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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 Ø108mm 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°С 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 [16]: 

(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°С.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 
loops were shown in Figure 1. 

 

Fig.1. The structure of mud cooling system  

 1 2 1 2= c( ) ( ) ( ) 21.25Q M t t G c t t kwρ− = − =   (1) 

G – flow, 160L/min; C–specific heat, 3.7064 kJ /kg; t1-t2 – temperature difference, 2°C; ρ – mud 
density, 1.0750g/cm3. 

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°С, 
(2) Water loss of drilling mud was less than 4 ml/30min, 
(3) The density of drilling mud was 1.07–1.085 g/cm3. 

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.    

 

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. 

 

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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Аннотация 
Система охлаждения промывочной жидкости 
в основном предназначена для эксплуатации 
газовых гидратов в вечной мерзлоте. В 
процессе бурения, расширения скважины, 
диссоциация газовых гидратов и другие 
осложнения могут произойти из-за высокой 
температуры промывочной жидкости. В 
статье описывается принцип системы 
охлаждения промывочной жидкости для 
применения к добыче газовых гидратов в 
вечной мерзлоте бассейна Мохе. Эксплуа-
тация начата 16 августа и заняла 2 месяца. В 
результате была пробурена скважина 
диаметром 108 мм глубиной 500 м. Благодаря 
эффекту охлаждения промывочной жидкости 
эксплуатация газовых гидратов произошла 
без осложнений. В дополнение данная 
система обеспечит в будущем возможность 
широкомасштабной эксплуатации газовых 
гидратов.  

Ключевые слова: газовые гидраты, 
охлаждение промывочной жидкости, бурение 
в вечной мерзлоте.. 

Aнотація 
Система охолодження промивальної рідини в 
основному призначена для експлуатації 
газових гідратів у вічній мерзлоті. В процесі 
буріння, розширення свердловини, дисоціація 
газових гідратів і інші ускладнення можуть 
статися із-за високої температури 
промивальної рідини. У статті описується 
принцип системи охолоджування промиваль-
ної рідини для застосування до видобутку 
газових гідратів у вічній мерзлоті басейну 
Мохе. Експлуатація почата 16 серпня і 
зайняла 2 місяці. В результаті була пробурена 
свердловина діаметром 108 мм глибиною 
500 м. Завдяки ефекту охолоджування 
промивальної рідини експлуатація газових 
гідратів сталася без ускладнень. На додаток 
дана система забезпечить в майбутньому 
можливість широкомасштабної експлуатації 
газових гідратів. 

Ключові слова: газові гідрати, охолодження 
промивальної рідини, буріння у вічній 
мерзлоті. 

 




