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Abstract- Systems consisting of sensors, processors, and communication with other machines can be termed as Machine to 
Machine Communication system. It is one of the most promising applications of information technology. In oil and gas 
industry, the main application of M2M is in the exploration and production phase. M2M is deployed for monitoring and 
communication of gathered data for analysis of reservoirs. Reservoir modeling involves the construction of a computer model 
of a petroleum reservoir, for the purposes of improving estimation of reservoir properties and making decisions regarding the 
development of the field. “Petroleum Reservoir Modelling system” is a prototype which works in the exploration phase i.e. 
while drilling the wellbore. It consists of temperature, pressure and gamma sensor to sense parameters down the wellbore. The 
gamma sensor is used to record gamma log. The gamma log helps find the reservoir characteristics. The data is sent to the 
surface equipment using wired Ethernet protocol. Actuators can be embedded in the system to control the drilling operation. 
Graphs are plot on the surface equipment, which describe the reservoir properties down the wellbore. 
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I. INTRODUCTION 
 
The last two decades have seen radical advances in the 
machine to machine communication systems with the 
advent of technology. M2M is a broad label that can be 
used to describe any technology that enables 
networked devices to share information and perform 
actions, without the manual assistance of humans. 
M2M has found many applications in the automotive, 
health, energy, consumer electronics, and etc. fields. 
One such application is in the oil and gas industry in 
the exploration of oil and gas is overviewed in this 
paper. 
 
The prototype system consists of an intelligent module 
with sensors such as temperature and pressure for 
sensing different parameters in the wellbore. 
Communication is carried over the Ethernet cable to 
avoid loss of data. The system also contains server side 
application software which receives the data and plots 
it for analysis. The important aim of developing this 
system is to measure downhole parameters and build a 
GUI to plot graphs.  
 
II. M2M SYSTEM FOR PETROLEUM 

RESERVOIR MODELLING 
 
A. M2M system in Oil and Gas 
Oil and gas are considered among the world's most 
important resources. Petroleum itself is used for 
numerous products, in addition to serving as the 
world's primary fuel source. Adopting M2M in early 
stages of Oil and Gas development enables remote 
monitoring and allows for more flexible control of 
assets from wellhead to pipeline. It also enables fiscal 

metering, drilling monitoring and fleet management, 
as well as worker safety and accident response. Now 
days, the M2M system is extensively used in the oil 
and gas industry during the exploration and 
production phase.  
 
In exploration phase, the system captures many 
parameters in the wellbore so as to define the reservoir 
quality, quantity of fluid that can be extracted and 
analyse the type of fluid or gas present in the wellbore. 
Measurements while drilling help visualise the 
condition and situation down the borehole when 
drilling is proceeding. However, during the 
production phase the M2M system is used as a long 
term monitoring system and communicates with the 
surface equipment to provide down-hole 
measurements. 
 
Measurement of parameters such as temperature, 
pressure, porosity, resistivity, permeability, gamma 
ray emission, etc. is taken from the wellbore while 
drilling. This helps broadly to determine what type of 
rock formation is being drilled, which in turn helps 
confirm the real-time location of the wellbore in 
relation to the presence of different types of known 
formations. In addition to the rock properties, the 
measurements help in finding the fluid quantity, fluid 
density, flow rate and the nature of the fluid which 
help in extraction of oil and gas. Communication with 
the surface equipment is a difficult task. Wired 
communication technologies such as Fibre optics, 
PLCC, and wired drill pipe are mostly used in present 
systems. The wired system supply power from the 
surface by pulling a wire through the drill string. 
Wireless communication such as mud-pulse telemetry 
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and system which record measurements down-hole 
are also used for communication. The wired systems 
promise data transmission rates orders of magnitude 
greater than anything possible with mud-pulse or 
electromagnetic telemetry, both from the down-hole 
tool to the surface, and from the surface to the 
down-hole tool. The reservoir parameters are used to 
plot graph to estimate the quality and quantity of the 

fluid and rock in the wellbore, called reservoir 
modelling. Reservoir modelling involves the 
construction of a computer model of a petroleum 
reservoir, for the purposes of improving estimation of 
reservoir properties and making decisions regarding 
the development of the field.  
 
