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3:; <=>?@AL1*M+0( L13N6*-( 100( .N+*15-( PEEQRF(/0S-LN/+0( TSEXEDER: >GCliwatanje i geolosko uskladistenje ugljika (CS), utisna
injection, leakage, mechanical integrity busotina, utiskivanje CH(3*+36UN10S-F(V-W10/XY1(LS-2+Z/N+.N

'H@I>JKI #JL:IIM
?-+2+5/L(Q-[6-.N*1N/+0(P?QR(/.(31*N(+,(1(3*+L-..(YO+TO(1.(\L1*M+B¢2+UY+( .Y21O/UN-0S-( P?QR( Y1+( O/+( 3*+L-.1( \Y13N/*10S-( /(
L13N6*-( 100( .N+*15-( PEEQR]( 100( *-3*-.-ON.( NW-( 3*+L-..( +,( /0S2MNIPSN-0S-( 652S/X0+5( O/+Y./01( PEQR]( 3*-O.N1Z2S1( 3*+L-.( 6N/.Y/Z10S1(
CO,F(/ON+(O--3(.6M.6* 1L-(*+LY(,+*VIN/+0.(,+*(2+05BN-*V(.N+*18Q{(8¢O6M+Y+(a12/S-e6f-(.N/S-0-(*10/( N*1S0+5(.Y210/UN-0S1 (@(N6(.Z*W6(

injecting of CQ(-_/.N/05(T-22.(1*-(6.-O(1.(T-22(1.(0-T(0*/22-O(T-22 ¥(»{/.N-(.-(3+.N+S-f-(M6U+N/0-F(12/( .-(/a*196 S6(/(0+Z-(MEU+N/0- (G6U+N/01(
T-22(*-3*-.-ON.(NW-(V+.N(2/Y-2" (*+6N-(,+*(2-1Y15{tertEdeologic ~ 3*-0.N1Z2S1(01SZS-*+S1NO/S/(36N(al( )/ HifiBaEEH kojima je
L1*M+0( .-[6-.N*1N/+0 ( C1/0N1/0/05( V-LW10/L12(/ON-5*/N"(W-23.(-83¢B-818L O/UN-0 (HO*e1Z10S-V(V-W10/XY+5(/ON-5*/N-N1(M6U+N/0-(+0-V+
the well and wellbore from becoming conduits for Gfigration out  56f1Z1(.-(O1(M6U+N/01(/(0S-0(3*.N-01.N/(3*+.N+*(3+.N106(36N+Z/(V/5*1L/S~(
+,(NW-(/0S-LN/+0(a+0- (bW-(N3/L12(L+V3+0-ON, (mjét(ai well ~ CO,(/a(6N/.0-(a+0-(3*-V1(3+Z*U/0/ (H.0+Z0-(Y+V3+0-ON-(M6U+N/0-(al(
1*-(L1./05F(N6M/O5F(L-V-ONF(100(31LY-* (bW-.-(L+V3+0-0ON.(1*-(:@sKilaNje CQ su: kolona zastitnih cijevi, tubing, cementni kamen i
for maintaining mechanical integrity and ensuring,@@es not migrate  31Y-* (HZ-(Y+V3+0-ON-(.6(M/NO-(al(+0*e1Z10S-(V-W10/XY+5(/ON-5*/N-N1(/(
63T1*0.(,*+V(NW-(/0S-LN/+0(a+0-(/ON+(600-*5*+600( .+6*L-(+,( QFHMBL10S-(Z-*N/Y 120-(V/5*1LLBa(EN/.0-(a+0-(6(.N/S-0-(Y+S-(.10*e-(
TIN-*( P@Q:cRd( NW-*-,+*-( W-23/05( N+( -0.6*-( a+012( /.+21N/+08NY BUZ+O6(P@Q:cR(S-*(3+V1e6(01(.-(/a+2/*1(a+01(P01.215-(.N/S-01R(6(
/0S-LN-O(L1*M+0(O/+In@+der to have the safe underground storag&’+S6(S-(652S/X0/(O/+Y./O(6N/.06N (A10/(3+.N/al0S1(./56*0+5(6.Y210/UN-0S1(
of CO(T-22(/ON-5*/N"(L+0./O-*1N/+0.(.W+620(M-(3*-.-ON(06*/05(1 22(@{8(3--Oa-V2S6F(/ON-5*/N-N(M6U+N/0-(N*-M1(.152-O1N/(N/S-Y+V(.Z/W(,1a1(6(
+,( T-22( 2/,-(/0L260/05( O-./50( 3W1.-F( O*/22/05F( L+V32-N/+0F( FaOQNADIS-Y6(M6U+N/0-(+0O(3210/*10S1F(3*-Y+(M6U-0S1F(+3*-V10S1F(6N/.Y/
workover (service) and abandonment. Z10S1F(+0O*e1Z10S1(P*-V+0ON1R(.Z-(O+(N*1S0+5(0136UN10S1(M6U+N/0- (

bW-( 313-*( O-.L*/M-.( T-22( O-./50F( T-22( /ON-5*/N"( 100( V-LW10/L@Z¢t106(.-(+3/.6S6(Y+0.N*6YL/S1(6N/.0-(MBU+N/0-F(LS-2+Z/N+.N(M6U+N/0-(
integrity tests (MITs) as a means of measuring the adequacy of tNe(01Z+O-(N-.N+Z/(V-W10/XY+5(/ON-5*/N-N1(PC;b.R(Y+S/V1(.-(+O*-g6S-(01(
L+0.N*6LN/+0(+,(NW-(/0S-LN/+0(T-22(100(1.(1(T1 (N+(O-N-LN(3*+N B SA(FINVFMS-01(+O5+21*1S6f1(Y+0.N*6 YL/SL(6N/.0-(MEBU+N/O-(/(+NY*/Z1S6(
the well system. 3*+M2-V/(606N1*(Y10121(M6U+N/O-

