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ABSTRACT

In the engineering barriers of high-level radioactive waste disposal, gases could be generated
through a number of processes. If the gas production rate exceeds the gas diffusion rate, the
pressure of the gas increases and gases could migrate through the bentonite buffer. Because
people and the environment can be exposed to radioactivity, it is very important to clarify gas
migration in terms of long-term integrity of the engineered barrier system. In particular, it is
necessary to identify the hydro-mechanical mechanism for the dilation flow, which is a very
important gas flow phenomenon only in medium containing large amounts of clay materials
such as bentonite buffer, and to develop and validate new numerical approach for the
guantitative evaluation of the gas migration phenomenon. Therefore, in this study, we
developed a two-phase flow model considering the mechanical damage model in order to
simulate the gas migration in the engineered barrier system, and validated with 1D gas flow
modelling through saturated bentonite under constant volume boundary conditions. As a
result of numerical analysis, the rapid increase in pore water pressure, stress, and gas outflow
could be simulated when the dilation flow was occurred.

Keywords: Gas migration, Dilation flow, Mechanical damage model, Coupled hydro-mechanical
model, DECOVALEX-2019
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S &4 2 Y MRS 15 24 R S NS0, LY AlH FA 22 Stoll M2l 12+
713 Y AE RAS Soll WL E BHo| HENS HESQUC £2| oA 2nt 33+ L Y, 7|
H REY0I WY S5 LM A SH3| B7I5He HLS RAR & AT
MO 7|3 0|5 B4, W2 S5, o5t &4 Y, 42|25t HA5HA, DECOVALEX-2019
1LME
2|5} AHo]| A E-S 2Bl Al 2]Z 2 HA| ARl A= 2retuh (Englneered Barrier System EBS)¥} X<

¥ (Natural Barrier System, NBS).2 2 o]F0|%] T Bl AJARLS Sl HAMY 2
A2 871 HIEUe | E 2 All= S/ 30HA] Wi O] -9, 2 wjaf & 2|4 2 OV} i O}H}—?-—«] ‘*‘Vq WE =
= SAsliof sha = 7] 7] g7 42 o|tNEA-EC, 2003).

F1H v, S5 428715k Mol 5] AJo] A Be e A 8710] P Aol mEehuEe] A Hal
HEARA O ofRt Z|sla= 2ofl 5 thRE Plo2 <lsf] 71A|7F EA¥okA HTKCuss et al., 2014, Ahusborde et al., 2015, Shaw,
2015). o|FA WS 7 A= HIE U |E 95A1|0] 52 2ot 9 e B-a Qlof 714 0 = o7 Elof 74| o= 57t &
Ao] ERAESH=H|(Weetjens and Sillen, 2006, Ortiz et al., 2002, Wikramaratna et al., 1993), 7|4|2] &2lo] 74| -5 A4S (gas
entry pressure)= HOAA| = 7| A7 FA 0] IELC|E 222 S0/ == 714 o5 3 d(gas migration) o] EA¥oHA H
THHorseman, 1996, Horseman et al., 1997, Horseman et al., 1999). TtF 7|4V HEARY 6—]11%0] HsHlS 78 oA At 7|

Al o]5 /el sl 71 eHte = FASH =2 4 71, 5oH] Hi o] 7| T SR ST0A 7 1A o)F S TEEe]
TEh= Zlo] vl Fasi.

HIE Lo E eh5Aje go] HE 282 v ehfet midoll -] 714 o &/ Fig. 13 2ol 4714 F8 HiAUSF o= L}
W 2= glom o]tk ZTHCuss et al., 2014, Marschall et al., 2005): (a) 25501 -85l 714|2] |7 = SRk (b) HA-2A|
hvisco-capillary) 2/ -85 (c) 714 F=lol] olsf vl AR} Afe]7} Ho 2 HA] AYSH= W73 S-F(dilation flow); PFA[Z o=
(d) 71A] F=el] ot AR Q1 AelE wet IAsk= 714] SFelt

2 ! 74 5 : ?
g : Fracture
g tip o,
i Fracture aperture ¢ ‘—
g A
‘@ .
[=]
a g
Advection and diffusion Visco-capillary flow of gas and Dilatancy controlled gas Gas transport in tensile
of dissolved gas water phase ("two-phase flow") flow ("pathway dilation") fractures ("hydro-/gasfrac”)

(a) (b) (© (d)

