
!"#$%&%$'()*+),+%(-.-#+.)"&/&)#&)0$1$2&%$'()*+)
+3+%1-.)&04$+(1&#+.)"-/)%-(.1/5%%$'()%$6$#)+()7-(&.)*+)

"$7&//&.)

8-#&9-.:);<=>)?&%@&.AB&/%@&:)C<)D>)E+/*+:)F<)G<)H>)?&%@&.:)C<)=)
=)I&4-/&1-/$-)*+),+%(-#-2@&)!04$+(1&#:)J($6+/.$*&*)*+)K&(1$&2-)*+)L-0"-.1+#&:)I,!AJKL)

D)L+(1/-)*+)E&#-/$7&%$'()!04$+(1&#)*+#)M-/1+:)LE!M)
H)N;!CO,NL)K<I<)

K&(1$&2-)*+)L-0"-.1+#&:)N."&9&)
*&/$-/-4+/1-PQRS-10&$#<%-0)

Resumen— Se estudian los impactos ambientales generados por
la construcción de un proyecto de Ingeniería Civil, en una zona 
caracterizada por la presencia de materiales pizarreños, al 
Noroccidente de España, en la Comunidad Autónoma de Galicia. 
En específico se estudia la Autovía A8 del Cantábrico, sentido 
San Sebastián a Santiago de Compostela, en el tramo de Vilamar 
– Barreiros. Se incluyen los resultados de un ensayo piloto que
forma parte de una propuesta de actuación para la recuperación
de los focos de acidificación por medio de la aplicación de
Tecnosoles "a la carta", así como también la formación de
humedales reactivos.

Palabras clave: Tecnosoles "a la carta", recuperación 
ambiental 

Abstract— Environmental impacts caused by the construction of
a civil engineering project were studied. This research was 
conducted in an area characterized by the presence of materials 
pizarreños located northwest of Spain, in the Autonomous 
Community of Galicia. Specifically the Cantabrian highway A8 is 
studied. Direction San Sebastián to Santiago de Compostela, on 
the stretch of Vilamar - Barreiros. The results of a pilot trial for 
the recovery of the focuses of acidification by applying 
Technosols "a la carte" as well as the formation of reactive 
wetlands is also included. 

Palabras clave: Tehcnosols "a la carte", environmental 
restoration 
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Fotografía 1.- Coloraciones típicas de la oxidación de materiales 

con sulfuros expuestos a la intemperie. 
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Fotografía 2.- Precipitados con pH en torno a 5,0 

D. Evolución de la acidificación en el tiempo
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Figura 1.- Alternativas de evolución de oxidación 
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E. Vertedero de Rechazos
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Fotografía 3.- Lixiviados ácidos del vertedero y colonias de 

arqueobacterias extremófilas 
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'%02.2?#124)! -(! G(6! *+(! 2)-21#! *+(! (.! #8+#! 52()(! 3PQH<R<!
B>2,5()! 5+A(&;#,! 3#&#! -&()#@(! 5&#),0(&,#.6! .#,! 1+#.(,! 5#'A2S)!
3&(,()5#)! 3&(12325#12%)(,! -(! G(! ()! ,+,! -(,('A%1#-+&#,!
KG%5%8&#$;#!TM<!B.!3+)5%!-(!0(&52-%!-(.!0(&5(-(&%!,(!%A,(&0#!()!
.#!G%5%8&#$;#!R<!

!
Fotografía 4.- Desembocadura de drenaje transversal 

F. Taludes y terraplenes
B)! .#,! #3&%>2'#12%)(,! :#12#! .#! 12'()5#124)! -(! .%,!

02#-+15%,! ,(! :#)! &(#.2?#-%! 5(&&#3.()(,! 1%)!'#5(&2#.! &('%02-%!
()!.#!?%)#6!#.!3#&(1(&!)%!,(!:#!1%)5('3.#-%!*+(!,%)!32?#&&#,!/!
#.!(,5#&!(>3+(,5#,!#.!#2&(!,%)!-(!$912.!#12-2$21#124)6!..(8#)-%!#!
()1%)5&#&,(!3&(12325#-%,!-(!G(6!-&()#@(,!912-%,!/! ,28)%,!-(! .#!
%>2-#124)!-(!,+.$+&%,!!