$FI>=?DKIG=F

bW-(/ON-*-.N(/O(L1*M+0(L13N6*-(100(.N+*15-(.(*-21Nf¢5%1te, the technology as a whole has only been de-
new, but the underground injection and effective Storage 4 (. +(, 1*(LN(L(,-T(3/2+N(./N-.(1*+600 (NW-(T+*20(.6LW(L.(
of large quantities of CpiS not a new technology for NW-(Q2-/30-*( h-20(/0(8+*T1 F(c-"M6*0( h-20(/0( EL01O1F(
oil and gas industry. In the last 10 years, most of th@( 121W(h-20(/0(>25-*/1(P?122+(-N(12 F(liilF(</V-0-a(100(
N-LWO+2+5/-.( O-Z-2+3-O( NW*+65W( NW-( 21.N("(cHglhttirhyk, 2002). The majority of locations that are
CO,(9HA(P-OW10L-O(+/2(*-L+Z-*"R(~_3-*/-0L-(W1Z-(z-R5;(1+0./O-+O(,+*(L1*M+0(O/+_/Q)(Pfdtion and
6LL-..,6227( 1332/-O( /0( ?Q( P5-+2+5/L( .-[6-.N*1N/+ -.(N*]_N/+O(l*-(N‘3/L122\(,+GOOZ/O(NW-(l*-l.(NWlN(WlZ-(l(
,+*(EEQ(PL1*M+0(L13N6*-(100(.N+*15-R(/0(.12/0-( /.N’:FQ“\(+,(+/2F(01N6*12(51.F(1007+*(L+12M-O(\/—NWlO-(3*+O6L
(Sweatman et al., 2009). N/+0(P900/.B=/05(100()1N-*.+OF(liild(?122+(-N(12 F(liild(
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G-221*MF(liijR (:6-(N+(T-22(2+55/05(100(-_32+*EN/+DEA2F( T/NW( NW-( -_L-3N/+0( NWIN( V6LW( +,( NW-( O+TOW+2-(
tivities in these regions, there is also a greater knowledgé/3V-ON(P- 5 (L1./05(200(N6M/05F(.1,-N"(Z12Z-.F(L-V-ON.F(
base for saline formations that lie either above or beloMi2+T+6N(3*-Z-ON-*.R(V6.N(M-(635*10-O(,+*(W/5W/(3*-..6*-(
oil and gas reservoirs. 100( L+**+./+0( *-./.N10L- (bW-(T-22(/.(L+V32-N-O( IN( NW-(

A+*(NW-(9HA(+3-*1N/+0.F(NW+6.100.(+,(/0S-LN/+6{TRAN" (/0.N122/05(1(T-22W-10(100 A\EW*/.NV1. (b*--](NW1LN(
W1Z-( M--0( .6LL-..,622°( L+0.N*6LN-O( 100( +3-*1N-O.(MO(N+3(+,(NW-(T-22W-10(100(/.(10(1..-VM2'(+,(212Z-.F(
06V-*+6.(+/2(100(1.(L+V310/-.(0(V10'(O/,,-*-ON(*/2(h-B-{6*-(5165-.(100(LW+Y-. (:-Z/L-.(1*-(L+00-LN-O(N+(NW-(
in the world. Unlike Croatia, in the United States injectioNEW*/.NV1.(b*--](NW1IN(122+T(NW-(V+0/N+*/05(+,(3*-..6*-F(
T-22.(1*-(L21../n-O(/ON+(hZ-(L21..F( 16NW+*/a-O( 60Q-YBINN6*-F(100(/0S-LN/+0(*1N-.(P*/56*-($R (bW-(L+VM/0-O(
Safe Drinking Water Act (SDWA), and regulated undewellhead has casing annulus valves to access all annular
the Underground Injection Control (UIC) Program. @O .31L-.(N+(V-1.6%-(NW-(3*-..6*-(M-NT--O(NW-(L1./05(.N*/05.(
M-/05(/0S-LN-O(/O(NW-(@ Q (600-*(NT+(T-22(L21../HIOMMENB-O(NW-(L1./05(100(3*+O6LN/+0(N6M621* (>M+Z-(NW-(
E21..(;;(L0O(E21..(I(-_3-*/V-ON12(N-LWO+2+5(T-22.Gloistmas tree a COnjection valve is mounted and an
=-L-VM-*(1iSi(NW-( @Q(9)>(h012/a-O(*-5621N/+0.( ,+*@d(L-..(Z12Z-(,+*(*600/05(T/*-2/0-.(,*+V(NW-(N+3
new class of injection well — Class VI well for geologic
storage of CCY{100(-.N1IM2/.W-O( 1( 3INW(,+*(L+VV-*L/12(
geologic carbon sequestration (US EPA, 2010 and 2011

