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PREFACE 

Geotechnical core logging, of diamond drill core is one of the most widely used methods 
to investigate and characterise rock masses. Core logging results feed in to among other 
things engineering geological interpretations, ground models, rock mass quality forecasts 
and hydrogeological assessments. If the geotechnical characteristics of the rock are not 
captured with precision and accuracy during core logging, then the subsequent usage of 
the data can produce misleading results that can negatively impact rock engineering 
projects. 

This study started with a hypothesis that there is a lack of modern published standards 
and guidelines for geotechnical core logging, and that applied methodology varies 
significantly throughout the industry.  

Results from the study show that a lack of published standards and guidelines has led to 
a large variation in applied practice for geotechnical core logging. The authors highlight 
the many areas in which practice can be improved and the need for the industry to develop 
a standard or guideline dedicated to geotechnical core logging. It is hoped that the 
recommendations provided in this document can help form the basis for such a standard, 
but even in their current form the recommendations can be used to help practitioners to 
improve the quality of their geotechnical core logging. 

The study was funded by BeFo and ITASCA. The engagement from a reference group 
consisting of 9 participants from the rock engineering industry is acknowledged. 
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FÖRORD 

Bergteknisk kärnkartering är en av de mest använda metoderna för att undersöka och 
karakterisera bergmassor. Kärnkartering används bland annat i ingenjörsgeologiska 
tolkningar, för modeller, prognoser av bergmassans kvalitet och hydrogeologiska 
bedömningar. Om bergets egenskaper inte beskrivs korrekt, kan den efterföljande 
användningen av data ge missvisande resultat som kan påverka projektering och 
byggnation negativt. 

Denna studie startade med en hypotes om att det saknas moderna publicerade standarder 
och riktlinjer för geoteknisk kärnloggning, och att den tillämpade metodiken varierar 
avsevärt inom branschen. 

Resultaten från studien visar att bristen på publicerade standarder och riktlinjer har lett 
till en stor variation i tillämpad praxis för kärnkartering. Författarna belyser områden där 
praxis kan förbättras och behovet av att branschen utvecklar en standard eller riktlinje för 
geoteknisk kärnkartering. Förhoppningen är att rekommendationerna i denna rapport kan 
bidra till en grund för en sådan standard, men även i sin nuvarande form kan 
rekommendationerna användas för att hjälpa yrkesverksamma att förbättra kvaliteten på 
den kartering som genomförs. 

Studien har finansierats av BeFo och ITASCA. Engagemanget från en referensgrupp 
bestående av 9 deltagare från branschen har bidragit stort till rapporten.  
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SUMMARY 

Geotechnical core logging is one of the most widely used methods to investigate and 
characterise rock masses for design and construction of rock engineering structures. 
Despite the widespread use of the method there is a lack of an established industry wide 
methodology for geotechnical core logging within the Swedish rock engineering industry. 
This results in inconsistent data collection and increased risk that the actual ground 
conditions deviate from those that were forecast based on interpretation of the core 
logging results. 

Current geotechnical core logging practice has been evaluated by conducting a literature 
review covering international standards and guidelines, along with a review of new 
methods and technologies. Additionally, qualitative interviews on the topic with 
experienced practitioners within the field of geotechnical core logging were conducted. 

The differences in practice were found to be mainly due to significant shortcomings and 
vague descriptions in the existing standards and guidelines. The areas in need of most 
improvement were planning for geotechnical core drilling, core handling, discontinuity 
logging and routines for quality control, documentation, and data storage. The lack of 
consistent nomenclature in geotechnical core logging was also identified as a problem 
that should be addressed. 

Based upon this study it was concluded that there is a need for an industry wide standard 
on geotechnical core logging. Recommendations are provided to help the development of 
such a guideline. These recommendations can also be used as a check list for geologists 
and engineers when planning geotechnical core logging work. To further increase the 
objectivity of results, the use of automation and new technologies is also encouraged. 
Several examples of promising technologies which may be applicable to geotechnical 
core logging are showcased. 