B. Petroleum reservoir modeling 

 

 
Fig. 1: Block Diagram of Petroleum Reservoir Modelling 

 
The system considered in this paper is a prototype of 
the MWD system with temperature sensor, pressure 
sensor and gamma detector. In addition to the MWD, 
the system models the reservoir data on depth vs. 
parameter graph. These graphs help predict the 
down-hole conditions and calculate other reservoir 
parameters. The down-hole module sends the 
measurements over Ethernet protocol. This data 
received by the server application is stored in a 
database and used to plot logs. The temperature 
anomalies and pressure readings together give insight 
to the wellbore conditions so that the drill can be 
steered in the correct direction and also avoid 
explosions. 
 
An accelerometer sensor is incorporated in the system 
to calculate the displacement in the upward or 
downward direction. The block diagram of the system 
is shown in Fig. 1. It shows an accelerometer, 
temperature, pressure and gamma ray sensors. A 
32-bit controller with Ethernet stack on-board is used 
for this application.  
 
Temperature Sensing 
A commercial temperature sensor is used to sense the 
temperature changes down-hole. This temperature 
sensor can be of RTD type and sense temperatures up 
to 500C. Normally, the temperature in the oil well is 
around 250C and hence these sensors are suitable for 
measurements. In the prototype, sensor is interfaced to 
an ADC with voltage range of 0-5V and 12-bit 
resolution. Temperature of wellbore serves as a critical 
input in the exploration for hydrocarbons and ore 
minerals. Temperature logs can detect thermal 
abnormalities produced by temperature contrasts 
between the borehole fluid and the formation fluid or 
formation. Thermal conductivity, a basic physical 
property of rocks and fluids, varies with changes in 

rock composition which defines the lithology of the 
well. 
Pressure Sensing 
A strain gauge type pressure sensor is used in the 
system. This is a pressure IC which consists of a 
wheatstone bridge design with the strain gauge. The 
interface only requires an input of 5V to the IC and the 
analog output is connected to the ADC. Down-hole 
mud pressure, measured in the annulus between the 
drill collar and the borehole wall, is one of the most 
important information available to the driller to sense 
what is happening when the drill bit enters a new 
section of formation, or during running the bit into or 
out of the borehole. It can also be used to define well 
conditions and prevent explosions in the wellbore. 
 
Gamma ray count 
A photodiode is used as a gamma detector. When the 
photodiode is covered with the foil it blocks the light 
falling on the photodiode and thus the corresponding 
current is reduced to about zero. The current then 
induced in the photodiode will be due to the gamma 
rays incident on the photodiode. The current pulses 
are converted to voltage and amplified. The count of 
pulses per second gives gamma ray count per second. 
These can be converted to API units as CPS to API 
conversion = 1.0176. 
 
The gamma ray log is used to characterize the rock or 
sediment in a borehole or drill hole. In particular, 
shales usually emit more gamma rays than other 
sedimentary rocks, such as sandstone, gypsum, salt, 
coal, dolomite, or limestone. It is also useful in 
calculating the shale volume to predict the quantity of 
fluid present at the layer of interest. Shale volume is 
calculated as  
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Vshg = (GR - GR0) / (GR100 - GR0)     …… 
Equation (1) 
 
where, GR = gamma ray log reading in zone of 
interest corrected for borehole size (API units),  GR0 = 
gamma ray log reading in l00% clean zone (API units),  

GRl00 = gamma ray log reading in l00% shale (API 
units),  Vshg = shale volume from gamma ray log 
(fractional). Practically, a 100% clean and shaly rock 
is not found in the wellbores. Hence the default value 
of GR0 is considered to be 15 API and that of GR100 is 
considered to be 115 API[6]. 

