EXPERIMENTAL STUDY ON METHANE HYDRATE FORMATION AND TRANSPORT FROM EMULSIONS IN A "GAS LIFT” RISER IN A FLOWLOOP
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1. Introduction 4. Experimental Results

- Offshore systems operate at low temperature and high pressure which favor conditions for gas hydrate formation and
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Figure 1 — Subsea pipelines [4]. Figure 2 — Topological model of crystallization under flow [1]. Time (min) | | | | |
Figure 4 — Typical experiment at low water cut (30%WC+NaCl Figure 5 — Typical experiment at high water cut (90%WC+NaCl without
. . without AA-LDHI). In order to enhance hydrate formation, AA-LDHI). In order to promote hydrate formation, the gas injections
2. Objective three gas injections were made at 14, 95 and 121 min. During were made between 16.5 and 18.5 min. During the gas injection the
the gas injection, the flow was stopped and restarted once the flow was stopped and restarted once the injection was finished.

Science: understand the mechanisms of methane hydrate crystallization, agglomeration together with slurry transport and

deposition in oil and gas pipelines at low and high water cut with a gas-lift. injection was finished.
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Industry: understand the properties and role of commercial additives (anti-agglomerants- AA-LDHIs) in dispersing hydrate
particles to prevent plugging in offshore pipelines.

w03
350%

250 | 350 | 450 | 550 | 650 | 750 | 850 | 950 | 1050
a) 0 300 400 500 600 700 800 900~ 1000 ]

| ||||||||| | ||||||||| | ||||||||| I ||||||||| I ||||||||| | ||||||||| | ||||||||| | ||||||||| l ||||||||| | ||||||||| | |||||||||
50 150 250 350 450 550 650 750 850 950 1050
0 100 200 300 400 500 600 700 800 900 1000

[um]

T ST V)
o I
alontdupinule™

- 0
TITT T x.|||1|.‘|rm]num rllmuu 8 L UL LALE RS L LA LU LRI LA 50 150 250 350 450 550 650 750 850 950 1050
[ 550 | 650 ["830 | 950 | 1050 f) 0 .
|||||||

d) 0 a .‘ ""“,‘ y 202500 PP B e) o 1.‘,,,‘5"‘ 200 260 00 " hao0 ™ 500 S w00 D 600 ael 4000 . sl et et et T O
Figure 6 — PVM images of gas hydrate formation for different mixtures: (a) 90%WC without AA-LDHI; (b) 90%WC+NaCl without
AA-LDHI; (c) 90%WC with 0.01% AA-LDHI; (d) 80%WC without AA-LDHI; (e) 30%WC without AA-LDHI; (f) 30%WC+NaCl with
0.01% AA-LDHI.
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5. Crystallization Mechanism

Hydrate formation on the
surface of bubble
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Experimental procedure and apparatus
- Emulsions formed by water (with and without salt) and oil (Kerdane®) are charged into the flow loop with and without ) - ) Deposition w
gglomeration

anti- agglomerants (AA-LDHlIs).

Water dropl
- The system is cooled down until 4-5°C and pressurized up to 75 bar by the injection of methane for gas hydrate formation, ater cropiet /'
agglomeration and deposition study. ’ — ‘ — \

Deposition

- Flowrate: 30-150L/h; water volume fraction (30-80-90-100%); dosage of AA-LDHI: 0; 0.01; 0.05; 0.1 and 0.5 %; salt: 0 and Hydrate formation on the

30g per liter of water. surface of water droplet
Deposition

- Probes used: Particle Video Microscope (PVM), Focus Beam Reflectance Measurement (FBRM), pressure drop, flowrate -igure 7 — Conceptual mechanism for hydrate formation, agglomeration, deposition and plugging

and density measurement. . e . .
Y in the gas-lift riser and separator without AA-LDHI: (a, b) at high water cut: (c, d) at low water cut.
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In low water cut systems, gas hydrates form sooner but the plugging can be prevented by using the AA-LDHI. With pure water, without salt, the plugging is o | o | | o S
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Future work will be modelling of gas hydrate formation, agglomeration, deposition and plugging combined with flow pattern.
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