
a Corresponding author: lq13306532957@163.com 

Real Time In-situ Detection System Research for Methane in Offshore 
Shallow Gas based on Thin Film Interface 

Miao Cheng-xing1, Li Qing1,a and Jia Sheng-yao1  

1China Jiliang University, Institute of mechanical and electrical engineering,Hangzhou 310018 ,China 

Abstract. In order to get ridded of the non real-time detection methods of artificial site sampled and laboratory 

instrument analyzed in the field of methane detection in the offshore shallow gas, real-time in-situ detection system 

for methane in offshore shallow gas was designed by the film interface.The methane in the offshore shallow gas 

through the gas-liquid separation membrane of polymer permeation into the system internal detection probe, analog 

infrared micro gas sensor sensed the methane concentration and the corresponded output value, data acquisition and 

communication node fitted into standard gas concentration.Based on the experimental data compared with the 

traditional detection method, and further analyzed the causes of error produced by the case experiment. The 

application results show that the system can achieve a single borehole layout, long-term on-line in-situ on-line 

detection, and improve the detection efficiency and the timeliness of the detection data. 

1 Introduction 

Shallow marine gas was widely distributed in the Gulf 

near the Yangtze River Delta and Hangzhou Bay area. On 

the one hand, shallow gas in the sea can be used as a new 

energy utilization and development; On the other hand, 

the leakage and eruption of shallow gas in the offshore 

area will cause great harm to the construction of marine 

engineering. Therefore, the real-time in-situ on-line 

detection method for offshore shallow gas has become an 

urgent need for marine energy development and 

engineering construction in China. 

At present, the method of methane detection in 

offshore shallow gas was mainly used as exploration 

drilling method. The method first obtains the location of 

shallow gas enrichment by means of geophysical 

exploration, and then separate the shallow gas and sea 

water from the laboratory conditions, then the gas 

concentration information of shallow gas was measured 

by gas chromatography. 

With the development of modern science and 

technology, some real time in-situ detection methods 

have been applied to the detection of shallow gas in the 

bottom of the sea. A new geological environment, pore 

pressure static sounding device, developed by Holland 

Hui Gu company, has been installed on the static 

sounding device with a film interface detector. The glass 

fiber membrane of water breathable function. With the 

help of the mother ship, the device can detect the methane 

concentration in the shallow layer of the seabed to a 

certain extent. However, each test must be penetrated into 

the seabed by the mother ship, which can not be carried 

out once and in a long time in situ continuous detection; 

moreover, the instrument was imported from abroad at 

present. All of these results increased the cost of real-time 

in-situ detection of methane in offshore shallow gas. 

On the basis of film interface detection, this paper 

change the selection of die body, and designed a real-time 

in situ methane detection system in the offshore shallow 

gas by used the micro infrared gas sensor. The key 

technology was that the detection system can provide a 

water-proof work environment for gas sensors. Methane 

in shallow gas can be penetrated into the detection system 

through multilayer nanomomm, and the detection 

capacity of methane concentration in 0-100% wide range 

gas by gas sensor. It is possible to achieve long-term 

monitoring of the escape of methane in shallow gas. 

2 Design of detection system 

2.1 System overall plan 

A real-time in-situ detection system for methane in 

offshore shallow gas based on the film interface , it was 

composed of five part. The permeable stone that filters 

the sediment; the gas separation probe that separate 

methane from the sea and detect the methane in the 

shallow gas. It was as specific as Figure 1. 
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Figure 1.  Methane detection process in shallow gas 

The data acquisition and communication node 

obtained the analog signal output from the micro infrared 

gas sensor through the serial port protocol, and converted 

it into the standard methane concentration value, and send 

the concentration value to the marine carrier by wireless 

transmission. It was as specific as Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

Figure 2.  Overall plan design 

2.2 Design of methane collection system in 
shallow gas 

2.2.1 Gas-liquid separation membrane 

In the design the gas-liquid separation membrane was a 

multilayer nanomomm made of poly two methyl siloxane 

material, and it was also a biomimetic super hydrophobic 

membrane. The semi organic and semi inorganic 

structural properties made it highly affinity to volatile 

organic compounds and dissolved gases, and have high 

block properties for water and salt and other inorganic 

substances. The separation and osmosis principle of the 

membrane was illustrated in Figure 3. 
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Figure 3.  Principle of membrane separation and permeation 

In order to verified the permeability and compression 

ability of the membrane, a test model was established, as 

shown in Figure 4, and the gas flow velocity was 

simulated for the model, as shown in Figure 5. 