Fig. 1. Four main processes of gas migration in clays (Cuss et al. 2014)
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A A HAUS) B30l Sl 714 o) -t o2, AV 7)) BA7E B3] G alislo] efdle] 58] wet ol
SALO1R) Bl 714 BAe] AR QIel o) Fahe @AEH S oIt o] & ol arel o] ol §A £ 52 1t
Bl Darcy o] 212 whzm, SHES B30 7)) 451z ] Ofeh-§7] 52 Lkl Ficko] 92 8 3340] 8w

=5 UERl= Henry ] H215 WL

T 91 wAUS /8- BAR 27 52, Exet uifdollA A B BAee] o s nid o] Sl s A=
A== o5 @4 QuiRitt. o= HEAR1 24 -5 Bl sfidotH, 74l 15 F4-&(intrinsic permeability), Fr-&
(permeability) 7} ZS} e (saturation) 2] BA(AH F4~E(relative permeability)) 2! WA capillary pressure)l_q- rie) el [ o
Al(EFY S (suction) F= 4 K- T4l(water retention curve))iﬂqﬂ’r oStk TSt A7 e] ZEo 2 SEorly] Qs H
3t 4 Fol=el 37 -G Flair-entry value, AEV) = 717 -4¢) 28 A2 24} G5 | ;qq—oﬂ 9lolA] ZQa5t
eIzfolH, 7Hd 2 F=a Fol 714 B AP HRAE] vzl miE el 2o 3= 2712} uike- URdeh wRlo] Qi

715 E o2l 714 = slollA 9] 714 552 %41 =(preferential pathway) o] 233 B a2} 7dof] oJsf WAYsh=t],
Marschall et al. (2005)2 ©] 74| o5 42 3 Alo] 7]A| SE(dilatancy-controlled gas flow) T 52 W (pathway
dilation)’ 0= 5131 0, o] @/go] FIELo|E ¢HEAjje} do] HE E4-& thd okaet ridofAqt U= k¢ 523t 7|
A o5 S RISk 74| fFelo] 7% 88 <5 dotd wi miiE dRFAtel7} 714 b el ofsf ‘Hof A A i o A

o] iAIsHH, o]21¢t Hdd(deformation) o]l I3l B]A| i E(microfracture)©] A tHDavis and Selvadurai, 2002). ©|21gF T]A|

o wge 0] T2 WeA o 24 Th0] 115 T8-S ST FAI] RARIGIE TSk o] YAlS Lt 4
B0 SS MShAIRITE 2, wjo] § 2 Alello} i Aol whel uld) 28 WAl 2 714 o ool Wbl wiel, A Ay

HAYZR! B S5 BAsE| YlalAe o o] 4=8]- 514 A5 218 (coupled hydro-mechanical behavior)= 1123t 5[4 0]

upz]eko 2 v MA] v Y-S AF-5 8] A (reservoir stimulation)olA] TEER= AN -GASH 71412] 2lof] ol5) A
AZel o1 Aals} AR T, o] A2 wla} 7]H] 520] sl dAtott o] obA] s nlA| FAo] ot W 52wl
oA 714 A4 9 S2o] WAl 14| of o] 4 5=} QI A o] e vt 73 S| Flr.

50HA] W ol 0] 714 o] @2 o A E Bt viAUS Sl Sfell 'Igsk] whZell, 2] HEllw 8} oh= ] §lo] 710 A
TARN 24 A5 /EHe 2= o] A4S THeo] AR 4= gl Horseman et al., 1996, 2004, Harrington and Horseman, 1999,
Angeli et al., 2009, Harrington et al., 2009, 2012). ©2kA] o= sli2s17] Y5l thdet 2] s A Alego] Yo TH Nash
etal., 1998, Hoch et al., 2004, Fall et al., 2014, Nguyen and Le, 2015), F2F9]21Q1 94 2 A} 710 B ER oI5| 2]
et 714 o)F RES g5k o] AV AT Tt FekA oA o] 714 o)F wIAUS, 53] 714 dEel ool wid
U o171 ol AIrA] SIS W 580 cfeh SRR o) el theol, T2 AR 27 20
= B7Fl7] Sloiie =2 4o el 9 2] 2d Zfpdo] Hp2fo|ct,