Keywords: geotechnical core logging, diamond drilling, drill core, core handling, 
discontinuity, rock mass characterisation, drill core logging 
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SAMMANFATTNING 

Bergteknisk kärnkartering är en av de mest använda metoderna för att undersöka och 
karakterisera bergmassor i samband med planering, projektering och uppförande av 
bergkonstruktioner. Trots metodens omfattande tillämpning saknas en 
etablerad, branschgemensam metodik för bergteknisk kärnkartering inom den svenska 
bergbranschen. Detta medför inkonsekvent datainsamling och ökad risk för avvikelser 
mellan prognostiserade och faktiska bergförhållanden. För att utvärdera rådande praxis 
för bergteknisk kärnkartering och sprida kunskap inom området genomfördes en 
litteraturstudie som omfattade internationella standarder och riktlinjer, samt en 
genomgång av nya metoder och tekniker. Vidare genomfördes kvalitativa intervjuer 
med erfarna yrkesutövare av bergteknisk kärnkartering i syfte att kartlägga aktuell 
praxis. 

Resultaten visade att skillnaderna i utförande i huvudsak kan härledas till betydande 
brister och otydliga formuleringar i befintliga standarder och riktlinjer. De områden som 
bedömdes ha störst förbättringsbehov är planering av bergteknisk kärnborrning, 
hantering av borrkärnor, kartering av diskontinuiteter, rutiner för kvalitetskontroll, 
dokumentation och datalagring. Bristen på en enhetlig nomenklatur inom bergteknisk 
kärnkartering identifierades också som en betydande svaghet som bör åtgärdas. 

Studien drar slutsatsen att det finns ett tydligt behov av en branschövergripande 
standard för bergteknisk kärnkartering. Rekommendationer har tagits fram för att 
underlätta utvecklingen av sådana riktlinjer, vilket kan bidra till mer konsekvent och 
objektiv kartering. Dessa rekommendationer kan även nyttjas som en checklista 
när geologer och ingenjörer ska planera bergteknisk kärnkartering. För att ytterligare 
höja objektiviteten i karteringen rekommenderas även utnyttjande av automatisering och 
modern teknik, där exempel på tillämpningar inom bergteknisk kärnkartering redovisas. 

Nyckelord: bergteknisk kärnkartering, kärnborrning, kärnhantering, diskontinuitet, 
karakterisering, borrkärna, borrkärnekartering 
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1. INTRODUCTION 

1.1 Background 

There are numerous examples in the rock engineering industry where unforeseen ground 
conditions cause delays and cost overruns. One of the contributing factors is a lack of 
understanding of the geological conditions and their engineering properties. In some 
circumstances this can be attributed to a lack of site investigation data and their 
interpretation, but a further issue is a lack of consistency in the methods used to 
characterise the rock mass (Mathis, 2021). One of the most widely used methods to 
investigate and characterise the rock mass is geotechnical core logging (Alm et al., 2013), 
which is a process of recording the geotechnical characteristics of rock cores recovered 
from diamond drilling. Despite the industry wide use of the method, there is a lack of 
modern published standards and guidelines for performing and presenting geotechnical 
core logging (Swindell et al., 2017). Other research has also pointed to the uncertainty, 
bias and systematic errors that come with geotechnical core logging, as shown in Swindell 
et al. (2017), Glamheden & Curtis (2006), and Kjellström (2015). These issues can result 
in inconsistent logging of rock engineering data, inaccurate ground models and ultimately 
deviation between the forecast and the actual ground conditions, which as mentioned can 
affect negatively both the design and construction of rock engineering structures. 

Advances in technology such as sophisticated imagery technologies and machine learning 
has led to developments in digital automated or semi-automated solutions for geological 
logging. The possibility to apply these methods for geotechnical core logging and 
enhance efficiency and consistency are significant. The authors’ vision is to move towards 
unbiased and objective geotechnical core logging utilising state of the art digital methods.  