"#,! ?%)#,! *+(! 3&(,()5#)! (,5(! 523%! -(! #$(15#124)! ,%)7!
U(&&#3.S)!KG%5%8&#$;#!VM6!1#)#.2?#124)!-(!5(&&#3.S)!KG%5%8&#$;#!
WM6! U(&&#3.S)6! -%)-(! 5#'A2S)! ,(! %A,(&0#)! 3&(12325#-%,! 1%)!
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!"#$%&'()* +,* -%#".'/%.0* &")"&'+".* &"$"* 1,22"3* 4"5.0*
')+'&%+"#,.*+,*!6,#/,*%&'+'!'&%&'()*78"/"9#%!:%*;<=*

*
Fotografía 5.- Lixiviados ácidos del vertedero y colonias de 

arqueobacterias extremófilas 

*
Fotografía 6.- Vista de terraplén con materiales de oxidación 

*
Fotografía 7.- Vista de terraplén con materiales de oxidación 

>?'./,)* /%$4'@)* /%26+,.* A6,* .,* +,-%#")* &")* $%/,#'%2*
,?B6,./"0*,2*&6%2*/',),*%2/"*&")/,)'+"*+,*C0*'+,)/'!'&%42,*B"#*2%.*
B'D%##%.*),9#%.*2".*&6%2,.*.")*E'.'42,.=*C,*"4.,#E%*$%/,#'%2*A6,*
,./F*,)*B#"&,."*+,*"?'+%&'()=*C,*+,4,*$,)&'")%#*A6,* ,?'./,)*
%96%.* +,* ,.&"##,)/:%* %* /#%E@.* +,* /%26+,.* &")* B#"&,."* +,*
%&'+'!'&%&'()0*2%.*&6%2,.*.,*+'#'9,)*G%&'%*6)*+#,)%-,*/#%).E,#.%20*
+")+,* .")* E'.'42,.* 2".* ,!,&/".0* &"$"*B"#* ,-,$B2"* 2%* %6.,)&'%*
+,* E,9,/%&'()* ,)* 2%* D")%*+,*+,.&%#9%*+,2* +#,)%-,* /#%).E,#.%2=*

>)* 2%* D")%* /%$4'@)* .,* B6,+,* "4.,#E%#* 2%* !"#$%&'()* +,* %29%.*
,?/#,$(!'2%.0*#,.'./,)/,.*%*,./%.*&")+'&'"),.*+,*%&'+,D=*

*
Fotografía 8.- Yellow boys en terraplén 

G. Afección a hormigón 
>2*G"#$'9()*,./F*&"$B6,./"*B"#*6)%*$,D&2%*+,*#"&%0*%#,)%0*

%96%* 5* &,$,)/"0* ,./,* H2/'$"* &")/',),* &"$B"),)/,.* +,* /'B"*
%2&%2')"*&"$"*2%*I%2&'/%*"*J"#/2%)+'/%0*2".*&6%2,.*,)*6)*$,+'"*
F&'+"* .")* %!,&/%+".* B"#* B#"&,.".* +,* +'."26&'()* +,4'+"* %* 2%*
%&&'()* +,* 2".* B#"/"),.=* >./,* /'B"* +,* %!,&&'()* G%&,* A6,* .,*
B#,.,)/,)*B"#".*,)*2%*.6B,#!'&',*+,2*G"#$'9()0*2"*A6,*!%&'2'/%*2%*
+,9#%+%&'()*+,*.6*&%2'+%+=*