In Croatia, there are favourable natural condition
A*(5-+2+5/L12( N+*15-( +,( L1*M+0( O/+_/O-(k(/O( NW
N*6LN6*12( O-3*-../+0.(+,(NW-(.+6NW-*0()100+0/10(
100(/O(NW-(>O*/AN/L(+,,B.W+*-(1.(T-22(PQ1,N/f(-N(1:
bW-( V+.N( 3*+.3-LN/Z-( +MS-LN.( /0( NW-( 0-1*( ,6N¢
0-32-N-O(W O*+L1*M+0(h-20. (;0(;Z10/f(+/2(h-20(/0(N
O-3*-..[+0F(NW-(3/2+\{iijeLtion has already been done
1.(1(31*N(+,(LO(9HA(3*+S-LN(0+N(,+*(36*3+.-(+,(5-4" ™=
storage.

bW-(L1*M+0(O/+_/O-(/0S-LN/+0(/.(O/,,-*-ON(NW10(/
+,(+NW-*(16/0.(M-L16.-(L1*M+0(O/+_/O-(/.(2-..(0-0.(l
V+.N(.6M.6*,1L-(16/0. (;N(/.(M6+ 10N( 100( T/22( N-I
V/5*1N-(N+(NW-(N+3(+,(NW-(/0S-LN/+0(a+0- (E1*MHA
12.+(W1.(NW-(3+N-ON/12( N+( M-(L+**+./Z-(TW-0(V/_
water. The well needs to maintain its integrity for the life =
+,(NW-(3*+S-LN(./OL-(NW-(5+12(+,(?Q(/.(NW-(2+05(N-*
+,(L1*M+0(O/+_/O- (>0(/V3*+3-*2°(L+0.N*6LN-O( T-2
lead to loss of well integrity that could lead to carbotr
O/+_[O-(+*(,+*VAIN/+0(I6/0(2-1Y15-(,*+V(NW-(T-22M+
into USDWs (Gasda et al., 2004 and 2005).

== CO; SOURCE
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CASING ANNULUS
VALVES

), GFC:KIG=F <:BB ?:@GNF
bW-( N-LWO+2+5/-.( ,+*( 0*/22/05( 100( L+V32;N/0

J0S-LN/+0(T-22.(1*(T-22(0-Z-2+3-O (>V-*/L10()-N*+2

:0.N/NBN-( 36M2/.W-O( 1( 06VM-*( +,( Q3-L/HiridN/+

Recommended Practices for Casing and Tubing, and W

Cements such adl@O 'P+="Q=(""7& R&Q3-L/hL1IN/+0(

for Casing and TubingN@O T@ RFORecommended ‘

Practices for Care and Use of Casing and TubiRj, L

T@ DEKIJ Recommended Practice for Testing Wel - 4 P-— memmoocusne

Cements, N@O !P+='"Q=("7& DENQ3-L/hL1IN/+0( +0, T e ey TIEe

Cements and Materials for Well CementiNg@O T@ DEVI o

2 — Recommended Practice for Centralizer Placement a%ND’(‘So/ L12(EtfInjection Wellhead o

ON+3(E+221*(b- N/OSRIEID[P+="0=("7& DBWRCkers Slika 1. SP'%&( P75#L'&3-( TP#+A( :$L7"&+ ,( $"3-'5(&B+ FW

and Bridge Plugs. bW-( N'3/L12( L+V3+0-ON.( +,( 10( /0S-LN/+0( T-22( NWLN(
C+.N(L.3-LN.(+,(0*/22/05(100(L+V32-N/OS(.6LW(T-Z(}e16vant to maintaining mechanical integrity and to

JNI21*(+*(/O-ON/L12(N+( NWIN(+,(0*/22/05(100( L+363.8*WW1N(I6/0.(O+(O+NN/5*1N-(,*+V(NW-(/OS-LN/+0(a+0-(

conventional gas (or other) injection well or a gas StoragﬁN+(@Q:c.(l*-(NW-(L1./05F(N6M/05F(L-V-0N F(100(31LY-*(

BRADENHEAD
VALVE
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PA56*-( IR ( bW-( T-22( L+V3+0-ON.( .W+620( M-( O-./Blbd(
N+( T/NW.N10O( NW-( V1_/V6V( 10N/L/3IN-O( .N*-..( /0( -1LW(
O/*-LN/+0(k(1_/12(O/*-LN/+0((PN-0./2-F(L+V3*-../Z-R(+*(*T@LR(bing runs inside the long string casing from the
PL+2213.-F(M6*.NRF(100(/0L260-(1(.1,-N"(,1LN+* (b'oreg@rd GL0tce down to the injection zone. The injected
[O(-1LW(+,(NW-(.N*-..(O/*-LN/+0.(.W+620(M-(L+V31*-B(RHMIY(O+TONW-(NE6M/O5F (+6N(NW*+65W(NW-(3-*,+*1N/+0.(
strength of the material in that direction. The loading® the long string casing, and into the injection zone.
L+**-.3+00(N+(NW-(M6* NF(L+2213.-F(100(N-0./2-(.NWOENBMMOB(-00.( IN( 1( 3+/ON( S6.N(M-2+T( NW-(31LY-* (bW-(
the material. .31L-( M-NT--0( NW-( 2+05( .N*/05( L1./05( L00( N6M/05( V6.N(
M-(h22-O( T/NW( 1( 0+0BL+**+./Z-(31LY-*(16/0 (bW-(N6M/05(
/'niecﬁw Pressure V. (L0+NW-*(M1**/-*(M-NT--0(NW-(/0S-LN-O(16/0(1L00(NW-(
long string casing. It must be designed to withstand the
€O, Inflow N*-_.-.(100(16/O.(T/NW(TW/LW(/N(T/22(L+V-(/ON+(L+ON1LN (
L The tubing and long string casing act together to form two
2-7-2.(+,(3*+N-LN/+0(M-NT--0( NW-( L1*M+0( O/+_/O-(.N*-1V(
and the geologic formations above the injection zone.
>(.1,-N(Z12Z-73*+h2-(0/332-(L10( M-(6.-O(N+(/.+21N-( NW-(
wellbore from the formation to allow the tubing string
S N+(M-(*-321L-O (;0S-LN/+0(T/22(M-(L+0O6LN-O( NW*+65W( NW-(
3-*,+*1N-O(L1./05 (;O(NW-(M1.-(L1.-(NW-*-(/.(0+(.N/V621N/+0(
V-NW+O( 6.-OF( MBN( W O*+( ,*1LN6*/05( V1" ( M-( 10( +3N/+0 (
= @./05(1L/O.(N+(/V3*+Z-(/0S-LN/Z/N"(/.(O+N(*-L+VV-00-O(
Long String Casing Intermediate Casing  \-|_16.-(+,(NW-(3+../M2-(O1V15-(N+(NW-(L-V-ON(.W-1NW(100(
casing.