HELo|E h5Aet e A& idofx 9] 7|4 ol st Pt = A12Ql BAE EdiE =4 55 d- Z2AEQ]
DEvelopment of COupled models and their VALidation against EXperiments-2019 (DECOVALEX-2019) Task A7} =15
9l.om, 714] ghedof| oJaf ulal 9z} Ato]7} oA HA WAlsl= WAt 558 Al mellegsh= o] ZRsh4a]-H(HM)

wAUES sk sl 714 o} @At mHl A 2 AZo] 4-88%)7 9lck. 2 Q9= DECOVALEX-2019 Task A2} <1
o SaiE|9lon], 1 91H9] Stage 1A SIFSRE 1214 717 5:9) A1 welelof] st Agole, 1 t=RojA Fota] uha]
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A1) 714 of FE BASIIA 5t &4 BY U SYEE Teld 24 45 2R Ausiglon], 9 Al A4 24
]

(constant volume boundary condition) StA 2] 12 7|H] = A& BARS Bl 7R 2glo] 8498 HESI

2. 121 713 =Y Al 27l(DECOVALEX-2019 Task A: Stage 1A)

2.1 DECOVALEX-2019 Task A 271

DECOVALEX-2019 Task A: modElliNg Gas INjection ExpERiments (ENGINEER )= HIELO|E 2 A Eof|x] 2] 7]4]
ol FAf dl)S- f5)] F= XA XA (British Geological Survey(BGS))7H AIQISH=A| 5-5 T2 A Eo]H HIELIO|E 5
AE 23R o WX 9] 714 o)F A/Fe] A B7HE St M= 2] kAl 719 7 B 5o F=4Jo|ct o] I

Eolli=F 87121 971 7]3o] hofstal QLo ™ (Table 1), 1]l 28] 7H X[ == Y1AE= Foll A= AE0E 5okl

Ags wHRete=H HIEUoE 9 HAYEAC] 74 ols /el digt £AshA HiE 9 HEE sidsia gl
DECOVALEX-2019 Task A& & 47]2] A2 74 5]0f Qlom, 7 oA EAJo] wtet B4z 0 2 S=efsfjofshs ThA|et el
Yok T2 - =o] QITH(Table 2).

Table 1. Research teams of DECOVALEX-2019 Task A

Research teams Country Person
French National Radioactive Waste Management Agency (ANDRA) France Darius Seyedi
Federal Institute for Geosciences and Natural Resources (BGR) Germany Hua Shao
Canadian Nuclear Safety Commission (CNSC) Canada Elias Dagher
Korea Atomic Energy Research Institute (KAERI) Republic of Korea Jaewon Lee
Lawrence Berkeley National Laboratory (LBNL) United states of America Jonny Rutqvist/Kunhwi Kim
National Central University (NCU) China Shu-Hua Lai
Sandia National Laboratory (SNL) United states of America Yifeng Wang
Quintessa United Kingdom Neil Chittenden
Universitat Politecnica de Catalunya (UPC) Spain Sebastia Olivella

Table 2. Stages of DECOVALEX-2019 Task A

Stages Description

Stage 0 Analysis of data, conceptual model and process model development

Stage 1 A: 1D flow through saturated bentonite under constant volume boundary conditions (test Mx80-D)
B(Optional): 1D flow through saturated bentonite under isotropic boundary stress (test Mx80-4)

Stage 2 A: Spherical flow through saturated bentonite under a constant volume boundary condition (test Mx80-10)
B(Optional): Spherical flow through saturated bentonite under a constant volume boundary condition (test Mx80-A)
A: Gas flow in natural material: triaxial test on Callovo-Oxfordian claystone

Stage 3(Optional)

B: Gas flow in hydrated pellets under constant volume conditions
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2.2 12} 7|4 =Y Ald(Stage 1A)

Central filter located at
‘end of injection rod

Fig. 2. Cut-away diagram of the pressure vessel and image of the sample with the relative positions of the load cells and pore
pressure filters (Daniels and Harrington, 2017)

3. T2 2F

B Aol As Lo E g4 2] 714 o]5 A UE % 714 o] ofef ulld 47t Afol7} Mol wA] Whehs Wy
522 wAlsly| Gl Zea)- ek AFeAke S TEigh nEle Al o, Za XAl W TAMbgALe. chot 2t

(1) oh3d whdelln o] 24 4%

) 43 NS v st 4 e

(3) £l W2 e B4 wst

HELo|E gh5A10] FEol40] 714165 2 Aol Holslis 714|e] 652 Tejsl] Slal thad midelA el o4 45

