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Optimization of freezing efficiency of hole-bottom freezing

wire-line sampler with off-board cooling-source
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Abstract: In order to solve the problem that the cooling source of the conventional gas hydrate hole-bottom freezing sampler
is difficult to be stored for a long time and the core freezing efficiency is low, an off board cooling source freezing sampling
method is proposed. The cooling source is stored in the fishing device, which reduces the storage time in the hole and
improves the storage efficiency. During the freezing process, nitrogen is injected into the {reezing chamber to enhance the
convection of heat transfer between cooling alcohol and core, and to improve the core freezing efficiency. Low temperature
alcohol(—130°C ), a mixture of liquid nitrogen and alcohol,is used as a cooling source. Cooling source storage tests and core
frozen experiments were carried out. During the procedure, after having stored the cooling source for 30 — minute, the left
frozen energy was 73. 1%. With the nitrogen injected into the cooling source, the thermal efficiency between the cold source
and core was improved, with the average temperature of the core lowered to 14. 92°C , the freezing efficiency increased by
24.3% compared with the traditional way. The problem that the cooling source cannot be stored downhole for a long time
can be solved by adopting the off-board cooling source sampler. The problem of low core freezing efficiency can be solved by
adding nitrogen into the cooling source to increase the convection of heat transfer. This paper provides a feasible method for
gas hydrate sampling.
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Fig.1 Off board cold source sampler
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Fig.2 Experimental system for cold storage mechanism
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Table 1 Key materials and structural parameters

of cold storage mechanism
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Fig.3 Temperature curve of the cold source

TER IR AEAE i A8, B EEAE 180 s Y B 1] P4
G218 T AR A T B R, ] 400 s A4 EE 1
T B T IR A8, S 2R —95 C . XJEH TR
VB0 G TR PEE IR T i I A RE IR S TR TE A
i o 5 A BE AR T VR DR T I B B 7R A
RS2 Fy T Ul A SRR A i S 1 Bl R L T TR
R T BE S E 4D ) P T e 1Y BT DAAE PR TR 2
Wi AFFE — B THE W F2 CH 0~180 s 9 i [A]
BO o YA I A5 RE B R AR 2 5 v R IR — B
Y VR 55 A RN R 4 A T ORI 2 1 B A T
BT i v IR B ) R TR S — 130 °C 1K
TGRS F7 it 1800 s, W IR IR FEBE 2 — 95 °C . 1% R ik
W RAEROCR R 73, 1%, BRI PR AT R BB 2 1 R A
O EESR . IR BE R A O 0 Ve RIS T v TR Y )

GRIEYEAN

3 AH0RAEHIIKE
3.1 IR E SO iR

T B v AR Bl v URAE v AR RS DAL B A
By S B o ) 0P He A T S B 5 AR R Ve L AR R
VRO BB HEAT T A D iR A e . AR
IRALA S 2 g8 SR an 8] 4 Fros R g 6 AN FR 4y
B I WG PR B 5 A v 1R AR T IR R L Rsh
Y URTE AN B A DU AR AL a0 UR LG 4 &t
WAL Bl IR AR Bl o RO AN e <R
S A T RE 38 5 AR RS 5 2 T A 6 I
b s A D e I B A A I B A AR R 4R



546 B 7

T 45 - KRR A W% TR B LR 8 VR 28 A UL A0 18 VRAICR A AL T 52 17

st
|

P
[ wm T
| A URBURIRERL

P
g P

[Eikzus R
B H

B4 BEORFNMERREFRERE
Fig.4 Experimental system for core freezing mechanism
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Fig.5 Core freezing process

®2 HBMBEHS

Table 2 Initial conditions for the test
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Fig.7 Core temperature curve with the traditional cold source injection method
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Fig.8 Core temperature curve with the inmproved cold source injection method
PRIFAE 0 CLUR WO K59 A PRAP 808 4 K 5
Y4t

4 45iE

R T TR A O o R v Ve YR AR A A ORI
A B3 VR ARG EL TR BE 43 A A 34 50 B [ L, AR SC 4
TR Ve IR A B SR HURE 28 250, TR AR
95 %0 T P A P i A 0 IR TR Y ¥ IR A T %R
SEI R — 130 °C I IR RSV S v R, 38 o AR AL
SEEGUER . — 130 °C BIRIR PG HE 28 30 min i 1% )5
EFEZE—95 C. R RAAMRE N 73. 1%, AT LUk
BV TR O R IR BE I 0K

