KIGAS Vol. 18, No. 3, pp 13~19, 2014 http://dx.doi.org/10.7842/kigas.2014.18.3.13
v (Journal of the Korean Institute of Gas)

CO, Hi2to] iy mtn B4

HEey - A - A - WEH
AEQz=gstu A iABETE T}, *E AT AL ALY
(014 49 210 S, 2014 6€ 59 A, 2014 62 59 Aje)

Analysis on Dynamic Ductile Fracture of Transportation Pipeline
for Carbon Dioxide Capture and Storage System

Hyo-Tae Jeong - fByung—Hak Choe - Woo-Sik Kim* - Jong-Hyeon Baek*
Dept. of Advanced Metal & Materials Engineering, Gangneung-Wonju National University,
Gangneung 210-702, Korea
*Korea Gas R&D Division, Ansan 638-1, Korea
(Received April 21, 2014; Revised June 5, 2014; Accepted June 5, 2014)

e o

ojsxtsteta 23] g AR Al 2®l(CCS, Carbon dioxide Capture and Storage system)<] Z=<-Hl] ol o &
14 A4 93 (DDF, Dynamic Ductile Fracture)E 7-317] $13}<] Battlle Two Curve (BTCM)2. & CCSF
S #o] ALARAAATE HAHst HA7te FENH AEARAAAFTH usdtt =, CO,
i dol Ao jdFA @ AE LR WE AEAN TR UAEE AT =N LA g AHE
71ES A AT eEvet VFx2dd e COMATFA YL 5 ALV|EE BHstRon, 49
ASde 7189 AAzksg m#e CopBoE A&7 YsiAE WBFA7E 7mmol ol ofof st 5
SUH L Sdbaro]stolojof & ATt

Abstract - Dynamic ductile fracture (DDF) has been studied in the transportation pipeline for
the carbon dioxide capture and storage(CCS) system. DDF behavior of CCS transportation pipeline
has been analyzed using Battelle Two Curve Method (BTCM) and compared with the DDF behav-
ior of natural gas pipeline. The operating safety criteria against the DDF has been investigated
based on the sensitivity analyses of the pipe thickness and the operating temperature for the CO;
pipeline. The DDF criteria can be applied to confirm the operating safety of the CO. pipeline. If
the commercial natural gas pipeline were used at room temperature as a CO; pipeline, the thick-
ness of pipe should be at least 7mm and the pressure should be less than 54bar for the CO, pipe-
line system.
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Fig. 1. Photos showing a dynamic ductile frac-
ture[3].
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Fig. 2. A schematic diagram showing the frac-
ture behavior and gas decompression be-
havior in Battelle’s two curve method[4].
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Vi = fracture speed, m/s

Cp = backfill constant backfill constant (2.76 for
no Backfill, 2.00 for soil backfilled and
1.71 for water backfilled pipe)

of = flow stress, MPa

CVP = Charpy V-notch upper-shelf energy for

a 2/3 Thickness specimen, ]

decompressed hoop stress (04=PaRm/t),

MPa

0, = arrest stress, MPa

Oqa =

Py = decompressed pressure, MPa

Rm = mean pipe radius, mm

t = pipe or tube thickness, mm

with

0, = @
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and
E = elastic modulus, MPa.
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where
P4 is a given decompressed pressure level, in

©)

ksi or MPa

P; is the initial line pressure prior to rupture, in

ksi or MPa

V is the pressure wave velocity (propagation

velocity for a given decompressed pressure level),

in feet per second or meters per second.

olxks}
ol BEZT. ofrfol] E3d W] IdF

V. is the acoustic velocity in the gas at its initial

pressure and temperature, in feet per second or

meters per second.
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Fig. 3. DDF Criteria of (a) CHs and (b) CO; at
70bar and 20C with 15.9mm thick X70 pipe.
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Fig. 4. DDF Criteria of (a) CHs and (b) CO, at
70bar and 20°C with 8mm thick X70 pipe.
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Table 1. Physical properties of CO, and X70 de-
pending on temperatures
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Fig. 5. DDF Criteria of CO, at 70bar and (a) 20C, (b) 0C, (c) -20C and (d) -40C with 11.1mm thick

X170 pipe.
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Table 2. Physical properties of CO, and X70
depending on temperatures

Tem Pressure Sound (ljr:ai{ Minimum

P- (bar) speed P Thickness
energy

20C 54 395.8 387.3 7.0 mm

0T 32 599.4 376.3 5.5 mm

-20C 18 756.6 357.5 4.0 mm

-40C 9 898.5 365.1 2.5 mm
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Fig. 7. Gas pipelines at (a) cold area, (b) under
sea area, (¢) CCS and (d) SNG system.
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