Annulus
(Packer Fluid)

Surface Casing

Injection Tubing

Cement

» =t =—Confining Layer
Borehcle R | - ; “ E-V-ON(.(V3+*NION(+*(3*+Z/O/05(.N*6LN6*12(.633+*N(+,(

; NW-(L1./05F(3*-Z-ON/05(L+ON1LN(+,(NW-(L1./05(T/NW(L+**+./Z~(
,+*VIN/+0( 16/0.F( 100( 3*-Z-ON/05( Z-*N/L12( V+Z-V-ON( +,(
L1*M+0( O/+_/O- ( Q+V-( +,( NW-( V+.N( L6**-ON( *-.-1*LW-.(
indicate that a good cement job is one of the key factors
10(-,,-LN/Z-(a+012(/.+21N/+0 (bW-(3*+3-*(321L-V-ON(+,(NW-(
L-V-ON(/.( L*/N/L12F( 1.(-**+*.(L10( M-( O/,hL62N(N+(h_(21N-*(
on. Failing to cement the entire length of casing, failure
0GND>: §chematic of a CQOS-LN/+0(c-22(P?16+01BC-g/ve*-LF(igsRf the cement to bond with the casing or formation, not
Slika 2. IX+A("3- P#-(, :$L7"&+ ,( $"3-5(&B+ FYW?($#&(1>+J1  centralizing the casing during cementing, cracking, and

Perforations

£ Injection Zone
Acid Resistant Cement =
s

A$#+=; UEDDZ 12N-*IN/+0(+,(NW-(L-V-ON(L10(122(122+T(V/5*1N/+0(+,(I6/0.(
, 12+05(NW-(T-22M+% (;,(LL*M-+0(O/+_/O-(-.L13-.(NW-(/0S-LN/+0(
Casing zone through the wellbore because of a failed cement job,

i i  NW-(0S-LN/+0(3*+L-..(V6.N(M-(ON-**63N-O(N+(3-* +*V(L+.N2(

>0(/0S-LN/+0(T-22(N"3/L122"(L+0./.N.(+,(+0-(+*(Mefiiddial cementing treatments. In a worst case scenario,
L1./05. (4-1Y.(/0( NW'(Ll;/OS( L10(122+T(I6/0O(N+(-.kdigife of the cement sheath can result in the total loss
/ON+(60/0N-00-O(a+0-.(+*(122+T(I6/0(V+Z-V-ON(M-NT-1Q€r_22 (:6+/05( NW-(/0S-LN/+0(3W1.-F(L-V-ON(T/22(+02'(
zones. The construction materials selected for the casigg.qunter CO(M+T-Z-*( 1,N-*( NW-( /0S-LN/+0( 3W1.-( 100(
1OO(NVL/'(Ll-/05(o'-/5P(V6-N(M'(133*+3*/1N'('+*(N\A€iﬁ|§/1@'free CQaround the wellbore is dissolved in the
1OO£-N '--‘-('OL*;GON' -O(IN(NW-( '/N'B'3'L/hL(O+T%Wé+2ﬁe wellbore will be attacked by carbonic acid
-02/*+0V-ON (E1 _M+0(_O/+__/O-(/O(I_.+VM/01N/+0(T/I\_IV\{§_‘|’2%3)(_ The carbonic acid will only attack the reservoir
forms carbonic acid, which is corrosive to many materlaI§.+*N/+0( +,( NW-( 3*+OBLN/+0( L1.JO5F( NW-*- +*-( .3-L/12(
81N/Z-(16/0.(L10(12.+(L+ON1/O(L+**+./Z~(-2-V-ON.(.6L Wfd<{deration of CQcement needs only to be considered
M*/0-.(100(W O*+5-0(.62hO- (;Q(iBjgction wells, the .« NW-g*-.-*Z+/*F(3*N1*‘(.-12( 100(1(.1,-N"(a+0-(1M+Z-(
31L- (M-NT--O(NW-(2+05(N*/05(L1./05(100(NW-(ON-"MyRUN=k7 1+ ( A-5621%( L-V-ON( . W-620( M-( 6 hL/-ON(+Z-X
casing, and between the intermediate casing and i cq-resistant cement. However since two different
surface casing as well as between the casings and fagnent siurries will be used, G@sistant cement that is
5-+2+5/L(,+*VIN/+O(1*-(*-[6/*-O(N+(M-(h22-O(T/NW(L- YN RIM2-(T/NW/(*-56 21%()+*N2100(L-V-ON(W1. (N+(M-(6.-O(N+(
along all casings. 3%-Z-ON(I1.W(.-NN/05 (bW-(L-V-ON(V6.N(M-(1M2-(N+(V1/ONL/0(