1.2 Purpose and goal 

The main goal of the study is to collect and spread knowledge regarding current 
geotechnical core logging practices in the Swedish rock engineering industry. This is to 
be achieved by providing a summary of current geotechnical core logging practices used 
and highlighting identified good practice. Furthermore, new technologies and 
methodologies within geotechnical core logging will be investigated and shared. 
Recommendations for performing geotechnical core logging based on the results of this 
study will be provided. These recommendations will cover planning, handling and 
preparation of drill cores for geotechnical purposes, geotechnical core logging and 
presentation of results with the ultimate aim of improving the quality of geotechnical core 
logging. The results of the study will provide a sound basis for the possible development 
of national industry wide guidelines for geotechnical core logging.  
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1.3 Methodology 

To accomplish the study goal, an extensive literature study of Swedish and international 
standards and guidelines for geotechnical core logging was performed together with a 
study of internal project and company specific guidelines. To supplement the literature 
study, qualitative online interviews with industry professionals experienced in 
geotechnical core logging were conducted. The interviews were carried out with 
professionals from the Swedish infrastructure, mining, and nuclear waste management 
sectors. Furthermore, a review of new methods and technologies for core logging with 
special attention to finding more objective core logging practices was performed. 
Recommendations for good practice were developed based on the results of the study 
with support from the project’s reference group. 
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2. NOMENCLATURE 

The first term the authors would like to clarify, especially for Swedish speaking readers 
is the term Geotechnical core logging. In an international context the term Geotechnical 
core logging is typically used to describe logging of soil and rock cores for all types of 
geotechnical characterisation (soil and rock mechanics). Geotechnical core logging in the 
context of this study is what Swedish geologists and engineers would call Bergteknisk 
kärnkartering or Bergmekanisk kärnkartering, due to the predominance of core logging 
conducted in hard rock conditions in Sweden. 

Throughout the literature study and interviews, it came to light that the terminology used 
for geotechnical core logging, in both English and Swedish, is not consistent. Often 
different terms are being used interchangeably and without clear definitions present. 
Thus, when describing the literature study in chapters 4 and 6, the original terms as used 
in any given publication or document were kept, while in all the other chapters the 
following nomenclature was chosen:  

Discontinuity Any break in the integrity or physical properties of rock such 
as fractures, cleavage, cracks, joints, or faults. 
 

Weakness zone A portion of the rock mass that has significantly lower 
strength than the adjacent rock mass. Geological structures 
such as faults, fractures zones and shear zones all typically 
fall into this category of rock mass. 
 

Natural fracture Is a naturally occurring fracture or joint that is deemed to be 
present in the rock mass in-situ and forms a break in a drill 
core. 
 

Mechanical /artificial 
fracture 

Is a break seen in drill core that was created artificially 
during drilling or core handling and is not deemed to be 
present in the rock mass in-situ. 
 

Defect Structures present in the intact rock that can affect the failure 
mode or strength of intact rock such as veins or 
healed/sealed fractures and microfractures. 
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3. ABBREVATIONS 

AI Artificial Intelligence 

ASTM American Society for Testing and Materials 

CDI Core Damage Index 

EN European Standards 

F Discontinuity Frequency 

GSI Geological Strength Index 

If Fracture Index 

ISO International Organization for Standardization 

ISRM International Society for Rock Mechanics 

Ja Joint alteration number 

Jn Joint set number 

Jr Joint roughness number 

JRC Joint Roughness Coefficient 

Jw Joint water reduction factor 

LHT Leeb Hardness Test 

ML Machine Learning 

MR Mixed Reality 

NGI Norwegian Geotechnical Institute 

PLT Point Load Test 

Qbas Q Base index  

RMR Rock Mass Rating 

RMRbas RMR Base index  

RQD Rock Quality Designation 

SCR Solid Core Recovery 

SGU Geological Survey of Sweden 

SRF Stress Reduction Factor 

TCR Total Core Recovery (sometimes also abbreviated as R) 
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UCS Uniaxial Compressive Strength 

VR Virtual Reality 

θ Apparent orientation of discontinuities 
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4. LITERATURE STUDY 

4.1 Standards 

The most commonly applied standards in Sweden that are of relevance for geotechnical 
core logging are those published by the International Organization for Standardization 
(ISO) and European Standards (EN). A brief summary of these standards and their 
relevance for geotechnical core logging will be presented in this section.  