H T B O URRCR B T ORI — R
IEA”WR I A T ZE . ERAEWIR T 0.5 MPa
AT B RER R — B E A7 R I8 0 A
Ji A D B R R VR E] — 14, 92 °C, B S
TEAT KGR —12 °C) MR R ROE 4
124,300 0F BA O R R EE Z A iR 25 7. 75
CLam/NFAEGEE AT 24 °C . BLEA SR <
Ve — IR IR IR A T R A S 3
FrO R URECR I H R R I BR 0 ¥ VR A8 b i
SIAAREISIRY AEL . JF AT AE 30 min PR O TR

2 % Lk (References) :

[1] LiXS, XuCG, Zhang Y, et al. Investigation into gas produc-
tion from natural gas hydrate: A review[]J]. Applied Energy.
2016,172:286—322.

[2] Boswell R, Collett T S. Current perspectives on gas hydrate
resources| J]. Energy &. environmental science, 2011,4(4);
1206 —1215.

[3] Chong Z R, Yang S H B, Babu P, et al. Review of natural gas
hydrates as an energy resource: Prospects and challenges[ ] ].
Applied Energy, 2016,162:1633—1652.

[4] ARL PRI RAA. RASUKEWAE T He 48 2 ORI R IR

R BB L) ]R8 TR A LB 4 T ), 2012.39(6) - 1—
4.
REN Hong, XU Junliang, ZHU Jieran. Development of non-
interference wire-line pressure-temperature-preserving sam-
pling drilling tool for gas hydrate[]]. Exploration Engineering
(Rock & Soil Drilling and Tunneling), 2012,39(6):1—4.

[5] RafE. 225, Befh vk, 55 8 I A0t AR S0OK & W B R il et
HBUREH AR 5 52 e [T ] T TR CA L8 38 TR , 2015, 42
(6):6—10.

WU Jixiu, LI Kuan, XUE Qianbing, et al. Sampling tech-

nique in gas hydrate drilling test well in Qiangtang Basin and



20

P LA CE R 8 T

2019 4 7 H

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

the construction practice[ J ]. Exploration Engineering ( Rock
&. Soil Drilling and Tunneling), 2015,42(6):6—10.
IR AR S B 5K b, BTG 38, 55 U TR TR K B A R AR UK & W IR
B R B S BR B S LI ] 4R LR CH £ 48 T8 . 2013,
40(S1) :40—44.
ZHAO Erxin, CHAI Jiapin, JIA Meilin, et al. Key Technolo-
gy of offshore deep water gas hydrate sampling-while-drilling
equipment[ J]. Exploration Engineering (Rock & Soil Drilling
and Tunneling), 2013,40(S1) :40—44.
VPR B ARLL R AR SR & W B R R B B 5T 58 L) .48
B TR CA LT TR ,2012,39(11) :4—9.
XU Junliang, REN Hong. Status of gas hydrate sampling
technology and the research [ ]J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2012,39(11) :4—9.
Kvenvolden K A, Barnard I. A, Cameron D H. Pressure core
barrel-application to the study of gas hydrates, deep-sea drill-
ing project site =533, leg — 76[ ] ]. Initial Reports of the Deep
Sea Drilling Project, 1983,76(NOV) :367—375,
Abegg F, Hohnberg H J, Pape T, et al. Development and ap-
plication of pressure-core-sampling systems for the investiga-
tion of gas-and gas-hydrate-bearing sediments[ J]. Deep-Sea
Research, Part 1 Oceanographic Research Papers, 2008, 55
(11):1590—1599.
Kubo Y, Mizuguchi Y, Inagaki F, et al. A new hybrid pres-
sure-coring system for the drilling vessel Chikyu[]]. Scientif-
ic Drilling, 2014,17(17) :37—43.
Schultheiss P J, Francis T J G, Holland M, et al. Pressure
coring, logging and subsampling with the HYACINTH sys-
tem[ J]. Geological Society, London, Special Publications,
2006,267(1):151—163.
Priest ] A, Druce M, Roberts J, et al. PCATS Triaxial: A
new geotechnical apparatus for characterizing pressure cores
from the Nankai Trough. Japan[]]. Marine and Petroleum
Geology, 2015.,66:460—470.
Suzuki K. Schultheiss P, Nakatsuka Y, et al. Physical prop-
erties and sedimentological features of hydrate-bearing sam-
ples recovered from the first gas hydrate production test site
on Daini-Atsumi Knoll around eastern Nankai Trough[]].
Marine and Petroleum Geology, 2015,66:346—357.
Yun T S, Fratta D, Santamarina J C. Hydrate-Bearing Sedi-
ments from the Krishna Godavari Basin: Physical Character-
ization, Pressure Core Testing, and Scaled Production Moni-
toring[ J]. Energy & Fuels, 2010,24(11):5972—5983.
Kurihara M, Sato A, Funatsu K, et al. Analysis of 2007 and
2008 gas hydrate production tests on the Aurora/JOGMEC/
NRCan Mallik 2L - 38 well through numerical simulation[ J].
Geological Survey of Canada, Bulletin, 2012,601.:217—259.
Hauge L. P, Birkedal K A, Ersland G, et al. Methane Pro-
duction from Natural Gas Hydrates by CO; Replacement-Re-
view of Lab Experiments and Field Trial[C]// SPE Bergen

