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Abstract

Mud cooling system is mainly designed for exploration of gas hydrate in permafrost. During the process of
drilling, borehole enlargement, gas hydrate dissociation and other issues will happen due to the high mud
temperature. In this paper, principle of mud cooling system was described, focusing on the application of
mud cooling system for gas hydrate exploration in Mohe basin permafrost. The exploration began on Aug.16,
and it took two months to finish the whole exploration. In the end, a 500m hole of @108mm was drilled. On
the basis of the perfect cooling effect of mud cooling system, the gas hydrate exploration in Mohe was carried
out smoothly. In addition, the mud cooling system will provide an effective technical support for future

large-scale exploitation of gas hydrate.
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1. Introduction

Natural gas hydrate is a kind of compound which is produced under the condition of temperature
0-10°C and pressure above 10MPa [1, 2]. Scientists currently have found a large number of gas hydrates in
permafrost, such as the Mackenzie Delta, North Slope of Alaska and Russia, Siberia, Qinhai of China [3,4].

Permafrost gas hydrate exploration mainly takes geophysical methods, such as seismic reflection
method, drilling sampling techniques, logging techniques, what’s more, drilling of which is the most direct
natural gas hydrate exploration technique. However, how to prevent hydrate from decomposing during
exploration is the key technical problem [5—12]. During the permafrost drilling process of gas hydrates, a
great deal of heat is generated, then the heat will be brought to the surface by cycle of drilling mud. If the
mud returned from the drilling hole has a higher temperature than the temperature of gas hydrate reservoir
in permafrost, it will cause the borehole (frozen soil or rock) expanding or decomposition of gas hydrates.
Therefore, the temperature of mud should always be kept lower than which of hydrate in permafrost while
drilling [13-15].
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2. Principle and structure of the mud cooling system

At present, there are several forms of mud cooling system !'®:

(1) Natural evaporative cooling. Since the temperature of mud returning from hole is higher than the
ambient temperature, the slurry will flow along the mud tank and evaporative cooling.

(2) Solid with low temperature conducts to cool. Put low temperature solid in the mud pool and cool
the slurry though the way of heat conduction.

(3) Forced cooling by mud cooling device. When the returned mud temperature is higher, which
indicates the difference of temperature in and out borehole is too large, the cooling device should be
utilized [17].

The mud cooling system independent researched and designed by College of Construction
Engineering, Jilin University, mainly used for exploration of gas hydrate in permafrost. The mud cooling
system consists of two components, namely the refrigerant cooling circuit and mud cooling circuit.
Through the refrigeration unit cooling the refrigerant, the refrigerant temperature can reach —15°C.The
refrigerant and mud are transported to the coaxial tube heat exchanger in the same time. They exchange
heat through the reverse flow heat exchanger. The total heat exchange capacity can be calculated as
equation (1)[18,19]. Meanwhile, the key points’ temperature of the system need to be detected constantly,
and system parameters should be adjusted timely to meet the drilling requirements. The structures of two

|

| BW-320 pump

loops were shown in Figure 1.

swivel
heat exchanger

Refrigeration unit

refrigerant

pump

Fig.1. The structure of mud cooling system
O=Mc(t,—-t,) =(pG)c(t, —t,) =21.25kw @8

G — flow, 160L/min; C—specific heat, 3.7064 kJ /kg; t;-t,— temperature difference, 2°C; p — mud
density, 1.0750g/cm’.
3 Application of mud cooling system for gas hydrate exploration in Mohe basin

3.1 Overview of physical geography in test site
The gas hydrate exploration sites located in Mohe of Heilongjiang Province, China. Mohe is in
Daxing'anling Mountain, upper south coast of Heilongjiang river. Construction location was years of
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permafrost zone with the deepest limit 124 m, generally 60 to 80 meters and the average thaw depth in
0.6-0.7 meters.

3.2 Mud used in the cooling system test

A resistance to low temperature mud with low solid-phase polymer was used in this gas hydrate
exploration. Requirements of the main technical parameters of drilling mud as following:

(1) Freezing point of drilling mud was —4°C,
(2) Water loss of drilling mud was less than 4 m1/30min,
(3) The density of drilling mud was 1.07-1.085 g/cm’.

3.3 Analysis of test data

Test duration: 2010.9.1-2010.9.30

During exploration construction of gas hydrate drilling MK-1 borehole, the mud cooling system
had got satisfactory test results. Time curves(as figure 2) of mud temperature had been drawn based on field
measured data ranging from 111.30 to 458.10 m.
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Fig.2. The temperature & time curve of mud

3.3.1 Analysis of mud temperature curves flowing in and out borehole

As shown in figure 2, average mud temperature flowing in and out borehole were separately
3.13°C(the temperature would reach to 7.5°C without cooling system) and 4.28°C, and average
temperature in mud pool was 5.72°C, which met the demands of gas hydrate sampling drilling construction.
Because the mud pool without thermal insulation resulted in conducting heat exchange with outside
continuously, temperature curve of mud pool appeared fluctuation obviously. Rising temperature in mud
pool heated by sunshine aggravated the burden of refrigeration system, especially during 9.10-9.15. And
the environmental temperature during 9.20-9.22 was lower, which led the temperature in mud pool to
decrease. In addition, new mud needed to be supplied while drilling in leaking formation, owing to the large
vertical cracks in the drilling zone. However, temperature of supplied mud was higher usually, which made
the temperature in mud pool changing constantly.

