAD SHX Text
155.56

AutoCAD SHX Text
146.30

AutoCAD SHX Text
146.24

AutoCAD SHX Text
156.74

AutoCAD SHX Text
147.89

AutoCAD SHX Text
157.41

AutoCAD SHX Text
157.40

AutoCAD SHX Text
157.28

AutoCAD SHX Text
156.98

AutoCAD SHX Text
159.54

AutoCAD SHX Text
158.10

AutoCAD SHX Text
157.59

AutoCAD SHX Text
149.48

AutoCAD SHX Text
157.34

AutoCAD SHX Text
157.42

AutoCAD SHX Text
154.00

AutoCAD SHX Text
157.49

AutoCAD SHX Text
157.71

AutoCAD SHX Text
150.63

AutoCAD SHX Text
150.05

AutoCAD SHX Text
151.10

AutoCAD SHX Text
150.06

AutoCAD SHX Text
150.88

AutoCAD SHX Text
150.73

AutoCAD SHX Text
150.76

AutoCAD SHX Text
157.45

AutoCAD SHX Text
136.05

AutoCAD SHX Text
140.20

AutoCAD SHX Text
140.35

AutoCAD SHX Text
140.23

AutoCAD SHX Text
140.39

AutoCAD SHX Text
137.68

AutoCAD SHX Text
139.46

AutoCAD SHX Text
138.35

AutoCAD SHX Text
139.66

AutoCAD SHX Text
142.79

AutoCAD SHX Text
138.96

AutoCAD SHX Text
138.37

AutoCAD SHX Text
144.19

AutoCAD SHX Text
143.84

AutoCAD SHX Text
144.28

AutoCAD SHX Text
149.15

AutoCAD SHX Text
151.40

AutoCAD SHX Text
148.02

AutoCAD SHX Text
149.43

AutoCAD SHX Text
143.93

AutoCAD SHX Text
136.31

AutoCAD SHX Text
147.24

AutoCAD SHX Text
141.86

AutoCAD SHX Text
144.89

AutoCAD SHX Text
140.61

AutoCAD SHX Text
141.68

AutoCAD SHX Text
144.15

AutoCAD SHX Text
142.51

AutoCAD SHX Text
142.95

AutoCAD SHX Text
142.97

AutoCAD SHX Text
141.64

AutoCAD SHX Text
142.14

AutoCAD SHX Text
142.92

AutoCAD SHX Text
141.75

AutoCAD SHX Text
141.41

AutoCAD SHX Text
152.76

AutoCAD SHX Text
144.28

AutoCAD SHX Text
140.11

AutoCAD SHX Text
144.26

AutoCAD SHX Text
139.87

AutoCAD SHX Text
140.34

AutoCAD SHX Text
139.45

AutoCAD SHX Text
151.92

AutoCAD SHX Text
150.44

AutoCAD SHX Text
152.02

AutoCAD SHX Text
153.82

AutoCAD SHX Text
150.41

AutoCAD SHX Text
144.22

AutoCAD SHX Text
143.68

AutoCAD SHX Text
145.31

AutoCAD SHX Text
145.38

AutoCAD SHX Text
146.11

AutoCAD SHX Text
150.16

AutoCAD SHX Text
156.24

AutoCAD SHX Text
154.73

AutoCAD SHX Text
145.87

AutoCAD SHX Text
151.27

AutoCAD SHX Text
152.72

AutoCAD SHX Text
152.93

AutoCAD SHX Text
143.87

AutoCAD SHX Text
144.19

AutoCAD SHX Text
144.48

AutoCAD SHX Text
144.32

AutoCAD SHX Text
142.74

AutoCAD SHX Text
144.09

AutoCAD SHX Text
144.10

AutoCAD SHX Text
155.76

AutoCAD SHX Text
152.09

AutoCAD SHX Text
156.94

AutoCAD SHX Text
159.84

AutoCAD SHX Text
158.85

AutoCAD SHX Text
159.99

AutoCAD SHX Text
159.94

AutoCAD SHX Text
159.82

AutoCAD SHX Text
159.41

AutoCAD SHX Text
159.42

AutoCAD SHX Text
159.07

AutoCAD SHX Text
157.97

AutoCAD SHX Text
143.16

AutoCAD SHX Text
143.15

AutoCAD SHX Text
143.29

AutoCAD SHX Text
143.22

AutoCAD SHX Text
143.82

AutoCAD SHX Text
144.40

AutoCAD SHX Text
142.40

AutoCAD SHX Text
142.11

AutoCAD SHX Text
143.01

AutoCAD SHX Text
143.60

AutoCAD SHX Text
143.54

AutoCAD SHX Text
143.03

AutoCAD SHX Text
143.22

AutoCAD SHX Text
143.21

AutoCAD SHX Text
142.58

AutoCAD SHX Text
139.15

AutoCAD SHX Text
141.47

AutoCAD SHX Text
151.02

AutoCAD SHX Text
153.14

AutoCAD SHX Text
158.10

AutoCAD SHX Text
142.87

AutoCAD SHX Text
153.76

AutoCAD SHX Text
155.44

AutoCAD SHX Text
158.66

AutoCAD SHX Text
158.69

AutoCAD SHX Text
158.94

AutoCAD SHX Text
158.05

AutoCAD SHX Text
158.69

AutoCAD SHX Text
158.67

AutoCAD SHX Text
155.99

AutoCAD SHX Text
144.11

AutoCAD SHX Text
142.80

AutoCAD SHX Text
142.71

AutoCAD SHX Text
142.32

AutoCAD SHX Text
148.85

AutoCAD SHX Text
149.75

AutoCAD SHX Text
150.57

AutoCAD SHX Text
150.23

AutoCAD SHX Text
150.41

AutoCAD SHX Text
128.87

AutoCAD SHX Text
149.92

AutoCAD SHX Text
146.35

AutoCAD SHX Text
170.99

AutoCAD SHX Text
150.73

AutoCAD SHX Text
158.59

AutoCAD SHX Text
163.08

AutoCAD SHX Text
165.11

AutoCAD SHX Text
172.15

AutoCAD SHX Text
175.01

AutoCAD SHX Text
145.19

AutoCAD SHX Text
151.80

AutoCAD SHX Text
145.16

AutoCAD SHX Text
145.75

AutoCAD SHX Text
150.74

AutoCAD SHX Text
148.81

AutoCAD SHX Text
137.41

AutoCAD SHX Text
126.00

AutoCAD SHX Text
139.38

AutoCAD SHX Text
139.98

AutoCAD SHX Text
136.90

AutoCAD SHX Text
138.11

AutoCAD SHX Text
141.23

AutoCAD SHX Text
125.88

AutoCAD SHX Text
129.78

AutoCAD SHX Text
148.83

AutoCAD SHX Text
157.96

AutoCAD SHX Text
159.62

AutoCAD SHX Text
165.49

AutoCAD SHX Text
149.93

AutoCAD SHX Text
125.61

AutoCAD SHX Text
163.89

AutoCAD SHX Text
165.37

AutoCAD SHX Text
164.41

AutoCAD SHX Text
165.31

AutoCAD SHX Text
148.64

AutoCAD SHX Text
145.63

AutoCAD SHX Text
180.91

AutoCAD SHX Text
151.39

AutoCAD SHX Text
139.66

AutoCAD SHX Text
147.77

AutoCAD SHX Text
128.40

AutoCAD SHX Text
178.51

AutoCAD SHX Text
133.59

AutoCAD SHX Text
178.24

AutoCAD SHX Text
143.78

AutoCAD SHX Text
143.85

AutoCAD SHX Text
189.82

AutoCAD SHX Text
142.91

AutoCAD SHX Text
184.77

AutoCAD SHX Text
186.10

AutoCAD SHX Text
150.30

AutoCAD SHX Text
179.58

AutoCAD SHX Text
167.22

AutoCAD SHX Text
183.67

AutoCAD SHX Text
166.03

AutoCAD SHX Text
142.51

AutoCAD SHX Text
137.22

AutoCAD SHX Text
150.34

AutoCAD SHX Text
129.05

AutoCAD SHX Text
153.67

AutoCAD SHX Text
174.02

AutoCAD SHX Text
163.51

AutoCAD SHX Text
161.46

AutoCAD SHX Text
150.23

AutoCAD SHX Text
136.69

AutoCAD SHX Text
191.93

AutoCAD SHX Text
151.65

AutoCAD SHX Text
151.41

AutoCAD SHX Text
161.42

AutoCAD SHX Text
162.24

AutoCAD SHX Text
144.69

AutoCAD SHX Text
180.85

AutoCAD SHX Text
173.50

AutoCAD SHX Text
138.79

AutoCAD SHX Text
132.64

AutoCAD SHX Text
153.31

AutoCAD SHX Text
141.36

AutoCAD SHX Text
147.40

AutoCAD SHX Text
146.75

AutoCAD SHX Text
143.26

AutoCAD SHX Text
136.68

AutoCAD SHX Text
146.31

AutoCAD SHX Text
147.00

AutoCAD SHX Text
140.07

AutoCAD SHX Text
139.17

AutoCAD SHX Text
209.78

AutoCAD SHX Text
174.45

AutoCAD SHX Text
162.49

AutoCAD SHX Text
156.01

AutoCAD SHX Text
153.40

AutoCAD SHX Text
165.34

AutoCAD SHX Text
135.51

AutoCAD SHX Text
150.61

AutoCAD SHX Text
170.50

AutoCAD SHX Text
185.95

AutoCAD SHX Text
141.52

AutoCAD SHX Text
187.32

AutoCAD SHX Text
162.53

AutoCAD SHX Text
163.96

AutoCAD SHX Text
156.02

AutoCAD SHX Text
125.11

AutoCAD SHX Text
152.98

AutoCAD SHX Text
129.66

AutoCAD SHX Text
149.72

AutoCAD SHX Text
169.60

AutoCAD SHX Text
167.72

AutoCAD SHX Text
136.62

AutoCAD SHX Text
183.85

AutoCAD SHX Text
213.81

AutoCAD SHX Text
150.53

AutoCAD SHX Text
165.61

AutoCAD SHX Text
180.49

AutoCAD SHX Text
149.16

AutoCAD SHX Text
150.56

AutoCAD SHX Text
182.67

AutoCAD SHX Text
169.54

AutoCAD SHX Text
196.30

AutoCAD SHX Text
178.74

AutoCAD SHX Text
141.58

AutoCAD SHX Text
140.78

AutoCAD SHX Text
165.59

AutoCAD SHX Text
156.35

AutoCAD SHX Text
174.58

AutoCAD SHX Text
172.08

AutoCAD SHX Text
147.44

AutoCAD SHX Text
138.26

AutoCAD SHX Text
138.14

AutoCAD SHX Text
135.63

AutoCAD SHX Text
143.81

AutoCAD SHX Text
136.89

AutoCAD SHX Text
172.94

AutoCAD SHX Text
139.00

AutoCAD SHX Text
192.07

AutoCAD SHX Text
188.60

AutoCAD SHX Text
210.25

AutoCAD SHX Text
181.93

AutoCAD SHX Text
163.65

AutoCAD SHX Text
146.82

AutoCAD SHX Text
135.83

AutoCAD SHX Text
168.12

AutoCAD SHX Text
151.58

AutoCAD SHX Text
156.89

AutoCAD SHX Text
155.17

AutoCAD SHX Text
144.68

AutoCAD SHX Text
150.11

AutoCAD SHX Text
144.14

AutoCAD SHX Text
167.04

AutoCAD SHX Text
126.26

AutoCAD SHX Text
154.57

AutoCAD SHX Text
141.99

AutoCAD SHX Text
147.86

AutoCAD SHX Text
136.84

AutoCAD SHX Text
136.74

AutoCAD SHX Text
131.26

AutoCAD SHX Text
131.88

AutoCAD SHX Text
143.97

AutoCAD SHX Text
138.03

AutoCAD SHX Text
133.77

AutoCAD SHX Text
150.15

AutoCAD SHX Text
150.10

AutoCAD SHX Text
162.82

AutoCAD SHX Text
147.50

AutoCAD SHX Text
171.27

AutoCAD SHX Text
172.02

AutoCAD SHX Text
126.82

AutoCAD SHX Text
186.40

AutoCAD SHX Text
148.31

AutoCAD SHX Text
133.37

AutoCAD SHX Text
180.94

AutoCAD SHX Text
162.48

AutoCAD SHX Text
125.71

AutoCAD SHX Text
159.42

AutoCAD SHX Text
168.51

AutoCAD SHX Text
147.30

AutoCAD SHX Text
175.38

AutoCAD SHX Text
172.92

AutoCAD SHX Text
168.53

AutoCAD SHX Text
145.10

AutoCAD SHX Text
137.45

AutoCAD SHX Text
148.71

AutoCAD SHX Text
211.79

AutoCAD SHX Text
137.47

AutoCAD SHX Text
172.99

AutoCAD SHX Text
161.41

AutoCAD SHX Text
172.72

AutoCAD SHX Text
174.66

AutoCAD SHX Text
172.75

AutoCAD SHX Text
154.37

AutoCAD SHX Text
150.00

AutoCAD SHX Text
150.39

AutoCAD SHX Text
210.21

AutoCAD SHX Text
152.69

AutoCAD SHX Text
143.81

AutoCAD SHX Text
130.46

AutoCAD SHX Text
134.34

AutoCAD SHX Text
168.69

AutoCAD SHX Text
189.48

AutoCAD SHX Text
148.78

AutoCAD SHX Text
176.94

AutoCAD SHX Text
160.34

AutoCAD SHX Text
185.04

AutoCAD SHX Text
183.82

AutoCAD SHX Text
184.51

AutoCAD SHX Text
151.55

AutoCAD SHX Text
164.05

AutoCAD SHX Text
191.86

AutoCAD SHX Text
146.28

AutoCAD SHX Text
158.06

AutoCAD SHX Text
159.20

AutoCAD SHX Text
140.34

AutoCAD SHX Text
143.52

AutoCAD SHX Text
137.32

AutoCAD SHX Text
152.88

AutoCAD SHX Text
126.06

AutoCAD SHX Text
130.49

AutoCAD SHX Text
185.31

AutoCAD SHX Text
144.18

AutoCAD SHX Text
135.74

AutoCAD SHX Text
148.37

AutoCAD SHX Text
165.35

AutoCAD SHX Text
129.42

AutoCAD SHX Text
162.87

AutoCAD SHX Text
161.94

AutoCAD SHX Text
168.12

AutoCAD SHX Text
126.98

AutoCAD SHX Text
148.48

AutoCAD SHX Text
131.54

AutoCAD SHX Text
184.35

AutoCAD SHX Text
149.56

AutoCAD SHX Text
146.72

AutoCAD SHX Text
145.90

AutoCAD SHX Text
138.77

AutoCAD SHX Text
168.74

AutoCAD SHX Text
150.94

AutoCAD SHX Text
198.40

AutoCAD SHX Text
166.01

AutoCAD SHX Text
150.26

AutoCAD SHX Text
152.78

AutoCAD SHX Text
155.00

AutoCAD SHX Text
179.25

AutoCAD SHX Text
142.35

AutoCAD SHX Text
141.79

AutoCAD SHX Text
148.62

AutoCAD SHX Text
146.07

AutoCAD SHX Text
142.65

AutoCAD SHX Text
153.25

AutoCAD SHX Text
151.49

AutoCAD SHX Text
154.19

AutoCAD SHX Text
168.23

AutoCAD SHX Text
186.19

AutoCAD SHX Text
196.87

AutoCAD SHX Text
198.42

AutoCAD SHX Text
162.81

AutoCAD SHX Text
150.42

AutoCAD SHX Text
215.37

AutoCAD SHX Text
193.27

AutoCAD SHX Text
129.70

AutoCAD SHX Text
164.71

AutoCAD SHX Text
126.27

AutoCAD SHX Text
147.25

AutoCAD SHX Text
162.72

AutoCAD SHX Text
144.09

AutoCAD SHX Text
169.76

AutoCAD SHX Text
147.85

AutoCAD SHX Text
167.40

AutoCAD SHX Text
125.81

AutoCAD SHX Text
154.31

AutoCAD SHX Text
166.92

AutoCAD SHX Text
178.82

AutoCAD SHX Text
140.16

AutoCAD SHX Text
212.68

AutoCAD SHX Text
177.74

AutoCAD SHX Text
173.84

AutoCAD SHX Text
149.49

AutoCAD SHX Text
166.99

AutoCAD SHX Text
179.52

AutoCAD SHX Text
189.02

AutoCAD SHX Text
146.40

AutoCAD SHX Text
193.12

AutoCAD SHX Text
127.39

AutoCAD SHX Text
168.42

AutoCAD SHX Text
149.96

AutoCAD SHX Text
135.85

AutoCAD SHX Text
151.62

AutoCAD SHX Text
137.79

AutoCAD SHX Text
202.96

AutoCAD SHX Text
168.94

AutoCAD SHX Text
159.49

AutoCAD SHX Text
203.94

AutoCAD SHX Text
206.63

AutoCAD SHX Text
142.68

AutoCAD SHX Text
179.68

AutoCAD SHX Text
178.01

AutoCAD SHX Text
131.82

AutoCAD SHX Text
136.01

AutoCAD SHX Text
160.10

AutoCAD SHX Text
176.50

AutoCAD SHX Text
190.41

AutoCAD SHX Text
155.70

AutoCAD SHX Text
198.37

AutoCAD SHX Text
145.99

AutoCAD SHX Text
158.63

AutoCAD SHX Text
159.00

AutoCAD SHX Text
157.17

AutoCAD SHX Text
150.56

AutoCAD SHX Text
186.60

AutoCAD SHX Text
181.65

AutoCAD SHX Text
150.99

AutoCAD SHX Text
156.76

AutoCAD SHX Text
127.65

AutoCAD SHX Text
141.19

AutoCAD SHX Text
165.59

AutoCAD SHX Text
129.75

AutoCAD SHX Text
150.59

AutoCAD SHX Text
150.81

AutoCAD SHX Text
154.83

AutoCAD SHX Text
169.47

AutoCAD SHX Text
188.93

AutoCAD SHX Text
188.60

AutoCAD SHX Text
150.40

AutoCAD SHX Text
163.62

AutoCAD SHX Text
147.61

AutoCAD SHX Text
130.34

AutoCAD SHX Text
164.14

AutoCAD SHX Text
176.20

AutoCAD SHX Text
165.47

AutoCAD SHX Text
152.61

AutoCAD SHX Text
146.17

AutoCAD SHX Text
205.05

AutoCAD SHX Text
152.45

AutoCAD SHX Text
180.07

AutoCAD SHX Text
143.22

AutoCAD SHX Text
142.99

AutoCAD SHX Text
141.31

AutoCAD SHX Text
168.95

AutoCAD SHX Text
149.69

AutoCAD SHX Text
153.63

AutoCAD SHX Text
160.30

AutoCAD SHX Text
163.71

AutoCAD SHX Text
150.87

AutoCAD SHX Text
195.40

AutoCAD SHX Text
184.45

AutoCAD SHX Text
138.22

AutoCAD SHX Text
164.31

AutoCAD SHX Text
164.01

AutoCAD SHX Text
177.43

AutoCAD SHX Text
150.87

AutoCAD SHX Text
138.72

AutoCAD SHX Text
165.03

AutoCAD SHX Text
158.77

AutoCAD SHX Text
210.93

AutoCAD SHX Text
150.59

AutoCAD SHX Text
140.47

AutoCAD SHX Text
139.29

AutoCAD SHX Text
125.94

AutoCAD SHX Text
182.75

AutoCAD SHX Text
185.76

AutoCAD SHX Text
177.08

AutoCAD SHX Text
150.90

AutoCAD SHX Text
137.15

AutoCAD SHX Text
150.22

AutoCAD SHX Text
136.49

AutoCAD SHX Text
136.78

AutoCAD SHX Text
156.92

AutoCAD SHX Text
166.83

AutoCAD SHX Text
167.11

AutoCAD SHX Text
172.35

AutoCAD SHX Text
151.59

AutoCAD SHX Text
129.33

AutoCAD SHX Text
177.11

AutoCAD SHX Text
131.07

AutoCAD SHX Text
130.76

AutoCAD SHX Text
204.03

AutoCAD SHX Text
161.14

AutoCAD SHX Text
174.43

AutoCAD SHX Text
150.19

AutoCAD SHX Text
152.76

AutoCAD SHX Text
143.51

AutoCAD SHX Text
129.53

AutoCAD SHX Text
142.13

AutoCAD SHX Text
175.97

AutoCAD SHX Text
175.56

AutoCAD SHX Text
171.42

AutoCAD SHX Text
189.08

AutoCAD SHX Text
163.81

AutoCAD SHX Text
145.22

AutoCAD SHX Text
163.99

AutoCAD SHX Text
174.08

AutoCAD SHX Text
129.44

AutoCAD SHX Text
174.34

AutoCAD SHX Text
192.16

AutoCAD SHX Text
162.50

AutoCAD SHX Text
201.93

AutoCAD SHX Text
161.67

AutoCAD SHX Text
144.18

AutoCAD SHX Text
150.32

AutoCAD SHX Text
149.43

AutoCAD SHX Text
169.79

AutoCAD SHX Text
141.64

AutoCAD SHX Text
159.11

AutoCAD SHX Text
156.55

AutoCAD SHX Text
192.58

AutoCAD SHX Text
168.92

AutoCAD SHX Text
200.04

AutoCAD SHX Text
145.81

AutoCAD SHX Text
155.65

AutoCAD SHX Text
149.56

AutoCAD SHX Text
134.85

AutoCAD SHX Text
169.95

AutoCAD SHX Text
172.16

AutoCAD SHX Text
142.98

AutoCAD SHX Text
146.05

AutoCAD SHX Text
159.09

AutoCAD SHX Text
138.63

AutoCAD SHX Text
133.14

AutoCAD SHX Text
172.49

AutoCAD SHX Text
165.35

AutoCAD SHX Text
172.91

AutoCAD SHX Text
169.16

AutoCAD SHX Text
144.17

AutoCAD SHX Text
136.40

AutoCAD SHX Text
139.20

AutoCAD SHX Text
138.72

AutoCAD SHX Text
153.32

AutoCAD SHX Text
166.40

AutoCAD SHX Text
153.82

AutoCAD SHX Text
156.00

AutoCAD SHX Text
183.46

AutoCAD SHX Text
152.99

AutoCAD SHX Text
151.03

AutoCAD SHX Text
150.90

AutoCAD SHX Text
150.41

AutoCAD SHX Text
154.35

AutoCAD SHX Text
125.88

AutoCAD SHX Text
167.99

AutoCAD SHX Text
191.40

AutoCAD SHX Text
178.59

AutoCAD SHX Text
175.73

AutoCAD SHX Text
136.45

AutoCAD SHX Text
150.34

AutoCAD SHX Text
164.01

AutoCAD SHX Text
198.82

AutoCAD SHX Text
199.31

AutoCAD SHX Text
170.85

AutoCAD SHX Text
169.40

AutoCAD SHX Text
215.23

AutoCAD SHX Text
206.41

AutoCAD SHX Text
204.09

AutoCAD SHX Text
131.13

AutoCAD SHX Text
152.77

AutoCAD SHX Text
177.03

AutoCAD SHX Text
144.43

AutoCAD SHX Text
138.02

AutoCAD SHX Text
137.65

AutoCAD SHX Text
173.06

AutoCAD SHX Text
158.32

AutoCAD SHX Text
153.22

AutoCAD SHX Text
203.11

AutoCAD SHX Text
153.09

AutoCAD SHX Text
138.26

AutoCAD SHX Text
167.35

AutoCAD SHX Text
162.20

AutoCAD SHX Text
165.42

AutoCAD SHX Text
156.19

AutoCAD SHX Text
148.89

AutoCAD SHX Text
169.82

AutoCAD SHX Text
170.65

AutoCAD SHX Text
181.46

AutoCAD SHX Text
170.34

AutoCAD SHX Text
191.48

AutoCAD SHX Text
149.81

AutoCAD SHX Text
148.28

AutoCAD SHX Text
153.61

AutoCAD SHX Text
172.46

AutoCAD SHX Text
171.99

AutoCAD SHX Text
148.44

AutoCAD SHX Text
162.25

AutoCAD SHX Text
158.07

AutoCAD SHX Text
183.87

AutoCAD SHX Text
180.79

AutoCAD SHX Text
139.36

AutoCAD SHX Text
139.97

AutoCAD SHX Text
145.96

AutoCAD SHX Text
138.59

AutoCAD SHX Text
136.58

AutoCAD SHX Text
148.12

AutoCAD SHX Text
168.51

AutoCAD SHX Text
188.35

AutoCAD SHX Text
147.85

AutoCAD SHX Text
151.11

AutoCAD SHX Text
151.27

AutoCAD SHX Text
141.19

AutoCAD SHX Text
136.69

AutoCAD SHX Text
206.40

AutoCAD SHX Text
170.55

AutoCAD SHX Text
173.71

AutoCAD SHX Text
179.00

AutoCAD SHX Text
135.71

AutoCAD SHX Text
156.31

AutoCAD SHX Text
150.62

AutoCAD SHX Text
168.34

AutoCAD SHX Text
150.22

AutoCAD SHX Text
164.73

AutoCAD SHX Text
155.76

AutoCAD SHX Text
136.60

AutoCAD SHX Text
138.24

AutoCAD SHX Text
180.57

AutoCAD SHX Text
150.12

AutoCAD SHX Text
175.83

AutoCAD SHX Text
173.36

AutoCAD SHX Text
171.01

AutoCAD SHX Text
163.00

AutoCAD SHX Text
167.49

AutoCAD SHX Text
153.81

AutoCAD SHX Text
158.44

AutoCAD SHX Text
146.66

AutoCAD SHX Text
176.31

AutoCAD SHX Text
171.06

AutoCAD SHX Text
164.93

AutoCAD SHX Text
162.63

AutoCAD SHX Text
208.10

AutoCAD SHX Text
156.76

AutoCAD SHX Text
135.19

AutoCAD SHX Text
158.56

AutoCAD SHX Text
162.92

AutoCAD SHX Text
143.58

AutoCAD SHX Text
139.46

AutoCAD SHX Text
136.31

AutoCAD SHX Text
183.23

AutoCAD SHX Text
139.71

AutoCAD SHX Text
182.19

AutoCAD SHX Text
182.54

AutoCAD SHX Text
148.85

AutoCAD SHX Text
146.43

AutoCAD SHX Text
137.34

AutoCAD SHX Text
141.12

AutoCAD SHX Text
136.38

AutoCAD SHX Text
156.71

AutoCAD SHX Text
159.07

AutoCAD SHX Text
139.62

AutoCAD SHX Text
159.71

AutoCAD SHX Text
147.06

AutoCAD SHX Text
132.56

AutoCAD SHX Text
177.53

AutoCAD SHX Text
149.15

AutoCAD SHX Text
136.14

AutoCAD SHX Text
153.27

AutoCAD SHX Text
152.61

AutoCAD SHX Text
152.83

AutoCAD SHX Text
180.44

AutoCAD SHX Text
153.66

AutoCAD SHX Text
161.18

AutoCAD SHX Text
150.55

AutoCAD SHX Text
151.66

AutoCAD SHX Text
129.28

AutoCAD SHX Text
167.51

AutoCAD SHX Text
167.49

AutoCAD SHX Text
145.49

AutoCAD SHX Text
162.18

AutoCAD SHX Text
142.46

AutoCAD SHX Text
127.33

AutoCAD SHX Text
199.54

AutoCAD SHX Text
206.24

AutoCAD SHX Text
203.65

AutoCAD SHX Text
154.31

AutoCAD SHX Text
193.25

AutoCAD SHX Text
195.91

AutoCAD SHX Text
164.88

AutoCAD SHX Text
165.08

AutoCAD SHX Text
146.52

AutoCAD SHX Text
147.70

AutoCAD SHX Text
152.80

AutoCAD SHX Text
160.90

AutoCAD SHX Text
161.58

AutoCAD SHX Text
133.86

AutoCAD SHX Text
150.81

AutoCAD SHX Text
153.69

AutoCAD SHX Text
127.98

AutoCAD SHX Text
167.34

AutoCAD SHX Text
181.37

AutoCAD SHX Text
171.48

AutoCAD SHX Text
153.26

AutoCAD SHX Text
156.05

AutoCAD SHX Text
200.22

AutoCAD SHX Text
145.17

AutoCAD SHX Text
143.98

AutoCAD SHX Text
150.42

AutoCAD SHX Text
174.73

AutoCAD SHX Text
177.10

AutoCAD SHX Text
178.15

AutoCAD SHX Text
155.06

AutoCAD SHX Text
160.28

AutoCAD SHX Text
154.78

AutoCAD SHX Text
161.33

AutoCAD SHX Text
163.45

AutoCAD SHX Text
165.86

AutoCAD SHX Text
131.64

AutoCAD SHX Text
202.79

AutoCAD SHX Text
153.35

AutoCAD SHX Text
151.67

AutoCAD SHX Text
148.34

AutoCAD SHX Text
171.73

AutoCAD SHX Text
166.67

AutoCAD SHX Text
150.62

AutoCAD SHX Text
153.17

AutoCAD SHX Text
142.72

AutoCAD SHX Text
142.22

AutoCAD SHX Text
156.98

AutoCAD SHX Text
174.52

AutoCAD SHX Text
148.23

AutoCAD SHX Text
152.71

AutoCAD SHX Text
169.00

AutoCAD SHX Text
136.98

AutoCAD SHX Text
137.06

AutoCAD SHX Text
190.86

AutoCAD SHX Text
169.79

AutoCAD SHX Text
130.76

AutoCAD SHX Text
138.10

AutoCAD SHX Text
168.59

AutoCAD SHX Text
168.29

AutoCAD SHX Text
162.85

AutoCAD SHX Text
163.10

AutoCAD SHX Text
134.47

AutoCAD SHX Text
190.38

AutoCAD SHX Text
193.95

AutoCAD SHX Text
162.09

AutoCAD SHX Text
141.97

AutoCAD SHX Text
165.66

AutoCAD SHX Text
167.70

AutoCAD SHX Text
172.61

AutoCAD SHX Text
139.30

AutoCAD SHX Text
186.19

AutoCAD SHX Text
139.55

AutoCAD SHX Text
166.96

AutoCAD SHX Text
193.98

AutoCAD SHX Text
127.01

AutoCAD SHX Text
152.42

AutoCAD SHX Text
150.70

AutoCAD SHX Text
177.18

AutoCAD SHX Text
176.29

AutoCAD SHX Text
171.06

AutoCAD SHX Text
142.31

AutoCAD SHX Text
150.33

AutoCAD SHX Text
174.83

AutoCAD SHX Text
173.88

AutoCAD SHX Text
178.00

AutoCAD SHX Text
150.99

AutoCAD SHX Text
171.71

AutoCAD SHX Text
150.04

AutoCAD SHX Text
133.19

AutoCAD SHX Text
154.40

AutoCAD SHX Text
144.47

AutoCAD SHX Text
168.63

AutoCAD SHX Text
201.48

AutoCAD SHX Text
194.45

AutoCAD SHX Text
161.03

AutoCAD SHX Text
145

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
175

AutoCAD SHX Text
180

AutoCAD SHX Text
185

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
155

AutoCAD SHX Text
145

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
175

AutoCAD SHX Text
180

AutoCAD SHX Text
185

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
155




LEGENDA/ LEYENDA
SITUACION DE CELDAS
\ AREA DE RESIDUOS NO PELIGROSOS
\ AREA DE RESIDUOS INERTIZADOS
)
RESIDUOS
NO PELIGROSOS
d //
g
d
.
C\
R X
u ©
d =
3 8
N\ - :
E NE EXION A gANAL /M v
g : S ) —
E [0) N M“‘;L 4 / /
q ° . 4
I /j /
3] <]
B © P
1
©
[aa]
Q
o
wl
/
{00 BRQTN 7l
§ =
: !
o
D9 = !
¥ Lo |
3 ?
\ 3 / y .l ESKALA GRAFIKOA / ESCALA GRAFICA ORIENTAZIOA
e} 4 — ) ORIENTACION
D B
(z g | 0 5 10 2 50M
>\ g N
> a I
A _\;Fﬂf:\ RESIDUOS INERTIZADOS, I ,’
\ v PROIEKTUA/ PROYECTO
\ ESTUDIO DE ESTABILIDAD DE LA FASE 3 DEL VERTEDERO DE BISTIBIETA, T.M. LEMOA
m\ | (BIZKAIA)
\/ f IZENDURA / DESIGNACION PLANO ZBKIA. / NUM. PLANO 2
A\ \ == / / ORRIA/HOJA 1DE1/1-TIK1
N PLAN DE EXPLOTACION ESKALA/ESCALA 1/1.200
) DATA/ FECHA SEP-25
SITUACION CELDAS DE RNP Y RI e
i X PROIEKTUAREN ZUZENDARIA / &] .
\\/\ DIRECTOR DE PROYECTO
BEZEROA/ CLIENTE AHOLKULARIA / CONSULTOR
: p D 4 &
\J I o el Lurgintza
1 % ambito ngenieria geologica s..



AutoCAD SHX Text
Reji.

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
OFICINAS

AutoCAD SHX Text
Arq.

AutoCAD SHX Text
Arq.

AutoCAD SHX Text
Rf

AutoCAD SHX Text
Rf

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
12

AutoCAD SHX Text
13

AutoCAD SHX Text
7

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
8

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
14

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
6

AutoCAD SHX Text
10

AutoCAD SHX Text
19

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
17

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
16

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
P

AutoCAD SHX Text
P

AutoCAD SHX Text
Averia

AutoCAD SHX Text
141.79

AutoCAD SHX Text
Averia

AutoCAD SHX Text
141.49

AutoCAD SHX Text
e=0.45

AutoCAD SHX Text
e=0.50

AutoCAD SHX Text
150.85

AutoCAD SHX Text
150.81

AutoCAD SHX Text
150.99

AutoCAD SHX Text
150.99

AutoCAD SHX Text
158.01

AutoCAD SHX Text
151.31

AutoCAD SHX Text
151.11

AutoCAD SHX Text
158.09

AutoCAD SHX Text
158.41

AutoCAD SHX Text
157.98

AutoCAD SHX Text
158.08

AutoCAD SHX Text
158.00

AutoCAD SHX Text
157.98

AutoCAD SHX Text
157.67

AutoCAD SHX Text
152.07

AutoCAD SHX Text
152.29

AutoCAD SHX Text
151.51

AutoCAD SHX Text
151.42

AutoCAD SHX Text
157.97

AutoCAD SHX Text
157.85

AutoCAD SHX Text
157.76

AutoCAD SHX Text
150.85

AutoCAD SHX Text
158.16

AutoCAD SHX Text
154.99

AutoCAD SHX Text
155.31

AutoCAD SHX Text
151.48

AutoCAD SHX Text
152.96

AutoCAD SHX Text
154.20

AutoCAD SHX Text
153.74

AutoCAD SHX Text
151.28

AutoCAD SHX Text
151.97

AutoCAD SHX Text
157.64

AutoCAD SHX Text
152.74

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.05

AutoCAD SHX Text
157.16

AutoCAD SHX Text
157.35

AutoCAD SHX Text
160.33

AutoCAD SHX Text
157.29

AutoCAD SHX Text
157.36

AutoCAD SHX Text
157.26

AutoCAD SHX Text
157.22

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.54

AutoCAD SHX Text
156.52

AutoCAD SHX Text
157.50

AutoCAD SHX Text
158.00

AutoCAD SHX Text
151.52

AutoCAD SHX Text
151.79

AutoCAD SHX Text
157.75

AutoCAD SHX Text
158.07

AutoCAD SHX Text
158.26

AutoCAD SHX Text
158.25

AutoCAD SHX Text
158.40

AutoCAD SHX Text
150.88

AutoCAD SHX Text
150.53

AutoCAD SHX Text
146.88

AutoCAD SHX Text
148.19

AutoCAD SHX Text
147.49

AutoCAD SHX Text
148.10

AutoCAD SHX Text
158.35

AutoCAD SHX Text
158.11

AutoCAD SHX Text
158.22

AutoCAD SHX Text
150.90

AutoCAD SHX Text
149.70

AutoCAD SHX Text
151.27

AutoCAD SHX Text
148.04

AutoCAD SHX Text
151.59

AutoCAD SHX Text
150.47

AutoCAD SHX Text
148.71

AutoCAD SHX Text
157.75

AutoCAD SHX Text
154.81

AutoCAD SHX Text
154.29

AutoCAD SHX Text
155.79

AutoCAD SHX Text
156.05

AutoCAD SHX Text
156.72

AutoCAD SHX Text
152.23

AutoCAD SHX Text
153.51

AutoCAD SHX Text
152.02

AutoCAD SHX Text
157.63

AutoCAD SHX Text
154.44

AutoCAD SHX Text
158.52

AutoCAD SHX Text
157.24

AutoCAD SHX Text
154.75

AutoCAD SHX Text
145.50

AutoCAD SHX Text
153.77

AutoCAD SHX Text
154.95

AutoCAD SHX Text
154.98

AutoCAD SHX Text
154.85

AutoCAD SHX Text
154.65

AutoCAD SHX Text
154.47

AutoCAD SHX Text
153.47

AutoCAD SHX Text
154.69

AutoCAD SHX Text
153.64

AutoCAD SHX Text
157.16

AutoCAD SHX Text
157.36

AutoCAD SHX Text
153.21

AutoCAD SHX Text
153.53

AutoCAD SHX Text
153.61

AutoCAD SHX Text
153.44

AutoCAD SHX Text
153.58

AutoCAD SHX Text
153.51

AutoCAD SHX Text
153.56

AutoCAD SHX Text
152.51

AutoCAD SHX Text
151.57

AutoCAD SHX Text
152.74

AutoCAD SHX Text
145.63

AutoCAD SHX Text
136.79

AutoCAD SHX Text
137.55

AutoCAD SHX Text
136.60

AutoCAD SHX Text
137.01

AutoCAD SHX Text
140.25

AutoCAD SHX Text
152.89

AutoCAD SHX Text
149.83

AutoCAD SHX Text
144.88

AutoCAD SHX Text
148.24

AutoCAD SHX Text
144.66

AutoCAD SHX Text
144.36

AutoCAD SHX Text
135.96

AutoCAD SHX Text
142.09

AutoCAD SHX Text
136.57

AutoCAD SHX Text
137.76

AutoCAD SHX Text
138.73

AutoCAD SHX Text
145.16

AutoCAD SHX Text
147.50

AutoCAD SHX Text
144.96

AutoCAD SHX Text
145.17

AutoCAD SHX Text
153.53

AutoCAD SHX Text
140.11

AutoCAD SHX Text
141.52

AutoCAD SHX Text
153.67

AutoCAD SHX Text
145.25

AutoCAD SHX Text
145.24

AutoCAD SHX Text
153.67

AutoCAD SHX Text
149.83

AutoCAD SHX Text
150.00

AutoCAD SHX Text
142.83

AutoCAD SHX Text
144.23

AutoCAD SHX Text
145.38

AutoCAD SHX Text
145.83

AutoCAD SHX Text
146.02

AutoCAD SHX Text
145.37

AutoCAD SHX Text
155.56

AutoCAD SHX Text
146.30

AutoCAD SHX Text
146.24

AutoCAD SHX Text
156.74

AutoCAD SHX Text
147.89

AutoCAD SHX Text
157.41

AutoCAD SHX Text
157.40

AutoCAD SHX Text
157.28

AutoCAD SHX Text
156.98

AutoCAD SHX Text
159.54

AutoCAD SHX Text
158.10

AutoCAD SHX Text
157.59

AutoCAD SHX Text
149.48

AutoCAD SHX Text
157.34

AutoCAD SHX Text
157.42

AutoCAD SHX Text
154.00

AutoCAD SHX Text
157.49

AutoCAD SHX Text
157.71

AutoCAD SHX Text
150.63

AutoCAD SHX Text
150.05

AutoCAD SHX Text
151.10

AutoCAD SHX Text
150.06

AutoCAD SHX Text
150.88

AutoCAD SHX Text
150.73

AutoCAD SHX Text
150.76

AutoCAD SHX Text
157.45

AutoCAD SHX Text
136.05

AutoCAD SHX Text
140.20

AutoCAD SHX Text
140.35

AutoCAD SHX Text
140.23

AutoCAD SHX Text
140.39

AutoCAD SHX Text
137.68

AutoCAD SHX Text
139.46

AutoCAD SHX Text
138.35

AutoCAD SHX Text
139.66

AutoCAD SHX Text
142.79

AutoCAD SHX Text
138.96

AutoCAD SHX Text
138.37

AutoCAD SHX Text
144.19

AutoCAD SHX Text
143.84

AutoCAD SHX Text
144.28

AutoCAD SHX Text
149.15

AutoCAD SHX Text
151.40

AutoCAD SHX Text
148.02

AutoCAD SHX Text
149.43

AutoCAD SHX Text
143.93

AutoCAD SHX Text
136.31

AutoCAD SHX Text
147.24

AutoCAD SHX Text
141.86

AutoCAD SHX Text
144.89

AutoCAD SHX Text
140.61

AutoCAD SHX Text
141.68

AutoCAD SHX Text
144.15

AutoCAD SHX Text
142.51

AutoCAD SHX Text
142.95

AutoCAD SHX Text
142.97

AutoCAD SHX Text
141.64

AutoCAD SHX Text
142.14

AutoCAD SHX Text
142.92

AutoCAD SHX Text
141.75

AutoCAD SHX Text
141.41

AutoCAD SHX Text
152.76

AutoCAD SHX Text
144.28

AutoCAD SHX Text
140.11

AutoCAD SHX Text
144.26

AutoCAD SHX Text
139.87

AutoCAD SHX Text
140.34

AutoCAD SHX Text
139.45

AutoCAD SHX Text
151.92

AutoCAD SHX Text
150.44

AutoCAD SHX Text
152.02

AutoCAD SHX Text
153.82

AutoCAD SHX Text
150.41

AutoCAD SHX Text
144.22

AutoCAD SHX Text
143.68

AutoCAD SHX Text
145.31

AutoCAD SHX Text
145.38

AutoCAD SHX Text
146.11

AutoCAD SHX Text
150.16

AutoCAD SHX Text
156.24

AutoCAD SHX Text
154.73

AutoCAD SHX Text
145.87

AutoCAD SHX Text
151.27

AutoCAD SHX Text
152.72

AutoCAD SHX Text
152.93

AutoCAD SHX Text
143.87

AutoCAD SHX Text
144.19

AutoCAD SHX Text
144.48

AutoCAD SHX Text
144.32

AutoCAD SHX Text
142.74

AutoCAD SHX Text
144.09

AutoCAD SHX Text
144.10

AutoCAD SHX Text
155.76

AutoCAD SHX Text
152.09

AutoCAD SHX Text
156.94

AutoCAD SHX Text
159.84

AutoCAD SHX Text
158.85

AutoCAD SHX Text
159.99

AutoCAD SHX Text
159.94

AutoCAD SHX Text
159.82

AutoCAD SHX Text
159.41

AutoCAD SHX Text
159.42

AutoCAD SHX Text
159.07

AutoCAD SHX Text
157.97

AutoCAD SHX Text
143.16

AutoCAD SHX Text
143.15

AutoCAD SHX Text
143.29

AutoCAD SHX Text
143.22

AutoCAD SHX Text
143.82

AutoCAD SHX Text
144.40

AutoCAD SHX Text
142.40

AutoCAD SHX Text
142.11

AutoCAD SHX Text
143.01

AutoCAD SHX Text
143.60

AutoCAD SHX Text
143.54

AutoCAD SHX Text
143.03

AutoCAD SHX Text
143.22

AutoCAD SHX Text
143.21

AutoCAD SHX Text
142.58

AutoCAD SHX Text
139.15

AutoCAD SHX Text
141.47

AutoCAD SHX Text
151.02

AutoCAD SHX Text
153.14

AutoCAD SHX Text
158.10

AutoCAD SHX Text
142.87

AutoCAD SHX Text
153.76

AutoCAD SHX Text
155.44

AutoCAD SHX Text
158.66

AutoCAD SHX Text
158.69

AutoCAD SHX Text
158.94

AutoCAD SHX Text
158.05

AutoCAD SHX Text
158.69

AutoCAD SHX Text
158.67

AutoCAD SHX Text
155.99

AutoCAD SHX Text
144.11

AutoCAD SHX Text
142.80

AutoCAD SHX Text
142.71

AutoCAD SHX Text
142.32

AutoCAD SHX Text
148.85

AutoCAD SHX Text
149.75

AutoCAD SHX Text
150.57

AutoCAD SHX Text
150.23

AutoCAD SHX Text
150.41

AutoCAD SHX Text
128.87

AutoCAD SHX Text
149.92

AutoCAD SHX Text
146.35

AutoCAD SHX Text
170.99

AutoCAD SHX Text
150.73

AutoCAD SHX Text
158.59

AutoCAD SHX Text
163.08

AutoCAD SHX Text
165.11

AutoCAD SHX Text
172.15

AutoCAD SHX Text
175.01

AutoCAD SHX Text
151.80

AutoCAD SHX Text
145.16

AutoCAD SHX Text
145.75

AutoCAD SHX Text
150.74

AutoCAD SHX Text
126.00

AutoCAD SHX Text
136.90

AutoCAD SHX Text
138.11

AutoCAD SHX Text
125.88

AutoCAD SHX Text
129.78

AutoCAD SHX Text
157.96

AutoCAD SHX Text
159.62

AutoCAD SHX Text
165.49

AutoCAD SHX Text
125.61

AutoCAD SHX Text
163.89

AutoCAD SHX Text
165.37

AutoCAD SHX Text
164.41

AutoCAD SHX Text
165.31

AutoCAD SHX Text
180.91

AutoCAD SHX Text
151.39

AutoCAD SHX Text
139.66

AutoCAD SHX Text
147.77

AutoCAD SHX Text
128.40

AutoCAD SHX Text
178.51

AutoCAD SHX Text
178.24

AutoCAD SHX Text
189.82

AutoCAD SHX Text
142.91

AutoCAD SHX Text
184.77

AutoCAD SHX Text
186.10

AutoCAD SHX Text
179.58

AutoCAD SHX Text
167.22

AutoCAD SHX Text
183.67

AutoCAD SHX Text
166.03

AutoCAD SHX Text
142.51

AutoCAD SHX Text
137.22

AutoCAD SHX Text
129.05

AutoCAD SHX Text
153.67

AutoCAD SHX Text
174.02

AutoCAD SHX Text
163.51

AutoCAD SHX Text
161.46

AutoCAD SHX Text
136.69

AutoCAD SHX Text
191.93

AutoCAD SHX Text
151.65

AutoCAD SHX Text
151.41

AutoCAD SHX Text
161.42

AutoCAD SHX Text
162.24

AutoCAD SHX Text
180.85

AutoCAD SHX Text
173.50

AutoCAD SHX Text
138.79

AutoCAD SHX Text
132.64

AutoCAD SHX Text
153.31

AutoCAD SHX Text
147.40

AutoCAD SHX Text
146.31

AutoCAD SHX Text
147.00

AutoCAD SHX Text
140.07

AutoCAD SHX Text
139.17

AutoCAD SHX Text
209.78

AutoCAD SHX Text
174.45

AutoCAD SHX Text
162.49

AutoCAD SHX Text
156.01

AutoCAD SHX Text
153.40

AutoCAD SHX Text
165.34

AutoCAD SHX Text
135.51

AutoCAD SHX Text
150.61

AutoCAD SHX Text
170.50

AutoCAD SHX Text
185.95

AutoCAD SHX Text
187.32

AutoCAD SHX Text
162.53

AutoCAD SHX Text
163.96

AutoCAD SHX Text
156.02

AutoCAD SHX Text
125.11

AutoCAD SHX Text
152.98

AutoCAD SHX Text
129.66

AutoCAD SHX Text
169.60

AutoCAD SHX Text
167.72

AutoCAD SHX Text
136.62

AutoCAD SHX Text
183.85

AutoCAD SHX Text
213.81

AutoCAD SHX Text
150.53

AutoCAD SHX Text
165.61

AutoCAD SHX Text
180.49

AutoCAD SHX Text
150.56

AutoCAD SHX Text
182.67

AutoCAD SHX Text
169.54

AutoCAD SHX Text
196.30

AutoCAD SHX Text
178.74

AutoCAD SHX Text
141.58

AutoCAD SHX Text
140.78

AutoCAD SHX Text
165.59

AutoCAD SHX Text
156.35

AutoCAD SHX Text
174.58

AutoCAD SHX Text
172.08

AutoCAD SHX Text
138.26

AutoCAD SHX Text
138.14

AutoCAD SHX Text
143.81

AutoCAD SHX Text
136.89

AutoCAD SHX Text
172.94

AutoCAD SHX Text
139.00

AutoCAD SHX Text
192.07

AutoCAD SHX Text
188.60

AutoCAD SHX Text
210.25

AutoCAD SHX Text
181.93

AutoCAD SHX Text
163.65

AutoCAD SHX Text
146.82

AutoCAD SHX Text
135.83

AutoCAD SHX Text
168.12

AutoCAD SHX Text
151.58

AutoCAD SHX Text
156.89

AutoCAD SHX Text
155.17

AutoCAD SHX Text
144.68

AutoCAD SHX Text
167.04

AutoCAD SHX Text
126.26

AutoCAD SHX Text
154.57

AutoCAD SHX Text
147.86

AutoCAD SHX Text
136.84

AutoCAD SHX Text
136.74

AutoCAD SHX Text
131.26

AutoCAD SHX Text
131.88

AutoCAD SHX Text
143.97

AutoCAD SHX Text
138.03

AutoCAD SHX Text
133.77

AutoCAD SHX Text
150.15

AutoCAD SHX Text
162.82

AutoCAD SHX Text
147.50

AutoCAD SHX Text
171.27

AutoCAD SHX Text
172.02

AutoCAD SHX Text
126.82

AutoCAD SHX Text
186.40

AutoCAD SHX Text
148.31

AutoCAD SHX Text
133.37

AutoCAD SHX Text
180.94

AutoCAD SHX Text
162.48

AutoCAD SHX Text
125.71

AutoCAD SHX Text
159.42

AutoCAD SHX Text
168.51

AutoCAD SHX Text
175.38

AutoCAD SHX Text
172.92

AutoCAD SHX Text
168.53

AutoCAD SHX Text
145.10

AutoCAD SHX Text
137.45

AutoCAD SHX Text
148.71

AutoCAD SHX Text
211.79

AutoCAD SHX Text
137.47

AutoCAD SHX Text
172.99

AutoCAD SHX Text
161.41

AutoCAD SHX Text
172.72

AutoCAD SHX Text
174.66

AutoCAD SHX Text
172.75

AutoCAD SHX Text
154.37

AutoCAD SHX Text
150.00

AutoCAD SHX Text
150.39

AutoCAD SHX Text
210.21

AutoCAD SHX Text
152.69

AutoCAD SHX Text
130.46

AutoCAD SHX Text
134.34

AutoCAD SHX Text
168.69

AutoCAD SHX Text
189.48

AutoCAD SHX Text
176.94

AutoCAD SHX Text
160.34

AutoCAD SHX Text
185.04

AutoCAD SHX Text
183.82

AutoCAD SHX Text
184.51

AutoCAD SHX Text
151.55

AutoCAD SHX Text
164.05

AutoCAD SHX Text
191.86

AutoCAD SHX Text
146.28

AutoCAD SHX Text
158.06

AutoCAD SHX Text
159.20

AutoCAD SHX Text
143.52

AutoCAD SHX Text
137.32

AutoCAD SHX Text
152.88

AutoCAD SHX Text
126.06

AutoCAD SHX Text
130.49

AutoCAD SHX Text
185.31

AutoCAD SHX Text
144.18

AutoCAD SHX Text
135.74

AutoCAD SHX Text
148.37

AutoCAD SHX Text
165.35

AutoCAD SHX Text
129.42

AutoCAD SHX Text
162.87

AutoCAD SHX Text
161.94

AutoCAD SHX Text
168.12

AutoCAD SHX Text
126.98

AutoCAD SHX Text
148.48

AutoCAD SHX Text
131.54

AutoCAD SHX Text
184.35

AutoCAD SHX Text
145.90

AutoCAD SHX Text
138.77

AutoCAD SHX Text
168.74

AutoCAD SHX Text
150.94

AutoCAD SHX Text
198.40

AutoCAD SHX Text
166.01

AutoCAD SHX Text
150.26

AutoCAD SHX Text
179.25

AutoCAD SHX Text
146.07

AutoCAD SHX Text
142.65

AutoCAD SHX Text
153.25

AutoCAD SHX Text
154.19

AutoCAD SHX Text
168.23

AutoCAD SHX Text
186.19

AutoCAD SHX Text
196.87

AutoCAD SHX Text
198.42

AutoCAD SHX Text
162.81

AutoCAD SHX Text
150.42

AutoCAD SHX Text
215.37

AutoCAD SHX Text
193.27

AutoCAD SHX Text
129.70

AutoCAD SHX Text
164.71

AutoCAD SHX Text
126.27

AutoCAD SHX Text
162.72

AutoCAD SHX Text
169.76

AutoCAD SHX Text
167.40

AutoCAD SHX Text
125.81

AutoCAD SHX Text
154.31

AutoCAD SHX Text
166.92

AutoCAD SHX Text
178.82

AutoCAD SHX Text
140.16

AutoCAD SHX Text
212.68

AutoCAD SHX Text
177.74

AutoCAD SHX Text
173.84

AutoCAD SHX Text
149.49

AutoCAD SHX Text
166.99

AutoCAD SHX Text
179.52

AutoCAD SHX Text
189.02

AutoCAD SHX Text
193.12

AutoCAD SHX Text
127.39

AutoCAD SHX Text
168.42

AutoCAD SHX Text
149.96

AutoCAD SHX Text
135.85

AutoCAD SHX Text
151.62

AutoCAD SHX Text
137.79

AutoCAD SHX Text
202.96

AutoCAD SHX Text
168.94

AutoCAD SHX Text
159.49

AutoCAD SHX Text
203.94

AutoCAD SHX Text
206.63

AutoCAD SHX Text
142.68

AutoCAD SHX Text
179.68

AutoCAD SHX Text
178.01

AutoCAD SHX Text
131.82

AutoCAD SHX Text
136.01

AutoCAD SHX Text
160.10

AutoCAD SHX Text
176.50

AutoCAD SHX Text
190.41

AutoCAD SHX Text
155.70

AutoCAD SHX Text
198.37

AutoCAD SHX Text
150.56

AutoCAD SHX Text
186.60

AutoCAD SHX Text
181.65

AutoCAD SHX Text
150.99

AutoCAD SHX Text
156.76

AutoCAD SHX Text
127.65

AutoCAD SHX Text
165.59

AutoCAD SHX Text
129.75

AutoCAD SHX Text
150.59

AutoCAD SHX Text
150.81

AutoCAD SHX Text
154.83

AutoCAD SHX Text
169.47

AutoCAD SHX Text
188.93

AutoCAD SHX Text
188.60

AutoCAD SHX Text
150.40

AutoCAD SHX Text
163.62

AutoCAD SHX Text
130.34

AutoCAD SHX Text
164.14

AutoCAD SHX Text
176.20

AutoCAD SHX Text
165.47

AutoCAD SHX Text
152.61

AutoCAD SHX Text
146.17

AutoCAD SHX Text
205.05

AutoCAD SHX Text
152.45

AutoCAD SHX Text
180.07

AutoCAD SHX Text
143.22

AutoCAD SHX Text
142.99

AutoCAD SHX Text
168.95

AutoCAD SHX Text
149.69

AutoCAD SHX Text
153.63

AutoCAD SHX Text
160.30

AutoCAD SHX Text
163.71

AutoCAD SHX Text
195.40

AutoCAD SHX Text
184.45

AutoCAD SHX Text
138.22

AutoCAD SHX Text
164.31

AutoCAD SHX Text
164.01

AutoCAD SHX Text
177.43

AutoCAD SHX Text
150.87

AutoCAD SHX Text
165.03

AutoCAD SHX Text
158.77

AutoCAD SHX Text
210.93

AutoCAD SHX Text
140.47

AutoCAD SHX Text
139.29

AutoCAD SHX Text
125.94

AutoCAD SHX Text
182.75

AutoCAD SHX Text
185.76

AutoCAD SHX Text
177.08

AutoCAD SHX Text
137.15

AutoCAD SHX Text
150.22

AutoCAD SHX Text
136.49

AutoCAD SHX Text
136.78

AutoCAD SHX Text
156.92

AutoCAD SHX Text
166.83

AutoCAD SHX Text
167.11

AutoCAD SHX Text
172.35

AutoCAD SHX Text
129.33

AutoCAD SHX Text
177.11

AutoCAD SHX Text
131.07

AutoCAD SHX Text
130.76

AutoCAD SHX Text
204.03

AutoCAD SHX Text
161.14

AutoCAD SHX Text
174.43

AutoCAD SHX Text
150.19

AutoCAD SHX Text
152.76

AutoCAD SHX Text
143.51

AutoCAD SHX Text
129.53

AutoCAD SHX Text
142.13

AutoCAD SHX Text
175.97

AutoCAD SHX Text
175.56

AutoCAD SHX Text
171.42

AutoCAD SHX Text
189.08

AutoCAD SHX Text
163.81

AutoCAD SHX Text
145.22

AutoCAD SHX Text
163.99

AutoCAD SHX Text
174.08

AutoCAD SHX Text
129.44

AutoCAD SHX Text
174.34

AutoCAD SHX Text
192.16

AutoCAD SHX Text
162.50

AutoCAD SHX Text
201.93

AutoCAD SHX Text
161.67

AutoCAD SHX Text
144.18

AutoCAD SHX Text
150.32

AutoCAD SHX Text
149.43

AutoCAD SHX Text
169.79

AutoCAD SHX Text
159.11

AutoCAD SHX Text
156.55

AutoCAD SHX Text
192.58

AutoCAD SHX Text
168.92

AutoCAD SHX Text
200.04

AutoCAD SHX Text
155.65

AutoCAD SHX Text
134.85

AutoCAD SHX Text
169.95

AutoCAD SHX Text
172.16

AutoCAD SHX Text
142.98

AutoCAD SHX Text
146.05

AutoCAD SHX Text
159.09

AutoCAD SHX Text
138.63

AutoCAD SHX Text
133.14

AutoCAD SHX Text
172.49

AutoCAD SHX Text
165.35

AutoCAD SHX Text
172.91

AutoCAD SHX Text
169.16

AutoCAD SHX Text
139.20

AutoCAD SHX Text
138.72

AutoCAD SHX Text
166.40

AutoCAD SHX Text
153.82

AutoCAD SHX Text
183.46

AutoCAD SHX Text
152.99

AutoCAD SHX Text
151.03

AutoCAD SHX Text
150.90

AutoCAD SHX Text
150.41

AutoCAD SHX Text
125.88

AutoCAD SHX Text
167.99

AutoCAD SHX Text
191.40

AutoCAD SHX Text
178.59

AutoCAD SHX Text
175.73

AutoCAD SHX Text
150.34

AutoCAD SHX Text
164.01

AutoCAD SHX Text
198.82

AutoCAD SHX Text
199.31

AutoCAD SHX Text
170.85

AutoCAD SHX Text
169.40

AutoCAD SHX Text
215.23

AutoCAD SHX Text
206.41

AutoCAD SHX Text
204.09

AutoCAD SHX Text
131.13

AutoCAD SHX Text
152.77

AutoCAD SHX Text
177.03

AutoCAD SHX Text
138.02

AutoCAD SHX Text
137.65

AutoCAD SHX Text
173.06

AutoCAD SHX Text
158.32

AutoCAD SHX Text
153.22

AutoCAD SHX Text
203.11

AutoCAD SHX Text
153.09

AutoCAD SHX Text
138.26

AutoCAD SHX Text
167.35

AutoCAD SHX Text
162.20

AutoCAD SHX Text
165.42

AutoCAD SHX Text
156.19

AutoCAD SHX Text
148.89

AutoCAD SHX Text
169.82

AutoCAD SHX Text
170.65

AutoCAD SHX Text
181.46

AutoCAD SHX Text
170.34

AutoCAD SHX Text
191.48

AutoCAD SHX Text
149.81

AutoCAD SHX Text
148.28

AutoCAD SHX Text
153.61

AutoCAD SHX Text
172.46

AutoCAD SHX Text
171.99

AutoCAD SHX Text
148.44

AutoCAD SHX Text
162.25

AutoCAD SHX Text
158.07

AutoCAD SHX Text
183.87

AutoCAD SHX Text
180.79

AutoCAD SHX Text
139.36

AutoCAD SHX Text
139.97

AutoCAD SHX Text
145.96

AutoCAD SHX Text
138.59

AutoCAD SHX Text
136.58

AutoCAD SHX Text
148.12

AutoCAD SHX Text
168.51

AutoCAD SHX Text
188.35

AutoCAD SHX Text
147.85

AutoCAD SHX Text
151.11

AutoCAD SHX Text
151.27

AutoCAD SHX Text
206.40

AutoCAD SHX Text
170.55

AutoCAD SHX Text
173.71

AutoCAD SHX Text
179.00

AutoCAD SHX Text
135.71

AutoCAD SHX Text
156.31

AutoCAD SHX Text
150.62

AutoCAD SHX Text
168.34

AutoCAD SHX Text
164.73

AutoCAD SHX Text
155.76

AutoCAD SHX Text
138.24

AutoCAD SHX Text
180.57

AutoCAD SHX Text
175.83

AutoCAD SHX Text
173.36

AutoCAD SHX Text
171.01

AutoCAD SHX Text
163.00

AutoCAD SHX Text
167.49

AutoCAD SHX Text
153.81

AutoCAD SHX Text
158.44

AutoCAD SHX Text
146.66

AutoCAD SHX Text
176.31

AutoCAD SHX Text
171.06

AutoCAD SHX Text
164.93

AutoCAD SHX Text
162.63

AutoCAD SHX Text
208.10

AutoCAD SHX Text
156.76

AutoCAD SHX Text
135.19

AutoCAD SHX Text
158.56

AutoCAD SHX Text
162.92

AutoCAD SHX Text
139.46

AutoCAD SHX Text
183.23

AutoCAD SHX Text
139.71

AutoCAD SHX Text
182.19

AutoCAD SHX Text
182.54

AutoCAD SHX Text
137.34

AutoCAD SHX Text
136.38

AutoCAD SHX Text
156.71

AutoCAD SHX Text
159.07

AutoCAD SHX Text
139.62

AutoCAD SHX Text
159.71

AutoCAD SHX Text
147.06

AutoCAD SHX Text
132.56

AutoCAD SHX Text
177.53

AutoCAD SHX Text
149.15

AutoCAD SHX Text
152.83

AutoCAD SHX Text
180.44

AutoCAD SHX Text
153.66

AutoCAD SHX Text
161.18

AutoCAD SHX Text
150.55

AutoCAD SHX Text
151.66

AutoCAD SHX Text
129.28

AutoCAD SHX Text
167.51

AutoCAD SHX Text
167.49

AutoCAD SHX Text
162.18

AutoCAD SHX Text
127.33

AutoCAD SHX Text
199.54

AutoCAD SHX Text
206.24

AutoCAD SHX Text
203.65

AutoCAD SHX Text
154.31

AutoCAD SHX Text
193.25

AutoCAD SHX Text
195.91

AutoCAD SHX Text
164.88

AutoCAD SHX Text
165.08

AutoCAD SHX Text
147.70

AutoCAD SHX Text
160.90

AutoCAD SHX Text
161.58

AutoCAD SHX Text
133.86

AutoCAD SHX Text
150.81

AutoCAD SHX Text
153.69

AutoCAD SHX Text
127.98

AutoCAD SHX Text
167.34

AutoCAD SHX Text
181.37

AutoCAD SHX Text
171.48

AutoCAD SHX Text
153.26

AutoCAD SHX Text
156.05

AutoCAD SHX Text
200.22

AutoCAD SHX Text
150.42

AutoCAD SHX Text
174.73

AutoCAD SHX Text
177.10

AutoCAD SHX Text
178.15

AutoCAD SHX Text
155.06

AutoCAD SHX Text
160.28

AutoCAD SHX Text
154.78

AutoCAD SHX Text
161.33

AutoCAD SHX Text
163.45

AutoCAD SHX Text
165.86

AutoCAD SHX Text
131.64

AutoCAD SHX Text
202.79

AutoCAD SHX Text
148.34

AutoCAD SHX Text
171.73

AutoCAD SHX Text
166.67

AutoCAD SHX Text
153.17

AutoCAD SHX Text
142.72

AutoCAD SHX Text
142.22

AutoCAD SHX Text
156.98

AutoCAD SHX Text
174.52

AutoCAD SHX Text
148.23

AutoCAD SHX Text
152.71

AutoCAD SHX Text
169.00

AutoCAD SHX Text
136.98

AutoCAD SHX Text
137.06

AutoCAD SHX Text
190.86

AutoCAD SHX Text
169.79

AutoCAD SHX Text
130.76

AutoCAD SHX Text
138.10

AutoCAD SHX Text
168.59

AutoCAD SHX Text
168.29

AutoCAD SHX Text
162.85

AutoCAD SHX Text
163.10

AutoCAD SHX Text
134.47

AutoCAD SHX Text
190.38

AutoCAD SHX Text
193.95

AutoCAD SHX Text
162.09

AutoCAD SHX Text
141.97

AutoCAD SHX Text
165.66

AutoCAD SHX Text
167.70

AutoCAD SHX Text
172.61

AutoCAD SHX Text
139.30

AutoCAD SHX Text
186.19

AutoCAD SHX Text
139.55

AutoCAD SHX Text
166.96

AutoCAD SHX Text
193.98

AutoCAD SHX Text
127.01

AutoCAD SHX Text
150.70

AutoCAD SHX Text
177.18

AutoCAD SHX Text
176.29

AutoCAD SHX Text
171.06

AutoCAD SHX Text
142.31

AutoCAD SHX Text
174.83

AutoCAD SHX Text
173.88

AutoCAD SHX Text
178.00

AutoCAD SHX Text
150.99

AutoCAD SHX Text
171.71

AutoCAD SHX Text
150.04

AutoCAD SHX Text
133.19

AutoCAD SHX Text
154.40

AutoCAD SHX Text
168.63

AutoCAD SHX Text
201.48

AutoCAD SHX Text
194.45

AutoCAD SHX Text
161.03

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
145

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
175

AutoCAD SHX Text
180

AutoCAD SHX Text
185

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
155

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
145

AutoCAD SHX Text
150

AutoCAD SHX Text
154

AutoCAD SHX Text
158

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
158

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
173

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
173

AutoCAD SHX Text
170

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
185

AutoCAD SHX Text
188

AutoCAD SHX Text
180

AutoCAD SHX Text
175






AutoCAD SHX Text
Reji.