 

 

 

        
 
Figure 4.  Permeability compression model of membrane body 

In the test model, the gas flow valve was controlled by 

the gas flow valve to tested the methane gas flow from 

the model inlet to the interior of the model. The 

monolayer gas liquid separation membrane was installed 

at the distance of  50cm from the air inlet, and the front 

end PVC tube and the back end PVC tube were tightly 

meshed, and the surface of the die body was tightened 

and the gas was fully exposed to the surface of the die 

body. Applied sealant to the mesh to prevent leakage of 

test gas. Thus, a gas flow velocity model of a methane 

test gas which must pass through a tight gas liquid 

separation membrane from the intake and released from 

the outlet is formed. 

 

Figure 5.  Simulation of model gas flow velocity 

It can be seen from Figure 5 that there was no change 

in the velocity of methane gas before and after pass 

through the membrane. This indicated that the membrane 

has good permeability to methane gas. 

2.2.2 Gas separation probe 

The gas separation probe was the key component to 

realize the separation of methane from shallow water and 

realize the detection. Its components include: water gas 

collection room, compact gasket, gas-liquid separation 

room, sensor placement ent room. It was as specific as 

Figure 6. 

 

  

Figure 6.  Probe composition structure 

A rubber sealing washer with certain specifications 

was fitted between the various components. The sealing 

terminal at the upper end of the probe was a waterproof 

seal with a thread, which can be attached to the probe 

through a sealing head and put into a signal lead in the 

tube. Thus, the full sealing property of the gas separation 

probe was realized, and the safe and waterproof work 

environment for the gas sensor was provided. The 

concrete objects were as shown in Figure 7. 
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Figure 7.  Probe concrete object 

2.3 Design of methane detection system in 
shallow gas 

According to the traditional artificial field sampling and 

laboratory instrument analysis, the composition of the 

shallow gas in the offshore was mainly composed of high 

methane gas, which was usually more than 70% and 

contains a small amount of other inert gases. Therefore, in 

the system design, the gas sensor was required to have a 

wide range of methane concentration detection ability, 

and the volume was small enough to be installed inside 

the probe, and the detection process was safe and reliable. 
In the design, the oxide semiconductor methane gas 

sensor, the catalytic combustion methane gas sensor and 

the micro infrared methane gas sensor are selected 

respectively. First, the initial values of the selected three 

kinds of methane gas sensors were tested. The results 

were Figure 8 and Figure 9. 
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Figure 8.  Initial test results of traditional methane gas sensor 
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Figure 9.  Initial value test result of micro infrared gas sensor 

It can be seen from the above diagram that the oxide 

semiconductor and micro infrared methane sensor have 

good test results. The following two gas sensors were 

selected in the same sealed container, and the methane 

gas was tested at different concentrations. The simulated 

output test results of the two sensors were shown in 

Figure 10 and Figure 11 . 
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Figure 10.   Measurement results of methane sensor of oxide 

semiconductor 
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Figure 11.  Measurement results of micro infrared methane gas 

sensor 

It can be seen from the diagram that the micro infrared 

methane gas sensor has more stable analog output and the 

output amplitude was more significant after the methane 

test gas of different concentrations was passed through. 
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The Hydro C micro infrared methane gas sensor 

developed by Contros company in Britain was a typical 

representative of methane detection in the field of 

industry at present, with a height of 10cm and 20cm in 

diameter. Therefore, the selection of micro infrared 

methane gas sensor in the system design was quite in line 

with the design requirements. 

3 Simulation experiment and data fitting 

In order to fund out whether the system has the ability to 

accurately measure methane in shallow gas in the seabed 

sediments, a simulated test scheme was designed under 

laboratory conditions. The specific operation was as 

shown in Figure 12. 

 

 

 

 

 

 

 

 

 

 

 

         

 

 

 

 
 

 

Figure 12.   Simulation experiment implementation 

In the barrel experiment device, acquired sediment is 

added to the device before, and the methane gas of the 

specific concentration was injected into the gas injection 

port through the gas injection port, which was reserved by 

the barrel experiment device, so that the methane 

enrichment area was formed in the sediment in the device, 

so that the methane in the enrichment area was fully 

mixed and closer to the real shallow gas reservoir, 

Methane inlet gas pipes are equipped with gas flow 

valves to control the speed and duration of methane input. 

The assembled experimental probe is inserted into the 

barrel device through the reserved port at the upper end of 

the device, and the reserved port was sealed. The test data 

was transmitted to the host computer by wireless 

transmission, and displayed and recorded. 

The experimental gases with different concentrations 

of methane were tested respectively. The results were 

shown in Table 1. 