(24T (3-*V-1M/2IN'(+Z-*( 2-05NW ( -_3+.6%-( NA+( *-.-*Z+/*(
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conditions in a CQinjection and storage scenario. Long-between underground sources of drinking water. The

term carbon sequestration conditions include contact odsing and cement used in the construction of each newly
~N(L-V-ON(T/NW(.63-*L*/N/L IR ESH(PE(IN(qo(M1*.R(IOQE2-O( T-22( W1.( N+( M-( O-./50-O(,+*( NW-( 2/,~(-_3-LN10L'(
M*/0-(.+26N/+0.(IN(/OL*-1.-O(3*-..6*-(100(N-V3-*IN6*10O(-( T-22 (;0( O-N-*Vv/0/05( 100( .3-L/,"/05( L1./05( 100(

O-L*-1.-O(3m(P=6NLWY+(-N(12 F(ligR

Packer

>(31LY-*(/.(1(.-12/05(O-Z/L-( TW/LW(Y--3.(16/0(,*

cementing requirements, the following factors

has

N+( M-( L+0./0-*-0%( P$R( O-3NW( N+( NW-( /0S-LN/+0( a+0-d( P'F
JOS-LN/+0( 3*-..6*-F( -_N-*012( 3*-..6*-F( JON-*012( 3*-..6*-F(
1_/12(2+10/05F(-NL d(PoR(W+2-(./a-d(P"R(./a-(100(5*10-(+,(122(

+(§£%ing strings (wall thickness, diameter, nominal weight,

migrating from the injection zone into the annulus, a5\\yF( S+/0N( .3-L/hLIN/+0F( 100( L+0.N*6LN/+0( VIN-*/12Rd|
between the long string casing and tubing. The tubing, (L+%%+./Z-0-..(+,(/0S-LN-O(I6/0.(100(,+*VIN/+
@

1.(-N(+0( 1(*-N*/-Z1M2-( 31LY-*( 1M+Z-( NW-(/0S-LN/

N+(-1.-(NW-(LW105/05(+,

06*/05(*-5621*(/0.3-LN/+0. (>(31LY-*(V6.N(12.+(M-(V
+,(VIN-#/12, (NWLN(L*(L+V3LN/M2-(T/NW(16/O.(TW/{]

come into contact.

Design requirements

+
(NW-(N6M/05(/,(3/NN/O5(/. Qﬁ\f

)
o

0(16/0.d(

r(IW+2+5‘( +,(/0S-LN/+0( 100( L+0h0/05( a+0-.d( 100( PqR(
O+ 10-( +,( L-V-ON (bW-( ,+22+T/05( /0,+*VIN/+0(

he injection zone has to be determined or
O(,+*(0-T(T-22.%( P$R(16/0(3*-..6*-d( PIR(,*1LN6*-(

3*-..6%-d( 100( POR(3W./L12( 100( LW-V/L12( LW1*1LN-*/.N/L.(
+,(NW-(,+*VIN/+0(I6/0. (>33*+3*/1N-(2+5.( L00(+NW-*(N-.N.(

have to be conducted during the drilling and constru

ction

All new CO, injection wells have to be cased ancPf_ new wells. Mandatory technical requirements for,CO

L-V-ON-O( N+( 3*-Z-ON( N

JHB: OMandatory Technical Req

W-( V/5*IN/+0( +,( 16/0.( /omcﬁqn well1*-(3*-.-ON-O(/0(b1M2-($

uirements for A@ection Well (NETL, 2009)

Tablica 1.W:5+,&' "+X&%-" ,(X"B+5' ,( :$L7"&+ ,( $"3-'5(&B+¥®OS[; UEE\Z

KQFGKJB -:RDG>:S:FI@ T=3 $FC:KIG=F 2:BB U)BJ@@ 63V

9 N-0./Z-( ./N-( LW1*1LN-*/a1N/+0( 0--O-OF( /0L260/05( T-22( 2+5.F( V13.F(

L*+..B.-LN/+0.F(
F(100(1..-..(

#GIGFN @Q:c( 2+L1IN/+0.F( O-N-*V/0-(/0S-LN/+0( a+0-( 3+*+./N'F(/O-ON/,"(10°(,162N.
seismic history of the area.
0BDG? (=W:S:FI 8+(16/0(V+Z-V-ON(N+(1(@Q:c

'>J =T -WG:< U'=-V

-N-*V/0-O(M (L+V36N1N/+012(V+0O-2(100(*-Z1261N-O(06*/05(3*+S-LN(O6*

LN/+0

Two layers of corrosion-resistant casing required and set through lowermost

JSDW.

)=F@I>DKIG=F E-V-ON(L+V31N/M2-(T/NW(.6M.6* 1L-(5-+2+5"
:0S-LN/+0(3*-..6*.(V1 (0-+N(/O/N/LN-(+*(3*+3151N-(,*1LN6*-.(/ON+(NW-(L+0
L16.-(16/0(V+Z-V-ON(/ON+(@Q:c. (r61*N-*2"(*-3+*N/05(+0(/0S-LN/+OF(/0S-L
IX:>JIG=F 100(V-+O/IN+¥/05(+,(@Q:c.(T/NW/O(NW-(>+A (C6.N(*-3+*N(LW105-.(N+(,1L/:

+0(L+V32/10L-(.LW-062-F(2+.-(+,(V-LW10/L12(/0ON-5*/N"F(+*(0+0L+V32/10L
conditions. Permit valid for 10 years.

h0/05(a+0-(+*(
N-O(16/0.(
2IN'F(3*+5*%-..(
-(T/NW(3-*V/IN(

(:KQJFGKJB $FI:N>Gl;

Y>==T =T )=FIJGFS:FI JH
Y=@IZ2)B=@D>: )J>:

[ O-V+0.N*1N-O (P8+BV/5*1N/+0(3-N/N/+0(O-V+0.N*1N/+0d(16/0.(*-V1/0(/0(/0S
10 000 years).