4.1.1 ISO Standards 

4.1.1.1 ISO 22475-1:2021 
ISO 22475-1:2021 (Geotechnical investigation and testing – Sampling methods and 
groundwater measurements – Part 1: Technical principles for the sampling of soil, rock 
and groundwater) includes requirements and guidelines on drilling methods, drilling 
equipment, safety, rock sampling, and field report requirements.  

The standard distinguishes also five rock sampling categories (A to E) based on sample 
quality and suitability for specific laboratory test. Categories A to C are the ones relevant 
for geotechnical core logging, with following characteristics:  

− Category A – samples in which the structure, texture, strength and in-situ stresses 
are intact. Applicable for laboratory testing for strength and deformation 
properties, as well as accurate assessment of discontinuities and Rock Quality 
Designation (RQD). 

− Category B – samples in which the structure and texture are intact. Applicable for 
laboratory testing such as permeability, porosity, density and detailed layer 
boundary analyses. It allows also for non-definitive strength determinations via 
tests such as the Point Load Test (PLT). In addition, category B sampling would 
also normally allow discontinuities and RQD to be accurately assessed. 

− Category C – samples in which the overall rock structure and texture are intact. 
Applicable for laboratory testing such as the determination of the water content. 
Fine strata boundaries and weathering should be discernible and in favourable 
circumstances it may be possible to identify discontinuities. 
 

For each of the sampling classes it gives recommendations for good sampling practice, 
while listing possible sampling disturbances, ground or drilling related, that can affect 
sample quality: 

− rock adjustment caused by stress relief when making a borehole 
− reduction in the inter-particle bonds 
− rearrangement of the rock grains 
− disruption of the rock structure due to rotation, hammering or pushing the 

sampling tube (core barrel) into the rock stratum 
− tensile and torsional stresses in separating the sample from the rock mass 
− inappropriate core size, core run length, core bit, flushing medium 
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− inappropriate thrust and torque during drilling 
− removal of the rock from the sampling tube 
− time causing disturbance in sampling and laboratory analysis 
− handling, transportation and storage 
− crudely cutting the rock specimen to a specific size for a laboratory test 
− oxidation due to exposure to aerobic conditions 
− loss of moisture due to evaporation (more critical for mudstones) 
− geo-chemical processes due to temperature changes and oxidation 
− physical disturbance due to freezing, heating or damage of sampling containers 
− compaction and dewatering due to vibration during drilling, handling and 

transport. 
 

Requirements for core sample labelling, transport and storage based on their sampling 
category are also included. Figure 1 shows an overview of the drilling methods, 
equipment and sampling categories described in the standard. 

 

Figure 1. Sampling by rotary drilling in rock as per ISO 22475-1:2021. 

4.1.1.2 ISO 14689:2018 
International Standard ISO 14689:2018 (Geotechnical investigation and testing – 
Identification, description and classification of rock) includes guidelines for describing 
rock and can be applied to geotechnical core logging. It requires that the general rock 
mass description shall include delineation of different rock types, structure and bedding, 
discontinuities, weathering, and any apparent ground water. For rock type identification, 
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guidelines are given with regards to genetic group, structure, grain size, mineralogical 
composition, and void content. It provides examples of structure and bedding descriptions 
and bedding thickness. The field identification of Uniaxial Compressive Strength (UCS) 
is given according to Figure 2 and rock mass weathering classification is stated as per 
Figure 3.  

 

Figure 2. UCS field identification by hand test according to ISO 14689:2018. 

 

Figure 3. Rock mass weathering stages classification according to ISO 14689:2018 
(same description can be also found in Ulusay & Hudson (2007) although their grades 
are numbered from I to VI). 

Characterisation of discontinuities in ISO 14689:2018 includes rules for discontinuity 
orientation measurement, discontinuity spacing, rock block shapes, and persistence – 
although none of those are written specifically for application on drill core. Guidelines 
for discontinuity roughness characterisation are also presented using three scales of 
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observation – small, medium, and large as seen in Figure 4. An additional term 
“slickensided” (or “striated”) can also be added to complete the discontinuity roughness 
description whenever there is clear evidence of shear displacement along the 
discontinuity (i.e. the surface can look polished and reflect light). In addition, 
discontinuity aperture is recommended to be measured and reported with classes as seen 
in Figure 5. It should be noted however that the aperture can only be properly assessed if 
the joint is recovered with intact infill. 

