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Summary 

  

The Formation evaluation has always been challenging for petrophysicists. The evaluation has implications for reserve 

estimation (i.e., in-place hydrocarbon determination), so it needs to be as accurate as possible. In most cases, the triple combo 

resistivity-density-neutron-gamma ray dataset is used in petrophysical evaluation. The porosity evaluated using conventional 

density and neutron logs may not be accurate as these logs are affected by various effects like complex lithology (minerals 

effect) and fluid type .The thermal neutron log reads too high in a shale zone because of the presence of bound water. 

 

Hence, it becomes imperative to have some measurements independent of lithology and be able to identify these pay zones. In 

the present field, Ahmedabad, the well ‘A’ has been drilled penetrating Kalol pays and bottomed in Cambay shale. The Kalol 

formation is demarcated by high density, carbonaceous and coal layers.  

 

The CMR tool provides lithology independent porosity, and provides distinction between bound and free fluid porosities. Also, 

it gives permeability curve. In this well, CMR log was recorded to have realistic porosity against high density and 

carbonaceous layers as depicted by standard log suit. The CMR log showed different porosity and permeability ranges across 

different sand units. Different zones are tested in this well. In the interval X76-X79.5m, thick coal is present based on the 

gamma ray, density-neutron and resistivity logs. CMR shows free fluid porosity of 6-8 pu with permeability to be 20mD. 

Around 2.3 m3 of oil was recovered from this zone during initial testing. Further, the depth range between X61-X67.5m shows 

density-neutron porosity of 14-20pu and interval X11.5-X20m shows density-neutron porosity to be 8-15 pu. However, CMR 

3ms porosity, free fluid porosity and permeability is 11-16pu, 7pu and 5mD respectively in the interval X61-X67.5m, while 

CMR 3ms porosity, free fluid porosity and permeability is 14-19pu, 6pu and 5mD respectively in the interval X11.5-X20m. 

The well was further tested and interval X61-X67.5m produced oil on self at the rate approx. 10m3/d through 6mm beam after 

hydro fracturing and interval X11.5-X20m produced oil on self at the rate of 25m3/d through 6mm bean without any 

stimulation. 

 

Present study demonstrated the usefulness of NMR logging technology in terms of reservoir quality and its production. Though 

the interval X61-X67.5m shows higher porosity from conventional density-neutron logs than interval X11.5-X20m, the interval 

X11.5-X20m is producing on-self and interval X61-X67.5m required hydro fracturing. Also, the coal in the interval (X76-

X79.5m) showed presence of free fluid porosity in CMR log otherwise impossible to determine from triple-combo logs, further 

proved by oil recovered from this interval. Hence, the tool shows its usefulness in present reservoir where complex mineralogy 

effects are predominant over conventional open hole logs. 
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Introduction 

 

Cambay Basin is an aborted intra-cratonic N-S to NNW – 

SSE trending rift Graben  situated between south east 

Saurashtra craton on the west, Aravali swell on the north 

- east  and Deccan craton on the south east in the 

northwestern part of Indian peninsula in Gujarat State.   

 

The entire Cambay basin is divided into five tectonic 

blocks based on transverse fault system namely Narmada, 

Jambusar-Broach, Cambay-Tarapur, Ahmedabad-

Mehsana and Patan-Tharad-Sanchor basins from south to 

North. Multiple hydrocarbon bearing formations are 

intersected in these blocks (Fig. 1).  
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Fig.1: Location Map of Cambay Basin 

 

 
Fig. 2: Generalized stratigraphy of Cambay Basin (after Mehrotra 

et al) 1980) 

 

Wavel and Sertha Members of Kalol formation are the 

most prominent reservoir in this basin (Fig. 2). 

Petrophysical evaluation using only conventional logs has 

more uncertainties. Among the main uncertainties are the 

scarcity of knowledge of clay volume and volume of 

irreducible water in the sand, high silt index and no neutron 

density cross-over in hydrocarbon bearing sections. The 

inability to quantify these uncertainties results in water 

saturation computation either too optimistic or pessimistic 

depending heavily on the clay volume. Integrating Nuclear 

Magnetic Resonance logs along with the conventional logs 

can aid in reducing the uncertainty of petrophysical 

evaluation. 

