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Abstract 
 
Objectives/Scope:  

Direct petrophysical characterization on cuttings had a tremendous development in the latest decades. 

When performed while drilling, integrated into the mud logging practices, it has the potential to support 

logging while drilling, formation evaluation and geosteering. Mud logging is particularly promising in coiled 

tubing drilling, where logging while drilling tools are not available in industry, due to the extreme reduced 

hole size. Nevertheless until now advanced mud logging deployment has subpar quality also due to 

uncertainties in proper cuttings depth determination. This typically depends on wellbore mud hydraulics, 

hole cleaning, accurate knowledge of the return-trip lag time up the annulus, challenges in the 

discrimination of cavings and of potentially lagged cuttings, during their trip to the surface. This is even 

more challenging in long horizontal sections, where gravitational debris accumulation, hydraulics and 

hole cleaning are more problematic. When the mud return trips lasts approximately thirty minutes, it is 

common to have depth uncertainties of +/- twenty feet or more. Inaccurate labeling of the collected 

cuttings increases these errors. 

 

Methods, Procedures, Process:  

In this work, we propose to tag cuttings while they are generated at the drillbit with penetrating, 

impregnating nano-tags. The lag time of the tags is determined by the downward-trip time through the 

dimensionally-accurate drill pipe/coil ID, which takes significantly less time (around 1 - 3 minutes)  than 

the upward-trip (about 30 minutes for a 5000 ft deep well); therefore the depth uncertainty is dramatically 

reduced at  +/- 1 ft or so. Most advantageously, the depth correlator nano-tags reside inside the cuttings 

to identify their depth of origin with a depth uncertainty of +/- 1 ft or so at the time of petrophysical analysis, 

even if cuttings get shifted or slightly scrambled in transport or storage. 

 

Results, Observations, Conclusions: 

The nano-tags are styrenic and acrylate polymeric nanoparticles that undergo thermal depolymerization 

at different temperatures to generate unique mass spectra. The synthesis of the nanoparticles via a 

sodium dodecyl sulfate/water or a surfactant-free water emulsion polymerization is simple and low-cost, 
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both in a small batch and in a large scale state-of-art flow-reactor. The sizes of the as-made nanoparticles 

are narrowly distributed in the range of 20-60 nm. The as-made, low-density nanoparticles are compatible 

with WBM via addition of hydrophilic comonomers or ionic surfactants, and with OBM via a reverse 

emulsion. We used a Triple Quadrupole GC/MS equipped with a pyrolyzer (Py-GCMS) to detect the 

nanoparticles. Our results confirm the detection of each unique mass spectrum of the nano-tags at ppm 

levels on the limestone cuttings. 

 

Novel/Additive Information: 

This disruptive technology has the potential to significantly improve the depth accuracy of cuttings in mud 

logging, thus improve the quality and accuracy of the lithological and petrophysical analyses performed. 

The Py-GCMS detection of the nanoparticle is especially beneficial for unconventional reservoirs that 

need to determine from cuttings TOC, kerogen and bitumen content and maturity at precise depth. The 

detection of the nanoparticles could be automatic and programmable using an auto-sampler and a library 

of mass spectra data. 