AutoCAD SHX Text
Rf

AutoCAD SHX Text
Rf

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
12

AutoCAD SHX Text
13

AutoCAD SHX Text
7

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
8

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
15

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
9

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
11

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
14

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
6

AutoCAD SHX Text
10

AutoCAD SHX Text
19

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
18

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
17

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
16

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
P

AutoCAD SHX Text
P

AutoCAD SHX Text
Averia

AutoCAD SHX Text
141.79

AutoCAD SHX Text
Averia

AutoCAD SHX Text
141.49

AutoCAD SHX Text
e=0.45

AutoCAD SHX Text
e=0.50

AutoCAD SHX Text
150.85

AutoCAD SHX Text
150.81

AutoCAD SHX Text
150.99

AutoCAD SHX Text
150.99

AutoCAD SHX Text
158.01

AutoCAD SHX Text
151.31

AutoCAD SHX Text
151.11

AutoCAD SHX Text
158.09

AutoCAD SHX Text
158.41

AutoCAD SHX Text
157.98

AutoCAD SHX Text
158.08

AutoCAD SHX Text
158.00

AutoCAD SHX Text
157.98

AutoCAD SHX Text
157.67

AutoCAD SHX Text
152.07

AutoCAD SHX Text
152.29

AutoCAD SHX Text
151.51

AutoCAD SHX Text
151.42

AutoCAD SHX Text
157.97

AutoCAD SHX Text
157.85

AutoCAD SHX Text
157.76

AutoCAD SHX Text
150.85

AutoCAD SHX Text
158.16

AutoCAD SHX Text
157.18

AutoCAD SHX Text
157.17

AutoCAD SHX Text
157.34

AutoCAD SHX Text
157.31

AutoCAD SHX Text
154.56

AutoCAD SHX Text
155.46

AutoCAD SHX Text
157.12

AutoCAD SHX Text
154.99

AutoCAD SHX Text
156.33

AutoCAD SHX Text
156.65

AutoCAD SHX Text
157.29

AutoCAD SHX Text
155.31

AutoCAD SHX Text
151.48

AutoCAD SHX Text
152.96

AutoCAD SHX Text
154.20

AutoCAD SHX Text
153.74

AutoCAD SHX Text
151.28

AutoCAD SHX Text
151.97

AutoCAD SHX Text
157.64

AutoCAD SHX Text
152.74

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.05

AutoCAD SHX Text
157.16

AutoCAD SHX Text
157.35

AutoCAD SHX Text
160.33

AutoCAD SHX Text
157.29

AutoCAD SHX Text
157.36

AutoCAD SHX Text
157.26

AutoCAD SHX Text
157.24

AutoCAD SHX Text
157.22

AutoCAD SHX Text
156.42

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.37

AutoCAD SHX Text
157.28

AutoCAD SHX Text
157.41

AutoCAD SHX Text
157.28

AutoCAD SHX Text
157.54

AutoCAD SHX Text
156.52

AutoCAD SHX Text
156.31

AutoCAD SHX Text
155.98

AutoCAD SHX Text
155.66

AutoCAD SHX Text
157.50

AutoCAD SHX Text
158.00

AutoCAD SHX Text
151.52

AutoCAD SHX Text
151.79

AutoCAD SHX Text
157.75

AutoCAD SHX Text
158.07

AutoCAD SHX Text
158.26

AutoCAD SHX Text
158.25

AutoCAD SHX Text
158.40

AutoCAD SHX Text
150.88

AutoCAD SHX Text
150.53

AutoCAD SHX Text
146.88

AutoCAD SHX Text
148.19

AutoCAD SHX Text
147.49

AutoCAD SHX Text
148.10

AutoCAD SHX Text
158.35

AutoCAD SHX Text
158.11

AutoCAD SHX Text
158.22

AutoCAD SHX Text
150.90

AutoCAD SHX Text
149.70

AutoCAD SHX Text
151.27

AutoCAD SHX Text
148.04

AutoCAD SHX Text
151.59

AutoCAD SHX Text
150.47

AutoCAD SHX Text
148.71

AutoCAD SHX Text
157.75

AutoCAD SHX Text
154.81

AutoCAD SHX Text
154.29

AutoCAD SHX Text
155.79

AutoCAD SHX Text
156.05

AutoCAD SHX Text
156.72

AutoCAD SHX Text
152.23

AutoCAD SHX Text
153.51

AutoCAD SHX Text
152.02

AutoCAD SHX Text
157.63

AutoCAD SHX Text
154.44

AutoCAD SHX Text
158.52

AutoCAD SHX Text
157.24

AutoCAD SHX Text
154.75

AutoCAD SHX Text
145.50

AutoCAD SHX Text
153.77

AutoCAD SHX Text
154.95

AutoCAD SHX Text
154.98

AutoCAD SHX Text
154.85

AutoCAD SHX Text
154.65

AutoCAD SHX Text
154.47

AutoCAD SHX Text
153.47

AutoCAD SHX Text
154.69

AutoCAD SHX Text
153.64

AutoCAD SHX Text
157.16

AutoCAD SHX Text
157.36

AutoCAD SHX Text
153.21

AutoCAD SHX Text
153.53

AutoCAD SHX Text
153.61

AutoCAD SHX Text
153.44

AutoCAD SHX Text
153.58

AutoCAD SHX Text
153.51

AutoCAD SHX Text
153.56

AutoCAD SHX Text
152.51

AutoCAD SHX Text
151.57

AutoCAD SHX Text
152.74

AutoCAD SHX Text
145.63

AutoCAD SHX Text
136.79

AutoCAD SHX Text
137.55

AutoCAD SHX Text
136.60

AutoCAD SHX Text
137.01

AutoCAD SHX Text
140.25

AutoCAD SHX Text
152.89

AutoCAD SHX Text
149.83

AutoCAD SHX Text
144.88

AutoCAD SHX Text
148.24

AutoCAD SHX Text
144.66

AutoCAD SHX Text
144.36

AutoCAD SHX Text
135.96

AutoCAD SHX Text
142.09

AutoCAD SHX Text
136.57

AutoCAD SHX Text
137.76

AutoCAD SHX Text
138.73

AutoCAD SHX Text
145.16

AutoCAD SHX Text
147.50

AutoCAD SHX Text
144.96

AutoCAD SHX Text
145.17

AutoCAD SHX Text
153.53

AutoCAD SHX Text
140.11

AutoCAD SHX Text
141.52

AutoCAD SHX Text
153.67

AutoCAD SHX Text
145.25

AutoCAD SHX Text
145.24

AutoCAD SHX Text
153.67

AutoCAD SHX Text
149.83

AutoCAD SHX Text
150.00

AutoCAD SHX Text
142.83

AutoCAD SHX Text
144.23

AutoCAD SHX Text
145.38

AutoCAD SHX Text
145.83

AutoCAD SHX Text
146.02

AutoCAD SHX Text
145.37

AutoCAD SHX Text
155.56

AutoCAD SHX Text
146.30

AutoCAD SHX Text
146.24

AutoCAD SHX Text
156.74

AutoCAD SHX Text
147.89

AutoCAD SHX Text
157.41

AutoCAD SHX Text
157.40

AutoCAD SHX Text
157.28

AutoCAD SHX Text
156.98

AutoCAD SHX Text
159.54

AutoCAD SHX Text
158.10

AutoCAD SHX Text
157.59

AutoCAD SHX Text
149.48

AutoCAD SHX Text
157.34

AutoCAD SHX Text
157.42

AutoCAD SHX Text
154.00

AutoCAD SHX Text
157.49

AutoCAD SHX Text
157.71

AutoCAD SHX Text
150.63

AutoCAD SHX Text
150.05

AutoCAD SHX Text
151.10

AutoCAD SHX Text
150.06

AutoCAD SHX Text
150.88

AutoCAD SHX Text
150.73

AutoCAD SHX Text
150.76

AutoCAD SHX Text
157.45

AutoCAD SHX Text
136.05

AutoCAD SHX Text
140.20

AutoCAD SHX Text
140.35

AutoCAD SHX Text
140.23

AutoCAD SHX Text
140.39

AutoCAD SHX Text
137.68

AutoCAD SHX Text
139.46

AutoCAD SHX Text
138.35

AutoCAD SHX Text
139.66

AutoCAD SHX Text
142.79

AutoCAD SHX Text
138.96

AutoCAD SHX Text
138.37

AutoCAD SHX Text
144.19

AutoCAD SHX Text
143.84

AutoCAD SHX Text
144.28

AutoCAD SHX Text
149.15

AutoCAD SHX Text
151.40

AutoCAD SHX Text
148.02

AutoCAD SHX Text
149.43

AutoCAD SHX Text
143.93

AutoCAD SHX Text
136.31

AutoCAD SHX Text
147.24

AutoCAD SHX Text
141.86

AutoCAD SHX Text
144.89

AutoCAD SHX Text
140.61

AutoCAD SHX Text
141.68

AutoCAD SHX Text
144.15

AutoCAD SHX Text
142.51

AutoCAD SHX Text
142.95

AutoCAD SHX Text
142.97

AutoCAD SHX Text
141.64

AutoCAD SHX Text
142.14

AutoCAD SHX Text
142.92

AutoCAD SHX Text
141.75

AutoCAD SHX Text
141.41

AutoCAD SHX Text
152.76

AutoCAD SHX Text
144.28

AutoCAD SHX Text
140.11

AutoCAD SHX Text
144.26

AutoCAD SHX Text
139.87

AutoCAD SHX Text
140.34

AutoCAD SHX Text
139.45

AutoCAD SHX Text
151.92

AutoCAD SHX Text
150.44

AutoCAD SHX Text
152.02

AutoCAD SHX Text
153.82

AutoCAD SHX Text
150.41

AutoCAD SHX Text
144.22

AutoCAD SHX Text
143.68

AutoCAD SHX Text
145.31

AutoCAD SHX Text
145.38

AutoCAD SHX Text
146.11

AutoCAD SHX Text
150.16

AutoCAD SHX Text
156.24

AutoCAD SHX Text
154.73

AutoCAD SHX Text
145.87

AutoCAD SHX Text
151.27

AutoCAD SHX Text
152.72

AutoCAD SHX Text
152.93

AutoCAD SHX Text
143.87

AutoCAD SHX Text
144.19

AutoCAD SHX Text
144.48

AutoCAD SHX Text
144.32

AutoCAD SHX Text
142.74

AutoCAD SHX Text
144.09

AutoCAD SHX Text
144.10

AutoCAD SHX Text
155.76

AutoCAD SHX Text
152.09

AutoCAD SHX Text
156.94

AutoCAD SHX Text
159.84

AutoCAD SHX Text
158.85

AutoCAD SHX Text
159.99

AutoCAD SHX Text
159.94

AutoCAD SHX Text
159.82

AutoCAD SHX Text
159.41

AutoCAD SHX Text
159.42

AutoCAD SHX Text
159.07

AutoCAD SHX Text
157.97

AutoCAD SHX Text
143.16

AutoCAD SHX Text
143.15

AutoCAD SHX Text
143.29

AutoCAD SHX Text
143.22

AutoCAD SHX Text
143.82

AutoCAD SHX Text
144.40

AutoCAD SHX Text
142.40

AutoCAD SHX Text
142.11

AutoCAD SHX Text
143.01

AutoCAD SHX Text
143.60

AutoCAD SHX Text
143.54

AutoCAD SHX Text
143.03

AutoCAD SHX Text
143.22

AutoCAD SHX Text
143.21

AutoCAD SHX Text
142.58

AutoCAD SHX Text
139.15

AutoCAD SHX Text
141.47

AutoCAD SHX Text
151.02

AutoCAD SHX Text
153.14

AutoCAD SHX Text
158.10

AutoCAD SHX Text
142.87

AutoCAD SHX Text
153.76

AutoCAD SHX Text
155.44

AutoCAD SHX Text
158.66

AutoCAD SHX Text
158.69

AutoCAD SHX Text
158.94

AutoCAD SHX Text
158.05

AutoCAD SHX Text
158.69

AutoCAD SHX Text
158.67

AutoCAD SHX Text
155.99

AutoCAD SHX Text
144.11

AutoCAD SHX Text
142.80

AutoCAD SHX Text
142.71

AutoCAD SHX Text
142.32

AutoCAD SHX Text
148.85

AutoCAD SHX Text
149.75

AutoCAD SHX Text
150.57

AutoCAD SHX Text
150.23

AutoCAD SHX Text
150.41

AutoCAD SHX Text
128.87

AutoCAD SHX Text
149.92

AutoCAD SHX Text
146.35

AutoCAD SHX Text
170.99

AutoCAD SHX Text
150.73

AutoCAD SHX Text
158.59

AutoCAD SHX Text
163.08

AutoCAD SHX Text
165.11

AutoCAD SHX Text
172.15

AutoCAD SHX Text
175.01

AutoCAD SHX Text
145.19

AutoCAD SHX Text
151.80

AutoCAD SHX Text
145.16

AutoCAD SHX Text
145.75

AutoCAD SHX Text
150.74

AutoCAD SHX Text
148.81

AutoCAD SHX Text
137.41

AutoCAD SHX Text
126.00

AutoCAD SHX Text
139.38

AutoCAD SHX Text
139.98

AutoCAD SHX Text
136.90

AutoCAD SHX Text
138.11

AutoCAD SHX Text
141.23

AutoCAD SHX Text
125.88

AutoCAD SHX Text
129.78

AutoCAD SHX Text
148.83

AutoCAD SHX Text
157.96

AutoCAD SHX Text
159.62

AutoCAD SHX Text
165.49

AutoCAD SHX Text
149.93

AutoCAD SHX Text
125.61

AutoCAD SHX Text
163.89

AutoCAD SHX Text
165.37

AutoCAD SHX Text
164.41

AutoCAD SHX Text
165.31

AutoCAD SHX Text
148.64

AutoCAD SHX Text
145.63

AutoCAD SHX Text
180.91

AutoCAD SHX Text
151.39

AutoCAD SHX Text
139.66

AutoCAD SHX Text
147.77

AutoCAD SHX Text
128.40

AutoCAD SHX Text
178.51

AutoCAD SHX Text
178.24

AutoCAD SHX Text
143.78

AutoCAD SHX Text
143.85

AutoCAD SHX Text
189.82

AutoCAD SHX Text
142.91

AutoCAD SHX Text
184.77

AutoCAD SHX Text
186.10

AutoCAD SHX Text
150.30

AutoCAD SHX Text
179.58

AutoCAD SHX Text
167.22

AutoCAD SHX Text
183.67

AutoCAD SHX Text
166.03

AutoCAD SHX Text
142.51

AutoCAD SHX Text
137.22

AutoCAD SHX Text
150.34

AutoCAD SHX Text
129.05

AutoCAD SHX Text
153.67

AutoCAD SHX Text
174.02

AutoCAD SHX Text
163.51

AutoCAD SHX Text
161.46

AutoCAD SHX Text
150.23

AutoCAD SHX Text
136.69

AutoCAD SHX Text
191.93

AutoCAD SHX Text
151.65

AutoCAD SHX Text
151.41

AutoCAD SHX Text
161.42

AutoCAD SHX Text
162.24

AutoCAD SHX Text
144.69

AutoCAD SHX Text
180.85

AutoCAD SHX Text
173.50

AutoCAD SHX Text
138.79

AutoCAD SHX Text
132.64

AutoCAD SHX Text
153.31

AutoCAD SHX Text
141.36

AutoCAD SHX Text
147.40

AutoCAD SHX Text
146.75

AutoCAD SHX Text
143.26

AutoCAD SHX Text
136.68

AutoCAD SHX Text
146.31

AutoCAD SHX Text
147.00

AutoCAD SHX Text
140.07

AutoCAD SHX Text
139.17

AutoCAD SHX Text
209.78

AutoCAD SHX Text
174.45

AutoCAD SHX Text
162.49

AutoCAD SHX Text
156.01

AutoCAD SHX Text
153.40

AutoCAD SHX Text
165.34

AutoCAD SHX Text
135.51

AutoCAD SHX Text
150.61

AutoCAD SHX Text
170.50

AutoCAD SHX Text
185.95

AutoCAD SHX Text
141.52

AutoCAD SHX Text
187.32

AutoCAD SHX Text
162.53

AutoCAD SHX Text
163.96

AutoCAD SHX Text
156.02

AutoCAD SHX Text
152.98

AutoCAD SHX Text
129.66

AutoCAD SHX Text
149.72

AutoCAD SHX Text
169.60

AutoCAD SHX Text
167.72

AutoCAD SHX Text
136.62

AutoCAD SHX Text
183.85

AutoCAD SHX Text
213.81

AutoCAD SHX Text
150.53

AutoCAD SHX Text
165.61

AutoCAD SHX Text
180.49

AutoCAD SHX Text
149.16

AutoCAD SHX Text
150.56

AutoCAD SHX Text
182.67

AutoCAD SHX Text
169.54

AutoCAD SHX Text
196.30

AutoCAD SHX Text
178.74

AutoCAD SHX Text
141.58

AutoCAD SHX Text
140.78

AutoCAD SHX Text
165.59

AutoCAD SHX Text
156.35

AutoCAD SHX Text
174.58

AutoCAD SHX Text
172.08

AutoCAD SHX Text
147.44

AutoCAD SHX Text
138.26

AutoCAD SHX Text
138.14

AutoCAD SHX Text
135.63

AutoCAD SHX Text
143.81

AutoCAD SHX Text
136.89

AutoCAD SHX Text
172.94

AutoCAD SHX Text
139.00

AutoCAD SHX Text
192.07

AutoCAD SHX Text
188.60

AutoCAD SHX Text
210.25

AutoCAD SHX Text
181.93

AutoCAD SHX Text
163.65

AutoCAD SHX Text
146.82

AutoCAD SHX Text
135.83

AutoCAD SHX Text
168.12

AutoCAD SHX Text
151.58

AutoCAD SHX Text
156.89

AutoCAD SHX Text
155.17

AutoCAD SHX Text
150.11

AutoCAD SHX Text
144.14

AutoCAD SHX Text
167.04

AutoCAD SHX Text
126.26

AutoCAD SHX Text
154.57

AutoCAD SHX Text
141.99

AutoCAD SHX Text
147.86

AutoCAD SHX Text
136.84

AutoCAD SHX Text
136.74

AutoCAD SHX Text
131.26

AutoCAD SHX Text
131.88

AutoCAD SHX Text
143.97

AutoCAD SHX Text
138.03

AutoCAD SHX Text
133.77

AutoCAD SHX Text
150.15

AutoCAD SHX Text
150.10

AutoCAD SHX Text
162.82

AutoCAD SHX Text
147.50

AutoCAD SHX Text
171.27

AutoCAD SHX Text
172.02

AutoCAD SHX Text
126.82

AutoCAD SHX Text
186.40

AutoCAD SHX Text
148.31

AutoCAD SHX Text
133.37

AutoCAD SHX Text
180.94

AutoCAD SHX Text
162.48

AutoCAD SHX Text
159.42

AutoCAD SHX Text
168.51

AutoCAD SHX Text
147.30

AutoCAD SHX Text
175.38

AutoCAD SHX Text
172.92

AutoCAD SHX Text
168.53

AutoCAD SHX Text
145.10

AutoCAD SHX Text
148.71

AutoCAD SHX Text
211.79

AutoCAD SHX Text
137.47

AutoCAD SHX Text
172.99

AutoCAD SHX Text
161.41

AutoCAD SHX Text
172.72

AutoCAD SHX Text
174.66

AutoCAD SHX Text
172.75

AutoCAD SHX Text
154.37

AutoCAD SHX Text
150.00

AutoCAD SHX Text
150.39

AutoCAD SHX Text
210.21

AutoCAD SHX Text
152.69

AutoCAD SHX Text
143.81

AutoCAD SHX Text
130.46

AutoCAD SHX Text
134.34

AutoCAD SHX Text
168.69

AutoCAD SHX Text
189.48

AutoCAD SHX Text
148.78

AutoCAD SHX Text
176.94

AutoCAD SHX Text
160.34

AutoCAD SHX Text
185.04

AutoCAD SHX Text
183.82

AutoCAD SHX Text
184.51

AutoCAD SHX Text
151.55

AutoCAD SHX Text
164.05

AutoCAD SHX Text
191.86

AutoCAD SHX Text
146.28

AutoCAD SHX Text
158.06

AutoCAD SHX Text
159.20

AutoCAD SHX Text
143.52

AutoCAD SHX Text
152.88

AutoCAD SHX Text
126.06

AutoCAD SHX Text
130.49

AutoCAD SHX Text
185.31

AutoCAD SHX Text
144.18

AutoCAD SHX Text
135.74

AutoCAD SHX Text
148.37

AutoCAD SHX Text
165.35

AutoCAD SHX Text
129.42

AutoCAD SHX Text
162.87

AutoCAD SHX Text
161.94

AutoCAD SHX Text
168.12

AutoCAD SHX Text
126.98

AutoCAD SHX Text
148.48

AutoCAD SHX Text
131.54

AutoCAD SHX Text
184.35

AutoCAD SHX Text
149.56

AutoCAD SHX Text
146.72

AutoCAD SHX Text
145.90

AutoCAD SHX Text
138.77

AutoCAD SHX Text
168.74

AutoCAD SHX Text
150.94

AutoCAD SHX Text
198.40

AutoCAD SHX Text
166.01

AutoCAD SHX Text
150.26

AutoCAD SHX Text
152.78

AutoCAD SHX Text
155.00

AutoCAD SHX Text
179.25

AutoCAD SHX Text
142.35

AutoCAD SHX Text
141.79

AutoCAD SHX Text
148.62

AutoCAD SHX Text
146.07

AutoCAD SHX Text
153.25

AutoCAD SHX Text
151.49

AutoCAD SHX Text
154.19

AutoCAD SHX Text
168.23

AutoCAD SHX Text
186.19

AutoCAD SHX Text
196.87

AutoCAD SHX Text
198.42

AutoCAD SHX Text
162.81

AutoCAD SHX Text
150.42

AutoCAD SHX Text
215.37

AutoCAD SHX Text
193.27

AutoCAD SHX Text
129.70

AutoCAD SHX Text
164.71

AutoCAD SHX Text
126.27

AutoCAD SHX Text
147.25

AutoCAD SHX Text
162.72

AutoCAD SHX Text
144.09

AutoCAD SHX Text
169.76

AutoCAD SHX Text
147.85

AutoCAD SHX Text
167.40

AutoCAD SHX Text
154.31

AutoCAD SHX Text
166.92

AutoCAD SHX Text
178.82

AutoCAD SHX Text
140.16

AutoCAD SHX Text
212.68

AutoCAD SHX Text
177.74

AutoCAD SHX Text
173.84

AutoCAD SHX Text
149.49

AutoCAD SHX Text
166.99

AutoCAD SHX Text
179.52

AutoCAD SHX Text
189.02

AutoCAD SHX Text
146.40

AutoCAD SHX Text
193.12

AutoCAD SHX Text
127.39

AutoCAD SHX Text
168.42

AutoCAD SHX Text
149.96

AutoCAD SHX Text
135.85

AutoCAD SHX Text
151.62

AutoCAD SHX Text
137.79

AutoCAD SHX Text
202.96

AutoCAD SHX Text
168.94

AutoCAD SHX Text
159.49

AutoCAD SHX Text
203.94

AutoCAD SHX Text
206.63

AutoCAD SHX Text
142.68

AutoCAD SHX Text
179.68

AutoCAD SHX Text
178.01

AutoCAD SHX Text
131.82

AutoCAD SHX Text
136.01

AutoCAD SHX Text
160.10

AutoCAD SHX Text
176.50

AutoCAD SHX Text
190.41

AutoCAD SHX Text
155.70

AutoCAD SHX Text
198.37

AutoCAD SHX Text
145.99

AutoCAD SHX Text
158.63

AutoCAD SHX Text
159.00

AutoCAD SHX Text
157.17

AutoCAD SHX Text
150.56

AutoCAD SHX Text
186.60

AutoCAD SHX Text
181.65

AutoCAD SHX Text
150.99

AutoCAD SHX Text
156.76

AutoCAD SHX Text
127.65

AutoCAD SHX Text
141.19

AutoCAD SHX Text
165.59

AutoCAD SHX Text
129.75

AutoCAD SHX Text
150.59

AutoCAD SHX Text
150.81

AutoCAD SHX Text
154.83

AutoCAD SHX Text
169.47

AutoCAD SHX Text
188.93

AutoCAD SHX Text
188.60

AutoCAD SHX Text
150.40

AutoCAD SHX Text
163.62

AutoCAD SHX Text
147.61

AutoCAD SHX Text
130.34

AutoCAD SHX Text
164.14

AutoCAD SHX Text
176.20

AutoCAD SHX Text
165.47

AutoCAD SHX Text
152.61

AutoCAD SHX Text
205.05

AutoCAD SHX Text
152.45

AutoCAD SHX Text
180.07

AutoCAD SHX Text
143.22

AutoCAD SHX Text
142.99

AutoCAD SHX Text
141.31

AutoCAD SHX Text
168.95

AutoCAD SHX Text
149.69

AutoCAD SHX Text
153.63

AutoCAD SHX Text
160.30

AutoCAD SHX Text
163.71

AutoCAD SHX Text
150.87

AutoCAD SHX Text
195.40

AutoCAD SHX Text
184.45

AutoCAD SHX Text
138.22

AutoCAD SHX Text
164.31

AutoCAD SHX Text
164.01

AutoCAD SHX Text
177.43

AutoCAD SHX Text
150.87

AutoCAD SHX Text
138.72

AutoCAD SHX Text
165.03

AutoCAD SHX Text
158.77

AutoCAD SHX Text
210.93

AutoCAD SHX Text
150.59

AutoCAD SHX Text
140.47

AutoCAD SHX Text
139.29

AutoCAD SHX Text
125.94

AutoCAD SHX Text
182.75

AutoCAD SHX Text
185.76

AutoCAD SHX Text
177.08

AutoCAD SHX Text
150.90

AutoCAD SHX Text
137.15

AutoCAD SHX Text
150.22

AutoCAD SHX Text
136.49

AutoCAD SHX Text
136.78

AutoCAD SHX Text
156.92

AutoCAD SHX Text
166.83

AutoCAD SHX Text
167.11

AutoCAD SHX Text
172.35

AutoCAD SHX Text
151.59

AutoCAD SHX Text
129.33

AutoCAD SHX Text
177.11

AutoCAD SHX Text
131.07

AutoCAD SHX Text
130.76

AutoCAD SHX Text
204.03

AutoCAD SHX Text
161.14

AutoCAD SHX Text
174.43

AutoCAD SHX Text
150.19

AutoCAD SHX Text
152.76

AutoCAD SHX Text
143.51

AutoCAD SHX Text
129.53

AutoCAD SHX Text
142.13

AutoCAD SHX Text
175.97

AutoCAD SHX Text
175.56

AutoCAD SHX Text
171.42

AutoCAD SHX Text
189.08

AutoCAD SHX Text
163.81

AutoCAD SHX Text
145.22

AutoCAD SHX Text
163.99

AutoCAD SHX Text
174.08

AutoCAD SHX Text
129.44

AutoCAD SHX Text
174.34

AutoCAD SHX Text
192.16

AutoCAD SHX Text
162.50

AutoCAD SHX Text
201.93

AutoCAD SHX Text
161.67

AutoCAD SHX Text
150.32

AutoCAD SHX Text
149.43

AutoCAD SHX Text
169.79

AutoCAD SHX Text
141.64

AutoCAD SHX Text
159.11

AutoCAD SHX Text
156.55

AutoCAD SHX Text
192.58

AutoCAD SHX Text
168.92

AutoCAD SHX Text
200.04

AutoCAD SHX Text
145.81

AutoCAD SHX Text
155.65

AutoCAD SHX Text
149.56

AutoCAD SHX Text
134.85

AutoCAD SHX Text
169.95

AutoCAD SHX Text
172.16

AutoCAD SHX Text
142.98

AutoCAD SHX Text
146.05

AutoCAD SHX Text
159.09

AutoCAD SHX Text
138.63

AutoCAD SHX Text
133.14

AutoCAD SHX Text
172.49

AutoCAD SHX Text
165.35

AutoCAD SHX Text
172.91

AutoCAD SHX Text
169.16

AutoCAD SHX Text
144.17

AutoCAD SHX Text
136.40

AutoCAD SHX Text
139.20

AutoCAD SHX Text
138.72

AutoCAD SHX Text
153.32

AutoCAD SHX Text
166.40

AutoCAD SHX Text
153.82

AutoCAD SHX Text
156.00

AutoCAD SHX Text
183.46

AutoCAD SHX Text
152.99

AutoCAD SHX Text
151.03

AutoCAD SHX Text
150.90

AutoCAD SHX Text
150.41

AutoCAD SHX Text
154.35

AutoCAD SHX Text
125.88

AutoCAD SHX Text
167.99

AutoCAD SHX Text
191.40

AutoCAD SHX Text
178.59

AutoCAD SHX Text
175.73

AutoCAD SHX Text
136.45

AutoCAD SHX Text
150.34

AutoCAD SHX Text
164.01

AutoCAD SHX Text
198.82

AutoCAD SHX Text
199.31

AutoCAD SHX Text
170.85

AutoCAD SHX Text
169.40

AutoCAD SHX Text
215.23

AutoCAD SHX Text
206.41

AutoCAD SHX Text
204.09

AutoCAD SHX Text
152.77

AutoCAD SHX Text
177.03

AutoCAD SHX Text
144.43

AutoCAD SHX Text
173.06

AutoCAD SHX Text
158.32

AutoCAD SHX Text
153.22

AutoCAD SHX Text
203.11

AutoCAD SHX Text
153.09

AutoCAD SHX Text
138.26

AutoCAD SHX Text
167.35

AutoCAD SHX Text
162.20

AutoCAD SHX Text
165.42

AutoCAD SHX Text
156.19

AutoCAD SHX Text
148.89

AutoCAD SHX Text
169.82

AutoCAD SHX Text
170.65

AutoCAD SHX Text
181.46

AutoCAD SHX Text
170.34

AutoCAD SHX Text
191.48

AutoCAD SHX Text
149.81

AutoCAD SHX Text
148.28

AutoCAD SHX Text
153.61

AutoCAD SHX Text
172.46

AutoCAD SHX Text
171.99

AutoCAD SHX Text
148.44

AutoCAD SHX Text
162.25

AutoCAD SHX Text
158.07

AutoCAD SHX Text
183.87

AutoCAD SHX Text
180.79

AutoCAD SHX Text
139.36

AutoCAD SHX Text
139.97

AutoCAD SHX Text
138.59

AutoCAD SHX Text
136.58

AutoCAD SHX Text
148.12

AutoCAD SHX Text
168.51

AutoCAD SHX Text
188.35

AutoCAD SHX Text
147.85

AutoCAD SHX Text
151.11

AutoCAD SHX Text
151.27

AutoCAD SHX Text
141.19

AutoCAD SHX Text
206.40

AutoCAD SHX Text
170.55

AutoCAD SHX Text
173.71

AutoCAD SHX Text
179.00

AutoCAD SHX Text
135.71

AutoCAD SHX Text
156.31

AutoCAD SHX Text
150.62

AutoCAD SHX Text
168.34

AutoCAD SHX Text
150.22

AutoCAD SHX Text
164.73

AutoCAD SHX Text
155.76

AutoCAD SHX Text
136.60

AutoCAD SHX Text
138.24

AutoCAD SHX Text
180.57

AutoCAD SHX Text
150.12

AutoCAD SHX Text
175.83

AutoCAD SHX Text
173.36

AutoCAD SHX Text
171.01

AutoCAD SHX Text
163.00

AutoCAD SHX Text
167.49

AutoCAD SHX Text
153.81

AutoCAD SHX Text
158.44

AutoCAD SHX Text
146.66

AutoCAD SHX Text
176.31

AutoCAD SHX Text
171.06

AutoCAD SHX Text
164.93

AutoCAD SHX Text
162.63

AutoCAD SHX Text
208.10

AutoCAD SHX Text
156.76

AutoCAD SHX Text
135.19

AutoCAD SHX Text
158.56

AutoCAD SHX Text
162.92

AutoCAD SHX Text
143.58

AutoCAD SHX Text
139.46

AutoCAD SHX Text
136.31

AutoCAD SHX Text
183.23

AutoCAD SHX Text
139.71

AutoCAD SHX Text
182.19

AutoCAD SHX Text
182.54

AutoCAD SHX Text
148.85

AutoCAD SHX Text
146.43

AutoCAD SHX Text
137.34

AutoCAD SHX Text
141.12

AutoCAD SHX Text
136.38

AutoCAD SHX Text
156.71

AutoCAD SHX Text
159.07

AutoCAD SHX Text
159.71

AutoCAD SHX Text
147.06

AutoCAD SHX Text
132.56

AutoCAD SHX Text
177.53

AutoCAD SHX Text
149.15

AutoCAD SHX Text
136.14

AutoCAD SHX Text
153.27

AutoCAD SHX Text
152.61

AutoCAD SHX Text
152.83

AutoCAD SHX Text
180.44

AutoCAD SHX Text
153.66

AutoCAD SHX Text
161.18

AutoCAD SHX Text
150.55

AutoCAD SHX Text
151.66

AutoCAD SHX Text
129.28

AutoCAD SHX Text
167.51

AutoCAD SHX Text
167.49

AutoCAD SHX Text
145.49

AutoCAD SHX Text
162.18

AutoCAD SHX Text
142.46

AutoCAD SHX Text
127.33

AutoCAD SHX Text
199.54

AutoCAD SHX Text
206.24

AutoCAD SHX Text
203.65

AutoCAD SHX Text
154.31

AutoCAD SHX Text
193.25

AutoCAD SHX Text
195.91

AutoCAD SHX Text
164.88

AutoCAD SHX Text
165.08

AutoCAD SHX Text
146.52

AutoCAD SHX Text
147.70

AutoCAD SHX Text
152.80

AutoCAD SHX Text
160.90

AutoCAD SHX Text
161.58

AutoCAD SHX Text
133.86

AutoCAD SHX Text
150.81

AutoCAD SHX Text
153.69

AutoCAD SHX Text
127.98

AutoCAD SHX Text
167.34

AutoCAD SHX Text
181.37

AutoCAD SHX Text
171.48

AutoCAD SHX Text
153.26

AutoCAD SHX Text
156.05

AutoCAD SHX Text
200.22

AutoCAD SHX Text
145.17

AutoCAD SHX Text
150.42

AutoCAD SHX Text
174.73

AutoCAD SHX Text
177.10

AutoCAD SHX Text
178.15

AutoCAD SHX Text
155.06

AutoCAD SHX Text
160.28

AutoCAD SHX Text
154.78

AutoCAD SHX Text
161.33

AutoCAD SHX Text
163.45

AutoCAD SHX Text
165.86

AutoCAD SHX Text
131.64

AutoCAD SHX Text
202.79

AutoCAD SHX Text
153.35

AutoCAD SHX Text
151.67

AutoCAD SHX Text
148.34

AutoCAD SHX Text
171.73

AutoCAD SHX Text
166.67

AutoCAD SHX Text
150.62

AutoCAD SHX Text
153.17

AutoCAD SHX Text
142.72

AutoCAD SHX Text
142.22

AutoCAD SHX Text
156.98

AutoCAD SHX Text
174.52

AutoCAD SHX Text
148.23

AutoCAD SHX Text
152.71

AutoCAD SHX Text
169.00

AutoCAD SHX Text
136.98

AutoCAD SHX Text
137.06

AutoCAD SHX Text
190.86

AutoCAD SHX Text
169.79

AutoCAD SHX Text
130.76

AutoCAD SHX Text
168.59

AutoCAD SHX Text
168.29

AutoCAD SHX Text
162.85

AutoCAD SHX Text
163.10

AutoCAD SHX Text
134.47

AutoCAD SHX Text
190.38

AutoCAD SHX Text
193.95

AutoCAD SHX Text
162.09

AutoCAD SHX Text
141.97

AutoCAD SHX Text
165.66

AutoCAD SHX Text
167.70

AutoCAD SHX Text
172.61

AutoCAD SHX Text
139.30

AutoCAD SHX Text
186.19

AutoCAD SHX Text
166.96

AutoCAD SHX Text
193.98

AutoCAD SHX Text
127.01

AutoCAD SHX Text
152.42

AutoCAD SHX Text
150.70

AutoCAD SHX Text
177.18

AutoCAD SHX Text
176.29

AutoCAD SHX Text
171.06

AutoCAD SHX Text
142.31

AutoCAD SHX Text
150.33

AutoCAD SHX Text
174.83

AutoCAD SHX Text
173.88

AutoCAD SHX Text
178.00

AutoCAD SHX Text
150.99

AutoCAD SHX Text
171.71

AutoCAD SHX Text
150.04

AutoCAD SHX Text
133.19

AutoCAD SHX Text
154.40

AutoCAD SHX Text
144.47

AutoCAD SHX Text
168.63

AutoCAD SHX Text
201.48

AutoCAD SHX Text
194.45

AutoCAD SHX Text
161.03

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
145

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
175

AutoCAD SHX Text
180

AutoCAD SHX Text
185

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
155

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
145

AutoCAD SHX Text
150

AutoCAD SHX Text
154

AutoCAD SHX Text
158

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
158

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
173

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
173

AutoCAD SHX Text
170

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
185

AutoCAD SHX Text
188

AutoCAD SHX Text
180

AutoCAD SHX Text
175




190 —7 190
:
e
50
180 540180
0’0
s
-
_ 170 <170 _
£ st £
g 1 I r G M stk ale s s ale sl E
= 160 i i i / DK / R 160 b
5 ERIC IR NI 5
3 =0 o
s s
150 150
0‘0
9 s
q 140 140
d s
g B 3 NI )
E & 130 JEr e <1130
J é PK. 0400 2+84,98
= . : : . - - - . . : . : : : : : : : : — - - - - - - - —
B ] ) ) g g g 3 <] g 3 8 g 8 s 8 8 8 8 8 8 3 8 3 3 3 IS] s s 3
9 2 S S S S =} =1 =3 = S =t = =4 < < = < < > =4 % L
g [FTpom-moRew s - & § ¢ 4§ 8 R 8 & €& ¢ & 8 ¢ 8 8 & & & § & §& & & § & & &%
i I + + + + + + + + + T + + + + + + + + + T + + + + + + + —
d o
£
[« =
-3 (7}
g =
u 3 . . . 4
I Perfil Longitudinal: B-B
N
u Q . .
: S Escalas - V: 1000 H:1000
E I 180 180
] o —
C —
Nl 170 . 170
Qo .
=
= 8 = 7 5 \/ F * +E ¥ =
25| s 160 » - ! M.7 A ) R N N e ) <
o @ I I I f PP AN AP AP AP @
g 2 2 _ _ _ &% g
ol < - - - bl R R U T U S I SRS e
2/10 o 150 ] ] ' ; ‘% 7 1 150 5
7 OO OO0 BOOCIDDOE D00 O
© 5 7777+777Jf K PRSP PSP PRSP NSNS PP
2025 1 & RRIRIS .
140 i D e s+ 140LITOLOGIA
a7 777 77 7 } Y7777 777777774
] o A5 e e P I LI ) .ﬁ“?‘?‘?‘j‘?‘?’?’i’.'.’.’i’.’.’.’ NN DO OO0 00N SRR
130 Pt P A P AN A P AARAARRAARAAARAARAA LT g 1-RESIDUO ANTIGUO
PK. 0+00 1+00 3+00 3+29,64 .
. . . . . ; : . . . . : . : . : ; . . : — : : : — ///// 2-IMPERMEABILIZACION
° ] S S S S IS 3 3 g 8 8 8 8 8 8 8 8 8 g g 8 8 8 8 g 8 8 8 8 8 8 g 3
oA Mo ¢ s 8 5 ¢ 8§ 8 & 5 § 8 ¢ & 8 ¢ 8 g & 8 & & & §& & & & & § & & § & & & /
I ; 3 : : : 8 g : g " . 2 g g g g g g g T > > - S : : b > > : : § . / /// 3-ROCA SANA

Perfil Longitudinal: C-C” ///// 4-RESIDUO NUEVA AMPLIACION - RNP

B
o
[+9)
O
o
:
3 y
0 w . .
N Escalas - V: 1000 H:1000 7 5-RESIDUO NUEVA AMPLIACION - INERTIZADO
>
8L 170 : 170
4 |
28| — R 6-NUEVO DIQUE
o 5 € 7, €
N g s 160 (6 160 <
o 8 2 < g
o 2 = / =
. Q < ! ? /// / ZALr: ;(_ ESKALA GRAFIKOA / ESCALA GRAFICA ORIENTAZIOA /
o¢g| § 150 T T e T e = 2 YA I4S i 1 o150 Q ORENTACION
o * © S st e A RS RRa0ney e = ©
<< 3 R O O N P IR e ekl
o PRI PP AN T2 PRPATLIS PPN PPN + PRSI 0 5 10 20 50 M
‘£ E 1407 ' ' fri4o ey —
> P.K. 0400 14+41,34
] S g g g 3 g g 3 g 3 g g s 8 6%
NCIA — AL ORIGEN g E g g S g g g g g g g g g i
| $ + + + + t + + $ 1 + + + |
PROIEKTUA / PROYECTO

ESTUDIO DE ESTABILIDAD DE LA FASE 3 DEL VERTEDERO DE BISTIBIETA, T.M. LEMOA
(BIZKAIA)

IZENDURA / DESIGNACION PLANO ZBKIA. /NUM. PLANO 3
ORRIA/HOJA 2DE2/2-TIK2

PERFILES DE ESTABILIDAD ESKALA /ESCALA 1/1.000

DATA/ FECHA SEP-25
[

PROIEKTUAREN ZUZENDARIA / -
DIRECTOR DE PROYECTO

PERFILES

BEZEROA / CLIENTE AHOLKULARIA / CONSULTOR

>»

P o ol Lurgintza
1 % ambito ingenieria geoldgica s..



AutoCAD SHX Text
P.K.

AutoCAD SHX Text
DISTANCIA - AL ORIGEN

AutoCAD SHX Text
0+00

AutoCAD SHX Text
1+00

AutoCAD SHX Text
2+00

AutoCAD SHX Text
2+84,98

AutoCAD SHX Text
0,00

AutoCAD SHX Text
10,00

AutoCAD SHX Text
20,00

AutoCAD SHX Text
30,00

AutoCAD SHX Text
40,00

AutoCAD SHX Text
50,00

AutoCAD SHX Text
60,00

AutoCAD SHX Text
70,00

AutoCAD SHX Text
80,00

AutoCAD SHX Text
90,00

AutoCAD SHX Text
100,00

AutoCAD SHX Text
110,00

AutoCAD SHX Text
120,00

AutoCAD SHX Text
130,00

AutoCAD SHX Text
140,00

AutoCAD SHX Text
150,00

AutoCAD SHX Text
160,00

AutoCAD SHX Text
170,00

AutoCAD SHX Text
180,00

AutoCAD SHX Text
190,00

AutoCAD SHX Text
200,00

AutoCAD SHX Text
210,00

AutoCAD SHX Text
220,00

AutoCAD SHX Text
230,00

AutoCAD SHX Text
240,00

AutoCAD SHX Text
250,00

AutoCAD SHX Text
260,00

AutoCAD SHX Text
270,00

AutoCAD SHX Text
280,00

AutoCAD SHX Text
284,98

AutoCAD SHX Text
P.K.

AutoCAD SHX Text
DISTANCIA - AL ORIGEN

AutoCAD SHX Text
0+00

AutoCAD SHX Text
1+00

AutoCAD SHX Text
1+41,34

AutoCAD SHX Text
0,00

AutoCAD SHX Text
10,00

AutoCAD SHX Text
20,00

AutoCAD SHX Text
30,00

AutoCAD SHX Text
40,00

AutoCAD SHX Text
50,00

AutoCAD SHX Text
60,00

AutoCAD SHX Text
70,00

AutoCAD SHX Text
80,00

AutoCAD SHX Text
90,00

AutoCAD SHX Text
100,00

AutoCAD SHX Text
110,00

AutoCAD SHX Text
120,00

AutoCAD SHX Text
130,00

AutoCAD SHX Text
140,00

AutoCAD SHX Text
141,34

AutoCAD SHX Text
P.K.

AutoCAD SHX Text
DISTANCIA - AL ORIGEN

AutoCAD SHX Text
0+00

AutoCAD SHX Text
1+00

AutoCAD SHX Text
2+00

AutoCAD SHX Text
3+00

AutoCAD SHX Text
3+29,64

AutoCAD SHX Text
0,00

AutoCAD SHX Text
10,00

AutoCAD SHX Text
20,00

AutoCAD SHX Text
30,00

AutoCAD SHX Text
40,00

AutoCAD SHX Text
50,00

AutoCAD SHX Text
60,00

AutoCAD SHX Text
70,00

AutoCAD SHX Text
80,00

AutoCAD SHX Text
90,00

AutoCAD SHX Text
100,00

AutoCAD SHX Text
110,00

AutoCAD SHX Text
120,00

AutoCAD SHX Text
130,00

AutoCAD SHX Text
140,00

AutoCAD SHX Text
150,00

AutoCAD SHX Text
160,00

AutoCAD SHX Text
170,00

AutoCAD SHX Text
180,00

AutoCAD SHX Text
190,00

AutoCAD SHX Text
200,00

AutoCAD SHX Text
210,00

AutoCAD SHX Text
220,00

AutoCAD SHX Text
230,00

AutoCAD SHX Text
240,00

AutoCAD SHX Text
250,00

AutoCAD SHX Text
260,00

AutoCAD SHX Text
270,00

AutoCAD SHX Text
280,00

AutoCAD SHX Text
290,00

AutoCAD SHX Text
300,00

AutoCAD SHX Text
310,00

AutoCAD SHX Text
320,00

AutoCAD SHX Text
329,64

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
OFICINAS

AutoCAD SHX Text
Arq.

AutoCAD SHX Text
Arq.

AutoCAD SHX Text
Rf

AutoCAD SHX Text
Rf

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
PREFABR.

AutoCAD SHX Text
CANALETA

AutoCAD SHX Text
Reji.

AutoCAD SHX Text
12

AutoCAD SHX Text
13

AutoCAD SHX Text
7

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
8

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
14

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
6

AutoCAD SHX Text
10

AutoCAD SHX Text
19

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
17

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
16

AutoCAD SHX Text
CHIMENEA

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
Claraboya

AutoCAD SHX Text
P

AutoCAD SHX Text
P

AutoCAD SHX Text
Averia

AutoCAD SHX Text
141.79

AutoCAD SHX Text
Averia

AutoCAD SHX Text
141.49

AutoCAD SHX Text
e=0.45

AutoCAD SHX Text
e=0.50

AutoCAD SHX Text
150.85

AutoCAD SHX Text
150.81

AutoCAD SHX Text
150.99

AutoCAD SHX Text
150.99

AutoCAD SHX Text
158.01

AutoCAD SHX Text
151.31

AutoCAD SHX Text
151.11

AutoCAD SHX Text
158.09

AutoCAD SHX Text
158.41

AutoCAD SHX Text
157.98

AutoCAD SHX Text
158.08

AutoCAD SHX Text
158.00

AutoCAD SHX Text
157.98

AutoCAD SHX Text
157.67

AutoCAD SHX Text
152.07

AutoCAD SHX Text
152.29

AutoCAD SHX Text
151.51

AutoCAD SHX Text
151.42

AutoCAD SHX Text
157.97

AutoCAD SHX Text
157.85

AutoCAD SHX Text
157.76

AutoCAD SHX Text
150.85

AutoCAD SHX Text
158.16

AutoCAD SHX Text
154.99

AutoCAD SHX Text
155.31

AutoCAD SHX Text
151.48

AutoCAD SHX Text
152.96

AutoCAD SHX Text
154.20

AutoCAD SHX Text
153.74

AutoCAD SHX Text
151.28

AutoCAD SHX Text
151.97

AutoCAD SHX Text
157.64

AutoCAD SHX Text
152.74

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.05

AutoCAD SHX Text
157.16

AutoCAD SHX Text
157.35

AutoCAD SHX Text
160.33

AutoCAD SHX Text
157.29

AutoCAD SHX Text
157.36

AutoCAD SHX Text
157.26

AutoCAD SHX Text
157.22

AutoCAD SHX Text
157.44

AutoCAD SHX Text
157.54

AutoCAD SHX Text
156.52

AutoCAD SHX Text
157.50

AutoCAD SHX Text
158.00

AutoCAD SHX Text
151.52

AutoCAD SHX Text
151.79

AutoCAD SHX Text
157.75

AutoCAD SHX Text
158.07

AutoCAD SHX Text
158.26

AutoCAD SHX Text
158.25

AutoCAD SHX Text
158.40

AutoCAD SHX Text
150.88

AutoCAD SHX Text
150.53

AutoCAD SHX Text
146.88

AutoCAD SHX Text
148.19

AutoCAD SHX Text
147.49

AutoCAD SHX Text
148.10

AutoCAD SHX Text
158.35

AutoCAD SHX Text
158.11

AutoCAD SHX Text
158.22

AutoCAD SHX Text
150.90

AutoCAD SHX Text
149.70

AutoCAD SHX Text
151.27

AutoCAD SHX Text
148.04

AutoCAD SHX Text
151.59

AutoCAD SHX Text
150.47

AutoCAD SHX Text
148.71

AutoCAD SHX Text
157.75

AutoCAD SHX Text
154.81

AutoCAD SHX Text
154.29

AutoCAD SHX Text
155.79

AutoCAD SHX Text
156.05

AutoCAD SHX Text
156.72

AutoCAD SHX Text
152.23

AutoCAD SHX Text
153.51

AutoCAD SHX Text
152.02

AutoCAD SHX Text
157.63

AutoCAD SHX Text
154.44

AutoCAD SHX Text
158.52

AutoCAD SHX Text
157.24

AutoCAD SHX Text
154.75

AutoCAD SHX Text
145.50

AutoCAD SHX Text
153.77

AutoCAD SHX Text
154.95

AutoCAD SHX Text
154.98

AutoCAD SHX Text
154.85

AutoCAD SHX Text
154.65

AutoCAD SHX Text
154.47

AutoCAD SHX Text
153.47

AutoCAD SHX Text
154.69

AutoCAD SHX Text
153.64

AutoCAD SHX Text
157.16

AutoCAD SHX Text
157.36

AutoCAD SHX Text
153.21

AutoCAD SHX Text
153.53

AutoCAD SHX Text
153.61

AutoCAD SHX Text
153.44

AutoCAD SHX Text
153.58

AutoCAD SHX Text
153.51

AutoCAD SHX Text
153.56

AutoCAD SHX Text
152.51

AutoCAD SHX Text
151.57

AutoCAD SHX Text
152.74

AutoCAD SHX Text
145.63

AutoCAD SHX Text
136.79

AutoCAD SHX Text
137.55

AutoCAD SHX Text
136.60

AutoCAD SHX Text
137.01

AutoCAD SHX Text
140.25

AutoCAD SHX Text
152.89

AutoCAD SHX Text
149.83

AutoCAD SHX Text
144.88

AutoCAD SHX Text
148.24

AutoCAD SHX Text
144.66

AutoCAD SHX Text
144.36

AutoCAD SHX Text
135.96

AutoCAD SHX Text
142.09

AutoCAD SHX Text
136.57

AutoCAD SHX Text
137.76

AutoCAD SHX Text
138.73

AutoCAD SHX Text
145.16

AutoCAD SHX Text
147.50

AutoCAD SHX Text
144.96

AutoCAD SHX Text
145.17

AutoCAD SHX Text
153.53

AutoCAD SHX Text
140.11

AutoCAD SHX Text
141.52

AutoCAD SHX Text
153.67

AutoCAD SHX Text
145.25

AutoCAD SHX Text
145.24

AutoCAD SHX Text
153.67

AutoCAD SHX Text
149.83

AutoCAD SHX Text
150.00

AutoCAD SHX Text
142.83

AutoCAD SHX Text
144.23

AutoCAD SHX Text
145.38

AutoCAD SHX Text
145.83

AutoCAD SHX Text
146.02

AutoCAD SHX Text
145.37

AutoCAD SHX Text
155.56

AutoCAD SHX Text
146.30

AutoCAD SHX Text
146.24

AutoCAD SHX Text
156.74

AutoCAD SHX Text
147.89

AutoCAD SHX Text
157.41

AutoCAD SHX Text
157.40

AutoCAD SHX Text
157.28

AutoCAD SHX Text
156.98

AutoCAD SHX Text
159.54

AutoCAD SHX Text
158.10

AutoCAD SHX Text
157.59

AutoCAD SHX Text
149.48

AutoCAD SHX Text
157.34

AutoCAD SHX Text
157.42

AutoCAD SHX Text
154.00

AutoCAD SHX Text
157.49

AutoCAD SHX Text
157.71

AutoCAD SHX Text
150.63

AutoCAD SHX Text
150.05

AutoCAD SHX Text
151.10

AutoCAD SHX Text
150.06

AutoCAD SHX Text
150.88

AutoCAD SHX Text
150.73

AutoCAD SHX Text
150.76

AutoCAD SHX Text
157.45

AutoCAD SHX Text
136.05

AutoCAD SHX Text
140.20

AutoCAD SHX Text
140.35

AutoCAD SHX Text
140.23

AutoCAD SHX Text
140.39

AutoCAD SHX Text
137.68

AutoCAD SHX Text
139.46

AutoCAD SHX Text
138.35

AutoCAD SHX Text
139.66

AutoCAD SHX Text
142.79

AutoCAD SHX Text
138.96

AutoCAD SHX Text
138.37

AutoCAD SHX Text
144.19

AutoCAD SHX Text
143.84

AutoCAD SHX Text
144.28

AutoCAD SHX Text
149.15

AutoCAD SHX Text
151.40

AutoCAD SHX Text
148.02

AutoCAD SHX Text
149.43

AutoCAD SHX Text
143.93

AutoCAD SHX Text
136.31

AutoCAD SHX Text
147.24

AutoCAD SHX Text
141.86

AutoCAD SHX Text
144.89

AutoCAD SHX Text
140.61

AutoCAD SHX Text
141.68

AutoCAD SHX Text
144.15

AutoCAD SHX Text
142.51

AutoCAD SHX Text
142.95

AutoCAD SHX Text
142.97

AutoCAD SHX Text
141.64

AutoCAD SHX Text
142.14

AutoCAD SHX Text
142.92

AutoCAD SHX Text
141.75

AutoCAD SHX Text
141.41

AutoCAD SHX Text
152.76

AutoCAD SHX Text
144.28

AutoCAD SHX Text
140.11

AutoCAD SHX Text
144.26

AutoCAD SHX Text
139.87

AutoCAD SHX Text
140.34

AutoCAD SHX Text
139.45

AutoCAD SHX Text
151.92

AutoCAD SHX Text
150.44

AutoCAD SHX Text
152.02

AutoCAD SHX Text
153.82

AutoCAD SHX Text
150.41

AutoCAD SHX Text
144.22

AutoCAD SHX Text
143.68

AutoCAD SHX Text
145.31

AutoCAD SHX Text
145.38

AutoCAD SHX Text
146.11

AutoCAD SHX Text
150.16

AutoCAD SHX Text
156.24

AutoCAD SHX Text
154.73

AutoCAD SHX Text
145.87

AutoCAD SHX Text
151.27

AutoCAD SHX Text
152.72

AutoCAD SHX Text
152.93

AutoCAD SHX Text
143.87

AutoCAD SHX Text
144.19

AutoCAD SHX Text
144.48

AutoCAD SHX Text
144.32

AutoCAD SHX Text
142.74

AutoCAD SHX Text
144.09

AutoCAD SHX Text
144.10

AutoCAD SHX Text
155.76

AutoCAD SHX Text
152.09

AutoCAD SHX Text
156.94

AutoCAD SHX Text
159.84

AutoCAD SHX Text
158.85

AutoCAD SHX Text
159.99

AutoCAD SHX Text
159.94

AutoCAD SHX Text
159.82

AutoCAD SHX Text
159.41

AutoCAD SHX Text
159.42

AutoCAD SHX Text
159.07

AutoCAD SHX Text
157.97

AutoCAD SHX Text
143.16

AutoCAD SHX Text
143.15

AutoCAD SHX Text
143.29

AutoCAD SHX Text
143.22

AutoCAD SHX Text
143.82

AutoCAD SHX Text
144.40

AutoCAD SHX Text
142.40

AutoCAD SHX Text
142.11

AutoCAD SHX Text
143.01

AutoCAD SHX Text
143.60

AutoCAD SHX Text
143.54

AutoCAD SHX Text
143.03

AutoCAD SHX Text
143.22

AutoCAD SHX Text
143.21

AutoCAD SHX Text
142.58

AutoCAD SHX Text
139.15

AutoCAD SHX Text
141.47

AutoCAD SHX Text
151.02

AutoCAD SHX Text
153.14

AutoCAD SHX Text
158.10

AutoCAD SHX Text
142.87

AutoCAD SHX Text
153.76

AutoCAD SHX Text
155.44

AutoCAD SHX Text
158.66

AutoCAD SHX Text
158.69

AutoCAD SHX Text
158.94

AutoCAD SHX Text
158.05

AutoCAD SHX Text
158.69

AutoCAD SHX Text
158.67

AutoCAD SHX Text
155.99

AutoCAD SHX Text
144.11

AutoCAD SHX Text
142.80

AutoCAD SHX Text
142.71

AutoCAD SHX Text
142.32

AutoCAD SHX Text
148.85

AutoCAD SHX Text
149.75

AutoCAD SHX Text
150.57

AutoCAD SHX Text
150.23

AutoCAD SHX Text
150.41

AutoCAD SHX Text
128.87

AutoCAD SHX Text
149.92

AutoCAD SHX Text
146.35

AutoCAD SHX Text
170.99

AutoCAD SHX Text
150.73

AutoCAD SHX Text
158.59

AutoCAD SHX Text
163.08

AutoCAD SHX Text
165.11

AutoCAD SHX Text
172.15

AutoCAD SHX Text
175.01

AutoCAD SHX Text
125.34

AutoCAD SHX Text
151.80

AutoCAD SHX Text
145.16

AutoCAD SHX Text
145.75

AutoCAD SHX Text
150.74

AutoCAD SHX Text
126.00

AutoCAD SHX Text
136.90

AutoCAD SHX Text
138.11

AutoCAD SHX Text
125.88

AutoCAD SHX Text
129.78

AutoCAD SHX Text
157.96

AutoCAD SHX Text
159.62

AutoCAD SHX Text
165.49

AutoCAD SHX Text
125.61

AutoCAD SHX Text
163.89

AutoCAD SHX Text
165.37

AutoCAD SHX Text
164.41

AutoCAD SHX Text
165.31

AutoCAD SHX Text
180.91

AutoCAD SHX Text
151.39

AutoCAD SHX Text
139.66

AutoCAD SHX Text
147.77

AutoCAD SHX Text
128.40

AutoCAD SHX Text
178.51

AutoCAD SHX Text
178.24

AutoCAD SHX Text
189.82

AutoCAD SHX Text
142.91

AutoCAD SHX Text
184.77

AutoCAD SHX Text
186.10

AutoCAD SHX Text
179.58

AutoCAD SHX Text
167.22

AutoCAD SHX Text
183.67

AutoCAD SHX Text
166.03

AutoCAD SHX Text
142.51

AutoCAD SHX Text
137.22

AutoCAD SHX Text
129.05

AutoCAD SHX Text
153.67

AutoCAD SHX Text
174.02

AutoCAD SHX Text
163.51

AutoCAD SHX Text
161.46

AutoCAD SHX Text
136.69

AutoCAD SHX Text
191.93

AutoCAD SHX Text
151.65

AutoCAD SHX Text
151.41

AutoCAD SHX Text
161.42

AutoCAD SHX Text
162.24

AutoCAD SHX Text
180.85

AutoCAD SHX Text
173.50

AutoCAD SHX Text
138.79

AutoCAD SHX Text
132.64

AutoCAD SHX Text
153.31

AutoCAD SHX Text
147.40

AutoCAD SHX Text
146.31

AutoCAD SHX Text
147.00

AutoCAD SHX Text
140.07

AutoCAD SHX Text
139.17

AutoCAD SHX Text
209.78

AutoCAD SHX Text
174.45

AutoCAD SHX Text
162.49

AutoCAD SHX Text
156.01

AutoCAD SHX Text
153.40

AutoCAD SHX Text
165.34

AutoCAD SHX Text
135.51

AutoCAD SHX Text
150.61

AutoCAD SHX Text
170.50

AutoCAD SHX Text
185.95

AutoCAD SHX Text
187.32

AutoCAD SHX Text
162.53

AutoCAD SHX Text
163.96

AutoCAD SHX Text
156.02

AutoCAD SHX Text
125.11

AutoCAD SHX Text
152.98

AutoCAD SHX Text
129.66

AutoCAD SHX Text
169.60

AutoCAD SHX Text
167.72

AutoCAD SHX Text
136.62

AutoCAD SHX Text
183.85

AutoCAD SHX Text
213.81

AutoCAD SHX Text
150.53

AutoCAD SHX Text
165.61

AutoCAD SHX Text
180.49

AutoCAD SHX Text
150.56

AutoCAD SHX Text
182.67

AutoCAD SHX Text
169.54

AutoCAD SHX Text
196.30

AutoCAD SHX Text
178.74

AutoCAD SHX Text
140.78

AutoCAD SHX Text
165.59

AutoCAD SHX Text
156.35

AutoCAD SHX Text
174.58

AutoCAD SHX Text
172.08

AutoCAD SHX Text
138.26

AutoCAD SHX Text
138.14

AutoCAD SHX Text
143.81

AutoCAD SHX Text
136.89

AutoCAD SHX Text
172.94

AutoCAD SHX Text
139.00

AutoCAD SHX Text
192.07

AutoCAD SHX Text
188.60

AutoCAD SHX Text
210.25

AutoCAD SHX Text
181.93

AutoCAD SHX Text
163.65

AutoCAD SHX Text
146.82

AutoCAD SHX Text
135.83

AutoCAD SHX Text
168.12

AutoCAD SHX Text
151.58

AutoCAD SHX Text
156.89

AutoCAD SHX Text
155.17

AutoCAD SHX Text
144.68

AutoCAD SHX Text
167.04

AutoCAD SHX Text
126.26

AutoCAD SHX Text
154.57

AutoCAD SHX Text
147.86

AutoCAD SHX Text
136.84

AutoCAD SHX Text
136.74

AutoCAD SHX Text
131.26

AutoCAD SHX Text
131.88

AutoCAD SHX Text
143.97

AutoCAD SHX Text
138.03

AutoCAD SHX Text
133.77

AutoCAD SHX Text
150.15

AutoCAD SHX Text
145.84

AutoCAD SHX Text
162.82

AutoCAD SHX Text
147.50

AutoCAD SHX Text
171.27

AutoCAD SHX Text
172.02

AutoCAD SHX Text
126.82

AutoCAD SHX Text
186.40

AutoCAD SHX Text
148.31

AutoCAD SHX Text
133.37

AutoCAD SHX Text
180.94

AutoCAD SHX Text
162.48

AutoCAD SHX Text
125.71

AutoCAD SHX Text
159.42

AutoCAD SHX Text
168.51

AutoCAD SHX Text
175.38

AutoCAD SHX Text
172.92

AutoCAD SHX Text
168.53

AutoCAD SHX Text
145.10

AutoCAD SHX Text
137.45

AutoCAD SHX Text
148.71

AutoCAD SHX Text
211.79

AutoCAD SHX Text
137.47

AutoCAD SHX Text
172.99

AutoCAD SHX Text
161.41

AutoCAD SHX Text
172.72

AutoCAD SHX Text
174.66

AutoCAD SHX Text
172.75

AutoCAD SHX Text
125.75

AutoCAD SHX Text
154.37

AutoCAD SHX Text
150.00

AutoCAD SHX Text
150.39

AutoCAD SHX Text
210.21

AutoCAD SHX Text
152.69

AutoCAD SHX Text
130.46

AutoCAD SHX Text
134.34

AutoCAD SHX Text
168.69

AutoCAD SHX Text
189.48

AutoCAD SHX Text
176.94

AutoCAD SHX Text
160.34

AutoCAD SHX Text
185.04

AutoCAD SHX Text
183.82

AutoCAD SHX Text
184.51

AutoCAD SHX Text
151.55

AutoCAD SHX Text
164.05

AutoCAD SHX Text
191.86

AutoCAD SHX Text
146.28

AutoCAD SHX Text
158.06

AutoCAD SHX Text
159.20

AutoCAD SHX Text
143.52

AutoCAD SHX Text
152.88

AutoCAD SHX Text
126.06

AutoCAD SHX Text
130.49

AutoCAD SHX Text
185.31

AutoCAD SHX Text
144.18

AutoCAD SHX Text
135.74

AutoCAD SHX Text
148.37

AutoCAD SHX Text
165.35

AutoCAD SHX Text
129.42

AutoCAD SHX Text
162.87

AutoCAD SHX Text
161.94

AutoCAD SHX Text
168.12

AutoCAD SHX Text
126.98

AutoCAD SHX Text
148.48

AutoCAD SHX Text
131.54

AutoCAD SHX Text
184.35

AutoCAD SHX Text
145.90

AutoCAD SHX Text
138.77

AutoCAD SHX Text
168.74

AutoCAD SHX Text
150.94

AutoCAD SHX Text
198.40

AutoCAD SHX Text
166.01

AutoCAD SHX Text
150.26

AutoCAD SHX Text
179.25

AutoCAD SHX Text
146.07

AutoCAD SHX Text
142.65

AutoCAD SHX Text
153.25

AutoCAD SHX Text
154.19

AutoCAD SHX Text
168.23

AutoCAD SHX Text
186.19

AutoCAD SHX Text
196.87

AutoCAD SHX Text
198.42

AutoCAD SHX Text
162.81

AutoCAD SHX Text
150.42

AutoCAD SHX Text
215.37

AutoCAD SHX Text
193.27

AutoCAD SHX Text
129.70

AutoCAD SHX Text
164.71

AutoCAD SHX Text
126.27

AutoCAD SHX Text
162.72

AutoCAD SHX Text
169.76

AutoCAD SHX Text
167.40

AutoCAD SHX Text
125.81

AutoCAD SHX Text
154.31

AutoCAD SHX Text
137.64

AutoCAD SHX Text
166.92

AutoCAD SHX Text
178.82

AutoCAD SHX Text
140.16

AutoCAD SHX Text
212.68

AutoCAD SHX Text
177.74

AutoCAD SHX Text
173.84

AutoCAD SHX Text
149.49

AutoCAD SHX Text
166.99

AutoCAD SHX Text
179.52

AutoCAD SHX Text
189.02

AutoCAD SHX Text
193.12

AutoCAD SHX Text
127.39

AutoCAD SHX Text
168.42

AutoCAD SHX Text
149.96

AutoCAD SHX Text
135.85

AutoCAD SHX Text
151.62

AutoCAD SHX Text
137.79

AutoCAD SHX Text
202.96

AutoCAD SHX Text
168.94

AutoCAD SHX Text
159.49

AutoCAD SHX Text
203.94

AutoCAD SHX Text
206.63

AutoCAD SHX Text
142.68

AutoCAD SHX Text
179.68

AutoCAD SHX Text
178.01

AutoCAD SHX Text
131.82

AutoCAD SHX Text
136.01

AutoCAD SHX Text
160.10

AutoCAD SHX Text
176.50

AutoCAD SHX Text
190.41

AutoCAD SHX Text
155.70

AutoCAD SHX Text
198.37

AutoCAD SHX Text
150.56

AutoCAD SHX Text
186.60

AutoCAD SHX Text
181.65

AutoCAD SHX Text
150.99

AutoCAD SHX Text
156.76

AutoCAD SHX Text
127.65

AutoCAD SHX Text
165.59

AutoCAD SHX Text
129.75

AutoCAD SHX Text
150.59

AutoCAD SHX Text
150.81

AutoCAD SHX Text
154.83

AutoCAD SHX Text
169.47

AutoCAD SHX Text
188.93

AutoCAD SHX Text
188.60

AutoCAD SHX Text
150.40

AutoCAD SHX Text
163.62

AutoCAD SHX Text
130.34

AutoCAD SHX Text
164.14

AutoCAD SHX Text
176.20

AutoCAD SHX Text
165.47

AutoCAD SHX Text
152.61

AutoCAD SHX Text
146.17

AutoCAD SHX Text
205.05

AutoCAD SHX Text
152.45

AutoCAD SHX Text
180.07

AutoCAD SHX Text
143.22

AutoCAD SHX Text
142.99

AutoCAD SHX Text
168.95

AutoCAD SHX Text
149.69

AutoCAD SHX Text
153.63

AutoCAD SHX Text
160.30

AutoCAD SHX Text
163.71

AutoCAD SHX Text
195.40

AutoCAD SHX Text
184.45

AutoCAD SHX Text
138.22

AutoCAD SHX Text
164.31

AutoCAD SHX Text
164.01

AutoCAD SHX Text
177.43

AutoCAD SHX Text
150.87

AutoCAD SHX Text
165.03

AutoCAD SHX Text
158.77

AutoCAD SHX Text
210.93

AutoCAD SHX Text
140.47

AutoCAD SHX Text
139.29

AutoCAD SHX Text
125.94

AutoCAD SHX Text
182.75

AutoCAD SHX Text
185.76

AutoCAD SHX Text
177.08

AutoCAD SHX Text
150.22

AutoCAD SHX Text
136.49

AutoCAD SHX Text
136.78

AutoCAD SHX Text
156.92

AutoCAD SHX Text
166.83

AutoCAD SHX Text
167.11

AutoCAD SHX Text
172.35

AutoCAD SHX Text
129.33

AutoCAD SHX Text
177.11

AutoCAD SHX Text
131.07

AutoCAD SHX Text
130.76

AutoCAD SHX Text
204.03

AutoCAD SHX Text
161.14

AutoCAD SHX Text
174.43

AutoCAD SHX Text
150.19

AutoCAD SHX Text
152.76

AutoCAD SHX Text
143.51

AutoCAD SHX Text
129.53

AutoCAD SHX Text
142.13

AutoCAD SHX Text
175.97

AutoCAD SHX Text
175.56

AutoCAD SHX Text
171.42

AutoCAD SHX Text
189.08

AutoCAD SHX Text
163.81

AutoCAD SHX Text
145.22

AutoCAD SHX Text
163.99

AutoCAD SHX Text
174.08

AutoCAD SHX Text
129.44

AutoCAD SHX Text
174.34

AutoCAD SHX Text
192.16

AutoCAD SHX Text
162.50

AutoCAD SHX Text
201.93

AutoCAD SHX Text
161.67

AutoCAD SHX Text
144.18

AutoCAD SHX Text
150.32

AutoCAD SHX Text
169.79

AutoCAD SHX Text
159.11

AutoCAD SHX Text
156.55

AutoCAD SHX Text
192.58

AutoCAD SHX Text
168.92

AutoCAD SHX Text
200.04

AutoCAD SHX Text
155.65

AutoCAD SHX Text
134.85

AutoCAD SHX Text
169.95

AutoCAD SHX Text
172.16

AutoCAD SHX Text
142.98

AutoCAD SHX Text
146.05

AutoCAD SHX Text
159.09

AutoCAD SHX Text
138.63

AutoCAD SHX Text
133.14

AutoCAD SHX Text
172.49

AutoCAD SHX Text
165.35

AutoCAD SHX Text
172.91

AutoCAD SHX Text
169.16

AutoCAD SHX Text
139.20

AutoCAD SHX Text
138.72

AutoCAD SHX Text
166.40

AutoCAD SHX Text
153.82

AutoCAD SHX Text
183.46

AutoCAD SHX Text
152.99

AutoCAD SHX Text
151.03

AutoCAD SHX Text
150.90

AutoCAD SHX Text
150.41

AutoCAD SHX Text
125.88

AutoCAD SHX Text
167.99

AutoCAD SHX Text
191.40

AutoCAD SHX Text
178.59

AutoCAD SHX Text
175.73

AutoCAD SHX Text
150.34

AutoCAD SHX Text
164.01

AutoCAD SHX Text
198.82

AutoCAD SHX Text
199.31

AutoCAD SHX Text
170.85

AutoCAD SHX Text
169.40

AutoCAD SHX Text
215.23

AutoCAD SHX Text
206.41

AutoCAD SHX Text
204.09

AutoCAD SHX Text
131.13

AutoCAD SHX Text
152.77

AutoCAD SHX Text
177.03

AutoCAD SHX Text
138.02

AutoCAD SHX Text
137.65

AutoCAD SHX Text
173.06

AutoCAD SHX Text
158.32

AutoCAD SHX Text
153.22

AutoCAD SHX Text
203.11

AutoCAD SHX Text
153.09

AutoCAD SHX Text
138.26

AutoCAD SHX Text
167.35

AutoCAD SHX Text
162.20

AutoCAD SHX Text
165.42

AutoCAD SHX Text
156.19

AutoCAD SHX Text
148.89

AutoCAD SHX Text
169.82

AutoCAD SHX Text
170.65

AutoCAD SHX Text
181.46

AutoCAD SHX Text
170.34

AutoCAD SHX Text
191.48

AutoCAD SHX Text
149.81

AutoCAD SHX Text
148.28

AutoCAD SHX Text
153.61

AutoCAD SHX Text
172.46

AutoCAD SHX Text
171.99

AutoCAD SHX Text
148.44

AutoCAD SHX Text
162.25

AutoCAD SHX Text
158.07

AutoCAD SHX Text
183.87

AutoCAD SHX Text
180.79

AutoCAD SHX Text
139.36

AutoCAD SHX Text
139.97

AutoCAD SHX Text
145.96

AutoCAD SHX Text
138.59

AutoCAD SHX Text
136.58

AutoCAD SHX Text
148.12

AutoCAD SHX Text
168.51

AutoCAD SHX Text
188.35

AutoCAD SHX Text
147.85

AutoCAD SHX Text
151.11

AutoCAD SHX Text
151.27

AutoCAD SHX Text
206.40

AutoCAD SHX Text
170.55

AutoCAD SHX Text
173.71

AutoCAD SHX Text
179.00

AutoCAD SHX Text
135.71

AutoCAD SHX Text
156.31

AutoCAD SHX Text
168.34

AutoCAD SHX Text
164.73

AutoCAD SHX Text
155.76

AutoCAD SHX Text
138.24

AutoCAD SHX Text
180.57

AutoCAD SHX Text
175.83

AutoCAD SHX Text
173.36

AutoCAD SHX Text
171.01

AutoCAD SHX Text
163.00

AutoCAD SHX Text
167.49

AutoCAD SHX Text
153.81

AutoCAD SHX Text
158.44

AutoCAD SHX Text
146.66

AutoCAD SHX Text
176.31

AutoCAD SHX Text
171.06

AutoCAD SHX Text
164.93

AutoCAD SHX Text
162.63

AutoCAD SHX Text
208.10

AutoCAD SHX Text
156.76

AutoCAD SHX Text
135.19

AutoCAD SHX Text
158.56

AutoCAD SHX Text
162.92

AutoCAD SHX Text
139.46

AutoCAD SHX Text
183.23

AutoCAD SHX Text
139.71

AutoCAD SHX Text
182.19

AutoCAD SHX Text
182.54

AutoCAD SHX Text
137.34

AutoCAD SHX Text
136.38

AutoCAD SHX Text
156.71

AutoCAD SHX Text
159.07

AutoCAD SHX Text
139.62

AutoCAD SHX Text
159.71

AutoCAD SHX Text
147.06

AutoCAD SHX Text
132.56

AutoCAD SHX Text
177.53

AutoCAD SHX Text
149.15

AutoCAD SHX Text
152.83

AutoCAD SHX Text
180.44

AutoCAD SHX Text
153.66

AutoCAD SHX Text
161.18

AutoCAD SHX Text
150.55

AutoCAD SHX Text
151.66

AutoCAD SHX Text
129.28

AutoCAD SHX Text
167.51

AutoCAD SHX Text
167.49

AutoCAD SHX Text
162.18

AutoCAD SHX Text
127.33

AutoCAD SHX Text
199.54

AutoCAD SHX Text
206.24

AutoCAD SHX Text
203.65

AutoCAD SHX Text
154.31

AutoCAD SHX Text
193.25

AutoCAD SHX Text
195.91

AutoCAD SHX Text
164.88

AutoCAD SHX Text
165.08

AutoCAD SHX Text
147.70

AutoCAD SHX Text
143.39

AutoCAD SHX Text
160.90

AutoCAD SHX Text
161.58

AutoCAD SHX Text
133.86

AutoCAD SHX Text
150.81

AutoCAD SHX Text
153.69

AutoCAD SHX Text
127.98

AutoCAD SHX Text
167.34

AutoCAD SHX Text
181.37

AutoCAD SHX Text
171.48

AutoCAD SHX Text
153.26

AutoCAD SHX Text
156.05

AutoCAD SHX Text
200.22

AutoCAD SHX Text
150.42

AutoCAD SHX Text
174.73

AutoCAD SHX Text
177.10

AutoCAD SHX Text
178.15

AutoCAD SHX Text
155.06

AutoCAD SHX Text
160.28

AutoCAD SHX Text
154.78

AutoCAD SHX Text
161.33

AutoCAD SHX Text
163.45

AutoCAD SHX Text
165.86

AutoCAD SHX Text
131.64

AutoCAD SHX Text
202.79

AutoCAD SHX Text
148.34

AutoCAD SHX Text
171.73

AutoCAD SHX Text
166.67

AutoCAD SHX Text
153.17

AutoCAD SHX Text
142.72

AutoCAD SHX Text
142.22

AutoCAD SHX Text
174.52

AutoCAD SHX Text
148.23

AutoCAD SHX Text
152.71

AutoCAD SHX Text
169.00

AutoCAD SHX Text
136.98

AutoCAD SHX Text
137.06

AutoCAD SHX Text
190.86

AutoCAD SHX Text
169.79

AutoCAD SHX Text
130.76

AutoCAD SHX Text
138.10

AutoCAD SHX Text
168.59

AutoCAD SHX Text
168.29

AutoCAD SHX Text
162.85

AutoCAD SHX Text
163.10

AutoCAD SHX Text
134.47

AutoCAD SHX Text
190.38

AutoCAD SHX Text
193.95

AutoCAD SHX Text
162.09

AutoCAD SHX Text
141.97

AutoCAD SHX Text
165.66

AutoCAD SHX Text
167.70

AutoCAD SHX Text
172.61

AutoCAD SHX Text
139.30

AutoCAD SHX Text
186.19

AutoCAD SHX Text
139.55

AutoCAD SHX Text
166.96

AutoCAD SHX Text
193.98

AutoCAD SHX Text
127.01

AutoCAD SHX Text
150.70

AutoCAD SHX Text
177.18

AutoCAD SHX Text
176.29

AutoCAD SHX Text
171.06

AutoCAD SHX Text
142.31

AutoCAD SHX Text
174.83

AutoCAD SHX Text
173.88

AutoCAD SHX Text
178.00

AutoCAD SHX Text
150.99

AutoCAD SHX Text
171.71

AutoCAD SHX Text
150.04

AutoCAD SHX Text
133.19

AutoCAD SHX Text
154.40

AutoCAD SHX Text
168.63

AutoCAD SHX Text
201.48

AutoCAD SHX Text
194.45

AutoCAD SHX Text
161.03

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
145

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
175

AutoCAD SHX Text
180

AutoCAD SHX Text
185

AutoCAD SHX Text
150

AutoCAD SHX Text
155

AutoCAD SHX Text
155

AutoCAD SHX Text
155

AutoCAD SHX Text
160

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
145

AutoCAD SHX Text
150

AutoCAD SHX Text
154

AutoCAD SHX Text
158

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
145

AutoCAD SHX Text
158

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
155

AutoCAD SHX Text
150

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
173

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
173

AutoCAD SHX Text
170

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
160

AutoCAD SHX Text
170

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
170

AutoCAD SHX Text
165

AutoCAD SHX Text
165

AutoCAD SHX Text
185

AutoCAD SHX Text
188

AutoCAD SHX Text
180

AutoCAD SHX Text
175




ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
1)
£
a
=
©
f=
£
5]
o
)
£
K]
=
]
©
I
N
«
°
=
©
(@]

