
Dear Members, and Friends of the LPS; 
 
 
Thank you for all the feedback and support we have received since we told you 
about the concerns that we have with the new SPWLA Chapter Charter.  We 
have arranged to meet with SPWLA President, Brett Wendt, at the London 
Symposium to try to find an equitable way forward that will work for the LPS 
and SPWLA.   
 
At our May evening meeting we had a talk about 4D Multi-Scale Imaging of 
Steady State Two-Phase Flow in Sandstones and Reactive Flow in Carbonates, 
from Dr. Hannah Menke and Ying Gao at Imperial College. Many thanks to 
them for their great presentation. 
 
Our next evening meeting is scheduled for 10th July, and will be "An Integrated 
Formation Evaluation Approach to Characterize a Turbidite  Fan Complex – A 
Case Study from the Falkland Islands" to be presented by Maciej Kozlowski. 
 
Before that, the main event is the SPWLA 59th Annual Symposium, taking 
place at Old Billingsgate on 2nd to 6th June.  This outstanding event will 
consist of; eight fabulous workshops, two stunning field trips, three days of 
exceptional technical presentations, posters and exhibitions, and three 
evenings of great social events. This programme will have real interest for 
everybody who uses borehole data.  Details can be found on 
www.spwla2018.com, and you will be able to register at the venue on the day. 
 
Just to remind you,  IODP (International Ocean Drilling Program) is running 
their annual Petrophysics summer school that at the University of Leicester in 
July.  If you would like more details please go to; https://iodp.rocks/
petrophysics-summer-school/ 
 
The topic for our next seminar is Seismic Rock Physics and a call for abstracts 
is on the website, so please put 27th September in your diary. 
 
The Newsletter is looking for technical content, so if you have a good technical 
paper you like us to publish then please contact Jusmell Graterol or Jenny 
Rastogi. 
 
Mike Millar  - LPS President 
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59th Annual Symposium 

2nd - 6th June 2018, London 
 

Old Billingsgate, London 
 

 
 

 
Eight fabulous workshops 
Two stunning field trips 

Three days of outstanding technical presentations, 
posters and exhibitions 

Three evenings of great social events 
 

Be part of the premier Formation Evaluation event of the 
year. 

 
Register at:  www.spwla.org - meetings/events 

 
www.SPWLA2018.com 
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The characterization of carbonate reservoirs using 
nuclear magnetic resonance technologies 
 

Author: Tim Pritchard, Ramendra Sinha and Justin Cooke, BG 
Technology 

NMR wireline technologies offer significant benefits for formation 
evaluation in sandstone reservoirs. However, by comparison applications 
in carbonate reservoirs have been more limited. Some of the challenges for 
the interpretation of NMR wireline data in carbonates are discussed, and 
examples are shown of how Nuclear Magnetic Resonance Imaging can be 
used to assist with data interpretation. 

The development of Nuclear Magnetic Resonance (NMR) Technologies has) 
revolutionized formation evaluation, offering the potential to reliably 
estimate total and effective porosities, irreducible water saturations, and 
permeabilities. Furthermore, in favorable circumstances NMR can also be 
employed to obtain information concerning residual oil saturations, and 
gas volumes [1]. 

To date, however, the majority of the applications developed for NMR 
wireline technologies have been predominantly for sandstone reservoirs, 
primarily because the interpretation of NMR data from carbonates can be 
considerably more complex than it is for sandstones. 

Carbonates, unlike sandstones, are predominantly composed of two 
minerals (calcite and dolomite), and form near to their origin, in either 
shallow or deep marine environments, evaporitic basins or windy deserts. 

Taking a very simplistic view, carbonates may be considered to be formed 
from basic building blocks (Figure 1). At the smallest scales the building 
units are microscopic calcite crystals approximately 1-2 microns in 
diameter. Micrite crystals predominate in mudstones. 

Figure I: The building blocks of carbonate rocks 

The crystals may then aggregate together to form micrite particles between 
10-20 microns in diameter. These particles predominate in pack-stones. 
Finally, the micrite crystals can aggregate together to form peloidal grains 
between 300-500 microns in diameter. These particles predominate in 
grainstones.  Following the work of Dunham, carbonates rocks may be 
classified as belonging to six types, based on an analysis of their internal 
structure [2]. These are summarized in Table 1. 
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Table I: The classification of carbonate rocks. 

