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Ertayopevn ZelopLIKOTNTOL

[ToAAeg avBpwmivee SpaaTnPLOTNTES UITOPOUV VA TPOKXAEGOVV GEIGHOUC!!!
To douvopevo outii§ TNG oEICIKNC SLEYEPOTG LG TTEPLOYTIG OdelAeTau

» mAfpwon tapevtipwy (Ppdypata)

» AmoOnkevon/deopevon CO2

> QVTANOT Tapaywyng metpeAaiov / dpuoikou agpiov

» YSpowAikn pwypn (oxtotoABixo agplo/odiytry dppog
> o€pLo)

» QvTAnon YEwOEpUIKWY pEVOTWY

> EIOTIECELS PEVOTWV UTO Hopd1) EvEaewyY o€ ouvOnKkee  vPnATC
Oeppokpaciog kol mieong

» umoyeleg e€opUEelq peydAng kAipokoag (MetaAAsio)
> emIDAVEIOKES EKOKADEC O€ 1OIXITEPA PLEYRAT] KATPLOK

» AdBeon Avpatwv



Y ELOMOL KOVTA O€ MEPLOXEC SLaBeonc Avpatwv.

AT16 10 2010, utrapxel pia oTaBepn augnon Twy oelIopwy oTi HITA.
300 ociopoi pey€EBouc M>3 TTaparnpndnkav ato 1o 2010-2012 Evavri
MEoou Opou 21 cuuPBdaviwy oTto TTapeABoOv (W.L. Ellsworth, 2013).
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Figure 1 Worldwide locations of seismicity roporhd in the technical literature caused by or lilcoly related o
human activities, with the maximum maognitude reported to be induced at each site.
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Figure 2: Global distribution of documented cases of induced seismicity (updated to 31/08/2016), classified by
magnitude and type of activity. The colored boxes contain informations on the most relevant events (from [2]).




Enayopevn ostopkotnta AOyw £kxvong armofAntwv (pevota)
ueow yewtpnong (Mepioxn Rocky Mountain USA).
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Figure Histograms showing relation between volume of waste injected into the Rocky Mountain Arsenal well
and earthquake frequency. SOURCES: Adapted from Evans (1966); Healy et al. (1968); McClain (1970); Hsieh
and Bredehoeft (1981).




Mavw oo 95 SLATIOTWHEVEC TIEPUTTWOEL, MEXPL ONUEPA ME
NOAQULOTEPN TNV MePUTTwon tou ppayuatog Hoover tng Alpvng
Mead tn¢ onoiag n mMAnpwon npayuotonow}Onke to 1936 (Carder,
1945).

Baowkotepol mapoyovtec
» T'ewAoyia eployng
» Evtotiko medio
» [lapovoia evepywv pnyHATwV
» YOPOUNXOVIKEG LOLOTNTEC UTTOKEIUEVWY TTETPWUATWV
» AIXOTAOELS TALEVTT) P
»PuBudg petafoing teg otd®unc (dh/dt)
» Avénon ¢ mopIkNc mieonc
» AlXTapor 1) TWV THCEWV




2XNHOTIKO SLAYPOUMO TWV HNXOVICHWYV TWV ETTOLYOUEVWV
OELOUWV. APLOTEPA aUENON TNG MOPLKAC TTiEoNC Ko S€La
METABOAN TNG SLATUNTLKAG KOlL TN KOWOVLKHC TILEGNC TTOU
Spouv mAvw o€ Eva priyHLaL.
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2 NULOVTLKOL TTPOBANLLATIOLLOL OXETIKAL LE TNV
ETIOYOLIEVN OELCLLLKOTNTAL LLLOLC TLEPLOXNC.

» [Tolog sivat o oetopikdg Kivéuvog (Risk) kot mwg pmopei
VO LETPLOOTEL;

»I1oon celopxotnta O dnpovpynOei;

»TToto eivo to mBovo peyebog tov peylotov cupPavtoc;
» Oayivel cioOntn N oeloUKOTN T,

» Qo tpokaAEoel (NG oTNV EMIPAVELX;

» Towx etvat n avtiAndn Tov koo yix Tov Kivouvo;

» Tw¢ v peTplaotel o oelopIKOC Kivouvog;



Taflvopnon EMOYOUEVNG OELOMLKOTNTOC UE KPLTAPLO
ToV XpOovo gpudavion Tng oo Simpson et al,1988.