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

ANEXO 2. CALCULOS EQUILIBRIO LIMITE (SLIDE)
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INDICE DE CALCULOS SLIDE

1. Perfil A-A”

1.1. Situacién normal
1.1.1. Rotura por la masa de residuo
1.1.2. Rotura contacto vertedero-terreno
1.1.3. Estabilidad conjunta del vertedero
1.1.4. Rotura poligonal

1.2. Situacidén accidental tipo 1

1.2.1. Rotura por la masa de residuo
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1.2.2. Rotura contacto vertedero-terreno
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o 1.2.4. Rotura poligonal
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2025 1.3. Situacion accidental tipo 2

1.3.1. Rotura por la masa de residuo

1.3.2. Rotura contacto vertedero-terreno

z
@
8 1.3.3. Estabilidad conjunta del vertedero
= .
g 1.3.4. Rotura poligonal
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Sz 2. Perfil B-B
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/::'\‘ 2.1.3. Estabilidad conjunta del vertedero
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2.1.4. Rotura poligonal

2.2. Situacion accidental tipo 1
2.2.1. Rotura por la masa de residuo
2.2.2. Rotura contacto vertedero-terreno

2.2.3. Estabilidad conjunta del vertedero
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2.2.4. Rotura poligonal

2.3. Situacidon accidental tipo 2

2.3.1. Rotura por la masa de residuo

2.3.2. Rotura contacto vertedero-terreno
2.3.3. Estabilidad conjunta del vertedero
2.3.4. Rotura poligonal
3. Perfil C-C
3.1. Situacion normal
3.1.1. Rotura por la masa de residuo

3.1.2. Rotura contacto vertedero-terreno
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z
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1.1.1. ROTURA POR LA MASA DE RESIDUO
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Circular - Residuo

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil A-A”

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
ols, Page 1 of 7
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Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

#44 Color EI

Property Impermeabilizacion Residuo nuevo - RNP

Dique

Sustrato rocoso

]

trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 5 18 20 26
§ Cohesion [kPa] 5 5 15 50
o
~§ y| Friction Angle [deg] 26 26 40 45
uz § Water Surface None None None None
2 Z| RuVvalue 0 0 0 0
e Q]
o
o £
] =
3 ¢@Global Minimums
£z
=1 ]
= _”Method: bishop simplified
© g8
g8 FS: 1.505090
E % Center: 50.168, 64.191
S5 Radius: 54.730
2/10 Left Slip Surface Endpoint: 58.663, 10.125
2025 Right Slip Surface Endpoint: 82.405, 19.963

Resisting Moment=29042.1 kN-m
Driving Moment=19295.9 kN-m

Method: gle/morgenstern-price

FS:1.502270

Center: 50.168, 64.191

Radius: 54.730

Left Slip Surface Endpoint: 58.663, 10.125
Right Slip Surface Endpoint: 82.405, 19.963
Resisting Moment=28987.6 kN-m

Driving Moment=19295.9 kN-m

Resisting Horizontal Force=484.458 kN
Driving Horizontal Force=322.484 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

falid / Invalid Surfaces

-

<)

Ve

=

lethod: bishop simplified

Number of Valid Surfaces: 2061
Number of Invalid Surfaces: 2746

Error Codes:

Error Code -103 reported for 447 surfaces
Error Code -107 reported for 1 surface
Error Code -108 reported for 2 surfaces

? SLIDEINTERPRET 6.005
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Error Code -109 reported for 1 surface
Error Code -112 reported for 204 surfaces
Error Code -113 reported for 89 surfaces
Error Code -1000 reported for 2002 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2023
Number of Invalid Surfaces: 2784

Error Codes:
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Habilitacion
Profesional

2/10
2025

)]

Error Code -103 reported for 447 surfaces
Error Code -107 reported for 1 surface
Error Code -108 reported for 37 surfaces
Error Code -109 reported for 1 surface
Error Code -112 reported for 207 surfaces
Error Code -113 reported for 89 surfaces
Error Code -1000 reported for 2002 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
occur on a benched slope model with two sets of Slope Limits.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low
number of slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside
the soil region,even though the slip surface is wholly within the soil region.

-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
deep seated slip surfaces with many high negative base angle slices in the passive zone.

-113 =Surface intersects outside slope limits.

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Jice Data

obal Minimum Query (bishop simplified) - Safety Factor: 1.50509

VISADO : 03202500128
Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
(7))

s

<)

Ve

Slice
Number

Base Base Effective

. . Base . Shear Shear Pore
Width  Weight Base . Friction Normal Normal

(m] [kN] Material Cohesion Angl Stress  Strength st Pressure st

m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress

[degrees] [kPa] [kPa]
0949674 2.80565 esiduo ””:,‘\l’?) 5 26 4.06148  6.1129  2.28179 0 228179
0949674 826956 esiduo ””:;2 5 26 57987 872756  7.64263 0  7.64263
0.949674 134372 hesiduo ”“:;‘; 5 26 7.4215  11.17  12.6505 0  12.6505
0.949674 183056 esidue ”“:;‘; 5 26 893051 13.4412  17.3071 0 173071
0949674 22.8713 esiduo ”“:"\l’f) 5 26 10.3262 15.5419 21.614 0 21.614
Page 3 of 7
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6 0949674 27.1306 esiduo ””:,‘\l’?) 5 26 11.6089 17.4725  25.5724 0 255724
7 0049674 31,0793 hesiduo ””:;2 5 26 12779 19.2335  29.1831 0  29.1831
8 0949674 347129 tesiduo ”“:;‘; 5 26 13.8364 20.8251  32.4464 0  32.4464
9 0949674 38.0264 ~esiduo ”“:"\l’g 5 26 14.7814 222473 353622 0 353622
10 0949674 41,0145 ~esiduo ”“:"\l’f) 5 26 15.6136 23.4999  37.9304 0  37.9304
11 0949674 43.6712 ~esiduo ”“:"\l’f) 5 26 16333 245826  40.1503 0  40.1503
12 0949674 459901 esiduo ”“:l‘\l’;’ 5 26 16.9391 25.4949  42.0208 0  42.0208
g 13 0949674 47.9642 "SI0 ”“:l‘\;‘; 5 26 17.4315 26236  43.5403 0 435403
g .
(]
y B 14 0949674 495859 Nesiduo n“:,‘\l’i 5 26 17.8097 26.8052  44.7072 0 447072
g i
- ﬁ .
g 5 15 0949674 50.8469 NesduO ””:,‘\l’?) 5 26 18.0728 27.2012  45.5192 0 455192
3 .
O o
o § Residuo nuevo
g = 16 0.949674 51.7382 5 26 1822 27.4228 459736 0 459736
g ¢ -RNP
W N H
£z 17 0949674  52.25 Res'd”"”“:;‘; 5 26 182505 27.4686  46.0674 0  46.0674
=} ° -
O
S® 18 0949674 523717 hesiduo ”“:"\l’g 5 26 18.1629 27.3368  45.7971 0 457971
Q 5 -
g.é Residuo nuev
26| 19 0949674 520916 oo oU0NUEVO 5 26 17.9561 27.0255  45.1589 0 451589
sp -RNP
22(/)12% 20 0.949674 513968 residuo ”“:"\l’f) 5 26 17.6286 26.5326  44.1483 0  44.1483
21 0949674 502732 ‘esdue ”“:l‘\l"; 5 26 17.1786 25.8554 42.76 0 42.76
22 0.949674 43.6876 Res'd“°”“:|‘\l’§ 5 26 15.179 22.8457  36.5891 0  36.5891
_ .
o
£ .
2 23 0949674 317981 "eudue n“:,‘\l’i 5 26 11.7098 17.6243  25.8836 0 258836
i .
z
£ .
o & 24 0949674 194205 ~esiduo ””:,‘\l’?) 5 26 815713 122772  14.9205 0 14.9205
§ E Residuo nuevo
g 25 0.949674 6.56155 iauonuev 5 26 45205 6.80376  3.69825 0  3.69825
S 3 -RNP
™M o
S g
b’ 2Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.50227
a < .
5 é . . . Base B'as.e Shear Shear R Pore i
=< 3| [ Slice Width  Weight Base . Friction Normal Normal
> > umb (m] [kN] Material Cohesion - Stress  Strength o Pressure o
@. umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
WO [degrees] [kPa] [kPa]
fesi
1 0949674 2.80565 esidue n“Rel‘\l"F’, 5 26 413139 6.20646  2.47362 0 247362
2 0949674 826056 esiduo ”“:l‘\;c; 5 26 6.02073 9.04476 8.293 0 8.293
3 0049674 13.4372 hesiduo ”“:,‘\l’i 5 26 7.81251 117365  13.8119 0  13.8119
4 0949674 183056 ~eudue ””:,‘\l’?) 5 26 9.4849 14.2489 18.963 0 18.963
5 0049674 22.8713 esiduo ””:,‘\l’?) 5 26 11.0183 16.5525  23.6861 0  23.6861
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Residuo nuevo

- RNP

6 0.949674 27.1306 e 5 26 123968 186234  27.9321 0 279321
7 0049674 31,0793 hesiduo ””:;2 5 26 13.6095 20.4452  31.6674 0 31.6674
8 0949674 347129 tesiduo ”“:;‘; 5 26 14.651 22.0098  34.8753 0 348753
9 0949674 38.0264 ~esiduo ”“:"\l’g 5 26 155214 23.3173 37.556 0 37.556
10 0949674 41,0145 ~esiduo ”“:"\l’f) 5 26 16.2258 243755  39.7257 0  39.7257
11 0949674 43.6712 ~esiduo ”“:"\l’f) 5 26 16.7737 25.1987  41.4135 0 414135
12 0949674 459901 esiduo ”“:l‘\;‘; 5 26 17.1779 25.8058  42.6583 0 426583

g 13 0949674 47.9642 "SI0 ”“:l‘\l’;’ 5 26 17.4527 262186  43.5045 0 435045

g .

(]

y B 14 0949674 495859 Nesiduo n“:,‘\l’i; 5 26 17.6131 26.4596  43.9988 0  43.9988

g 2 i

- ﬁ .

g 5 15 0949674 50.8469 lesiduonuevo 5 26 17.6738 265508  44.1858 0  44.1858

- -RNP

o E .

g = 16 0949674 51738y Hesiduonuevo 5 26 17.6479 26.5119  44.106 0 44106

g ¢ -RNP

W N H

£z 17 0949674 5225 Qesiduonuevo 5 26 17.5464 263595  43.7934 0 437934

=} °

3 S

Residuo nuevo

SE 18 0.949674 52.3717 5 26 17.3777  26.106  43.2738 0 432738
S5 -RNP
=0 .
= O
38| 19 0949674 520016 Residuonuevo 5 26 17.1474 2576  42.5642 0 425642
sp -RNP
2/10 20 0.949674 51.396g hesiduonuevo 5 26 16.8578 253249  41.6723 0 416723
2025 -RNP
21 0949674 502732 ‘esdue ”“:l‘\l"; 5 26 16508 247994  40.5947 0  40.5947
22 0.949674 43.6876 Res'd“°”“:|‘\l’§ 5 26 147213 221153  35.0916 0  35.0916
_ .
o
£ .
2 23 0.949674 31.7981 Res'duon“:,‘\l’i; 5 26 11.5096 17.2906  25.1994 0 251994
i .
z
£ .
o & 24 0949674 19.4205 ~esiduonuevo 5 26 813806 12.2256  14.8146 0  14.8146
S -RNP
S T .
D 25 0949674 6.56155 ooiauOnuevo 5 26 4.55536 6.84338  3.7795 0 37795
§ e -RNP
8 2
™M o
o @
)
o gl .
o Ljfst Of Coordinates
g =
> S
TN
> kternal Boundary
X Y
0.341395 0.0659174
0.341395 -57.17
28532  -57.17

285.32 54.5085
245.593 48.1647
243.52 45.9439
238.983 45.5838
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237.039
202.091
155.844
137.519
130.341
113.421
102.304
83.9613
78.5977
58.2578
50.9756
40.2903

45.4001
44.7809
43.9176
35.2216
35.7507
28.6019
28.7969
19.8142
20.3275
9.91765
9.89474
2.91195

Mlaaterial Boundary

X
58.2578
63.3152

Y
9.91765
4.91765

Material Boundary

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
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-

~)

Ve

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

Material Boundary

X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
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Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
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1.1.2. ROTURA CONTACTO VERTEDERO-TERRENO
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Circular - vertedero y terreno
Slide Modeler Version: 6.005

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil A-A’

a0
H

General Settings

hits of Measurement: Metric Units
e Units: days

rmeability Units: meters/second
dilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
A e R

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

aby

palysis Methods Used

Habilitacion
Prgfesion

2/10 Bishop simplified
2025 GLE/Morgenstern-Price with interslice force function: Half Sine

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha<0.2:Yes

tial trial value of FS: 1

feffensen Iteration: Yes

w5 0242

Groundwater Analysis

[0

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

> ©

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

TAandom Numbers

)

LN
x,”“\‘,

P4eudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3
Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
SLIDEINTERPRET 6.005
?‘l'» Page 1 of 6
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Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Property Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
Color EI EI EI I:I
Strength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
Unit Weight [kN/m3] 5 18 20 26
&2 Cohesion [kPa] 5 5 15 50
riction Angle [deg] 26 26 40 45
(Vater Surface None None None None
u Value 0 0 0 0

Global Minimums

<

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez
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2/10
2025p4
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M
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VISADO : 03202500128

-

~)

ethod: bishop simplified

FS:1.860570

Center: 34.492, 215.893

Radius: 213.060

Left Slip Surface Endpoint: 40.290, 2.912
Right Slip Surface Endpoint: 160.381, 44.002
Resisting Moment=2.26489e+006 kN-m
Driving Moment=1.21731e+006 kN-m

ethod: gle/morgenstern-price

FS: 1.869200

Center: 34.492, 215.893

Radius: 213.060

Left Slip Surface Endpoint: 40.290, 2.912
Right Slip Surface Endpoint: 160.381, 44.002
Resisting Moment=2.2754e+006 kN-m
Driving Moment=1.21731e+006 kN-m
Resisting Horizontal Force=10159.9 kN
Driving Horizontal Force=5435.44 kN

alid / Invalid Surfaces

ethod: bishop simplified

Number of Valid Surfaces: 1243
Number of Invalid Surfaces: 3564

Error Codes:

Error Code -101 reported for 17 surfaces
Error Code -103 reported for 490 surfaces
Error Code -109 reported for 1 surface

Error Code -112 reported for 114 surfaces
Error Code -118 reported for 49 surfaces
Error Code -1000 reported for 2893 surfaces
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Method: gle/morgenstern-price

Number of Valid Surfaces: 1237
Number of Invalid Surfaces: 3570

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Error Code -101 reported for 17 surfaces
Error Code -103 reported for 490 surfaces
Error Code -109 reported for 1 surface

Error Code -112 reported for 120 surfaces
Error Code -118 reported for 49 surfaces
Error Code -1000 reported for 2893 surfaces

Error Codes

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.
-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a
benched slope model with two sets of Slope Limits.
-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of
slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil
region,even though the slip surface is wholly within the soil region.
-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.
-118 = Surface does not pass through the search focus

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Global Minimum Query (bishop simplified) - Safety Factor: 1.86057

C—
S c
< .2
=0
o
89
Tal. Dat
—512/10 ice Data
2025
Slice Width
7| Number [m]
&
(]
o
g 1 4.58233
|
g 2 4.58233
Xk
S 3 3 458233
g L
3 g 4 458233
Q ¢ 5 4.58233
™ 3
© 3 6 2.23275
o g
9( - 7 4.99718
0 =
> S
ey 8 4.99718
K3
9 4.99718
10 4.99718
11 4.99718
12 4.99718
13 4.99718

? SLIDEINTERPRET 6.005
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Weight
[kN]

129.241
383.191
567.091
545.221
585.387
323.153

843.764

996.863

1120.6

1044.47

1088.06

1185.87

1271.81

Base
Material

Dique
Dique
Dique
Dique
Dique

Impermeabilizacién

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -

Base

Cohesion

[kPa]

15
15
15
15
15

5

5

Base
Friction
Angle
[degrees]

40
40
40
40
40
26

26

26

26

26

26

26

26

Shear
Stress
[kPa]

20.4319
44.5779
61.6175
58.9823
62.1723
39.1764

45.072

52.4589

58.2902

54.1641

55.9649

60.3826

64.1604

Shear
Strength
[kPa]

38.0149
82.9403
114.644
109.741
115.676
72.8904

83.8597

97.6034

108.453

100.776

104.127

112.346

119.375

Base
Normal
Stress

[kPa]

27.428
80.9682
118.751
112.908
119.981
139.196

161.686

189.865

212.109

196.37

203.241

220.092

234.504

Pore
Pressure
[kPa]

Effective

Normal
Stress
[kPa]

27.428
80.9682
118.751
112.908
119.981
139.196

161.686

189.865

212.109

196.37

203.241

220.092

234.504
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? SLIDEINTERPRET 6.005
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b LN

RNP
15 499718 11512  ‘esidwo “”el;’:\jl; 5 26 57.541 107.059  209.253 0  209.253
R i -
16 4.99718 987.458 esiduo ”“e;"‘jp 5 26 493659 91.8487  178.066 0  178.066
17 499718 956852  esiduo ”“e;';; 5 26 47.5765 88.5195 171.24 0 171.24
18 499718 948616  tesiduo n“e';';; 5 26 46.8496 87.167  168.467 0  168.467
19 499718 926356  esiduo n“e;;; 5 26 45469 845982  163.201 0  163.201
20 499718 77554  Residuo ”“e;’;F; 5 26 38.1621 71.0032  135.327 0 135327
21 499718 54133  hesiduo “”el;’:\jl; 5 26 27.1365 50.4894  93.2669 0  93.2669
2] i -
g 22 499718 474771  Residuo “”e;"zp 5 26 23.892 44.4528  80.8903 0  80.8903
R
u 2 Resi -
o £ 23 4.99718 413.925 esiduo ”“e;"‘jp 5 26 209491 38.9773  69.6637 0  69.6637
[a) =
Z F - .
o g 24 499718 335.68 Res'duon“e';'zp 5 26 17.2708 32.1336  55.6321 0 556321
O o
£
o 5
O] = i -
L3 25 499718 154618  Residue n“e;;P 5 26 9.10329 16.9373 24.475 0 24.475
[{e]
Y
E =
% g'G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.8692

[ :

S g . . Base I?as_e Shear Shear LLEL Pore Aifzd

26 Slice Width Weight Base . Friction Normal Normal

SH i Cohesion Stress  Strength Pressure

= @Number [m] [kN] Material Angle Stress Stress

2% [kPa] [kPa] [kPa] [kPa]

% £ [degrees] [kPa] [kPa]
210 1 458233 129.241 Dique 15 40 207031 38.6983  28.2425 0 282425
2025 2 458233 383.191 Dique 15 40 46.2338 86.4203  85.1155 0  85.1155

3 458233 567.091 Dique 15 40 653413 122.136 127.68 0 127.68
4 458233 545221 Dique 15 40 64.1863 119.977  125.107 0 125.107
5 458233 585.387 Dique 15 40 68.8134 128626  135.414 0 135414

z 6 2.23275 323.153 Impermeabilizacién 5 26 41.9903 78.4882  150.673 0 150673

o

o .

2 7 499718 843764  esiduo ”“e;’;F; 5 26 47.9483 89.6249  173.507 0 173.507

g

E

6 i -

o & 8 499718 996863  |emduonuevo 5 26 552236 103.224  201.389 0 201389

8 2 RNP

8 = Residuo nuevo -

D 3 9 499718 1120.6 5 26 60.6768 113.417  222.287 0 222287

§ e RNP

S 7 Resid

S 10 4.99718 1044.47 esiduonuevo - 5 26 55.8906 104.471  203.944 0  203.944

5 RNP

O o

la) Qo . _

< s 11 499718 108806  tesiduo n“e';'zp 5 26 56.9415 106.435  207.973 0 207973

S & |

N 12 499718 118587  "eodUO e 5 26 604761 113.042 22152 0 22152

x,”\‘,
13 499718 127181  ‘esiduo ”“e;’;F; 5 26 63.2912 118304  232.308 0 232308
14 4.99718 1301.52 Res'duon”el;’zl; 5 26 63394 118496  232.699 0 232699
15 499718 11512  Residuo "”el;’:\’“; 5 26 55248 103269  201.483 0  201.483
16 499718 987458  ‘esiduo ”“e;';; 5 26 46.8101 87.4974  169.145 0  169.145
17 499718 956852  esiduo ”“e';';; 5 26 44.6834 835222  160.994 0  160.994
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18 499718 948616  eoduo "”el;’;; 26 43.7412 81761  157.383 157.383
19 499718 926.356  residuo ”“el;';F; 26 423641 79.1869  152.106 152.106
20 499718 77554  nesiduo n“e';';; 26 355518 66.4535  125.998 125.998
21 499718 54133 (esiduo n“e;;; 26 253007 47.2921  86.7117 86.7117
22 499718 474771  Residue ”“e;’;F; 26 22.4594 419812  75.8226 75.8226
23 499718 413.925  residuo “”el;’:\jl; 26 19.9527 37.2955  66.2155 66.2155
24 499718 335.68 Resm“””i’;; 26 167391 31.2888  53.8999 53.8999
25 499718 154618  enduo ”“el;';; 26 899358 16.8108  24.2158 24.2158
List Of Coordinates

Focus Search Line

X

40.2903 2.91195
62.8729 4.36524

Y

c—
o g
< .2
S $ternal Boundary
< 2
o
X Y
2/10
2025 0.341395 0.0659174
0.341395 -57.17
285.32 -57.17
28532  54.5085
- 245593  48.1647
o
8 24352  45.9439
o
g 238.983  45.5838
<
o 237.039  45.4001
o 2 202.091  44.7809
)=
D g 155.844  43.9176
& 2 137.519  35.2216
8 ¢
© 3 130341  35.7507
o 9
g 8 113.421  28.6019
.
g = 102304  28.7969
> >
83.9613  19.8142
P
RS 78.5977  20.3275
58.2578  9.91765
50.9756  9.89474
40.2903  2.91195

Material Boundary

X

58.2578 9.91765
63.3152 4.91765

Y

? SLIDEINTERPRET 6.005
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Material Boundary

M
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Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

? SLIDEINTERPRET 6.005
[N

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

aterial Boundary

X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838

b LN
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1.1.3. ESTABILIDAD CONJUNTA DEL VERTEDERO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Circular - global

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil A-A”

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
ols, Page 1 of 6
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Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

#44 Color EI

Property Impermeabilizacion Residuo nuevo - RNP

Dique

Sustrato rocoso

]

trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 5 18 20 26
§ Cohesion [kPa] 5 5 15 50
o
~§ y| Friction Angle [deg] 26 26 40 45
uz § Water Surface None None None None
2 Z| RuVvalue 0 0 0 0
e Q]
o
o £
] =
3 ¢@Global Minimums
£z
=1 ]
= _”Method: bishop simplified
© g8
g8 FS: 1.563170
E % Center: 50.168, 109.702
S5 Radius: 99.914
2/10 Left Slip Surface Endpoint: 58.720, 10.154
2025 Right Slip Surface Endpoint: 108.643, 28.686

Resisting Moment=191293 kN-m
Driving Moment=122375 kN-m

Method: gle/morgenstern-price

FS: 1.559830

Center: 50.168, 109.702

Radius: 99.914

Left Slip Surface Endpoint: 58.720, 10.154
Right Slip Surface Endpoint: 108.643, 28.686
Resisting Moment=190885 kN-m

Driving Moment=122375 kN-m

Resisting Horizontal Force=1781.69 kN
Driving Horizontal Force=1142.23 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

falid / Invalid Surfaces

-

<)

Ve

=

lethod: bishop simplified

Number of Valid Surfaces: 2422
Number of Invalid Surfaces: 2385

Error Codes:

Error Code -103 reported for 1034 surfaces
Error Code -106 reported for 20 surfaces
Error Code -108 reported for 31 surfaces
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Error Code -112 reported for 299 surfaces
Error Code -1000 reported for 1001 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2394
Number of Invalid Surfaces: 2413

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

Error Code -103 reported for 1034 surfaces
Error Code -106 reported for 20 surfaces
Error Code -108 reported for 52 surfaces
Error Code -111 reported for 1 surface
Error Code -112 reported for 305 surfaces
Error Code -1000 reported for 1001 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
occur on a benched slope model with two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.

S$w -108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
'g _S factors if the driving force is very small (0.1 is an arbitrary number).
% § -111 =safety factor equation did not converge
% g -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
5110 calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
2025 deep seated slip surfaces with many high negative base angle slices in the passive zone.
-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
Slice Data
o
[14
3
EG obal Minimum Query (bishop simplified) - Safety Factor: 1.56317
= .
o E . . . Base I?as.e Shear  Shear Base Pore s
& =) | Slice Width Weight Base X Friction Normal Normal
4 g . Cohesion Stress  Strength Pressure
o | Number [m] [kN] Material Angle Stress Stress
Q% [kPa] [kPa] [kPa] [kPa]
8 g [degrees] [kPa] [kPa]
o
® ¢ 1 199692 14,9215 hesiduo ”“:;‘; 5 26 536968 839373  6.95817 0  6.95817
) -
Qg Resid
2 2 199692 44.035 o4O ”“:;g 5 26 9.72697 152049  20.9231 0 209231
0 = -
>3 Residuo nuevo
(;‘\_ 3 1.99692 71.6844 RNP 5 26 13.8113 21.5894 34.0134 0 34.0134
i -
N
4 199652 97.8582 tesiduo ““:;‘P’ 5 26 17.6254 27.5515  46.2375 0  46.2375
5 1.99602 122543 Tesiduo n“:;;’ 5 26 21.1715 33.0946  57.6027 0  57.6027
6 199692 145725 tesiduo n“Relll"; 5 26 24.4513 38.2216  68.1145 0 681145
7 199692 167384 tesiduo n“Relll"; 5 26 27.4664 42.9347  77.7776 0o 777776
§ 199692 187.503 "eoiduO n“;’:l"; 5 26 30.2178 47.2356  86.5958 0 865958
? SLIDEINTERPRET 6.005
ols. Page 3 of 6
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? SLIDEINTERPRET 6.005
[N

b LN

9 1.99692 206.058 ~esidue n“Relll"; 5 26 32.7062 51.1254 94.571 0 94.571
10 199692 22298 tesiduo n“;’:l’g 5 26 34.9254 545944  101.683 0  101.683
11 1.99692 21458 tesiduo ”“:’:l"; 5 26 33.503 52.3709  97.1249 0  97.1249
12 1.99692 184.681 ~esiduo ”“:;‘; 5 26 29.0505 454109  82.8547 0  82.8547
13 1.99692 155823 ~esiduo ”“:;g 5 26 247988 38.7647  69.2278 0 692278
14 1.99692 155938 ~esiduo ”“:;g 5 26 24648 38529  68.7447 0 687447
15 199692 162.906 ~eudue ““:;‘P’ 5 26 25.4462 39.7767  71.3028 0 713028
g 16 199602 168072 esOU e 5 26 259804 406118  73.0151 0 730151
g .
(]
y B 17 199692 171386 hesiduo "“:lll’;’ 5 26 26.2485 41.0309  73.8742 0 73.8742
g 2 )
- E .
g 5 18 1.99692 172792 hesiduonuevo 5 26 262481 41.0303  73.8731 0 73.8731
- -RNP
o E .
g = 19 199602 172231 esidue nuevo 5 26 259763 40.6053  73.0019 0 73.0019
g ¢ -RNP
W N H
£z 20 1.99692 169.636 "co9U° i 5 26 254297 39.7509  71.2497 0 712497
=} ° -
3 S
58| 21 199692 16493 Residuonuevo 5 26 24.6045 38461  68.6053 0 686053
g6 -RNP
= i
36| 22 199692 157.484 Residuonuevo 5 26 23.4236 36615  64.8204 0  64.8204
sp -RNP
2/10 23 199692 124306 Residuonuevo 5 26 18.8957 29.5372  50.3089 0  50.3089
2025 -RNP
fesi
24 199692 763372 hesiduo ”“:lll"; 5 26 12.5246 19.5781  29.8894 0  29.8894
25 1.99692 258719 hesiduonuevo 5 26 594113  9.287  8.78966 0 878966
. -RNP
o
2
gG obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.55983
z
£ .
o & . . . Base I?as.e Shear Shear Base Pore B
N 3| | Slice Width Weight Base X Friction Normal Normal
S | Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
3 3 [kPa] [kPa] [kPa] [kPa]
N < [degrees] [kPa] [kPa]
3 1 199602 14.9215 esiduo i 5 26 54537 850684  7.19011 0 719011
o g
< 5 2 199692 44035 Tesiduo ”“:;‘; 5 26 10.0453 156689  21.8745 0  21.8745
S 3 ,
N 3 199692 716844 TeSdUO ”“:;g 5 26 14.4405 225247 35931 0 35931
N -
fesi
4 199602 97.8582 residuo ”“:lll"; 5 26 18.5859 28.9909  49.1887 0  49.1887
5 199602 122543 tesiduo "“:;;’ 5 26 22.4315 34.9894  61.4875 0  61.4875
6 199602 145725 tesiduo "“:lll’;’ 5 26 25.9349 40.4541  72.6916 0 726916
7 109692 167.384 ~esiduo n“Relll"; 5 26 29.0646 453358  82.7004 0  82.7004
8 199602 187.503 ~esiduo n“Relll"; 5 26 31.8023 49.6062  91.4564 0  91.4564
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9 1.99692 206.058

10 1.99692 222.98

11 1.99692 214.58

12 1.99692 184.681

13 1.99692 155.823

14 1.99692 155.938

15 1.99692 162.906

16 1.99692 168.072

17 1.99692 171.386

18 1.99692 172.792

19 1.99692 172.231

20 1.99692 169.636

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

S 21 1.99692 164.932
86
=P
2% 22 1.99692 157.484
Ia
22(/)12% 23 1.99692 124.306

24 1.99692 76.3372

25 1.99692 25.8719

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

34.1437

36.0909

34.2823

29.4415

24.8594

24.3639

24.8163

25.0463

25.0747

24.9177

24.5855

24.0822

23.405

22.4726

18.3514

12.3551

5.95021

53.2583

56.2956

53.4746

45.9238

38.7765

38.0036

38.7092

39.068

39.1123

38.8673

38.3492

37.5642

36.5078

35.0534

28.625

19.2718

9.28132

98.9444

105.172

99.3878

83.9063

69.2518

67.6676

69.1139

69.8496

69.9408

69.4384

68.3758

66.7664

64.6005

61.6185

48.4385

29.2616

8.77798

98.9444

105.172

99.3878

83.9063

69.2518

67.6676

69.1139

69.8496

69.9408

69.4384

68.3758

66.7664

64.6005

61.6185

48.4385

29.2616

8.77798

@

@

3

g

5 Lfst Of Coordinates
Q=
S g
2
& ¢Ekternal Boundary
S 2
S = X Y
Q g 0.341395 0.0659174
o & 0.341395 -57.17
> > 28532 -57.17
K3 28532 54.5085

245.593 48.1647

243.52 45.9439
238.983 45.5838
237.039 45.4001
202.091 44.7809
155.844 43.9176
137.519 35.2216
130.341 35.7507
113.421 28.6019
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102.304
83.9613
78.5977
58.2578
50.9756
40.2903

28.7969
19.8142
20.3275
9.91765
9.89474
2.91195

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
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Habilitacion
Profesional

2/10
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VISADO : 03202500128

-

~)

Ve

X
58.2578
63.3152

Y
9.91765
4.91765

Material Boundary

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

Material Boundary

X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Poligonal

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil A-A”

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Search Method: Auto Refine Search

? SLIDEINTERPRET 6.005
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Divisions along slope: 10

Circles per division: 10

Number of iterations: 10

Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
iy Property Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
i
" fotor [ [ L] O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
§ nit Weight [kN/m3] 5 18 20 26
2 .| fohesion [kPa] 5 5 15 50
w2
”ocj E Friction Angle [deg] 26 26 40 45
2  E| Water Surface None None None None
o 3
Z S| RuValue 0 0 0 0
£
o 5
g =
5 ¢
s 3Global Minimums
o o

c = . - . e

= %nlethod: bishop simplified

c .2

£8|  Fs:1547330

< 2 . .

Ta Axis Location: 58.992, 37.020
2/10 Left Slip Surface Endpoint: 58.258, 9.918
2025 Right Slip Surface Endpoint: 80.233, 20.171

Resisting Moment=22077.4 kN-m
Driving Moment=14268 kN-m

Method: gle/morgenstern-price

FS:1.551480

Axis Location: 59.012, 37.051

Left Slip Surface Endpoint: 58.258, 9.918
Right Slip Surface Endpoint: 80.266, 20.168
Resisting Moment=20231.6 kN-m

Driving Moment=13040.2 kN-m

Resisting Horizontal Force=653.903 kN
Driving Horizontal Force=421.47 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

I~

VISADO : 03202500128

alid / Invalid Surfaces

)

LN
x,”“\‘,

Mlethod: bishop simplified

Number of Valid Surfaces: 2647
Number of Invalid Surfaces: 1855

Error Codes:

Error Code -105 reported for 483 surfaces
Error Code -106 reported for 770 surfaces
Error Code -107 reported for 482 surfaces
Error Code -108 reported for 108 surfaces
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Error Code -1000 reported for 12 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2630
Number of Invalid Surfaces: 1873

Error Codes:
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Error Code -105 reported for 483 surfaces
Error Code -106 reported for 770 surfaces
Error Code -107 reported for 482 surfaces
Error Code -108 reported for 126 surfaces
Error Code -1000 reported for 12 surfaces

Error Codes

The following errors were encountered during the computation:

-105 = More than two surface / slope intersections with no valid slip surface.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.
-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).
-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

obal Minimum Query (bishop simplified) - Safety Factor: 1.54733

C_
S ®
gE
85
=&
3 Sfice Data
Ta
2/10
2025
Slice Width  Weight
Number [m] [kN]

z

&

a 1 0915025 7.35083
2 g 2 131629 32.2547
pm
o
L9
a2 3 0.887886 32.9463
O o
N
8 s
o8 4 0.887886 40.3425
QO o
S .

0 S 5 0.742009 38.6219

> S

,f'(, 6 0.742009 42.2559
7 0.742009  45.89
8 0.866852 57.292
9 0.866852 60.4084
10 0.866852 63.5249
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Base
Material

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo

Base
Cohesion
[kPa]

Base
Friction
Angle
[degrees]

26

26

26

26

26

26

26

26

26

26

Shear
Stress
[kPa]

9.02098

13.7636

16.9168

19.5503

20.6333

22.1095

23.5857

23.8846

24.9255

25.9663

Shear
Strength
[kPa]

13.9584

21.2968

26.1758

30.2508

31.9265

34.2107

36.4949

36.9573

38.5679

40.1785

Base
Normal
Stress

[kPa]

12.2166

27.2625

37.266

45.6208

49.0566

53.7399

58.4233

59.3712

62.6735

65.9757

Pressure
[kPa]

Effective

Normal
Stress
[kPa]

12.2166

27.2625

37.266

45.6208

49.0566

53.7399

58.4233

59.3712

62.6735

65.9757
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-RNP
12 1.29947 102.396 Res'd”c’”“:"\l’f) 8 26 26.6051 41.1668  68.0021 0  68.0021
fesi
13 0852843 6815 esiduo ”“Re;l"; 8 26 26.0226 40.2655  66.1541 0  66.1541
14 0.852843 67.9302 Res'd“o”“:"\l’c; 8 26 25.9529 40.1577  65.9331 0 659331
15 0852843 67.7103 esiduo ”“:;c; 8 26 25.8832 40.0499  65.712 0 65.712
16 0.772687 60.4299 Res'd”‘)””:,‘\l’?) 8 26 246616 38.1597  61.8365 0  61.8365
17 0772687 58796 esiduo ””:;2 8 26 241104 37.3068  60.0879 0  60.0879
18 0.772687 57.1622 Res'd”"”“:;‘; 8 26 23.5592 36.4539  58.3392 0 583392
2]
o
8 .
9 19 0.929065 65.3462 "esiduonuevo 8 26 21.7196 33.6074  52.5029 0 525029
s -RNP
b= .
8 = 20 0.929065 60.5416 Res'd”"”“:"\l’g 8 26 204247 31.6037  48.3947 0 483947
- 21 0724205 42929 ResiAuO T h 8 26 18.0589 27.9431  40.8893 0 408893
[0} = -
w =1
- 0] .
R
& & 22 0724205 38148 eSO i 8 26 16.4836 255055  35.8916 0 358916
g )
% — .
= 8 23 0786618 34.6805 |euduO ”“:l‘\;c; 8 26 13.6709 21.1534  26.9684 0  26.9684
ol .
o €
S E .
S8 24 078618 225349 Residuonuevo 8 26 10.1793 157507  15.8912 0 158912
! -RNP
T9 25 0786618 7.51139 |esiduonuevo 8 26 5.86393 9.07343  2.20085 0  2.20085
2/10 - RNP
2025
G|obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.55148
. . . Base B'as.e Shear Shear Base Pore Effie
Slice Width  Weight Base . Friction Normal Normal
Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
gl [ ' [kPa] 2 [kPa]  [kPa] [kPa]
2 [degrees] [kPa] [kPa]
E .
z 1 069829 447343 Hesiaue T Nn 8 26 881781 136807  11.6471 0 11.6471
& g Resid
g = 2 101946 19.7488 0 8 26 130383 202286  25.0723 0 250723
S 3 0684019 19.8303 hesiduo ”“:l‘\;c; 8 26 15.6993 243571  33.537 0 33537
7 .
o @
) .
Q g 4 0684019 24.0429 hesiduo ”“:l‘\l’;’ 8 26 182207 282691  41.5578 0 415578
o & |
> S 5 0976119 402519 Residuonuevo 8 26 19.199 29.7868  44.6696 0  44.6696
/\\ - RNP
e
3 .
7 6 0976119 46.1367 Res'd”‘)””:,‘\l’?) 8 26 21.4206 332336  51.7366 0 51.7366
7 0.88781 46.2491 Res'd”‘)””:;i 8 26 21.6639 33.6111  52.5106 0 525106
8 0.88781 49.4694 Res'd”"”“:;‘; 8 26 22.7272 35.2608  55.8929 0  55.8929
9 088781 52.6896 Res'd”"”“:"\l’g 8 26 23.7366 36.8269  59.1038 0  59.1038
10  0.80854 50.2461 Res'd”c’”“:"\l’f) 8 26 23.0821 358114  57.0218 0 57.0218
Residuo nuevo
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-RNP
12 0.80854 53.4241 Res'd”c’”“:"\l’f) 26 23.7602 36.8634  59.1788 59.1788
13 0.80854 55.0132 Res'd”c’”“:;‘; 26 24.0773 37.3554  60.1875 60.1875
14 1.00232 69.6098 Res'd“o”“:"\l’c; 26 22.9508 35.6077  56.6041 56.6041
15 1.00232 70.4636 Res”“”“:;‘; 26 22.9298 355752  56.5376 56.5376
16 1.00232 713174 Res'd”‘)””:,‘\l’s 26 22.9432 355959 56.58 56.58
17 1.10979 78.8375 Res'd”‘)””:;i 26 21.5697 33.4649  52.2108 52.2108
18  1.10979 77.6384 Res'd”"”“:;‘; 26 21.2876 33.0273  51.3135 51.3135
2]
o
8 .
9 19 1.05186 71,0414 tesiduonuevo 26 19.4984 30.2514  45.6221 45.6221
s -RNP
b= .
8 = 20 1.05186 67.0899 Res'd”"”“:"\l’g 26 18.8837 29.2977  43.6668 43.6668
- 21 0761477 44.8633 Res'd”c’”“:"\l’f) 26 166 257546  36.4024 36.4024
[0} = -
w =1
- 0] .
8 g 22 0761477 40.313 Res'd”"”“:"\l"; 26 156506 24.2816 333822 33.3822
o -
% — .
= 8 23 0.739862 32.8534 Res'd“o”“:"\l’c; 26 12.7962 19.8531  24.3025 24.3025
S8 )
S g .
S8| 24 0730862 207084 ReESiduonuevo 26 9.70921 150636  14.4826 14.4826
! -RNP
T9 25 0739862 6.90279 |esiduonuevo 26 5.7749 895964  1.96754 1.96754
2/10 - RNP
2025
Ljst Of Coordinates
& External Boundary
2
: X Y
o § 0.341395 0.0659174
= 0341395  -57.17
Q¢ 285.32 -57.17
IS
§ ] 285.32  54.5085
2 245593 48.1647
O 3
2 24352 45.9439
R
S s 238.983  45.5838
o 237.039  45.4001
N 202.091  44.7809
155.844  43.9176
137519  35.2216
130341  35.7507
113421  28.6019
102.304  28.7969
83.9613  19.8142
78.5977  20.3275
58.2578  9.91765
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50.9756
40.2903

9.89474
2.91195

Material Boundary

X
58.2578
63.3152

Y
9.91765
4.91765
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abilitacion
rofesional

H
P

AMaterial Boundary

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

>/10Material Boundary

2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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~)

Ve

X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838
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2/10
2025

1.2. SITUACION ACCIDENTAL TIPO 1
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)
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Habilitacion
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2/10
2025

1.2.1. ROTURA POR LA MASA DE RESIDUO
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 Circular - Residuo

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil A-A”

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
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Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
m E = O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 5 18 20 26
§ Cohesion [kPa] 5 5 15 50
o
~§ y| Friction Angle [deg] 26 26 40 45
uz § Water Surface None Water Table None None
2 E| HuVvalue 1
e Q]
o] 2| Ru Value 0 0 0
° 5
5 =
5 o
© g . .
¢ SGlobal Minimums
2 3

c—
7% $Method: bishop simplified
=20
55 FS: 1.576660
Ia Center: 50.168, 64.191
2/10 Radius: 53.954
2025 Left Slip Surface Endpoint: 61.049, 11.346

Right Slip Surface Endpoint: 81.230, 20.076
Resisting Moment=19302.3 kN-m
Driving Moment=12242.5 kN-m

Method: gle/morgenstern-price

FS: 1.573900

Center: 50.168, 64.191

Radius: 53.954

Left Slip Surface Endpoint: 61.049, 11.346
Right Slip Surface Endpoint: 81.230, 20.076
Resisting Moment=19268.4 kN-m

Driving Moment=12242.5 kN-m

Resisting Horizontal Force=325.059 kN
Driving Horizontal Force=206.531 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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Method: bishop simplified

Number of Valid Surfaces: 1504
Number of Invalid Surfaces: 3303

Error Codes:

Error Code -103 reported for 447 surfaces
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Error Code -107 reported for 1 surface
Error Code -109 reported for 1 surface
Error Code -110 reported for 572 surfaces
Error Code -112 reported for 191 surfaces
Error Code -113 reported for 89 surfaces
Error Code -1000 reported for 2002 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 1495
Number of Invalid Surfaces: 3312
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Habilitacion
Profesional

Error Codes:

Error Code -103 reported for 447 surfaces
Error Code -107 reported for 1 surface
Error Code -108 reported for 5 surfaces
Error Code -109 reported for 1 surface
Error Code -110 reported for 572 surfaces
Error Code -112 reported for 195 surfaces
Error Code -113 reported for 89 surfaces
Error Code -1000 reported for 2002 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
occur on a benched slope model with two sets of Slope Limits.

2/10
2025

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low
number of slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside
the soil region,even though the slip surface is wholly within the soil region.

@
% -110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
g specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)
5 span the appropriate soil cells.
® g -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
é' E calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
9 § deep seated slip surfaces with many high negative base angle slices in the passive zone.
I % -113 =Surface intersects outside slope limits.
8 % -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
o 2
2.
@ cSlice Data
> >
AL X \

ijobal Minimum Query (bishop simplified) - Safety Factor: 1.57666

Base Base Effective
. . . Base o Shear Shear Pore
Slice Width  Weight Base . Friction Normal Normal
Numb (m] [kN] Material Cohesion - Stress  Strength o Pressure o
umber m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 0807206 1.74698 hesiduo ”“:l‘\l"; 5 26 3.60252 567995  1.39409 0 139409
2 0807206 5.1466a esiduo ”“:l‘\l’;’ 5 26 4.80216 7.57137  5.27209 0  5.27209
Residuo nuevo
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-RNP
4 0807206 11375 tesiduo ”“:"\l’f) 5 26 6.96489 10.9813  12.2634 0 122634
fesi
5 0.807206 14.1994 es'd”c’”“:':l"; 5 26 7.92825 125002  15.3776 0 153776
6 0.807206 16.8273 Res'd“o”“:"\l’c; 5 26 8.81302 13.8951  18.2377 0 182377
7 0.807206 19.2562 Res”“”“:;‘; 5 26 9.61913 15.1661  20.8436 0 208436
8 0807206 21.483 Residuo ””:,‘\l’?) 5 26 103466 163131  23.1952 0 231952
9 0807206 23.5048 esiduo ””:;2 5 26 10.9952 17.3357  25.292 0 25.292
10 0.807206 25.3183 Res'd”"”“:;‘; 5 26 11.5648 182338  27.1332 0 27.1332
1)
o
8 .
3 11 0.807206 26.9197 Res'd”"”“:;‘; 5 26 12.0551 19.0068  28.7181 0 287181
5 ¢ Resid
w ©
5 =2 12 0.807206 283054 “0”“:"\1’3 5 26 12.4657 19.6542  30.0456 0  30.0456
- 13 0807206 20471 "eSdUO T h 5 26 127964 201755 311143 0 311143
[0} = -
w =1
- 0] .
R
& & 14 0.807206 30.4123 es'd”c’”“:"\l"; 5 26 13.0464 205698  31.9228 0 319228
g )
% — .
= 8 15 0.807206 31.1244 Res'd“”“:"\l"; 5 26 13.2156 20.8365  32.4695 0  32.4695
ol .
o €
S E .
S| 16 0807206 31.6021 Res”“”“:;‘; 5 26 133031 209744  32.7524 0 327524
2% _
T9 17 0807206 31.84 hesiduonuevo 5 26 133083 20.9826  32.7692 0 32.7692
2/10 - RNP
2025 ;
18 0.807206 31.8319 Res'd”‘)””:,‘\l’?) 5 26 132304 20.8599  32.5176 0 325176
19 0.807206 31.5716 Res'd”‘)””:;i 5 26 13.0687 20.6049  31.9949 0  31.9949
g 20 0.807206 31.052 Res'd”"”“:;‘; 5 26 12.8222 202163  31.1981 0  31.1981
3 .
o
w .
g 21 0.807206 302656 Hesiduo ”“:"\l’g 5 26 1249 19.6925  30.1242 0 30.1242
o & i
N3 Residuo nuevo
g & 22 0.807206 28.9627 i 5 26 11.9932 189092  28.5179 0 285179
o g B
Q¢ .
o
S 3 23 0.807206 224414 eSO R 5 26 9.83008 154987 215255 0 215255
o 2 -
)
Q 8 24 0807206 13678 hesiduonuevo 5 26 6.97972 11.0047 123114 0 123114
2 -RNP
0 5 .
> > 25 0807206 4.61088 |Csiduonuevo 5 26 4.06941 6.41608  2.9034 0 2.9034
N - RNP
%,
AN \‘,
G|obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.5739
. . . Base B'as.e Shear Shear Base Pore B
Slice Width  Weight Base . Friction Normal Normal
Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
u ! [kPa] g [kPa]  [KkPa] [kPa]
[degrees] [kPa] [kPa]
1 0807206 174698 esidue ”“:"\l’g 5 26 3.66179 57633  1.56499 0  1.56499
2 0.807206 5.14664 Res'd”c’”“:"\l’f) 5 26 497769 7.83438  5.81133 0 581133
Residuo nuevo
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-RNP
4 0807206 11375 tesiduo ”“:"\l’f) 26 7.3625 11.5878 13.507 13.507
5 0.807206 14.1994 Res'd”c’”“:;\l’c; 26 840777 13.233  16.8801 16.8801
6 0.807206 16.8273 Res'd“o”“:"\l’c; 26 9.34312 147051  19.8985 19.8985
7 0.807206 19.2562 Res”“”“:;‘; 26 10.1635 159964  22.5459 22.5459
8 0807206 21.483 Residuo ””:,‘\l’?) 26 10.8673  17.104  24.8169 24.8169
9 0.807206 23.5048 Res'd”‘)””:;i 26 11.456 18.0306  26.7167 26.7167
10 0.807206 253183 ~esiduo ”“:;‘; 26 11.934 18.783  28.2595 28.2595
1)
o
8 .
3 11 0.807206 26.9197 tesiduo ”“:;‘; 26 12.3082 19.3718  29.4666 29.4666
5 ¢ Resid
w ©
5 =2 12 0.807206 283054 o C° ”“:"\l’g 26 12.5866  19.81  30.3649 30.3649
= g -
z @ Residuo nuevo
- 13 0.807206 29.471 i 26 12.7783 20.1117  30.9836 30.9836
[0} = -
w =1
- 0] .
8 g 14 0.807206 30.4123 Res'd”c’”“:;\l’c; 26 12.8925 202915 313522 313522
o -
% — .
= 8 15 0.807206 31.1244 Res'd“°”“:|‘\l’§ 26 12.9378 203628  31.4985 31.4985
c -+ R
o €
S € _
S| 16 0807206 31.6021 Res”“”“:;‘; 26 12,9219 203378  31.4471 31.4471
2% _
T9 17 0807206 31.84 hesiduonuevo 26 12.8509 20.2261  31.2181 31.2181
2/10 - RNP
2025 ;
18 0.807206 31.8319 hesiduo ””:,‘\l’?) 26 12.7295 20.0349  30.8262 30.8262
19 0807206 315716 Residuo ””:;2 26 12.5603 19.7686  30.2802 30.2802
g 20 0807206 31.052 fesiduo ”“:;‘; 26 12344 19.4283  29.5825 29.5825
3 .
o
w .
g 21 0.807206 302656 Hesiduo ”“:"\l’g 26 12.0794 19.0117  28.7282 28.7282
© & )
N 3 Residuo nuevo
g & 22 0.807206 28.9627 i 26 11.6875 183949  27.4637 27.4637
n 8 -
N .
o
S 3 23 0.807206 224414 eSO R 26 9.69985 15.2666  21.0497 21.0497
o 2 -
)
Q 8 24 0807206 13678 hesiduonuevo 26 6.98675 10.9964  12.2945 12.2945
. -RNP
B 3 e
> > 25 0.807206 4.61088 ' Clouonuevo 26 410625 6.46282  2.99923 2.99923
TN -RNP
%,
\
tist Of Coordinates
Water Table
X Y
60.9013 7.30417
129.125 23.036
166.01 32.185
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184.452
208.413
223.649

37.122
40.462
40.462

External Boundary
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N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

Ve

X
0.341395
0.341395

285.32

285.32
245.593

243.52
238.983
237.039
202.091
155.844
137.519
130.341
113.421
102.304
83.9613
78.5977
58.2578
50.9756
40.2903

Y
0.0659174
-57.17
-57.17
54.5085
48.1647
45.9439
45.5838
45.4001
44.7809
43.9176
35.2216
35.7507
28.6019
28.7969
19.8142
20.3275
9.91765
9.89474
2.91195

Material Boundary

X
58.2578
63.3152

Y
9.91765
4.91765

Material Boundary

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

Material Boundary

? SLIDEINTERPRET 6.005
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? SLIDEINTERPRET 6.005
[N

X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838

b LN

Page 7 of 7






@ Lurgintza r-rr o=

W% ambito

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

1.2.2. ROTURA CONTACTO VERTEDERO-TERRENO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 Circular - vertedero y terreno
Slide Modeler Version: 6.005

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil A-A”

a0
H

General Settings

[

hits of Measurement: Metric Units

e Units: days

rmeability Units: meters/second

dilure Direction: Right to Left

hta Output: Standard

!’:flaximum Material Properties: 20
aximum Support Properties: 20

P |

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez
|w)

b

nalysis Options

palysis Methods Used

Habilitacion
Prgfesional

2/10 Bishop simplified
2025 GLE/Morgenstern-Price with interslice force function: Half Sine

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha<0.2: Yes

tial trial value of FS: 1

feffensen Iteration: Yes

w5 oz 4z

o

roundwater Analysis

[0

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

> O

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

TAandom Numbers

-

<)

Ve

P4eudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3
Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
SLIDEINTERPRET 6.005
?‘l'» Page 1 of 6

b LN






Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Impermeabilizacion Residuo nuevo - RNP

Color EI

Dique

Sustrato rocoso

]

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

Ve

<

FS:1.710040

Center: 44.050, 209.579

Radius: 206.075

Left Slip Surface Endpoint: 41.226, 3.523
Right Slip Surface Endpoint: 166.898, 44.124
Resisting Moment=2.41055e+006 kN-m
Driving Moment=1.40964e+006 kN-m
Resisting Horizontal Force=11086.2 kN
Driving Horizontal Force=6482.98 kN

alid / Invalid Surfaces

Aethod: bishop simplified

Number of Valid Surfaces: 1981
Number of Invalid Surfaces: 7677

Error Codes:

Error Code -101 reported for 25 surfaces
Error Code -103 reported for 685 surfaces

Error Code -109 reported for 1 surface

Error Code -110 reported for 166 surfaces
Error Code -112 reported for 136 surfaces
Error Code -118 reported for 86 surfaces
Error Code -1000 reported for 6578 surfaces

? SLIDEINTERPRET 6.005
[N

b LN

Strength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
Unit Weight [kN/m3] 5 18 20 26
;2 Tohesion [kPa] 5 5 15 50
riction Angle [deg] 26 26 40 45
(Vater Surface None Water Table None None
[%2]
§ Hu Value 1
5 x| Ru Value 0 0 0
& £
w ©
a =
< ¢ . .
5 2Global Minimums
° g
5 2
303
3 gMethod: bishop simplified
W &
€ 9
§ < FS:1.695170
o
= © Center: 44.050, 209.579
G T Radius: 206.075
§ .‘(73) Left Slip Surface Endpoint: 41.226, 3.523
=0 Right Slip Surface Endpoint: 166.898, 44.124
o
% a Resisting Moment=2.38957e+006 kN-m
2/10 Driving Moment=1.40964e+006 kN-m
2025
Method: gle/morgenstern-price
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Method: gle/morgenstern-price

Number of Valid Surfaces: 1974
Number of Invalid Surfaces: 7684

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Habilitacion
Profesional

Col. n° 2226 Guillermo Bernal Martinez

2/10
2025

Error Code -101 reported for 25 surfaces
Error Code -103 reported for 685 surfaces
Error Code -108 reported for 1 surface

Error Code -109 reported for 1 surface

Error Code -110 reported for 166 surfaces
Error Code -112 reported for 142 surfaces
Error Code -118 reported for 86 surfaces
Error Code -1000 reported for 6578 surfaces

Error Codes

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.
-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a
benched slope model with two sets of Slope Limits.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
the driving force is very small (0.1 is an arbitrary number).
-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of
slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil
region,even though the slip surface is wholly within the soil region.
-110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span
the appropriate soil cells.
-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.
-118 = Surface does not pass through the search focus

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

T
o
8
gSlice Data
g
(]
g &
g EG obal Minimum Query (bishop simplified) - Safety Factor: 1.69517
Sz
n 3 i
N . ) . Base I?:as'e Shear  Shear Base Pore EIEE
Q2| |Slice Width Weight Base K Friction Normal Normal
® 3 i Cohesion Stress  Strength Pressure
& o Number [m] [kN] Material Angle Stress Stress
2 8 [kPa] [kPa]  [kPa] [kPa]
o g [degrees] [kPa] [kPa]
2 1 5.41181 191.563 Dique 15 40 263776 44.7145  35.4124 0  35.4124
0 =z
S s 2 5.41181 559.497 Dique 15 40 59.2715 100.475  101.865 0  101.865
N 3 5.41181 660.97 Dique 15 40 67.5693 114.542  118.629 0  118.629
VONS
N 4 541181 700.978 Dique 15 40 702431 119.074  124.031 0  124.031
5 421774 642.371 Impermeabilizacion 5 26 45.4384 77.0258  147.675 0  147.675
6 4.21774 775.302 Impermeabilizacion 5 26 53.9346 91.4284  177.204 0 177.204
7 421774 908.292 Impermeabilizacion 5 26 623342 105.667  206.399 0  206.399
8 507622 123054  lesiduo nue;’ﬁ; 5 26 56.1273 95.1453  233.043 48218  184.825
9 507622 1169.65  esiduo n“er‘{’;F: 5 26 51.7801 87.7761 220439 50.7229  169.716
10 507622 124165  esiduo ”“e';’;; 5 26 54.9256 93.1082 23258 519313  180.649
? SLIDEINTERPRET 6.005
ols, Page 3 of 6

b LN






? SLIDEINTERPRET 6.005
[N

b LN

Resi -
11 5.07622 1360.83 esiduo n“er‘{"‘ip 5 26 60.8717 103.188  253.139 51.8227  201.316
12 507622 146753  hesiduo ”“e';’;; 5 26 66.4258 112.603  270.993 50.3737  220.619
13 507622 149967  ‘esiduo nue;,c\’“; 5 26 683619 115.885  274.906 47.5573  227.349
14 507622 135423  Residuo n“er‘{’;F: 5 26 61.4294 104.133 246597 43343  203.254
15 507622 121574  hesiduo ”“e';’;; 5 26 553196 93.7761  219.713 37.6961  182.017
16 507622 121637  ‘esiduwo nue;’ﬁ; 5 26 56.7662 96.2284  217.623 30.5776  187.045
17 507622 122496  ‘esiduo n“e;’;F: 5 26 58.9685 99.9617  216.644 21.9434  194.701
18 507622 121420  Residuo ”“e';’;; 5 26 60.5524 102.647  211.948 11.7437  200.205
2]
o
Q .
EREN 19 507622 10364  esiduo ”“e;’;; 5 26 53.9742 914955  178.082 0.740354  177.342
& £
a £ Residuo nuevo -
53 20 5.07622 848.32 o 5 26 444162 75293  144.122 0 144122
: 3 Resid
o -
- 21 5.07622 813.574 esiaue ”“er‘{"‘ip 5 26 423212 717417  136.841 0  136.841
O] =
w =1
o (0] .
o -
S g 22 507622 767453  Residuo ”“e;’;P 5 26 39.6953 67.2902  127.714 0 127714
x o
= =4
2] — .
2 38 23 507622 700026 ~ fesiduo nue;,c\’lp 5 26 36.0776 61.1576 115.14 0 115.14
S8 .
88| 24 so7e22 477008 eSO e 5 26 251247 425906  77.0721 0o 77.0721
|
Tg 25 507622 162465  Hesiduonuevo- 5 26 10078 17.0839  24.7757 0 247757
RNP
2/10
2025
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.71004
. i . Base . Shear Shear Base Pore Bl e
Slice Width Weight Base K Friction Normal Normal
humb [m] [kN] Material Cohesion Stress  Strength st Pressure st
_ umbper m ateria [kPa] [kPa] [kPa] ress [kPa] ress
[ [degrees] [kPa] [kPa]
o
9 1 541181 191.563 Dique 15 40 26.8126 45.8506  36.7663 0 367663
w
z 2 5.41181 559.497 Dique 15 40 622825 106.506  109.052 0  109.052
(]
o & 3 541181 660.97 Dique 15 40 73.6603 125.962 132.24 0 132.24
S g 4 5.41181 700.978 Dique 15 40 79.0239 135.134 143.17 0 143.17
§ 8 5 421774 642371 Impermeabilizacién 5 26 49.6556 84.913  163.846 0  163.846
o
§ 7 6 4.21774 775.302 Impermeabilizacién 5 26 585207 100.073  194.928 0  194.928
5 g 7 421774 908.292 Impermeabilizacién 5 26 67.1066 114755  225.031 0 225031
o
Q < i ;
< 5 8 507622 1230.54  esiduo nue;’ﬁp 5 26 59.6974 102.085 247271 48218  199.053
S g fesid
N 9 5.07622 1169.65 esiauo n“el;’:\’“; 5 26 543864 93.003  231.156 50.7229  180.433
x,”\‘,
10 507622 124165  esiduo ”“e';’;; 5 26 56.5413 96.6879  239.919 51.9313  187.988
11 507622 1360.83  esiduo ”“e;’;; 5 26 61.3682 104.942  256.735 51.8227  204.912
12 507622 146753  ‘esiduo nue;,c\’“; 5 26 65685 112324 270421 503737  220.047
13 507622 149967  ‘esidue ”“er‘{’;; 5 26 66.3961 113.54  270.098 47.5573  222.541
14 507622 135423  hesiduo ”“e';’;; 5 26 585523 100.127  238.381  43.343  195.038
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Resi -
15 5.07622 1215.74 es'd“"”“er‘{’ﬁp 26 51.8338 88.6378  209.179 37.6961  171.483
16 507622 121637  esiduo ”“e';’;; 26 527113 90.1385  205.138 30.5776  174.561
17 507622 122496  ‘esiduo nue%',c\’“; 26 545516 93.2855  202.956 21.9434  181.012
18 507622 121420  Residuo n“e;’;g 26 56.0513 95.8499  198.013 11.7437 186.27
19 507622 10364  hesiduo ”“e';’;; 26 50.0299 85.5531  165.899 0.740354  165.158
20 5.07622 848.32 Res'du”uer‘{';; 26 41.0435 70.1861  133.651 0 133651
21 507622 813574  fesiduo n“e;’;g 26 39.2678 67.1495  127.425 0 127.425
22 507622 767453  Residuo ”“e';’;; 26 37.1642 63.5523 120.05 0 120.05
2]
o
Q .
EREN 23 507622 700026 ~ lesiduo ”“e;;; 26 34.2546 585767  109.849 0 109.849
& £
w © .
53 24 507622 477048  Residuo nue,:,?,p 26 24267 414975  74.8309 0 748309
S 3
S & 25 507622 162465  lesiduonuevo- 26 9.92702 16.9756  24.5537 0 245537
5 = RNP
5 g
W Q
2 -Ljst Of Coordinates
3 S
5T
(8]
g @Water Table
5»—
o
Ta X Y
2/10 60.9013 7.30417
2025 129125 23.036
166.01 32.185
184.452 37.122
208.413  40.462
3 223.649 40.462
8
i
3
gFopcus Search Line
o0 w
S
o X Y
S =
q ¢ 40.2903 2.91195
IS
S g 62.8729 4.36524
S 3
o 9
la) Qo
& ZEkternal Boundary
S g
Q. X Y
W 0.341395 0.0659174
0.341395 57.17
285.32 57.17
28532  54.5085
245593 48.1647
24352 45.9439
238983  45.5838
237.039  45.4001
202.091  44.7809
155.844  43.9176
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137.519
130.341
113.421
102.304
83.9613
78.5977
58.2578
50.9756
40.2903

35.2216
35.7507
28.6019
28.7969
19.8142
20.3275
9.91765
9.89474
2.91195

1% laterial Boundary
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M
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X
58.2578
63.3152

Y
9.91765
4.91765

aterial Boundary

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

aterial Boundary

X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838

b LN
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1.2.3. ESTABILIDAD CONJUNTA DEL VERTEDERO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 Circular - global

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil A-A”

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
ols, Page 1 of 7

b LN






Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
m E = O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 5 18 20 26
§ Cohesion [kPa] 5 5 15 50
o
~§ y| Friction Angle [deg] 26 26 40 45
uz § Water Surface None Water Table None None
2 E| HuVvalue 1
e Q]
o] 2| Ru Value 0 0 0
° 5
5 =
5 o
© g . .
¢ SGlobal Minimums
2 3

c—
7% $Method: bishop simplified
=20
55 FS: 1.574510
Ia Center: 81.522, 140.042
2/10 Radius: 133.114
2025 Left Slip Surface Endpoint: 53.540, 9.903

Right Slip Surface Endpoint: 173.957, 44.256
Resisting Moment=1.60698e+006 kN-m
Driving Moment=1.02062e+006 kN-m

Method: gle/morgenstern-price

FS: 1.575690

Center: 81.522, 140.042

Radius: 133.114

Left Slip Surface Endpoint: 53.540, 9.903
Right Slip Surface Endpoint: 173.957, 44.256
Resisting Moment=1.60818e+006 kN-m
Driving Moment=1.02062e+006 kN-m
Resisting Horizontal Force=11338.3 kN
Driving Horizontal Force=7195.76 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
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' falid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 2150
Number of Invalid Surfaces: 2657

Error Codes:

Error Code -103 reported for 1034 surfaces

? SLIDEINTERPRET 6.005
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Error Code -106 reported for 20 surfaces
Error Code -108 reported for 31 surfaces
Error Code -110 reported for 284 surfaces
Error Code -112 reported for 287 surfaces
Error Code -1000 reported for 1001 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2120
Number of Invalid Surfaces: 2687
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G

(%)

Jice Data

Error Codes:

Error Code -103 reported for 1034 surfaces
Error Code -106 reported for 20 surfaces
Error Code -108 reported for 53 surfaces
Error Code -110 reported for 284 surfaces
Error Code -111 reported for 1 surface
Error Code -112 reported for 294 surfaces
Error Code -1000 reported for 1001 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
occur on a benched slope model with two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)
span the appropriate soil cells.