¢}

< 2SIt TS 7 1A o] 71 88 2 ol f ufE Rt Alol7t 71| o] Sfsf Mol X HA ulA] a2 4 E
i w5 @go] g, o2zt niA| 8-S wet 7|4 IR EA oFssl= 71A ofs @ BARE | Slel &4 HdE
Lot 714 o2 Qlel niA| wd o] B4 B vl W g g 2 VRGO M, 3= 4eqt o] WSt QIghuld o) =
/3% (damage) 5 kol ol R-a-82 7dS =gt 9ot &4 mElkS A 8ot upr|aho 2 ST o i 4e2] B4 Hs}
£ 2{3ho =24 ufA o] Hgde] ofgt 7|A0] W 555 WAL A BElo] A8 AES flol A|RkEst 9 lulkget 2
ofe] -8 AJ5)l4 7 =21 TOUGH-FLACS -85 © M (Rutqvist et al., 2002), B 7= 575 F3l & Aol 7EH &2

2e A8oIrhFig. 3).
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WA TOUGH2O = A2 Tk el x|o] 241 55 shAhe sl on], sl ATie] 35 49k ol 85 FLACD
oA 3B S HahAT) 5 oo} BRS ol gle] ofel s 4slaich FLAC3D sl Zuel ma g 2tufnpale] £4f
EE o 2] 2491 ZFETHE4-2 WA TOUGH? SAHE Th) 451,00, o] .2 w0 2 Sgis) 4]
el a2 sl

0, k Porosity and permeability change « D

m?

£\
TOUGH2 FLAC3D
u

Two-phase darcy's law Elastic damage model
P : p

P * Effective stress change

Fig. 3. Iterative modelling approach with TOUGH2 and FLAC3D

3.1 LS4 DHAoIML] 24 7&

V, o FuE ZEl I, o] WA Zh= ¢10f o] LerQlof|A o] A HE A2 thath 2 ti(Pruess et al., 1999).

A wrav= [ Fonars [ gav, (1)
dt V” [‘u V”

o714 ML 9] Hulod 4] Ak mass accumulation) [kg/m’], «+= 22| AgF A8 (mass component), F+=TH] W] o 2
& G5(mass flux) [kg/(m’s)], = T FOF & S -7 sink or source) [kg/m’]o|T.

ol off, §A19] & Ful= vd o] F=EF o™ IS oF A (mass fraction) o]l Tt 2} /] Ful7b LA |1 ZE7ke] |
5 o 8ol A FA2] A Alteieh ER o] WA o A {52 o Darcy 9] F2] 9 Fick 0] H21& 5ol Akt=l=Tl),

O
olF A (1)l 2851 thaah 22 2} Adol| et 2 BE WA AE de = At

kr/jp[j

= ¢>Z s XS+ V- ZXJ (V Py—psg)— ;wrﬂpﬁdgvx;) =0 )

4714 ¢ -8 E(porosity), ;1= ES}Hr(saturation of phase 3), p, = Hi(density of phase 3) [kg/m’], X} = A= (mass
fraction of component  present in phase 3), k= 1§ F5E(intrinsic permeability) [m’], k,,= Jt F5-Erelative

permeability in phase 3), p,+ /5% (viscosity in phase 3) [Pas]°]t}.
gl FE&2 Fatt and Klikoff(1959) A& ©1-8510] Antsllom, of= that At
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k,=5° 3)

k= (1—-25.)° 4)
S — S,

Se= 7= 5 (%)

o714 S, = ZHF 3} (residual saturation)©]tt.
nx]ake 2 Faof moll= 71A19] & Alktol] 215l Henry 0] H21-& 48519 0H, o]= th3alt Atk

= HP, (6)
7|4 H=Henry 3=, P,= 71A419] 2% [Pa]olth.