3.3.2 Analysis of effects of heat exchange

According to observed test data, temperature curves of pre and post heat exchange between the
mud in tube heat exchanger in cooling system and secondary refrigerant were drawn as figure 3. Average
temperature of mud flowing in and out exchanger was 1.43°C by calculating, and average heat transfer rate
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of exchanger was 19.18kW. It proved that the whole system could satisfy the requirements of gas hydrate

exploration.
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Fig.3 The temperature & time curve of mud heat transfer in heat exchangers
4.Conclusion

This set of mud cooling system has achieved good results in exploration of natural gas hydrate in

Mohe basin, which solved hole wall instability, hydrate decomposition and other issues that caused by high

temperature of mud. And it has ensured the smooth progress of exploration and construction. After

successful application of the mud cooling system in Qinghai 2009 and Mohe Basin 2010, it marks that mud

cooling technology has been paid attention to in China, but also offers effective technical support for future

large-scale gas hydrate exploration.
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AHHOTauun AHoTauin

Cucrema OXJTaXICHNS POMBIBOYHOH JKHUIKOCTH Cucrema 0XOJIOMKEHHS IPOMHUBAIBHOI PITUHN B
B OCHOBHOM TIpeJHAa3HAYEHa ISl 3KCIUTyaTaluu OCHOBHOMY TpH3HAa4YeHa JUIA eKCIUIyaTarii
ra3oBBIX THAPATOB B BEYHOW Mep3noTe. B ra30BHX TifpaTiB y BiuHiN mMep3noTi. B mporeci
nporecce OypeHUs, PacUIMPEHUs] CKBaKHHBI, OypiHHS, PO3MIMPEHHS CBEPUIOBHHH, TUCOIIIALis
JUCCOLMALMS Ta30BBIX THAPATOB U ApYIrHe ra3oBUX TiZpaTiB i iHII YCKJIaJHEHHS MOXYTh
OCJIO)KHEHHUSI MOTYT TPOM3ONTH H3-3a BBICOKOH cTaTucs i3-3a BHCOKOL TeMIIepaTypu
TEMIIEpaTypbl IMPOMBIBOYHOH KHIKOCTH. B MIPOMHBAJIBHOT PIUHU. Y CTaTTi ONHCYETHCS
CTaThb€  ONMCHIBACTCS  NPHHIMI  CHCTEMBI MIPUHIMI CUCTEMH OXOJIOJDKYBAHHS IIPOMHBAIIb-
OXJIKIACHUSI TPOMBIBOYHOH KHJIKOCTH ISt HOI piIWMHM Ui 3aCTOCYBaHHS /0 BHIOOYTKY
MIPUMEHEHHST K J00BIYe Ta30BBIX THAPATOB B ra3oBUX TiJpaTiB y BiuHIM Mep3noTi OaceiHy
BEYHOW Mep3nore Oacceiina Moxe. Dkcrurya- Moxe. Excmnyatamis mowara 16 cepmHA i
Tarust HadaTta 16 aBrycra u 3aHsna 2 mecsma. B 3aifHsTa 2 Micsmi. B pesynberari Oyia mpoOypeHa
pesyiprare  Obima  mpoOypeHa — CKBaKHMHA cBepaioBuHa niamerpoM 108 MM rmOuHOIO
muamerpoM 108 MM ry6mnO# 500 M. Briaromaps 500 M. 3aBmgku  edeKkTy  OXOJOIKyBaHHS
3¢ eKTy OXIaXKIAECHHS TPOMBIBOYHOHN KUAKOCTH NIPOMUBAIIBHOT PIIMHM EKCIUTyaTallisl Ta30BHX
9KCIUTyaTalllsl Ta30BBIX THAPATOB ITPOM3O0IILIA rizpatiB crtamacs 6e3 yckimamHeHb. Ha momaTtox
6e3 ocnoxHeHWH. B pomomHeHwe naHHAs JlaHa cucTeMa 3a0e3neuuTh B MailOyTHbOMY
cucreMa oOecriednT B OyaymieM BO3MOXHOCTh MOXJIUBICTh IIMPOKOMACIITAOHOT eKCIUTyaTawil
IIMPOKOMACINTA0HOW JKCILTyaTallid Ta30BbBIX ra30BUX TipaTiB.

THIpPATOB.

KorouoBi ciioBa: ra3oBi riJjpaTv, 0X0JI0IKEHHS
KitroueBsle coBa: ra3oBble THAPATEI, NPOMUBATBHOT PiHHH, GYpiHHSA y BiuHiii

OXJIAXKJACHUE TPOMBIBOYHOU KHUJIKOCTH, 6ypeHI/Ie M€p3J'IOTi.

B BEUHOI Mep3J10Te..
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