UGV I+0N/06+6.(/ON-*OlZ(/ON—S*/N‘(V+0/N+*/05(1OO(100612(—_N-*012(/0N—5*/N‘(I\ -.N/05

(=FGI=>GFN >012‘a}-( /0S-LN1ON ( !E+0N/O§+6.( N-V3-*1N6*-( 100( 3*-..6*-( V+0/N+*/05( /0( NW-( N1*5-N(
formation. Plume tracking required.

)B=@D>: #i(O1"(0+N/L-(100(16.W(T-22 (C6.N(M-(32655-O(N+(3*-Z-ON(/0S-LN1ON(,*+V(L+ON1V/01N/05(
USDWs.
L5 NBL2+.6%-( /N-( LL1*-(,+*(#i("-1*.(+*( 60N/2( 3*++,(+,(0+0(-00105-*V-ON(Ni-( @Q:c.(

LN/+0(a+0-(,+*(

OGFJFKGJB
- @X=F@GHGBGI;

)-*/+0O/L122"(6301N-( NW-(L+.N(-.N/VIN-(,+*(T-22(32655/05F( 3+.N(/0S-LN/
site closure, and remediation to account for any amendments to the area of
100(L+**-LN/Z-(1LN/+0(3210 (9)>(/.(12.+(3*+3+./J05(NWIN(NW-(+TO-*(+*(+3-%
adjusted cost estimate to the Director if the original demonstration is no longer a
N+(L+Z-*(NW-(L+.N(+,(NW-(/0S-LN/+0(T-22(32655/05F (3+.NB/0S-LN/+0(./N-(L

+0(./N-(L1*-(10C
review
1N+*(.6MV/N(10
lequate
1*-F(10O(./N-(L2:
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:IN>J?JIG=F =T <:BBH=>: K:S:FI ?D: I= )/ GFC:KIG=F /0( -_N*-V-( L1.-. (This carbonation reaction dissolves
and weakens the cement making it liable to ultihyate

Portland cement systems are used conventionally flaak. The rate at which cement degradation occurs
a+012(.+21N/+0(0+/2(**B1.@3*+O6LN/+0(T-22. PW-EB@B*0B.(3*/V1*/2"(+0(N-V3-*IN6*-F(M6N( 12.+(+HJ(L-V-0
of Portland cement are determined by the mineralogichl 3-F(L-V-ON(L+V3+./N/+0F(TIN-*7L-V-ON(*1Ng*K(V+/.N
L+V3+./N/+0( +,( NW-( L2/0Y-* (cW-0( )+*N2100( L-V-0difteqit, CQ(31*N/12(3*-..6*-F(100(3+*+./N"73-*V-1M/2/N*(
V/_-O(T/NW(TIN-*F(/N.(L+V3+600.(,+*V(W O*1N/+0(3PEENMY +(-N(12 F(liigF(QLON*1(-N(12 F(lijRNED{M+0
bW-( V1/0( 3*+O6LN.( ,+*V-O( M*( NW-( L-V-ON( W OFINM&V-2"(,1.N(/O(NW-(-1*2"(O1".(MEN(21 NS aqT.
3*+L-..( 1*-( L12L/6V( ./2/LIN-( W O*1N-( 5-2( k( EQmO10®(L122"( M-L16.-( +,( NW-( N/V-( O-3-0010N( *-O6L-O(
L12L/6V(W O*+_/O-(B(E1PHEQR(/.(1(.-V/BIV+*3W+6.8+*+./N"73-*V-1M/2/N"(L16.40(¢ initial carbonation
5-2B2/Y-( VIN-*/12( NWIN( L+V3*+V/.-.( 133*+_/VINi&¢lf{Santra et al., 2009) igsolution of CaCQis a long-
TN(s(+,(NW-(W O*1N-O(L-V-ON(100(/.(NW-(3*/V1* (IM/OBDE(-0+V-0+0(100(W133-0.(+02" (TW-0O(NW-(.M(L-V-0
material. Portland cement is thermodynamically unstabie surrounded by liquid water containing disso\@@,
in COB*/LW(-0Z/*+0V-ON.(100(L10(0-5*10-(*13/02°(&3+®) 9,,-LN.(+,(NW/.(*-1LN/+0( 1*-(/OL*-1.-O(3+*+./N'7
-_3+.6*-(N+(EH/O(NW-(3*-.-OL-(+,(TIN-* (>.(Eldden  3-*V-1M/2/N*( 100( 2+..( +,( +Z-*122( V-LW10/L 1R F(N-5*/
TIN-*(O/,,6.-.(/ON+(NW-(L-V-ON(VIN*/_F(NW-(O/..+L/INLREIOBOK +( /0-,hL/-ON( +*( -Z-0( 3+N-ON/12( 2+.12¢,( a+0
(H,COR(*-1LN.(T/NW(NW-(,*--(L12L/6V(W O*+_/O-(10Q{NW(/O(-_N*-V-(L1.-. (Q-Z-*12(133*+1LWNWAZ-
L12L/6VB./2/LIN-BW O*1N-(5-2 ( bW-( *-1LN/+0( 3*+Q@&h-MNNLO(N+(W-23(*-O6L-(O-N*/V-ON12(-,,-L RAM/@OI*M+
+26M2-(100(V/5*IN-(+6N(+,(NW-(L-V-ON(VIN*/_ (9Z@Mbi2ét(al., 2009): (a) reduce the amount ofldrat
NW-(L+V3*-../Z-(.N*-05NW(+,(NW-(.-N(L-V-ON(O-L*- 1. LLQN( M*( /OL+*3+*1N/05( h22-*F( PMR( *-O6L-( 3+*+./N'7
NW-(3-*V-1IM/2/N"( 100( 3+*+./N"(/0L*-1.-F(2-10/05( +{\24M/2/N"F( PLR( 100( *-1LN/Z-( .6332-V-ON12((V1N-*/
+,(a+012(/.+21N/+0( P?16*/01BC-g/V6*-LF( [$iBr€¢ to reduce the Ca(OH))as well as changing the CSH
are mainly three different chemical reactions involved_+v3+,/N/+0(N+(1(V+*-(ZE‘dsistant one.
in cement-CQinteraction shown in table 2H010F$j"d(