-111 = safety factor equation did not converge

-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
deep seated slip surfaces with many high negative base angle slices in the passive zone.

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

obal Minimum Query (bishop simplified) - Safety Factor: 1.57451

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

s

<)

Ve

Slice
Number

? SLIDEINTERPRET 6.005
[N

b LN

Base Base Effective
. . Base o Shear Shear Pore
Width Weight Base X Friction Normal Normal
(m] [kN] Material Cohesion ] Stress  Strength o Pressure o
m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
5.87102 71.9053 Dique 15 40 17.8764 28.1465  15.6674 0  15.6674
4.77276 284273 Residuo n“;’:l"; 5 26 22.6768 357048  62.9541 0 629541
477276 548024 esiduo ”“:’:l"; 5 26 3757 59.1543  119.064 8.03084  111.033
477276 796777 Residuo ”“:’:l"; 5 26 48.8393  76.898  170.683 23.2699  147.413
477276 103060 esiduo ”“:;g 5 26 59.4138 93.5476 218364 36.8139 181.55
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? SLIDEINTERPRET 6.005
[N

b LN

6 477276 113026 ~euduo n“Relll"; 5 26 61.5461 96.905  237.108 48.6737  188.434
7 477276 117363 ‘esduo n“;’:l’g 5 26 60.5349 953128  244.022 58.8533  185.168
8 477276 135181 tesiduo ”“:’:l"; 5 26 68.6252 108.051  278.637 67.3504  211.287
9 477276 1517.66 "esiduo ”“:;‘; 5 26 76.2675 120.084  310.113 74.1559  235.957
10 477276 166854 "esiduo ”“:;g 5 26 833116 131.175  337.952 79.2543  258.697
11 477276 1697.62 tesiduo ”“:;g 5 26 83.2018 131.002  340.964 82.6228  258.342
12 477276 1609.96 ~esiduo "“:;;’ 5 26 76.4847 120.426 320.89 84.2311  236.659
g 13 477276 154873 esiduo "“:;;’ 5 26 72.0021 113.368 306229 84.0409  222.188
g .
(]
y B 14 4.77276 1600.55 Res'd”c’"“:;? 5 26 74.848 117.849  313.378 82.0048  231.373
4 '
- E .
g 5 15 477276 164474 hesiduo n“Relll"; 5 26 77.6851 122.316  318.598 78.0651  240.533
[T -
o o
o § Residuo nuevo
g = 16 4.77276 1669.7 5 26 79.8515 125.727 319.68 72.1531  247.527
g ¢ -RNP
W N H
£z 17 4.77276 1550.66 Res'd”(’”“:’:l"; 5 26 74023 11655 293628 649159 228712
=} ° -
3 S
S® 18 477276 138252 hesiduo ”“:;‘; 5 26 66.0698 104.028 258.65  55.613  203.037
Q 5 -
g.é Residuo nuev
28| 19 477276 135003 "M 5 26 66.9675 105441  249.976 44.0403  205.935
Iraq -
2/10 20 477276 1329.45 Residuonuevo 5 26 68.0821 107.196 23959  30.058  209.532
2025 -RNP
21 477276 12773 Residwo ”“:lll"; 5 26 685375 107.913 224502 13.4981  211.004
22 477276 114173 Residuo "“:;;’ 5 26 63.6552 100.226  195.242 0 195242
_ .
o
£ .
2 23 477276 855691 hesiduo "“:lll’;’ 5 26 47.5436 74.8579 143.23 0 143.23
i .
z
£ .
o & 20 477276 536478 hesiduo n“Relll"; 5 26 30.1996 47.5496  87.2397 0  87.2397
§ E Residuo nuevo
g 25 4.77276 184.591 iauo nuev 5 26 11.802 185823  27.8478 0  27.8478
§ e -RNP
8 2
™M o
S g
b’ 2Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.57569
a ¢ -
5 é . . . Base B'oas.e Shear Shear — Pore i
=< 3| [ Slice Width Weight Base X Friction Normal Normal
> > umb (m] [kN] Material Cohesion ] Stress  Strength o Pressure o
,:‘;s\. umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
WO [degrees] [kPa] [kPa]
1 5.87102 71.9053 Dique 15 40 18.4973  29.146  16.8586 0  16.8586
2 477276 284273 tesiduo n“;’:l’g 5 26 23.9708 37.7706  67.1897 0  67.1897
3 477276 548024 Tesiduo ”“:’:l"; 5 26 40.4889  63.798 128585 803084  120.554
4 477276 796777 hesiduo ”“:;‘; 5 26 53.5695 84.4089  186.082 23.2699  162.812
5 477276 103069 ~esiduo ”“:;g 5 26 65863 103.78  239.343 36.8139  202.529
Residuo nuevo
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External Boundary

? SLIDEINTERPRET 6.005
[N

b LN

-RNP
7 477276 117363 "esiduo ”“:;‘F’) 26 67.724 106712  267.393 58.8533 208.54
8 477276 135181 ~esiduo ”“:lll"; 26 75.8449 119.508  302.126 67.3504  234.776
9 477276 1517.66 ~esiduo n“:;;’ 26 82923 130.661  331.798 74.1559  257.642
10 4.77276 1668.54 Res'duon“:;;’ 26 88.8252 139.961  355.965 79.2543 276.71
11 477276 1697.62 ~esiduo n“Relll"; 26 86.8223 136.805  352.862 82.6228  270.239
12 477276 160996 ~esidue n“;’:l"; 26 77.8465 122.662  325.474 842311  241.243
13 477276 154873 residuo "”:’:l"; 26 712919 112334  304.109 84.0409  220.068
1)
o
8 .
9 14 477276 160055 hesiduonuevo 26 723391 113.984  305.456 82.0048  223.452
s -RNP
b= .
8 = 15 477276 164474 Tesiduo "”:;‘; 26 73.5678 11592  305.485 78.0651  227.42
- 16 477276 16607 eoaU i 26 744309 117.28  302.361 721531  230.208
[0} = -
w =1
- 0] .
& & 17 477276 1550.66 eoOU e 26 67.8839 106.964 273973 649159  209.057
g .
% — .
= 8 18 477276 138252 "esdue ““:;‘P’ 26 59.8206 94.2587 238621  55.613  183.008
ol .
o €
S E .
S| 19 477276 1359.03 Res'd“““:;‘; 26 60.7668 957496  230.105 44.0403  186.065
2% _
T9 20 477276 132045 hesiduonuevo 26 62.3263 98207 221161  30.058  191.103
2/10 - RNP
2025 ;
21 477276 12773 Residuo n“Relll"; 26 63.623  100.25 208.79 13.4981  195.292
22 477276 1141.73 Res'duon“;’:l’g 26 59.957 944736  183.449 0  183.449
g 23 4.77276 855.691 Res'd”(’"”:’:l"; 26 452983 713761  136.091 0  136.091
3 .
o
w .
g 24 477276 536.478 Res'd”(’"”:;‘; 26 29.2704 46.1211  84.3107 0 843107
Q£ )
3 & 25 477276 184.501 Tesiduonuevo 26 11.6947 18.4273 27.53 0 27.53
8 % -RNP
Q¢
O o
8 2
3 g
o slfst Of Coordinates
la) Qo
< s
Q=
> S,
Yater Table
A ON
X Y
60.9013 7.30417
129.125 23.036
166.01 32.185
184.452  37.122
208.413  40.462
223.649  40.462
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-

~)

Ve

X
0.341395
0.341395

285.32

285.32
245.593

243.52
238.983
237.039
202.091
155.844
137.519
130.341
113.421
102.304
83.9613
78.5977
58.2578
50.9756
40.2903

Y
0.0659174
-57.17
-57.17
54.5085
48.1647
45.9439
45.5838
45.4001
44.7809
43.9176
35.2216
35.7507
28.6019
28.7969
19.8142
20.3275
9.91765
9.89474
2.91195

laterial Boundary

X
58.2578
63.3152

Y
9.91765
4.91765

Mlaaterial Boundary

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

Material Boundary

X
40.2903
60.3132
62.8729
137.519

? SLIDEINTERPRET 6.005
[N

b LN

Y
2.91195
1.16849
4.36524
10.5182
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-

LW

? SLIDEINTERPRET 6.005
[N

145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838

b LN
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1.2.4. ROTURA POLIGONAL

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 - Poligonal

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil A-A”

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Search Method: Auto Refine Search

? SLIDEINTERPRET 6.005
ols, Page 1 of 7

b LN






Divisions along slope: 10

Circles per division: 10

Number of iterations: 10

Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Impermeabilizacion Residuo nuevo - RNP

el
o ] ]

Dique

Sustrato rocoso

=

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Prof%onal

lethod: bishop simplified

FS:1.420510

2/10
2025

Axis Location: 60.778, 34.969
Left Slip Surface Endpoint: 60.335, 10.981

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

Ve

Right Slip Surface Endpoint: 79.703, 20.222
Resisting Moment=12677.2 kN-m
Driving Moment=8924.42 kN-m

Method: gle/morgenstern-price

FS: 1.415650

Axis Location: 60.830, 34.945

Left Slip Surface Endpoint: 60.381, 11.004
Right Slip Surface Endpoint: 79.713, 20.221
Resisting Moment=11619.2 kN-m

Driving Moment=8207.66 kN-m

Resisting Horizontal Force=428.928 kN
Driving Horizontal Force=302.99 kN

falid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 2813
Number of Invalid Surfaces: 1689

Error Codes:

Error Code -105 reported for 252 surfaces
Error Code -106 reported for 780 surfaces

? SLIDEINTERPRET 6.005
[N

b LN

trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 5 18 20 26
Cohesion [kPa] 5 5 15 50
Friction Angle [deg] 26 26 40 45
Water Surface None Water Table None None
Hu Value 1

Ru Value 0 0 0

Global Minimums
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Error Code -107 reported for 263 surfaces
Error Code -108 reported for 58 surfaces

Error Code -110 reported for 322 surfaces
Error Code -1000 reported for 14 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2783
Number of Invalid Surfaces: 1719

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
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Habilitacion
Profesional

2/10
2025

(%)

Jice Data

Error Code -105 reported for 252 surfaces
Error Code -106 reported for 780 surfaces
Error Code -107 reported for 263 surfaces
Error Code -108 reported for 87 surfaces
Error Code -110 reported for 322 surfaces
Error Code -111 reported for 1 surface
Error Code -1000 reported for 14 surfaces

Error Codes

The following errors were encountered during the computation:

-105 = More than two surface / slope intersections with no valid slip surface.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)
span the appropriate soil cells.

-111 = safety factor equation did not converge

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

obal Minimum Query (bishop simplified) - Safety Factor: 1.42051

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
G)

VISADO : 03202500128

s

~)

Ve

Slice
Number

? SLIDEINTERPRET 6.005
[N

b LN

Base Base Effective
. . Base . Shear Shear Pore
Width  Weight Base . Friction Normal Normal
[m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
113202 9.83003 residuo ”“:;‘; 5 26 7.36217 10458  11.1907 0  11.1907
0701831 147264 hesidue ”“:;‘; 5 26 109523 155578  21.6467 0  21.6467
0701831 19.8015 hesidue ”“:"\l’g 5 26 13.4879 19.1597  29.0316 0  29.0316
0.641092 218731 Hesiduo ”“:"\l’f) 5 26 14.6552 20.8179  32.4315 0 324315
0.641092 24.8077 hesiduo ”“Re;l"; 5 26 16.1672 22.9656  36.8349 0  36.8349
0.641092 27.7423 Residuo ”“:l‘\l’;’ 5 26 17.6791 25.1133  41.2384 0  41.2384
Residuo nuevo
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? SLIDEINTERPRET 6.005
[N

b LN

-RNP
8 0679832 342547 ~esiduo ”“:"\l’f) 5 26 19.1808 27.2465 45.612 0 45.612
fesi
9 0.679832 36.4414 es'd”c’”“:"\l"; 5 26 20.1982 28.6917  48.5753 0 485753
10 0770468 43.3403 esiduo ”“:l‘\;c; 5 26 20311 28852  48.9037 0 489037
11 0.770468 44.9432 Res'd"o”“:,‘\l’i 5 26 20.9464 29.7545  50.7544 0  50.7544
12 0.770468 46.5461 Res'd”‘)””:,‘\l’?) 5 26 21.5818 30.6571  52.6049 0  52.6049
13 115324 713803 hesiduo ””:;2 5 26 21.3347 303062  51.8855 0  51.8855
14 115324 72.4005 ~esiduo ”“:;‘; 5 26 21.5963 30.6778  52.6473 0 526473
1)
o
8 .
9 15 0729863 45.8152 |esiduonuevo 5 26 20.9071 29.6988  50.6401 0  50.6401
s -RNP
b= .
8 = 16 0.729863 45.1584 Res'd”"”“:"\l’g 5 26 20.6496 29.3329  49.8897 0  49.8897
- 17 0729863 445016 "co9U° T h 5 26 203919 28.9669  49.1395 0 49.1395
[0} = -
w =1
- 0] .
8 g 18 0929282 54.7467 "eo9U° i 5 26 19.1233 271649  45.4449 0 45.4449
o -
% — .
= S 19 0929282 517547 ~esiduo ”“:l‘\l’;’ 5 26 182332 25.9004  42.8522 0  42.8522
c -+ R
o ¢
S E .
S| 20 0745752 386195 Res”“”“:;‘; 5 26 16.4705 233965  37.7185 0  37.7185
2% _
T9 21 0745752 351928 |esiduonuevo 5 26 152506 21.6636  34.1655 0  34.1655
2/10 - RNP
2025 ;
22 0.569871 23.9976 Res'd”‘)””:,‘\l’?) 5 26 13.1999 187506  28.1929 0 281929
23 0.569871 20.8259 Res'd”‘)””:;i 5 26 11.7968 16.7575  24.1066 0  24.1066
g 24 0.785951 21.7189 Res'd”"”“:;‘; 5 26 9.04101 12.8429  16.0802 0  16.0802
3 .
o
w .
g 25 0.785951 7.63650 Hesiduo ”“:"\l’g 5 26 4.76516 6.76896 3.6269 0 3.6269
© & )
S
>
§ ?G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.41565
AN = .
o
g % . . . Base E:as.e Shear Shear LE Pore SRS
S S| | Slice Width  Weight Base . Friction Normal Normal
ToQ \umb [m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
8 g umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
2. [degrees] [kPa] [kPa]
0z .
> S 1 104156 820672 hesiduonuevo 5 26 7.51477 10.6383  11.5602 0  11.5602
/\\ - RNP
\wl.
Ne” i
2 0.972037 20.1517 Res'd”‘)””:,‘\l’?) 5 26 11.9611 16.9327  24.4656 0  24.4656
3 0.619339 17.1539 Res'd”‘)””:;i 5 26 13.9792 19.7896  30.3232 0 303232
4 0.619339 19.8364 Res'd”"”“:;‘; 5 26 15.8201 223957  35.6664 0  35.6664
5 0.859615 31.2013 Res'd”"”“:"\l’g 5 26 16.5049 233652  37.6543 0  37.6543
6 0859615 34.8167 ~eiduo ”“:"\l’f) 5 26 18.08 25.5949  42.2259 0 422259
Residuo nuevo
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8 0.739819 34.2211

9 0.739819 36.0216

10 0.643564 32.5267

11 0.643564

33.344

12 0.643564 34.1613

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

£

abilitacion
I'IUICD;UI Tar

H

2/10
2025

15 0.789969

18 0.940342

13 0.643564 34.9786

14 0.789969 43.6577

44.098

16 0.789969 44.5383

17 0.940342 52.9476

52.286

19 0.761691 41.3277

20 0.761691 39.8141

21 1.15642 55.8872

22 0.564763 24.1974

23 0.564763 21.3358

- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

18.9283

19.6076

19.1015

19.3248

19.5388

19.7456

18.9271

18.9026

18.8994

17.8818

17.6503

16.4426

16.0576

14.4358

12.4436

11.5296

8.72946

4.72289

26.7958

27.7575

27.0411

27.3572

27.6601

27.9529

26.7941

26.7595

26.7549

25.3143

24.9866

23.2769

22.732

20.4361

17.6158

16.3219

12.3579

6.68596

44.6882

46.6597

45.191

45.839

46.4602

47.0604

44.6846

44.6136

44.6041

41.6505

40.9786

37.4732

36.356

31.6487

25.8662

23.2133

15.0858

3.45673

44.6882

46.6597

45.191

45.839

46.4602

47.0604

44.6846

44.6136

44.6041

41.6505

40.9786

37.4732

36.356

31.6487

25.8662

23.2133

15.0858

3.45673

g 24 0753869 215111
i
g 25 0.753869 7.45055
o
S
o
R 9
Q - .
S :LJst Of Coordinates
@ %
o @
R
o j=2
o £Water Table
< 5
0 2
> S X Y
6% 60.9013 7.30417
o 129.125  23.036
166.01 32.185
184.452  37.122
208413 40.462
223.649  40.462

External Boundary

? SLIDEINTERPRET 6.005
[N

X

b LN
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2/10

0.341395
0.341395
285.32
285.32
245.593
243.52
238.983
237.039
202.091
155.844
137.519
130.341
113.421
102.304
83.9613
78.5977
58.2578
50.9756
40.2903

0.0659174
-57.17
-57.17

54.5085
48.1647
45.9439
45.5838
45.4001
44.7809
43.9176
35.2216
35.7507
28.6019
28.7969
19.8142
20.3275
9.91765
9.89474
2.91195

Material Boundary

X
58.2578
63.3152

Y
9.91765
4.91765

2025Material Boundary
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X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

laterial Boundary

X
40.2903
60.3132
62.8729
137.519
145.781

? SLIDEINTERPRET 6.005
[N

b LN

Y
2.91195
1.16849
4.36524
10.5182
19.0512
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152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838
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1.3.1. ROTURA POR LA MASA DE RESIDUO
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 Circular - Residuo

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil A-A”

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
ols, Page 1 of 7

b LN






Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

#44 Color

Property Impermeabilizacion saturado Residuo nuevo - RNP

trength Type

nsaturated Unit Weight [kN/m3]
aturated Unit Weight [kN/m3]
Cohesion [kPa]

Friction Angle [deg]

Water Surface

Hu Value

Ru Value

Mohr-Coulomb Mohr-Coulomb
18

21

0 5

18 26

None Water Table

1

Dique

Mohr-Coulomb

15
40

None

Sustrato rocoso

]

Mohr-Coulomb

50

45

Water Table
1

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez
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lobal Minimums

lethod: bishop simplified

FS: 1.576660

Center: 50.168, 64.191

Radius: 53.954

Left Slip Surface Endpoint: 61.049, 11.346
Right Slip Surface Endpoint: 81.230, 20.076
Resisting Moment=19302.3 kN-m

Driving Moment=12242.5 kN-m

Method: gle/morgenstern-price

FS:1.573900

Center: 50.168, 64.191

Radius: 53.954

Left Slip Surface Endpoint: 61.049, 11.346
Right Slip Surface Endpoint: 81.230, 20.076
Resisting Moment=19268.4 kN-m

Driving Moment=12242.5 kN-m

Resisting Horizontal Force=325.059 kN
Driving Horizontal Force=206.531 kN

alid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 1497
Number of Invalid Surfaces: 3310

Error Codes:

? SLIDEINTERPRET 6.005
[N

b LN
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Error Code -103 reported for 447 surfaces
Error Code -107 reported for 1 surface
Error Code -109 reported for 1 surface
Error Code -110 reported for 617 surfaces
Error Code -112 reported for 153 surfaces
Error Code -113 reported for 89 surfaces
Error Code -1000 reported for 2002 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 1490
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Number of Invalid Surfaces: 3317

Error Codes:

Error Code -103 reported for 447 surfaces
Error Code -107 reported for 1 surface
Error Code -108 reported for 5 surfaces
Error Code -109 reported for 1 surface
Error Code -110 reported for 617 surfaces
Error Code -112 reported for 155 surfaces
Error Code -113 reported for 89 surfaces
Error Code -1000 reported for 2002 surfaces

Error Codes

The following errors were encountered during the computation:

-103 =Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
occur on a benched slope model with two sets of Slope Limits.

-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low
number of slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside

o
% the soil region,even though the slip surface is wholly within the soil region.
g -110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
5 specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)
® g span the appropriate soil cells.
é' E -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
o8 calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
deep seated slip surfaces with many high negative base angle slices in the passive zone.
o 8 . . L
© 9 -113 = Surface intersects outside slope limits.
o 2 -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
la) L
< 3
0 2
> g ~fe
. ice Data
NG
G|obal Minimum Query (bishop simplified) - Safety Factor: 1.57666
B B Effecti
. . . Base 'as.e Shear Shear ase Pore ective
Slice Width  Weight Base . Friction Normal Normal
Numb [m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
umber m ateria ngle ress ress
[kPa] = [kPa]  [kPa] [kPa]
[degrees] [kPa] [kPa]
Resid
1 0.807206 1.74698 oo oU° ”“:;‘; 5 26 3.60252 567995  1.39409 0  1.39409
Resid
2 0.807206 5.14664 Co0U° ”“:;‘; 5 26 4.80216 7.57137  5.27209 0  5.27209
? SLIDEINTERPRET 6.005
ols. Page 3 of 7

b LN






? SLIDEINTERPRET 6.005
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3 0.807206 835669 esduC ””:,‘\l’?) 5 26 5.92289 9.33839  8.89502 0 889502
4 0807206 11.375 ~esiduo ””:;2 5 26 6.96489 10.9813  12.2634 0 12.2634
5 0807206 14.1994 tesiduo ”“:;‘; 5 26 7.92825 125002  15.3776 0 153776
6 0807206 16.8273 ~esiduo ”“:"\l’g 5 26 881302 13.8951  18.2377 0 182377
7 0.807206 192562 ~esiduo ”“:"\l’f) 5 26 9.61913 15.1661  20.8436 0  20.8436
8 0807206 21483 ~esiduo ”“:"\l’f) 5 26 10.3466 163131  23.1952 0  23.1952
9 0.807206 23.5048 esiduo ”“:l‘\;c; 5 26 10.9952 17.3357  25.292 0 25.292
g 10 0.807206 253183 "eSIAUO ”“:l‘\;c; 5 26 11.5648 182338  27.1332 0 27.1332
g .
(]
y B 11 0807206 269197 Hesiduo n“:,‘\l’i 5 26 12.0551 19.0068  28.7181 0 287181
g i
- ﬁ .
5 & 12 0.807206 28.3054 esiduonuevo 5 26 12.4657 19.6542  30.0456 0  30.0456
e o
- -RNP
o E .
g = 13 0807206 29.471 Hesiduonuevo 5 26 12.7964 20.1755  31.1143 0  31.1143
= 15
g ¢ -RNP
W N H
£z 14 0807206 304123 "esiduO T h 5 26 13.0464 205698  31.9228 0 31.9228
=} ° -
3 S
S® 15 0.807206 31.1244 Residuonuevo 5 26 13.2156 20.8365  32.4695 0 324695
g6 -RNP
= i
36| 16 0807206 31.6021 ReESiAuOnNUevo 5 26 13.3031 209744  32.7524 0 327524
sp -RNP
22(/)12% 17 0807206 31.84 tesiduo ”“:"\l’f) 5 26 13.3083 20.9826  32.7692 0 327692
fesi
18 0.807206 31.8319 hesiduo ”“Re;l"; 5 26 132304 20.8599  32.5176 0 325176
19 0.807206 315716 esiduo ”“:l‘\;c; 5 26 13.0687 20.6049  31.9949 0 31.9949
_ .
o
£ .
2 20 0807206 31.052 ‘eudue n“:,‘\l’i 5 26 12.8222 202163  31.1981 0  31.1981
i .
z
£ .
o & 21 0807206 302656 "e5du° ””:,‘\l’?) 5 26 1249 19.6925  30.1242 0 301242
§ E Residuo nuevo
D 3 22 0.807206 28.9627 5 26 11.9932 189092  28.5179 0 285179
S 3 -RNP
3 ¢e Residuo nuevo
S 7 23 0.807206 22.4414 i 5 26 9.83008 15.4987  21.5255 0  21.5255
o2 -
2 % Residuo nuevo
I 5 24 0.807206 13.678 5 26 6.97972 11.0047 12.3114 0 123114
2 3 -RNP
6% 25 0.807206 4.61088 ooOU i 5 26 406941 6.41608  2.9034 0 29034
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.5739
B B Effecti
. . . Base .as,.e Shear Shear ase Pore ective
Slice Width  Weight Base . Friction Normal Normal
ST (m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 0807206 174698 esiduo ””:,‘\l’?) 5 26 3.66179 57633  1.56499 0  1.56499
2 0807206 514664 esiduo ””:,‘\l’?) 5 26 4.97769 7.83438  5.81133 0 581133
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3 0.807206 8.35669

4 0.807206 11.375

5 0.807206 14.1994

6 0.807206 16.8273

7 0.807206 19.2562

8 0.807206 21.483

9 0.807206 23.5048

10 0.807206 25.3183

11 0.807206 26.9197

12 0.807206 28.3054

13 0.807206 29.471

14 0.807206 30.4123

15 0.807206 31.1244

16 0.807206 31.6021

17 0.807206 31.84

18 0.807206 31.8319

19 0.807206 31.5716

20 0.807206 31.052

21 0.807206 30.2656

22 0.807206 28.9627

23 0.807206 22.4414

24 0.807206 13.678

25 0.807206 4.61088

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

6.21551

7.3625

8.40777

9.34312

10.1635

10.8673

11.456

11.934

12.3082

12.5866

12.7783

12.8925

12.9378

12.9219

12.8509

12.7295

12.5603

12.344

12.0794

11.6875

9.69985

6.98675

4.10625

9.78259

11.5878

13.233

14.7051

15.9964

17.104

18.0306

18.783

19.3718

19.81

20.1117

20.2915

20.3628

20.3378

20.2261

20.0349

19.7686

19.4283

19.0117

18.3949

15.2666

10.9964

6.46282

9.80577

13.507

16.8801

19.8985

22.5459

24.8169

26.7167

28.2595

29.4666

30.3649

30.9836

31.3522

31.4985

31.4471

31.2181

30.8262

30.2802

29.5825

28.7282

27.4637

21.0497

12.2945

2.99923

9.80577

13.507

16.8801

19.8985

22.5459

24.8169

26.7167

28.2595

29.4666

30.3649

30.9836

31.3522

31.4985

31.4471

31.2181

30.8262

30.2802

29.5825

28.7282

27.4637

21.0497

12.2945

2.99923

List Of Coordinates
Water Table
X Y

60.9013 7.30417

129.125

? SLIDEINTERPRET 6.005
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b LN

23.036

Page 5 of 7






166.01
184.452
208.413
223.649

32.185
37.122
40.462
40.462

External Boundary
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X
0.341395
0.341395

285.32

285.32
245.593

243.52
238.983
237.039
202.091
155.844
137.519
130.341
113.421
102.304
83.9613
78.5977
58.2578
50.9756
40.2903

Y
0.0659174
-57.17
-57.17
54.5085
48.1647
45.9439
45.5838
45.4001
44.7809
43.9176
35.2216
35.7507
28.6019
28.7969
19.8142
20.3275
9.91765
9.89474
2.91195

Material Boundary

X
58.2578
63.3152

Y
9.91765
4.91765

Material Boundary

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

? SLIDEINTERPRET 6.005
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X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838
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1.3.2. ROTURA CONTACTO VERTEDERO-TERRENO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta

Project Summary

File Name: Tipo 2 Circular - vertedero y terreno
Slide Modeler Version: 6.005

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil A-A’

General Settings

Upits of Measurement: Metric Units
Time Units: days

Pe¢rmeability Units: meters/second
Fdilure Direction: Right to Left

Data Output: Standard

Maximum Material Properties: 20
Maximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

>

nalysis Options

palysis Methods Used

Habilitacion
Prgfesional

5110 Bishop simplified
2025 GLE/Morgenstern-Price with interslice force function: Half Sine

Npmber of slices: 25

Tglerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

geffensen Iteration: Yes

S5 0<Z

[%2)

Groundwater Analysis

[q)]

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

> 0

dar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

> Bandom Numbers

VISADO : 03202500128

al

~)

P4eudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3
Surface Options

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

? SLIDEINTERPRET 6.005
ols, Page 1 of 6
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Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Property Impermeabilizacién saturado Residuo nuevo - RNP Dique Sustrato rocoso
Color L L = Il
Strength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

X,

L~

FS:1.639190

Center: 44.050, 209.579

Radius: 206.075

Left Slip Surface Endpoint: 41.226, 3.523
Right Slip Surface Endpoint: 166.898, 44.124
Resisting Moment=2.31067e+006 kN-m
Driving Moment=1.40964e+006 kN-m
Resisting Horizontal Force=10610.3 kN
Driving Horizontal Force=6472.88 kN

alid / Invalid Surfaces

Aethod: bishop simplified

Number of Valid Surfaces: 731
Number of Invalid Surfaces: 8927

Error Codes:

Error Code -101 reported for 25 surfaces
Error Code -103 reported for 685 surfaces
Error Code -109 reported for 1 surface

Error Code -110 reported for 1530 surfaces
Error Code -112 reported for 22 surfaces
Error Code -118 reported for 86 surfaces
Error Code -1000 reported for 6578 surfaces

? SLIDEINTERPRET 6.005
[N

b LN

Unit Weight [kN/m3] 5 18 20 26
g2 Lohesion [kPa] 0 5 15 50
riction Angle [deg] 18 26 40 45
Vater Surface None Water Table None Water Table
8 u Value 1 1
o]
5 «| Ru Value 0 0
o 2
o £
w ©
a =
2 0B
5 5Global Minimums
S ¢
S ¢ Method: bishop simplified
W &
§ x FS: 1.628200
o
= o Center: 44.050, 209.579
& 3 Radius: 206.075
8 '((,2, Left Slip Surface Endpoint: 41.226, 3.523
E Q Right Slip Surface Endpoint: 166.898, 44.124
g g Resisting Moment=2.29517e+006 kN-m
Driving Moment=1.40964e+006 kN-m
2/10 &
2025
Method: gle/morgenstern-price

Page 2 of 6






Method: gle/morgenstern-price

Number of Valid Surfaces: 731
Number of Invalid Surfaces: 8927

Error Codes:

Error Code -101 reported for 25 surfaces

Error Code -103 reported for 685 surfaces
Error Code -109 reported for 1 surface
Error Code -110 reported for 1530 surfaces

Error Codes

Error Code -112 reported for 22 surfaces
Error Code -118 reported for 86 surfaces
Error Code -1000 reported for 6578 surfaces

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a
benched slope model with two sets of Slope Limits.

-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of
slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil
region,even though the slip surface is wholly within the soil region.

-110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span

Habilitacion
Profesional

2/10
2025

Slice Data

the appropriate soil cells.
-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor

calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.
-118 = Surface does not pass through the search focus
-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

3
o
3
@ Global Minimum Query (bishop simplified) - Safety Factor: 1.6282
=
g -
e ) . . Base B'as.e Shear Shear Base Pore A
o | |Slice Width Weight Base . Friction Normal Normal
N3 i Cohesion Stress  Strength Pressure
S | Number [m] [kN] Material [kPa] Angle [kPa] [kPa] Stress [kPa] Stress
g K
3 [degrees] [kPa] [kpPa]
8 é 1 5.41181 191.563 Dique 15 40 27.4628 44,715 35.4129 0 35.4129
o 8
? g’_ 2 5.41181 559.497 Dique 15 40 61.6774 100.423 101.803 0 101.803
8 _g 3 541181 660.97 Dique 15 40 70.2756 114.423 118.487 0 118.487
5 i;f 4 5.41181 700.978 Dique 15 40 73.0199 118.891 123.812 0 123.812
S s L
N 5 421774 ea2371  'MPermeabilizacion 0 18 29.7876 485001  149.268 0  149.268
‘j.( ! saturado
6 421774 775302 Mmpermeabilizacion 0 18 35.806 582993  179.427 0 179.427
saturado
7 421774 908202 'MPermeabilizacion 0 18 41.7772 68.0217  209.349 0 209.349
saturado
8 5.07622 1230.54 Residuo nuevo - RNP 5 26 58.3252 94.9651 232.674 48.218 184.456
5.07622 1169.65 Residuo nuevo - RNP 5 26 53.7928 87.5855 220.048 50.7229 169.325
10 5.07622 1241.65 Residuo nuevo - RNP 5 26 57.0448 92.8803 232.113 51.9313 180.181
11 5.07622 1360.83 Residuo nuevo - RNP 5 26 63.2027 102.907 252.561 51.8227 200.738
12 5.07622 1467.53 Residuo nuevo - RNP 5 26 68.9504 112.265 270.299 50.3737 219.926
13 5.07622 1499.67 Residuo nuevo - RNP 5 26 70.9403 115.505 274.126  47.5573 226.568
? SLIDEINTERPRET 6.005
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60.9013 7.30417
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14 5.07622 1354.23 Residuo nuevo - RNP 5 26 63728 103762  245.835 43343  202.492
15 5.07622 121574 Residuo nuevo - RNP 5 26 57.3732 93.415  218.974 37.6961  181.277
16 5.07622 1216.37 Residuo nuevo - RNP 5 26 58.8565 95.8302  216.808 30.5776 186.23
17 5.07622 1224.96 Residuo nuevo - RNP 5 26 61.122 99.5188 215736 21.9434  193.792
18 5.07622 1214.29 Residuo nuevo - RNP 5 26 627449 102.161  210.954 11.7437 199.21
19 5.07622 10364 Residuo nuevo - RNP 5 26 559115 91.0351  177.138 0.740354  176.398
20 5.07622 84832 Residuo nuevo - RNP 5 26 459961 74.8908  143.297 0 143.297
21 5.07622 813.574 Residuo nuevo - RNP 5 26 43.8126 713357  136.008 0  136.008
22 5.07622 767.453 Residuo nuevo - RNP 5 26 41.0805 66.8873  126.888 0  126.888
23 5.07622 700.026 Residuo nuevo - RNP 5 26 373239 607708  114.347 0 114.347
24 5.07622 477.048 Residuo nuevo - RNP 5 26 259835 423063  76.4894 0  76.4894
25 5.07622 162.465 Residuo nuevo - RNP 5 26 10.4187 16.9637  24.5292 0 245292
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.63919
2] .
§ Slice Width Weight Base Basc.e F:::iin Shear Shear Niarsrsal Pore Eltlfs:::rlm‘:
‘é §Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
u;’j E [kPa] [degrees] [kPa] [kPa] [kPa] [kPa] [kPa]
2 1 5.41181 191.563 Dique 15 40 27.9988 45.8954  36.8197 0  36.8197
§ g 2 541181 559.497 Dique 15 40 65.0902 106.695  109.278 0  109.278
2 % 3 541181 660.97 Dique 15 40 77.0637 126322  132.668 0  132.668
g 8 4 5.41181 700.978 Dique 15 40 82.7561 135.653  143.789 0 143.789
% g 5 421774 642.371 |mpermeat;:itzj:;32 0 18 32.1381 52.6804  162.133 0 162.133
?‘%; 6 4.21774 775302 'mpermeak:a“tz;rcaijg 0 18 38.0902 62437  192.161 0 192161
}ﬁcs“% 7 421774 908202 'MPermeabilizacion 0 18 43.8614 71.8971  221.277 0 221277
T4 saturado
2/10 8 5.07622 1230.54 Residuo nuevo - RNP 5 26  62.042 101.699 246.48 48218  198.262
2029 5.07622 1169.65 Residuo nuevo - RNP 5 26 565715 927314  230.599 507229  179.876
10 5.07622 1241.65 Residuo nuevo - RNP 5 26 58.8926 96.5362  239.607 51.9313  187.676
11 507622 1360.83 Residuo nuevo - RNP 5 26 639951 1049  256.649 51.8227  204.826
12 5.07622 1467.53 Residuo nuevo - RNP 5 26 68.5509 112.368 27051 503737  220.137
g 13 5.07622 1499.67 Residuo nuevo - RNP 5 26 69.3257 113.638  270.298 47.5573  222.741
8 14 507622 1354.23 Residuo nuevo - RNP 5 26 61.154 100.243 23862  43.343  195.277
g 15 5.07622 121574 Residuo nuevo - RNP 5 26 54.1479 887587  209.427 37.6961  171.731
o £ 16 5.07622 1216.37 Residuo nuevo - RNP 5 26 55.0568 90.2486  205.364 30.5776  174.786
3 E 17 5.07622 1224.96 Residuo nuevo - RNP 5 26 569558 93.3614  203.112 21.9434  181.168
8 2 18 5.07622 1214.29 Residuo nuevo - RNP 5 26 58.4854 95.8687  198.053 11.7437  186.309
8 § 19 5.07622 1036.4 Residuo nuevo - RNP 5 26 52.1723 855203  165.831 0740354  165.091
- 20 5.07622 84832 Residuo nuevo - RNP 5 26 427777 70.1207  133.517 0 133517
Q 21 5.07622 813.574 Residuo nuevo - RNP 5 26 40.8881 67.0233  127.167 0 127.167
2 3 22 5.07622 767.453 Residuo nuevo - RNP 5 26 38.6548 633626  119.661 0  119.661
N 23 5.07622 700.026 Residuo nuevo - RNP 5 26 355836 583282  109.339 0  109.339
e 24 5.07622 477.048 Residuo nuevo - RNP 5 26 25.1763 412687 743617 0 743617
| 25 5.07622 162.465 Residuo nuevo - RNP 5 26 10.2849 16.8589  24.3143 0 243143
List Of Coordinates
Water Table
X Y
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129.125 23.036

166.01 32.185
184.452  37.122
208.413 40.462
223.649 40.462

Focus Search Line

X Y
40.2903 2.91195

62.8729 4.36524

External Boundary

X Y
0.341395 0.0659174
0.341395 -57.17

285.32 -57.17

285.32 54.5085
245.593 48.1647

243.52 45.9439
238.983 45.5838
237.039 45.4001
202.091 44.7809
155.844 43.9176
137.519 35.2216
130.341 35.7507
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Profesional

2/10

113.421 28.6019
2025

102.304 28.7969

83.9613 19.8142
78.5977 20.3275
58.2578 9.91765
50.9756 9.89474
40.2903 2.91195

Material Boundary

X Y
58.2578 9.91765
63.3152 4.91765
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X Y
62.8729 4.36524

63.3152 4.91765

137.29 11.0011
145.581 19.5639
152.649 19.1447
157.376  16.579
162.517 16.9224
175.979 23.9176
183.087 23.6377

? SLIDEINTERPRET 6.005
ols, Page 5 of 6

b LN






208.194
214.784
237.039

37.7735
37.193
45.4001

Material Boundary
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X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta

Project Summary

Fil

e Name: Tipo 2 Circular - global

Slide Modeler Version: 6.005
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oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil A-A’

eneral Settings

hits of Measurement: Metric Units
e Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

nalysis Options

palysis Methods Used

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

imber of slices: 25
lerance: 0.005

Maximum number of iterations: 50

C

A=Y

G

> U O
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eck malpha < 0.2: Yes
tial trial value of FS: 1

feffensen Iteration: Yes

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

Random Numbers

eudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

? SLIDEINTERPRET 6.005
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Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Property Impermeabilizacién saturado Residuo nuevo - RNP Dique Sustrato rocoso
Color [ ] L] L] ]
Strength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb

Unit Weight [kN/m3] 5 18 20 26

g2 Lohesion [kPa] 0 5 15 50
riction Angle [deg] 18 26 40 45
[Vater Surface None Water Table None Water Table
Hu Value 1 1
u Value 0 0

Global Minimums

Method: bishop simplified

FS:1.558470

Center: 65.845, 155.212

Radius: 149.988

Left Slip Surface Endpoint: 45.873, 6.560
Right Slip Surface Endpoint: 166.615, 44.119
Resisting Moment=1.67758e+006 kN-m

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10 Driving Moment=1.07643e+006 kN-m

2025

Method: gle/morgenstern-price

FS:1.563720

Center: 65.845,155.212

Radius: 149.988

Left Slip Surface Endpoint: 45.873, 6.560
Right Slip Surface Endpoint: 166.615, 44.119
Resisting Moment=1.68323e+006 kN-m
Driving Moment=1.07643e+006 kN-m
Resisting Horizontal Force=10520.8 kN
Driving Horizontal Force=6728.06 kN

L~

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
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X,

Number of Valid Surfaces: 799
Number of Invalid Surfaces: 4008

Error Codes:

Error Code -103 reported for 1034 surfaces
Error Code -106 reported for 20 surfaces
Error Code -110 reported for 1886 surfaces
Error Code -112 reported for 67 surfaces
Error Code -1000 reported for 1001 surfaces
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Method: gle/morgenstern-price

Number of Valid Surfaces: 796
Number of Invalid Surfaces: 4011

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional
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N
o
N
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a)

Error Code -103 reported for 1034 surfaces
Error Code -106 reported for 20 surfaces
Error Code -108 reported for 1 surface

Error Code -110 reported for 1886 surfaces
Error Code -112 reported for 69 surfaces
Error Code -1000 reported for 1001 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a
benched slope model with two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
avoid numerical errors which may result from too many slices, or too small a slip region.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if

the driving force is very small (0.1 is an arbitrary number).
-110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span
the appropriate soil cells.
-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

ice Data

Global Minimum Query (bishop simplified) - Safety Factor: 1.55847

Slice
Number

“u b W N
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Base Base Effective
) ) Base e Shear Shear Pore
Width Weight Base . Friction Normal Normal
[m] [kN] A Cohesion . Stress  Strength e Pressure e
[kPa] B [kPa]  [KkPa] [kPa]
[degrees] [kPa] [kPa]

427598 141.384 Dique 15 40 29.3145 456858 36.57 0 36.57

4.27598 341.467 Dique 15 40 553203 86215  84.8708 0 848708

427598  375.7 Dique 15 40 58.8946 91.7854  91.5092 0  91.5092

427598 472.751 Dique 15 40 704158 109.741  112.908 0  112.908

413566 606.718 Residuo nuevo - RNP 5 26 39.9192 62.2129 146917 29.6131  117.304

549612 103306 'MPermeabilizacion 0 18 389703 60.734  186.919 0  186.919
saturado

549612 127222 'MPpermeabilizacion 0 18 47.6297 74.2294  228.455 0 228455
saturado

549612 13605 'MPermeabilizacion 0 18 50.8639 79.2699  243.968 0 243968
saturado

549612 14069 mPpermeabilizacion 0 18 51.8781 80.8504  248.833 0 248833
saturado

4.84486 1400.28 Residuo nuevo - RNP 5 26 68.727 107.109 277.1  67.745  209.355

4.84486 1526.57 Residuo nuevo - RNP 5 26 75.1449 117.111  299.498 69.6358  229.862

4.84486 1630.26 Residuo nuevo - RNP 5 26 80.5373 125515  316.982 69.8894  247.092

4.84486 1569.26 Residuo nuevo - RNP 5 26 76.4955 119.216  302.647 68.4688  234.178

4.84486 1436.52 Residuo nuevo - RNP 5 26 687854  107.2  274.871 653296  209.541

4.84486 1377.22 Residuo nuevo - RNP 5 26 65.9869 102.839  261.019 60.4192 200.6
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16 4.84486 1398.31 Residuo nuevo - RNP 5 26 68.3594 106.536 261.857 53.676 208.181
17 4.84486 1402.51 Residuo nuevo - RNP 5 26 70.2131 109.425 259.13 45.0279 214.102
18 4.84486 1364.16 Residuo nuevo - RNP 5 26 70.0828 109.222 248.275 34.5878 213.687
19 4.84486 1150.05 Residuo nuevo - RNP 5 26 60.5416 94.3523 205.89 22.6912 183.199
20 4.84486 1005.84 Residuo nuevo - RNP 5 26 55.6125 86.6704 176.039 8.58979 167.449
21 4.84486 955.359 Residuo nuevo - RNP 5 26 54.3926 84.7693 163.551 0 163.551
22 4.84486 882.612 Residuo nuevo - RNP 5 26 49.7449 77.5259 148.7 0 148.7
23 4.84486 781.069 Residuo nuevo - RNP 5 26 43.6612 68.0447 129.261 0 129.261
24 4.84486 523.737 Residuo nuevo - RNP 5 26 29.6503 46.2091 84.4911 0 84.4911
25 4.84486 179.596 Residuo nuevo - RNP 5 26 11.6474 18.1522 26.966 0 26.966
& lobal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.56372
Slice Width Weight Base Base' F:::i‘:m Shear Shear lear:al Pore Esz:r:‘;T
) Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
3 [kPa] [kPa] [kPa] [kPa]
3 [degrees] [kPa] [kPa]
‘ug g 1 4.27598 141.384 Dique 15 40 29.9964 46.906 38.0241 0 38.0241
a8 g 2 4.27598 341.467 Dique 15 40 58.861 92.0421 91.8152 0 91.8152
% % 3 4.27598 375.7 Dique 15 40 65.4645 102.368 104.121 0 104.121
g % 4 427598 472.751 Dique 15 40 80.6896 126.176 132.494 0 132.494
g E 5 4.13566 606.718 Residuo nuevo - RNP 5 26 45.2456 70.7515 164.424  29.6131 134.811
2 3 6 549612 1033.06 MPermeabilizacion 0 18 42.5769 66.5784  204.908 0 204908
5 T saturado
2 8 Impermeabilizacion
s ® 7 5.49612 1272.22 saturado 0 18 51.4365 80.4323 247.545 0 247.545
§~% Impermeabilizacion
=0 8 5.49612 1368.95 0 18 54.3245 84.9483 261.444 0 261.444
2% saturado
Tq Impermeabilizacién
2110 9 5.49612 1406.9 saturado 0 18 54.5912 85.3654 262.727 0 262.727
2025 10 4.84486 1400.28 Residuo nuevo - RNP 5 26 72.6978 113.679 290.571 67.745 222.826
11 4.84486 1526.57 Residuo nuevo - RNP 5 26 77.6929 121.49 308.474 69.6358 238.839
12 4.84486 1630.26 Residuo nuevo - RNP 5 26 81.3803 127.256 320.55 69.8894 250.661
13 4.84486 1569.26 Residuo nuevo - RNP 5 26 75.4438 117.973 300.098 68.4688 231.629
g 14 4.84486 1436.52 Residuo nuevo - RNP 5 26 66.1003 103.362 267.002 65.3296 201.672
% 15 4.84486 1377.22 Residuo nuevo - RNP 5 26 62.0265 96.9921 249.031 60.4192 188.611
E 16 4.84486 1398.31 Residuo nuevo - RNP 5 26 63.3788 99.1067 246.623 53.676 192.947
® g 17 4.84486 1402.51 Residuo nuevo - RNP 5 26 64.5674 100.965 241.786  45.0279 196.758
é' i 18 4.84486 1364.16 Residuo nuevo - RNP 5 26 64.2291 100.436 230.261 34.5878 195.673
§ g 19 4.84486 1150.05 Residuo nuevo - RNP 5 26 55.2874 86.454 189.697 22.6912 167.006
g g 20 4.84486 1005.84 Residuo nuevo - RNP 5 26 51.094 79.8967 162.151 8.58979 153.561
b' qév 21 4.84486 955.359 Residuo nuevo - RNP 5 26 50.4499 78.8895 151.496 0 151.496
9,: : 22 4.84486 882.612 Residuo nuevo - RNP 5 26 46.5216 72.7468 138.901 0 138.901
%) § 23 4.84486 781.069 Residuo nuevo - RNP 5 26 41418 64.7662 122.539 0 122.539
’:‘;\ 24 4.84486 523.737 Residuo nuevo - RNP 5 26 28.6517 44.8033 81.609 0 81.609
W 25 4.84486 179.596 Residuo nuevo - RNP 5 26 11.5148 18.006 26.6663 0 26.6663
List Of Coordinates
Water Table

X Y
60.9013 7.30417
129.125 23.036
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166.01
184.452
208.413
223.649

32.185
37.122
40.462
40.462

External Boundary
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X
0.341395
0.341395

285.32

285.32
245.593

243.52
238.983
237.039
202.091
155.844
137.519
130.341
113.421
102.304
83.9613
78.5977
58.2578
50.9756
40.2903

Y
0.0659174
-57.17
-57.17
54.5085
48.1647
45.9439
45.5838
45.4001
44.7809
43.9176
35.2216
35.7507
28.6019
28.7969
19.8142
20.3275
9.91765
9.89474
2.91195

aterial Boundary

X
58.2578
63.3152

Y
9.91765
4.91765

Material Boundary

X
62.8729
63.3152

137.29
145.581
152.649
157.376
162.517
175.979
183.087
208.194
214.784
237.039

Y
4.36524
4.91765
11.0011
19.5639
19.1447

16.579
16.9224
23.9176
23.6377
37.7735

37.193
45.4001

Material Boundary
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1.3.4. ROTURA POLIGONAL
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta

Project Summary

Fil

e Name: Tipo 2 - Poligonal

Slide Modeler Version: 6.005
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°
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ahs

Habilitacion

Pregfesion

2/10
2025

N
T

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil A-A’

eneral Settings

hits of Measurement: Metric Units
e Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

nalysis Options

palysis Methods Used

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

imber of slices: 25
lerance: 0.005

Maximum number of iterations: 50

C

A=Y

G

> U O

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

Ve

Ra

eck malpha < 0.2: Yes
tial trial value of FS: 1

feffensen Iteration: Yes

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

Random Numbers

eudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

Surface Options

Search Method: Auto Refine Search

Di

visions along slope: 10

Circles per division: 10
Number of iterations: 10
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Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Color EI

o trength Type Mohr-Coulomb

Property Impermeabilizacion saturado Residuo nuevo - RNP

Dique

Mohr-Coulomb Mohr-Coulomb

Sustrato rocoso

]

Mohr-Coulomb

Method: bishop simplified

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

FS:1.417920
?E Tg Axis Location: 70.621, 100.934
g9 Left Slip Surface Endpoint: 56.956, 9.914
% é Right Slip Surface Endpoint: 135.238, 35.390
% a Resisting Moment=640964 kN-m
2110 Driving Moment=452045 kN-m
2025

Method: gle/morgenstern-price

FS:1.443310

Axis Location: 70.621, 100.934

Left Slip Surface Endpoint: 56.956, 9.914
Right Slip Surface Endpoint: 135.238, 35.390
Resisting Moment=635027 kN-m

Driving Moment=439981 kN-m

Resisting Horizontal Force=6067.14 kN
Driving Horizontal Force=4203.64 kN

L~

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Method: bishop simplified

Number of Valid Surfaces: 2522
Number of Invalid Surfaces: 1980

-

~)

Error Codes:

Error Code -105 reported for 601 surfaces
Error Code -106 reported for 356 surfaces
Error Code -107 reported for 98 surfaces

Error Code -108 reported for 280 surfaces
Error Code -110 reported for 630 surfaces
Error Code -1000 reported for 15 surfaces

? SLIDEINTERPRET 6.005
[N

b LN

ij Pnit Weight [kN/m3] 5 20 26

| Cohesion [kPa] 0 15 50
riction Angle [deg] 18 40 45
Vater Surface None None Water Table
Hu Value 1
u Value 0 0

Global Minimums
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Method: gle/morgenstern-price

Number of Valid Surfaces: 2466
Number of Invalid Surfaces: 2036

Error Codes:

Error Code -105 reported for 601 surfaces
Error Code -106 reported for 356 surfaces
Error Code -107 reported for 98 surfaces

Error Code -108 reported for 336 surfaces
Error Code -110 reported for 630 surfaces

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacién
Rggfesional

Error Codes

lice Data

2/10

2025,

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

s

~)

Ve

Error Code -1000 reported for 15 surfaces

obal Minimum Query (bishop simplified) - Safety Factor: 1.41792

The following errors were encountered during the computation:

-105 = More than two surface / slope intersections with no valid slip surface.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
avoid numerical errors which may result from too many slices, or too small a slip region.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
high external or anchor loads are applied against the failure direction.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
the driving force is very small (0.1 is an arbitrary number).
-110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span
the appropriate soil cells.
-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Width
[m]

Slice
Number

2.69476
2.50127
2.50127

2.2141

5 W N R

5 3.85671

6 3.44001

7 3.44001

8 3.44001

9 3.44001

ros

10 3.44001

11 2.46264

12 2.46264

13 2.65432

SLIDEINTERPRET 6.005

b LN

Weight
[kN]

44,1831
151.598
266.609
324.986

695.135

721.524

813.012

871.78

840.706

882.652

685.14

729.539

834.428

Base
Material

Dique
Residuo nuevo - RNP
Residuo nuevo - RNP
Residuo nuevo - RNP

Impermeabilizacion
saturado

Impermeabilizacion
saturado
Impermeabilizacién
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado
Impermeabilizacién
saturado

Impermeabilizacion
saturado

Base
Cohesion
[kPa]

15
5

Base
Friction
Angle
[degrees]

40
26
26
26

18

18

18

18

18

18

18

18

18

Shear
Stress
[kPa]

29.0363
29.5536
43.6089

50.61

41.8026

47.1725

53.1539

56.9961

54.9645

57.707

62.5354

66.588

69.2366

Shear
Strength
[kPa]

41.1711
41.9047
61.8339

71.761

59.2728

66.8869

75.368

80.8159

77.9353

81.8239

88.6702

94.4164

98.1719

Base
Normal
Stress

[kPa]

31.1895
75.6658
128.808
164.561

182.423

205.857

231.959

248.726

239.86

251.828

272.899

290.584

302.142

Pore
Pressure
[kPa]

0

0
12.281
27.6807

0

Effective
Normal
Stress

[kPa]

31.1895
75.6658
116.527
136.881

182.423

205.857

231.959

248.726

239.86

251.828

272.899

290.584

302.142
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14 265432 8g2.782  'mpermeabilizacion 0 18 73.2488 103.861  319.651 0  319.651
saturado
15 3.82073 1304.43 Residuo nuevo - RNP 5 26 81403 115423 300962 74.5626 226.4
16 3.82073 1246.76 Residuo nuevo - RNP 5 26 79.9008 113.293  286.615 64.5826  222.033
17 3.82073 1112.08 Residuo nuevo - RNP 5 26 724771 102.767 255054 54.6026  200.452
18 3.82073 976.916 Residuo nuevo - RNP 5 26 65.0164 92.188  223.384 44.6227  178.762
19 5.34197 1243.72 Residuo nuevo - RNP 5 26 61.4344 87.1091  200.043 31.6947  168.348
20 2.3699 523.249 Residuo nuevo - RNP 5 26 58.5062 82.9571 177.715 17.8787 159.836
21 23699 491.529 Residuo nuevo - RNP 5 26 580592 82.3233  164.659 6.12278  158.536
22 2.67097 499.79 Residuo nuevo - RNP 5 26 50.6708 71.8471  137.057 0  137.057
23 2.67097 427.172 Residuo nuevo - RNP 5 26 43.6909 61.9502  116.765 0  116.765
24 3.18668 371.532 Residuo nuevo - RNP 5 26 30.0284 42.5779  77.0461 0  77.0461
25 3.18668 127.09 Residuo nuevo - RNP 5 26 11.8686 16.8287  24.2525 0 242525
@ Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.44331
Q
o :
5 N ) ) ) Base B.as'e Shear Shear Base Pore AUt
o 2| |Slice Width  Weight Base . Friction Normal Normal
w 5| Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
5 = [kPa] [kPa]  [kPa] [kPa]
< g [degrees] [kPa] [kPa]
L_) [7)
5% 1 2.69476 44.1831 Dique 15 40 29.7254 42.9029  33.2534 0 332534
o £
9 % 2 250127 151.598 Residuo nuevo - RNP 5 26 31.7551 45.8325 83.719 0 83.719
= 15
3 o 3 2.50127 266.609 Residuo nuevo - RNP 5 26 49.6595 71.674 148983 12281  136.702
g 9 4 22141 324986 Residuo nuevo - RNP 5 26 59.0657 852501  192.218 27.6807  164.537
" )
D ° . ..
= ° 5 3.85671 695135 Mmpermeabilizacion 0 18 45.8577 66.1869  203.702 0 203.702
S® saturado
RS o s
£ 6 344001 721524 'MmPermeabilizacion 0 18 50.6489 73.1021  224.985 0 224985
% saturado
O £
Ia Impermeabilizacion
7 3.44001 813.012 0 18 56.9326 82.1714  252.898 0  252.898
2/10 saturado
8 344001 87178 'MmPermeabilizacion 0 18 60.9544 87.9761  270.763 0 270763
saturado
9 344001 840706 MmPermeabilizacion 0 18 58.8102 84.8814  261.238 0  261.238
saturado
3 10 3.44001 gg2.652 'mPermeabilizacion 0 18 61.3655 88.5694  272.589 0 272589
2 saturado
o . .y
s 11 246264 68514 MPermeabiizacion 0 18 659102 95.1289  292.776 0 292776
= saturado
© £ [ bilizacié
g 3 12 246264 729539 | permeabfizacion 0 18 69.6676 100.552  309.467 0  309.467
g K saturado
Tl I
S s 13 2.65432 834428 MmPermeabilizacion 0 18 69.6171 100479  309.241 0  309.241
g ] saturado
o & i
.. [}
6 14 265432 gga.7gy MmPermeabilizacion 0 18 729912 105349  324.229 0 324229
A 2 saturado
& & 15 3.82073 1304.43 Residuo nuevo - RNP 5 26 725759 10475  279.079 74.5626  204.517
by [}
>/< 16 3.82073 1246.76 Residuo nuevo - RNP 5 26 71.0267 102.514  264.514 64.5826  199.932
¢ 17 3.82073 1112.08 Residuo nuevo - RNP 5 26 64.2193 92.6884 23439 54.6026  179.788
18 3.82073 976.916 Residuo nuevo - RNP 5 26 57.5878  83.117  204.786 44.6227  160.164
19 5.34197 1243.72 Residuo nuevo - RNP 5 26 54.6043 78.8109 183.03 31.6947  151.335
20 2.3699 523.249 Residuo nuevo - RNP 5 26 51.5092 74.3437  160.054 17.8787  142.176
21 2.3699 491.529 Residuo nuevo - RNP 5 26 522218 753723 150407 6.12278  144.285
22 2.67097 499.79 Residuo nuevo - RNP 5 26 455297 657134  124.481 0 124481
23 2.67097 427.172 Residuo nuevo - RNP 5 26 40.142 57.9373 108.537 0 108.537
24 3.18668 371.532 Residuo nuevo - RNP 5 26 28.0985 40.5549  72.8984 0 72.8984
25 3.18668 127.09 Residuo nuevo - RNP 5 26 115225 16.6305  23.8462 0 23.8462
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List Of Coordinates

Water Table

X Y
60.9013 7.30417
129.125 23.036

166.01 32.185
184.452 37.122
208.413 40.462

223.649 40.462

External Boundary

X Y
0.341395 0.0659174
0.341395 -57.17

285.32 -57.17

285.32 54.5085
245.593 48.1647
243.52 45.9439
238.983 45.5838
237.039 45.4001

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

5§

g = 202.091  44.7809

£a 155.844  43.9176

£%

s g 137.519  35.2216
510 130.341  35.7507
2025 113.421  28.6019

102.304 28.7969
83.9613 19.8142
78.5977 20.3275
58.2578 9.91765
50.9756 9.89474
40.2903 2.91195

Material Boundary

X Y
58.2578 9.91765
63.3152 4.91765

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Aaterial Boundary

-

<)

X Y

62.8729 4.36524
63.3152 4.91765

137.29 11.0011
145.581 19.5639
152.649 19.1447
157.376  16.579
162.517 16.9224
175.979 23.9176
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183.087
208.194
214.784
237.039

23.6377
37.7735

37.193
45.4001

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez
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X
40.2903
60.3132
62.8729
137.519
145.781
152.508

157.26
162.655
176.091
183.209
208.304
214.852
238.983

Y
2.91195
1.16849
4.36524
10.5182
19.0512
18.6522
16.0702
16.4305
23.4128
23.1325
37.2618
36.6851
45.5838

b LN
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IA25016-EST1

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)

r-rr

Wb d

e

bito





@ Lurgintza r-rr o=

W% ambito

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

2.1. SITUACION NORMAL
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)
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2.1.1. ROTURA POR LA MASA DE RESIDUO
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta

Project Summary

File Name: Circular - Residuo
Slide Modeler Version: 6.005

Project Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
& alysis: Perfil B-B’

General Settings

C

hits of Measurement: Metric Units
me Units: days
g¢rmeability Units: meters/second
ilure Direction: Right to Left
ta Output: Standard

aximum Material Properties: 20
:;Iaximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez
O T v o

Analysis Options

nalysis Methods Used

Habilitacion
Profgsional

Bishop simplified

2/10 GLE/Morgenstern-Price with interslice force function: Half Sine
2025

Nlimber of slices: 25

Tglerance: 0.005

Maximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1
Steffensen Iteration: Yes

5 0

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
vanced Groundwater Method: None

> U Q0

Random Numbers

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

Ve

deudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

=

Surface Options

Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack

? SLIDEINTERPRET 6.005
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Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Residuo e . Residuo nuevo - Residuo nuevo - . Sustrato
Property X Impermeabilizacién Dique
antiguo RNP IN rocoso
Color ] [ ] L] = = ]

Strength Type Mohr-Coulomb Mohr-Coulomb

- nit Weight
i [kN/m3]

" fohesion [kPa] 14 5
riction Angle [deg] 20 26

16 5

[Vater Surface None None

u Value 0 0

Mohr-Coulomb

18

26

None

Mohr-Coulomb

18

7
27

None

Mohr-Coulomb

20

15
40

None

Mohr-Coulomb

26

50
45

None

dlobal Minimums

Method: bishop simplified

FS:2.175120

Center: 112.434, 49.781

Radius: 34.118

Left Slip Surface Endpoint: 102.349, 17.187
Right Slip Surface Endpoint: 137.275, 26.393
Resisting Moment=49934.3 kN-m

Driving Moment=22957.1 kN-m

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025,

Method: gle/morgenstern-price

FS:2.161440

Center: 112.434, 49.781

Radius: 34.118

Left Slip Surface Endpoint: 102.349, 17.187
Right Slip Surface Endpoint: 137.275, 26.393
Resisting Moment=49620.4 kN-m

Driving Moment=22957.1 kN-m

Resisting Horizontal Force=1359.63 kN
Driving Horizontal Force=629.036 kN

=

alid / Invalid Surfaces

Method: bishop simplified

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Number of Valid Surfaces: 1843
Number of Invalid Surfaces: 3217

-

~)

Error Codes:

Error Code -103 reported for 296 surfaces
Error Code -106 reported for 30 surfaces
Error Code -107 reported for 477 surfaces
Error Code -108 reported for 43 surfaces
Error Code -112 reported for 176 surfaces
Error Code -113 reported for 61 surfaces
Error Code -1000 reported for 2134 surfaces
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Method: gle/morgenstern-price

Number of Valid Surfaces: 1804
Number of Invalid Surfaces: 3256

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Error Code -103 reported for 296 surfaces
Error Code -106 reported for 30 surfaces
Error Code -107 reported for 477 surfaces
Error Code -108 reported for 79 surfaces
Error Code -112 reported for 179 surfaces
Error Code -113 reported for 61 surfaces
Error Code -1000 reported for 2134 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between

them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched
slope model with two sets of Slope Limits.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to

avoid numerical errors which may result from too many slices, or too small a slip region.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
high external or anchor loads are applied against the failure direction.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the
driving force is very small (0.1 is an arbitrary number).
-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor

calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.
-113 = Surface intersects outside slope limits.