& Aol e g B 20 A0 ke, 12H 7 1A 4 Aol RIEL | E Almrt 27158 Al = ARd7HA]
ST} 98 %= S ZS} Aeliefl 77 A= 371 whzell Bl ofjt G2 FAISHAT.

oo @
o714 o &= Z-8(total stress)©|H, o+ Biot A<=o]tt

QAo 717 S Z710] T HA 28 2 ) o]o] w2 ol 15 st mAlel] Sl 24 Ee Aestett
oA g A SfRt mi o] S Ie= 03 1 Alele] gha ZEom, A o] Bo| TALSF 19 7Phe ke 2t wtef ol
o] o] WAslle 7S uide] Aebd A% Wb wAsked), oS BARY] is) &gl e et 14 md
onsiuve modey & S 145 2& AN AR ) BTSN 4] SR A ATE 15 AT
o3&} 224} W el)(mechanical damage model)©] 7HEE]$).© L (Mazars, 1986, Simo and Ju, 1987, Lee and Fenves, 1998, Jirasek,

2004, Jason et al., 2006), FIELOE $H5AIe} o] & B4.S vhef ghagh o] tigt ofst 4 wele ob4] Aokl url gl
oh mep 2 Ao fEolE ghEAle] ddst &4 AES B 24 5o ssigon], HlA s By
(parameter uncertainty)& £017] 915} 74 T3t el % 5U1] Tang et al. (2002)0] AIQHeH e 24) mele Hgslod0

ofi= thoa} ek

o=(1—-D)C:e (8)
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A71M & & ARE 551, DE SAEE oneit
e ulidol| 21-85h= g0 I B U= A Hol ] w7t dofub= 77, = i e o ek 73 B Al
=

o
7h &3] wet askA Hw, o]% ek}l 752 Fig. 49k 2ol Had B4 A R Tang et al., 2002).

rlo
&V

fo [y

‘tn )

03

Fig. 4. Elastic damage constitutive law for element under uniaxial compression and extension (Tang et al., 2002)

Riof ol o] 288t QP 2(0,)0] SV (£, WO 79, &bt thaw) o] ol

0 €0 = €3
ftr
o3 =—f;, D=7y1— €ty = €3 = €40 9)
Eyes
1 €3 = €ty

AZIA £, 2 ZER A 7 (residual tensile strength), £+ B4 B3 A4 (undamaged elastic modulus), €= 1% TH] A
HoX ol HFE, ¢,,+= S HFE SH|(tensile strain limit), ;= 5 FE(principal strain)-= 2]0|3IT},
7|A A A1 o] 79 71AH U0 2 Ql5f 5= o] T7FeHA| HH, olef| wket f-f -5 o] fHashA| "ot 7147 A &80

H
A 79-R g 2lo] Al 745 uhae] 240l QP-Selo] MRS st BIOF 5 2o Q1 =S ol

2 F%o]
S QP a7 S 4= glom, of= 1A =Y Aldelrle] F8 wty] mFuEe] sigeitt.
AF T2 AT n g mALsE | $18, Mohr-Coulomb ] 7152418 T §iA) ma] 2710 2 nafsiolon, ojufo] S =t}
w2 .
1+ sing 0 1=
N O T —aing = Jer D= L S o <6 (10)
Eyey

A7NA o=, f .= Y5 U5 7“5 (uniaxial compressive strength), f.,. = X7 U5 73 = (residual compressive strength),

cr
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€0 e U5 T AIHOIA
ot 71| 4 Al 2ol gAYl 715k 7, ra s o AR Qlsf U= wh] 24 TEATIA] S| whEel, o

H] —
= opl= 71 U Aol F.8 1k vizu S slidshA] gett.

lo,
rE
ofll
i
o
rlo
AN
rE
ofl
i
o]
=,
=
o
5
=)
)
filo
lo,
=)
rol
iy}

3.3 Y50 E 2| 24 Aot

2 AtolA= i o] ool ot AHRE AR 02 ek ol AT T 57 Fa-a vid o= TSIt B
oF uj o] &4 Z2 mpa)7 FIASRITHA 3= AL 0 HRkE ol | wizol 4] 55 @ de] HistoA| Frt. whebA &gt ut
2 Fr-a0 ks I4A o = vesioloftt gttt o] F flofl STt &0 WAE At A-E0] XgE o] ghx]4l
(Gawin et al., 2001, souley et al., 2001, Tang et al., 2002), 2 o]l 4= Meschke and Grasberger(2003)°] A3t = o]
met 82 ATl BieF £ @ Aol A ufd o] o] WAt -9, o] 84-0] 57 RS A ER] k2wl Barg
(undamaged permeability) 3} <A ofA O] F4=8(damaged permeability) 2] $HO 2 AXFEH(Fall et al., 2014), o= Tk
2t

=
[e)

k=kyp+kp (11)