K%*."264'2'D%&'()*+,2*I%2&'"*G%&,*A6,*@./,*B%.,*%*I%LM*A6,*
.,*B6,+,*$"E'2'D%#*&")*%96%=*C'*,)*6)*,)/"#)"*.,*/',),*%&'+,D*
50* +,4'+"* %* 2%* "?'+%&'()* +,* .62!6#".0* B#,.,)&'%* +,* .62!%/".* 2%*
E,2"&'+%+*+,*#,%&&'()*.,*')&#,$,)/%*+,4'+"*%*A6,*,2*&")/,)'+"*
&F2&'&"* +,* 2".* G"#$'9"),.* #,%&&'")%* &")* 2".* .62!%/".* +%)+"*
"#'9,)*%2*I%CNO*G'+#%/%+"*75,."<=*>./%*.%2*,.*$F.*."2642,*A6,*
2%* &%2&'/%* 5* !F&'2* +,* $"E'2'D%#* B"#* ,2* %96%* +,* ,.&"##,)/:%0*
&")/#'465,)+"* %H)* $F.* %* 2%* +,9#%+%&'()* +,* 2%* &%2'+%+* +,2*
G"#$'9()=**

>2*,!,&/"*+,2*5,."*)"*A6,+%*%G:0*+,4'+"*%*A6,*,)*@B"&%*.,&%*
.,* &#'./%2'D%* 5* B6,+,* #,G'+#%/%#.,* B"./,#'"#$,)/,0* 22,9%)+"*
')&26."*%*%6$,)/%#*.6*E"26$,)*%)/,#'"#=*>./,*B#"&,."*.,*#,%2'D%*
+,*!"#$%*&:&2'&%*5*&")*+'."26&'"),.*+,*,2,E%+%*&")+6&/'E'+%+=*
K%*%&&'()*+,*%&'+,D*5*%/%A6,*+,*.62!%/".*!"#$%+".*B"#*,2*5,."*
/',),)* 6)* ,!,&/"* .')@#9'&"* A6,* +,9#%+%* &6%2A6',#* $%/,#'%2*
%2&%2')"*A6,*/,)9%*&")/%&/"*&")*.6*+'."26&'()=*

K".* ,!,&/".* +,* 2".* +#,)%-,.* F&'+".* .")* E'.'42,.* ,)* 2%*
&'$,)/%&'()*+,2*E'%+6&/"*+,*I"'#%*78"/"9#%!:%*P<=*

*
Fotografía 9.- Yellow boys en terraplén 
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!"# $%# &'(')*%+,%# -.# /0# '1/0*2%"# $%/# 345%**%/# 6'"# %$('#
6'"(0"47'# 70# 8# 34*,(46'9# /4"# "4"):"# (43'# 70# *06;1*4<40"('# "4#
/03%*%64="# *0/306('# %$# >'*<4)="# ?;0# /0# 0"6;0"(*%# %# /;# $%7'@#
!/(0#%$('#6'"(0"47'#70#8#*03*0/0"(%#;"#3*'1$0<%#70147'#%#?;0#
$%#64<0"(%64="#0/(A#0"#$%#3%*(0#<A/#1%B%#70#;"#6'*(0#C#>%64%#0$$%#
$$0)%*A"#%);%/#A647%/#70147'#%#$%#'D47%64="@##

#
Fotografía 10.- Afectación al hormigón de cimentación 

H. Plan de actuación recomendado y ensayo
piloto

E# 6'"(4";%64="# /0# 70/6*410# ;"# 3$%"# 70# %664'"0/# 3%*%# $%#
3'/41$0# *06;30*%64="# '# <4(4)%64="# 70# $%/# %+06(%64'"0/#
3*'7;647%/# 3'*# $%/# '1*%/# 70# $%# E;('2,%# EF# 70$@# !$#
3*'6074<40"('# ?;0# /0# *06'<40"7%# 6'"(0<3$%# 0$# ;/'# 70#
G06"'/'$0/#H%#$%#6%*(%H#?;0#6'"(0<3$%#I#0(%3%/@#