The nature of carbonates is, however, further complicated by diagenetic 
processes, such as dissolution, styolitization, dolomitisation and 
fracturing, which can have a dominant impact in determining the nature of 
the pore structure characteristics. As a result, carbonates can have very 
complex pore structure networks, and (unlike sandstones) usually carry no 
easily recognizable characteristics which permit easy lithofacies mapping 
from logging signals, since traditional logging tools are relatively insensitive 
to pore structure variations, and defining relationships between wireline 
log data and Petrophysical parameters (e.g. permeability) can be 
particularly problematic. 

NMR technologies offer particular promise for the characterization of 
carbonate formations, because of the sensitivity of the NMR signal to pore 
fabric properties. 
 
This sensitivity is evident in the following example, where the NMR 
relaxation behavior of rocks from four deposition environments (i.e. shore 
face lagoon, restricted shelf lagoon, slope basin and bathyal environments) 
was examined (Figure 2). 
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Figure 2: The field location of selected carbonate cores. 

As the energy of the depositional environment decreases, the average 
particle size within the carbonate rock decreases, and since the carbonate 
samples taken from this field were found to be quite homogeneous 
throughout, the measured T1 and T2 relaxation times measured for the 
fully water saturated rocks are characteristic of the average pore diameter 
or grain size of the rocks (Table 2). Furthermore, the irreducible water 
saturation can be determined with reasonable accuracy from the T2 
distributions, using T2 cut-off times which tend to be three times larger 
than those used for sandstones (reflecting changes in surface relaxivity).  

Table 2: Summary of NMR properties of selected carbonate core samples. 

Permeabilities may also be estimated from the NMR data (e.g. via the 
Coates Free Fluid models (Figure 3). 

Figure 3: A comparison of measured and NMR predicted permeabilities for selected 
carbonate rocks  
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At low permeability a strong correlation between computed and measured 
permeability is observed as the permeability increases. However, at high 
permeability the NMR predicted permeability reaches a limiting value. 

This phenomenon arises because NMR relaxation is mediated via dipolar 
and paramagnetic interactions between hydrogen nuclei and paramagnetic 
ions in the pore wall. As the pore/grain size increases (and hence the 
surface-to¬volume ratio of the pores decreases) the average relaxation 
properties of fluids in the pores approach those of bulk water. Therefore, 
above a threshold limit, any increase in pore size will cause no 
corresponding increase in T1/T2 relaxation times. In these circumstances, 
NMR permeability algorithms fail (Figure 3) since these equations implicitly 
assume a linear relationship between NMR relaxation time and gain/pore 
diameter. Furthermore, the weaker surface relaxivity of carbonate surfaces 
relative to those of sandstones ensures that non-linear trends in the pore 
size-T2 relationship develop at comparatively smaller pore sizes than in 
sandstones. 

In heterogeneous carbonates additional interpretation difficulties occur. 
 
Figure 4 illustrates the difference between T2 distributions observed for 
water saturated and de-saturated carbonate with secondary porosity.  

Figure 4: NMR relaxation properties of heterogeneous 
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Generally, with sandstone rocks a desaturation cause a loss of signal 
particularly from the larger pores first, and then progressively smaller 
pores. In heterogeneous carbonates, however, the manner in which water 
is lost from the pore structure during desaturation is much more complex; 
where water present in large pores can still be evident in samples 
apparently desaturated to irreducible water saturation. It is clear from 
such behavior that the simple application of a T2 cut-off time to 
discriminate between "free" and "mobile" water is inadequate. 

In an effort to better characterize the pore structure of heterogeneous 
carbonates a comparative study of X-Ray CT and NMR Imaging was 
undertaken (Figure 5). In general, we found that X-Ray CT demonstrated 
superior performance for sandstones. In sandstones, changes in 
mineralogy are indicative of changes in depositional environment. The 
electron density contrast between quartz, clay and other minerals tends to 
be comparatively high. Since X-Ray CT images are essentially electron-
density images, X-Ray CT images of sandstones can be rich in character. 
In carbonates, however, MRI clearly showed superior performance. As 
carbonates are predominantly composed of two heavy minerals, there is 
comparatively little electron density contrast present in the X-Ray CT 
images compared with sandstones. Surface relaxivities are also lower in 
carbonates than sandstones, making them more amenable to imaging. 