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

One Day Seminar. Society of Petroleum Engineers, 2014,
INACTE RN T S8 A5 RAR K G WAL ¥ VR BRURE B2 AR
R J7 LTI R TR R 22441, 2013(11) : 1460 — 1464,
SUN Youhong, LIU Dajun, GUO Wei, et al. The research
on a sampling technology for gas hydrates by borehole bottom
freezing and its freezing method[ J]. Journal of Harbin Engi-
neering University, 2013(11):1460—1464.

FIC R IR AR IR E R R SR G ALE Y
VR 4 2% HURE B RO BFF A8 () 036 TR O £ 45 48 TR , 2013, 40
(6):1—3.

WANG Yuan, DUO Wei, SUN Youhong. et al. The devel-
opment of wire-line sampling drilling tool for gas hydrates by
hole bottom freezing with develop-ment of wire-line sampling
drilling tool for gas hydrates by hole bottom freezing with lig-
uid Nitrogen as ex-ternal cold source[ J]. Exploration Engi-
neering (Rock &. Soil Drilling and Tunneling), 2013,40(6) :
1—3.

LIV FESE . R IRRK A W ALIR YR VR IR 2 %
BRI e B T S AT () LR TR CA R i TR,
2010,37(1):8—12.

ZHAOQO Jianguo, SUN Youhong, WANG Hailiang. Energy
calculation and analysis on laboratory freezing experiment of
{reezing sampler for gas hydrate[J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2010,37(1):8—12.
TR PN BRI G5 T UK TR LR v VR IBURE 8% 18 TR A 1%
7 ¥ S T (0] 26 TR Cor R 8l 4 T/, 2009, 36(9)
5—6,10.

GUO Wei, SUN Youhong, CHEN Chen., et al. Experimental
study on cold source insulation method for gas hydrates with
dry ice sublimation hole bottom freezing sampler[]J]. Explo-
ration Engineering (Rock & Soil Drilling and Tunneling) ,
2009,36(9) :5—6,10.

R NI TR TR AL ER L AR R IR UK G W ALIR YR TR IBORE B R
(VAR T2 CH R 4648 T8 ,2009,36(S1) : 147 — 151,
GUO Wei, SUN Youhong, ZHANG Zupei, et al. The tech-
nology of sampling for gas hydrates by hole bottom freezing
[J]. Exploration Engineering (Rock & Soil Drilling and Tun-
neling) , 2009,36(S1):147—151.

Sun Y, Wang Y, Guo W, et al. Hole-bottom freezing tech-
nique based on phase change heat transfer for gas-hydrates
sampling: Efficiency optimization of refrigeration change of
phase[ J]. Applied Thermal Engineering, 2018, 130: 722 —
734.

Gudmundsson J S. Method and equipment for production of
gas hydrates[ J]. Norwegian Patent, 1990,172080:135.
Gudmundsson J S, Parlaktuna M, Khokhar A A. Storage of
natural gas as frozen hydrate[J]. SPE Production & Facili-
ties, 1994,9(1):69—73.

(%4 EHEE)