80# 3$%"(0%# $%# 3*'C0664="# C# +4B%64="# 70# G06"'/'$# /'1*0# $%#
/;30*+4640#70$#(%$;7#4"6$;C0"7'#$%#3%*(0#/;30*4'*#%$#*%/#70#/;0$'#
"%(;*%$@# J"# G06"'/'$# %$;KA"746'9# 6'"# 6%3%647%7# 70#
"0;(*%$45%64="# 70# A647'/# <;C# 0$02%7%# 9# ?;0# /0# 3*'C06(=9# 0"#
6'"B;"('# 6'"# /0<4$$%/# C# ;"# /4/(0<%# 70# /'/(0"4<40"('9# 0/('# 0"#
6'"B;"('# 6'"# $%# 6'"7;664="# 70# $%/# %);%/# >%64%# 5'"%/# 70#
<0B'*%<40"('#70# %);%/# /'$;64'"%*A#0$#3*'1$0<%#)0"0*%7'#3'*#
$'/#(%$;70/@#L%#4"/(%$%64="#70$#G06"'/'$#/0#3;070#'1/0*2%*#0"#$%#
&'(')*%+,%#--#C#$'/#*0/;$(%7'/#70#0/(0#0"/%C'#70#%3$46%64="#70#
G06"'/'$0/#M#<0/0/#70/3;N/#/0#<;0/(*%"#0"#$%#&'(')*%+,%#-O#0"#
$%#?;0# $%#5'"%#3*'(0)47%#/'/(;2'#20)0(%64="#C#"'#0D30*4<0"(=#
3*'60/'/#70#'D47%64="#%6474+46%"(0@##

#
Fotografía 11.- Instalación del Tecnosol 

#
Fotografía 12.- Tecnosol proyectado con semillas 6 meses después 

P'<'#/0#3;070#'1/0*2%*#$'/#*0/;$(%7'/#70#$%#%3$46%64="#70#
G06"'/'$0/#/'"#02470"(0/9#70147'#%#?;0# $%#/;30*+4640#70$# (%$;7#
?;0# +;0# *06;140*(%# 6'"# G06"'/'$# (40"0# *020)0(%64="# C# >%#
"0;(*%$45%7'# 0$# 3*'60/'# 70# %6474+46%64="# C# *07;647'# $%#
'D47%64="9# <40"(*%/# ?;0# B;"('# %# 0$$%# /0# 3;070# '1/0*2%*# ;"%#
5'"%#/4"#*06;1*4<40"('9#/'1*0#$%#6;%$#"'#6*060#"%7%#C#0"#$%#?;0#
0$#3*'60/'#70#'D47%64="#/0#4"(0"/4+46%@#

L'/#$4D424%7'/#70$#20*(070*'#/'"#;"%#+;0"(0#70#$410*%64="#70#
&09#*%5="#3'*#$%#?;0#/0#7010#4<30*<0%14$45%*9#0/(%14$45%*#C#6;C%#
/;30*+4640#7010#*0)0"0*%*/09#3%*%#$'#6;%$#/0#3*'3'"0Q#

-@# R0(4*%*# 6%3%# /;30*4'*# 70$# <%(0*4%$# 70# 20*(070*'# C#
%3$46%*#;"%#6%3%#70#4<30*<0%14$45%64="@#

O@# S"/(%$%*#(;10*,%/#70#74+;/4="#?;0#6'"(0")%"#G06"'/'$#'#
3*'20")%"#70#%);%#?;0#(0")%#6'"(%6('#6'"#G06"'/'$9#70#+'*<%#
?;0#/0#"0;(*%$460#$%#%64705#3*'7;647%@#

T@# R06;1*4*# $%/# 3%*070/# /;30*+464%$0/# $%(0*%$0/# 6'"#
G06"'/'$# *46'# 0"# ";(*40"(0/9# 0"# 6'"B;"('# 6'"# /0<4$$%/# 3%*%#
*020)0(%64="@#

