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Introduction
Unlike conventional reservoirs, errors in pore space estimation in unconventional reservoirs may lead to significant error propagation in reservoir engineering calculations and reserve prediction. Core samples have always been a luxury for measuring reservoir properties. However, in most cases the cores become non-usable after a single experiment. Methods such as Digital Rock Physics (DRP) based on image processing is offering an alternative to model these reservoir properties with better control on subjective biases of the experimentation and is non-destructive in nature. DRP involves imaging the formation and simulating the field performance to account for heterogeneities in the reservoir formation. Over some time now, it has become a popular method but in case of complex reservoirs such as carbonates and unconventional resources, it is still at the feasibility stage only. The reasons are plenty ranging from availability of calibration libraries and transition space error and its quantification. DRP has been successfully attempted in various forms for physical property estimation but specific work addressing the optimization of algorithm to address scaling issue is still missing. In this paper we have used DRP to obtain porosity in carbonate samples at various scales using different segmentation algorithms and compared the results obtained with the established laboratory methods, which at the moment serves as ground truth for reservoir characterization challenges.
Methodology
In order to characterize a reservoir, accurate determination of the petrophysical parameters is an essential step. Conventionally there are two common ways of making these measurements, i.e. Laboratory weight, volume-density method and steady state CMS-300 method (Core Measurement System). 
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Figure2: 
Flowchart showing the methodology adopted.
)

Results 
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Figure3: Segmented 
2D 
SEM images of different resolutions
.
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	S.No.
	Image Type
	Calculated Porosity (%)
	Porosity from Conventional Methods (%)

	
	
	Thresholding Method
	K- Means Method
	Laboratory
	CMS 300

	
	
	Global
	Otsu
	Morphological
	
	
	

	1
	Micro CT volume
(Resolution: 50 µm)
	7.30
	11.54
	15.08
	17.32
	18
	17

	     2
	SEM 

Resolutions:
1mm
5µm
20µm
100µm
500µm
	


3.58
7.59
15.64
6.13
7.27
	


5.58
11.11
15.30
8.56
7.65
	


5.87
9.38
16.20
10.80
9.82
	


5.88
9.55
16.9
10.46
10.7
	
	



Table 1: The porosity values obtained for SEM images with different resolutions and Micro CT image using both Thresholding and K means method.
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Figure2: 
3D 
segmented
 
volume
 and the sliced view along different planes.
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Discussion
The porosity values were obtained for the Micro CT volume and 2D SEM images of different resolutions for the carbonate sample using the three Thresholding algorithms and K means clustering algorithm. On comparing these porosity values with the Conventional methods, it is observed that the Global Thresholding method produces high error in the result, which is further improved by applying the Otsu’s method and then further by Morphological Algorithm. On the other hand, K means method produced results which were comparable to the conventional methods.
Conclusions
[bookmark: _GoBack]In this paper we determined that porosity can be calculated with good accuracy even without incorporation of Thresholding as it may lead to threshold bias results. Also, the porosity values obtained for the SEM images shows that it (very high resolution) is not necessarily the best representative of the bulk of the reservoir and therefore the under-predicted porosity.
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