 

The case study presented in this paper highlights a situation 

when basic open hole logs like Gamma Ray, Neutron-

Density and Resistivity could not show the possible good 

reservoirs. Acquiring CMR log helped in identification of 

free fluid porosity and in precise formation evaluation. 

 

NMR Logging Technology 

 

Nuclear magnetic resonance (NMR) refers to a physical 

principle - the response of nuclei to a magnetic field. Many 

nuclei have a magnetic moment and therefore behave like 

bar magnets. 

 

They also have spin (i.e., angular momentum) that makes 

them behave in some respects like gyroscopes. These 

spinning magnetic nuclei can interact with external 

magnetic fields and produce measurable signals. NMR 

measurement can be made on any nuclei that have an odd 

number of protons and/or neutrons (e.g., H1, C13, Na23, 

F19 and P31). For most of these nuclei the signal is too 

small to be detected with a borehole logging tool. 

However, hydrogen has a relatively large magnetic 

moment and is abundant in both water and hydrocarbon 

molecules found in pore fluids. By tuning the CMR tool to 

the resonant frequency of hydrogen, the signal is 

maximized and is therefore measurable. The measured 

quantities are signal amplitude and relaxation rates. The 

signal amplitude is calibrated to give porosity. Two 

principal relaxation times are associated with NMR 

measurements; the longitudinal relaxation time (T1) and 

the transverse relaxation time (T2). The relaxation times, 

either T1 or T2, are interpreted to give pore size and/or 

pore fluid properties. 

 

Combinable Magnetic Resonance (CMR) log is primarily 

used to get lithology independent porosity, pore and grain 

size distribution, volume of irreducible fluid and 

permeability. The CMR derived effective porosity helps to 

cross check the porosity derived from ELAN. 
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Fig. 3: Pore volume distribution in a sand matrix. The producible 

part of porosity includes capillary bound and free porosity. 

 

 
Fig.  4:  T2  distribution  curve  from  CMR.  Cutoffs  are used  

to  get  different  bin  porosities  and  accordingly Total  porosity,  

Bound  fluid  volume  and  Free  fluid volumes are calculated. 

 

The CMR measurement is an exciting advance in well 

logging with applications for providing continuous 

permeability, determining irreducible water saturations 

and helping in the analysis of low-resistivity pay. A skid-

type device, the CMR tool is applied to the borehole wall 

using a bowspring or powered caliper. It is approximately 

half the length and weight of older generation tools and can 

be run in hole sizes as small as 6.5 in. The CMR tool can 

be used in very large boreholes provided big-hole 

eccentralization equipment is used. There are no 

limitations on the borehole fluid, and the tool can be run in 

saline muds, fresh muds, oil-base muds or even air-drilled 

holes. 

The CMR measurement is affected by borehole rugosity in 

a way similar to the Bulk Density measurement. If the Bulk 

Density data are good, CMR data are usually good too. 

 

 

Discussions 

 

In the studied well, CMR log was recorded to have realistic 

porosity against high density and carbonaceous layers as 

depicted by conventional log suite. The CMR log showed 

different porosity and permeability ranges across different 

sand units. Different zones are tested in this well by 

integrating CMR results with basic logs.  

 

Analysis of Pay1 (Sand) 

The depth range between X11.5-X20m shows density-

neutron porosity to be 8-15 pu. Resistivity is in the range 

of 4-18ohm-m in this interval. The basic logs indicate this 

as a bit tight formation as shown in Figure 5A. However, 

CMR 3ms porosity, free fluid porosity and permeability 

are 14-19pu, 6pu and 5mD in this interval as shown in 

Figure 5C. 

 

The well was tested in this interval and it produced oil on 

self at the rate of 25m3/d through 6mm bean. 