I@# R06')47%# C# 6'"7;664="# 70# $%/# %);%/# 70# 0/6'**0"(,%#
>%64%#;"#>;<07%$#3%*%#6'"(*'$9#3*024'#%#/;#20*(47'#>%64%#6%;60#
"%(;*%$@#

E?;0$$%/#%);%/#?;0#3%/%"#3'*#0$#20*(070*'#'#3'*#$'/#(%$;70/#
6'"#<%(0*4%$#0D3;0/('9#7010"#/0*#6%"%$45%7%/#>%64%#>;<07%$0/#
70# 30?;0U%/# 74<0"/4'"0/9# 0"# $'/# ?;0# /0# 3;07%# 6'"(*'$%*# $%#
%64705# 3'*# <074'# 70# $%# <'"4('*45%64="# 70# /;/# 6'"7464'"0/#
*N7'D# C# 0$# 6'"(%6('# 6'"#G06"'/'$0/# 74/0U%7'/# 3%*%# 0$# 0+06('@#
L'/# >;<07%$0/# 7010"# (0"0*# ;"# G06"'/'$# >430*%$6%$4"'9# 0"# $%#
5'"%#70#4")*0/'#70$#%);%9#%#6'"(4";%64="#/0#%6'<3%U%*A#70#;"#
G06"'/'$# *07;6('*# C# '(*'# *46'# 0"# ";(*40"(0/@# !$# (43'# 70#
20)0(%64="#?;0#%C;70#%$#/4/(0<%#/0*A"#$'/#V;"6'/#C#GC3>%/@#80#
7010# (0"0*# 3*0/0"(0# ?;0# 0$# 74<0"/4'"%<40"('# 70$# >;<07%$#
30*<4(%#?;0#0$#(40<3'#70#*0/470"64%#70$#%);%#0"#0$#/4/(0<%#/0%#
0$# /;+4640"(0# 3%*%# 30*<4(4*# $%# 3*06434(%64="# 70$# <%(0*4%$# 0"#
/;/30"/4="@#

80# 3*'3'"0# *0%$45%*# '1*%/# 70# %6'"7464'"%<40"('# 3%*%# $%#
3*'(0664="#70#$%/#5%3%(%/#70#64<0"(%64="#70#%?;0$$'/#24%7;6('/#
0"# $'/# ?;0# /0# 02470"64%# $%# 'D47%64="# 70# /;$+;*'/9# 0/(%/# '1*%/#
7010"# 024(%*# $%# %6;<;$%64="# 70# %);%# B;"('# %$# >'*<4)="@#
G%<14N"#/0#7010#3*'(0)0*#$%/#5%3%(%/#C#34$%*0/#6'"#;"#<%(0*4%$#
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!"#$%$"&!' (' )*#*' +*%,-%!.' /!' 0$"!1$' 2,!' 30)3/$' !%' )$+*' /!'
$4,$+'5#3/$+'6$#3$'%$'!+&1,#&,1$7'

8*+' 1!+,%&$/*+'!"#*"&1$/*+'1!9%!:$"'2,!' %$' 9$%&$'/!'#*"&1*%'
+*-1!'%*+')1*#!+*+'/!'*;3/$#3<"'/!'%*+'0$&!13$%!+'+,!%&*+'*'"*'
1!#,-3!1&*+.'/$"'%,4$1'$'4!"!1$#3<"'/!'$4,$+'5#3/$+'2,!'),!/!"'
)1!+!"&$1' #*"#!"&1$#3*"!+' /!' 13!+4*' !"' !%!0!"&*+'
)*&!"#3$%0!"&!')!%341*+*+'

=>7 ?@A?8BC=@ADC'
8*+')1*(!#&*+'/!'#*"+&1,##3<"'/!'*-1$'#3E3%'2,!'#*"%%!E!"'