» TayELO ATTOKpLoN

m M=4.6 ( 7 prjveq petd tv mijpwon)

M=6.2 (2.5 xpovia LETA TRV MARPWON)

m M=6.2 (6,5 prjveq petd v mMARpwon)
Talbingo OMNVOOCELPEG OELOHWV M>3.5

» KOLOUOTEPNMEVN ATIOKPLON

M=6.3 (5 xpévia petd)
Oroville | M=5.7 (8 xpbvia petd)

Aswan______|M=5.6 (9 xpoviat petd)




Taflvopnon EMAYOUEVNC OELOMKOTNTAGC ME Baocn tnv
doption adevoc Kol TOV  OUVOUOACHO  OUTOTOMNG
Stakupavonc kat 8tnBnong tov vepou adetepou (Talwani,
1997).

» Tumoc | | apXLKA OELOULKOTNTA

YelOUK Opaotnplotnta  EMIPAVELAKWY OCEWOUWV  ULKPOU
ueyeBouc (ounvooelpec) pe mbavn eudavion HEYAAUTEPOU
ueyeBoug otav n mMANpwon ¢tacelL ota avwtato enimeda
(UNVeg ewg xpovia). MBavn aotpayylotn cupmneptdopa.

» Toumoc Il R kaBuoTteEpNUEVN CELOULKOTNTAL

YynAEc TIHEC peyEBoug, peyaAutepa eotloka Badn, ektaon oe
LLLaL TTLO EVPUTEPN TtEPLoXn =10Km.

duyvn eudavion oe mePLOYEC He evepyo pnétyeviy {wvn
KAOETA OTOV TOUIEVTHPA AT pWONC (€W Kol TEVw oaTto
30xpovia) (Piccinelli et al, 1995).




Nopoc evepyou taonc (Terzaghi, 1923)

Epunvela tnc enidpaonc tnc moplkncg mieonc otnv dtappnén,
otnv Tapapopdwon Kol otnv  OLEYEPON OCELOULKWY
yeyovotwv (Chen, 1992).
c'=0-p,
Omouv,
0 = CUVOALKN TAoN
p, = TILEON PEVOTOU TWV TIOPWV

>R g P, (evepyd kataképudn tdon)

> 0 ,=0,-p, (evepyd opwlovtia taon)



KukAoc Mohr-Coulomb

Wang & Manga (2010)




ApAon EVvEPYOU TAONG

(Saar & Manga, 2003)




YXEon taong ko vopog aotoxioc Mohr-Coulomb

T=T,+0 ,tand

Mohr-Coqu_[nb Failure Line
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Entidpaon tTng mopLknc nieonc o€ oxeon UE TtV
KOLTOLVO LN TWV TALOEWV OTOL TIETPWLOLTAL

MNopwdec meTpwHATWY €EWTEPLKNC ALBoodapoc
[MpWTOYEVEC < > AEUTEPOYEVEC

Pp=PwEZ

(o.'v = ov = pp) o'V " (pb 7 pw) g z
o,=p,8~2







EAQOTLKA QITOKPLON TWV TTOPWV KOTA TNV MANPWGCHN EVOC
TAULEUTPA

2uudwva pe Talwani (1997)
> JTlyplolo amoteAeopata (aoTpayyLotn anokpion ¢optiong)

> KoBuotepnpueva amoteAéopata (OTpayyLOUEVN ATTIOKPLON -LETABOAEC TNG
TIOPLKNAC Ttleonc)

Oplopog tng LetaBoAnc tne avioxnc (AS) Tou METPWHATOC 1] PAYUOTOC aTto
Bell & Nur (1978)

AT (Ao, - Ap,) AT
OTov,

Uf = cuvTeAEOTNC TPLPNG TNG emidaveLag oAloOnong Tou prypnatog
Aon = peTaBOAN CUUTILEOTIKAC KAVOVLKN G TAoNnG (OALKN G TdoNng)
App = peTaBOAN TNC TOPLKNG TTlEOoNC

At = petafoln SLatunTIKAC TAoNC

AS= petafoArn TNC avToxN G TOU METPWHATOC N PIYUATOC



ATIO TNV mapanavw eélocwon nopatnpeitat otL:

LELWON TNG AVIOXNC TOU TMETPWHATOC N Tou pnypoatoc (AS)
urtopel va tpokAnBel amo peTaBOAEC €LTE TNC TTOPLKNG TILEONC

€LTE TNG OXETWOMEVNG UE TN GOPTLON, KOWVOVLIKNG TaonG (Ag,).