G-221*M'F(liijd(QLON*1(-N(12 F(iijR (:KQJFGKJB GFI:N>GI;

CQO,(0/,,6.~.(/ON+(NW-(L13/221* ( 3+*-.(+,( NW-( L-V-ON(
TW/LW(L+ON1/OF(N+(.+V-(-_N-ONF(T1N-*(100(O/..+2Z/OMNO/L12(/ON-5*/N"(/.(1(Y-"(L+0L-3N(*-21N-O( N+( NW-(
to form carbonic acid (Eq. 1orming of carbonic acid 3-* +*V10L-( +,( 10( /0S-LN/+0( T-22F( 100( NW-( 3*-Z-0N/+0(
L16.-.(2+T-*/05(/0(3m(Z126-F(0O-3-00/05(+0(N-V3-*INGtHFE-LN-O(16/0( V+Z-V-ON(/ON+(+*(M-NT--0( @Q:c.(+*(
31*N/12(3*-..6*-(+,(EF{100(+NW-*(/+0.(3*-.-ON(/0( T1Wtikt zones. Mechanical integrity of the well is achieved
such as salt, etcCarbonic acid reacts with calcium M*(-0.6*/05(NWIN(-1LW(+,(NW-(L+V3+0-ON.(+,(NW-(T-22(1*(
W O*+_/O-(P12.+(01V-O( 1.(W O*IN-O( 2/V-( +*( 3+*N2LOMAGLR(-O (T/NW/(133*+3*/1N-(V1N-*/12.(100(1*-(,60LN/+0/05(
in the cement causing carbonation of Ca(QfEy. 2a) N+5-NW-*(1.(/ON-00-O (b'3/L12(L+**+./+0(*-./.N1ON(VIN-*/12.(
1007+*( O-L+V3+./N/+0( +,( L12L/6V( ./2ILIN-( W O* L )(Z6@F0$&(.N1/02-..(.N--2F(hM-*521..F(+*(2/0-O(L1*M+0(.N--2(
NW-( V1/0( M/00/05( L+V3+0-0ON(/0( W O*1N-O( L-V-Ofdi-cé¥M and tubing. Casing and tubing can be lined with
L12L/6V(L1*M+01N-(100(10(1V+*3W+6.(./2/L1(PI[ ('NSRADWA0,+*L-O(-3+_"F(321.N/LF(+*(L-V-ON (;,(2/0-O(L1./05(
L1*M+01N/+0( *-1LN/+0.( T/22( L16.-( O-0./hL1N/+OF( 3k is used, care is recommended during installation
N+(/0L*-1.-O(W1*O0-..(100(*-O6L-O(3-*V-1M/2/N" (NNt IAH/O(01V15/05(NW-(2/0/05(PC-"-*F(liigR (HNW-*(V-N12(
decreasing CQO/,,6./+0(100(63(N+(&s(Z+26V-(-_310./+@F{N.(.6LW(1.(31LY-*.(100(Z12Z-.(L10(M-(0/LY-2(321N-O(+*(
TW/LW(L10(2-10(N+(O-Z-2+3V-ON(+,(V/IL*+(N+(V1L*nihtiELof.Other high nickel alloys (Table 3).

JHB: PThe Main Giemical Reactions Involved in Cement-O@teraction
Tablica 2.72(5&+ -+A'B3-+ #+(-='B+ $ P#7=+3% )B+275(&R(FW+&"&' -(A+&

The mainchemical reactions
1. Formation of carbonic acid CO, + HHtm CO, (Eg. 1)

Ca(OH), + HCOE1EH |+ 2H,0 (Eq. 2a)
2. Carbonation oE12L/6V(m O*+_/O-

1007+*(L-V-ON(W O*1N-. EBQBmM((1007+*(L*".N122/0-(3W,CO(E1EH + SiO, (gel) + HO
(Eq. 2b)

3. Dissolution of CaCQ CaCQ + H,COtE1IPmMEH ), (Eq. 3)
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JHB: [ Materials of construction for C@0S-LN/+0(T-22.(PC-"-*F(liigR
Tablica 3.]7&3"#$-='B3-' A("+#'B(2' TP#+A+ SL7"&( ,( $"3-'5(&B#YBWE+#;, UEENZ

)=SX=F:FI

(JI:>GIB@ =T K=F@I>DKIG=F

@3.N*-1V(C-N-*/05(v()/3/05(A60.