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Slice Data

Global Minimum Query (bishop simplified) - Safety Factor: 2.17512

Slice
Number

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

s

~)

j K
4
© 0 N O U1 B W N P

11
12
13
14
15

16

Width
[m]

0.601292
1.40681
1.40681
1.40681
1.40681
1.40681
1.40681
1.40681
1.40681
1.40681
1.40681
1.40681
1.40681
1.40681

0.711125

1.53254

? SLIDEINTERPRET 6.005
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Weight
[kN]

0.565275
10.6206
29.3462
46.9532
63.1906
78.0849
91.6551
103.913
114.864
124.506

132.83
139.821
145.456
149.693
78.8249

175.807

Base
Material

Impermeabilizacion

Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo

Residuo antiguo

Impermeabilizacion

Residuo nuevo -
RNP

Residuo nuevo -

Base
Cohesion
[kPa]

14
14
14
14
14
14
14
14
14
14
14
14
14

Base
Friction
Angle
[degrees]

26
20
20
20
20
20
20
20
20
20
20
20
20
20
26

26

Shear
Stress
[kPa]

2.69008
8.05886
10.3089
12.3896
14.2748
15.9724
17.4884
18.8278
19.9943
20.9904
21.8179
22.4774
22.9687

23.289
25.5568

26.1672

Shear
Strength
[kPa]

5.85124
17.529
22.423

26.9488

31.0494

34.7418

38.0393

40.9527

43.4899

45.6566

47.4566

48.8911

49.9596

50.6564

55.5892

56.9167

Base
Normal
Stress
[kPa]

1.74529
9.69583
23.1421
35.5765
46.8429
56.9875
66.0474
74.0517
81.0224
86.9761
91.9213
95.8622
98.7983
100.713
103.723

106.445

Pore
Pressure
[kPa]

O O O O O 0O 0O o oo o o o o o

o

Effective
Normal
Stress

[kPa]

1.74529
9.69583
23.1421
35.5765
46.8429
56.9875
66.0474
74.0517
81.0224
86.9761
91.9213
95.8622
98.7983
100.713
103.723

106.445
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RNP
18 153254 171239  hesiduo n“e;’;; 5 26 24.9728 543189  101.119 0 101119
19 153254 165359  fesiduo ““e;:; 5 26 23.8959 51.9765  96.3162 0 963162
20 153254 156865  tesiduo "“e;"\)l; 5 26 22.4834 489042  90.0167 0  90.0167
21 153254 142778 tesiduo ““e;’;; 5 26 20.3645 44.2953  80.5673 0  80.5673
22 153254 118031  (esiduo ““e;{’:; 5 26 16.9281 36.8207  65.2419 0 652419
23 153254 893995  esiduo "“e;"\)l; 5 26 13.085 28.4614 48.103 0 48.103
24 153254 568536  esiduo ““e;’;; 5 26 8.86627 19.2852 29.289 0 29.289
8 25 153254 197681  lesiduo n“e;;; 5 26 424289 9.22879  8.67029 0 867029
(]
5y
u:j EG obal Minimum Query (gle/morgenstern-price) - Safety Factor: 2.16144
- ﬁ o
g s . . i Base B.as.e Shear Shear e Pore ALEE
T af |Slice Width Weight Base . Friction Normal Normal
3 g Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
2 = [kPa] 8 [kPa]  [KkPa] [kPa]
o 3 [degrees] [kPa] [kPa]
o
c g 1 0.601292 0.565275 Impermeabilizacién 5 26 2.72119 5.88168  1.80772 0 1.80772
o °
b X 2 140681 10.6206  Residuo antiguo 14 20 822676 17.7816 10.39 0 10.39
o
= ° 3 1.40681 29.3462  Residuo antiguo 14 20 107172 23.1646  25.1796 0 25179
S g 4 140681 46.9532  Residuo antiguo 14 20 13.0894 28.2919  39.2667 0 39.2667
< .
£ 5 140681 63.1906  Residuo antiguo 14 20 15265 32.9944  52.1868 0 521868
ol ~
(g 6 140681 78.0849  Residuo antiguo 14 20 17.2078 37.1936  63.7238 0  63.7238
2110 7 140681 91.6551  Residuo antiguo 14 20 18.8902  40.83  73.7148 0 73.7148
2025 8 140681 103.913  Residuo antiguo 14 20 20.2958 43.8682  82.0624 0 82.0624
9 140681 114.864  Residuo antiguo 14 20 21.4197 46.2975  88.7368 0 887368
10 140681 124506  Residuo antiguo 14 20 22268 481309  93.7743 0 93.7743
11 140681 132.83  Residuo antiguo 14 20 22.8559 49.4017  97.2652 0  97.2652
= 12 140681 139.821  Residuo antiguo 14 20 23.2057 50.1578  99.3425 0 99.3425
o
g 13 140681 145456  Residuo antiguo 14 20 23.3438 504562  100.162 0  100.162
o
= 14 140681 149.693  Residuo antiguo 14 20 23.2964 50.3538  99.8808 0  99.8808
w & 15 0.711125 78.8249 Impermeabilizacién 5 26 252628 54604  101.703 0 101703
AN = .
S & 16 153254 175807  esiduo ““e;:; 5 26 255008 55.1185  102.758 0 102758
B 3
a2 .
o -
S 3 17 153254 174676  fesiduo "“e;"\)lp 5 26 24.6386 53.2548  98.9373 0 989373
3 8
Y .
Q £ 18 153254 171239  Residuonuevo- 5 26 23.5853 50.9783  94.2693 0 942693
Q RNP
L % Residuo nuevo -
S S 19 1.53254 165.359 5 26 22.3549 483188  88.8166 0 888166
RNP
% ; ;
W 20 153254 156865  tesiduo "“e;"\)lp 5 26 20.9458 452731  82.5721 0 825721
21 153254 142778 tesiduo ““e;’;; 5 26 19.0017 41.0711  73.9568 0  73.9568
22 153254 118031  [esiduo ““e;{’:; 5 26 159114 34.3916 60.262 0 60.262
23 153254 893995  esiduo "“e;"\)l; 5 26 12.4746  26.963  45.0309 0  45.0309
24 153254 568536  esiduo ““e;’;; 5 26 8.63258 18.6588  28.0046 0  28.0046
Residuo nuevo -
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| RNP

List Of Coordinates

External Boundary

X Y
103.321 17.5036
101.826 17.0163
84.9933 16.7449

66.796  9.74486
58.4609 9.28899
53.5944 7.07811
44.6631 7.62944
32,7062 3.10231
20.3063  2.74547
15.4931 1.74486

3.0583 0.236728

-0.0625509 0.196858
-0.055586  -3.7436
-0.0625509 -58.8284
329.578 -58.8284
329.578 42.3045

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

t§ S 292.582 33.7449
£ % 285963 34.7431
§ 2 281786  36.6257
10 249.937 36.6095

2025 239.937 35.7408

228.473 34.7449
223.251 32.7449
215.722  32.4758
214.661 32.4379
192.922 31.6609
176.834 28.8303

159.22  27.7449
130.046 25.9471

Material Boundary

X Y
135.655 -0.890104
143.001  5.70136

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

' Material Boundary

X Y
-0.055586 -3.7436
135.655 -0.890104

Material Boundary

X Y
165.764 6.74463

? SLIDEINTERPRET 6.005
ols, Page 5 of 7
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181.638 6.74486
215.445 22.7449
218.523 23.6177
228.751 23.7449
232.702 19.7449

266.47 20.7449
285.963 34.7431

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profeggenal

X Y
228.473 34.7449
249.937 36.6095

aterial Boundary

X Y
218.45 24.1168
228.957 24.2475
232.905 20.2511
266.303 21.2401
285.145 34.7708
285.963 34.7431

aterial Boundary

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

Ve

<

f

X Y
101.826 17.0163
121.171 16.852
143.001 5.70136
153.461 5.66005

aterial Boundary

X Y
165.764 6.74463
164.051 7.74493
157.721 7.74486
153.461 5.66005
164.012 4.36557
165.764 6.74463

aterial Boundary

X Y
215.722 32.4758
202.384 24.7318

218.45 24.1168
216.896 23.6759

Material Boundary

X Y
103.321 17.5036

? SLIDEINTERPRET 6.005
[N

b LN
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ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

121.294
143.122
153.347
157.605
164.187
165.879
181.526
215.269
216.896
200.641
214.661

17.351
6.20088

6.1605
8.24486
8.24493
7.24486
7.24486
23.2146
23.6759
24.2981
32.4379

? SLIDEINTERPRET 6.005
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ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

2.1.2. ROTURA CONTACTO VERTEDERO-TERRENO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Circular - vertedero y terreno
Slide Modeler Version: 6.005

D

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

General Settings

hits of Measurement: Metric Units
me Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
2 =2omvHdcC

Col. n° 2226 Guillermo Bernal Martinez

S

nalysis Options

halysis Methods Used

Habilitacion
Pratesional

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

2/10
2025

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

teffensen Iteration: Yes

w3 o4z

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

)

>

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

-

<)

Ve

o

dJeudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

10

Surface Options

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

? SLIDEINTERPRET 6.005
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Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Residuo e s Residuo nuevo - Residuo nuevo - . Sustrato
Property X Impermeabilizacion Dique
antiguo RNP IN rocoso
Color N L] [ ] = = ]

Mohr-Coulomb Mohr-Coulomb

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

= trength Type
i Unit Weight
kN/m3]

[ohesion [kPa]

16 5

14 5
20 26

None None

riction Angle [deg]
(Vater Surface
u Value 0 0

Mohr-Coulomb

18

26

None

Mohr-Coulomb

18

7
27

None

Mohr-Coulomb

20

15
40

None

Mohr-Coulomb

26

50
45

None

Global Minimums

Method: bishop simplified

FS:2.287080

Center: 58.148, 140.288

Radius: 141.864

Left Slip Surface Endpoint: 23.086, 2.825
Right Slip Surface Endpoint: 143.215, 26.759

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

Habilitacion
Profesional

Resisting Moment=1.19703e+006 kN-m
2/10 Driving Moment=523388 kN-m

2025

<

ethod: gle/morgenstern-price

FS:2.288870

Center: 58.148, 140.288

Radius: 141.864

Left Slip Surface Endpoint: 23.086, 2.825
Right Slip Surface Endpoint: 143.215, 26.759
Resisting Moment=1.19797e+006 kN-m
Driving Moment=523388 kN-m

Resisting Horizontal Force=8072.86 kN
Driving Horizontal Force=3527.01 kN

L~

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Aethod: bishop simplified

-

~)

Number of Valid Surfaces: 1760
Number of Invalid Surfaces: 3300

Error Codes:

Error Code -101 reported for 10 surfaces
Error Code -103 reported for 537 surfaces
Error Code -109 reported for 1 surface
Error Code -112 reported for 92 surfaces
Error Code -118 reported for 86 surfaces
Error Code -1000 reported for 2574 surfaces

? SLIDEINTERPRET 6.005
[N

b LN
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Method: gle/morgenstern-price

Number of Valid Surfaces: 1759
Number of Invalid Surfaces: 3301

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

9]

Error Code -101 reported for 10 surfaces
Error Code -103 reported for 537 surfaces
Error Code -108 reported for 1 surface
Error Code -109 reported for 1 surface
Error Code -112 reported for 92 surfaces
Error Code -118 reported for 86 surfaces
Error Code -1000 reported for 2574 surfaces

Error Codes

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a
benched slope model with two sets of Slope Limits.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
the driving force is very small (0.1 is an arbitrary number).

-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of
slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil
region,even though the slip surface is wholly within the soil region.

-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.

-118 = Surface does not pass through the search focus

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Slice Data

obal Minimum Query (bishop simplified) - Safety Factor: 2.28708

Slice
INumber

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

s

~)

Ve

O 00 N O U A W N -

[ o T = T S S S T
o U A W N L O

? SLIDEINTERPRET 6.005
[N

b LN

Base Base Effective
Width  Weight Base Bas? Friction Shear Shear Normal Pore Normal
[m] [kN] T Cohesion Angle Stress  Strength Stress Pressure Siress
[kPa] [degrees] [kPa] [kPa] [kPal [kPa] [kPa]
5.08292 54.6347 Residuo antiguo 14 20 8.13638 18.6086 12.6619 0 12.6619
5.08292 156.802 Residuo antiguo 14 20 11.3874 26.0438 33.0902 0 33.0902
5.08292 329.43 Residuo antiguo 14 20 16.8631 38.5672 67.4979 0 67.4979
5.08292 544.29 Residuo antiguo 14 20 23.623 54.0278 109.975 0 109.975
5.08292 692.119 Residuo antiguo 14 20 28.1771 64.4433 138.592 0 138.592
5.08292 700.264 Residuo antiguo 14 20 28.2713 64.6588 139.184 0 139.184
5.08292 794.12 Residuo antiguo 14 20 31.0549 71.0251 156.675 0 156.675
5.08292 891.278 Residuo antiguo 14 20 33.9103 77.5555 174.617 0 174.617
5.08292 908.485 Residuo antiguo 14 20 34.2524 78.3379 176.767 0 176.767
5.08292 1011.75 Residuo antiguo 14 20 37.2443 85.1807 195.567 0 195.567
5.08292 1124.51 Residuo antiguo 14 20 40.4914 92.607 215.97 0 215.97
5.08292 1222.06 Residuo antiguo 14 20 43.2346 98.8809 233.207 0 233.207
5.08292 1252.88 Residuo antiguo 14 20 43.9183 100.445 237.504 0 237.504
5.08292 1169.32 Residuo antiguo 14 20 41.1404 94.0913 220.049 0 220.049
5.08292 1067.14 Residuo antiguo 14 20 37.8309 86.5224 199.253 0 199.253
5.08292 955.071 Residuo antiguo 14 20 34.2601 78.3557 176.816 0 176.816
Page 3 of 7
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17 508292 92254  Residuo antiguo 14 20 33.0794 75.6552  169.396 0  169.396
18 5.08292 909.264  Residuo antiguo 14 20 32.4708 742634  165.572 0 165572
19 5.08292 877.244  Residuo antiguo 14 20 313129 716151  158.296 0 15829
20 5.08292 829.106  Residuo antiguo 14 20 29.6923 67.9086  148.113 0 148113
21 0.537165 86.8615 Impermeabilizacién 5 26 32.9246 753011  144.139 0 144.139
22 44835 692333  esiduo ”UE;EF; 5 26 313716 717493  136.856 0  136.856
23 44835 ss4439  Residuo ””e;;}; 5 26 252758 57.8078  108.272 0 108272
24 44835 346701  Residuo ””e&’;é 5 26 163681 37.4352  66.5019 0  66.5019
25 44835 118.99 Resmwnue&’;é 5 26 6.80396 155612  21.6537 0 21.6537
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 2.28887
2]
2 :
S . : . Base I?as.e Shear Shear Base Pore ELEET
= Slice Width  Weight Base . Friction Normal Normal
2 g Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
© g [kPa] e [kPa]  [kPa] [kPa]
=) = [degrees] [kPa] [kPa]
4 0B
s 5 1 508292 54.6347  Residuo antiguo 14 20 8.19248 187515  13.0547 0  13.0547
[T
o g 2 5.08292 156.802  Residuo antiguo 14 20 11.6405 26.6436 34.738 0 34.738
= B
§ 3 3 508292 32943  Residuo antiguo 14 20 17.4645 39.974  71.3629 0 71.3629
o
° 8 4 508292 54429  Residuo antiguo 14 20 24.6976 56.5296  116.849 0  116.849
o °
b X 5 508292 692.119  Residuo antiguo 14 20 29.6528 67.8714 148.01 0 148.01
o
= ° 6 5.08292 700.264  Residuo antiguo 14 20 29.8883 68.4105  149.492 0 149.492
2 g 7 5.08292 79412  Residuo antiguo 14 20 32777 75.0224  167.658 0  167.658
<.
= 8 5.08292 891.278  Residuo antiguo 14 20 35.5983 81.4799 185.4 0 185.4
o %=
© P 9 5.08292 908.485  Residuo antiguo 14 20 356991 817107  186.034 0  186.034
5110 10 5.08292 1011.75  Residuo antiguo 14 20 38.3863 87.8612  202.932 0 202.932
2025 11 5.08292 1124.51 Residuo antiguo 14 20 41.2087 94.3213 220.682 0 220.682
12 5.08292 1222.06  Residuo antiguo 14 20 43.429 99.4033  234.643 0 234643
13 5.08292 1252.88  Residuo antiguo 14 20 43.5593 99.7016  235.463 0  235.463
14 508292 1169.32  Residuo antiguo 14 20 403185 922838  215.082 0 215.082
g 15 5.08292 1067.14  Residuo antiguo 14 20 36.6665 83.9248  192.117 0 192117
8 16 5.08292 955071  Residuo antiguo 14 20 32.8865 752729  168.346 0 168346
s 17 508292 92254  Residuo antiguo 14 20 31.5323 721734 159.83 0 159.83
o & 18 5.08292 909.264  Residuo antiguo 14 20 30.8394 705873  155.472 0 155472
AN =
= 19 5.08292 877.244  Residuo antiguo 14 20 29.7367 68.0635  148.538 0 148538
Sz
D8 20 5.08292 829.106  Residuo antiguo 14 20 28.3054 647873  139.537 0  139.537
o c
S 21 0.537165 86.8615 Impermeabilizacién 5 26 31.3664 717936  136.947 0 136.947
o 9 .
- 22 44835 692333  hesiduo ””e;:lp 5 26 300211 687143  130.634 0 130.634
la) Qo
5 5 Residuo nuevo -
23 23 4.4835 554.439 op 5 26 244211 55.8967  104.354 0 104354
RaE 24 44835 346701  hesidwo e 5 26 16.0114 36.6481  64.8884 0 648884
25 44835 118.99 Res'd“"”“e};’:; 5 26 675071 15.4515  21.4288 0  21.4288
List Of Coordinates
Focus Search Line
X Y
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53.5944 7.07811
143.122 6.20088

External Boundary

X Y
103.321 17.5036
101.826  17.0163
84.9933  16.7449

66.796  9.74486

58.4609 9.28899
53.5944 7.07811
44.6631 7.62944
32,7062 3.10231
20.3063  2.74547
15.4931 1.74486
3.0583 0.236728
-0.0625509 0.196858
-0.055586  -3.7436
-0.0625509 -58.8284
329.578 -58.8284
329.578  42.3045
292.582  33.7449
285.963 34.7431
281.786  36.6257
249.937 36.6095
239.937 35.7408

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10 228473  34.7449
2025
223251 32.7449

215.722  32.4758
214.661  32.4379
192.922 31.6609
176.834  28.8303

159.22  27.7449
130.046  25.9471

Material Boundary

X Y
135.655 -0.890104
143.001  5.70136

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

Aaterial Boundary

X Y

-0.055586 -3.7436
135.655 -0.890104

Material Boundary

X Y
165.764 6.74463
181.638 6.74486
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215.445 22.7449
218.523 23.6177
228.751 23.7449
232.702 19.7449

266.47 20.7449
285.963 34.7431

Material Boundary

X Y

228.473 34.7449
249.937 36.6095

Material Boundary

X Y
218.45 24.1168
228.957 24.2475
232.905 20.2511
266.303 21.2401
285.145 34.7708
285.963 34.7431

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

c = .

© $aterial Boundary

89S

=]

3% X Y

Ia 101.826 17.0163
2/10 121.171 16.852
2025 143.001 5.70136

153.461 5.66005

Material Boundary

X Y
165.764 6.74463
164.051 7.74493
157.721 7.74486
153.461 5.66005
164.012 4.36557
165.764 6.74463

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Material Boundary

-

X,

~)

X Y
215.722 32.4758

202.384 24.7318
218.45 24.1168
216.896 23.6759

Material Boundary

X Y
103.321 17.5036

? SLIDEINTERPRET 6.005
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Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

121.294
143.122
153.347
157.605
164.187
165.879
181.526
215.269
216.896
200.641
214.661

17.351
6.20088

6.1605
8.24486
8.24493
7.24486
7.24486
23.2146
23.6759
24.2981
32.4379
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Habilitacion
Profesional

2/10
2025

2.1.3. ESTABILIDAD CONJUNTA DEL VERTEDERO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Circular - global
Slide Modeler Version: 6.005

. oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
344 halysis: Perfil B-B’

General Settings

hits of Measurement: Metric Units
e Units: days

rmeability Units: meters/second
dilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
A e R

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

aby

palysis Methods Used

Habilitacion
Prgfesion

2/10 Bishop simplified
2025 GLE/Morgenstern-Price with interslice force function: Half Sine

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha<0.2:Yes

tial trial value of FS: 1

feffensen Iteration: Yes

w5 0242

o

roundwater Analysis

[0

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

> ©

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

TAandom Numbers

)

LN
x,”“\‘,

P4eudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3
Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
SLIDEINTERPRET 6.005
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Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Residuo e s Residuo nuevo - Residuo nuevo - . Sustrato
Property X Impermeabilizacion Dique
antiguo RNP IN rocoso
Color ] [ ] [ ] = = []
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

L3 Unit Weight
[ {kn/m3]
Cohesion [kPa] 14 5

riction Angle
deg]

16 5

20 26

[Vater Surface None None
u Value 0 0

18

26

None

18

27

None

20

15

40

None

26

50

45

None

Global Minimums

<

ethod: bishop simplified

Col. n° 2226 Guillermo Bernal Martinez

FS:2.180290

Center: 112.434, 49.781

Radius: 32.777

Left Slip Surface Endpoint: 104.681, 17.933

Habilitacion
Profesional

Right Slip Surface Endpoint: 135.272, 26.269

2/10 Resisting Moment=34578.2 kN-m

2025

Driving Moment=15859.5 kN-m

<

ethod: gle/morgenstern-price

FS:2.179980

Center: 112.434, 49.781

Radius: 32.777

Left Slip Surface Endpoint: 104.681, 17.933
Right Slip Surface Endpoint: 135.272, 26.269
Resisting Moment=34573.3 kN-m

Driving Moment=15859.5 kN-m

Resisting Horizontal Force=990.783 kN
Driving Horizontal Force=454.492 kN

L~

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

" fethod: bishop simplified

Number of Valid Surfaces: 2632
Number of Invalid Surfaces: 2428

Error Codes:

Error Code -103 reported for 912 surfaces
Error Code -106 reported for 10 surfaces
Error Code -107 reported for 93 surfaces
Error Code -108 reported for 25 surfaces
Error Code -112 reported for 244 surfaces

? SLIDEINTERPRET 6.005
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Error Code -1000 reported for 1144 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2601
Number of Invalid Surfaces: 2459

Error Codes:

Error Code -103 reported for 912 surfaces
Error Code -106 reported for 10 surfaces
Error Code -107 reported for 93 surfaces

Error Code -108 reported for 53 surfaces
Error Code -112 reported for 247 surfaces
Error Code -1000 reported for 1144 surfaces

Error Codes

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a

benched slope model with two sets of Slope Limits.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
avoid numerical errors which may result from too many slices, or too small a slip region.
-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
high external or anchor loads are applied against the failure direction.

S -108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
'g .5 the driving force is very small (0.1 is an arbitrary number).
=3 -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
g0 calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
o seated slip surfaces with many high negative base angle slices in the passive zone.

22(/)]é% -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Slice Data

Base
Friction
Angle
[degrees]

26

26

26
26
26
26
26
26
26
26
26

26

26

% Global Minimum Query (bishop simplified) - Safety Factor: 2.18029
&
w Base
2| |Slice  Wwidth Weight Base .
2| Number [m] [kN] Material Cohesion
@ i
g {1 [kPa]
D 8 1 111126 6.01325  (esiduonuevo- 5
o § RNP
S %
<) i -
SR 2 111126 176384  Residuonuevo 5
o g RNP
2 3 1.16799 28.9121 Impermeabilizacién 5
0 =
S 3 4 1.16799 37.7371 Impermeabilizacién 5
’:‘;\ 5 1.16799 46.314 Impermeabilizacion 5
N 6 1.16799 54.6453 Impermeabilizacion 5
7 1.16799 62.7326 Impermeabilizacidén 5
8 1.16799 70.5767 Impermeabilizacidén 5
9 1.16799 78.1772 Impermeabilizacién 5
10 1.16799 85.533 Impermeabilizacion 5
11 1.16799 92.642 Impermeabilizacidn 5
12 127547 107.059  Residuonuevo- 5
RNP
Residuo nuevo -
13 1.27547 110.612 RNP 5

? SLIDEINTERPRET 6.005
[N

b LN

Shear
Stress
[kPa]

3.68952

6.10188

8.10759
9.77471
11.3668
12.8863
14.3352
15.7148
17.0264
18.2706
19.4478

20.2806

20.6969

Shear
Strength
[kPa]

8.04423

13.3039

17.6769
21.3117

24.783
28.0959
31.2548
34.2628
37.1224
39.8351
42.4018

44.2176

45.1253

Base
Normal
Stress

[kPa]

6.2416

17.0255

25.9915
33.4439
40.5611
47.3536
53.8303
59.9976
65.8606
71.4225
76.6851

80.4081

82.2689

Pore
Pressure
[kPa]

O O O O o o o o o o

o

Effective

Normal
Stress
[kPa]

6.2416

17.0255

25.9915
33.4439
40.5611
47.3536
53.8303
59.9976
65.8606
71.4225
76.6851

80.4081

82.2689
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14 127547 112043  fesiduo “”e;;; 5 26 20.8987 455652  83.1709 0 831709
15 127547 114.018 Res'd“"”“e';’;; 5 26 20.8846 455344  83.1081 0  83.1081
16 1.27547 113.794 Res'duon“e';';; 5 26 20.6521 45.0275  82.0687 0 820687
17 127547 112216  Residuo n“e;;; 5 26 20.1975 44.0365  80.0364 0  80.0364
18 1.27547 109.223 Res'du”“e;’;; 5 26 19.5161 42.5507  76.9906 0  76.9906
19 1.27547 104.735 Res'duon”el;’zl; 5 26 18.6014 40.5564  72.9013 0 729013
20 127547 986507  esiduo "”e;’;; 5 26 17.4455 38.0362  67.7343 0  67.7343
21 127547 90.8474  Residuo ”“e;';; 5 26 16.0334 349575  61.4219 0 614219
2]
o
Q .
RN 22 1.27547 76.8172 Res'duon“e';';; 5 26 13.6923 29.8531  50.9563 0  50.9563
& £
g Residuo nuevo -
.- 23 1.27547 57.7355 e 5 26 10.6368 23.1912  37.2975 0  37.2975
: 8 Resid
o -
- 24 127547 364180 0o 5 26 732182 159637  22.4788 0 224788
O] =
w =1
= (0] .
o -
° 8 25 1.27547 12.5856 Res'duon”el;’zp 5 26 373177 813635  6.43045 0 643045
5oz
2 3
< 7& obal Minimum Query (gle/morgenstern-price) - Safety Factor: 2.17998
S B B B Effecti
SE~,2, X 5 5 Base 'as.e Shear Shear ase Pore ective
= | Slice Width Weight Base . Friction Normal Normal
'%ushlumber [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
T4 [kPa] & [kPa]  [KkPa] [kPa]
[degrees] [kPa] [kPa]
2/10 Resid
2025 1 1.11126 6.01325 esiauo “”el;’:\jp 5 26 3.73333 8.13858  6.43504 0  6.43504
2 1.11126 17.6384 Res'd“"”“e;';; 5 26 630441 13.7435  17.9267 0 17.9267
3 1.16799 28.9121 Impermeabilizacion 5 26 8.54031 18.6177 27.9204 0 27.9204
% 4 1.16799 37.7371 Impermeabilizacion 5 26 10.4606 22.804 36.5036 0 36.5036
a 5 1.16799 46.314 Impermeabilizacién 5 26 12.2956 26.8041  44.7051 0 447051
g
g 6 1.16799 54.6453 Impermeabilizacién 5 26 14.0177 30.5583  52.4023 0 524023
@
g 7 1.16799 62.7326 Impermeabilizacién 5 26 156047 34.0179  59.4955 0  59.4955
g i 8 1.16799 70.5767 Impermeabilizacin 5 26 17.0409 37.1488  65.9149 0 659149
Lo %]
§ e 9 1.16799 78.1772 Impermeabilizacion 5 26 183183 39.9335  71.6244 0 716244
SO
8 g 10 1.16799 85.533 Impermeabilizacién 5 26 19.4365 423712  76.6222 0 766222
.. [}
o ° 11 1.16799 92.642 Impermeabilizacion 5 26 20.4023 44.4767  80.9392 0 809392
la) Qo .
5 £ 12 127547 107059 ~ ‘esiduonuevo- 5 26 209315 456303 833046 0 833046
2 3 RNP
| 13 127507 110612 Residuonuevo - 5 26 209769 457293  83.5075 0 835075
14 127547 112.943 Res'd“"”“e';’;; 5 26 20792 453261  82.6804 0  82.6804
15 127547 114018  tesidwo n“e';';; 5 26 20.4089  44.491  80.9684 0  80.9684
16 1.27547 113.794 Res'duon“er‘{';; 5 26 19.8555 43.2847  78.4955 0 784955
17 1.27547 112.216 Res'du”“e;’;; 5 26 19.1532 41.7536 75.356 0 75.356
18 1.27547 109.223 Res'duon”el;’zl; 5 26 183153  39.927  71.6109 0 716109
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Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

External Boundary

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

Ve

X
103.321
101.826
84.9933

66.796
58.4609
53.5944
44.6631
32.7062
20.3063
15.4931

3.0583

-0.0625509
-0.055586
-0.0625509

329.578
329.578
292.582
285.963
281.786
249.937
239.937
228.473
223.251
215.722
214.661
192.922
176.834

159.22
130.046

Y
17.5036
17.0163
16.7449
9.74486
9.28899
7.07811
7.62944
3.10231
2.74547
1.74486

0.236728
0.196858
-3.7436
-58.8284
-58.8284
42.3045
33.7449
34,7431
36.6257
36.6095
35.7408
34.7449
32.7449
32.4758
32.4379
31.6609
28.8303
27.7449
25.9471

Material Boundary

X

? SLIDEINTERPRET 6.005
[N

b LN

Y

19 1.27547 104.735 Regd“””i’;; 26 17.3464 37.8148  67.2803 67.2803
20 127547 986597  lesiduo ”“el;';; 26 16.2418 35.4067 62.343 62.343
21 127547 90.8a7a  Residuo n“e';';; 26 149814 32.6591  56.7095 56.7095
22 127547 768172  nesiduo n“e;;; 26 12.9074 28.1379  47.4398 47.4398
23 127547 57.7355 ReSidu”“e;’;F; 26 10.1725 22.1758  35.2157 35.2157
24 127547 364189  tesiduo “”el;’:\jl; 26 7.14167 155687  21.6691 21.6691
25 1.27547 12.5856 RESid“°“”el;’;F: 26 3.71606 8.10093  6.35785 6.35785
List Of Coordinates
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135.655
143.001

-0.890104
5.70136

Material Boundary

X
-0.055586
135.655

Y
-3.7436
-0.890104

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Habilitacion
Profesional

Material Boundary

X
165.764
181.638
215.445
218.523
228.751
232.702

266.47
285.963

Y
6.74463
6.74486
22.7449
23.6177
23.7449
19.7449
20.7449
34.7431

<

Col. n° 2226 Guillermo Bernal Martinez

aterial Boundary

X
228.473
249.937

Y
34.7449
36.6095

VISADO : 03202500128

-

<)

N

aterial Boundary

X
218.45
228.957
232.905
266.303
285.145
285.963

Y
24.1168
24.2475
20.2511
21.2401
34.7708
34.7431

Material Boundary

X
101.826
121.171
143.001
153.461

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

Y
17.0163
16.852
5.70136
5.66005

Material Boundary

X
165.764
164.051
157.721
153.461

? SLIDEINTERPRET 6.005
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Y
6.74463
7.74493
7.74486
5.66005
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164.012
165.764

4.36557
6.74463

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

? SLIDEINTERPRET 6.005
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X
215.722
202.384

218.45
216.896

Y
32.4758
24.7318
24.1168
23.6759

aterial Boundary

X
103.321
121.294
143.122
153.347
157.605
164.187
165.879
181.526
215.269
216.896
200.641
214.661

Y

17.5036

17.351
6.20088

6.1605
8.24486
8.24493
7.24486
7.24486
23.2146
23.6759
24.2981
32.4379

b LN
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ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

2.1.4. ROTURA POLIGONAL

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Poligonal
Slide Modeler Version: 6.005

D

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

General Settings

hits of Measurement: Metric Units
me Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
2 =2omvHdcC

Col. n° 2226 Guillermo Bernal Martinez

S

nalysis Options

halysis Methods Used

Habilitacion
Pratesional

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

2/10
2025

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

teffensen Iteration: Yes

w3 o4z

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

)

>

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

-

<)

Ve

o

dJeudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

10

Surface Options

Search Method: Auto Refine Search
Divisions along slope: 10

Circles per division: 10

Number of iterations: 10

? SLIDEINTERPRET 6.005
ols, Page 1 of 6
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Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Residuo e s Residuo nuevo - Residuo nuevo - . Sustrato
Property X Impermeabilizacion Dique
antiguo RNP IN rocoso
Color N L] [ ] = = ]

> [init Weight
kN/m3]

[ohesion [kPa]
riction Angle [deg]

(Vater Surface

Mohr-Coulomb

16

14
20

None

Mohr-Coulomb

5

26

None

u Value 0 0

Mohr-Coulomb

18

26

None

Mohr-Coulomb

18

7
27

None

Mohr-Coulomb

20

15
40

None

Mohr-Coulomb

26

50
45

None

Global Minimums

<

ethod: bishop simplified

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

FS:2.189730

Axis Location: 61.114, 124.113

Left Slip Surface Endpoint: 29.935, 3.023
Right Slip Surface Endpoint: 139.279, 26.516

Habilitacion
Profesional

Resisting Moment=1.017e+006 kN-m
2/10 Driving Moment=464439 kN-m

2025

<

ethod: gle/morgenstern-price

FS:2.180400

Axis Location: 61.342, 123.388

Left Slip Surface Endpoint: 30.501, 3.039
Right Slip Surface Endpoint: 139.117, 26.506
Resisting Moment=981884 kN-m

Driving Moment=450323 kN-m

Resisting Horizontal Force=7526.16 kN
Driving Horizontal Force=3451.73 kN

L~

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

<

VISADO : 03202500128

ethod: bishop simplified

-

~)

Number of Valid Surfaces: 3171
Number of Invalid Surfaces: 1331

Error Codes:

Error Code -105 reported for 299 surfaces
Error Code -106 reported for 800 surfaces
Error Code -107 reported for 32 surfaces
Error Code -108 reported for 197 surfaces
Error Code -1000 reported for 3 surfaces

Method: gle/morgenstern-price

? SLIDEINTERPRET 6.005
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b LN
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Number of Valid Surfaces: 2998
Number of Invalid Surfaces: 1504

Error Codes:

Error Code -105 reported for 299 surfaces
Error Code -106 reported for 800 surfaces
Error Code -107 reported for 32 surfaces
Error Code -108 reported for 370 surfaces
Error Code -1000 reported for 3 surfaces

Error Codes
The following errors were encountered during the computation:
-105 = More than two surface / slope intersections with no valid slip surface.
a -106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
§ avoid numerical errors which may result from too many slices, or too small a slip region.
‘g g -107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
W g high external or anchor loads are applied against the failure direction.
2 k| -108 =Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
2 ] the driving force is very small (0.1 is an arbitrary number).
o
8 £ -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
¢ JSlice Data
2 3
o o
C —
?g Elobal Minimum Query (bishop simplified) - Safety Factor: 2.18973
© -E .
=0
SR . 5 i Base I?as.e Shear Shear i Pore Eieche
< P | Slice Width  Weight Base . Friction Normal Normal
Td i Cohesion Stress  Strength Pressure
umber [m] [kN] Material [kPa] Angle [kPa] [kPa] Stress [kPa] Stress
2/10 [degrees] [kPa] [kPa]
2029 1 6.92034 262.155 Residuo antiguo 14 20 13.9152 30.4706 45.2525 0 45.2525
2 5.60581 548.063 Residuo antiguo 14 20 22.2907 48.8106 95.6414 0 95.6414
3 5.60581 649.661 Residuo antiguo 14 20 25.2562 55.3042 113.482 0 113.482
4 1.62558 180.419 Residuo antiguo 14 20 24.8093 54.3256 110.794 0 110.794
g 5 5.23509 587.561 Residuo antiguo 14 20 25.3848 55.5859 114.257 0 114.257
é 6 5.23509 749.592 Residuo antiguo 14 20 30.5984 67.0023 145.622 0 145.622
§ 7 5.23509 848.39 Residuo antiguo 14 20 33.7774 73.9633 164.748 0 164.748
o
ﬁ < 8 5.23509 946.162 Residuo antiguo 14 20 36.9233 80.8521 183.675 0 183.675
- -
8 i 9 4.79427 1005.22 Residuo antiguo 14 20 40.4938 88.6704 205.155 0 205.155
LO 1%]
8 g 10 4.58872 1029.53 Residuo antiguo 14 20 41.8105 91.5536 213.078 0 213.078
g g 11 4.58872 1068.2 Residuo antiguo 14 20 43.151 94.4891 221.142 0 221.142
b' 08,7 12 4.58872 1054.85 Residuo antiguo 14 20 42.6881 93.4754 218.357 0 218.357
9( ; 13  4.58872 969.796 Residuo antiguo 14 20 39.7396 87.0189 200.618 0 200.618
0 =
S S 14 5.33011 1039.99 Residuo antiguo 14 20 37.7083 82.5709 188.398 0 188.398
(;‘\_ 15 5.33011 973.322 Residuo antiguo 14 20 35.689 78.1492 176.249 0 176.249
k3
W 16 5.33011 1012.76 Residuo antiguo 14 20 36.8836 80.7651 183.436 0 183.436
17 43516 877.373 Residuo antiguo 14 20 38.3674 84.0143 192.363 0 192.363
18 43516 912.273 Residuo antiguo 14 20 39.6491 86.8208 200.074 0 200.074
19 3.69872 769.002 Residuo antiguo 14 20 37.5317 82.1842 187.335 0 187.335
20 3.69872 734.925 Residuo antiguo 14 20 36.1282 79.1109 178.891 0 178.891
21 0.78986 151.082 Residuo antiguo 14 20 32.792 71.8057 158.82 0 158.82
22 0.374159 70.7355 Impermeabilizacion 5 26 36.3733 79.6478 153.051 0 153.051
23 413307 680.581  esiduo ”UE;EF; 5 26 31.923 69.9028 133.07 0 133.07
Residuo nuevo -

? SLIDEINTERPRET 6.005
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? SLIDEINTERPRET 6.005
[N

b LN

RNP
25 3.97559 131.403 Res'duonue;;}; 5 26 7.90942 173195  25.2587 0 252587
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 2.1804
. ) . Base I?as.e Shear Shear Base Pore Bl
Slice Width  Weight Base X Friction Normal Normal
Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
[kPa] B [kPa]  [kPa] [kPa]
[degrees] [kPa] [kPa]
1 556852 181.292  Residuo antiguo 14 20 13.4052 29.2287  41.8406 0  41.8406
2 6.86615 630.367  Residuo antiguo 14 20 22.1997 48.4043 94.525 0 94.525
3 6.86615 801537  Residuo antiguo 14 20 26.7143 582478 12157 0 121.57
4 3.47866 393.933  Residuo antiguo 14 20 27.0405 58959  123.524 0 123524
5 3.47866 434749  Residuo antiguo 14 20 29.3057 63.8982  137.094 0  137.094
6 4.63773 693.447  Residuo antiguo 14 20 33.0033 71.9603  159.245 0  159.245
8 7 463773 716573  Residuo antiguo 14 20 33.9745 740781  165.063 0  165.063
(]
. 8 463773 77011  Residuo antiguo 14 20 36.0122 78521 177.27 0 177.27
o 3
© g 9 453814 860.279  Residuo antiguo 14 20 38.6583 84.2905  193.122 0 193.122
[a) =
2 3 10 4.77633 988.596  Residuo antiguo 14 20 40.0615 87.3502  201.528 0 201528
) @
z o 11 3.94238 857.679  Residuo antiguo 14 20 40.2476 87.7559  202.643 0 202.643
£
S 5 12 3.94238 859.021  Residuo antiguo 14 20 40.1324 87.5047  201.953 0  201.953
w =1
3 o 13 3.94238 796477  Residuo antiguo 14 20 37.5312 81.8331 186.37 0 186.37
g8 14 534407 995.081  Residuo antiguo 14 20 36.0596 78.6244  177.554 0  177.554
7
3 3 15 4.18874 736.598  Residuo antiguo 14 20 352932 769533  172.963 0 172.963
5% 16 4.18874 731.493  Residuo antiguo 14 20 34.8433 759724  170.268 0  170.268
g8 17 4.18874 794.653  Residuo antiguo 14 20 37.0868 80.8641  183.708 0  183.708
=0
=% 18 3.49029 703.857  Residuo antiguo 14 20 37.2715 812667  184.814 0 184814
T4 19 3.49029 727.76  Residuo antiguo 14 20 382883 83.4838  190.905 0  190.905
22(/)12% 20 621736 1308.06  Residuo antiguo 14 20 37.0713 80.8302  183.614 0 183614
21 4.3433 880.809  Residuo antiguo 14 20 34431 750734  167.798 0  167.798
22 0.349358 69.0701 Impermeabilizacién 5 26 35.6062 77.6358  148.926 0 148926
23 4.77103 805.943 Res”““”?’;ﬁ 5 26 31.1574 67.9356  129.037 0 129.037
Z .
& 24 336558 336.641 Res'd“"”“e};’:; 5 26 18.8767 41.1587  74.1364 0 741364
o
w
= - )
g 25 336558 112214  Residuonuevo 5 26 7.64727 16.6741  23.9354 0 239354
o & RNP
S
o
Sz
w3 .
§ sList Of Coordinates
™ 3
S %
R
o 9
A <External Boundary
< =
0 E
> S X Y
’/,2\ 103321 17.5036
B537 101.826 17.0163
84.9933  16.7449
66.796 9.74486
58.4609 9.28899
53.5944 7.07811
44.6631 7.62944
32.7062  3.10231
203063  2.74547
15.4931 174486
3.0583 0.236728
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-0.0625509 0.196858
-0.055586  -3.7436
-0.0625509 -58.8284
329.578 -58.8284
329.578  42.3045
292.582  33.7449
285.963 34.7431
281.786  36.6257
249.937 36.6095
239.937 35.7408

228.473  34.7449
223.251 32.7449
215.722  32.4758
214.661 32.4379
192.922 31.6609
176.834  28.8303

159.22  27.7449
130.046  25.9471

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

X Y
135.655 -0.890104

5 c_g 143.001  5.70136

© o

S5

= O

oS .

S RMaterial Boundary
2/10

X Y

2025

-0.055586 -3.7436
135.655 -0.890104

Material Boundary

X Y
165.764 6.74463
181.638 6.74486
215.445 22.7449
218.523 23.6177
228.751 23.7449
232.702 19.7449

266.47 20.7449
285.963 34.7431

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

" Material Boundary

X Y
228.473 34.7449
249.937 36.6095

Material Boundary

X Y
218.45 24.1168

? SLIDEINTERPRET 6.005
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228.957
232.905
266.303
285.145
285.963

24.2475
20.2511
21.2401
34.7708
34.7431

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profegional

M

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

M

? SLIDEINTERPRET 6.005
[N

X
101.826
121171
143.001
153.461

Y
17.0163
16.852
5.70136
5.66005

aterial Boundary

X
165.764
164.051
157.721
153.461
164.012
165.764

Y
6.74463
7.74493
7.74486
5.66005
4.36557
6.74463

aterial Boundary

X
215.722
202.384

218.45
216.896

Y
32.4758
24.7318
24.1168
23.6759

aterial Boundary

X
103.321
121.294
143.122
153.347
157.605
164.187
165.879
181.526
215.269
216.896
200.641
214.661

Y

17.5036

17.351
6.20088

6.1605
8.24486
8.24493
7.24486
7.24486
23.2146
23.6759
24.2981
32.4379

b LN
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Habilitacion
Profesional

2/10
2025

2.2. SITUACION ACCIDENTAL TIPO 1
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Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

2.2.1. ROTURA POR LA MASA DE RESIDUO
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta

Project Summary

File Name: Tipo 1 Circular - Residuo
Slide Modeler Version: 6.005

Project Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
& alysis: Perfil B-B’

General Settings

C

hits of Measurement: Metric Units
me Units: days
g¢rmeability Units: meters/second
ilure Direction: Right to Left
ta Output: Standard

aximum Material Properties: 20
:;Iaximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez
O T v o

Analysis Options

nalysis Methods Used

Habilitacion
Profgsional

Bishop simplified

2/10 GLE/Morgenstern-Price with interslice force function: Half Sine
2025

Nlimber of slices: 25

Tglerance: 0.005

Maximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1
Steffensen Iteration: Yes

5 0

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
vanced Groundwater Method: None

> U Q0

Random Numbers

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

Ve

deudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

=

Surface Options

Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
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Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Residuo e . Residuo nuevo - Residuo nuevo - . Sustrato
Property X Impermeabilizacién Dique
antiguo RNP IN rocoso
Color ] [ ] L] = = ]

Strength Type Mohr-Coulomb Mohr-Coulomb

- nit Weight
i [kN/m3]

| $ohesion [kPa] 14 5
riction Angle [deg] 20 26
Vater Surface Water Table
Hu Value 1

16 5

None

u Value 0

Mohr-Coulomb

18

5

26

Water Table
1

Mohr-Coulomb

18

7

27

Water Table
1

Mohr-Coulomb

20

15
40

None

Mohr-Coulomb

26

50
45

None

dlobal Minimums

Method: bishop simplified

FS:2.175120

Center: 112.434, 49.781

Radius: 34.118

Left Slip Surface Endpoint: 102.349, 17.187
Right Slip Surface Endpoint: 137.275, 26.393
Resisting Moment=49934.3 kN-m

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Driving Moment=22957.1 kN-m

<

ethod: gle/morgenstern-price

FS:2.161440

Center: 112.434, 49.781

Radius: 34.118

Left Slip Surface Endpoint: 102.349, 17.187
Right Slip Surface Endpoint: 137.275, 26.393
Resisting Moment=49620.4 kN-m

Driving Moment=22957.1 kN-m

Resisting Horizontal Force=1359.63 kN
Driving Horizontal Force=629.036 kN

L

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

fethod: bishop simplified

Number of Valid Surfaces: 1640
Number of Invalid Surfaces: 3420

Error Codes:

Error Code -103 reported for 296 surfaces
Error Code -106 reported for 30 surfaces
Error Code -107 reported for 477 surfaces
Error Code -108 reported for 30 surfaces
Error Code -110 reported for 216 surfaces
Error Code -112 reported for 176 surfaces
Error Code -113 reported for 61 surfaces

? SLIDEINTERPRET 6.005
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Error Code -1000 reported for 2134 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 1602
Number of Invalid Surfaces: 3458

Error Codes:

Error Code -103 reported for 296 surfaces
Error Code -106 reported for 30 surfaces
Error Code -107 reported for 477 surfaces

Error Code -108 reported for 65 surfaces
Error Code -110 reported for 216 surfaces
Error Code -112 reported for 179 surfaces
Error Code -113 reported for 61 surfaces
Error Code -1000 reported for 2134 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched
slope model with two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
avoid numerical errors which may result from too many slices, or too small a slip region.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

55 C_g high external or anchor loads are applied against the failure direction.
§ '((73, -108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the
E L driving force is very small (0.1 is an arbitrary number).
< 9 . . . . . . . .
Ta -110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is specified
2110 as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span the
2025 appropriate soil cells.

-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.

-113 = Surface intersects outside slope limits.

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

o
[14
o
O
o L.
zSlice Data
I
© &
2
§ %G obal Minimum Query (bishop simplified) - Safety Factor: 2.17512
N e B B Effecti
= . . . Base ase Shear  Shear ase Pore ective
o g| |Slice Width Weight Base . Friction Normal Normal
S o i Cohesion Stress  Strength Pressure
. ¢| Number [m] [kN] Material Angle Stress Stress
o 2 [kPa] [kPa] [kPa] [kPa]
A 8 [degrees] [kPa] [kPa]
5 é 1 0.601292 0.565275 Impermeabilizacién 5 26 2.69008 5.85124 1.74529 0 1.74529
NG
?/; 2 1.40681 10.6206 Residuo antiguo 14 20 8.05886 17.529 9.69583 0 9.69583
: ‘f‘,u( X 3  1.40681 29.3462 Residuo antiguo 14 20 10.3089 22.423 23.1421 0 23.1421
o 4 1.40681 46.9532 Residuo antiguo 14 20 12.3896 26.9488 35.5765 0 35.5765
5 1.40681 63.1906 Residuo antiguo 14 20 14.2748 31.0494 46.8429 0 46.8429
6 1.40681 78.0849 Residuo antiguo 14 20 15.9724 34.7418 56.9875 0 56.9875
7 140681 91.6551 Residuo antiguo 14 20 17.4884 38.0393 66.0474 0 66.0474
8 1.40681 103.913 Residuo antiguo 14 20 18.8278 40.9527 74.0517 0 74.0517
9 140681 114.864 Residuo antiguo 14 20 19.9943 43.4899 81.0224 0 81.0224
10 1.40681 124.506 Residuo antiguo 14 20 20.9904 45.6566 86.9761 0 86.9761
11 1.40681 132.83 Residuo antiguo 14 20 21.8179 47.4566 91.9213 0 91.9213
12 1.40681 139.821 Residuo antiguo 14 20 22.4774 48.8911 95.8622 0 95.8622
13 1.40681 145.456 Residuo antiguo 14 20 22.9687 49.9596 98.7983 0 98.7983
? SLIDEINTERPRET 6.005
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? SLIDEINTERPRET 6.005
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b LN

14 140681 149.693  Residuo antiguo 14 20 23289 50.6564  100.713 100.713
15 0711125 78.8249 Impermeabilizacién 5 26 255568 55.5892  103.723 103.723
16 153254 175807  esiduo n“e;’;; 5 26 26.1672 56.9167  106.445 0  106.445
17 153254 174676  tesiduo n“e;;; 5 26 257267 559586  104.481 0  104.481
18 153254 171239  fesiduo ““e;:; 5 26 24.9728 543189  101.119 0  101.119
19 153254 165359  fesiduo "“e;’;; 5 26 23.8959 51.9765  96.3162 0  96.3162
20 153254 156865  lesiduo n“e;;; 5 26 22.4834 489042  90.0167 0  90.0167
21 153254 142778  esiduo ““e;:; 5 26 20.3645 44.2953  80.5673 0  80.5673
. 22 153254 118031  tesiduo "“e;"\)l; 5 26 16.9281 36.8207  65.2419 0 652419
o
Q
(] i -
R 23 153254 893995  ‘esiduonuevo 5 26 13.085 28.4614 48.103 0 48.103
g ? RNP
g Residuo nuevo -
S 3 24 153254 56.8536 P 5 26 8.86627 19.2852 29.289 0 29.289
: 8 Resid
o -
- 25 153254 197681 ool 5 26 424289 922879  8.67029 0 867029
O] =
w =1
8 g
o :&'G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 2.16144
= =4
2] . .
= B B Eff
2 8 . i ) Base -as_e Shear Shear ase Pore ective
< L |Slice Width Weight Base X Friction Normal Normal
S® X Cohesion Stress  Strength Pressure
S ENumber [m] [kN] Material Angle Stress Stress
S5 [kPa] [kPa]  [KkPa] [kPa]
= [degrees] [kPa] [kPa]
2% 1 0.601292 0.565275 Impermeabilizacion 5 26 2.72119 5.88168  1.80772 0 1.80772
T4
5110 2 140681 10.6206  Residuo antiguo 14 20 822676 17.7816 10.39 0 10.39
2025 3 1.40681 29.3462  Residuo antiguo 14 20 107172 23.1646  25.1796 0 25179
4 140681 46.9532  Residuo antiguo 14 20 13.0894 28.2919  39.2667 0 39.2667
5 140681 63.1906  Residuo antiguo 14 20 15265 32.9944  52.1868 0 521868
6 140681 78.0849  Residuo antiguo 14 20 17.2078 37.1936  63.7238 0 637238
- 7 140681 91.6551  Residuo antiguo 14 20 18.8902 4083  73.7148 0 737148
& 8 140681 103.913  Residuo antiguo 14 20 202958 43.8682  82.0624 0 820624
g 9 140681 114.864  Residuo antiguo 14 20 21.4197 46.2975  88.7368 0 887368
3 10 1.40681 124506  Residuo antiguo 14 20 22268 481309  93.7743 0 93.7743
o0 w
N 3 11 140681 132.83  Residuo antiguo 14 20 22.8559 49.4017  97.2652 0  97.2652
o
S 12 140681 139.821  Residuo antiguo 14 20 23.2057 50.1578  99.3425 0 99.3425
a2 . .
S 5 13 1.40681 145456  Residuo antiguo 14 20 23.3438 504562  100.162 0  100.162
= 14 140681 149.693  Residuo antiguo 14 20 23.2964 50.3538  99.8808 0  99.8808
9 g 15 0711125 78.8249 Impermeabilizacién 5 26 252628 54604  101.703 0  101.703
< s i .
- 16 153254 175807  lesiduonuevo 5 26 255008 55.1185  102.758 0 102758
S 3 RNP
N i -
) 17 153254 174676  esiduo n“e;:\’lp 5 26 24.6386 53.2548  98.9373 0 989373
18 153254 171239  fesiduo ““e;:; 5 26 23.5853 50.9783  94.2693 0 942693
19 153254 165359  fesiduo "“e;"\)l; 5 26 22.3549 483188  88.8166 0 888166
20 153254 156865  esiduo n“e;;; 5 26 20.9458 452731  82.5721 0 825721
21 153254 142778  esiduo ““e;:; 5 26 19.0017 41.0711  73.9568 0  73.9568
22 153254 118031  esiduo "“e;"\)l; 5 26 159114 34.3916 60.262 0 60.262
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23 1.53254

24 1.53254

25 1.53254

89.3995

56.8536

19.7681

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

26 12.4746

26 8.63258

26 4.23256

26.963

18.6588

9.14843

45.0309

28.0046

8.50554

0

0

0

45.0309

28.0046

8.50554

List Of Coordinates

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

m

Habilitacion
Profesional

Water Table
[

X
-0.0590492
44.496
74.88
115.533
148.168
186.992
212.593
243.68
279.666

Y
-1.78426
0.89
4.829
9.893
15.097
21.287
27.335
30.008
30.8366

kternal Boundary

X
103.321
101.826

2/10
2025

84.9933
66.796

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

58.4609
53.5944
44,6631
32.7062
20.3063
15.4931
3.0583
-0.0625509
-0.055586
-0.0625509
329.578
329.578
292.582
285.963
281.786
249.937

239.937
228.473
223.251
215.722
214.661
192.922
176.834

159.22

? SLIDEINTERPRET 6.005
[N
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Y
17.5036
17.0163
16.7449
9.74486
9.28899
7.07811
7.62944
3.10231
2.74547
1.74486

0.236728
0.196858
-3.7436
-58.8284
-58.8284
42.3045
33.7449
34.7431
36.6257
36.6095
35.7408
34.7449
32.7449
32.4758
32.4379
31.6609
28.8303
27.7449
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| 130.046 25.9471

Material Boundary

X

143.001

135.655 -0.890104

Y

5.70136

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

X Y
-0.055586 -3.7436
135.655 -0.890104

Material Boundary

X

232.702

165.764 6.74463
181.638 6.74486
215.445 22.7449
218.523 23.6177
228.751 23.7449

266.47 20.7449

Y

19.7449

c —
ST
3 S 285.963 34.7431
< .2
=0
=8
30
| T Qaterial Boundary
2/10
2025 X Y

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

Ve

<

f

228.473 34.7449
249.937 36.6095

aterial Boundary

X Y
218.45 24.1168
228.957 24.2475
232.905 20.2511
266.303 21.2401
285.145 34.7708
285.963 34.7431

aterial Boundary

X Y
101.826 17.0163
121.171  16.852
143.001 5.70136
153.461 5.66005

Material Boundary

X Y
165.764 6.74463

? SLIDEINTERPRET 6.005
[N

b LN

Page 6 of 7






164.051
157.721
153.461
164.012
165.764

7.74493
7.74486
5.66005
4.36557
6.74463

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025
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-

~)

X
215.722
202.384

218.45
216.896

Y
32.4758
24.7318
24.1168
23.6759

aterial Boundary

X
103.321
121.294
143.122
153.347
157.605
164.187
165.879
181.526
215.269
216.896
200.641
214.661

Y

17.5036

17.351
6.20088

6.1605
8.24486
8.24493
7.24486
7.24486
23.2146
23.6759
24.2981
32.4379
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2/10
2025

2.2.2. ROTURA CONTACTO VERTEDERO-TERRENO
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 Circular - vertedero y terreno
Slide Modeler Version: 6.005

D

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

General Settings

hits of Measurement: Metric Units
me Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
2 =2omvHdcC

Col. n° 2226 Guillermo Bernal Martinez

S

nalysis Options

halysis Methods Used

Habilitacion
Pratesional

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

2/10
2025

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

teffensen Iteration: Yes

w3 o4z

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

)

>

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

-

<)

Ve

o

dJeudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

10

Surface Options

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
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Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Residuo e s Residuo nuevo - Residuo nuevo - . Sustrato
Property X Impermeabilizacion Dique
antiguo RNP IN rocoso
Color N L] [ ] = = ]

Mohr-Coulomb Mohr-Coulomb

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

= trength Type
i Unit Weight
kN/m3]

[ohesion [kPa]

16 5

14 5
20 26
(Vater Surface Water Table None
fHu Value 1

riction Angle [deg]

u Value 0

Mohr-Coulomb

18

5

26

Water Table
1

Mohr-Coulomb

18

7

27

Water Table
1

Mohr-Coulomb

20

15
40

None

Mohr-Coulomb

26

50
45

None

dlobal Minimums

<

ethod: bishop simplified

Col. n° 2226 Guillermo Bernal Martinez

FS: 1.986920

Center: 76.244,122.187

Radius: 123.944

Left Slip Surface Endpoint: 36.848, 4.670

Habilitacion
Profesional

Right Slip Surface Endpoint: 156.298, 27.565
Resisting Moment=1.12112e+006 kN-m
Driving Moment=564251 kN-m

2/10
2025

Method: gle/morgenstern-price

FS:1.985870

Center: 76.244,122.187

Radius: 123.944

Left Slip Surface Endpoint: 36.848, 4.670
Right Slip Surface Endpoint: 156.298, 27.565
Resisting Moment=1.12053e+006 kN-m
Driving Moment=564251 kN-m

Resisting Horizontal Force=8554.43 kN
Driving Horizontal Force=4307.64 kN

L~

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

' flethod: bishop simplified

Number of Valid Surfaces: 1738

Number of Invalid Surfaces: 3322

Error Codes:

Error Code -101 reported for 10 surfaces
Error Code -103 reported for 537 surfaces
Error Code -109 reported for 1 surface
Error Code -110 reported for 23 surfaces
Error Code -112 reported for 91 surfaces
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Error Code -118 reported for 86 surfaces

Error Code -1000 reported for 2574 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 1736
Number of Invalid Surfaces: 3324

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Habilitacion
Profesional

Col. n° 2226 Guillermo Bernal Martinez

2/10
2025

Error Code -101 reported for 10 surfaces

Error Code -103 reported for 537 surfaces

Error Code -108 reported for 2 surfaces
Error Code -109 reported for 1 surface
Error Code -110 reported for 23 surfaces
Error Code -112 reported for 91 surfaces
Error Code -118 reported for 86 surfaces

Error Code -1000 reported for 2574 surfaces

Error Codes

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.
-103 =Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a

benched slope model with two sets of Slope Limits.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
the driving force is very small (0.1 is an arbitrary number).
-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of

slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil

region,even though the slip surface is wholly within the soil region.
-110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span
the appropriate soil cells.
-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.

3 -118 =Surface does not pass through the search focus
a -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
g
=
S ks
» LSfice Data
S
o
s L
9 @
Q _§G obal Minimum Query (bishop simplified) - Safety Factor: 1.98692
o 3 R
e 3 i . i Base I?as.e Shear Shear Base Pore ELEET
o 3| [Slice Width  Weight Base . Friction Normal Normal
Q 2| Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
5 ks [kPa] [kPa] [kPa] [kPa]
S 2 [degrees] [kPa] [kPa]
>
TN 1 49991 138.054 Residuo antiguo 14 20 12.8372 25.5065 31.6138 0 31.6138
WAl
» /"‘7\_, 2 49991 388.273 Residuo antiguo 14 20 22.3634 44.4342 83.6171 0 83.6171
3 49991 489.239 Residuo antiguo 14 20 25.4797 50.6262 103.523 2.8933 100.63
4 49991 588.513 Residuo antiguo 14 20 25.9639 51.5882 122.379 19.1061 103.273
5 49991 784.382 Residuo antiguo 14 20 30.4661 60.5338 161.093 33.242 127.851
6 49991 861.422 Residuo antiguo 14 20 30.8501 61.2967 175.288 45.3411 129.946
7 49991 980.928 Residuo antiguo 14 20 33.1747 65.9154 198.069 55.4323 142.636
8 49991 1148.96 Residuo antiguo 14 20 37.615 74.738 230.41 63.5343 166.876
9 49991 1300.85 Residuo antiguo 14 20 41.8031 83.0595 259.174 69.4335 189.74
10 49991 1426.53 Residuo antiguo 14 20 45.344 90.0949 282.392  73.3239 209.069
11 49991 1427.96 Residuo antiguo 14 20 44.7225 88.86 280.897 75.2216 205.676
? SLIDEINTERPRET 6.005
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12 49991 1383.65  Residuo antiguo 14 20 42.8331 851059  270.467 75.1055  195.362
13 49991 1322.67  Residuo antiguo 14 20 40.7374 80.9419  256.865 72.9441  183.921
14 49991 1286.44  Residuo antiguo 14 20 39.9028 79.2836  248.059 68.6944  179.364
15 49991 1322.45  Residuo antiguo 14 20 41.9654 833819 252926 623009  190.625
16 49991 134501  Residuo antiguo 14 20 43.9018 87.2293 254.89 53694  201.196
17 49991 134856  Residuo antiguo 14 20 453115 90.0304 252.98 44.0886  208.891
18 49991 134491  Residuo antiguo 14 20 467739 929359  249.363 32.4894  216.874
19 49991 132629  Residuo antiguo 14 20 481102 955912 242527 183579  224.169
20 0.552766 142.528 Impermeabilizacion 5 26 585625 116359  228.319 0 228319
21 478204 114251  tesiduo ”“e};’:; 5 26 54.0525 107398  209.947 0  209.947
22 478294 935165  Nesiduo ”“e};’:; 5 26 44.0878 87.599  169.353 0 169353
23 478208 702721 tesiduo ”UE;EF; 5 26 33.2246 66.0147  125.099 0 125099
2]
(@]
§ i 24 478204 asp0y  Nesidue e 5 26 21.4282 425761  77.0425 0 77.0425
§ % Residuo nuevo -
=2 25 4.78294 152.934 p 5 26 865817 17.2031  25.0201 0 250201
§ EG obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.98587
% g : ' _ Base =23 e | g Base pore  Effective
:&__l g Slice Width  Weight Base. Cohesion Friction Stress  Strength Normal Pressure Normal
i = Number [m] [kN] Material [kPa] Angle [kPa] [kPa] Stress [kPa] Stress
= o [degrees] [kPa] [kPa]
:§ B 1 49991 138054  Residuo antiguo 14 20 12,9702 257571  32.3022 0 323022
g% 2 49991 388273  Residuo antiguo 14 20 22.9877 45.6505  86.9592 0  86.9592
§Eg 3 49991 489239  Residuo antiguo 14 20 26.6352 52.894  109.754  2.8933 106.86
110 4 49991 588513  Residuo antiguo 14 20 27573 547564  131.084 19.1061  111.977
2025 5 49991 784382  Residuo antiguo 14 20 32.5925 647245  172.607 33.242  139.365
6 49991 861422  Residuo antiguo 14 20 33.1847 659005  187.937 453411  142.595
7 49991 980.928  Residuo antiguo 14 20 35.6077 707122  211.248 554323  155.815
8 49991 114896  Residuo antiguo 14 20 40.0288 79.4919  243.471 63.5343  179.937
- 9 49991 1300.85  Residuo antiguo 14 20 43.9734 87.3255  270.894 69.4335  201.461
@ 10 49991 142653  Residuo antiguo 14 20 47.0506 93.4364  291.574 733239  218.251
& 11 49991 1427.96  Residuo antiguo 14 20 457337 90.8211  286.286 752216  211.064
- é 12 49991 1383.65  Residuo antiguo 14 20 43.0979 855868 271789 75.1055  196.683
S § 13 49991 1322.67  Residuo antiguo 14 20 40.2996 80.0297  254.359 72.9441  181.415
i 14 49991 1286.44  Residuo antiguo 14 20 38.8516 77.1543 24221 68.6944  173.516
S s 15 49991 1322.45  Residuo antiguo 14 20 403744 80.1783  244.124 623009  181.823
3 2 16 49991 134501  Residuo antiguo 14 20 41.8911 83.1903  243.792  53.694  190.098
Q g 17 49991 134856  Residuo antiguo 14 20 43.0348 85.4615 240427 44.0886  196.339
5 = 18 49991 134491  Residuo antiguo 14 20 44.4041 88.1808  236.299 32.4894 203.81
> 2 19 49991 132629  Residuo antiguo 14 20 45.8423 91.0369 230016 183579  211.658
/“2\ 20 0.552766 142.528 Impermeabilizacion 5 26 56.1336 111474  218.303 0 218303
21 478204 114251  tesiduo ”“e};’:; 5 26 51.8473 102962  200.852 0 200852
22 478294 935165  esiduo ”UE;EF; 5 26 424383 84277  162.542 0 162.542
23 478294 702.721 ReSidUO”“e;;F; 5 26 32211 63.9668 120.9 0 120.9
24 478294 442.92 ReSiduonue;;}; 5 26 21.0001 41.7034 75.253 0 75.253
25 478204 152934  ‘esiduo nue&’:é 5 26 859769 17.0739  24.7551 0 247551
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List Of Coordinates

Water Table
X Y
-0.0590492 -1.78426
44.496 0.89
74.88 4.829

115.533 9.893

148.168  15.097
186.992  21.287
212,593  27.335

243.68  30.008
279.666 30.8366

Focus Search Line

X Y
53.5944 7.07811
143.122 6.20088

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

S -5_5 kternal Boundary

Qo

8%

=0 X Y

2%

s £ 103.321  17.5036
2/10 101.826  17.0163
2025 84.9933  16.7449

66.796 9.74486
58.4609 9.28899
53.5944 7.07811

3 44.6631  7.62944
8 327062 3.10231
w
z 20.3063  2.74547

o & 15.4931 174486

q 2

g & 3.0583 0.236728

B8 -0.0625509 0.196858

o

N -0.055586  -3.7436

S ®

~ o8 -0.0625509 -58.8284

o 9

o ¢ 329.578 -58.8284
©

Q= 329.578  42.3045

> >

292.582  33.7449
\,

~)

285.963 34.7431
281.786  36.6257

249.937 36.6095
239.937 35.7408
228.473  34.7449
223.251 32.7449
215.722  32.4758
214.661 32.4379
192.922 31.6609
176.834  28.8303
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159.22  27.7449
130.046  25.9471

Material Boundary

X Y
135.655 -0.890104
143.001  5.70136

Material Boundary

X Y
-0.055586 -3.7436
135.655 -0.890104

<

aterial Boundary

X Y
165.764 6.74463
181.638 6.74486
215.445 22.7449
218.523 23.6177
228.751 23.7449

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

£ 232.702 19.7449
ERS 266.47 20.7449
= 0
% g 285.963 34.7431
T

2/10

2025Material Boundary

X Y
228.473 34.7449
249.937 36.6095

Material Boundary

X Y
218.45 24.1168
228.957 24.2475
232.905 20.2511
266.303 21.2401
285.145 34.7708
285.963 34.7431

\ ‘.Taterial Boundary

X Y
101.826 17.0163
121.171  16.852
143.001 5.70136
153.461 5.66005

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

Material Boundary
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X Y
165.764 6.74463
164.051 7.74493
157.721 7.74486
153.461 5.66005
164.012 4.36557
165.764 6.74463

Material Boundary

X Y
215.722 32.4758
202.384 24.7318

218.45 24.1168
216.896 23.6759

Material Boundary

X Y
103.321 17.5036
121.294 17.351
143.122 6.20088
153.347 6.1605
157.605 8.24486
164.187 8.24493
165.879 7.24486
181.526 7.24486

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10 215.269 23.2146
2025
216.896 23.6759

200.641 24.2981
214.661 32.4379

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-
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ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

2.2.3. ESTABILIDAD CONJUNTA DEL VERTEDERO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 - Circular - global
Slide Modeler Version: 6.005

D

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

General Settings

hits of Measurement: Metric Units
me Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
2 =2omvHdcC

Col. n° 2226 Guillermo Bernal Martinez

S

nalysis Options

halysis Methods Used

Habilitacion
Pratesional

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

2/10
2025

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

teffensen Iteration: Yes

w3 o4z

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

)

>

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

-

<)

Ve

o

dJeudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

10

Surface Options

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

? SLIDEINTERPRET 6.005
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Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Residuo e s Residuo nuevo - Residuo nuevo - . Sustrato
Property X Impermeabilizacion Dique
antiguo RNP IN rocoso
Color N L] [ ] = = ]

Mohr-Coulomb Mohr-Coulomb

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

= trength Type
i Unit Weight
kN/m3]

[ohesion [kPa]

16 5

14 5
20 26
(Vater Surface Water Table None
fHu Value 1

riction Angle [deg]

u Value 0

Mohr-Coulomb

18

5

26

Water Table
1

Mohr-Coulomb

18

7

27

Water Table
1

Mohr-Coulomb

20

15
40

None

Mohr-Coulomb

26

50
45

None

dlobal Minimums

<

ethod: bishop simplified

Col. n° 2226 Guillermo Bernal Martinez

FS:1.982850

Center: 58.148, 158.390

Radius: 160.756

Left Slip Surface Endpoint: 18.999, 2.474

Habilitacion
Profesional

Right Slip Surface Endpoint: 151.120, 27.246
Resisting Moment=1.38802e+006 kN-m
Driving Moment=700014 kN-m

2/10
2025

Method: gle/morgenstern-price

FS:1.985330

Center: 58.148, 158.390

Radius: 160.756

Left Slip Surface Endpoint: 18.999, 2.474
Right Slip Surface Endpoint: 151.120, 27.246
Resisting Moment=1.38976e+006 kN-m
Driving Moment=700014 kN-m

Resisting Horizontal Force=8248.66 kN
Driving Horizontal Force=4154.8 kN

L~

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

' flethod: bishop simplified

Number of Valid Surfaces: 2471

Number of Invalid Surfaces: 2589

Error Codes:

Error Code -103 reported for 912 surfaces
Error Code -106 reported for 10 surfaces
Error Code -107 reported for 93 surfaces
Error Code -108 reported for 18 surfaces
Error Code -110 reported for 169 surfaces
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Error Code -112 reported for 243 surfaces
Error Code -1000 reported for 1144 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2439
Number of Invalid Surfaces: 2621

Error Codes:

Error Code -103 reported for 912 surfaces
Error Code -106 reported for 10 surfaces

Error Code -107 reported for 93 surfaces
Error Code -108 reported for 46 surfaces
Error Code -110 reported for 169 surfaces
Error Code -112 reported for 247 surfaces
Error Code -1000 reported for 1144 surfaces

Error Codes

The following errors were encountered during the computation:

-103 =Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a
benched slope model with two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
avoid numerical errors which may result from too many slices, or too small a slip region.

