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ABSTRACT: The growing need for energy (oil and gas) has led to offshore resource development. As a reflection of this trend, there have been many
advances in the technologies used for the subsea production systems that make offshore resource development possible. As the technologies for subsea
production systems continue to grow, a subsea X-mas tree, the core equipment in a subsea production system, is required to have more functions than
before. Generally, these complex functions lead to a change in its configuration. Therefore, this paper investigates a change in a subsea X-mas tree system
to enhance system understanding, and conducts a leakage path analysis of a subsea X-mas tree system. Utilizing the recent configuration of the
subsea X-mas tree, an identification of the leakage path and a quantitative risk analysis for the leakage using an FTA (fault tree analysis) are conducted.
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Fig. 1 (b= &4 ti’do] = Subsea horizontal X-mas tree (Cas-
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4. Leakage Path Analysis
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4.2 Leakage Path Assumption
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(@) The target of the analysis (Well)
Fig. 1 The target of the analysis
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(b) The target of the analysis (Subsea horizontal X-mas tree)
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4.3 Leakage Path
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Aol X 2] “F&(Fig. 2 (a))Z Subsea horizontal X-mas treeol| 4] <]
238 (Fig. 2 (b)S LHrol S Fig 2 ()2 4+ A B, C
P ¥k~= 2|2 Annulus line A, B, C, Production lineS 2]v|s}
™ Fig, 2 (b)) 3M2] A, B, C, Production line®} Z}zt ¢120] 5
™ Surroundings ¥t~w 74 A}7d(Leakage event)S YER=
HRZsolth

5. FTA of Leakage Path in the Well and the
Subsea Horizontal X-mas Tree

5.1 Assumption
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(@) Leakage path diagram (Well)
Fig. 2 Leakage path diagram in the well and the subsea horizontal X-mas tree
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5.2 Fault Tree of Leakage in the Well and the Subsea Hori-
zontal X-mas Tree
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5.3 FTA Tool
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(b) Leakage path diagram (Subsea horizontal X-mas tree)
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5.6 FTA of Leakage in the Well and the Subsea Horizontal X-
mas Tree
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Table 1 Failure probability (for 10 years) of components
Failure Failure Failure Failure
Components probability Components probability Components probability =~ Components — probability
(For 10years) (For 10years) (For 10years) (For 10years)
liner top packer 0.047037762  production casing  0.018227826 AWV - EXL 0.005242211 Valves 0.386494474
PBR 0.047037762 prod. csg. above ASV 0.018227826 PMV - ITL 0.050371098  upper latch  0.013918233
production packer  0.047037762 intermediate casing 0.018227826 PMV - EXL 0.005242211 lower latch  0.042015806
tie back packer 0047037762  surface casing  0.018227826 PWV - ITL 0.050371098 “ppifhf;"“m 0.096623618
tie back system  0.047037762 tubing above BSV ~ 0.018227826 PWV - EXL 0.005242211 lowe;hf;own 0.096623618
wellhead housing  0.053692775 debris cap 0.050371098 ACV - ITL  0.096623618 ASV 0.050371098
intermediate csg. hgr. 0.034433207 AMV - ITL 0.050371098 ACV - EXL 0.004370422 BSV 0.050371098
production csg. hgr. 0.034433207 AMV - EXL 0.005242211 XOV - ITL  0.096623618
reservoir liner 0.018227826 AWV - ITL 0.050371098 XOV - EXL 0.004370422

Table 2 Component importance analysis
(a) Original important analysis

(b) Modified(BSV&Lower latch; half failure rate) importance analysis

Component Failure contribution Importance Component Failure contribution = Importance
ACV-ITL 4.449865E-007 0.02% ACV-ITL 2.253679E-007 0.03%
ACV-EXL 1.071444E-006 0.04% ACV-EXL 5.426437E-007 0.06%
AMV-ITL 1.172092E-005 0.44% AMV-ITL 1.172092E-005 1.31%
AMV-EXL 1.281825E-004 4.84% AMV-EXL 1.275483E-004 14.21%
ASV 1.386183E-004 5.23% ASV 1.386183E-004 15.45%
AWV 7.677129E-006 0.29% AWV 7.042847E-006 0.78%
BSV 2.500343E-003 94.40% BSV 7.361434E-004 82.03%
Lower crown plug 9.142863E-005 3.45% Lower crown plug 4.630494E-005 5.16%
Lower latch 2.116382E-003 79.90% Lower latch 5.416825E-004 60.36%
PBR 1.765843E-005 0.67% PBR 1.765843E-005 1.97%
PMV-ITL 2.847640E-005 1.08% PMV-ITL 1.442216E-005 1.61%
PMV-EXL 2.640559E-004 9.97% PMV-EXL 1.337338E-004 14.90%
PWV 1.330079E-005 0.50% PWvV 6.736318E-006 0.75%
Upper crown plug 2.380335E-005 0.90% Upper crown plug 1.205545E-005 1.34%
Upper latch 6.807027E-005 2.57% Upper latch 3.447486E-005 3.84%

Valves (Downhole) 1.450938E-004 5.48% Valves (Downhole) 1.450938E-004 16.17%
XOV-ITL 4.086771E-006 0.15% XOV-ITL 2.069786E-006 0.23%
XOV-EXL 1.641781E-005 0.62% XOV-EXL 1.094502E-005 1.22%

Debris cap 2.380335E-005 0.90% Debris cap 1.205545E-005 1.34%
Intermediate Csg Hgr  4.179234E-005 1.58% Intermediate Csg Hgr 4.179234E-005 4.66%
Production packer 1.765843E-005 0.67% Production packer 1.765843E-005 1.97%
Tie-back system 4.179234E-005 1.58% Tie-back system 4.179234E-005 4.66%

Wellhead housing 4.179234E-005 1.58% Wellhead housing 4.179234E-005 4.66%

E3la] AA A)2d" 1A 2 ges mRE TA &A7F 31099 £9 77 7)1F 0 29 02648795% = g ZRe of
BSV, Lower latch, PMV(EXL) &olgh= A& & 4 3t Haprhar & i AR, diA Aljle) 54 4, & g W) AL

Table 20 £3HA] ¢d= 74 Qv BAsk= olff2= B A 3L ¥Ao] HIE &4 2 @704 5 o 2l 3ol & S
7o 7Rgell sl et A de 24Tt AE F dte o)) wiEel] 27 vlge] SRt E A g8 ks d
A3} 2t Wle] E Bamien o] A AOR ol 9L M WS o T o] Frh W BES B ot

AR e 227 A &

e} 23 WAol} F& Al2El(Redundancy system) 743

=
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