ATV ke IR Q2 WO T8, ke S8 M S FES LEhdch

AR 2] ko nfjAolet: L2 Wslo]| ofa] £4-g0] Hi}shH(Davis and Davis, 1999, Rutqvist et al., 2002), ©]+= th&a}

A7VA k= 27] I B8, 45 U B8 Al (undamaged permeability factor), ¢, 27| 3=5°|H, 44 FE2a

2 A Qo] R wishe el 1gky] whEo] nipde] s wishe 2 Rale] wisjel 2k

Ve T AV

pore

VEAV (13)

kD = D—(kmax_kUD) (14)

APV D, = A BA, k= T AT o mjo] £4-2- ofneiet
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345824

mm, 2°] 120 mm 0]51, iEﬂ?lE]iZJ'—,ErEQ] 37]%7—‘, 6.35 mm, 710] 64.8 mm ©] E]'(Flg 5). ZAHIQIFA ZF R E=HIEL o]
E Nz Sl 7IAE FUsP7| f1el 1= lon), & AldoA= HIEHR|E Al=0] SHoA 714 =42 A5 wlzell
2 2700 Sk it A me) 5 0] A 7560 7] ofF), 7] 848 ASajsict

-

Water
backpressure
~\ T
\ =
\ T P /
y a I
i PR ===
Gas oz oS
injection T
Radial filters

Fig. 5. Geometry of numerical model

341271 232 3A 24

HIELO]E Alg= 2719 1.0 MPa®] ¢ 2 98 % SIS ZH=t}. 31 5.5 MPa 2] -8 (swelling pressure)©] EASICH
7RSI 27 88 &4 Ax} 7|4 39S AXE] A HIELOE Al20] B9 (swelling) 02 15} 5.5 MPa2] S| Ag]
= A0 2 SRIEUA|GE, =2 elofA= 2o} o] Halr | WAclA] ¢17] wie] S 1 s3deto] HAYSER] ¢l=tt. metA] o]

O
4 74] A AA 20 E/\]'OP | HOH 317 AA| Z7(Fixed boundary condition)= ©]-851ct. 4=2] 74A] =
Fig. 5ol4e} o] AHIRIFA 7 FH 7L ¢l= e 7]H] U2 fall YA -75F 7374 27 (constant flux boundary condition)
2 28519 0w, HhtitH 9 Hbg WE](radial filter) o= YA % A 7 (constant pressure boundary condition)<, B3 2

El(radial filteryS A|213H 7] GRL no flow 47 278 85190},

3.42 84
2 Sl AR =72 Table 301 LR QlTt. €48 Al ZolE v, 58, A-f F&2 Task AIRE 7191 BGSOllA Al
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Table 3. Properties of bentonite sample

Properties Bentonite
. Elastic modulus (Pa) *3.07E+8
Elastic model .
Poisson ratio 0.4
Tensile strength (Pa) *1.0E+6
Residual tensile strength (Pa) "2 0E+5
Damage model Uniaxial compressive strength (Pa) 912.0E+6
Residual compressive strength (Pa) 93 0E+6
Tensile strain limit €,, #5.0E-3
Biot coefticient ®0.86
Grain density (kg/m’®) 92700
Porosity (-) *0.44
Intrinsic Permeability (m?) "3 4E-21
Residual saturation .5, 90.01
Undamaged permeability factor A 9222
Maximum damage value Dy 91.0
Maximum permeability &, (m?) *1.0E-19

Note: The values with a), b), and c) are presented at the Fall et al. (2014), Harrington and Horseman (2003), and Rutqvist et al. (2002), respectively.
The values with * means given properties from BGS, and * means assumed values.

3.5 29 MiiE
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Table 4. Modelling schedule

Modelling stages Days Testing stages Injection filter Backpressure filter
Stage 1 0-39 Sample hydration 1 MPa water pressure 1 MPa water pressure
Stage 2 39-46 Gas pressurisation 3 MPa gas pressure 1 MPa water pressure

Linear gas injection rate

46 - isati 1 MP.
6-67 Gas pressurisation (010 125E-8 m's) a water pressure
Stage 36 L oot .
L inear gas injection rate
-7 1 MP
67-7 Gas pressurisation (1.25E-8 to 1.29E-8 m¥s) a water pressure
Stage 4 71-120 Shut-in - 1 MPa water pressure

Fig. 6> Y 270 2 HIEHO|E Al g2 o7k 714 FA flowrate) A¥HE Bl w7t T ot 2 Tl A 714 <
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