-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Té g high external or anchor loads are applied against the failure direction.
g k7 -108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
'-(55 g the driving force is very small (0.1 is an arbitrary number).
Iao -110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
2/10 specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span
2025 the appropriate soil cells.

-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

o
[14
o
Qb
iSlice Data
=
©
© &
2
§ EG obal Minimum Query (bishop simplified) - Safety Factor: 1.98285
n 9 -
a c . . . Base I?as.e Shear Shear Base Pore Effective
& 2| | Slice Width  Weight Base . Friction Normal Normal
o 8 K Cohesion Stress  Strength Pressure
S | Number [m] [kN] Material Angle Stress Stress
0 [kPa] [kPa] [kPa] [kPa]
o g [degrees] [kPa] [kPa]
<D( ; 1 5.43802 79.7895 Residuo antiguo 14 20 10.1884 20.2021 17.04 0 17.04
0 =
S 3 2 5.43802 197.399 Residuo antiguo 14 20 14.2365 28.2288 39.0931 0 39.0931
’:;\ 3 5.43802 314.617 Residuo antiguo 14 20 17.3387 34.3801 60.6431 4.64923 55.9939
NS 4 5.43802 539.266 Residuo antiguo 14 20 22.9466 45.4997 102.056 15.5113 86.5449
5 5.43802 761.75 Residuo antiguo 14 20 28.7549 57.0167 142.712  24.5242 118.187
6 5.43802 821.78 Residuo antiguo 14 20 28.7294 56.966 152.769 34.7213 118.048
7 5.43802 861.515 Residuo antiguo 14 20 28.2225 55.9609 159.091 43.8044 115.287
8 5.43802 1011.45 Residuo antiguo 14 20 31.7663 62.9879 185.674 51.0801 134.594
9 5.43802 1034.19 Residuo antiguo 14 20 31.3362 62.135 188.799  56.5495 132.25
10 5.43802 1138.65 Residuo antiguo 14 20 33.9578 67.3332 206.74 60.2078 146.533
11 5.43802 1275.6 Residuo antiguo 14 20 37.9588 75.2666 230.311 61.983 168.328
12 5.43802 1396.23 Residuo antiguo 14 20 41.7379 82.7599 250.624 61.7078 188.916
13 5.43802 1435.2 Residuo antiguo 14 20 43.13 85.5204 256.068 59.5676 196.5
? SLIDEINTERPRET 6.005
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14 543802 1349.69  Residuo antiguo 14 20 40.7944 80.8892  239.306 55.5305  183.776
15 543802 124539  Residuo antiguo 14 20 382165 757775  219.289 49.5567  169.732
16 543802 1149.71  Residuo antiguo 14 20 362868 719512  200.817 41.5976  159.219
17 543802 1153.94  Residuo antiguo 14 20 37.9084 75.1667  199.649  31.595  168.054
18 543802 115622  Residuo antiguo 14 20 39.8002 78.9179 197.84 19.4797 178.36
19 543802 1138.83  Residuo antiguo 14 20 41174 816418  192.407 6.56305  185.844
20 543802 111833  Residuo antiguo 14 20 413412 819733  186.755 0  186.755
21 0.565067 116.844 Impermeabilizacion 5 26 47.7247 94.6309 183.77 0 183.77
22 569894 110144  (esiduo ””e;;}; 5 26 44.4885 882141  170.615 0 170615
23 5.69894 830.949 Regdwnue&’;é 5 26 33732 66.8855  126.884 0  126.884
24 569894 522314  Residuo ””e&’;é 5 26 217655 43.1578  78.2351 0 782351
2 25 569894 179.944  nesiduo ”“e};’:; 5 26 8.82104 17.4908 25.61 0 25.61
S
5y
UZ EG obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.98533
% g . . . Base I?as_e Shear Shear Base Pore Eieche
o @ Slice Width  Weight Base' Cohesion Friction Stress  Strength Normal Pressure Normal
g E Number [m] [kN] Material [kPa] Angle [kPa] [kPa] Stress [kPa] Stress
g 3 [degrees] [kPa] [kPa]
8 8 1 5.43802 79.7895  Residuo antiguo 14 20 10.2579 203653  17.4886 0  17.4886
§ : 2 543802 197.399  Residuo antiguo 14 20 145535 28.8935  40.9195 0 409195
= 3 543802 314617  Residuo antiguo 14 20 17.9838 357038  64.2801 4.64923  59.6309
?§ s 4 543802 539266  Residuo antiguo 14 20 240573 47.7616  108.271 155113  92.7595
20 5 543802 76175  Residuo antiguo 14 20 30.3483 602513  151.599 24.5242  127.074
‘Ecg 6 543802 82178  Residuo antiguo 14 20 30.5073 605671  162.663 34.7213  127.942
2110 7 543802 861515  Residuo antiguo 14 20 30.0125 59.5848  169.048 43.8044  125.243
2025 8 5.43802 1011.45 Residuo antiguo 14 20 33.5582 66.6242 195.664 51.0801 144.584
9 543802 103419  Residuo antiguo 14 20 32.8539 65.2258 197.29 56.5495  140.741
10 543802 1138.65  Residuo antiguo 14 20 35.1601 69.8045  213.529 60.2078  153.321
11 543802 12756  Residuo antiguo 14 20 387533 76.9381  234.903  61.983 172.92
g 12 543802 139623  Residuo antiguo 14 20 42.0229 83.4294  252.463 617078  190.756
8 13 543802 14352  Residuo antiguo 14 20 42.8503 85.072  254.836 59.5676  195.268
8
s 14 543802 1349.69  Residuo antiguo 14 20 40.0073 79.4277 235291 55.5305  179.761
o & 15 543802 124539  Residuo antiguo 14 20 37.0444 735453  213.155 49.5567  163.599
o § 16 543802 114971  Residuo antiguo 14 20 34.8581 69.2048  193.272 415976  151.674
2 g 17 543802 1153.94  Residuo antiguo 14 20 36.2697 72.0073  190.968  31.595  159.373
S 2 18 543802 115622  Residuo antiguo 14 20 38.0636 755688  188.639 19.4797 169.16
°q 19 543802 1138.83  Residuo antiguo 14 20 39.4686 783582  183.386 6.56305  176.823
S 8 20 543802 111833  Residuo antiguo 14 20 397528 789224 178373 0 178373
é § 21 0.565067 116.844 Impermeabilizacion 5 26 459505 91.227  176.792 0 176.792
>
TN 22 569894 110144  Residuo nue;{’:lé 5 26 429338 852377  164.512 0 164512
Ne”
23 569894 830949  nesiduo ”“e};’:; 5 26 327537 65027  123.074 0  123.074
24 569894 522314  tesiduo ”UE;EF; 5 26 213449 423767  76.6335 0  76.6335
25 569894 179.944  nesiduo ”UE;EF; 5 26 876157 173946  25.4128 0 254128
List Of Coordinates
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Water Table

X Y
-0.0590492 -1.78426
44.496 0.89
7488  4.829
115.533  9.893
148.168  15.097
186.992  21.287
212,593  27.335
243.68  30.008
279.666 30.8366
External Boundary
o} X Y
o) N
o2 103.321  17.5036
t
w [
5 = 101.826 17.0163
< c
S 3 84.9933  16.7449
(TR
o
- 66.796 9.74486
5 2
z 3 58.4609 9.28899
©
YRR 53.5944 7.07811
24 o
TR 446631  7.62944
2 &
T oo 32,7062  3.10231
S ®
S5 20.3063 2.74547
= 154931 1.74486
2%
£a 3.0583 0.236728
2/10 -0.0625509 0.196858
2025 -0.055586  -3.7436
-0.0625509 -58.8284
329.578 -58.8284
329.578  42.3045
T 292.582  33.7449
o
Q 285963 34.7431
w
= 281.786  36.6257
©
o I 249.937 36.6095
2
S & 239.937  35.7408
Q¢ 228.473 34.7449
QS o
§ g 223.251  32.7449
- g 215.722  32.4758
Q s
Q ° 214.661 32.4379
x5
0 = 192.922  31.6609
> >
TN 176.834  28.8303
N> 159.22  27.7449
130.046 25.9471

Material Boundary

X

143.001

135.655 -0.890104

Y

5.70136

Material Boundary

? SLIDEINTERPRET 6.005
[N

b LN
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X Y
-0.055586 -3.7436
135.655 -0.890104

Material Boundary

X Y
165.764 6.74463
181.638 6.74486
215.445 22.7449

218.523 23.6177
228.751 23.7449
232.702 19.7449

266.47 20.7449
285.963 34.7431

Material Boundary

X Y
228.473 34.7449
249.937 36.6095

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

5 -g aterial Boundary

Qo

% 5 X Y

ac 2

= 218.45 24.1168
5/10 228.957 24.2475
2025 232,905 20.2511

266.303 21.2401
285.145 34.7708
285.963 34.7431

Material Boundary

X Y
101.826 17.0163
121.171  16.852
143.001 5.70136
153.461 5.66005

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

<

VISADO : 03202500128

aterial Boundary

-

~)

X Y
165.764 6.74463

164.051 7.74493
157.721 7.74486
153.461 5.66005
164.012 4.36557
165.764 6.74463

Material Boundary

? SLIDEINTERPRET 6.005
[N

b LN

Page 6 of 7






X
215.722
202.384

218.45
216.896

Y
32.4758
24.7318
24.1168
23.6759

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

X
103.321
121.294
143.122
153.347
157.605
164.187
165.879
181.526
215.269
216.896
200.641
214.661

Y

17.5036

17.351
6.20088

6.1605
8.24486
8.24493
7.24486
7.24486
23.2146
23.6759
24.2981
32.4379

? SLIDEINTERPRET 6.005
[N

b LN
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W% ambito

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

2.2.4. ROTURA POLIGONAL

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 - Poligonal
Slide Modeler Version: 6.005

D

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

General Settings

hits of Measurement: Metric Units
me Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
2 =2omvHdcC

Col. n° 2226 Guillermo Bernal Martinez

S

nalysis Options

halysis Methods Used

Habilitacion
Pratesional

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

2/10
2025

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

teffensen Iteration: Yes

w3 o4z

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

)

>

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

-

<)

Ve

o

dJeudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

10

Surface Options

Search Method: Auto Refine Search
Divisions along slope: 10

Circles per division: 10

Number of iterations: 10

? SLIDEINTERPRET 6.005
ols, Page 1 of 7

b LN






Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

b LN

Material Properties
Residuo e s Residuo nuevo - Residuo nuevo - . Sustrato
Property X Impermeabilizacion Dique
antiguo RNP IN rocoso
Color N [ [ ] = = ]
i $trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb
nit Weight 16 5 18 18 20 26
kN/m3]
" [ohesion [kPa] 14 5 5 7 15 50
o]
§ riction Angle [deg] 20 26 26 27 40 45
‘g E (Vater Surface Water Table None Water Table Water Table None None
a é Hu Value 1 1 1
2 0B
S 5| RuValue 0 0 0
T o
(e} o
5 2@ lobal Minimums
w8
[
& =
2 8 . . o e
- Method: bishop simplified
C @
S5 FS: 1.793130
£8 Axis Location: 62.347, 133.616
L g Left Slip Surface Endpoint: 26.973, 2.937
Right Slip Surface Endpoint: 145.665, 26.910
22(/)]é% Resisting Moment=1.2696e+006 kN-m
Driving Moment=708033 kN-m
Method: gle/morgenstern-price
T FS:1.819000
@ Axis Location: 60.272, 129.517
g Left Slip Surface Endpoint: 26.623, 2.927
£ Right Slip Surface Endpoint: 141.354, 26.644
ﬁ g Resisting Moment=1.12459e+006 kN-m
g3 Driving Moment=618249 kN-m
g g Resisting Horizontal Force=7873.69 kN
Q § Driving Horizontal Force=4328.59 kN
o 8
o @
)
[=2}
S £Malid / Invalid Surfaces
& £
> £
2" Aethod: bishop simplified
N
' Number of Valid Surfaces: 3624
Number of Invalid Surfaces: 878
Error Codes:
Error Code -105 reported for 185 surfaces
Error Code -106 reported for 550 surfaces
Error Code -107 reported for 94 surfaces
Error Code -108 reported for 30 surfaces
Error Code -110 reported for 15 surfaces
Error Code -1000 reported for 4 surfaces
? SLIDEINTERPRET 6.005
LR Page 2 of 7






Method: gle/morgenstern-price

Number of Valid Surfaces: 3570
Number of Invalid Surfaces: 932

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Error Code -105 reported for 185 surfaces
Error Code -106 reported for 550 surfaces
Error Code -107 reported for 94 surfaces
Error Code -108 reported for 84 surfaces
Error Code -110 reported for 15 surfaces
Error Code -1000 reported for 4 surfaces

Error Codes

The following errors were encountered during the computation:

-105 = More than two surface / slope intersections with no valid slip surface.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to

avoid numerical errors which may result from too many slices, or too small a slip region.

-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
high external or anchor loads are applied against the failure direction.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
the driving force is very small (0.1 is an arbitrary number).
-110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is

specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span
the appropriate soil cells.

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Global Minimum Query (bishop simplified) - Safety Factor: 1.79313

S3
Qo
85
L
§ S
%lice Data
2/10
2025
Slice Width
_| Number [m]
o
o
5
g 1 4.87939
é 2 4.87939
Xk 3 7.75437
o g
8 L 4 7.75437
D 3
S s 5  3.40715
Qg 6 1.20502
.. [}
o2 7  5.37045
la) Qo
< s 8 537045
S g 9 485765
o 10 4.85765
VONS
M 11 2.22116
12 6.85072
13 6.85072
14  5.68904
15  5.68904
16  5.68904
17  4.25476
18  4.25476
19  4.03767
20 4.03767

ros

b LN

SLIDEINTERPRET 6.005

Weight
[kN]

120.779

407.69
1114.52
1256.29
544.269
209.082
1008.98
1034.46
1030.29
1167.59
579.622
1950.78
2010.95
1663.83
1683.11
1824.49
1441.25
1454.77
1347.54
1280.09

Base
Material

Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo

Residuo antiguo

Base

Cohesion

[kPa]

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

Base
Friction
Angle
[degrees]

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

Shear
Stress
[kPa]

14.6295
24.2169
29.7949
32.3568
30.6967
32.9823
35.178
34.9805
37.8157
42.4821
459178
49.6925
50.4931
49.6487
48.8697
52.4515
52.7923
54.8008
52.24
52.7964

Shear
Strength
[kPa]

26.2326

43.424
53.4262
58.0199
55.0431
59.1415
63.0787
62.7245
67.8084
76.1759
82.3366
89.1052
90.5407
89.0266
87.6297
94,0523
94.6635
98.2649
93.6731
94.6708

Base
Normal
Stress

[kPa]

33.6088
98.2128
143.102

161.33
159.098
172.815
187.137
191.884
211.302
239.466
259.989
282.112
290.853
292.703
296.089
320.959
322.384
324.939

299.28
282.208

Pore
Pressure
[kPa]

0
17.3712
34.7788
40.3866

46.333
48.7901
52.2931

58.015
63.4641
68.6402
72.2355
75.7624
80.5598
86.5702
93.7933
101.016
100.762
93.4239
80.3796
60.5657

Effective

Normal
Stress
[kPa]

33.6088
80.8416
108.323
120.944
112.765
124.025
134.843
133.869
147.838
170.826
187.753
206.349
210.294
206.133
202.295
219.943
221.622
231.515

218.9
221.642
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21 4.60052 1303.38  Residuo antiguo 14 20 485227 87.0075  230.097 29.5096  200.587
22 0.349273 88.4434 Impermeabilizacion 5 26 551991 989791  192.686 0 192686
23 46023 969.909  ‘esiduo ”“e};’:; 5 26 462998 83.0215  159.968 0  159.968
24 46023 575277  tesiduo ”UE;EF; 5 26 283354 50.8091  93.9225 0 93.9225
25 462754 190017  tesiduo ”“e;'c\’”; 5 26 10.8623 19.4775  29.6834 0 29.6834
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.819
. 5 X Base ?a?e Shear Shear Base Pore Bl e
2m | Slice Width  Weight Base. Cohesion Friction Stress  Strength Normal Pressure Normal
i Number [m] [kN] Material [kPa] Angle [kPa] [kPa] Stress [kPa] Stress
[degrees] [kPa] [kPa]
1 486111 120.269  Residuo antiguo 14 20 14.6572 26.6614  34.7868 0 347868
g 2 486111 397.865  Residuo antiguo 14 20 25.0034 45.4811  103.727 17.2336  86.4937
8 3 7.24506 101474  Residuo antiguo 14 20 30006 545809  146.029 34.5337  111.495
2 g 4 5091825 969.064  Residuo antiguo 14 20 34387 6255  171.844 38.4538 133.39
3 % 5 5.91825 940.601 Residuo antiguo 14 20 32.37 58.8811 168.07 44.7598 123.31
0§ 6 438374 796362  Residuo antiguo 14 20 36.0555 65585  191.974 50.2452  141.729
- 7 438374 836.103  Residuo antiguo 14 20 37.0297 673571  201.508 5491  146.598
g E 8 438374 854793  Residuo antiguo 14 20 369428 67.199 205738 59.5749  146.163
y 9 438374 948.691  Residuo antiguo 14 20 403427 733834  227.394 64.2397  163.154
g = 10 210171 494519  Residuo antiguo 14 20 43.4758 79.0824 246517 67.7041  178.812
= \go'a 11 555443 1428.05  Residuo antiguo 14 20 467999 85.1291 266775 71.3503  195.425
8,5, 12 520157 1468.18  Residuo antiguo 14 20 48501 882234  277.217 73289  203.928
Z$| 13 520157 146777  Residuo antiguo 14 20 48338 87.9269 275233 72.1196  203.113
S| 14 520157 14109  Residuo antiguo 14 20 46.0253 8372 262505 70.9503  191.555
2/10 15 5091825 154639  Residuo antiguo 14 20 443772 807222  254.074 70756  183.318
2025 16 5.91825 1564.65  Residuo antiguo 14 20 442962 80.5747  254.449 71.5367  182.912
17 4.02506 1118.68  Residuo antiguo 14 20 44.1237 80261  250.884 68.8347 182.05
18 4.02506 1138.19  Residuo antiguo 14 20 462042 84.0455  255.098  62.65  192.448
19 7.0802 195628  Residuo antiguo 14 20 44.8344 815538  233.017 47.4149  185.602
3 20 5.26071 1320.34  Residuo antiguo 14 20 432494 786706 195313 17.6321  177.681
g 21 072728 166.747  Residuo antiguo 14 20 407561 74.1353 165.22 0 165.22
g 22 0340109 76.9353 Impermeabilizacion 5 26 453291 824536  158.803 0  158.803
8 % 23 39455 754778  ‘esiduonuevo- 5 26 39.1132 71.1469  135.621 0 135621
= RNP
B g Residuo nuevo -
S g 24 3.9455 453.251 op 5 26 24.8569 452147  82.4523 0 824523
S é Residuo nuevo -
S ;,’, 25  3.9455 151.084 op 5 26 9.86047 17.9362  26.5231 0 265231
Q 8
5 2
S S
> [st Of Coordinates
z».f,'“,\,:
| Water Table
X Y
-0.0590492 -1.78426
44.496 0.89
7488  4.829

115.533 9.893
148.168  15.097
186.992  21.287

? SLIDEINTERPRET 6.005
o)s, Page 4 of 7
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212.593
243.68
279.666

27.335
30.008
30.8366

External Boundary

K

X Y
103.321 17.5036
101.826  17.0163
84.9933  16.7449
66.796  9.74486
58.4609  9.28899
53.5944  7.07811
446631 7.62944
§ 32,7062 3.10231
EREN 203063  2.74547
:Lj § 15.4931  1.74486
2 = 3.0583 0.236728
g % -0.0625509 0.196858
8 E -0.055586  -3.7436
% g -0.0625509 -58.8284
g8 329.578 -58.8284
> 3 329578 423045
5T 292.582  33.7449
é 2 285.963  34.7431
= g 281.786  36.6257
Ta 249.937 36.6095
2/10 239.937  35.7408
2025 228.473  34.7449
223.251  32.7449
215722 32.4758
N 214.661 32.4379
& 192922  31.6609
é 176.834  28.8303
§ 159.22  27.7449
S 130.046  25.9471
g i
§ -%Material Boundary
© 3
o3 X Y
% 5 135.655 -0.890104
S 3 143.001  5.70136

aterial Boundary

X
-0.055586
135.655

Y
-3.7436
-0.890104

Material Boundary

X

165.764 6.

? SLIDEINTERPRET 6.005
[N

b LN

Y
74463
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181.638
215.445
218.523
228.751
232.702

266.47
285.963

6.74486
22.7449
23.6177
23.7449
19.7449
20.7449
34.7431

Material Boundary

X
228.473
249.937

Y
34.7449
36.6095

Material Boundary

[%2]

(@]

O]

9

~8 g

o £ X Y

g 2

2 = 218.45 24.1168

§ a 228.957 24.2475

o 5 232.905 20.2511

w =1

5 2 266.303 21.2401

g8 285.145 34.7708

= =4

3 3 285.963 34.7431
5T

© o

£ ‘Material Boundary

2%

Ta X Y
2/10 101.826 17.0163
2025 121171  16.852

143.001 5.70136
153.461 5.66005

g

@ Material Boundary

i

§ X Y

o
© L 165.764 6.74463
- -

St 164.051 7.74493
LO 1%]
§ e 157.721 7.74486
§ g 153.461 5.66005
o S 164.012 4.36557
la) L
2 165.764 6.74463
v E
> S

" faterial Boundary

X

215.722
202.384

218.45
216.896

Y
32.4758
24.7318
24.1168
23.6759

Material Boundary

X

? SLIDEINTERPRET 6.005
[N

b LN

Y
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ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

103.321
121.294
143.122
153.347
157.605
164.187
165.879
181.526
215.269
216.896
200.641
214.661

17.5036

17.351
6.20088

6.1605
8.24486
8.24493
7.24486
7.24486
23.2146
23.6759
24.2981
32.4379

? SLIDEINTERPRET 6.005
[N
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Habilitacion
Profesional

2/10
2025

2.3. SITUACION ACCIDENTAL TIPO 2
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Habilitacion
Profesional

2/10
2025

2.3.1. ROTURA POR LA MASA DE RESIDUO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 Circular - Residuo

Slide Modeler Version: 6.005

Project Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

b

neral Settings

Units of Measurement: Metric Units
« Tilne Units: days
é Pdrmeability Units: meters/second
S F4ilure Direction: Right to Left
gD ta Output: Standard
%M ximum Material Properties: 20
%M ximum Support Properties: 20

lnalysis Options

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guiil
D

alysis Methods Used

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

Habilitacion
Profesiongl

Nymber of slices: 25
22(/)]éoTc lerance: 0.005
_5Maximum number of iterations: 50
CHeck malpha < 0.2: Yes
nftial trial value of FS: 1
Stpffensen Iteration: Yes

Groundwater Analysis

[9]

foundwater Method: Water Surfaces
dre Fluid Unit Weight: 9.81 kN/m3
vanced Groundwater Method: None

> U

Rpndom Numbers

seudo-random Seed: 10116
gndom Number Generation Method: Park and Miller v.3

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

A -

Ve

surface Options

Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

? SLIDEINTERPRET 6.005
ols, Page 1 of 7
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Material Properties

Resid a
Property e:f uo Impermeabilizaciéon
antiguo

o m

Strength Type  Mohr-Coulomb Mohr-Coulomb
Unit Weight
[kN/m3]

Cohesion [kPa] 14 5

Friction Angle

16 5

20 26

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Habilitacién
Prgfesional

leg]

ater Surface Water Table None
Hu Value 1

Ru Value 0

Impermeabilizacion

saturado

Mohr-Coulomb
5

0

18

None

Residuo
nuevo - RNP

Mohr-Coulomb
18

5

26

Water Table
1

Residuo
nuevo - IN

Mohr-Coulomb
18

7

27

Water Table
1

Dique
Mohr-Coulomb
20
15
40

Water Table
1

Sustrato
rocoso

1

Mohr-Coulomb
26
50
45

Water Table
1

Global Minimums

Method: bishop simplified

FS:1.981680

Center: 112.434, 49.781

Radius: 32.965

Left Slip Surface Endpoint: 104.338, 17.825
Right Slip Surface Endpoint: 135.559, 26.287
Resisting Moment=33290.1 kN-m

Driving Moment=16798.9 kN-m

Col. n° 2226 Guillermo Bernal Martinez

ethod: gle/morgenstern-price

2/10 FS:1.970560
2025 Center:112.434, 49.781

VISADO : 03202500128

Radius: 32.965

Left Slip Surface Endpoint: 104.338, 17.825
Right Slip Surface Endpoint: 135.559, 26.287
Resisting Moment=33103.3 kN-m

Driving Moment=16798.9 kN-m

Resisting Horizontal Force=936.842 kN
Driving Horizontal Force=475.419 kN

S

alid / Invalid Surfaces

<

ethod: bishop simplified

Number of Valid Surfaces: 1647
Number of Invalid Surfaces: 3413

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

Error Codes:

Error Code -103 reported for 296 surfaces
Error Code -106 reported for 30 surfaces
Error Code -107 reported for 477 surfaces

Error Code -108 reported for 21 surfaces
Error Code -110 reported for 239 surfaces
Error Code -112 reported for 155 surfaces
Error Code -113 reported for 61 surfaces

Error Code -1000 reported for 2134 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 1601
Number of Invalid Surfaces: 3459

? SLIDEINTERPRET 6.005
[N

b LN
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Error Codes:

Error Code -103 reported for 296 surfaces
Error Code -106 reported for 30 surfaces
Error Code -107 reported for 477 surfaces
Error Code -108 reported for 66 surfaces
Error Code -110 reported for 239 surfaces
Error Code -112 reported for 156 surfaces
Error Code -113 reported for 61 surfaces
Error Code -1000 reported for 2134 surfaces

Error Codes

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between them. This
usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched slope model with
two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to avoid
numerical errors which may result from too many slices, or too small a slip region.

-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if high
external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving
force is very small (0.1 is an arbitrary number).

-110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is specified as the
method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span the appropriate soil cells.
-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This
screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep seated slip surfaces with many
high negative base angle slices in the passive zone.

-113 =Surface intersects outside slope limits.

55 f_g -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
© o
£5
=8
g Slice Data
2/10
2025|ppal Minimum Query (bishop simplified) - Safety Factor: 1.98168
) ) A Base B-as.e Shear Shear Base Pore Al
Slice Width  Weight Base . Friction Normal Normal
Number  [m] [kN] Material Cohesion Anal Stress  Strength Str. Pressure str
umbe ateria [kPa] gle [kPa]  [kPa] ess [kPa] ess
[degrees] [kPa] [kPa]
g 1 1.49873 11.0099 Residuo nuevo - RNP 5 26 4.58938  9.09469 8.39534 0 8.39534
(] s .z
8 2 1.20083 22.4896 Impermeabilizacion 0 18 3.1668 6.27559 19.3143 0 19.3143
E saturado
© - ..
o £ 3 120083 32.0463 Impermeabilizacion 0 18 448374 8.88533 27.3463 0 27.3463
o 2 saturado
o
o g | ilizacio
B g 4 1.20083 41.3316 mpermeabilizacion 0 18 5.74684 11.3884 35.0498 0 35.0498
8 < saturado
§ g 5 1.35805 58.2165 Residuo antiguo 14 20 15.1339  29.9906 43.9337 0 43.9337
S ¢ 6 1.35805 70.2043 Residuo antiguo 14 20 16.6483 32.9916 52.1791 0 52.1791
o
2 2 7 1.35805 80.9737 Residuo antiguo 14 20 17.9759 35.6224 59.4069 0 59.4069
©
% = 8 1.35805 90.5258 Residuo antiguo 14 20 19.1202 37.8902 65.6377 0 65.6377
> ope .
TN 9 1.20366 88.0616 Impermeabilizacion 0 18 11.8164 23.4163 72.0679 0 72.0679
.4 saturado
10 1.20366 95.6549 Impermeabilizacion 0 18 12.7586 25.2835 77.8147 0 77.8147
saturado
11 1.20366 102.977 Impermeabilizacion 0 18 13.6525 27.0549 83.2664 0 83.2664
saturado
12 121976 109.464 Residuo nuevo - RNP 5 26 23.4218 46.4145 84.9126 0 84.9126
13 121976 111.867 Residuo nuevo - RNP 5 26 23.6622  46.891 85.8891 0 85.8891
14 121976 113.186 Residuo nuevo - RNP 5 26 23.6878 46.9416 85.9928 0 85.9928
15 1.21976 113.388 Residuo nuevo - RNP 5 26 23.4968 46.5631 85.2174 0 85.2174
16 121976 112.432 Residuo nuevo - RNP 5 26 23.0866 45.7503 83.551 0 83.551
17 121976 110.268 Residuo nuevo - RNP 5 26 22.4536  44.4959 80.9787 0 80.9787
18 121976 106.838 Residuo nuevo - RNP 5 26 21.5928 42.7901 77.481 0 77.481
? SLIDEINTERPRET 6.005
ols, Page 3 of 7
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? SLIDEINTERPRET 6.005
[N

b LN

19 1.21976 102.071 Residuo nuevo - RNP 5 26 20.4981 40.6207 73.0332 0 73.0332
20 1.21976 95.8826 Residuo nuevo - RNP 5 26 19.1618 37.9726 67.6038 0 67.6038
21 1.21976 87.2514 Residuo nuevo - RNP 5 26 17.4144  34.5097 60.5038 0 60.5038
22 1.21976 71.8657 Residuo nuevo - RNP 5 26 1453 28.7939 48.7847 0 48.7847
23 1.21976 53.8901 Residuo nuevo - RNP 5 26 11.2674 22.3284 35.5286 0 35.5286
24 121976 33918 Residuo nuevo - RNP 5 26 7.75201 15362 21.2453 0 21.2453
25 1.21976 11.7029 Residuo nuevo - RNP 5 26 3.97045 7.86816 5.88061 0 5.88061
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.97056
B B Effecti
) ) ) Base ‘as.e Shear Shear ase Pore ective
Slice Width Weight Base . Friction Normal Normal
mber [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
u ' [kPa] 6 [kPa]  [kPa] [kPa]
[degrees] [kPa] [kPa]
1 1.49873 11.0099 Residuo nuevo - RNP 5 26 470128 9.26415 8.7428 0 8.7428
2 1.20083 22.4896 Impermeabilizacion 0 18 334228 6.58616 20.2701 0 20.2701
saturado
2]
o o ..
g 3 1.20083 32.0463 Impermeabilizacion 0 18 479189 9.44271 29.0617 0 29.0617
b saturado
~8 g
£ ili e
o £ 4 120083 41.3316 Impermeabilizacion 0 18 6.19387 12.2054 37.5644 0 37.5644
[a} = saturado
- ©
- 5 1.35805 58.2165 Residuo antiguo 14 20 16.1377 31.8003 48.9058 0 48.9058
e o
é 2 6 1.35805 70.2043 Residuo antiguo 14 20 17.87 35.214 58.2851 0 58.2851
o 2 7 1.35805 80.9737 Residuo antiguo 14 20 19.3137 38.0589 66.1013 0 66.1013
= 15
8 g 8 1.35805 90.5258 Residuo antiguo 14 20 20.4584  40.3145 72.2984 0 72.2984
L N
w8 o
5 & 9 1.20366 88.0616 Impermeabilizacion 0 18 12.4681 24.5691 75.6159 0 75.6159
2 3 saturado
SE’| 10 1.20366 95.6549 Impermeabilizacion 0 18 13219 26.0489 80.1703 0 80.1703
'g 5 saturado
g5 .
S8 11 1.20366 102.977 Impermeabilizacion 0 18 13.8784 27.3482 84.1693 0 84.1693
§m:_3 saturado
5110 12 121976 109.464 Residuo nuevo - RNP 5 26 24.1084 47.5071 87.1528 0 87.1528
5029 13 1.21976 111.867 Residuo nuevo - RNP 5 26 23.9409  47.177 86.4758 0 86.4758
14 1.21976 113.186 Residuo nuevo - RNP 5 26 23.5595 46.4254 84.9346 0 84.9346
15 1.21976 113.388 Residuo nuevo - RNP 5 26 22994 45311 82.6502 0 82.6502
16 1.21976 112.432 Residuo nuevo - RNP 5 26 22.2689 43.8823 79.7203 0 79.7203
17 121976 110.268 Residuo nuevo - RNP 5 26 214021 42.1741 76.2186 0 76.2186
g 18 1.21976 106.838 Residuo nuevo - RNP 5 26 20.4033  40.2059 72.1828 0 72.1828
2 19 1.21976 102.071 Residuo nuevo - RNP 5 26 19.274 37.9806 67.6203 0 67.6203
g 20 1.21976 95.8826 Residuo nuevo - RNP 5 26 18.0071 35.4841 62.5018 0 62.5018
(]
o £ 21 121976 87.2514 Residuo nuevo - RNP 5 26 16.4326 32.3814 56.1402 0 56.1402
g 3 22 1.21976 71.8657 Residuo nuevo - RNP 5 26 13.8313 27.2554 45.6303 0 45.6303
S i
D 3 23 1.21976 53.8901 Residuo nuevo - RNP 5 26 10.8748 21.4294 33.6852 0 33.6852
c
§ 2 24 121976 33.918 Residuo nuevo - RNP 5 26 7.62113  15.0179 20.5398 0 20.5398
[0}
S 3 25 1.21976 11.7029 Residuo nuevo - RNP 5 26 3.97704  7.837 581672 0 5.81672
5
< & .
g sList Of Coordinates
" Jater Table
X Y
-0.0590492 -1.78426
44.496 0.89
7488  4.829
115533  9.893
148.168  15.097
186.992  21.287
212593 27.335
243.68  30.008
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279.666

30.8366

External Boundary

? SLIDEINTERPRET 6.005
[N

b LN

215.445 22.7449
218.523 23.6177
228.751 23.7449
232.702 19.7449

266.47 20.7449

X Y
103.321 17.5036
101.826 17.0163
84.9933  16.7449
66.796 9.74486
58.4609 9.28899
53.5944 7.07811
44.6631 7.62944
32,7062 3.10231
20.3063  2.74547
154931 1.74486
§ 3.0583 0.236728
g -0.0625509 0.196858
X N
& £ -0.055586  -3.7436
w [
= -0.0625509 -58.8284
<
5 5 329.578 -58.8284
T o
S £ 329.578  42.3045
o 2
2 3 292.582 33.7449
3 9]
o 8 285.963 34.7431
N
£z 281.786  36.6257
2 3 249.937 36.6095
G T 239.937  35.7408
Q
g2 228.473  34.7449
= 0
3% 223251 32.7449
rao 215.722 32.4758
2/10 214.661 32.4379
2025 192.922  31.6609
176.834  28.8303
159.22  27.7449
130.046  25.9471
z
[14
3
@ Material Boundary
=
©
w E X Y
o § 135.655 -0.890104
o
S 143.001 5.70136
(0]
IS
S ¢
™ é .
© fMaterial Boundary
o 9
g < X Y
< =
0 3
S s -0.055586  -3.7436
>
N 135.655 -0.890104
‘\ul.
AR
Material Boundary
X Y
165.764 6.74463
181.638 6.74486
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285.963 34.7431

Material Boundary

X Y
228.473 34.7449
249.937 36.6095

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

M

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

<

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
<

X Y
218.45 24.1168
228.957 24.2475
232.905 20.2511
266.303 21.2401
285.145 34.7708
285.963 34.7431

aterial Boundary

X Y
101.826 17.0163
121.171  16.852
143.001 5.70136
153.461 5.66005

aterial Boundary

X Y
165.764 6.74463
164.051 7.74493
157.721 7.74486
153.461 5.66005
164.012 4.36557
165.764 6.74463

aterial Boundary

X Y
215.722 32.4758
202.384 24.7318

218.45 24.1168
216.896 23.6759

aterial Boundary

X Y
103.321 17.5036
121.294 17.351
143.122 6.20088
153.347  6.1605
157.605 8.24486
164.187 8.24493
165.879 7.24486
181.526 7.24486
215.269 23.2146
216.896 23.6759

? SLIDEINTERPRET 6.005
[N

b LN
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200.641 24.2981
214.661 32.4379
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Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

2.3.2. ROTURA CONTACTO VERTEDERO-TERRENO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 Circular - vertedero y terreno

Slide Modeler Version: 6.005

Project Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

b

neral Settings

Units of Measurement: Metric Units
« Tilne Units: days
é Pdrmeability Units: meters/second
S F4ilure Direction: Right to Left
gD ta Output: Standard
%M ximum Material Properties: 20
%M ximum Support Properties: 20

lnalysis Options

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guiil
D

alysis Methods Used

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

Habilitacion
Profesiongl

Nymber of slices: 25
22(/)]éoTc lerance: 0.005
_5Maximum number of iterations: 50
CHeck malpha < 0.2: Yes
nftial trial value of FS: 1
Stpffensen Iteration: Yes

Groundwater Analysis

[9]

foundwater Method: Water Surfaces
dre Fluid Unit Weight: 9.81 kN/m3
vanced Groundwater Method: None

> U

Rpndom Numbers

seudo-random Seed: 10116
gndom Number Generation Method: Park and Miller v.3

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

A -

Ve

surface Options

Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

? SLIDEINTERPRET 6.005
ols, Page 1 of 7

b LN






Material Properties

Residuo Impermeabilizacion

Property antiguo Impermeabilizacion

o m

Strength Type  Mohr-Coulomb Mohr-Coulomb

Unit Weight

[kN/m3] 16 >

Cohesion [kPa] 14 5

Friction Angle 20 %

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

leg]

ater Surface Water Table None
Hu Value 1

Ru Value 0

saturado

Mohr-Coulomb
5

0

18

None

Residuo
nuevo - RNP

Mohr-Coulomb
18

5

26

Water Table
1

Residuo
nuevo - IN

Mohr-Coulomb
18

7

27

Water Table
1

Dique
Mohr-Coulomb
20
15
40

Water Table
1

Sustrato
rocoso

1

Mohr-Coulomb
26
50
45

Water Table
1

Col. n° 2226 Guillermo Bernal Martinez

Habilitacién
Prgfesional

Global Minimums

Method: bishop simplified

FS:1.981370

Center: 76.244,122.187

Radius: 123.944

Left Slip Surface Endpoint: 36.848, 4.670
Right Slip Surface Endpoint: 156.298, 27.565
Resisting Moment=1.11799e+006 kN-m
Driving Moment=564251 kN-m

ethod: gle/morgenstern-price

2/10
2025

FS:1.980570
Center:76.244,122.187

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

S

<

Radius: 123.944

Left Slip Surface Endpoint: 36.848, 4.670
Right Slip Surface Endpoint: 156.298, 27.565
Resisting Moment=1.11754e+006 kN-m
Driving Moment=564251 kN-m

Resisting Horizontal Force=8532.96 kN
Driving Horizontal Force=4308.34 kN

alid / Invalid Surfaces

ethod: bishop simplified

Number of Valid Surfaces: 1419
Number of Invalid Surfaces: 3641

Error Codes:

Error Code -101 reported for 10 surfaces
Error Code -103 reported for 537 surfaces
Error Code -109 reported for 1 surface

Error Code -110 reported for 349 surfaces
Error Code -112 reported for 84 surfaces
Error Code -118 reported for 86 surfaces
Error Code -1000 reported for 2574 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 1417
Number of Invalid Surfaces: 3643

? SLIDEINTERPRET 6.005
[N

b LN
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Error Codes:

Error Code -101 reported for 10 surfaces
Error Code -103 reported for 537 surfaces
Error Code -108 reported for 2 surfaces
Error Code -109 reported for 1 surface
Error Code -110 reported for 349 surfaces
Error Code -112 reported for 84 surfaces
Error Code -118 reported for 86 surfaces

Error Code -1000 reported for 2574 surfaces

Error Codes

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

o6n

rofesional

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.
-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between them. This
usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched slope model with

two sets of Slope Limits.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving
force is very small (0.1 is an arbitrary number).
-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of slices is
combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil region,even though the slip
surface is wholly within the soil region.
-110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is specified as the
method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span the appropriate soil cells.
-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This
screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep seated slip surfaces with many
high negative base angle slices in the passive zone.
-118 = Surface does not pass through the search focus
-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

ice Data

obal Minimum Query (bishop simplified) - Safety Factor: 1.98137

NN

S = | Habilitaci
o
o |P

Slice
Number

O 00 N O U1 B W N -

[
~ O

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

[y
N

s

~)

.

X4
[
w

= e
[ BN

[
0 N O

19

ros

b LN

Width
[m]

4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991
4.9991

0.552766

4.78294
4.78294

SLIDEINTERPRET 6.005

Weight
[kN]

138.054
388.273
489.239
588.513
784.382
861.422
980.928
1148.96
1300.85
1426.53
1427.96
1383.65
1322.67
1286.44
1322.45
1345.01
1348.56
134491
1326.29

142.528

1142.51
935.165

Base
Material

Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo

Residuo antiguo

Impermeabilizacion

saturado

Residuo nuevo - RNP

Residuo nuevo - RNP

Base

Cohesion

[kPa]

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

0

Base
Friction
Angle
[degrees]

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

18

26
26

Shear
Stress
[kPa]

12.8754
22.4292
25.5542
26.0391
30.5537
30.9381
33.2685
37.7207
41.9197
45.4695
44.8453
42.9499
40.8476
40.0099
42.0772
44.0178
45.4303
46.8953
48.2341

39.0542

54.1862
44,1954

Shear
Strength
[kPa]

25.5109
44.4406
50.6323
51.5931
60.5382
61.2998
65.9173
74.7386
83.0584
90.0919
88.8552
85.0996
80.9342
79.2745
83.3705
87.2155
90.0142

92.917
95.5696

77.3809

107.363
87.5674

Base
Normal
Stress

[kPa]

31.6258
83.6349

103.54
122.392
161.105
175.296
198.074
230.412

259.17
282.384
280.885
270.449
256.843
248.035
252.895
254.851
252.937
249.311
242.469

238.154

209.875
169.288

Pore
Pressure
[kPa]

0

0
2.8933
19.1061
33.242
45.3411
55.4323
63.5343
69.4335
73.3239
75.2216
75.1055
72.9441
68.6944
62.3009
53.694
44.0886
32.4894
18.3579

0

Effective
Normal
Stress
[kPa]

31.6258
83.6349
100.646
103.286
127.863
129.955
142.642
166.878
189.736
209.061
205.664
195.344
183.899
179.341
190.594
201.157
208.848
216.822
224.112

238.154

209.875
169.288
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279.666 30.8366

Focus Search Line

X Y
53.5944 7.07811
143.122 6.20088

? SLIDEINTERPRET 6.005
[N

b LN

23 4.78294 702.721 Residuo nuevo - RNP 5 26 33.3046 65.9888 125.046 0 125.046
24 4.78294 442.92 Residuo nuevo - RNP 5 26 21.479 42.5579 77.0051 0 77.0051
25 4.78294 152.934 Residuo nuevo - RNP 5 26 8.67839 17.1951 25.0037 0 25.0037
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.98057
) | ) Base I?.'as_e Shear Shear LEED Pore FHEEEND
Slice Width  Weight Base X Friction Normal Normal
Nurmb. [m] [kN] Material Cohesion Anl Stress  Strength st Pressure st
umber m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 4.9991 138.054 Residuo antiguo 14 20 13.0073 25.7618 32.3152 0 32.3152
2 49991 388.273 Residuo antiguo 14 20 23.0536 45.6593 86.9832 0 86.9832
3 4.9991 489.239 Residuo antiguo 14 20 26.7119 52.9047 109.783 2.8933 106.89
4 4.9991 588.513 Residuo antiguo 14 20 27.6527 54.7681 131.116  19.1061 112.01
5 49991 784.382 Residuo antiguo 14 20 32.6866 64.7381 172.644 33.242 139.402
6 4.9991 861.422 Residuo antiguo 14 20 33.2805 65.9143 187.974 45.3411 142.633
7 4.9991 980.928 Residuo antiguo 14 20 35.71 70.7261 211.286 55.4323 155.853
[%2]
8 8 49991 1148.96 Residuo antiguo 14 20 40.1428 79.5056 243.509 63.5343 179.975
o)
5 N 9 4.9991 1300.85 Residuo antiguo 14 20 44.0975 87.3382 270.928 69.4335 201.495
w
8 '}% 10 49991 1426.53 Residuo antiguo 14 20 47.1819 93.4471 291.602 73.3239 218.278
=) =
2 s 11 4.9991 1427.96 Residuo antiguo 14 20 45.8597 90.8284 286.306  75.2216 211.084
E @ 12 4.9991 1383.65 Residuo antiguo 14 20 43.215 85.5903 271.799  75.1055 196.693
(e} o
g g 13 49991 1322.67 Residuo antiguo 14 20 40.4072 80.0292 254.357 72.9441 181.413
g S 14 4.9991 1286.44 Residuo antiguo 14 20 38.9533 77.1498 242.196 68.6944 173.502
©
8 § 15 4.9991 1322.45 Residuo antiguo 14 20 40.4779 80.1694 244.099 62.3009 181.798
i °
g ; 16 4.9991 1345.01 Residuo antiguo 14 20 41.9964 83.1768 243,756 53.694 190.062
= CU 17 4.9991 1348.56 Residuo antiguo 14 20 43.1407 85.4432 240.377 44.0886 196.288
ng 18 49991 1344.91 Residuo antiguo 14 20 44.5111 88.1574 236.235 32.4894 203.745
gé 19 4.9991 1326.29 Residuo antiguo 14 20 45.9505 91.0082 229.936 18.3579 211.579
o A
5 .
FE|l 20 0552766 142528 Impermeabilizacion 0 18 36936 73.1543 225.146 0 225.146
saturado
22(/)]é(')5 21  4.78294 114251 Residuo nuevo - RNP 5 26 51.9745 102.939 200.804 0 200.804
22 4.78294 935.165 Residuo nuevo - RNP 5 26 42.5405 84.2545 162.496 0 162.496
23 4.78294 702.721 Residuo nuevo - RNP 5 26 32.2869 63.9465 120.858 0 120.858
24 4.78294 44292 Residuo nuevo - RNP 5 26 21.0485 41.688 75.2214 0 75.2214
25 4.78294 152.934 Residuo nuevo - RNP 5 26 8.61701 17.0666 24.7402 0 24.7402
o
[14
3]
gLAst Of Coordinates
5
S
= SWater Table
o
S b
ﬁ g X Y
Q &
8 é -0.0590492 -1.78426
S ) 44.496 0.89
o
o 7488  4.829
5 = 115.533 9.893
S S ' '
>
148.168 15.097
186.992 21.287
212.593 27.335
243.68 30.008
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External Boundary
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M

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

4

X Y
103.321 17.5036
101.826 17.0163
84.9933  16.7449
66.796 9.74486
58.4609  9.28899
53.5944 7.07811
446631 7.62944
32.7062 3.10231
20.3063 2.74547
15.4931 1.74486
3.0583 0.236728
-0.0625509 0.196858
-0.055586  -3.7436
-0.0625509 -58.8284
329.578 -58.8284
329.578  42.3045
292,582  33.7449
285.963 34.7431
281.786  36.6257
249.937  36.6095
239.937 35.7408
228.473 34.7449
223.251 32.7449
215.722  32.4758
214.661 32.4379
192.922  31.6609
176.834 28.8303
159.22 27.7449
130.046 25.9471
aterial Boundary
X Y
135.655 -0.890104
143.001  5.70136
aterial Boundary
X Y
-0.055586  -3.7436
135.655 -0.890104
aterial Boundary
X Y
165.764 6.74463
181.638 6.74486
215.445 22.7449
218.523 23.6177
228.751 23.7449
232,702 19.7449
266.47 20.7449
285.963 34.7431

? SLIDEINTERPRET 6.005
[N

b LN

Page 5 of 7






Material Boundary

X Y
228.473 34.7449
249.937 36.6095

Material Boundary

<
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<

Habilitacion
Profesional
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<

M

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

4

X Y
218.45 24.1168
228.957 24.2475
232.905 20.2511
266.303 21.2401
285.145 34.7708
285.963 34.7431

aterial Boundary

X Y
101.826 17.0163
121.171  16.852
143.001 5.70136
153.461 5.66005

aterial Boundary

X Y
165.764 6.74463
164.051 7.74493
157.721 7.74486
153.461 5.66005
164.012 4.36557
165.764 6.74463

aterial Boundary

X Y
215.722 32.4758
202.384 24.7318

218.45 24.1168
216.896 23.6759

aterial Boundary

X Y
103.321 17.5036
121.294 17.351
143.122 6.20088
153.347 6.1605
157.605 8.24486
164.187 8.24493
165.879 7.24486
181.526 7.24486
215.269 23.2146
216.896 23.6759
200.641 24.2981
214.661 32.4379
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2.3.3. ESTABILIDAD CONJUNTA DEL VERTEDERO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 - Circular - global

Slide Modeler Version: 6.005

Project Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

b

neral Settings

Units of Measurement: Metric Units
« Tilne Units: days
é Pdrmeability Units: meters/second
S F4ilure Direction: Right to Left
gD ta Output: Standard
%M ximum Material Properties: 20
%M ximum Support Properties: 20

lnalysis Options

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guiil
D

alysis Methods Used

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

Habilitacion
Profesiongl

Nymber of slices: 25
22(/)]éoTc lerance: 0.005
_5Maximum number of iterations: 50
CHeck malpha < 0.2: Yes
nftial trial value of FS: 1
Stpffensen Iteration: Yes

Groundwater Analysis

[9]

foundwater Method: Water Surfaces
dre Fluid Unit Weight: 9.81 kN/m3
vanced Groundwater Method: None

> U

Rpndom Numbers

seudo-random Seed: 10116
gndom Number Generation Method: Park and Miller v.3

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

A -

Ve

surface Options

Surface Type: Circular

Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

? SLIDEINTERPRET 6.005
ols, Page 1 of 7
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Material Properties

Residuo Impermeabilizacion

Property antiguo Impermeabilizacion

o m

Strength Type  Mohr-Coulomb Mohr-Coulomb

Unit Weight

[kN/m3] 16 >

Cohesion [kPa] 14 5

Friction Angle 20 %

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

leg]

ater Surface Water Table None
Hu Value 1

Ru Value 0

saturado

Mohr-Coulomb
5

0

18

None

Residuo
nuevo - RNP

Mohr-Coulomb
18

5

26

Water Table
1

Residuo
nuevo - IN

Mohr-Coulomb
18

7

27

Water Table
1

Dique
Mohr-Coulomb
20
15
40

Water Table
1

Sustrato
rocoso

1

Mohr-Coulomb
26
50
45

Water Table
1

Col. n° 2226 Guillermo Bernal Martinez

Habilitacién
Prgfesional

Global Minimums

Method: bishop simplified

FS: 1.862630

Center: 112.434, 49.781

Radius: 32.777

Left Slip Surface Endpoint: 104.681, 17.933
Right Slip Surface Endpoint: 135.272, 26.269
Resisting Moment=29540.3 kN-m

Driving Moment=15859.5 kN-m

ethod: gle/morgenstern-price

2/10
2025

FS:1.850890
Center:112.434, 49.781

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

S

<

Radius: 32.777

Left Slip Surface Endpoint: 104.681, 17.933
Right Slip Surface Endpoint: 135.272, 26.269
Resisting Moment=29354.1 kN-m

Driving Moment=15859.5 kN-m

Resisting Horizontal Force=832.918 kN
Driving Horizontal Force=450.009 kN

alid / Invalid Surfaces

ethod: bishop simplified

Number of Valid Surfaces: 1850
Number of Invalid Surfaces: 3210

Error Codes:

Error Code -103 reported for 912 surfaces
Error Code -106 reported for 10 surfaces
Error Code -107 reported for 93 surfaces

Error Code -108 reported for 6 surfaces
Error Code -110 reported for 893 surfaces
Error Code -112 reported for 152 surfaces
Error Code -1000 reported for 1144 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 1826
Number of Invalid Surfaces: 3234

? SLIDEINTERPRET 6.005
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Error Codes:

Error Code -103 reported for 912 surfaces
Error Code -106 reported for 10 surfaces
Error Code -107 reported for 93 surfaces
Error Code -108 reported for 27 surfaces
Error Code -110 reported for 893 surfaces
Error Code -112 reported for 155 surfaces
Error Code -1000 reported for 1144 surfaces

Error Codes

The following errors were encountered during the computation:

b LN

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between them. This
usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched slope model with
two sets of Slope Limits.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to avoid
» numerical errors which may result from too many slices, or too small a slip region.
§ -107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if high
= ~ external or anchor loads are applied against the failure direction.
6 g -108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving
a g force is very small (0.1 is an arbitrary number).
% g -110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is specified as the
[}
g = method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span the appropriate soil cells.
o % -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. This
@ g screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep seated slip surfaces with many
8 § high negative base angle slices in the passive zone.
"S:_" g -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
2 3
o o
5 Blice Data
Qo
S5
=Q
% nglobal Minimum Query (bishop simplified) - Safety Factor: 1.86263
B B Effecti
2/10 i X . Base ‘as‘e Shear Shear ase Pore ective
Slice Width Weight Base . Friction Normal Normal
2025 . Cohesion Stress  Strength Pressure
Number [m] [kN] Material Angle Stress Stress
[kPa] [kPa] [kPa] [kPa]
[degrees] [kPa] [kPa]
1 1.11126 6.01325 Residuo nuevo - RNP 5 26 4.35814 8.1176 6.39203 0 6.39203
2 111126 17.6384 Residuo nuevo - RNP 5 26 7.19666 13.4047 17.2322 0 17.2322
T 3 1.16799 28.9121 Impermeabilizacion 0 18 443621 8.26302 25.431 0 25.431
] saturado
o e -
s 4 116799 37.7371 Impermeabilizacion 0 18 575256 10.7149 329771 0 32.9771
£ saturado
o £ | bilizaci
N 3 5 116799 46314 mpermeabiizacion 0 18 7.01487 13.0661 40.2133 0 40.2133
o o saturado
S b
Tol | ilizacid
- 6 1.16799 54.6453 mpermeabilizacion 0 18 8.22461 15.3194 47.1483 0 47.1483
= saturado
o 8 e s
S 3 7 116799 62.7326 Impermeabilizacion 0 18 9.38297  17.477 53.7888 0 53.7888
o g saturado
la) L ™ ..
< 5 8 1.16799 70.5767 Impermeabilizacién 0 18 10.4909 19.5407 60.1401 0 60.1401
= = saturado
> > | bilizacié
9 1.16799 78.1772 mpermeabiiizacion 0 18 11549 21.5116 66.2057 0 66.2057
saturado
10 1.16799 85.533 Impermeabilizacion 0 18 125577 23.3904 71.9882 0 71.9882
saturado
| ilizacid
11 116799 92.642 mpermeabilizacion 0 18 135171 25.1774 77.4881 0 77.4881
saturado
12 1.27547 107.059 Residuo nuevo - RNP 5 26 23.5887 43.937 79.8326 0 79.8326
13 1.27547 110.612 Residuo nuevo - RNP 5 26 24.0385 44.7748 81.5507 0 81.5507
14 1.27547 112943 Residuo nuevo - RNP 5 26 24.2379 45.1462 82.3122 0 82.3122
15 1.27547 114.018 Residuo nuevo - RNP 5 26 24.1862 45.05 82.1148 0 82.1148
16 1.27547 113.794 Residuo nuevo - RNP 5 26 23.8816 44.4825 80.9515 0 80.9515
17 1.27547 112.216 Residuo nuevo - RNP 5 26 23.3206 43.4377 78.8092 0 78.8092
18 1.27547 109.223 Residuo nuevo - RNP 5 26 22.4987 41.9067 75.6702 0 75.6702
? SLIDEINTERPRET 6.005
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? SLIDEINTERPRET 6.005
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19 127547 104.735 Residuo nuevo - RNP 5 26 21.4096 39.8782 71.511 0 71.511
20 1.27547 98.6597 Residuo nuevo - RNP 5 26 20.0456 37.3375 66.3016 0 66.3016
21 1.27547 90.8474 Residuo nuevo - RNP 5 26 183905 34.2547 59.9811 0 59.9811
22 1.27547 76.8172 Residuo nuevo - RNP 5 26 15.6758 29.1983 49.614 0 49.614
23 1.27547 57.7355 Residuo nuevo - RNP 5 26 12.1534 22.6373 36.1618 0 36.1618
24 1.27547 36.4189 Residuo nuevo - RNP 5 26 834771 15.5487 21.628 0 21.628
25 1.27547 12.5856 Residuo nuevo - RNP 5 26 4.24458  7.90609 5.95836 0 5.95836
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.85089
B B Effecti
) ) ) Base ‘as.e Shear Shear ase Pore ective
Slice Width Weight Base . Friction Normal Normal
mber [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
u ' [kPa] 6 [kPa]  [kPa] [kPa]
[degrees] [kPa] [kPa]
1 1.11126 6.01325 Residuo nuevo - RNP 5 26 4.44877 8.23419 6.63107 0 6.63107
2 1.11126 17.6384 Residuo nuevo - RNP 26 7.52681 13.9313 18.3118 18.3118
2 3 1.16799 28.9121 Impermeabilizacion 0 18 4.74883 8.78957 27.0515 0 27.0515
8 saturado
(]
- T .y
2 B 4 116799 37.7371 Impermeabilizacion 0 18 621733 115076 35.4169 0 35.4169
o £ saturado
4 8 T
2 @ 5 1.16799 46.314 mpermeabiizacion 0 18 7.62201 14.1075 43.4186 0 43.4186
5] 5 saturado
T o
T2 L
o E 6 1.16799 54.6453 Impermeabilizacién 0 18 8.94364 16.5537 50.9471 0 50.9471
0] = saturado
g S Impermeabilizacio
o 8 7 1.16799 62.7326 P fzacion 0 18 10.1671 18.8181 57.9161 0 57.9161
w X saturado
7 = Impermeabilizacion
2 3 8 1.16799 70.5767 P 0 18 112821  20.882 64.2684 0 64.2684
= saturado
SE o
o b 9 1.16799 78.1772 Impermeabilizacion 0 18 12.2846 22.7374 69.9787 0 69.9787
B saturado
=
2§ | ilizacié
S P| 10 1.16799 85.533 mpermeabilizacion 0 18 13.1756 24.3866 75.0544 0 75.0544
T saturado
2/10 11 116799 92.642 Impermeabilizacion 0 18 13.9618 25.8417 79.5325 0 79.5325
2025 saturado
12 127547 107.059 Residuo nuevo - RNP 5 26 24.7291 45.7709 83.5927 0 83.5927
13 1.27547 110.612 Residuo nuevo - RNP 5 26 24.7896 45.8828 83.8225 0 83.8225
14 127547 112.943 Residuo nuevo - RNP 5 26 24.5607 45.4591 82.9537 0 82.9537
. 15 127547 114.018 Residuo nuevo - RNP 5 26 24.0834 44.5758 81.1426 0 81.1426
& 16 1.27547 113.794 Residuo nuevo - RNP 5 26 23.3944 43.3004 78.5273 0 78.5273
g 17 127547 112.216 Residuo nuevo - RNP 5 26 22.5223  41.6863 75.2181 0 75.2181
5 18 127547 109.223 Residuo nuevo - RNP 5 26 21.4866 39.7694 71.2879 0 71.2879
§ % 19 1.27547 104.735 Residuo nuevo - RNP 5 26 20.2962 37.566 66.7701 0 66.7701
>
S g 20 1.27547 98.6597 Residuo nuevo - RNP 5 26 18.9482  35.071 61.6548 0 61.6548
LO %]
N c 21 1.27547 90.8474 Residuo nuevo - RNP 5 26 17.4223 32.2467 55.8641 0 55.8641
g g 22 1.27547 76.8172 Residuo nuevo - RNP 5 26 14.9615 27.6921 46.5256 0 46.5256
S ¢ 23 1.27547 57.7355 Residuo nuevo - RNP 5 26 11.7518 21.7512 34.3451 0 34.3451
o
2! £ 24 1.27547 36.4189 Residuo nuevo - RNP 5 26 82214 152169 20.9478 0 20.9478
©
% 2 25 1.27547 12.5856 Residuo nuevo - RNP 5 26 426321 7.89073 5.92687 0 5.92687
>
Ne” .
=+ Ist Of Coordinates
Water Table
X Y
-0.0590492 -1.78426
44.496 0.89
7488  4.829
115533  9.893
148.168  15.097
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Habilitacion
Profesional
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M

186.992  21.287
212,593  27.335
243.68  30.008
279.666 30.8366
External Boundary
X Y
103.321 17.5036
101.826 17.0163
84.9933  16.7449
66.796 9.74486
58.4609  9.28899
53.5944 7.07811
44.6631 7.62944
32.7062 3.10231
20.3063  2.74547
15.4931 1.74486
3.0583 0.236728
-0.0625509 0.196858
-0.055586  -3.7436
-0.0625509 -58.8284
329.578 -58.8284
329.578  42.3045
292.582  33.7449
285.963 34.7431
281.786  36.6257
249.937  36.6095
239.937 35.7408
228.473 34.7449
223.251 32.7449
215.722  32.4758
214.661 32.4379
192.922  31.6609
176.834 28.8303
159.22 27.7449
130.046 25.9471
aterial Boundary
X Y

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
g

143.001

135.655 -0.890104

5.70136

aterial Boundary

X
-0.055586
135.655

Y
-3.7436
-0.890104

Material Boundary

? SLIDEINTERPRET 6.005
[N

X

165.764 6.
181.638 6.

Y
74463
74486

215.445 22.7449
218.523 23.6177
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228.751 23.7449
232.702 19.7449
266.47 20.7449

285.963 34.7431

Material Boundary

X Y
228.473 34.7449
249.937 36.6095

B aterial Boundary

X Y
218.45 24.1168
228.957 24.2475
232.905 20.2511
266.303 21.2401
285.145 34.7708
285.963 34.7431

Material Boundary

X Y
101.826 17.0163
121.171  16.852
143.001 5.70136
153.461 5.66005

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez
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2025M aterial Boundary

X Y
165.764 6.74463
164.051 7.74493
157.721 7.74486
153.461 5.66005
164.012 4.36557
165.764 6.74463

Material Boundary

X Y
215.722 32.4758
202.384 24.7318

218.45 24.1168
216.896 23.6759

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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Material Boundary

X Y
103.321 17.5036
121.294 17.351
143.122 6.20088
153.347  6.1605
157.605 8.24486
164.187 8.24493
165.879 7.24486
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181.526 7.24486
215.269 23.2146
216.896 23.6759

200.641 24.2981
214.661 32.4379
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2.3.4. ROTURA POLIGONAL
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 - Poligonal

Slide Modeler Version: 6.005

Project Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil B-B”

b

neral Settings

Units of Measurement: Metric Units
« Tilne Units: days
é Pdrmeability Units: meters/second
S F4ilure Direction: Right to Left
gD ta Output: Standard
%M ximum Material Properties: 20
%M ximum Support Properties: 20

lnalysis Options

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guiil
D

alysis Methods Used

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

Habilitacion
Profesiongl

Nymber of slices: 25
22(/)]éoTc lerance: 0.005
_5Maximum number of iterations: 50
CHeck malpha < 0.2: Yes
nftial trial value of FS: 1
Stpffensen Iteration: Yes

Groundwater Analysis

[9]

foundwater Method: Water Surfaces
dre Fluid Unit Weight: 9.81 kN/m3
vanced Groundwater Method: None

> U

Rpndom Numbers

seudo-random Seed: 10116
gndom Number Generation Method: Park and Miller v.3

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

A -

Ve

surface Options

Search Method: Auto Refine Search
Divisions along slope: 10

Circles per division: 10

Number of iterations: 10

Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined
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Material Properties

Residuo
antiguo

=

Mohr-Coulomb

Property Impermeabilizacion

Mohr-Coulomb

Color

Strength Type
Unit Weight
[kN/m3]
Cohesion [kPa]

Friction Angle

16 5

14 5

20 26

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacién
Profesional

leg]
ater Surface Water Table
Hu Value 1

None

Ru Value 0

Impermeabilizacion

saturado

Mohr-Coulomb
5

0

18

None

Residuo
nuevo - RNP

Mohr-Coulomb
18

5

26

Water Table
1

Residuo
nuevo - IN

Mohr-Coulomb
18

7

27

Water Table
1

Dique
Mohr-Coulomb
20
15
40

None

Sustrato
rocoso

1

Mohr-Coulomb
26
50
45

Water Table
1

Global Minimums

Method: bishop simplified

FS:1.761590

Axis Location: 61.482, 132.543

Left Slip Surface Endpoint: 26.542, 2.925
Right Slip Surface Endpoint: 144.213, 26.820
Resisting Moment=1.19501e+006 kN-m
Driving Moment=678372 kN-m

ethod: gle/morgenstern-price

FS:1.776390

2/10
2025

Axis Location: 60.622, 130.725
Left Slip Surface Endpoint: 26.450, 2.922

VISADO : 03202500128

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

Right Slip Surface Endpoint: 142.362, 26.706
Resisting Moment=1.14201e+006 kN-m
Driving Moment=642883 kN-m

Resisting Horizontal Force=7906.31 kN
Driving Horizontal Force=4450.77 kN

S

alid / Invalid Surfaces

<

ethod: bishop simplified

Number of Valid Surfaces: 3724
Number of Invalid Surfaces: 778

Error Codes:

Error Code -105 reported for 173 surfaces
Error Code -106 reported for 410 surfaces
Error Code -107 reported for 74 surfaces
Error Code -108 reported for 39 surfaces
Error Code -110 reported for 78 surfaces

Error Code -1000 reported for 4 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 3621
Number of Invalid Surfaces: 881

Error Codes:

Error Code -105 reported for 173 surfaces

? SLIDEINTERPRET 6.005
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Error Code -106 reported for 410 surfaces
Error Code -107 reported for 74 surfaces
Error Code -108 reported for 142 surfaces
Error Code -110 reported for 78 surfaces
Error Code -1000 reported for 4 surfaces

Error Codes

The following errors were encountered during the computation:

-105 = More than two surface / slope intersections with no valid slip surface.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to avoid

numerical errors which may result from too many slices, or too small a slip region.