0*E303!"&*' /!' 0$&!13$%!+' #*"' +,%9,1*+.' #*0*' !%' $2,F'
!+&,/3$/*.'1!2,3!1!"'/!'$#&,$#3*"!+',14!"&!+'(')1!E!"&3E$+')$1$'
#*"&1*%$1'!"'+,+'9$+!+'3"3#3$%!+'%$'*;3/$#3<"'/!'%*+'+,%9,1*+.'$+F'
#*0*' %$+' #*"/3#3*"!+' 2,!' 4!"!1$"' $#3/!G' (' *&1*+' )1*-%!0$+'
$0-3!"&$%!+7'

8$' "*' $#&,$#3<"' +*-1!' %*+' )1*#!+*+' /!' *;3/$#3<"' 4!"!1$"'
/1!"$:!+' 5#3/*+.' 2,!' $9!#&$"' $%' $4,$' +,)!193#3$%' 2,!' $&1$E3!+$'
)*1' !%%*+' (.' 2,!' )*1' #$"$%3G$#3<"' +!' %%!E$' 6$#3$' #$,#!+'
"$&,1$%!+.' %*'2,!' 4!"!1$' 30)$#&*+' !"' &*/*' !%' !"&*1"*' !/593#*.'
63/1*%<43#*' (' -3*&$.' &$%' #*0*' !E3/!"#3$"' %$+' 9*&*41$9F$+'
0*+&1$/$+7'

'

HIJHKD?=L=DAM@C'
H'CDADC?NM'D#,$/*1')*1'03'-!#$')1!/*#&*1$%.' $%'8MHO

BC?')*1' !%' $)*(*')$1$' !%'/!+$11*%%*'/!%' )1*(!#&*7'H'?$10!"'
PQ1!G'8%$4,"*')*1'+,'&1$-$:*'!"'%$-*1$&*13*7'

JDRDJDA?DC'
?$%E*'/!'H"&$.'J7S'L$#F$+.'R7'TUUV'P1*#!+*+'/!'$%&!1$#3<"'

3"/,#3/*+')*1'$#&3E3/$/!+'6,0$"$+'!"'0$&!13$%!+'#*"'+,%9,1*+'
/!'I$%3#3$7'V7O'?*0)*+3#3<"'/!'%$+'9$+!+'9%,3/$+'('&!"/!"#3$+'/!'
"!*9*10$#3<"' 03"!1$%7' ===' ?*"41!+*' I!*%<43#*' /!' D+)$W$' ('
>===' ?*"41!+*' 8$&3"*$0!13#$"*' /!' I!*%*4F$7' M*0*' TX' VYVO
VZT7''

L$#F$+.'R7S'?$%E*'/!'H"&$.'J7'TUUV7'P1*#!+*+'/!'$%&!1$#3<"'
3"/,#3/*+')*1'$#&3E3/$/!+'6,0$"$+'!"'0$&!13$%!+'#*"'+,%9,1*+'
/!'I$%3#3$7'T7O'?$1$#&!13G$#3<"'/!'%*+'0$&!13$%!+'*1343"$%!+'('/!'
%*+'$0-3!"&!+'/!'$%&!1$#3<"7'==='?*"41!+*'I!*%<43#*'/!'D+)$W$'
('>==='?*"41!+*'8$&3"*$0!13#$"*'/!'I!*%*4F$7'M*0*'TX'V[\O
VYT7'

L$#F$+.' R7S' ?$%E*' /!' H"&$.' J7' TUUV7' ?*"+&1,##3<"' /!'
3"91$!+&1,#&,1$+'%3"!$%!+'!"'0$&!13$%!+'#*"'+,%9,1*+7'B"'!:!0)%*'
/!' 30)$#&*' $0-3!"&$%' +*-1!' !%' 0!/3*' $#,5&3#*7' ==' C30)*+3*'
A$#3*"$%' +*-1!' ?$11!&!1$+' (' L!/3*' H0-3!"&!7' L7@7P7M7' 8$+'
P$%0$+'/!'I1$"'?$"$13$7'))7'[\OYT7'

'

X CONGRESO DE CIENCIA Y TECNOLOGÍA ESPE 2015

ISSN: 1390-4671 122