316 SS, Fiberglass

Christmas Tree (Trim)

316 SS, Nickel, Monel

Valve Packing and Seals

b-1+0F(8°2+0

Wellhead (Trim)

316 SS, Nickel, Monel

Tubing Hanger

316 SS, Incoloy

Tubing

GRE lined carbon steel,
IPC carbon steel, CRA

b6M/05(<+/ON(Q-12.

Seal ring (GRE)
Coated theards and collars (IPC)

HB87HM(ot++2F()*+h2-(8/332-

8/LY-2(321N-O(T-NN-O(31*N.F(0$&(Q!

Packers

Internally coated hardened rubber of 80-9
durometer strenght (Buna-N),

Se)

8/LY-2(321N-O(T-NN-O(31*N.

Q-Z-*12(3+N-0N/12(2-1Y15-(31INWTL1 .(L10( +LL6thE260fide of the casing and the cement (4), tirou
1LN/Z-(/0S-LN/+0(T-22(P~/56*-(01R(1007+*(IM100«2t@(idradén of the cement in the annulus (cement
fractures) (5), leakage in the annular region betwthe
PL+**+ [+OR(+,(NW-(N6M/05( P$RF(1*+600 (BEEBSARLRFMN(LOO(NW-(,+*VIN/+O(P&RF(NW*+65W GB(P-GRM-ON (32
deterioration (corrosion) of the casing (3), betweeand between the cement and the inside of the cé&8)ng

(Figure 3b). These include leakage: through detsian

OGND>: Possible Leakage Pathwys in an Active,@®ll (a) and Abandoned Well (b)
Slika 3.>71$M' P$"+5' A'1#(='B+ _$)( $ (-"5&7B Y(Z ' &(P$L"+&7B Y:Z :$L7"&'



NW*+65W(NW-(L13(*+LY(W1Z-(N+(V1/0N1/0(.6,hL/-ON(/ON-5*/N"(
+Z-*( 1( 2+05( N/V-( 3-*/+ell integrity considerations
W+620(M-(3*-.-ON(06*/05(122(3W1.-.(+,(T-22(2/,-(/0L260O/05(
O-./50( 3W1.-F( O*/22/05F( L+V32-N/+0F( /0S-LN/+0F( T+*Y+Z-*(
P.-*Z/L-R(100(1M100+0V-0ON (G+NW(-_/.N/05(100(0-T(T-22.(
must be fully evaluated and tested for integrity because

NW-*-( 1*-(V10'( O/,,-*-ON( 3+../M2-( 2-1Y15-( 3INWTL". (;N(
1.(0-L-..2*"(N+(-_1V/0-(NW-(L+0O/N/+0(+,(NW-(L1./05(100(
NW-(L-V-ON(100(/O-0N/,*(10°(10062/(+*(O-,-LN.(NWIN(-_/.N(
T/NW/O(NW-(T-22 (bW-*-(/.(0+(+0-(N++2(+*(V-NW+O(L131M2-(+,(
looking at all of these features at the same time, so a suite

of measurements must be run to analyze the integrity of a

well. These measurements can be acquired using wireline
N++2.(.6LW( 1.( L12/3-*( 100( 62N*1.+0/L( N++2.( N+( V-1.6*-(
the integrity of the casing, sonic and ultrasonic tools to
measure the integrity of the well cement, and tools to

.AV32-( NW-( L1./05F( L-V-ONF( ,+*VAIN/+0F( 100( ,+*V1N/+0(
16/0 (bW-(LW+/L-(+,(T-22(-[6/3V-ON(L0O(V1IN-*/12.(V6.N(M-(
carefully considered to achieve the desired integrity, CO
corrosion may be limited by: the selection of high alloy
chromium steels, resistant to corrosion, and by inhibitor
injection, if using carbon steel casing. In addition use of

acid resistant cement is highly recommended.

N==+P"+). DRHDEHUEDDH
T+=+'5+). E'HDEHUEDDH

- T>FK:@

G-221*MF( < ( PlijR%( c-22( E+V32-N/+0( :-/50F( )1*N%6( E+V32-N/+0.( ,+¥(
E1*M+0(:/+_/O-(( ;0S-LN/+0( 100( Q-[6-.N*LN/+OF( H26V-( #&F(:-Z-
2+3V-ON. (/0()-N*+2-6V/(QL/-OL-F((92.-Z/-*F(NW-(8-NW-*2100. (

900/.B=/05F(< (L0O()1N-*.+0F(4 (P!ii'R%(905/0--*/05(>.3-LN.(+(?-+2+
5/L12(( Q-[6-.N*1IN/+0(+,(EL*M+0(:/+_/O-F(Q)9(qq'ijF(Q)9(>/1()1
L/hL(H/2(100(?1.(E+0,-*-0L-(100(9_W/M/N/+0F (C-2M+6*0-F(>6.N*12/1F(
8-10 October.
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res,IPCC.

Gasda, S.E., Bachu, S., Celia, M.A. (2004): The Potential for.e@-
kage from Storage Sites in Geological Media: Analysis of Well Dis-
tribution in Mature Sedimentary Basins, Environmental Geology,
"&(P&BgR
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L1*M+OF(NW-(/0S-LN/+0(T-22.(1.(T-22(1.(10" (T-22(3-0-N* kN (QBAOWSSF (x2LN/M-+*F($$B$H#(Q-3N-VM-*