-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if high
external or anchor loads are applied against the failure direction.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the driving
force is very small (0.1 is an arbitrary number).
-110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is specified as the
method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span the appropriate soil cells.
-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Global Minimum Query (bishop simplified) - Safety Factor: 1.76159

ro

2]
o
Q
(]
2
w s _|.
S ZSlice Data
= £
@) [}
T o
O o
£
[e) £
o 2
b3
8 ©
w | [Slice  width
g Z( Number [m]
D [}
o o
S 1 427148
3P 2 427148
=0
2P 3 0.481364
Td
2/10 4 59592
2025
5 59592
6 7.08759
|
[ 7 7.08759
(]
o
w
g 8 591235
©
g &
o I 9 5.91235
o
g g
9 @
o 5 10 5.91235
N g
™M o
oS o
R
o g 11 3.37996
D =
S 5 12 1.13077
S s 13 7.19776
o 14 5.08333
N 15 5.08333
16 5.08333
17 5.08333
18  4.25217
19  4.25217
20 6.97312
21 3.72911
22 0.347272
23 4.40105
24 4.40105

SLIDEINTERPRET 6.005
L

b LN

Weight
[kN]

99.946
315.672

52.5177

764.983

940.434

1102.89

1264.76

1118

1252.05

1455.74

921.294

321.392
2061.78
1422.81
141451
1438.51
1561.99
1361.94
1361.86
2115.09
996.383

84.9321

896.009
531.906

Base
Material

Residuo antiguo
Residuo antiguo

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Impermeabilizacion
saturado

Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo
Residuo antiguo

Impermeabilizacion
saturado

Residuo nuevo - RNP

Residuo nuevo - RNP

Base

Cohesion

[kPa]

14
14

14
14
14
14
14
14
14
14
14
14

Base
Friction
Angle
[degrees]

20
20

18

18

18

18

18

18

18

18

18

20
20
20
20
20
20
20
20
20
20

18

26
26

Shear
Stress
[kPa]

14.7857
23.3985

22.8933

23.5859

28.9955

28.5906

32.7869

34.7433

38.9091

45.2391

49.3107

50.2923
50.5338

49.646
48.4074
48.4721
52.5499
52.3207
54.0304
51.7309

48.016

37.4672

45.3269
27.7909

Shear
Strength
[kPa]

26.0464
41.2186

40.3286

41.5487

51.0781

50.365

57.757

61.2035

68.5419

79.6928

86.8652

88.5944
89.0199
87.4559

85.274
85.3879
92.5714
92.1677
95.1795
91.1287
84.5845

66.0018

79.8475
48.9561

Base
Pore
Normal
Stress Pressure
kPa
[kPa] [iPa]
33.0972 0
89.2507 14.4683
124.119 0
127.874 0
157.202 0
155.007 0
177.757 0
188.366 0
210.951 0
245.27 0
267.344 0
278.888  73.9422
280.177 74.0617
278.1 76.282
276.511 80.6886
281.232  85.0952
305.375 89.5017
301.626 86.8619
300.997 77.9575
267.566 55.6564
214.087 20.1581
203.133 0
153.46 0
90.1234 0

Effective
Normal
Stress
[kPa]

33.0972
74.7824

124.119

127.874

157.202

155.007

177.757

188.366

210.951

245.27

267.344

204.946
206.115
201.818
195.823
196.136
215.873
214.765

223.04
211.909
193.929

203.133

153.46
90.1234
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25 441813 175.606 Residuo nuevo - RNP 5 26 10.6994 18.8479 28.3924 0 28.3924
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.77639
y (g g p y
B B Effecti
i ) ) Base ‘as‘e Shear Shear ase Pore ective
Slice Width  Weight Base . Friction Normal Normal
Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
u ! [kPa] g [kPa]  [kPa] [kPa]
[degrees] [kPa] [kPa]
4.19449 97.9772 Residuo antiguo 14 20 149236  26.5101 343713 0 343713
2 419449 306.668 Residuo antiguo 14 20 24.4845  43.494 95.3655 14.3314 81.0341
3 1.95398 218.637 Impermeabilizacion 0 18 221977 39.4318 121.359 0 121.359
saturado
4 551904 740.326 Impermeabilizacion 0 18 255524 45391 139.699 0 139.699
saturado
| g
5 5.51904 879.507 mpermeabilizacion 0 18 30.4728 54.1316 166.6 0 166.6
saturado
6 551904 858.909 Impermeabilizacion 0 18 29.9936 53.2803 163.98 0 163.98
. saturado
o
3 o
S 7 551904 933.195 Impermeabilizacion 0 18 32.6675 58.0303 178.599 0 178.599
i} N saturado
6 £ G
w s 8 551904 1033.12 Impermeabilizacion 0 18 36.1655  64.244 197.722 0 197.722
3003 saturado
= g
@) [} o .,
T 0 9 551904 1075.35 mpermeabilizacion 0 18 37.6221 66.8316  205.686 0 205.686
o E saturado
= @
o = e s
L3 10 3.91462 859.486 Impermeabilizacion 0 18 422331 75.0224 230.895 0 230.895
8 9 saturado
W Q e,
o °
Eoot 11 3.91462 948.782 Impermeabilizacion 0 18 46.4448 82.5041 253.921 0 253.921
35 3 saturado
S®| 12 379631 1002.66 Impermeabilizacin 0 18 487588 86.6146 266.571 0 266.571
S B saturado
< B
2P| 13 140959 391.438 Residuo antiguo 14 20 50.1894  89.156 279.247 72.7573 206.489
ol ~
SP| 14 aes624 133013 Residuo antiguo 14 20 50.5415 89.7814 280.75 72.5412 208.209
10 15  4.65624 1298.74 Residuo antiguo 14 20 48.9964 87.0368 272396 71.7283 200.668
2025 16  6.25944 1687.49 Residuo antiguo 14 20 473937 84.1897 264.656  71.812 192.844
17 625944 1639.48 Residuo antiguo 14 20 45.0354  80.0005 254.128  72.7923 181.335
18 6.25944 1739.74 Residuo antiguo 14 20 47.4951 84.3699 267.113  73.7725 193.341
19 4.83673 1407.81 Residuo antiguo 14 20 46.4545 82.5213 257.46  69.1993 188.261
20 4.83673 1414.73 Residuo antiguo 14 20 48.6642 86.4466 259.061 60.0161 199.045
& 21 7.16558 2001.91 Residuo antiguo 14 20 46.6868  82.934 228291 38.8967 189.394
2 22 2.40496 610.878 Residuo antiguo 14 20 437804 77.7711 186.431 11.2208 175.21
$ o
3 23 0.354202 85.2982 Impermeabilizacion 0 18 33.967 60.3387 185.703 0 185.703
o saturado
AN =
o 3 24 6.5236 1185.87 Residuo nuevo - RNP 26 38.7618  68.856 130.924 130.924
o
% 3 25 520623 318.422 Residuo nuevo - RNP 5 26 13.9704 24.8169 40.6307 40.6307
Q &
™ 3
o o .
= 2List Of Coordinates
Q 8
< s
0 E
> SWater Table
X Y
-0.0590492 -1.78426
44.496 0.89
7488  4.829
115533 9.893
148.168  15.097
186.992  21.287
212593 27.335
243.68  30.008
279.666 30.8366
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External Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

<

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

4

X

Y

103.321 17.5036
101.826 17.0163
84.9933  16.7449
66.796 9.74486
58.4609 9.28899
53.5944 7.07811
44.6631 7.62944
32.7062 3.10231
20.3063  2.74547
15.4931 1.74486
3.0583 0.236728
-0.0625509 0.196858
-0.0562118 -3.38956
-0.055586  -3.7436
-0.0625509 -58.8284
329.578 -58.8284
329.578 42.3045
292.582 33.7449
285.963 34.7431
281.786 36.6257
249.937 36.6095
239.937 35.7408
228.473 34.7449
223.251 32.7449
215.722  32.4758
214.661 32.4379
192.922 31.6609
176.834 28.8303
159.22  27.7449
130.046 25.9471

aterial Boundary

X
165.764
181.638
215.445
218.523
228.751
232.702

266.47
285.963

Y
6.74463
6.74486
22.7449
23.6177
23.7449
19.7449
20.7449
34.7431

aterial Boundary

X
228.473
249.937

Y
34.7449
36.6095

Material Boundary

X
218.45

228.957

Y
24.1168
24.2475

? SLIDEINTERPRET 6.005
[N
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232.905
266.303
285.145

285.963

20.2511
21.2401
34.7708
34.7431

Material Boundary

X
101.826
121.171

142.67

Y
17.0163
16.852
5.87068

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

aterial Boundary

X
165.764
164.051
157.721
153.461
164.012
165.764

Y
6.74463
7.74493
7.74486
5.66005
4.36557
6.74463

<

aterial Boundary

Col. n° 2226 Guillermo Bernal Martinez

X
215.722
202.384

218.45
216.896

Habilitacion
Profesional

2/10
2025

Y
32.4758
24.7318
24.1168
23.6759

VISADO : 03202500128

V]aterial Boundary

X
103.321
121.294
143.122
153.347
157.605
164.187
165.879
181.526
215.269
216.896
200.641
214.661

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

Y

17.5036

17.351
6.20088

6.1605
8.24486
8.24493
7.24486
7.24486
23.2146
23.6759
24.2981
32.4379

-

<)

4

aterial Boundary

X

Y

-0.0562118 -3.38956
135.6 -0.646
142.67  5.87068
143.001  5.70136
135.655 -0.890104
-0.055586 -3.7436

? SLIDEINTERPRET 6.005
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153.461 5.66005

143.001 5.70136

Material Boundary

|euolsajold

Zaule [eulag OWId|IND 9222 ol 'l0D
’ uoroeNiqeH

2/10
2025

[448083IMLI9HINTAL] so uonsab-a'6021 seplfeA A/
8210052020 - OAVSIA

S09071039 3d TVIOI40 0193102 F4LSN7TI
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ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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3. PERFILC-C’

IA25016-EST1

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)
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bito





@ Lurgintza r-rr o=

W% ambito

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

3.1. SITUACION NORMAL

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)
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ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

3.1.1. ROTURA POR LA MASA DE RESIDUO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Circular - Residuo

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil C-C*

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
ols, Page 1 of 6
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Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Residuo antiguo Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
[ m E = O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 16 5 18 20 26
8 Cohesion [kPa] 14 5 5 15 50
o
~§ x| Friction Angle [deg] 20 26 26 40 45
uz § Water Surface None None None None None
2 Z| RuVvalue 0 0 0 0 0
e Q]
o o
£
a SGlobal Minimums
AN
& =
2 8 . . .
= - _Method: bishop simplified
Nl
S5 FS: 1.507550
20
g2 Center: 44.873, -7.216
S
S5 Radius: 32.729
2/10 Left Slip Surface Endpoint: 44.530, -39.943
2025 Right Slip Surface Endpoint: 68.814, -29.532

Resisting Moment=23453.8 kN-m
Driving Moment=15557.6 kN-m

Method: gle/morgenstern-price

FS: 1.505790

Center: 44.873, -7.216

Radius: 32.729

Left Slip Surface Endpoint: 44.530, -39.943
Right Slip Surface Endpoint: 68.814, -29.532
Resisting Moment=23426.5 kN-m

Driving Moment=15557.6 kN-m

Resisting Horizontal Force=646.431 kN
Driving Horizontal Force=429.296 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

falid / Invalid Surfaces

-

<)

Ve

=

lethod: bishop simplified

Number of Valid Surfaces: 1259
Number of Invalid Surfaces: 3592

Error Codes:

Error Code -103 reported for 377 surfaces
Error Code -106 reported for 2 surfaces
Error Code -107 reported for 1087 surfaces

? SLIDEINTERPRET 6.005
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Error Code -108 reported for 46 surfaces
Error Code -112 reported for 58 surfaces
Error Code -113 reported for 42 surfaces
Error Code -1000 reported for 1980 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 1211
Number of Invalid Surfaces: 3640

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

Habilitacion
Profesional

Error Code -103 reported for 377 surfaces
Error Code -106 reported for 2 surfaces
Error Code -107 reported for 1087 surfaces
Error Code -108 reported for 93 surfaces
Error Code -112 reported for 59 surfaces
Error Code -113 reported for 42 surfaces
Error Code -1000 reported for 1980 surfaces

Error Codes

2/10
2025

(%)

1)

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie

between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
occur on a benched slope model with two sets of Slope Limits.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.
-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).
-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
deep seated slip surfaces with many high negative base angle slices in the passive zone.
-113 =Surface intersects outside slope limits.
-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Jice Data

obal Minimum Query (bishop simplified) - Safety Factor: 1.50755

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

s

~)

Ve

Slice
Number

Width
[m]

0.971377

0.971377

0.971377

0.971377

0.971377

? SLIDEINTERPRET 6.005
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Weight
[kN]

4.19488

12.3324

19.9647

27.0895

33.7033

Base
Material

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo

Base
Cohesion
[kPa]

Base
Friction
Angle
[degrees]

26

26

26

26

26

Shear
Stress
[kPa]

5.3696

7.99958

10.415

12.6207

14.6205

Shear
Strength
[kPa]

8.09494

12.0598

15.7012

19.0263

22.0411

Base
Pore
Normal
Stress Pressure
kPa
[kPa] [kPa]
4.29527 0
12.4243 0
19.8903 0
26.7078 0
32.8892 0

Effective

Normal
Stress
[kPa]

4.29527

12.4243

19.8903

26.7078

32.8892
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-RNP
7 0971377 453761 ~esiduo ”“:"\l’f) 6 26 18.015 27.1585  43.3814 0 433814
8 0971377 50.4206 esiduo ”“:l‘\l"; 6 26 19.4141 29.2678 47.706 0 47.706
9 0.971377 54.9245 Res'd"o”“:;\l’i 6 26 20.6164 31.0802  51.4222 0 51.4222
10 0.971377 58.8763 Res”“”“:;‘; 6 26 21.6224 325969  54.5318 0 545318
11 0971377 62.2622 Res'd”‘)””:,‘\l’?) 6 26 22.4323 33.8178  57.0349 0  57.0349
12 0971377 65.0662 esidu0 ””:;2 6 26 23.0454 34.7421 58.93 0 58.93
13 0.971377 67.2698 Res'd”"”“:;‘; 6 26 23.4605 353679  60.2132 0 602132
1)
o
8 .
9 14 0971377 68.8515 |esiduonuevo 6 26 23.6758 35.6925  60.8786 0  60.8786
s -RNP
b= .
8 = 15 0971377 69.7867 esiduO ”“:"\l’g 6 26 23.6888 35712  60.9186 0  60.9186
- 16 0.971377 70.0467 Res'd”c’”“:"\l’f) 6 26 234961 354215 603229 0 603229
[0} = -
w =1
- 0] .
R
& & 17 0971377 69.5983 es'd”c’”“:"\l"; 6 26 230936 34.8148  59.0791 0 59.0791
g )
% — .
= 8 18 0.971377 68.4031 Res'd"o”“:;\l’i 6 26 22.4766 33.8846  57.1719 0  57.1719
ol .
o €
S E .
S8 19 0971377 66416 TesiduOnUEVO 6 26 216392 326222  54.5835 0 545835
! -RNP
T9 20 0971377 635842 |esiduonuevo 6 26 205744  31.017  51.2924 0  51.2924
2/10 - RNP
2025 ;
21 0.971377 59.8452 Res'd”‘)””:,‘\l’?) 6 26 19.2743 29.0569  47.2737 0 47.2737
22 0971377 54.0082 "esiduo ””:;2 6 26 17.4581 26319  41.6602 0  41.6602
g 23 0971377 409317 residuo ”“:;‘; 6 26 13.7455 20.722  30.1846 0  30.1846
3 .
o
w .
g 24 0971377 254915 hesiduo ”“:"\l’g 6 26 9.55592  14.406 17.235 0 17.235
Q£ )
3 & 25 0971377 873017 hesiduonuevo 6 26 51728 779826  3.68697 0  3.68697
8 % -RNP
Q¢
S ¢
3 %’.’,G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.50579
)
8 38 . . . Base Bfas.e Shear Shear EEE Pore it
< x| | Slice Width  Weight Base . Friction Normal Normal
S 2| Gumb (m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
S g umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
7N [degrees] [kPa] [kPa]
x
Ne” i
1 0.971377 4.19488 Res'd”‘)””:,‘\l’?) 6 26 5.48319 825653  4.62657 0  4.62657
2 0.971377 12.3324 Res'd”‘)””:;i 6 26 842024 126791  13.6943 0  13.6943
3 0971377 199647 tesiduo ”“:;‘; 6 26 11.2268 16.9052 22.359 0 22.359
4 0971377 27.0805 tesiduo ”“:"\l’g 6 26 13.84 20.8401  30.4267 0 304267
5 0.971377 33.7033 Res'd”c’”“:"\l’f) 6 26 16.2013 243958  37.7169 0  37.7169
Residuo nuevo
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? SLIDEINTERPRET 6.005
[N

b LN

-RNP
7 0971377 453761 ~esiduo ”“:"\l’f) 26 19.9907 30.1018  49.4159 49.4159
8 0971377 50.4206 ~esiduo ”“:l‘\l"; 26 213688 32.177  53.6707 53.6707
9 0971377 54.9245 ~esiduo ”“:l‘\l’;’ 26 22.3978 33.7264  56.8475 56.8475
10 0971377 58.8763 esiduo ”“:;c; 26 23.0937 347743  58.996 58.996
11 0971377 622622 hesiduo ””:,‘\l’?) 26 23.4848 353632  60.2036 60.2036
12 0971377 65.0662 esidu0 ””:;2 26 23.6075 35548  60.5824 60.5824
13 0971377 67.2608 ~esiduo ”“:;‘; 26 23.5018 353888  60.2559 60.2559
1)
o
8 .
3 14 0971377 68.8515 ~esiduo ”“:;‘; 26 23.2068 34.9446  59.3453 59.3453
5 ¢ Resid
w ©
5 =2 15 0.971377 69.7867 o oU° ”“:"\l’g 26 22.7578 342684  57.9588 57.9588
< c -
z @ Residuo nuevo
- 16 0.971377 70.0467 i 26 22.1829 33.4028  56.1842 56.1842
[0} = -
w =1
- 0] .
R
& & 17 0.971377 69.5983 es'd”c’”“:"\l"; 26 215026 323784  54.0837 54.0837
g )
% — .
= S 18 0971377 €8.4031 |esiduonuevo 26 207283 312124  51.6931 51.6931
5% -RNP
S E .
S| 19 0971377 66416 Res”“”“:;‘; 26 19.8629 29.9093  49.0213 49.0213
2% _
T9 20 0971377 635842 |esiduonuevo 26 18.9007 28.4605  46.0508 46.0508
2/10 - RNP
2025 ;
21 0971377 59.8452 ‘esiduo ””:,‘\l’?) 26 17.8275 26.8444  42.7374 42.7374
22 0971377 54.0082 "esiduo ””:;2 26 163646 24.6416  38.2209 38.2209
g 23 0971377 409317 residuo ”“:;‘; 26 13.1544 19.8077  28.3099 28.3099
3 .
o
w .
g 24 0971377 254915 hesiduo ”“:"\l’g 26 9.38597 14.1333  16.6757 16.6757
5 .
& % Residuo nuevo
S g 25 0.971377 8.73017 26 519351 7.82033  3.73223 3.73223
S = -RNP
o ¢
O o
8 2
3 g
]’ )
o slfst Of Coordinates
la) Qo
< s
B 3
> g"xternal Boundary
Ne”
X Y
37.2474 -40.1261
29319 -47.1261
0.0229799 -48.0048
0.0229799 -84.0734
141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
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141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322
441622 -40.1261

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=]
o
©
I
N
N
°
=
S
O

Habilitacion
Profesional

2/10

X Y
441622 -40.1261
44.8402 -40.1261
51.1794 -47.0484
117.489 -50.1158
141.368 -43.0339

Material Boundary

X Y
44,1622 -40.1261
50.9595 -47.5486

Material Boundary

X Y
117.55 -50.6192
141.368 -43.5554

2025Mlaterial Boundary

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

4

X Y
29.319 -47.1261
47.8527 -49.9675
50.9595 -47.5486
117.55 -50.6192
141.368 -56.1261

? SLIDEINTERPRET 6.005
[N

b LN
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Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

3.1.2. ROTURA CONTACTO VERTEDERO-TERRENO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Circular - vertedero y terreno
Slide Modeler Version: 6.005

D

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil C-C’

General Settings

hits of Measurement: Metric Units
me Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
2 =2omvHdcC

Col. n° 2226 Guillermo Bernal Martinez

S

nalysis Options

halysis Methods Used

Habilitacion
Pratesional

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

2/10
2025

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

teffensen Iteration: Yes

w3 o4z

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

)

>

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

-

<)

Ve

o

dJeudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

10

Surface Options

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

? SLIDEINTERPRET 6.005
ols, Page 1 of 6

b LN






Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Habilitacion
Profesional

2/10

Left Slip Surface Endpoint: 29.319, -47.126
Right Slip Surface Endpoint: 74.043, -29.532
Resisting Moment=248774 kN-m

Driving Moment=124754 kN-m

2025Method: gle/morgenstern-price

L~

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

Ve

FS:2.025830

Center: 15.925,52.562

Radius: 100.584

Left Slip Surface Endpoint: 29.319, -47.126
Right Slip Surface Endpoint: 74.043, -29.532
Resisting Moment=252730 kN-m

Driving Moment=124754 kN-m

Resisting Horizontal Force=2365.87 kN
Driving Horizontal Force=1167.85 kN

alid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 4934
Number of Invalid Surfaces: 13557

Error Codes:

Error Code -101 reported for 64 surfaces
Error Code -103 reported for 1223 surfaces
Error Code -106 reported for 1 surface
Error Code -107 reported for 51 surfaces
Error Code -108 reported for 14 surfaces
Error Code -109 reported for 5 surfaces
Error Code -112 reported for 265 surfaces
Error Code -118 reported for 318 surfaces

? SLIDEINTERPRET 6.005
[N

b LN

Material Properties
Property Residuo antiguo Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
Color ] [ ] [ ] L] ]
Strength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 16 5 18 20 26
“. [ohesion [kPa] 14 5 5 15 50
riction Angle [deg] 20 26 26 40 45
(Vater Surface None None None None None
8 u Value 0 0 0 0 0
9
o) N
o 2
o £
& 2Q@lobal Minimums
2 0B
5 5
T o
° g
§ £ Method: bishop simplified
40
8 g FS: 1.994120
i iy Center: 15.925, 52.562
2 8 Radius: 100.584
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Error Code -1000 reported for 11616 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 4836
Number of Invalid Surfaces: 13655

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10

2025

Error Code -101 reported for 64 surfaces
Error Code -103 reported for 1223 surfaces
Error Code -106 reported for 1 surface

Error Code -107 reported for 51 surfaces
Error Code -108 reported for 79 surfaces
Error Code -109 reported for 5 surfaces

Error Code -111 reported for 1 surface

Error Code -112 reported for 297 surfaces
Error Code -118 reported for 318 surfaces
Error Code -1000 reported for 11616 surfaces

Error Codes

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.

-103 =Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a
benched slope model with two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
avoid numerical errors which may result from too many slices, or too small a slip region.

-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
high external or anchor loads are applied against the failure direction.

-108 =Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
the driving force is very small (0.1 is an arbitrary number).

-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of
slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil
region,even though the slip surface is wholly within the soil region.

-111 = safety factor equation did not converge

3 -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
a calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
g seated slip surfaces with many high negative base angle slices in the passive zone.
'é -118 = Surface does not pass through the search focus
XL -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
S
o
s L
& ¢
o §Slice Data
o 8
o @
9
o 9
<D( f Global Minimum Query (bishop simplified) - Safety Factor: 1.99412
[
0 = o
S 3 . . ] Base I?as.e Shear Shear Base Pore i
Slice Width  Weight Base K Friction Normal Normal
AT i Cohesion Stress  Strength Pressure
% Number [m] [kN] Material Angle Stress Stress
NS> [kPa] [kPa] [kPa] [kPa]
7 [degrees] [kPa] [kPa]
1 1.75937 22.8915 Dique 15 40 12.2582 24.4443 11.2552 0 11.2552
2 1.75937 68.1142 Dique 15 40 22.2991 44.467 35.1173 0 35.1173
3 1.75937 112.211 Dique 15 40 31.9455 63.7031 58.0421 0 58.0421
4 1.75937 155.172 Dique 15 40 41.2015 82.1608 80.0391 0 80.0391
5 1.75937 190.326 Dique 15 40 48.6111 96.9364 97.6478 0 97.6478
6 1.75937 183.329 Dique 15 40 46.7378 93.2008 93.1961 0 93.1961
7 1.75937 168.149 Dique 15 40 43.1195 85.9855 84.5974 0 84.5974
8 1.75937 151.778 Dique 15 40 39.2941 78.3572 75.5063 0 75.5063
9 1.75937 131.257 Dique 15 40 34.6367 69.0697 64.4375 0 64.4375
? SLIDEINTERPRET 6.005
LR Page 3 of 6
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? SLIDEINTERPRET 6.005
[N

b LN

10 1.75937 120.797 Dique 15 40 32.1697 64.1502  58.5751 0 585751
11 0521797 38.992 Impermeabilizacion 5 26 19.247 383808  68.4407 68.4407
12 100058 157.815  hesiduo ”“e};’:; 5 26 21.0615 41.9992  75.8597 0 758597
13 100058 167313  hesiduo ”UE;EF; 5 26 22.0776 44.0254  80.0141 0  80.0141
14 100058 17533  hesiduo ”“e;'c\’”; 5 26 22.9068 45679  83.4043 0 83.4043
15 190058 181833  hesiduo ””e;;}; 5 26 23.5475 46.9566  86.0237 0  86.0237
16 190058 186784  ‘esiduo nue&’;é 5 26 23.9978 47.8545  87.8645 0  87.8645
17 100058 190142  Residuo ”“e};’:; 5 26 242555 483683  88.9181 0 889181
., 18  1.90058 191.862 Res'd“"”“e};’:; 5 26 24318 484931  89.1742 0 89.1742
o
Q
(] i -
R 19 190058 191.896  residuo ”UE;EP 5 26 24.1827 482232  88.6207 0 886207
o 3B
u;’j E Residuo nuevo -
S 3 20 1.90058 190.189 e 5 26 23.8464 47.5526  87.2461 0 87.2461
; @ Resid
o -
- 21 1.90058 182.028 esiduo nue;:lp 5 26 22.7797 45.4254  82.8843 0  82.8843
O] =
w =1
= (0] .
o -
c g 22 190058 147.743  "esidue e 5 26 187861 37.4617  66.5565 0  66.5565
o °
= <
2] _ .
2 38 23 190058 10803  Residuo ”“e};’:; 5 26 142325 283813  47.9387 0  47.9387
S8 .
88| 24 190058 662089  Residwe e 5 26 951071 18.9655  28.6336 0 286336
& |
Td| 25 190058 224580 ~ tesiduonuevo- 5 26 4.61795 9.20875 8.6292 0 8.6292
RNP
2/10
2025
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 2.02583
. 5 X Base I?as.e Shear Shear Base Pore Bl e
Slice Width  Weight Base . Friction Normal Normal
Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
_ [kPa] [kPa] [kPa] [kPa]
3 [degrees] [kPa] [kPa]
8 1 175937 22.8915 Dique 15 40 12.2861 24.8897 11.786 0 11.786
w
g 2 175937 68.1142 Dique 15 40  22.83 462498  37.2421 0 37.2421
(]
o & 3 175937 112.211 Dique 15 40 332481  67.355  62.3944 0 623944
g 4 175937 155.172 Dique 15 40 43.4191 87.9597  86.9498 0  86.9498
S
L3 5 1.75937 190.326 Dique 15 40 51714 104764  106.976 0 106976
o
N 6 175937 183.329 Dique 15 40 50.3135 101.927  103.595 0  103.595
8 5
Sl 7 1.75937 168.149 Dique 15 40  46.85 949102  95.2332 0 952332
o
g : 8 1.75937 151.778 Dique 15 40 42.9283 86.9655  85.7652 0  85.7652
©
Q3 9 1.75937 131.257 Dique 15 40 37.9519 76.8841  73.7509 0 73.7509
>
N 10 175937 120.797 Dique 15 40 350678 71.0415  66.7874 0 667874
RS 11 0521797 38.992 Impermeabilizacion 5 26 19359 392181  70.1575 0 701575
12 100058 157.815  hesiduo ”“e};’:; 5 26 20.8033 42.1439  76.1565 0  76.1565
13 1.90058 167.313 Res'd“"”“e};’:; 5 26 21318 43.1867  78.2943 0 782943
14 100058 17533  Residuo ”UE;EF; 5 26 21675 43.9099 79.777 0 79.777
15 190058 181833  hesiduo ””e;;}; 5 26 21.8986 443629  80.7058 0  80.7058
16 190058 186784  ‘esiduo nue&’;é 5 26 22.0102 445889  81.1692 0 81.1692
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17 1.90058 190.142

18 1.90058 191.862

19 1.90058 191.896

20 1.90058 190.189

21 1.90058 182.028

22 1.90058 147.743

23 1.90058 108.03

24 1.90058 66.2989

25 1.90058 22.4589

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

26

26

26

26

26

26

26

26

26

22.027

21.9619

21.823

21.613

20.8399

17.4136

13.428

9.16879

4.54838

44.6229

44.4911

44.2096

43.7842

42.2181

35.277

27.2029

18.5744

9.21424

81.2391

80.9687

80.3914

79.5193

76.3084

62.0771

45.5224

27.8316

8.64046

81.2391

80.9687

80.3914

79.5193

76.3084

62.0771

45.5224

27.8316

8.64046

L

st Of Coordinates

Focus Search Line

X Y
€= 29.319 -47.1261
© g8
89S 51.1794 -47.0484
L3
39

- External Bound

kternal Boundar
2/10 v
2025

X

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Y

37.2474 -40.1261
29.319 -47.1261
0.0229799 -48.0048
0.0229799 -84.0734
141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322
44,1622 -40.1261

~ faterial Boundary

X

I
? SLIDEINTERPRET 6.005
[N

44.1622
44.8402
51.1794
117.489
141.368

Y
-40.1261
-40.1261
-47.0484
-50.1158
-43.0339

Material Boundary

b LN
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X Y
44.1622 -40.1261
50.9595 -47.5486

Material Boundary

X Y
117.55 -50.6192
141.368 -43.5554

iy 1aterial Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

X Y
29.319 -47.1261
47.8527 -49.9675
50.9595 -47.5486
117.55 -50.6192
141.368 -56.1261

? SLIDEINTERPRET 6.005
[N

b LN
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Habilitacion
Profesional

2/10
2025

3.1.3. ESTABILIDAD CONJUNTA DEL VERTEDERO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Circular - global

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil C-C*

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
ols, Page 1 of 6
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Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Residuo antiguo Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
[ m E = O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 16 5 18 20 26
8 Cohesion [kPa] 14 5 5 15 50
o
~§ x| Friction Angle [deg] 20 26 26 40 45
uz § Water Surface None None None None None
2 Z| RuVvalue 0 0 0 0 0
e Q]
o o
£
a SGlobal Minimums
AN
& =
2 8 . . .
= - _Method: bishop simplified
Nl
S8|  Fsi1.525640
E Q Center: 40.049, 9.864
S
S5 Radius: 49.907
2/10 Left Slip Surface Endpoint: 44.779, -39.819
2025 Right Slip Surface Endpoint: 70.686, -29.532

Resisting Moment=33312.6 kN-m
Driving Moment=21835.2 kN-m

Method: gle/morgenstern-price

FS:1.522530

Center: 40.049, 9.864

Radius: 49.907

Left Slip Surface Endpoint: 44.779, -39.819
Right Slip Surface Endpoint: 70.686, -29.532
Resisting Moment=33244.8 kN-m

Driving Moment=21835.2 kN-m

Resisting Horizontal Force=612.621 kN
Driving Horizontal Force=402.37 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

falid / Invalid Surfaces

-

<)

Ve

=

lethod: bishop simplified

Number of Valid Surfaces: 5819
Number of Invalid Surfaces: 12672

Error Codes:

Error Code -103 reported for 2663 surfaces
Error Code -106 reported for 29 surfaces
Error Code -107 reported for 4088 surfaces
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Error Code -108 reported for 329 surfaces
Error Code -112 reported for 514 surfaces
Error Code -1000 reported for 5049 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 5734
Number of Invalid Surfaces: 12757

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

Habilitacion
Profesional

2/10

2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

s

~)

Ve

Error Code -103 reported for 2663 surfaces
Error Code -106 reported for 29 surfaces
Error Code -107 reported for 4088 surfaces
Error Code -108 reported for 400 surfaces
Error Code -112 reported for 528 surfaces
Error Code -1000 reported for 5049 surfaces

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
occur on a benched slope model with two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,

deep seated slip surfaces with many high negative base angle slices in the passive zone.
-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

Slice Data
GJobal Minimum Query (bishop simplified) - Safety Factor: 1.52564
. . . Base B'oas.e Shear Shear — Pore i
Slice Width Weight Base X Friction Normal Normal
umb (m] [kN] Material Cohesion ] Stress  Strength o Pressure o
umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 103628 3.793g9 ~esiduo ”“:lll"; 5 26 430271 6.56438  3.20746 0  3.0746
2 103628 111769 "esidue ““:;‘P’ 5 26 6.46386 9.86153 9.9676 0 9.9676
3 103628 181486 "eudue ““:;‘P’ 5 26 847557 12.9307  16.2603 0  16.2603
4 1.03628 247056 residuo n“Relll’;’ 5 26 103393  15.774 22.09 0 22.09
5 103628 308436 "enduo n“Relll"; 5 26 12.0562 18.3934  27.4605 0  27.4605
6 103628 365577 ~emduo n“;’:l"; 5 26 13.6272 207902  32.3748 0 323748
7 1.03628 418425 tesiduo ”“:’:l"; 5 26 15.0532 22.9657  36.8352 0  36.8352
? SLIDEINTERPRET 6.005
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? SLIDEINTERPRET 6.005
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b LN

8 103628 46.6918 ~euduo n“Relll"; 5 26 16.3346 24.9207  40.8435 0  40.8435
9 103628 51.0085 ~euduo n“;’:l’g 5 26 17.4717 26.6556  44.4007 0  44.4007
10 1.03628 55.055 Res'd”(’”“:’:l"; 5 26 18.4648 28.1706  47.5069 0  47.5069
11 1.03628 585524 tesiduo ”“:;‘; 5 26 19.3136 29.4656  50.1619 0  50.1619
12 1.03628 615813 ~esiduo ”“:;g 5 26 20.0178 30.5399  52.3645 0 523645
13 1.03628 64.1308 ~esiduo ”“:;g 5 26 20.5767 31.3927 54.113 0 54.113
14 103628 661892 ~eudue ““:;‘P’ 5 26 20.9898 32.0229  55.4051 0  55.4051
g 15 1.03628 67.7435 eo0U0 ““:;‘P’ 5 26 21.2559 324288  56.2375 0  56.2375
g .
(]
y B 16 1.03628 687791 hesiduonuevo 5 26 21.3738 32.6087  56.6061 0  56.6061
5 3 -RNP
- E .
g 5 17 103628 69.2802 hesiduo n“Relll"; 5 26 21.3419 32.5601  56.5066 0  56.5066
[T -
o o
o § Residuo nuevo
g = 18 1.03628 69.2289 5 26 21.1586 32.2804  55.9332 0 559332
g ¢ -RNP
W N H
£z 19 103628 68.6056 oOu i 5 26 20.8218 317666  54.8795 0 548795
=} ° -
3 S
5®| 20 103628 67.3575 Residuonuevo 5 26 20321 31.0026  53.3132 0 533132
S5 -RNP
=0 .
= O
36| 21 103628 509647 TeSidUONUEVO 5 26 18.2342 27.8188  46.7854 0 467854
sp -RNP
2/10 22 103628 47.8514 Residuonuevo 5 26 14.9689 22.8371  36.5715 0 365715
2025 -RNP
fesi
23 1.03628 350628 Nesiduo ”“:lll"; 5 26 11.5855 17.6753  25.9882 0 259882
24 103628 21564 Residuo "“:;;’ 5 26 8.08257 12.3311 15.031 0 15.031
_ .
o
£ .
2 25 1.03628 7.31627 hesiduo "“:lll’;’ 5 26 4.45878 6.80249  3.69565 0  3.69565
£
@
§ %G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.52253
o .
Sz
9 @ . . . Base I?as.e Shear Shear pass Pore i
o 5| | Slice Width Weight Base . Friction Normal Normal
I i Cohesion Stress  Strength Pressure
® &| Number [m] [kN] Material Angle Stress Stress
o @ [kPa] [kPa] [kPa] [kPa]
b— e [degrees] [kPa] [kPa]
o
la) Qo .
< 5 1 103628 3.79389 hesiduo ”“:;‘; 5 26 437619 666288  3.40941 0 3.40941
S g i
N 2 103628 111769 TeSduO ”“:;g 5 26 671158 10.2186  10.6997 0 10.6997
N -
fesi
3 1.03628 18.1486 es””““:;‘; 5 26 89325 136  17.6326 0  17.6326
4 1.03628 247056 residuo "“:;;’ 5 26 11.0085 16.7608  24.1133 0 241133
5 1.03628 30.8436 "endue ““Re;g 5 26 12.9117 19.6584  30.0542 0 300542
6 103628 365577 ~emduo n“Relll"; 5 26 14.6188 22.2575  35.3831 0 353831
7 103628 41.8425 ~esiduo n“Relll"; 5 26 16.1132 24.5328  40.0482 0 40.0482
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8 1.03628 46.6918

9 1.03628 51.0985

10 1.03628 55.055

11 1.03628 58.5524

12 1.03628 61.5813

13 1.03628 64.1308

14 1.03628 66.1892

15 1.03628 67.7435

16 1.03628 68.7791

17 1.03628 69.2802

18 1.03628 69.2289

19 1.03628 68.6056

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

S 20 1.03628 67.3575
86
=P
2% 21 1.03628 59.9642
Ia

22(/)12% 22 1.03628 47.8514

23 1.03628 35.0628

24 1.03628 21.564

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

17.386

18.4362

19.27

19.8996

20.3423

20.6173

20.7455

20.7467

20.6383

20.4355

20.1488

19.7854

19.3398

17.455

14.4742

11.355

8.04651

4.49025

26.4707

28.0697

29.3391

30.2978

30.9717

31.3905

31.5857

31.5874

31.4225

31.1136

30.6772

30.1238

29.4455

26.5758

22.0374

17.2883

12.251

6.83654

44.0215

47.2998

49.9025

51.8682

53.2498

54.1086

54.5087

54.5121

54.1742

53.5408

52.646

51.5114

50.1207

44.2371

34.9319

25.1947

14.8668

3.76545

44.0215

47.2998

49.9025

51.8682

53.2498

54.1086

54.5087

54.5121

54.1742

53.5408

52.646

51.5114

50.1207

44.2371

34.9319

25.1947

14.8668

3.76545

@
@
o
2 25 1.03628 7.31627
=
E
©
o &
8 2
g Llyst Of Coordinates
o o
S
3 s
~. < External Boundary
o ¢
oA =<
< 5 X Y
9 =
> S 37.2474 -40.1261
6% 29319 -47.1261

0.0229799 -48.0048
0.0229799 -84.0734

141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322

? SLIDEINTERPRET 6.005
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441622 -40.1261

Material Boundary

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profegfonal

2/10
2025

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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4 A~

X Y
44.1622 -40.1261
44.8402 -40.1261
51.1794 -47.0484
117.489 -50.1158
141.368 -43.0339

“Material Boundary

X Y
44.1622 -40.1261
50.9595 -47.5486

Material Boundary

X Y
117.55 -50.6192
141.368 -43.5554

laterial Boundary

X Y
29.319 -47.1261
47.8527 -49.9675
50.9595 -47.5486
117.55 -50.6192
141.368 -56.1261

? SLIDEINTERPRET 6.005
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Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

3.1.4. ROTURA POLIGONAL

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Poligonal
Slide Modeler Version: 6.005

D

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil C-C’

General Settings

hits of Measurement: Metric Units
me Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
2 =2omvHdcC

Col. n° 2226 Guillermo Bernal Martinez

S

nalysis Options

halysis Methods Used

Habilitacion
Pratesional

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

2/10
2025

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

teffensen Iteration: Yes

w3 o4z

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

)

>

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

-

<)

Ve

o

dJeudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

10

Surface Options

Search Method: Auto Refine Search
Divisions along slope: 10

Circles per division: 10

Number of iterations: 10

? SLIDEINTERPRET 6.005
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Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Color I:I

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

= trength Type Mohr-Coulomb

Mohr-Coulomb

Property Residuo antiguo Impermeabilizacion Residuo nuevo - RNP

Mohr-Coulomb

Dique

Mohr-Coulomb

Sustrato rocoso

]

Mohr-Coulomb

Method: bishop simplified

FS:1.529800
Axis Location: 45.134, -11.697

Col. n° 2226 Guillermo Bernal Martinez

Left Slip Surface Endpoint: 44.161, -40.126

C —
o ©
'§ 5 Right Slip Surface Endpoint: 67.294, -29.532
20 Resisting Moment=25487.9 kN-m
2% Driving Moment=16660.9 kN-m
Ta
2/10

2025Method: gle/morgenstern-price

FS:1.534930
Axis Location: 45.184, -11.595

Resisting Moment=23449.1 kN-m
Driving Moment=15277 kN-m
Resisting Horizontal Force=719.115 kN
Driving Horizontal Force=468.501 kN

<

alid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 2316
Number of Invalid Surfaces: 2186

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

Error Codes:

Left Slip Surface Endpoint: 44.161, -40.126
Right Slip Surface Endpoint: 67.395, -29.532

Error Code -105 reported for 464 surfaces
Error Code -106 reported for 466 surfaces
Error Code -107 reported for 161 surfaces
Error Code -108 reported for 1068 surfaces
Error Code -1000 reported for 27 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2259

? SLIDEINTERPRET 6.005
[N

b LN

i Unit Weight [kN/m3] 16 5 18 20 26
| Cohesion [kPa] 14 5 5 15 50
riction Angle [deg] 20 26 26 40 45
(Vater Surface None None None None None
u Value 0 0 0 0 0
Global Minimums
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Number of Invalid Surfaces: 2243

Error Codes:

Error Code -105 reported for 464 surfaces
Error Code -106 reported for 466 surfaces
Error Code -107 reported for 161 surfaces
Error Code -108 reported for 1114 surfaces
Error Code -111 reported for 11 surfaces
Error Code -1000 reported for 27 surfaces

Error Codes

b LN

The following errors were encountered during the computation:
-105 = More than two surface / slope intersections with no valid slip surface.
" -106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
§ avoid numerical errors which may result from too many slices, or too small a slip region.
3 ~ -107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
§ % high external or anchor loads are applied against the failure direction.
e % -108 =Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
g S the driving force is very small (0.1 is an arbitrary number).
o o
) 2 -111 = safety factor equation did not converge
8 3 -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
w =1
5 g
A
v =Slice Data
=) o
o o
ST
8 S obal Minimum Query (bishop simplified) - Safety Factor: 1.5298
= ;
2Bl .. . . Base I?as.e Shear Shear Base Pore A5 0
T d | Slice Width  Weight Base . Friction Normal Normal
umber [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
2/10 [kPa] . [kPa]  [kPa] [kPa]
2025 [degrees] [kPa] [kPa]
1 1.05916 8.8386 Impermeabilizacion 5 26 8.68067 13.2797 16.9759 0 16.9759
2 0.623528 17.5049 Impermeabilizacién 5 26 14.2407 21.7854 34.4152 0 34.4152
3 0.209842 8.05946 Impermeabilizacién 5 26 15.3879 23.5404 38.0134 0 38.0134
3 4 0751021 330597 ~ "esiduo e 8 26 19.1079 292312  43.5305 0  43.5305
o
O
o .
: 5 0751021 37.8589  esiduo ”“e};’:; 8 26 21.1287 323227  49.8689 0  49.8689
? : Resid
S 3 6 0.846298 47.4728 oo ouonueve” 8 26 219157 335266  52.3374 0 523374
Sz RNP
ﬁ 8 Residuo nuevo -
8 15 7 0.846298 51.6868 RNP 8 26 23.4209 35.8293 57.0585 0 57.0585
o 8
e 3 Residuo nuevo -
b' = 8 0.846298 55.9007 RNP 8 26 24.9261 38.132 61.7797 0 61.7797
la) L
5 5 Residuo nuevo -
S § 9 0.986148 69.3263 RNP 8 26 25.2272 38.5925 62.7239 0 62.7239
RaE 10 0986148 727921  Residue e 8 26 26.2497 40.1568  65.9313 0 659313
11 0986148 762579  hesiduo ”“e};’:; 8 26 27.2723 417212 69.1387 0  69.1387
12 147882 118500  Residuo ”UE;EF; 8 26 27.1496 415334  68.7537 0 687537
13 147882 121619  Residuo ””e;;}; 8 26 27.7409 42438  70.6084 0  70.6084
14 0958813 79.5341  residuo ””e;;}; 8 26 27.039 413642  68.4068 0 684068
15 0958813 788793  hesiduo nue&’;é 8 26 26.8531 41.0799  67.8239 0  67.8239
? SLIDEINTERPRET 6.005
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16 0958813 782245  hesiduo ”UE;EF; 8 26 26.6673 40.7956 67.241 0 67.241
17 0.848502 67.8239  hesiduo ”“e;'c\’”; 8 26 253091 387179  62.9811 0 629811
18 0.848502 65.6013  esiduo ””e;;}; 8 26 24621 37.6652  60.8227 0 608227
19 0848502 633787  ‘esiduo nue&’;é 8 26 23.9328 36.6124  58.6642 0 586642
20 0999238 703862  Residuo ”“e};’:; 8 26 21.9168 33.5283  52.3409 0 52.3409
21 0999238 645002  Residuo ”“e};’:; 8 26 20.4302 312541  47.6781 0 476781
22 125672 702523  Residuo ”UE;EF; 8 26 17.4686 26.7234  38.3886 0 383886
23 0.868565 38.6829  Hesiduo ””e;;}; 8 26 14.0183 21.4452  27.5666 0 27.5666
2]
o
Q i -
S 24 0868565 24.6578  |eoiduonuevo 8 26 103038 157627  15.9159 0 159159
g 3 RNP
w & Residuo nuevo -
= 25 0.868565 8.21927 e 8 26 595004 9.10237  2.26018 0 226018
S5 5
T o
O o
g EG obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.53493
w =
o o -
8 & . ) . Base I?as.e Shear Shear Base Pore ELEET
w q| | Slice Width  Weight Base . Friction Normal Normal
g o i Cohesion Stress  Strength Pressure
o Z| Number [m] [kN] Material Angle Stress Stress
=t o [kPa] [kPa] [kPa] [kPa]
2 © [degrees] [kPa] [kPa]
c 4=
S F 1 0.848478 5.15755 Impermeabilizacién 5 26 810457 12.4399  15.2542 0 152542
D
£4 2 0573368 12.2322 Impermeabilizacion 5 26 13.0308 20.0014  30.7574 0 307574
:’EE 3 0.219861 6.83915 Impermeabilizacion 5 26 14.2477 21.8692 34.587 0 34,587
2/10 4 107972 412351  esiduo ”“e};’:; 8 26 19.032 292128  43.4927 0 43.4927
2025
5 108779 49.8099  hesiduo ”UE;EF; 8 26 20.6296  31.665  48.5205 0 485205
6 108779 564362  esiduo ””e;;}; 8 26 22.9047 35.1571  55.6803 0 556803
z : )
5 7 0994515 563885  lesiduonuevo 8 26 23.1439 355243  56.4331 0  56.4331
: RNP
E 8 0994515 59914  lesiduonuevo- 8 26 24181 37.1162 59.697 0 59.697
w E RNP
S § Residuo nuevo -
S & 9 0.994515 63.4395 8 26 251587 38.6168  62.7738 0 627738
2 4 RNP
o § i -
N 10 0898404 597021  hesdue e 8 26 244422 37517 605188 0 605188
8 5
)
Q 8 11 0898404 613045  nesiduonuevo- 8 26 247205 37.9443 613949 0 61.3949
2 - RNP
> s 12 0898404 629068  esiduonuevo- 8 26 249832 383474 622215 0 622215
N RN
x
VON i -
13 0898404 645001  ‘esiduo nue&’;P 8 26 252341 387326  63.0111 0 630111
14 108761 793308  hesiduo ””e&’;é 8 26 24.0082 36.8509  59.1532 0  59.1532
15 108761 79.8807  hesiduo ”“e};’:; 8 26 23.8919 36.6724  58.7871 0 587871
16 108761 804396  hesiduo ”UE;EF; 8 26 23.8162 365562  58.5489 0 585489
17 0874399 643466  Residuo ””e;;}; 8 26 22.2973 342248  53.7688 0  53.7688
Residuo nuevo -
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19

20

21

22

23

24

25

0.874399 62.1668

1.00481 68.7399

1.00481 64.5952

1.465 82.5646

0.799685 35.3805

0.799685 21.716

0.799685 7.23865

RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

Residuo nuevo -
RNP

26

26

26

26

26

26

26

21.7042

19.8234

19.1287

16.4236

13.0291

9.7241

5.8226

33.3144

30.4275

29.3612

25.209

19.9988

14.9258

8.93728

51.9023

45.9832

43.7969

35.2836

24.6012

14.2

1.9217

51.9023

45.9832

43.7969

35.2836

24.6012

14.2

1.9217

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
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Habilitacion
Profesional

~

st Of Coordinates

External Boundary

2/10
2025
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Ve

X Y
37.2474 -40.1261
29.319 -47.1261

0.0229799 -48.0048
0.0229799 -84.0734

141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322
44,1622 -40.1261

Material Boundary

44.1622 -40.1261
44.8402 -40.1261
51.1794 -47.0484
117.489 -50.1158
141.368 -43.0339

X Y

i faterial Boundary

44.1622 -40.1261
50.9595 -47.5486

X Y

Material Boundary

X Y
117.55 -50.6192

141.368 -43.5554
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Material Boundary
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Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

<)

X
29.319
47.8527
50.9595
117.55
141.368

Y
-47.1261
-49.9675
-47.5486
-50.6192
-56.1261
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3.2. SITUACION ACCIDENTAL TIPO 1

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7
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3.2.1. ROTURA POR LA MASA DE RESIDUO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 - Circular - Residuo

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil C-C*

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
ols, Page 1 of 6
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Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Residuo antiguo Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
[ m E = O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 16 5 18 20 26
8 Cohesion [kPa] 14 5 5 15 50
o
~§ x| Friction Angle [deg] 20 26 26 40 45
uz § Water Surface None None Water Table None None
2 E| HuVvalue 1
e Q]
o] 2| Ru Value 0 0 0 0
° 5
5 <
5 ¢
© g . .
¢ SGlobal Minimums
2 3

c—
7§ $Method: bishop simplified
=20
55 FS: 1.558310
Ia Center: 44.873, -7.216
2/10 Radius: 31.028
2025 Left Slip Surface Endpoint: 48.326, -38.051

Right Slip Surface Endpoint: 66.431, -29.532
Resisting Moment=9789.22 kN-m
Driving Moment=6281.95 kN-m

Method: gle/morgenstern-price

FS: 1.556610

Center: 44.873, -7.216

Radius: 31.028

Left Slip Surface Endpoint: 48.326, -38.051
Right Slip Surface Endpoint: 66.431, -29.532
Resisting Moment=9778.58 kN-m

Driving Moment=6281.95 kN-m

Resisting Horizontal Force=282.071 kN
Driving Horizontal Force=181.208 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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Ve

falid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 860
Number of Invalid Surfaces: 3991

Error Codes:

Error Code -103 reported for 377 surfaces

? SLIDEINTERPRET 6.005
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Error Code -106 reported for 2 surfaces
Error Code -107 reported for 1087 surfaces
Error Code -108 reported for 44 surfaces
Error Code -110 reported for 407 surfaces
Error Code -112 reported for 52 surfaces
Error Code -113 reported for 42 surfaces
Error Code -1000 reported for 1980 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 841
Number of Invalid Surfaces: 4010
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Error Codes:

Error Code -103 reported for 377 surfaces
Error Code -106 reported for 2 surfaces
Error Code -107 reported for 1087 surfaces
Error Code -108 reported for 62 surfaces
Error Code -110 reported for 407 surfaces
Error Code -112 reported for 53 surfaces
Error Code -113 reported for 42 surfaces
Error Code -1000 reported for 1980 surfaces

Error Codes

The following errors were encountered during the computation:

-103 =Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also

2/10
2025

occur on a benched slope model with two sets of Slope Limits.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is

imposed to avoid numerical errors which may result from too many slices, or too small a slip region.

-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

@
% -110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
g specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)
5 span the appropriate soil cells.
® g -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
é' E calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
9 § deep seated slip surfaces with many high negative base angle slices in the passive zone.
I % -113 =Surface intersects outside slope limits.
8 % -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
o 2
2.
@ cSlice Data
> >
AL X \

iJjobal Minimum Query (bishop simplified) - Safety Factor: 1.55831

Base Base Effective
. . . Base o Shear Shear Pore
Slice Width  Weight Base . Friction Normal Normal
Numb (m] [kN] Material Cohesion - Stress  Strength o Pressure o
umber m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 0724200 176742 hesiduo ”“:l‘\l"; 5 26 3.82425 5.95937 1.967 0 1.967
2 0724209 518902 hesidue ”“:l‘\;‘; 5 26 521018 8.11908  6.39507 0 639507
Residuo nuevo
? SLIDEINTERPRET 6.005
ols. Page 3 of 6
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? SLIDEINTERPRET 6.005
[N
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-RNP
4 0724209 11.3465 Res'd”c’”“:"\l’f) 5 26 7.64219 11.9089  14.1654 0  14.1654
5 0.724209 14.0767 Res'd”c’”“:;\l’c; 5 26 8.69002 13.5417  17.5131 0  17.5131
6 0.724209 16.5701 Res'd“”“:"\l’c; 5 26 9.62652 15.0011  20.5053 0 205053
7 0724209 18.8226 ~esiduo ”“:,‘\l’i 5 26 10.4521 16.2876 23.143 0 23.143
8 0.724209 20.8295 Res'd”‘)””:,‘\l’?) 5 26 11.1668 17.4013  25.4265 0 254265
9 0.724209 22.5859 Res'd”‘)””:;i 5 26 11.7706 183422  27.3556 0  27.3556
10 0.724209 24.0858 Res'd”"”“:;‘; 5 26 12.2632 19.1098  28.9293 0 289293
1)
o
8 .
3 11 0724209 253226 tesiduo ”“:;‘; 5 26 12.644 19.7033  30.1462 0  30.1462
5 ¢ Resid
w ©
5 =2 12 0.724209 262892 o “0”“:"\1’3 5 26 129124 201215  31.0037 0  31.0037
- 13 0.724209 26.9773 Res'd”c’”“:"\l’f) 5 26 13.0674 203631  31.4989 0 314989
[0} = -
w =1
- 0] .
8 g 14 0724209 27.3777 ResiduO i 5 26 131078 20426 316281 0 316281
o -
% — .
= 8 15 0.724209 27.4801 Res'd“”“:"\l"; 5 26 13.0322 203082  31.3865 0  31.3865
c -+ _
o ¢
S E .
S| 16 0724209 27.2729 Res'd“”“:,‘“"; 5 26 12.8388 20.0069  30.7687 0 307687
2% _
T9 17 0724200 26.7432 Residuonuevo 5 26 12.5258 19.5191  29.7686 0  29.7686
2/10 - RNP
2025 ;
18 0.724209 25.8763 Res'd”‘)””:,‘\l’?) 5 26 12.0907 18.8411  28.3785 0 283785
19 0.724209 24.6556 Res'd”‘)””:;i 5 26 11.5311 17.9691  26.5905 0  26.5905
g 20 0724209 230621 fesiduo ”“:;‘; 5 26 10.8439 16.8982 24.395 0 24.395
3 .
o
w .
g 21 0.724209 21.0743 Res'd”"”“:"\l’g 5 26 10.0259 156235  21.7814 0 217814
o & i
N3 Residuo nuevo
g & 22 0.724209 18.6674 i 5 26 9.07332 14139  18.7379 0  18.7379
o g B
Q¢ .
o
S 3 23 0724200 158126 eSO R 5 26 7.98197 124384 15251 0 15251
o 2 -
)
Q 8 24 0724209 121122 tesiduonuevo 5 26 6.62376 103219  10.9115 0 109115
2 d -RNP
0 5 .
> > 25 0724209 441618 hesiduonuevo 5 26 3.95866 6.16882  2.39644 0 239644
TN -RNP
%,
AN \‘,
G|obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.55661
. . . Base B'as.e Shear Shear Base Pore B
Slice Width  Weight Base . Friction Normal Normal
Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
u ! [kPa] g [kPa]  [KkPa] [kPa]
[degrees] [kPa] [kPa]
1 0724209 1.76742 Res'd”"”“:"\l’g 5 26 3.90026 6.07118  2.19625 0 219625
2 0.724209 5.18902 Res'd”c’”“:"\l’f) 5 26 5.45769 8.49549  7.16681 0  7.16681
Residuo nuevo
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-RNP
4 0724209 11.3465 Res'd”c’”“:"\l’f) 26 825593 12.8513  16.0975 16.0975
fesi
5 0724209 14.0767 ~esiduo ”“:l‘\l"; 26 9.44585 147035  19.8951 19.8951
6 0.724209 16.5701 Res'd"o”“:;\l’i 26 104705 16.2985  23.1654 23.1654
7 0724209 18.8226 ~esiduo ”“:,‘\l’i 26 11.3192 17.6196 25.874 25.874
8 0724200 20,8295 hesiduo ””:,‘\l’?) 26 11.9887 186618  28.0108 28.0108
9 0724200 22.5859 esiduo ””:;2 26 12483 19.4312  29.5883 29.5883
10 0724209 24.0858 ~esiduo ”“:;‘; 26 12.8121 19.9435  30.6387 30.6387
1)
o
8 .
3 11 0724209 253226 tesiduo ”“:;‘; 26 12.9905 202212  31.2082 31.2082
5 ¢ Resid
w ©
5 =2 12 0.724209 262892 oo 0° ”“:"\l’g 26 13.0352 202908  31.3509 31.3509
= g -
L_) [7)
L9 Residuo nuevo
- 13 0.724209 26.9773 i 26 12.9637 20.1795  31.1226 31.1226
[0} = -
w =1
- 0] .
& & 14 0.724209 27.3777 Res'd”"”“:;‘; 26 127924 19.9128 305758 305758
g )
2] _ .
2 8 15 0724209 27.4801 |esiduonuevo 26 12.5351 19.5122  29.7544 29.7544
5% -RNP
S E .
S| 16 0724209 27.2729 Residuo ”“:,‘\l’i 26 12.2022 189941  28.6921 28.6921
2% _
2;0“ 17 0724209 267432 Residuo ””:,‘\l’?) 26 11.8004 183686  27.4097 27.4097
2025 ;
18 0724209 258763 esiduo ””:,‘\l’?) 26 11.3322 17.6398  25.9155 25.9155
19 0.724209 24.6556 Res'd”‘)””:;i 26 10796 16.8051  24.2042 24.2042
g 20 0724209 23.0621 hesiduonuevo 26 10.1858 15.8553  22.2568 22.2568
@ RNP
3 .
o
w .
g 21 0724209 21.0743 Residuo ”“:"\l’g 26 9.49091 14.7736 20.039 20.039
© & )
N 3 Residuo nuevo
g & 22 0.724209 18.6674 i 26 869471 13.5343  17.4978 17.4978
n 8 -
Q¢ .
o
S 3 23 0724200 158126 eSO R 26 777323 12.0999  14.5569 14.5569
o 2 -
)
Q 8 24 0724209 121122 tesiduonuevo 26 657286 102314  10.7259 10.7259
2 -RNP
0 5 .
> > 25 0724209 4.41618 "esiduonuevo 26 3.99823 622369  2.50895 2.50895
TN -RNP
x,”“\‘,
tist Of Coordinates
Water Table
X Y
47.9542 -43.5265
74.666 -39.734
12247 -39.734
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141.368 -39.734

External Boundary
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Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

4 A~

X Y
37.2474 -40.1261
29.319 -47.1261
0.0229799 -48.0048
0.0229799 -84.0734
141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322
44.1622 -40.1261

Material Boundary

X Y
44,1622 -40.1261
44.8402 -40.1261
51.1794 -47.0484
117.489 -50.1158
141.368 -43.0339

Material Boundary

X Y
44.1622 -40.1261
50.9595 -47.5486

Material Boundary

X Y
117.55 -50.6192
141.368 -43.5554

Material Boundary

X Y
29.319 -47.1261
47.8527 -49.9675
50.9595 -47.5486
117.55 -50.6192
141.368 -56.1261
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3.2.2. ROTURA CONTACTO VERTEDERO-TERRENO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 - Circular - vertedero y terreno
Slide Modeler Version: 6.005

D

oject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
alysis: Perfil C-C’

General Settings

hits of Measurement: Metric Units
me Units: days

rmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
2 =2omvHdcC

Col. n° 2226 Guillermo Bernal Martinez

S

nalysis Options

halysis Methods Used

Habilitacion
Pratesional

Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine

2/10
2025

imber of slices: 25

lerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2: Yes

tial trial value of FS: 1

teffensen Iteration: Yes

w3 o4z

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
ivanced Groundwater Method: None

)

>

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

-

<)

Ve

o

dJeudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

10

Surface Options

Surface Type: Circular

Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

? SLIDEINTERPRET 6.005
ols, Page 1 of 6
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Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Color |:|

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Property Residuo antiguo Impermeabilizacion Residuo nuevo - RNP

Dique

Sustrato rocoso

]

Method: bishop simplified

FS:1.994120
Center: 15.925, 52.562

Col. n° 2226 Guillermo Bernal Martinez

ST Radius: 100.584
o IS Left Slip Surface Endpoint: 29.319, -47.126
= 8 Right Slip Surface Endpoint: 74.043, -29.532
L g Resisting Moment=248774 kN-m

5110 Driving Moment=124754 kN-m

2025

Method: gle/morgenstern-price

FS:2.025830
Center: 15.925, 52.562
Radius: 100.584

Resisting Moment=252730 kN-m
Driving Moment=124754 kN-m
Resisting Horizontal Force=2365.87 kN
Driving Horizontal Force=1167.85 kN

L~

alid / Invalid Surfaces

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Method: bishop simplified

-

~)

Number of Valid Surfaces: 4722
Number of Invalid Surfaces: 13769

Error Codes:

Left Slip Surface Endpoint: 29.319, -47.126
Right Slip Surface Endpoint: 74.043, -29.532

Error Code -101 reported for 64 surfaces
Error Code -103 reported for 1223 surfaces
Error Code -106 reported for 1 surface
Error Code -107 reported for 51 surfaces
Error Code -108 reported for 9 surfaces
Error Code -109 reported for 5 surfaces
Error Code -110 reported for 238 surfaces

? SLIDEINTERPRET 6.005
[N

b LN

Strength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 16 5 18 20 26
“. [ohesion [kPa] 14 5 5 15 50
riction Angle [deg] 20 26 26 40 45
(Vater Surface Water Table None Water Table None None
fHu Value 1 1
u Value 0 0 0
Global Minimums
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Error Code -112 reported for 244 surfaces
Error Code -118 reported for 318 surfaces
Error Code -1000 reported for 11616 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 4636
Number of Invalid Surfaces: 13855

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

Error Code -101 reported for 64 surfaces
Error Code -103 reported for 1223 surfaces

Error Code -106 reported for 1 surface

Error Code -107 reported for 51 surfaces
Error Code -108 reported for 63 surfaces
Error Code -109 reported for 5 surfaces
Error Code -110 reported for 238 surfaces

Error Code -111 reported for 1 surface

Error Code -112 reported for 275 surfaces
Error Code -118 reported for 318 surfaces
Error Code -1000 reported for 11616 surfaces

Error Codes

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.
-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between
them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a

benched slope model with two sets of Slope Limits.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
avoid numerical errors which may result from too many slices, or too small a slip region.
-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
high external or anchor loads are applied against the failure direction.
-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if
the driving force is very small (0.1 is an arbitrary number).
-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of

slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil

region,even though the slip surface is wholly within the soil region.