H e€iowon AS = [THIYMERIY MR- A eival mapopola pe tny

gfiowon T =T, + o' tan & kat eivow pio GAAn ekdoxn tou
kpttnpiov Stappnénc Mohr-Coulomb, to omoio cuoyetilel tn
SlaTtuNTIKA TAon kKatd tnv oAloBnon, pe tn OSnuuoupyla TNC

gevepyoU taonc kat to ouvteheotn tpBnc (Talwani, 1997).
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E¢aptnon ¢ O€onc tou topeuTHPA Kal tou €idouc TG Sappnéng ME tnv
Slakupoveng Tne otadpng tou tapevtnpa (Roeloffs, 1988).

Mepumttwoelg otabepomoinong (pUn epdavion EMayoUEVNG OELOULKOTNTAC) :
>  TPOOKOAANUEVOC OTNV MAEUpA HEYAANC KALONG avaoTtpodou pryLATOS
» amneuBeiog emavw Kol EKATEPWOEV amo KPS KAlong avaotpodo priypa

»  TAVW O€ €MLPAVELOKO KOVOVLKO 1 opllovTtiac oAioBnong pryua

Effect of Oscillating Reservoir Load (f})
a.

On side dipping
away from reservoir

Destabilizes

Mepumtwoelg anootabepomnoinong (epdavion EMayOUEVNG OELOULKOTNTAC):
» OTO UTIOKE(PEVO TUAMA PEYAANG KALONC avAOoTPpOdOU pHYUATOC
» TIPOOKOAANUEVOG OTNV TTAEUPA ULKPNC KALoNC avaotpodou pAyHATOC

»  TAvw amo opl{OVTLO N KAVOVLKO pryHa




FIGURE 2.2 Observed faulting suggested to be associated with fluid withdrawal. Open arrows
denote horizontal strain. In this interpretation, normal faults develop on the flanks of a field when
the oil reservoir is located in a region of crustal extension. Reverse faults may develop above and
below the reservoir if the reservoir is located in a region undergoing compression. Adapted after

P=—= sl

Segall (1989).




Figure 1 (o) Shearing of o jointed block subjected to normal force F, and shear force F,, with fluid inside the
joint ot pressure p. Slip along the joint is triggered when the shear stress t is equal to the frictional strength
plo — p), where o — p) is the effective stress and p is the coefficient of friction. (b) Graphical representation of
the Coulomb criterion: there is no slip if the *point” (o — p, 1) is below the critical line defined by slope p.

Figure 2 (a) The normal and chear streszes (o and 1) acting acrozs the fault depend on the vertical and hori-
zontal stress (. and a,) and the fault indlination (). (b) Fluid injection or extraction could induce changes in the
stress and the pore pressure; for example, fluid injection could move the inifially stable “point” “O* in Figure 2b
fo a new position *P* that is on the critical Coulomb line, thus triggering slip on the fault. The inclination of the
segment OP is a function of the poroelastic coupling described in Box 2.3.




ure 2a). The ratio of the mean horizontal stress to the vertical stress (Figure 2b) appears o vary over a narrower

range with increasing depth, the ratio being generally less than 1 at depths larger than 2 km (~1.2 miles).
The relative magnitude of the three principal stresses, G;, , G, , and G, establishes the conditions for the

orienfation of the faults. Three regimes of siress, each associated with different fault orientations, are commonly

defined (Figure 3): (a) thrust foult regime with G, equal to the minimum principal stress, (b) normal fault regime
continuved

(b)
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USRS MGG AT PR
20 40 80
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Figure 2 (a) Vertical stress variation with depth; the linear trend corresponds to a mean density of 2,700 kg/m?.
{b) Variation of the ratio of the mean horizontal stress (G + G)/2 over the vertical stress G, with depth.
SOURCES: Figure modified from Jaeger et al. (2007), which was itself redrawn from the original figure of
Brown and Hoek (1978).
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Figure 3 (a) Thrust fault, (b) normal fault, and (c) strike-slip fault. (Cross sections shown are in vertical plane
for (a) and (b} and horizontal plane for (c).)
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