Figure 5: X-Ray CT and MRI of a heterogeneous carbonate rock. 
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Furthermore, by changing characteristic delay times in NMR Imaging 
sequences it is possible to alter the contrast in NMR Images to favor the 
observation of vugs, fractures and matrix porosity. 
NMR Imaging provides a means of acquiring pore structure data which can 
then be used to develop advanced algorithms for the interpretation of NMR 
wireline data acquired in heterogeneous carbonate reservoirs. Multi-slice 
NMR Imaging techniques provide additional information concerning the 
spatial heterogeneity of the pore structure (Figure 6). From these images 
secondary porosity volumes can be determined. 

Figure 6: Multi-slice NMR images of a heterogeneous carbonate rock, revealing the presence 
of vugs and cemented and uncemented fractures. 

Based on data provided by NMR Imaging, and low field NMR relaxation 
measurements, a simpler model was developed which assumes that the 
rock contains two types of pore system: an inter-granular pore system 
characterized by an irreducible saturation SwiA, and a vuggy porosity 
system characterized by irreducible water saturation SwiB. Water 
molecules bound to the surface of those pores were assumed to undergo 
relaxation characterized by the NMR time constant T2s (regardless of the 
size of the pore). 
In the case of the inter-granular pore system, the geometric mean 
relaxation time of water molecules in these pores (T2G(A)) can be described 
in terms of the equation: 
 

T2G(A)=exp {PA.In T2s + (1-PA). In T2G(B)}  

Where: 
PA = SwiA/SwA 
T2G(A) = The geometric mean relaxation time of water in the inter-

granular pore system. 
SwiA = The irreducible water saturation in the inter-granular pore 

system. 
SwA = The water saturation within the inter-granular pore system. 
T2s = The NMR relaxation time for irreducible water. 

Tuesday 10th July 

2018 

6:30pm-7:30pm 

“An Integrated 

Formation 

Evaluation 

Approach to 

Characterize a 

Turbidite Fan 

Complex – A Case 

Study from the 

Falkland Islands” 
Maciej Kozlowski, 

Halliburton 

Tuesday 4th Sept 

2018 

6:30pm-7:30pm 

“Using Fractels to 

Determine a 

Reservoir’s 

Hydrocarbon 

Distribution ” 
Steve Cuddy,  

Baker 



www.lps.org.uk London Petrophysical Society: Newsletter 2018-05 

The characterization of carbonate reservoirs using 
nuclear magnetic resonance technologies 
 

Author: Tim Pritchard, Ramendra Sinha and Justin Cooke, BG 
Technology 

Similarly, for the vuggy pore system, the geometric mean relaxation time of 
the water molecules in these pores (T2G(B)) can be described in terms of 
the equation: 

T2G(B). exp {PB.ln T2s + (1-PB). In T2f}  

Where: 
PB = SwiB/SwB 
T2G(B) = The geometric mean relaxation time of water molecules within 

the vuggular pore system. 
SwiB = The irreducible water saturation within the vuggy pore system. 
T2f = The NMR relaxation time for the bulk water which fills the pore 

system. 
The total water saturation of the rock can be described by the equation: 

Sw= VA.SwA + (1-VA). SwB 
Where: 

VA = The fractional volume of inter-granular porosity within the rock. 
(1-VA) = The fractional volume of vuggy porosity within the rock. 

 

Assuming that in any desaturation process there is the simultaneous loss 
of water from both pore types up to the points where SwA = SwiA and SwB 
= SwiB, these equations can be used to construct a function describing 
how T2G values change as a function of water saturation. 
The performance of this model was tested for a number of carbonate core 
samples, where secondary/vug porosities were independently measured 
using multi-slice NMR Imaging techniques, and the core samples were 
desaturated via porous plate capillary pressure desaturation. 
Figure 7 illustrates the results of such computations, where the solid line 
corresponds to the predictions from the model constructed above. The 
dotted lines indicate the functional relationship between NMR relaxation 
time and water saturation. 

Figure 7: The dual porosity NMR relaxation model which can be used to determine the 
secondary /VUG porosity of carbonates.  
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By employing the above model it was possible to describe the functional 
dependence of T2 relaxation time values, where the "best fit" between the 
experimental and calculated curves was observed when the fractional 
volume of the secondary porosity was close to that measured 
independently using NMR Imaging techniques. 

In summary, it would appear that in homogeneous carbonates the 
interpretation of NMR data has many similarities to existing interpretation 
techniques used for sandstones. However, in heterogeneous carbonates 
more complex, field/reservoir specific, interpretation strategies may be 
required. In the development of these interpretation methodologies NMR 
Imaging techniques may provide valuable quantitative information, 
concerning vug and fracture porosities, which can be used to validate these 
models. This information is difficult or impossible to obtain using 
traditional technologies. 
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