-110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is

specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span
the appropriate soil cells.
-111 = safety factor equation did not converge
-112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor

calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
seated slip surfaces with many high negative base angle slices in the passive zone.
-118 =Surface does not pass through the search focus

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

obal Minimum Query (bishop simplified) - Safety Factor: 1.99412

3
[14
o
O
i
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E
©
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N 2
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L9
S
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™M o
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R
o 9
la) L
< 3
0w 2
> S
2" lice Data
N
Slice Width
Number [m]
1 1.75937
2 1.75937
3 1.75937
4  1.75937

? SLIDEINTERPRET 6.005
[N
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Weight
[kN]

22.8915
68.1142
112.211
155.172

Base
Material

Dique
Dique
Dique
Dique

Base

Cohesion

[kPa]

15
15
15
15

Base
Friction
Angle
[degrees]

40
40
40
40

Shear
Stress
[kPa]

12.2582
22.2991
31.9455
41.2015

Shear
Strength
[kPa]

24.4443

44.467
63.7031
82.1608

Base
Normal
Stress

[kPa]

11.2552
35.1173
58.0421
80.0391

Pore

Pressure

[kPa]

o O o o

Effective

Normal
Stress
[kPa]

11.2552
35.1173
58.0421
80.0391
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5 175937 190.326 Dique 15 40 486111 96.9364  97.6478 0  97.6478
6 175937 183.329 Dique 15 40 46.7378 932008  93.1961 0  93.1961
7 175937 168.149 Dique 15 40 43.1195 85.9855  84.5974 0 845974
8 1.75937 151.778 Dique 15 40 39.2941 783572  75.5063 0  75.5063
9 1.75937 131.257 Dique 15 40 34.6367 69.0697  64.4375 0 644375
10 1.75937 120.797 Dique 15 40 32.1697 64.1502  58.5751 0 585751
11 0521797 38.992 Impermeabilizacion 5 26 19.247 383808  68.4407 0 684407
12 190058 157.815  hesiduo ”“e};’:; 5 26 21.0615 41.9992  75.8597 0 758597
13 100058 167313  hesiduo ”UE;EF; 5 26 22.0776 44.0254  80.0141 0  80.0141
14 100058 17533  Residuo ””e;;}; 5 26 22.9068 45679  83.4043 0 83.4043
15 190058 181.833  hesiduo ””e;;é 5 26 23.5475 46.9566  86.0237 0  86.0237
2]
o .
5 16 190058 186784  hesiduonuevo- 5 26 23.9978 47.8545  87.8645 0  87.8645
g RNP
bS] i -
4 g 17 100058 190142  hesiduo ”“‘?’:P 5 26 24.2555 483683  88.9181 0 889181
Z F
S & . )
& 18 190058 191862  hesiduo ”UE;EP 5 26 24318 484931  89.1742 0 89.1742
° 5
O] =
w =1 i -
3 ¢ 19 190058 191896  hesiduo ”UE;EP 5 26 24.1827 482232  88.6207 0 886207
W Q
o °
= =4 H -
2 3 20 190058 190189  "esidue e 5 26 23.8464 475526  87.2461 0 87.2461
:5 E s Residuo nuevo -
3§l 21 1.90058 182.028 5 26 227797 45.4254  82.8843 0 828843
%E ) RNP
© P 22 190058 147.743  esiduo ””e&’;é 5 26 187861 37.4617  66.5565 0  66.5565
2/10 ; _
2025 23 190058 10803  ‘esiduonuevo 5 26 14.2325 283813  47.9387 0 47.9387
RNP
24 190058 662089  Hesiduo ”UE;EF; 5 26 951071 18.9655  28.6336 0 286336
25 190058 224589  Hesiduonuevo- 5 26 4.61795 9.20875 8.6292 0 8.6292
= RNP
o
2
gG obal Minimum Query (gle/morgenstern-price) - Safety Factor: 2.02583
z -
© § . : i Base I?as.e Shear Shear LR Pore Eif e
~ S| | Slice Width  Weight Base . Friction Normal Normal
3 g Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
w
s 4™ ' [kPa] = [kPa]  [kPa] [kPa]
8 @ [degrees] [kPa] [kPa]
o
8§ 1 175937 22.8915 Dique 15 40 12.2861 24.8897 11.786 0 11.786
8 5
Sl 2 175937 68.1142 Dique 15 40  22.83 462498  37.2421 0 37.2421
o
g : 3 175937 112.211 Dique 15 40 332481  67.355  62.3944 0 623944
©
Q3 4 175937 155.172 Dique 15 40 43.4191 87.9597  86.9498 0  86.9498
>
N 5 1.75937 190.326 Dique 15 40 51714 104764  106.976 0 106976
K5 6 175937 183.329 Dique 15 40 50.3135 101.927  103.595 0  103.595
7 175937 168.149 Dique 15 40 4685 949102  95.2332 0 952332
8 1.75937 151.778 Dique 15 40 42.9283 86.9655  85.7652 0  85.7652
9 1.75937 131.257 Dique 15 40 37.9519 76.8841  73.7509 0 73.7509
10 1.75937 120.797 Dique 15 40 35.0678 71.0415  66.7874 0  66.7874
11 0521797 38.992 Impermeabilizacion 5 26 19359 392181  70.1575 0 701575
12 100058 157.815  hesiduo ”“e};’:; 5 26 20.8033 42.1439  76.1565 0  76.1565
13 1.90058 167.313 Res'duonue;;; 5 26 21318 43.1867  78.2943 0 782943
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s

~)

Ve

F

E

141.368

74.666 -39.734
122.47 -39.734
-39.734

bcus Search Line

51.1794

X

29.319 -47.1261
-47.0484

Y

kternal Boundary

X
37.2474
29.319

0.0229799
0.0229799

141.368
141.368
141.368
141.368
141.368
99.2257

? SLIDEINTERPRET 6.005
[N

b LN

Y
-40.1261
-47.1261
-48.0048
-84.0734
-84.0734
-56.1261
-43.5554
-43.0339
-36.0798
-29.5322

14 100058 17533  Residuo ”UE;EF; 26 21675 43.9099 79.777 79.777
15 100058 181833  hesiduo ”“e;'c\’”; 26 21.8986 443629  80.7058 80.7058
16 190058 186784  hesiduo ””e;;}; 26 22.0102 445889  81.1692 81.1692
17  1.90058 190.142 Res'duonue;’:; 26 22.027 446229  81.2391 81.2391
18 100058 191862  hesiduo ”“e};’:; 26 21.9619 44.4911  80.9687 80.9687
19 1.90058 191.896 Res'd“"”“e};’:; 26 21.823 442096  80.3914 80.3914
20 1.90058 190.189 Res'duonue;;; 26 21613 437842  79.5193 79.5193
21 190058 182.028  Hesiduo ””e;;}; 26 20.8399 422181  76.3084 76.3084
2]
o
Q i -
A 22 190058 147.743  "esiduo e 26 17.4136 35277  62.0771 62.0771
5 £ ;
w © i -
s = 23 190058 10803  [esiduo nue;’:w 26 13.428 272029  45.5224 45.5224
o g 24 190058 662989 U 26 9.16879 185744  27.8316 27.8316
o) 2
w =1
= (O] i -
8 g 25 1.90058 22.4589 Res'duonuegﬁp 26 454838 921424  8.64046 8.64046
W Q
5oz
D [}
3 S
5 Bfst Of Coordinates
g
=8
8%
T dNater Table
2/10
2025 X Y
47.9542 -43.5265
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65.4216 -29.5322
44.1622 -40.1261

Material Boundary

X
44.1622
44.8402
51.1794
117.489
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141.368

Y
-40.1261
-40.1261
-47.0484
-50.1158
-43.0339

Material Boundary

X
44,1622
50.9595

Y
-40.1261
-47.5486

Material Boundary

X
117.55
141.368

Col. n° 2226 Guillermo Bernal Martinez

Y
-50.6192
-43.5554

aterial Boundary

Habilitacion
Profegfonal

Y
-47.1261
-49.9675
-47.5486
-50.6192
-56.1261

X

2/10 29.319

2025 47.8527

50.9595

117.55

141.368
x
4
0
8}
i
S
=
©
o &
2
o i
L9
SN
o o
N g
™M o
o @
R
O ?
la) L
< &
DR
> g
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~)
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3.2.3. ESTABILIDAD CONJUNTA DEL VERTEDERO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 - Circular - global

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil C-C*

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
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Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Residuo antiguo Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
[ m E = O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 16 5 18 20 26
8 Cohesion [kPa] 14 5 5 15 50
o
~§ x| Friction Angle [deg] 20 26 26 40 45
uz § Water Surface Water Table None Water Table None None
2 E| HuValue 1 1
e Q]
o] 2| Ru Value 0 0 0
o 5
5 <
5 o
© g . .
¢ SGlobal Minimums
2 3

c—
7§ $Method: bishop simplified
=20
55 FS: 1.575720
Ia Center: 49.698, -15.756
2/10 Radius: 21.337
2025 Left Slip Surface Endpoint: 50.264, -37.086

Right Slip Surface Endpoint: 65.992, -29.532
Resisting Moment=6087.19 kN-m
Driving Moment=3863.13 kN-m

Method: gle/morgenstern-price

FS: 1.573330

Center: 49.698, -15.756

Radius: 21.337

Left Slip Surface Endpoint: 50.264, -37.086
Right Slip Surface Endpoint: 65.992, -29.532
Resisting Moment=6077.98 kN-m

Driving Moment=3863.13 kN-m

Resisting Horizontal Force=253.357 kN
Driving Horizontal Force=161.033 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
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Ve

falid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 4821
Number of Invalid Surfaces: 13670

Error Codes:

Error Code -103 reported for 2663 surfaces
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Error Code -106 reported for 29 surfaces
Error Code -107 reported for 4088 surfaces
Error Code -108 reported for 327 surfaces
Error Code -110 reported for 1012 surfaces
Error Code -112 reported for 502 surfaces
Error Code -1000 reported for 5049 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 4740
Number of Invalid Surfaces: 13751

Error Codes:

Error Code -103 reported for 2663 surfaces
Error Code -106 reported for 29 surfaces
Error Code -107 reported for 4088 surfaces
Error Code -108 reported for 395 surfaces
Error Code -110 reported for 1012 surfaces
Error Code -112 reported for 515 surfaces
Error Code -1000 reported for 5049 surfaces

Error Codes

The following errors were encountered during the computation:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

S$w -103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
'g _S between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
% § occur on a benched slope model with two sets of Slope Limits.
% g -106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.
22(/)]é% -107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is

specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)

o
% span the appropriate soil cells.
g -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
5 calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
® % deep seated slip surfaces with many high negative base angle slices in the passive zone.
3 z -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
B g
N
O o
N
8 cSfice Data
o 2
la) L
< 3
% Z G|obal Minimum Query (bishop simplified) - Safety Factor: 1.57572
>r
/‘/\?" - - . Base E:asle Shear Shear Base Effective
.\ | Slice Width  Weight Base . Friction Normal Normal
7 . (m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
umber m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 0629118 162791 Residuo ”“:l‘\;‘; 5 26 392396 6.18306  2.42563 0 2.42563
2 0620118 477819 Residuo n“:,‘\l’i 5 26 540544 851746  7.21186 0 7.21186
3 0620118 77167 Residuo ””:,‘\l’?) 5 26 675916 10.6505  11.5853 0 115853
4 0629118 10.4418 hesiduo ””:;2 5 26 7.98733 12.5858  15.5532 0 155532
? SLIDEINTERPRET 6.005
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5 0620118 12,9514 hesiduo ””:,‘\l’?) 5 26 9.09172 14326  19.1212 0 19.1212
6 0.629118 15.2425 Res'd”‘)””:;i 5 26 10.0737 15.8734  22.2938 0 22.2938
7 0.629118 17.3117 Res'd”"”“:;‘; 5 26 109343 17.2294  25.0741 0 250741
8 0.629118 19.1547 Res'd”"”“:"\l’g 5 26 11.6741 183951  27.4642 0 27.4642
9 0.629118 20.7665 Res'd”c’”“:"\l’f) 5 26 12.2934 193709  29.4646 0  29.4646
10 0.629118 22.1414 Res'd”c’”“:"\l’f) 5 26 12.7919 20.1565  31.0754 0 310754
11 0.629118 23.2724 Res'd"o”“:;\l’i 5 26 13.1693 20.7511  32.2946 0 322946
g 12 0.629118 24.1518 Res'd"o”“:;\l’i 5 26 13.4246 21.1534  33.1193 0 331193
g .
(]
y B 13 0629118 247704 Residuo n“:,‘\l’i 5 26 13.5565 21.3613  33.5457 0 335457
g 2 i
- ﬁ .
g 5 14 0.629118 25.1177 Res'd”‘)””:,‘\l’?) 5 26 13.5634 213721  33.5678 0  33.5678
3 .
o £ Resid
= @
g = 15 0.629118 25.1816 o 0 HevO 5 26 13.4431 21.1825  33.1791 0 33.1791
g ¢ -RNP
W N H
£z 16 0629118 249481 "eoidUO T h 5 26 13.1929 207883  32.3708 0 323708
=} ° -
O
S® 17 0629118 24.4008 hesiduonuevo 5 26 12.8097 20.1845  31.1329 0 311329
S5 -RNP
=0 .
= O
38| 18 0620118 235207 Residuonuevo 5 26 12.2897 193652  29.4531 0 294531
sp -RNP
2/10 19 0629118 22.2854 tesiduonuevo 5 26 11.6287 183235  27.3173 0 273173
2025 -RNP
20 0.629118 20.6685 Res'd”c’”“:;‘; 5 26 10.8212 17.0512  24.7087 0 24.7087
21 0.629118 18.6383 Res'd“o”“:"\l’c; 5 26 9.86152 15539  21.6083 0  21.6083
_ .
o
£ .
2 22 0629118 161564 "euduO n“:,‘\l’i 5 26 874265 13.776  17.9934 0 17.9934
i .
z
£ .
o & 23 0629118 131761 |esiduonuevo 5 26 7.45657 11.7495  13.8384 0  13.8384
S -RNP
S T .
D 24 0629118 9.63886 NooIOu0 Nuevo 5 26 599412 9.44506  9.11373 0 911373
S : -RNP
7 .
3 25 0629118 4.01209 "esiduo ”“:;‘; 5 26 3.8133 6.0087  2.06815 0  2.06815
o2 -
Qg
< 5
S §G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.57333
/:?\ . . . Base B.as.e Shear Shear — Pore i
WM | Slice Width  Weight Base . Friction Normal Normal
K Cohesion Stress  Strength Pressure
Number [m] [kN] Material [kPa] Angle [kPa] [kPa] Stress [kPa] Stress
[degrees] [kPa] [kPa]
1 0.629118 1.62791 Res'd“°”“:|‘\l’§ 5 26 4.00675 6.30394  2.67348 0 267348
2 0.629118 4.77819 Res”“”“:;‘; 5 26 5.68684 894728  8.09314 0 809314
3 0620118 7.7167 esiduo ””:,‘\l’?) 5 26 7.27346 11.4436  13.2112 0 13.2112
4 0629118 104418 ‘esiduo ””:,‘\l’?) 5 26 873006 13.7353 17.91 0 17.91
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47.9542 -43.5265
74.666 -39.734
122.47 -39.734

141.368 -39.734
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5 0.629118 12.9514 Res'd”‘)””:,‘\l’s 26 10.0242 157713  22.0845 22.0845
6 0.629118 15.2425 Res'd”‘)””:;i 26 11.1306 17.5121  25.6536 25.6536
7 0.629118 17.3117 Res'd”"”“:;‘; 26 12.0336 189328  28.5665 28.5665
8 0.629118 19.1547 Res'd”"”“:"\l’g 26 12.7275 20.0246  30.8051 30.8051
9 0629118 207665 ~eiduO ”“:"\l’f) 26 132168 20.7944  32.3834 32.3834
10 0629118 22.1414 tesiduo ”“:"\l’f) 26 13.5141 212622  33.3424 33.3424
11 0620118 232724 hesiduo ”“:l‘\l’;’ 26 13.6383 21.4575  33.7429 33.7429
g 12 0.629118 24.1518 Res'd“°”“:|‘\l’§ 26 13.6115 21.4154  33.6565 33.6565
g .
(]
y B 13 0.629118 24.7704 Res'duon“:,‘\l’i; 26 13.4567 21.1718  33.1571 33.1571
g i
- ﬁ .
g 5 14 0629118 251177 Residuonuevo 26 13.195 207601  32.3131 32.3131
- -RNP
o E .
g = 15 0620118 251816 |CcodUCNUevO 26 12.8442 20.2081 311813 31.1813
g ¢ -RNP
W N H
e o 16 0629118 24.9481 Tesiduonuevo 26 12.4169 19.5359 29.803 29.803
2 2 -RNP
S® 17 0629118 24.4008 hesiduonuevo 26 11.9208 187553  28.2026 28.2026
S5 -RNP
=0 .
= O
38| 18 0620118 235207 Residuonuevo 26 113576 17.8693  26.386 26.386
sp -RNP
22(/)12% 19 0629118 22.2854 ~esiduo ”“:"\l’f) 26 10.7241 16.8725  24.3423 24.3423
20 0629118 20.6685 "CodU° ”“Re;l"; 26 10.0112 157509  22.0427 22.0427
21 0.629118 18.6383 Res'duonusl‘\l’;’ 26 9.20377 14.4806  19.4381 19.4381
_ .
o
£ .
2 22 0629118 16.1564 Res'duon“:,‘\l’i; 26 827859  13.025  16.4536 16.4536
i .
z
£ .
o & 23 0629118 131761 |esiduonuevo 26 7.20153 11.3304  12.9792 12.9792
S -RNP
S T .
D 24 0629118 9.63886 NooIOu0 Nuevo 26 592283 9.31856  8.85436 8.85436
§ e -RNP
8 2
3 ¢e Residuo nuevo
S 7 25 0.629118 4.01209 26 3.83856 6.03932  2.13093 2.13093
S % -RNP
la) Qo
< s
B 3
> St .
. fst Of Coordinates
X2
Water Table
X Y
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External Boundary
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Habilitacion

2/10

X

37.2474
29.319
0.0229799
0.0229799
141.368
141.368
141.368
141.368
141.368
99.2257
65.4216
44.1622

Y
-40.1261
-47.1261
-48.0048
-84.0734
-84.0734
-56.1261
-43.5554
-43.0339
-36.0798
-29.5322
-29.5322
-40.1261

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

Material Boundary

X
44.1622
44.8402
51.1794
117.489
141.368

Y
-40.1261
-40.1261
-47.0484
-50.1158
-43.0339

rofesional

laterial Boundary

2025 X
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50.9595

Y
-40.1261
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Material Boundary

X
117.55
141.368

Y
-50.6192
-43.5554

Material Boundary

X
29.319
47.8527
50.9595
117.55

141.368

Y
-47.1261
-49.9675
-47.5486
-50.6192
-56.1261
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3.2.4. ROTURA POLIGONAL
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 1 - Poligonal

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil C-C*

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Search Method: Auto Refine Search
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Divisions along slope: 10

Circles per division: 10

Number of iterations: 10

Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

b LN

iy Property Residuo antiguo Impermeabilizacion Residuo nuevo - RNP Dique Sustrato rocoso
1L
" fotor B [ ] [ ] [] ]
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
§ nit Weight [kN/m3] 16 5 18 20 26
2 .| fohesion [kPa] 14 5 5 15 50
¢ gL .
”ocj E Eriction Angle [deg] 20 26 26 40 45
2  E| Water Surface None None Water Table None None
o 8
z ‘é Hu Value 1
o 2| Ruvalue 0 0 0 0
3 e
W &
[ T .o o
2 sGlobal Minimums
c =
o ®
35
£ Method: bishop simplified
D e
c 2
Ia FS:1.460080
2/10 Axis Location: 48.085, -14.664
2025 Left Slip Surface Endpoint: 47.390, -38.518
Right Slip Surface Endpoint: 66.751, -29.532
Resisting Moment=12534.8 kN-m
Driving Moment=8585.02 kN-m
3
§Method: gle/morgenstern-price
w
g FS: 1.456020
® g Axis Location: 48.063, -14.725
g E Left Slip Surface Endpoint: 47.396, -38.515
% § Right Slip Surface Endpoint: 66.695, -29.532
Q & Resisting Moment=11468.6 kN-m
Qg Driving Moment=7876.67 kN-m
b’ qg’v Resisting Horizontal Force=427.401 kN
9( 2 Driving Horizontal Force=293.54 kN
g =
> £
> falid / Invalid Surfaces
Method: bishop simplified
Number of Valid Surfaces: 2526
Number of Invalid Surfaces: 1976
Error Codes:
Error Code -105 reported for 136 surfaces
Error Code -106 reported for 960 surfaces
SLIDEINTERPRET 6.005
rots
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Error Code -107 reported for 152 surfaces
Error Code -108 reported for 473 surfaces
Error Code -110 reported for 228 surfaces
Error Code -123 reported for 10 surfaces

Error Code -1000 reported for 17 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2476
Number of Invalid Surfaces: 2026

Error Codes:

Error Code -105 reported for 136 surfaces
Error Code -106 reported for 960 surfaces
Error Code -107 reported for 152 surfaces
Error Code -108 reported for 515 surfaces
Error Code -110 reported for 228 surfaces
Error Code -111 reported for 8 surfaces
Error Code -123 reported for 10 surfaces
Error Code -1000 reported for 17 surfaces

Error Codes

The following errors were encountered during the computation:
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-105 = More than two surface / slope intersections with no valid slip surface.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is

Habilitacion
Profesional

5110 specified, or if high external or anchor loads are applied against the failure direction.
2025 -108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety

factors if the driving force is very small (0.1 is an arbitrary number).

-110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)
span the appropriate soil cells.

-111 = safety factor equation did not converge

o
% -123 =Surface radius equal or less than the internal cutoff of 0.01.
g -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
g
g &
é' Z Sfice Data
Q ¢
S ¢
3 éG obal Minimum Query (bishop simplified) - Safety Factor: 1.46008
)
8 8 . . . Base Bfas.e Shear Shear EEE Pore it
< x| | Slice Width Weight Base . Friction Normal Normal
2 2| humb (m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
s g umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
TN [degrees] [kPa] [kPa]
x
Ne” i
1 112898 97614 hesiduo ””:,‘\l’?) 5 26 7.15556 10.4477  11.1694 0 11.1694
2 105921 243304 Residuo ””:;2 5 26 11.4705 16.7478  24.0866 0  24.0866
3 0.675678 21.2036 Res'd”"”“:;‘; 5 26 13.6836 19.9791  30.7116 0 307116
4 0675678 24.8965 Res'd”"”“:;‘; 5 26 154799 22.6019  36.0893 0  36.0893
5 0.824787 34.6596 Res'd”c’”“:"\l’f) 5 26 16.5278 241319  39.2262 0 39.2262
? SLIDEINTERPRET 6.005
ols. Page 3 of 6
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6 0824787 386807 esiduo ””:,‘\l’?) 5 26 18.0727 263876  43.851 0 43.851
7 0956947 49.0647 esiduo ””:;2 5 26 18.8206 27.4796  46.0899 0  46.0899
8 0956947 52.74 tesiduo ”“:;‘; 5 26 19.9955  29.195  49.6071 0  49.6071
9 1.04567 60.8515 ~esiduo ”“:"\l’g 5 26 20319 29.6673  50.5755 0 505755
10 1.04567 63.2795 ~esiduo ”“:"\l’f) 5 26 21.0082 30.6737 52.639 0 52.639
11 0701351 433712 tesiduo ”“:"\l’f) 5 26 20.7984 303674  52.0108 0  52.0108
12 0701351 435091 hesiduo ”“:l‘\;‘; 5 26 20.8922 30.5043  52.2915 0 522915
g 13 0701351 43.8271 "eoidUO ”“:l‘\l’;’ 5 26 20986 306412 525721 0 525721
g .
(]
y B 14 0664748 413407 Nesiduo n“:,‘\l’i 5 26 20.2968 29.6349  50.5091 0 505091
g i
- ﬁ .
g 5 15 0664748 407267 hesiduonuevo 5 26 20.0379 29257  49.7343 0 49.7343
- -RNP
o E .
g = 16 0664748 401127 hesiduonuevo 5 26 19.7792 28.8792  48.9595 0 489595
g ¢ -RNP
W N H
£z 17 0858504 50.13g5 "eoldUO T h 5 26 18.6336 27.2066  45.5304 0 455304
=} ° -
O
S® 18 0.858594 47.5889 hesiduonuevo 5 26 17.8276 26.0297  43.1173 0 431173
g6 -RNP
= i
38| 19 0702799 36.4a74 ReEsiduonuevo 5 26 16.2553 237341  38.4107 0 384107
sp -RNP
22(/)12% 20 0702799 335216 Hesiduo ”“:"\l’f) 5 26 15.1659 22.1434  35.1492 0  35.1492
21 0565765 243413 "esidue ”“Re;l"; 5 26 133155 19.4417  29.6098 0  29.6098
22 0565765 214082 "eudue ”“:l‘\;‘; 5 26 12.0198 17.5498  25.7308 0 257308
_ .
o
£ .
2 23 0618324 19.1632 "eudue n“:,‘\l’i 5 26 9.74252 142249  18.9138 0 189138
i .
z
£ .
o & 24 0618324 116862 |esiduonuevo 5 26 6.8861 10.0543  10.3627 0  10.3627
S -RNP
S T .
D 25 0577872 346744 hesiduonuevo 5 26 3.91863 572151 147932 0 147932
S 3 -RNP
™M o
8 ¢
b’ 2Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.45602
a < .
5 é . . . Base B'as.e Shear Shear R Pore i
=< 3| [ Slice Width  Weight Base . Friction Normal Normal
> > umb (m] [kN] Material Cohesion - Stress  Strength o Pressure o
,:‘;s\ umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
WO [degrees] [kPa] [kPa]
1 111606 9.35548 hesiduo n“Rel‘\l"F’, 5 26 7.45045  10.848  11.9902 0 11.9902
2 105861 23.0525 esiduo ”“:l‘\l’;’ 5 26 11.9798 17.4429  25.5118 0 255118
3 0701369 20.395 Res”“”“:;‘; 5 26 14.0192 20.4122  31.5998 0  31.5998
4 0701369 236007 ‘esiduo ””:,‘\l’?) 5 26 15.8823 23.1249  37.1616 0 37.1616
5 0645407 24.125 hesiduo ””:,‘\l’?) 5 26 16.2693 23.6884  38.3168 0 383168
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47.9542 -43.5265
74.666 -39.734
122.47 -39.734

141.368 -39.734

External Boundary

X Y

? SLIDEINTERPRET 6.005
[N

b LN

6 0.645407 25.9652 Res'd”‘)””:,‘\l’s 26 17.2736 251507  41.3151 41.3151
7 0645407 27.8053 esiduo ””:;2 26 182512 265741  44.2335 44.2335
8 0829551 37.8955 ~esiduo ”“:;‘; 26 18.0483 262787  43.6279 43.6279
9 0829551 39.8442 tesiduo ”“:"\l’g 26 18.6527 27.1587 45.432 45.432
10 0829551 417929 tesiduo ”“:"\l’f) 26 19.2199 27.9845  47.1253 47.1253
11 0682634 355364 ~esiduo ”“:"\l’f) 26 18.6088 27.0948 45.301 45.301
12 0682634 362233 hesiduo ”“:l‘\;c; 26 187269 27.2668  45.6537 45.6537
g 13 0.682634 369101 "eoI9U ”“:l‘\;c; 26 18.8446 27.4381  46.005 46.005
g .
(]
y B 14 0.682634 37.5969 Res'duon“:,‘\l’i; 26 18.9642 27.6123  46.3622 46.3622
4 '
- ﬁ .
g 5 15 0747814 415916 hesiduonuevo 26 18.0783 263223  43.7172 43.7172
- -RNP
o E .
g = 16 0747814 41649 Hesiduonuevo 26 17.976 26.1734  43.4119 43.4119
g ¢ -RNP
W N H
£z 17 0747814 41.7064 Res'd”"”“:;‘; 26 17.9002  26.063  43.1855 43.1855
=} ° -
3 S
S® 18 0.888951 48.9816 hcoiduonuevo 26 16.7906 24.4475  39.8732 39.8732
g6 -RNP
= i
38| 19 osssos1 a77p1 Residuonuevo 26 16.4693 239797  38.9141 38.9141
sp -RNP
2/10 20 066147 342231 Residuonuevo 26 15.2195 22.1599 35.183 35.183
2025 -RNP
fesi
21 066147 32.5888 "eudue ”“Re;l"; 26 14773 215098  33.8502 33.8502
22 1.04977 467733 "esiduo ”“:l‘\l’;’ 26 13.068 19.0272  28.7601 28.7601
_ .
o
£ .
2 23 0764448 283121 "eudue n“:,‘\l’i; 26 10.8774 15.8377  22.2206 22.2206
i .
z
£ .
o & 24 0703669 17.966 |esiduonuevo 26 7.97599 11.6132  13.5591 13.5591
S -RNP
S T .
D 25 0703669 6.01558 eoiauCnuevo 26 4.34611 6.32802  2.72285 2.72285
§ e -RNP
8 2
™M o
o @
)
o gl .
o Ljfst Of Coordinates
g =
> S
TN
X Yater Table
X Y

Page 5 of 6






ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesi@al

2/10
2025

37.2474 -40.1261
29.319 -47.1261
0.0229799 -48.0048
0.0229799 -84.0734
141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322
441622 -40.1261

Mlaaterial Boundary

X Y
441622 -40.1261
44.8402 -40.1261
51.1794 -47.0484
117.489 -50.1158
141.368 -43.0339

laterial Boundary

X Y
44,1622 -40.1261
50.9595 -47.5486

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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Material Boundary

X Y
117.55 -50.6192
141.368 -43.5554

Material Boundary

X Y
29.319 -47.1261
47.8527 -49.9675
50.9595 -47.5486
117.55 -50.6192
141.368 -56.1261

? SLIDEINTERPRET 6.005
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3.3. SITUACION ACCIDENTAL TIPO 2

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

X,

~.£»":(\ ’
LN

7

IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





@ Lurgintza r-rr o=

W% ambito

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

3.3.1. ROTURA POR LA MASA DE RESIDUO
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Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 - Circular - Residuo

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil C-C*

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
ols, Page 1 of 6

b LN






Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Residuo antiguo Impermeabilizacién saturado Residuo nuevo - RNP Dique Sustrato rocoso
[ m E = O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 16 5 18 20 26
8 Cohesion [kPa] 14 0 5 15 50
o
~§ x| Friction Angle [deg] 20 18 26 40 45
uz § Water Surface None None Water Table None Water Table
2 E| HuValue 1 1
e Q]
o] 2| Ru Value 0 0 0
° 5
5 <
5 o
© g . .
¢ SGlobal Minimums
2 3

c—
7% $Method: bishop simplified
=20
55 FS: 1.558310
Ia Center: 44.873, -7.216
2/10 Radius: 31.028
2025 Left Slip Surface Endpoint: 48.326, -38.051

Right Slip Surface Endpoint: 66.431, -29.532
Resisting Moment=9789.22 kN-m
Driving Moment=6281.95 kN-m

Method: gle/morgenstern-price

FS: 1.556610

Center: 44.873, -7.216

Radius: 31.028

Left Slip Surface Endpoint: 48.326, -38.051
Right Slip Surface Endpoint: 66.431, -29.532
Resisting Moment=9778.58 kN-m

Driving Moment=6281.95 kN-m

Resisting Horizontal Force=282.071 kN
Driving Horizontal Force=181.208 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

-

~)

Ve

' falid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 859
Number of Invalid Surfaces: 3992

Error Codes:

Error Code -103 reported for 377 surfaces

? SLIDEINTERPRET 6.005
ols, Page 2 of 6
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Error Code -106 reported for 2 surfaces
Error Code -107 reported for 1087 surfaces
Error Code -108 reported for 43 surfaces
Error Code -110 reported for 417 surfaces
Error Code -112 reported for 44 surfaces
Error Code -113 reported for 42 surfaces
Error Code -1000 reported for 1980 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 841
Number of Invalid Surfaces: 4010
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Habilitacion
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Error Codes:

Error Code -103 reported for 377 surfaces
Error Code -106 reported for 2 surfaces
Error Code -107 reported for 1087 surfaces
Error Code -108 reported for 61 surfaces
Error Code -110 reported for 417 surfaces
Error Code -112 reported for 44 surfaces
Error Code -113 reported for 42 surfaces
Error Code -1000 reported for 1980 surfaces

Error Codes

The following errors were encountered during the computation:

-103 =Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also

2/10
2025

occur on a benched slope model with two sets of Slope Limits.
-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is

imposed to avoid numerical errors which may result from too many slices, or too small a slip region.

-107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

@
% -110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
g specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)
5 span the appropriate soil cells.
® g -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
é' E calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
9 § deep seated slip surfaces with many high negative base angle slices in the passive zone.
I % -113 =Surface intersects outside slope limits.
8 % -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
o 2
2.
@ cSlice Data
> >
AL X \

iJjobal Minimum Query (bishop simplified) - Safety Factor: 1.55831

Base Base Effective
. . . Base o Shear Shear Pore
Slice Width  Weight Base . Friction Normal Normal
Numb (m] [kN] Material Cohesion - Stress  Strength o Pressure o
umber m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 0724200 176742 hesiduo ”“:l‘\l"; 5 26 3.82425 5.95937 1.967 0 1.967
2 0724209 518902 hesidue ”“:l‘\;‘; 5 26 521018 8.11908  6.39507 0 639507
Residuo nuevo
? SLIDEINTERPRET 6.005
ols. Page 3 of 6
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-RNP
4 0724209 11.3465 Res'd”c’”“:"\l’f) 5 26 7.64219 11.9089  14.1654 0  14.1654
5 0.724209 14.0767 Res'd”c’”“:;\l’c; 5 26 8.69002 13.5417  17.5131 0  17.5131
6 0.724209 16.5701 Res'd“”“:"\l’c; 5 26 9.62652 15.0011  20.5053 0 205053
7 0724209 18.8226 ~esiduo ”“:,‘\l’i 5 26 10.4521 16.2876 23.143 0 23.143
8 0.724209 20.8295 Res'd”‘)””:,‘\l’?) 5 26 11.1668 17.4013  25.4265 0 254265
9 0.724209 22.5859 Res'd”‘)””:;i 5 26 11.7706 183422  27.3556 0  27.3556
10 0.724209 24.0858 Res'd”"”“:;‘; 5 26 12.2632 19.1098  28.9293 0 289293
1)
o
8 .
3 11 0724209 253226 tesiduo ”“:;‘; 5 26 12.644 19.7033  30.1462 0  30.1462
5 ¢ Resid
w ©
5 =2 12 0.724209 262892 o “0”“:"\1’3 5 26 129124 201215  31.0037 0  31.0037
- 13 0.724209 26.9773 Res'd”c’”“:"\l’f) 5 26 13.0674 203631  31.4989 0 314989
[0} = -
w =1
- 0] .
8 g 14 0724209 27.3777 ResiduO i 5 26 131078 20426 316281 0 316281
o -
% — .
= 8 15 0.724209 27.4801 Res'd“”“:"\l"; 5 26 13.0322 203082  31.3865 0  31.3865
c -+ _
o ¢
S E .
S| 16 0724209 27.2729 Res'd“”“:,‘“"; 5 26 12.8388 20.0069  30.7687 0 307687
2% _
T9 17 0724200 26.7432 Residuonuevo 5 26 12.5258 19.5191  29.7686 0  29.7686
2/10 - RNP
2025 ;
18 0.724209 25.8763 Res'd”‘)””:,‘\l’?) 5 26 12.0907 18.8411  28.3785 0 283785
19 0.724209 24.6556 Res'd”‘)””:;i 5 26 11.5311 17.9691  26.5905 0  26.5905
g 20 0724209 230621 fesiduo ”“:;‘; 5 26 10.8439 16.8982 24.395 0 24.395
3 .
o
w .
g 21 0.724209 21.0743 Res'd”"”“:"\l’g 5 26 10.0259 156235  21.7814 0 217814
o & i
N3 Residuo nuevo
g & 22 0.724209 18.6674 i 5 26 9.07332 14139  18.7379 0  18.7379
o g B
Q¢ .
o
S 3 23 0724200 158126 eSO R 5 26 7.98197 124384 15251 0 15251
o 2 -
)
Q 8 24 0724209 121122 tesiduonuevo 5 26 6.62376 103219  10.9115 0 109115
2 d -RNP
0 5 .
> > 25 0724209 441618 hesiduonuevo 5 26 3.95866 6.16882  2.39644 0 239644
TN -RNP
%,
AN \‘,
G|obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.55661
. . . Base B'as.e Shear Shear Base Pore B
Slice Width  Weight Base . Friction Normal Normal
Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
u ! [kPa] g [kPa]  [KkPa] [kPa]
[degrees] [kPa] [kPa]
1 0724209 1.76742 Res'd”"”“:"\l’g 5 26 3.90026 6.07118  2.19625 0 219625
2 0.724209 5.18902 Res'd”c’”“:"\l’f) 5 26 5.45769 8.49549  7.16681 0  7.16681
Residuo nuevo
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-RNP
4 0724209 11.3465 Res'd”c’”“:"\l’f) 26 825593 12.8513  16.0975 16.0975
fesi
5 0724209 14.0767 ~esiduo ”“:l‘\l"; 26 9.44585 147035  19.8951 19.8951
6 0.724209 16.5701 Res'd"o”“:;\l’i 26 104705 16.2985  23.1654 23.1654
7 0724209 18.8226 ~esiduo ”“:,‘\l’i 26 11.3192 17.6196 25.874 25.874
8 0724200 20,8295 hesiduo ””:,‘\l’?) 26 11.9887 186618  28.0108 28.0108
9 0724200 22.5859 esiduo ””:;2 26 12483 19.4312  29.5883 29.5883
10 0724209 24.0858 ~esiduo ”“:;‘; 26 12.8121 19.9435  30.6387 30.6387
1)
o
8 .
3 11 0724209 253226 tesiduo ”“:;‘; 26 12.9905 202212  31.2082 31.2082
5 ¢ Resid
w ©
5 =2 12 0.724209 262892 oo 0° ”“:"\l’g 26 13.0352 202908  31.3509 31.3509
= g -
L_) [7)
L9 Residuo nuevo
- 13 0.724209 26.9773 i 26 12.9637 20.1795  31.1226 31.1226
[0} = -
w =1
- 0] .
& & 14 0.724209 27.3777 Res'd”"”“:;‘; 26 127924 19.9128 305758 305758
g )
2] _ .
2 8 15 0724209 27.4801 |esiduonuevo 26 12.5351 19.5122  29.7544 29.7544
5% -RNP
S E .
S| 16 0724209 27.2729 Residuo ”“:,‘\l’i 26 12.2022 189941  28.6921 28.6921
2% _
2;0“ 17 0724209 267432 Residuo ””:,‘\l’?) 26 11.8004 183686  27.4097 27.4097
2025 ;
18 0724209 258763 esiduo ””:,‘\l’?) 26 11.3322 17.6398  25.9155 25.9155
19 0.724209 24.6556 Res'd”‘)””:;i 26 10796 16.8051  24.2042 24.2042
g 20 0724209 23.0621 hesiduonuevo 26 10.1858 15.8553  22.2568 22.2568
@ RNP
3 .
o
w .
g 21 0724209 21.0743 Residuo ”“:"\l’g 26 9.49091 14.7736 20.039 20.039
© & )
N 3 Residuo nuevo
g & 22 0.724209 18.6674 i 26 869471 13.5343  17.4978 17.4978
n 8 -
Q¢ .
o
S 3 23 0724200 158126 eSO R 26 777323 12.0999  14.5569 14.5569
o 2 -
)
Q 8 24 0724209 121122 tesiduonuevo 26 657286 102314  10.7259 10.7259
2 -RNP
0 5 .
> > 25 0724209 4.41618 "esiduonuevo 26 3.99823 622369  2.50895 2.50895
TN -RNP
x,”“\‘,
tist Of Coordinates
Water Table
X Y
47.9542 -43.5265
74.666 -39.734
12247 -39.734
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141.368 -39.734

External Boundary
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Habilitacion
Profesional
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X Y
37.2474 -40.1261
29.319 -47.1261
0.0229799 -48.0048
0.0229799 -84.0734
141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322
44.1622 -40.1261

Material Boundary

X Y
44,1622 -40.1261
44.8402 -40.1261
51.1794 -47.0484
117.489 -50.1158
141.368 -43.0339

Material Boundary

X Y
44.1622 -40.1261
50.9595 -47.5486

Material Boundary

X Y
117.55 -50.6192
141.368 -43.5554

Material Boundary

X Y
29.319 -47.1261
47.8527 -49.9675
50.9595 -47.5486
117.55 -50.6192
141.368 -56.1261
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3.3.2. ROTURA CONTACTO VERTEDERO-TERRENO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 - Circular - vertedero y terreno
Slide Modeler Version: 6.005
ject Title: Estudio de estabilidad de la fase 3 del vertedero de Bistibieta

R
=

alysis: Perfil C-C

General Settings

C

hits of Measurement: Metric Units
Mme Units: days

¢rmeability Units: meters/second
ilure Direction: Right to Left

ta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

o o

SS9 4

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

D

nalysis Options

o
© o
S5
e %nalysis Methods Used
Ta
Bishop simplified
zzé]é% GLE/Morgenstern-Price with interslice force function: Half Sine

Z

imber of slices: 25

Tglerance: 0.005

aximum number of iterations: 50
eck malpha < 0.2:Yes

tial trial value of FS: 1

teffensen Iteration: Yes

25 02

o

roundwater Analysis

oundwater Method: Water Surfaces
re Fluid Unit Weight: 9.81 kN/m3
lvanced Groundwater Method: None

> U QO

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128

Random Numbers

s

<)

Ve

deudo-random Seed: 10116
ndom Number Generation Method: Park and Miller v.3

-

Y

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
SLIDEINTERPRET 6.005
?‘l'» Page 1 of 6
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Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties
Property Residuo antiguo Impermeabilizacion saturado Residuo nuevo - RNP Dique Sustrato rocoso
Color ] [ [ ] = ]
Strength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
Unit Weight [kN/m3] 16 5 18 20 26
[ohesion [kPa] 14 0 5 15 50
g2 friction Angle [deg] 20 18 26 40 45
(Vater Surface Water Table None Water Table None Water Table
iHu Value 1 1 1
u Value 0 0
Global Minimums

<

ethod: bishop simplified

FS: 1.986600
Center: 15.925, 52.562
Radius: 100.584

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
Col. n° 2226 Guillermo Bernal Martinez

SB Left Slip Surface Endpoint: 29.319, -47.126
'g .S Right Slip Surface Endpoint: 74.043, -29.532
=3 Resisting Moment=247836 kN-m
= § Driving Moment=124754 kN-m
o

2/10

2025Method: gle/morgenstern-price

FS:2.030780

Center: 20.750, 35.483

Radius: 83.052

Left Slip Surface Endpoint: 29.319, -47.126

@
% Right Slip Surface Endpoint: 72.429, -29.532
a Resisting Moment=208422 kN-m
E Driving Moment=102632 kN-m
© g Resisting Horizontal Force=2353.14 kN
g N Driving Horizontal Force=1158.74 kN
w
I
Q s . .
S 1 Valid / Invalid Surfaces
0
o 9
Q 2 . N
é £Method: bishop simplified
> S
Number of Valid Surfaces: 2048
\,

~)

Number of Invalid Surfaces: 16443

Error Codes:

Error Code -101 reported for 64 surfaces
Error Code -103 reported for 1223 surfaces
Error Code -106 reported for 1 surface
Error Code -107 reported for 51 surfaces
Error Code -108 reported for 1 surface
Error Code -109 reported for 4 surfaces
Error Code -110 reported for 3131 surfaces
Error Code -112 reported for 34 surfaces
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Error Code -118 reported for 318 surfaces
Error Code -1000 reported for 11616 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2009
Number of Invalid Surfaces: 16482

Error Codes:

Error Code -101 reported for 64 surfaces
Error Code -103 reported for 1223 surfaces

Error Code -106 reported for 1 surface

Error Code -107 reported for 51 surfaces
Error Code -108 reported for 31 surfaces
Error Code -109 reported for 4 surfaces

Error Code -110 reported for 3131 surfaces
Error Code -111 reported for 1 surface

Error Code -112 reported for 42 surfaces
Error Code -118 reported for 318 surfaces
Error Code -1000 reported for 11616 surfaces

Error Codes

The following errors were encountered during the computation:

-101 = Only one (or zero) surface / slope intersections.
-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

C —
tg c them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched
8 -((73, slope model with two sets of Slope Limits.
;?U % -106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is imposed to
T avoid numerical errors which may result from too many slices, or too small a slip region.
2/10 -107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if
2025 high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the
driving force is very small (0.1 is an arbitrary number).

-109 = Soiltype for slice base not located. This error should occur very rarely, if at all. It may occur if a very low number of
slices is combined with certain soil geometries, such that the midpoint of a slice base is actually outside the soil region,even
though the slip surface is wholly within the soil region.

o
% -110 = The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is specified
g as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s) span the
£ appropriate soil cells.
® g -111 = safety factor equation did not converge
5' E -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
e P calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep
§ 15 seated slip surfaces with many high negative base angle slices in the passive zone.
;Y 8 -118 = Surface does not pass through the search focus
b‘ e -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
o
la) L
< =
0 =],
> <Slice Data
Ay /“,\,J
ualobal Minimum Query (bishop simplified) - Safety Factor: 1.9866
. ) ) Base B'as'e Shear Shear Base Pore i
Slice Width  Weight Base K Friction Normal Normal
Numb [m] [kN] Material Cohesion ] Stress  Strength . Pressure .
umber m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 1.75937 22.8915 Dique 15 40 12.3019 24.439 11.249 0 11.249
2 1.75937 68.1142 Dique 15 40 22.378 44.4562 35.1046 0 35.1046
3 1.75937 112.211 Dique 15 40 32.0578 63.6861 58.022 0 58.022
4 1.75937 155.172 Dique 15 40 41.3454 82.1368 80.0107 0 80.0107
5 1.75937 190.326 Dique 15 40 48.7797 96.9057 97.6117 0 97.6117
? SLIDEINTERPRET 6.005
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6 1.75937 183.329 Dique 15 40 46.8987 93.169 93.1579 0 93.1579
7 1.75937 168.149 Dique 15 40 43.2669 85.954 84.5599 0 84.5599
8 1.75937 151.778 Dique 15 40 39.4275 78.3266 75.4696 0 75.4696
9 1.75937 131.257 Dique 15 40 34.7533 69.0409 64.4037 0 64.4037
10 1.75937 120.797 Dique 15 40 32.2772 64.1219 58.5414 0 58.5414
11 0521797 38992 'MPermeabilizacion 0 18 11.6022 23.0489  70.9374 0 709374
saturado
12 1.90058 157.815 Residuo nuevo - RNP 5 26 21.1351 41.9869 75.8343 0 75.8343
13 1.90058 167.313 Residuo nuevo - RNP 5 26 22.1543 44.0118 79.9859 0 79.9859
14 1.90058 175.33 Residuo nuevo - RNP 5 26 22.986 45.664 83.3734 0 83.3734
15 1.90058 181.833 Residuo nuevo - RNP 5 26 23.6285 46.9404 85.9906 0 85.9906
16 1.90058 186.784 Residuo nuevo - RNP 5 26 24.0799 47.8371 87.8288 0 87.8288
17 1.90058 190.142 Residuo nuevo - RNP 5 26 24.338 48.3498 88.8804 0 88.8804
18 1.90058 191.862 Residuo nuevo - RNP 5 26 24.4003 48.4736 89.1339 0 89.1339
8 19 1.90058 191.896 Residuo nuevo - RNP 5 26 24.2641 48.203 88.579 0 88.579
§ 20 1.90058 190.189 Residuo nuevo - RNP 5 26 23.9262 47.5317 87.203 0 87.203
‘g g 21 190058 182.028 Residuo nuevo - RNP 5 26 22.8554 45.4045 82.8417 0 82.8417
UEJ % 22 1.90058 147.743 Residuo nuevo - RNP 5 26 18.8481 37.4437 66.5194 0 66.5194
§ § 23 190058 108.03 Residuo nuevo - RNP 5 26 14.2792 28.3671 47.9097 0 47.9097
g % 24 1.90058 66.2989 Residuo nuevo - RNP 5 26 9.54173 18.9556 28.6132 0 28.6132
g § 25 190058 22.4589 Residuo nuevo - RNP 5 26 4.6329 9.20372 8.6189 0 8.6189
&
g
g ;G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 2.03078
= ° Base Base Effective
?E -§ Slice Width  Weight Base Basc? Friction Shear Shear Normal Pore Normal
§ -,%Number [m] [kN] Material Cohesion Angle Stress  Strength Stress Pressure Stress
=0 [kPa] [kPa] [kPa] [kPa]
kS “§ [degrees] [kPa] [kPa]
o 1 1.77419 24.1839 Dique 15 40 12.6923 25.7752 12.8414 0 12.8414
2/10 2 1.77419 71.8633 Dique 15 40 23.9375 48.6118 40.057 0 40.057
2025 3 1.77419 118.16 Dique 15 40 35.0477 71.1741 66.9455 0 66.9455
4 177419 163.06 Dique 15 40 45.841 93.093 93.0674 0 93.0674
5 1.77419 198.704 Dique 15 40 54.351 110.375 113.663 0 113.663
6 1.77419 191.285 Dique 15 40 52.8132 107.252 109.941 0 109.941
g 7 1.77419 176.31 Dique 15 40 49.2535 100.023 101.327 0 101.327
% 8 1.77419 159.862 Dique 15 40 45.1029 91.594 91.2814 0 91.2814
E 9 1.77419 138.646 Dique 15 40 39.7281 80.6791 78.2735 0 78.2735
§ % 10 1.77419 129.584 Dique 15 40 36.8621 74.8588 71.3369 0 71.3369
S % 11 0517847 40.864g 'MPermeabilizacion 0 18 11.5989 23.5548  72.4941 0 724941
S saturado
g g 12 1.77498 154.03 Residuo nuevo - RNP 5 26 21.2966 43.2487 78.4213 0 78.4213
b‘ qg’, 13  1.77498 161.479 Residuo nuevo - RNP 5 26 21.5186 43.6995 79.3457 0 79.3457
9( : 14 1.77498 167.443 Residuo nuevo - RNP 5 26 21.5923 43.8492 79.6525 0 79.6525
%) E 15 1.77498 171.883 Residuo nuevo - RNP 5 26 21.5434 43.75 79.4493 0 79.4493
(;\_ 16 1.77498 174.751 Residuo nuevo - RNP 5 26 21.3929 43.4443 78.8222 0 78.8222
4) /x,\,f 17 1.77498 175.999 Residuo nuevo - RNP 5 26 21.1561 42.9634 77.8363 0 77.8363
18 1.77498 175.571 Residuo nuevo - RNP 5 26 20.8428 42.3272 76.5322 0 76.5322
19 1.77498 173.403 Residuo nuevo - RNP 5 26 20.4571 41.5438 74.9258 0 74.9258
20 1.77498 169.427 Residuo nuevo - RNP 5 26 19.9973 40.6102 73.0116 0 73.0116
21 1.77498 163.566 Residuo nuevo - RNP 5 26 19.4559 39.5107 70.7575 0 70.7575
22 177498 143.045 Residuo nuevo - RNP 5 26 17.4209 35.378 62.284 0 62.284
23 177498 104.92 Residuo nuevo - RNP 5 26 13.4911 27.3974 45.9216 0 45.9216
24 177498 64.5738 Residuo nuevo - RNP 5 26 9.24384 18.7722 28.2372 0 28.2372
25 1.77498 21.9204 Residuo nuevo - RNP 5 26 4.56873 9.27808 8.77134 0 8.77134
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List Of Coordinates

Water Table

X Y
47.9542 -43.5265
74.666 -39.734
122.47 -39.734
141.368 -39.734
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i pcus Search Line

X Y
29.319 -47.1261
51.1794 -47.0484

kternal Boundary

2/10
2025
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X,

M

N

X Y
37.2474 -40.1261
29.319 -47.1261
0.0229799 -48.0048
0.0229799 -84.0734
141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322
44.1622 -40.1261

aterial Boundary

X Y
44,1622 -40.1261
44.8402 -40.1261
51.1794 -47.0484
117.489 -50.1158
141.368 -43.0339

aterial Boundary

X Y
44,1622 -40.1261
50.9595 -47.5486

Material Boundary

X Y
117.55 -50.6192
141.368 -43.5554
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Material Boundary
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X
29.319
47.8527
50.9595
117.55
141.368

Y
-47.1261
-49.9675
-47.5486
-50.6192
-56.1261

? SLIDEINTERPRET 6.005
[N

b LN

Page 6 of 6






@ Lurgintza r-rr o=

W% ambito

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

Col. n° 2226 Guillermo Bernal Martinez

Habilitacion
Profesional

2/10
2025

3.3.3. ESTABILIDAD CONJUNTA DEL VERTEDERO
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 - Circular - global

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil C-C*

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular

? SLIDEINTERPRET 6.005
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Search Method: Grid Search

Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Material Properties

Property Residuo antiguo Impermeabilizacién saturado Residuo nuevo - RNP Dique Sustrato rocoso
[ m E = O
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
nit Weight [kN/m3] 16 5 18 20 26
8 Cohesion [kPa] 14 0 5 15 50
o
~§ x| Friction Angle [deg] 20 18 26 40 45
uz § Water Surface Water Table None Water Table None Water Table
2 E| HuValue 1 1 1
e Q]
o] 2| Ru Value 0 0
° 5
5 <
5 o
° g . .
¢ SGlobal Minimums
2 3

c—
7% $Method: bishop simplified
=20
55 FS: 1.575720
Ia Center: 49.698, -15.756
2/10 Radius: 21.337
2025 Left Slip Surface Endpoint: 50.264, -37.086

Right Slip Surface Endpoint: 65.992, -29.532
Resisting Moment=6087.19 kN-m
Driving Moment=3863.13 kN-m

Method: gle/morgenstern-price

FS: 1.572350

Center: 49.698, -15.756

Radius: 21.337

Left Slip Surface Endpoint: 50.264, -37.086
Right Slip Surface Endpoint: 65.992, -29.532
Resisting Moment=6074.18 kN-m

Driving Moment=3863.13 kN-m

Resisting Horizontal Force=253.321 kN
Driving Horizontal Force=161.11 kN

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]

VISADO : 03202500128
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' falid / Invalid Surfaces

Method: bishop simplified

Number of Valid Surfaces: 2621
Number of Invalid Surfaces: 15870

Error Codes:

Error Code -103 reported for 2663 surfaces
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Error Code -106 reported for 29 surfaces
Error Code -107 reported for 4088 surfaces
Error Code -108 reported for 106 surfaces
Error Code -110 reported for 3881 surfaces
Error Code -112 reported for 54 surfaces
Error Code -1000 reported for 5049 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2568
Number of Invalid Surfaces: 15923

Error Codes:

Error Code -103 reported for 2663 surfaces
Error Code -106 reported for 29 surfaces
Error Code -107 reported for 4088 surfaces
Error Code -108 reported for 154 surfaces
Error Code -110 reported for 3881 surfaces
Error Code -112 reported for 59 surfaces
Error Code -1000 reported for 5049 surfaces

Error Codes

The following errors were encountered during the computation:
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S$w -103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie
'g _S between them. This usually occurs when the slip surface extends past the bottom of the soil region, but may also
% § occur on a benched slope model with two sets of Slope Limits.
% g -106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.
22(/)]é% -107 =Total driving moment or total driving force is negative. This will occur if the wrong failure direction is

specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)

o
% span the appropriate soil cells.
g -112 =The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor
5 calculation. This screens out some slip surfaces which may not be valid in the context of the analysis, in particular,
® % deep seated slip surfaces with many high negative base angle slices in the passive zone.
3 z -1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.
B g
N
O o
N
8 cSfice Data
o 2
la) L
< 3
% Z G|obal Minimum Query (bishop simplified) - Safety Factor: 1.57572
>r
/‘/\?" - - . Base E:asle Shear Shear Base Effective
.\ | Slice Width  Weight Base . Friction Normal Normal
7 . (m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
umber m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
1 0629118 162791 Residuo ”“:l‘\;‘; 5 26 392396 6.18306  2.42563 0 2.42563
2 0620118 477819 Residuo n“:,‘\l’i 5 26 540544 851746  7.21186 0 7.21186
3 0620118 77167 Residuo ””:,‘\l’?) 5 26 675916 10.6505  11.5853 0 115853
4 0629118 10.4418 hesiduo ””:;2 5 26 7.98733 12.5858  15.5532 0 155532
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5 0620118 12,9514 hesiduo ””:,‘\l’?) 5 26 9.09172 14326  19.1212 0 19.1212
6 0.629118 15.2425 Res'd”‘)””:;i 5 26 10.0737 15.8734  22.2938 0 22.2938
7 0.629118 17.3117 Res'd”"”“:;‘; 5 26 109343 17.2294  25.0741 0 250741
8 0.629118 19.1547 Res'd”"”“:"\l’g 5 26 11.6741 183951  27.4642 0 27.4642
9 0.629118 20.7665 Res'd”c’”“:"\l’f) 5 26 12.2934 193709  29.4646 0  29.4646
10 0.629118 22.1414 Res'd”c’”“:"\l’f) 5 26 12.7919 20.1565  31.0754 0 310754
11 0.629118 23.2724 Res'd"o”“:;\l’i 5 26 13.1693 20.7511  32.2946 0 322946
g 12 0.629118 24.1518 Res'd"o”“:;\l’i 5 26 13.4246 21.1534  33.1193 0 331193
g .
(]
y B 13 0629118 247704 Residuo n“:,‘\l’i 5 26 13.5565 21.3613  33.5457 0 335457
g 2 i
- ﬁ .
g 5 14 0.629118 25.1177 Res'd”‘)””:,‘\l’?) 5 26 13.5634 213721  33.5678 0  33.5678
3 .
o £ Resid
= @
g = 15 0.629118 25.1816 o 0 HevO 5 26 13.4431 21.1825  33.1791 0 33.1791
g ¢ -RNP
W N H
£z 16 0629118 249481 "eoidUO T h 5 26 13.1929 207883  32.3708 0 323708
=} ° -
O
S® 17 0629118 24.4008 hesiduonuevo 5 26 12.8097 20.1845  31.1329 0 311329
S5 -RNP
=0 .
= O
38| 18 0620118 235207 Residuonuevo 5 26 12.2897 193652  29.4531 0 294531
sp -RNP
2/10 19 0629118 22.2854 tesiduonuevo 5 26 11.6287 183235  27.3173 0 273173
2025 -RNP
20 0.629118 20.6685 Res'd”c’”“:;‘; 5 26 10.8212 17.0512  24.7087 0 24.7087
21 0.629118 18.6383 Res'd“o”“:"\l’c; 5 26 9.86152 15539  21.6083 0  21.6083
_ .
o
£ .
2 22 0629118 161564 "euduO n“:,‘\l’i 5 26 874265 13.776  17.9934 0 17.9934
i .
z
£ .
o & 23 0629118 131761 |esiduonuevo 5 26 7.45657 11.7495  13.8384 0  13.8384
S -RNP
S T .
D 24 0629118 9.63886 NooIOu0 Nuevo 5 26 599412 9.44506  9.11373 0 911373
S : -RNP
7 .
3 25 0629118 4.01209 "esiduo ”“:;‘; 5 26 3.8133 6.0087  2.06815 0  2.06815
o2 -
Qg
< 5
S §G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.57235
/:?\ . . . Base B.as.e Shear Shear — Pore i
WM | Slice Width  Weight Base . Friction Normal Normal
K Cohesion Stress  Strength Pressure
Number [m] [kN] Material [kPa] Angle [kPa] [kPa] Stress [kPa] Stress
[degrees] [kPa] [kPa]
1 0.629118 1.62791 Res'd“°”“:|‘\l’§ 5 26 4.00786 6.30176 2.669 0 2.669
2 0.629118 4.77819 Res'd"o”“:,‘\l’i 5 26 5.68543 893948  8.07714 0 807714
3 0620118 7.7167 esiduo ””:,‘\l’?) 5 26 7.26875  11.429  13.1814 0 13.1814
4 0.629118 10.4418 Res'd”‘)””:,‘\l’?) 5 26 872203 13.7141  17.8666 0  17.8666
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47.9542 -43.5265
74.666 -39.734
122.47 -39.734

141.368 -39.734

? SLIDEINTERPRET 6.005
[N

b LN

5 0.629118 12.9514 Res'd”‘)””:,‘\l’s 26 10.0135 157447  22.0299 22.0299
6 0.629118 15.2425 Res'd”‘)””:;i 26 11.1184  17.482  25.5919 25.5919
7 0.629118 17.3117 Res'd”"”“:;‘; 26 12.0214 189018  28.5029 28.5029
8 0629118 19.1547 tesiduo ”“:"\l’g 26 12.7169 19.9954 30.745 30.745
9 0629118 207665 ~eiduO ”“:"\l’f) 26 13.2091 20.7694  32.3321 32.3321
10 0629118 22.1414 tesiduo ”“:"\l’f) 26 13.5105 212432  33.3037 33.3037
11 0.629118 23.2724 Res'duonusl‘\l’;’ 26 13.6394 21.4459  33.7191 33.7191
g 12 0.629118 24.1518 Res'd“°”“:|‘\l’§ 26 13.6175 214115  33.6486 33.6486
g .
(]
y B 13 0.629118 24.7704 Res'duon“:,‘\l’i; 26 13.4674 21.1754  33.1645 33.1645
g i
- ﬁ .
g 5 14 0629118 251177 Residuonuevo 26 13.2098 207704  32.3341 32.3341
- -RNP
o E .
g = 15 0620118 251816 |CcodUCNUevO 26 12.8621 20.2237 312133 31.2133
g ¢ -RNP
W N H
£z 16 0.629118 24.9481 Res'd”"”“:;‘; 26 124371 19.5554  29.8429 29.8429
=} ° -
O
S® 17 0629118 24.4008 hesiduonuevo 26 11.9419 187769  28.2468 28.2468
S5 -RNP
=0 .
= O
38| 18 0620118 235207 Residuonuevo 26 11.3788 17.8915  26.4315 26.4315
sp -RNP
22(/)12% 19 0629118 22.2854 ~esiduo ”“:"\l’f) 26 10.7443 16.8938 24.386 24.386
20 0629118 20.6685 "CodU° ”“Re;l"; 26 10.0296 1577  22.0817 22.0817
21 0.629118 18.6383 Res'd“°”“:|‘\l’§ 26 9.21935 14.4961  19.4698 19.4698
_ .
o
£ .
2 22 0629118 161564 "euduO n“:,‘\l’i; 26 82907 13.0359  16.4761 16.4761
i .
z
£ .
o & 23 0629118 131761 |esiduonuevo 26 7.20971 11.3362  12.9911 12.9911
S -RNP
S T .
D 24 0629118 9.63886 NooIOu0 Nuevo 26 592717 9.31958  8.85645 8.85645
§ e -RNP
o g Resid
3 25 0.629118 4.01209 ColdUONUeVo 26 384 603783  2.12786 2.12786
S % -RNP
la) Qo
< s
B 3
> St .
. fst Of Coordinates
R.E
Water Table
X Y
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External Boundary
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Habilitacion

2/10

X

37.2474
29.319
0.0229799
0.0229799
141.368
141.368
141.368
141.368
141.368
99.2257
65.4216
44.1622

Y
-40.1261
-47.1261
-48.0048
-84.0734
-84.0734
-56.1261
-43.5554
-43.0339
-36.0798
-29.5322
-29.5322
-40.1261

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

Material Boundary

X
44.1622
44.8402
51.1794
117.489
141.368

Y
-40.1261
-40.1261
-47.0484
-50.1158
-43.0339

rofesional

laterial Boundary

2025 X

VISADO : 03202500128
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44.1622
50.9595

Y
-40.1261
-47.5486

Material Boundary

X
117.55
141.368

Y
-50.6192
-43.5554

Material Boundary

X
29.319
47.8527
50.9595
117.55

141.368

Y
-47.1261
-49.9675
-47.5486
-50.6192
-56.1261
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3.3.4. ROTURA POLIGONAL
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IA25016-EST1 Estudio de estabilidad de la fase 3 del vertedero de Bistibieta, T.M. de Lemoa (Bizkaia)





Slide Analysis Information

Estudio de estabilidad de la fase 3 del vertedero de Bistibieta
Project Summary

File Name: Tipo 2 - Poligonal

Slide Modeler Version: 6.005

28 roject Title: Estudio de estabilidad de |a fase 3 del vertedero de Bistibieta
82 halysis: Perfil C-C*

General Settings

hits of Measurement: Metric Units
Ime Units: days

brmeability Units: meters/second
ilure Direction: Right to Left

hta Output: Standard

aximum Material Properties: 20
aximum Support Properties: 20

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
IO DY 4 C

Col. n° 2226 Guillermo Bernal Martinez

nalysis Options

Habilitacion
»Profesigqal

alysis Methods Used

2/10
2025 Bishop simplified
GLE/Morgenstern-Price with interslice force function: Half Sine
Number of slices: 25
Tolerance: 0.005
& Maximum number of iterations: 50
% Check malpha < 0.2: Yes
g Initial trial value of FS: 1
'é Steffensen Iteration: Yes
Q =
g c .
@ ¢Groundwater Analysis
S
8 ¢
6 %G roundwater Method: Water Surfaces
2 . Pore Fluid Unit Weight: 9.81 kN/m3
% EA:Ivanced Groundwater Method: None

andom Numbers

K

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Search Method: Auto Refine Search

? SLIDEINTERPRET 6.005
ols, Page 1 of 6

b LN






Divisions along slope: 10

Circles per division: 10

Number of iterations: 10

Divisions to use in next iteration: 50%
Number of vertices per surface: 12
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

b LN

Material Properties
Property Residuo antiguo Impermeabilizacién saturado Residuo nuevo - RNP Dique Sustrato rocoso
T folor ] [ ] [ ] = ]
trength Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb  Mohr-Coulomb
§ nit Weight [kN/m3] 16 5 18 20 26
2 .| fohesion [kPa] 14 0 5 15 50
¢ gL .
u:j E Friction Angle [deg] 20 18 26 40 45
2  E| Water Surface None None Water Table None Water Table
o 8
z ‘é Hu Value 1 1
o 2| Ruvalue 0 0 0
3 e
W &
[ T .o o
2 sGlobal Minimums
c =
o ®
Se
£ Method: bishop simplified
D e
c 2
Ia FS:1.462130
2/10 Axis Location: 48.206, -14.757
2025 Left Slip Surface Endpoint: 47.512, -38.457
Right Slip Surface Endpoint: 66.750, -29.532
Resisting Moment=12341.4 kN-m
Driving Moment=8440.66 kN-m
3
§Method: gle/morgenstern-price
w
g FS: 1.456630
® g Axis Location: 48.090, -14.697
g E Left Slip Surface Endpoint: 47.405, -38.510
g § Right Slip Surface Endpoint: 66.730, -29.532
Q & Resisting Moment=11470.3 kN-m
Qg Driving Moment=7874.56 kN-m
b’ qg’v Resisting Horizontal Force=427.292 kN
9( 2 Driving Horizontal Force=293.343 kN
g 3
> S
> falid / Invalid Surfaces
Method: bishop simplified
Number of Valid Surfaces: 2333
Number of Invalid Surfaces: 2169
Error Codes:
Error Code -105 reported for 57 surfaces
Error Code -106 reported for 890 surfaces
? SLIDEINTERPRET 6.005
ols, Page 2 of 6






Error Code -107 reported for 158 surfaces
Error Code -108 reported for 652 surfaces
Error Code -110 reported for 406 surfaces
Error Code -1000 reported for 6 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 2268
Number of Invalid Surfaces: 2234

Error Codes:

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS

N
5}
£
k=
S
=
©
£
@
o
o
£
2
=
o
©
I
N
N
°

=
IS}
O

Habilitacion
Profesional

2/10
2025

(%)

Jice Data

Error Code -105 reported for 57 surfaces
Error Code -106 reported for 890 surfaces
Error Code -107 reported for 158 surfaces
Error Code -108 reported for 709 surfaces
Error Code -110 reported for 406 surfaces
Error Code -111 reported for 8 surfaces
Error Code -1000 reported for 6 surfaces

Error Codes

The following errors were encountered during the computation:

-105 = More than two surface / slope intersections with no valid slip surface.

-106 = Average slice width is less than 0.0001 * (maximum horizontal extent of soil region). This limitation is
imposed to avoid numerical errors which may result from too many slices, or too small a slip region.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is
specified, or if high external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety
factors if the driving force is very small (0.1 is an arbitrary number).

-110 =The water table or a piezoline does not span the slip region for a given slip surface, when Water Surfaces is
specified as the method of pore pressure calculation. If this error occurs, check that the water table or piezoline(s)
span the appropriate soil cells.

-111 = safety factor equation did not converge

-1000 = No valid slip surfaces are generated at a grid center. Unable to draw a surface.

obal Minimum Query (bishop simplified) - Safety Factor: 1.46213

Validar icog.e-gestion.es [FVIMFR6ITWEBCBRR]
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s

~)

Ve

Slice
Number

? SLIDEINTERPRET 6.005
[N

b LN

Base Base Effective
. . Base . Shear Shear Pore
Width  Weight Base . Friction Normal Normal
[m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
m ateria [kPa] ngle [kPa] [kPa] ress [kPa] ress
[degrees] [kPa] [kPa]
0.884597 6.20813 hesiduo ”“:;‘; 5 26 6.67655 9.76199  9.76354 0 976354
108251 22.0975 residuo ”“:;‘; 5 26 10.7128 156635  21.8634 0  21.8634
0713627 211128 hesidue ”“:"\l’g 5 26 13.1505 19.2277  29.1712 0 291712
0713627 253921 hesiduo ”“:"\l’f) 5 26 1513 221221  35.1054 0  35.1054
0.892912 36.8403 esiduo ”“Re;l"; 5 26 16.2862 23.8125  38.5715 0 385715
0.892912 416238 esiduo ”“:l‘\l’;’ 5 26 17.98 262891  43.6491 0  43.6491
Residuo nuevo
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? SLIDEINTERPRET 6.005
[N

b LN

-RNP
8 0.706011 37.7153 Res'd”c’”“:"\l’f) 5 26 19.414 28.3858 47.948 0 47.948
9 0706011 39.6572 esidue n“Rel‘\l"F’, 5 26 202526  29.612  50.4621 0 504621
10 1.05894 62.0632 Res'd“o”“:"\l’c; 5 26 203452 29.7473  50.7395 0 507395
11  1.05894 64.3141 Res”“”“:;‘; 5 26 209732 30.6656  52.6223 0 526223
12 0.705613 43.6563 Res'd”‘)””:,‘\l’?) 5 26 20.6968 30.2614  51.7935 0  51.7935
13 0.705613 43.7589 Res'd”‘)””:;i 5 26 207385 303224  51.9185 0 51.9185
14 0.705613 43.8615 Res'd”"”“:;‘; 5 26 20.7802 303833  52.0436 0  52.0436
1)
o
8 .
9 15 0661752 40.8087 Tesiduonuevo 5 26 20.0269 29.282  49.7853 0  49.7853
s -RNP
b= .
8 = 16 0.661752 40.0598 Res'd”"”“:"\l’g 5 26 19.7118 28.8212  48.8408 0  48.8408
- 17 0661752 39311 "eodUO T h 5 26 19.3967 283605  47.8961 0  47.8961
[0} = -
w =1
- 0] .
8 g 18 084212 481735 NeodO i 5 26 181742 265731  44.2315 0 442315
o -
% — .
= S 19 084212 454223 tesiduo ”“:l‘\l’;’ 5 26 17.2941 252862  41.5928 0 415928
S8 )
S g .
S| 20 0683451 34.2276 Res”“”“:;‘; 5 26 15.6394 228669  36.6326 0  36.6326
2% _
T9 21 0683451 311876 |esiduonuevo 5 26 14.4865 21.1811  33.176 0 33.176
2/10 - RNP
2025 ;
22 0864421 339349 ‘esiduo ””:,‘\l’?) 5 26 12286 17.9637  26.5795 0 265795
23 0614231 189585 ~euduo ””:;2 5 26 9.70193 14.1855 18.833 0 18.833
g 24 0.614231 11.5523 Res'd”"”“:;‘; 5 26 6.85681 10.0255  10.3039 0  10.3039
3 .
o
w .
g 25 0.575755 3.44065 eoidu0 ”“:"\l’g 5 26 3.90922  5.7158 1.4676 0 1.4676
© & )
S
>
§ ?G obal Minimum Query (gle/morgenstern-price) - Safety Factor: 1.45663
Q¢ .
o
g % . . . Base E:as.e Shear Shear LE Pore SRS
S S| | Slice Width  Weight Base . Friction Normal Normal
ToQ \umb [m] [kN] Material Cohesion Angl Stress  Strength st Pressure st
8 g umbper m ateria [kPa] ngie [kPa] [kPa] ress [kPa] ress
2. [degrees] [kPa] [kPa]
0z .
> S 1 1.00746 910744 Residuonuevo 5 26 7.42337 10.8131  11.9186 0  11.9186
/\\ - RNP
‘\“,.
Ne” i
2 0.601315 11.6607 Res'd”‘)””:,‘\l’?) 5 26 10.8935 15.8678  22.2823 0 222823
3 0.601315 15.0218 Res'd”‘)””:;i 5 26 13.3065 19.3827  29.4889 0  29.4889
4 091249 27.8468 tesiduo ”“:;‘; 5 26 14377 20.9419  32.6858 0  32.6858
5 091249 32.8493 Res'd”"”“:"\l’g 5 26 16.5476 24.1037  39.1685 0  39.1685
6 0736002 295573 ~esiduo ”“:"\l’f) 5 26 16.93 24.6608  40.3105 0 403105
Residuo nuevo
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8 0.736002 33.7335

9 0.694561 33.3774

10 0.694561 34.4934

11 0.694561 35.6095

12 0.694561 36.7255

ILUSTRE COLEGIO OFICIAL DE GEOLOGOS
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£

abilitacion
I'IUICD;UI Tar

H

13 0.90301 48.8446

14 0.90301 49.5881

15 0.90301 50.3315

16 0.916111 51.2069

17 0.916111 50.7432

18 0.803802 43.5802

19 0.803802 42.1025

20 0.628879 31.4269

21 0.628879 29.5563

2/10
2025

22 097413 40.4818

23 0.610749 20.2989

24 0.610749 12.9185

25 0.610749 4.30616

- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP

Residuo nuevo
- RNP
Residuo nuevo
- RNP

Residuo nuevo
- RNP

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

18.7413

18.3308

18.6767

19.0048

19.3171

18.5072

18.5257

18.5639

17.595

17.3954

16.2709

15.9021

14.5608

14.0338

12.1707

9.60717

7.19839

4.07271

27.2991

26.7012

27.205

27.683

28.1379

26.9582

26.9851

27.0407

25.6294

25.3387

23.7007

23.1635

21.2097

20.442

17.7282

13.9941

10.4854

5.93244

45.7199

44.4939

45.5271

46.507

47.4397

45.021

45.0762

45.19

42.2965

41.7005

38.3421

37.2407

33.2348

31.6608

26.0966

18.4406

11.2467

1.91178

45.7199

44.4939

45.5271

46.507

47.4397

45.021

45.0762

45.19

42.2965

41.7005

38.3421

37.2407

33.2348

31.6608

26.0966

18.4406

11.2467

1.91178

W
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ater Table
X Y

47.9542 -43.5265
74.666 -39.734

122.47 -39.734

141.368 -39.734

External Boundary

X Y
37.2474 -40.1261
29.319 -47.1261
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2/10

0.0229799 -48.0048
0.0229799 -84.0734
141.368 -84.0734
141.368 -56.1261
141.368 -43.5554
141.368 -43.0339
141.368 -36.0798
99.2257 -29.5322
65.4216 -29.5322
441622 -40.1261

Mlaaterial Boundary

X Y
44.1622 -40.1261
44,8402 -40.1261
51.1794 -47.0484
117.489 -50.1158
141.368 -43.0339

Material Boundary

X Y
44,1622 -40.1261
50.9595 -47.5486

2025Material Boundary
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X Y
117.55 -50.6192
141.368 -43.5554

Mlaaterial Boundary

X Y
29.319 -47.1261
47.8527 -49.9675
50.9595 -47.5486
117.55 -50.6192
141.368 -56.1261
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