Table 1.  Experimental gas simulation results of methane at 

different concentrations 

Experimental gas 

concentration value/(%) 
Output simulation/（V） 

1 1.210 
10 1.306 

20 1.406 

30 1.477 

40 1.587 

50 1.667 

60 1.687 

70 1.807 

80 1.878 

90 1.887 

According to the basic idea of least square method, a 

reflection function was constructed： 

 
m

mm xaxaax +++= .....)(g 10    (6) 

The mathematical relationship between experimental 

gas concentration and output simulation was obtained 

from the solution of linear equation: 

210110)1033()g( 25 .x.x.x ++−= −
    

(8) 

Among them, )g(x  is the analog output of micro 

infrared gas sensor, V; x is the experimental gas 

concentration value,%.    
The relationship between experimental gas 

concentration and output simulation was directly 

expressed by used MatLab. It was as specific as Figure 

13. 
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Figure 13.  Data fitting curve 
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Parallel experiments were carried out to obtain the 

concentration values of methane at different 

concentrations, as shown in Table 2. 

Table 2.  Experimental gas concentration results of different 

concentrations of methane 

Experimental gas 

concentration/（%） 

Result 

concentration/

（%） 
Error/（%） 

    1      0.1 -0.9 

    10      8.2 -1.8 

    20      17.3 -2.7 

    30      27.6 -2.4 

    40      38.1 -1.9 

    50      48.0 -2.0 

    60      58.4 -1.6 

    70      68.9 -1.1 

    80      79.2 -0.8 

    90      89.4 -0.6 

It can be seen from the above table that there was a 

certain error between the obtained results and the actual 

experimental gas concentration, and it was generally 

lower than the actual experimental gas concentration 

value, and the maximum error was -2.7%. However, 

when the actual experimental gas concentration was 

larger, this error will decrease. The possible reasons are: 

① The error of mathematical calculation model caused 

by data fitting curve. ② The simulated methane in the 

seabed sediments was less, resulting in uneven gas 

distribution in the methane enriched area and less gas 

entering the detection system. 

4 Experimental and discussion 

According to the experimental results, the following 

measures were made: ①The gas flow valve was used to 

increased the flow of the experimental gas into the device 

and prolong the gas injection time; ②According to the 

fitting curve analysis between the experimental gas 

concentration and the output simulation, it can be seen 

that the different experimental gas concentration intervals 

correspond to the mathematical models with different 

output analog quantities; therefore, if the interval fitting 

between the real gas concentration and the output 

simulation may decrease the result concentration, the 

result concentration may be reduced. The error between 

the model and the experimental gas concentration was 

calculated. 

The following data were piecewise fitted. The 

mathematical relationship was as follows: 

①  9060，x , 

2100480)1082()g( 24 .x.x.x −+−= −

 
②  0530，x , 

0.972100)1051()g( 24 ++−= − x.x.x
 

③  021，x , 

1.21100)1053()g( 25 ++−= − x.x.x  

The piecewise fitted function was used to carry out 

parallel experiments, and the results were shown in Table 

3. 

Table 3.  Experimental gas concentration results of different 

concentrations of methane 

Experimental gas 

concentration/

（%） 

Result 

concentration/

（%） 
Error/（%） 

    1     0.5   -0.5 

    10 9.0   -1.0 

    20 18.6   -1.4 

    30 28.6   -1.4 

    40 39.1   -0.9 

    50 49.1   -0.9 

    60 59.2   -0.8 

    70 69.5   -0.5 

    80 79.5   -0.5 

    90 89.6   -0.4 

Although there was still a certain error in the numerical 

results obtained by the experiment, compared with the 

test result table 3 obtained before the fitting function, it 

can be seen that the piecewise fitting function reduced the 

model fitting calculation error between the results 

obtained by the simulation experiment and the actual 

experimental gas concentration. 

5 Conclusion and Prospect 

(1)The results of simulation experiments under laboratory 

conditions showed that methane in shallow gas can be 

penetrated into the detection probe of the multilayer 

nanomomm film. The gas separation probe provided a 

waterproof and reliable work environment for the gas 

sensor, and then the wide range detection of methane in 

the diffused shallow gas was realized with the micro 

infrared methane gas sensor. 

(2)The system can effectively real-time in situ on-line 

detection of methane in shallow gas in the offshore 

sediments, and can transmit the methane concentration in 

the shallow gas enrichment area to the upper computer in 

real time. The line monitoring of methane injection in 

shallow gas. The test cost was reduced, the detection 

cycle was shortened, and the operability was strong. 

(3)In this paper, based on thin film interface detection, 

we only studied methane detection in shallow gas with a 

certain degree of singleness. In the future, we can expand 

other functions on this basis: detecting carbon dioxide 

concentration; exploring the origin of gas in shallow gas 

and gas migration in gas reservoirs.  
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