 

 
Fig. 2: Gamma Ray detector

A generic data acquisition system contains a 
predefined algorithm to capture data and analyse it. It 
also has a fixed protocol for communication. This 
system has a simple protocol which captures data 
continuously in a sequence of position, temperature 
pressure and gamma count. This data is sent to the 
server using the lwIP protocol over the Ethernet cable. 
The data is then stored by the application program in 
the database.  Initially, the task of measurement of 
parameters is done using the steps as shown in the 
flowchart. 

 
Fig. 3: System Flowchart 

A light weight IP (lwIP) protocol is ported on the 
controller card for communication with the surface 
equipment. The lwIP is an open source TCP/IP stack 
designed for the embedded systems. Many embedded 
system manufactures support the lwIP protocol. This 
reduces the resource usage and while still containing 
all the functions of the TCP. This makes lwIP suitable 
for use in embedded systems with tens of kilobytes of 
free RAM and room for around 40 kilobytes of code 
ROM. The controller sends the data to the IP layer 
which further sends it on the Ethernet wire to the 
surface equipment. 
 
The surface equipment acts as a server. A server side 
application is developed which continuously snoops 
the Ethernet port and receives the Ethernet frames. 
The data is stored in a database with date and test 
number. The application also fetches data from the 
database and plots values of temperature, pressure and 
gamma count for every depth reading in different 
graphs. A well log is the practice of making a detailed 
record (a well log) of the geologic formations 
penetrated by a borehole. The log may be based either 
on visual inspection of samples brought to the surface 
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(geological logs) or on physical measurements made 
by instruments lowered into the borehole (geophysical 
logs). These logs help in analysing the well conditions 
by observing the values for layers in the earth’s crust. 
In the context of other parameters, temperature and 
pressure values can be used to identify undesirable 
well conditions, help suggest and evaluate remedial 
procedures and prevent serious operational drilling 
problems.  
Fig. 4 shows graph plot for an already developed well 
data obtained. Fig. 5 shows the data measured using 
the prototype system developed. The measurements 
are taken in a lab. The graph of the prototype system 
shows that the readings measured and displayed on 

the graph are similar. The packet loss percentage 
tends to zero because of the use of connection oriented 
TCP protocol. The data is watched to give alert signals 
if the temperature and pressure exceed the maximum 
value that can be sustained. The gamma ray counts per 
second are used to calculate shale volume which helps 
predict the porosity at the point of calculation. 
 
In Fig. 1, we can calculate the shale volume where the 
gamma count is around 150 cps using equation (1) as 
Vsh = (150 - 80) / (160 - 80) = 0.875 Thus we can say 
that the layer contains more shales and the porosity is 
less. 

 

 
Fig. 4: Graph of original wellbore data plot by GUI 

 
As the maximum gamma count for the prototype 
measurement is low about 50, we will consider the 
maximum gamma count as 115. And the minimum 
gamma count as 15. Hence the shale volume is 
calculated using equation (1) as 
Vsh = (43 - 15) / (115 - 15) = 0.28 
It shows that the layer under consideration has fewer 
amounts of shales and is porous. 
 
CONCLUSION  
 
The machine to machine communication system 
prototype build for the oil and gas exploration gives 
desired measurements and is useful in the drilling 
phase. This system gives both the hardware and 
software support required for analysis of the wellbore. 
This system fulfils the basic requirement as required 
for taking the measurements while drilling the 
wellbore. 

Measurements are taken for every 500msec for 
temperature, pressure and gamma count. The GUI 
software will give alert signals for high temperature 
and pressures. Shale volume is calculated for different 
layers to predict the porosity of the rocks and type of 
rocks. The plots are helpful in visualizing the 
downhole situation and help the person in charge to 
take decisions accordingly. Due to the real time 
transmission of data one can take safety measures and 
reduce misfortunes. The future improvements will be 
addition of different sensors for resistivity, surface 
potential, neuron density, etc. and obtain the logs for 
the same. The GUI can be made to calculate the 
porosity and permeability of the wellbore.   
 
The present system can be used as a long term 
monitoring system for the production phase. This 
system will then monitor the temperature and pressure 
during the extraction of oil and gas. 
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