 

 
Fig. 5A: Showing basic open hole logs for Pay1 (Sand). 

Track1: Gammaray, Caliper, Bit size and SP logs 

Track2: Resistivity logs; Track3: Neutron-Density logs 

 

 
Fig. 5B: Showing ELAN results for Pay1 (Sand). 

Track1,2 and 3: Basic open hole logs 

Track4,5 and 6: ELAN fluid volumes and lithology 
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Fig. 5C: Showing CMR results for Pay1 (Sand). 

Track1: Gammaray, Caliper and Bit size 

Track 2: CMR bin porosities 

Track 3: Resistivity logs with CMR permeability 

Track 4: Neutron-Density logs with CMR porosities 

Track 5: CMR T2 distribution 

 

Analysis of Pay2 (Sand) 

The depth range between X61-X67.5m shows density-

neutron porosity of 14-20pu. Resistivity in this interval is 

6-12ohm-m. There is clear indication from density-neutron 

logs as shown in Figure 6A that Pay2 is better reservoir 

than Pay1. However, CMR 3ms porosity is 11-16pu which 

is less than conventionally derived porosity data. Free fluid 

porosity and permeability is 7pu and 5mD respectively in 

this interval (Figure 6C). This zone was tested too and it 

produced oil on self at the rate approx. 10m3/d through 

6mm beam after hydro fracturing. 

 

 
Fig. 6A: Showing basic open hole logs for Pay2 (Sand). 

Track1: Gammaray, Caliper, Bit size and SP logs 

Track2: Resistivity logs; Track3: Neutron-Density logs 

 

 
Fig. 6B: Showing ELAN results for Pay2 (Sand). 

Track1,2 and 3: Basic open hole logs 

Track4,5 and 6: ELAN fluid volumes and lithology 

 

 
Fig. 7A: Showing basic open hole logs for Pay3 (C).  

Track1: Gammaray, Caliper, Bit size and SP logs  

Track2: Resistivity logs. Track3: Neutron-Density logs. 

 

Analysis of Pay3 (Coal) 

In the interval X76-X79.5m, thick coal is seen by the 

interpretation based on gamma ray, density-neutron and 

resistivity logs as in Figure 7A. No saturation is computed 

against this coal while doing ELAN using basic logs only.  

CMR shows free fluid porosity of 6-8 pu with permeability 

20mD as shown in Figure 7C. Around 2.3 m3 of oil was 

recovered from this zone during initial testing. 

 

 
Fig. 7A: Showing basic open hole logs for Pay3 (C).  

Track1: Gammaray, Caliper, Bit size and SP logs  

Track2: Resistivity logs. Track3: Neutron-Density logs. 
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Fig. 7B: Showing ELAN results for Pay3 (Coal). 

Track1,2 and 3: Basic open hole logs 

Track4,5 and 6: ELAN fluid volumes and lithology 

 

 
Fig. 7C: Showing CMR results for Pay3 (Coal).  

Track1: Gammaray, Caliper and Bit size  

Track 2: CMR bin porosities  

Track 3: Resistivity logs with CMR permeability  

Track 4: Neutron-Density logs with CMR porosities  

Track 5: CMR T2 distribution 

 

Conclusions 

 

Nuclear magnetic resonance logging helps in estimating volumes 

of hydrogen containing fluids residing within the formation. This 

study demonstrated the usefulness of NMR logging technology 

in terms of reservoir quality and its production. The important 

contributions of CMR log has been providing bound and free 

fluid volumes which are fundamental for evaluating formation 

producibility in shaly sand reservoirs.  

 

CMR acquisition helps in analysis for permeability estimation in 

reservoir studies. Precise determination of bound water and 

effective porosity from CMR can be directly used for accurate 

hydrocarbon and irreducible water saturation calculation which 

has an effect on the reservoir producibility. 

 

Grain size distribution from CMR will help for further facies 

analysis in combination with image logs as substitute for core-

image which will give a better control for future field 

development. 
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