 

Figure 4. Discontinuity roughness terms for different scales and their profiles as per ISO 
14689:2018. 
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Figure 5. Discontinuity aperture classes as per ISO 14689:2018. 

Additionally, ISO 14689:2018 requires recording of the following drill core parameters: 

− Total core recovery (TCR), being the length of core recovered (both solid and 
non-intact) in the core run, expressed as a percentage. 

− Solid core recovery (SCR), being the length of solid core recovered in the core 
run, where solid core has at least one full diameter, expressed as a percentage. 

− RQD, being the summed length of solid core pieces each with at least one full 
diameter recovered in the core run where each piece is at least 100 mm long 
between natural fractures, expressed as a percentage. 

− Fracture index (If), being the spacing between natural fractures along the core in 
zones of uniform character, not per core run. 

4.1.2 European Standards (Eurocodes) 

Another standard for geotechnical ground investigations and testing is European Standard 
EN 1997-2:2007 (Geotechnical design – Part 2: Ground investigation and testing), also 
known as Eurocode 7. It includes general rules for planning of ground investigations as 
well as a reference to the above-mentioned ISO standards regarding rock sampling 
categories, rock identification, and handling and transport of samples. It covers also 
laboratory testing methodologies, requirements for specimen preparation, number of 
tests, and result evaluation for the following laboratory tests: 

− determination of water content 
− density and porosity 
− swelling testing 
− the uniaxial compression and deformability test 
− the point load test 
− the direct shear test 
− the Brazil test 
− the triaxial compression test. 

 
The requirements for laboratory tests reference the well-established ISRM Suggested 
Methods (Ulusay & Hudson, 2007 and Ulusay, 2015), which are described in chapter 
4.2.1. 
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4.1.3 Other standards 

American Society for Testing and Materials (ASTM) standards are well-known 
internationally, although not widely applied or used in Sweden. They cover similar topics 
to the forementioned ISO and European standards including drilling methods (D6286-
20), sampling (D6169-22), Rock Quality Designation (RQD) logging (D6032-17), and 
other laboratory and in-situ testing, such as standards for direct tensile strength tests 
(D2936-20) and Point Load Strength (PLT) testing (D5731-16). Their content will not be 
covered in this study, due to their relatively low recognition and lack of usage in Swedish 
industry. 

4.2 Published guidelines 

None of the standards described in chapter 4.1 can be considered a comprehensive 
standard for geotechnical core logging which requires that core logging professionals 
need to turn to other published guidelines. The most commonly used guidelines applied 
in Sweden include the International Society for Rock Mechanics (ISRM) Suggested 
Methods series (Ulusay & Hudson, 2007 and Ulusay, 2015), Norwegian Geotechnical 
Institute guidelines (NGI, 2015), Swedish Transport Administration rock engineering 
design handbook (Trafikverket, 2019) and Bieniawski’s publication on the Rock Mass 
Rating (RMR) system (Bieniawski, 1989). The portions of these guidelines that are 
relevant specifically to geotechnical core logging will be presented in this section. 

4.2.1 ISRM Suggested Methods 

In 2007 the ISRM published “the blue book”, a complete compilation of all the ISRM 
suggested methods published between 1974 and 2006 (Ulusay & Hudson, 2007). It also 
includes the previous collection of ISRM suggested methods that was edited by Ted 
Brown and published in 1981 (known also as “the yellow book”). The publication 
provides extensive guidelines for a wide range of rock testing and characterisation 
methods for rock mechanical purposes. The guidelines specific to drill core and 
discontinuity descriptions previously published in Brown (1981) remained unchanged in 
“the blue book”. In 2015 the ISRM published “the orange book”, another compilation of 
suggested methods published between 2007 and 2014 (Ulusay, 2015), which includes 
updated recommendations on a few selected laboratory and field testing methods as well 
as rock mass monitoring and failure criteria. 

“The blue book” provide lists of very basic equipment needs and limited procedures for 
core handling as well as recommendations on core washing. They suggest that drill core 
should be characterised in the first hand by means of total core recovery, discontinuity 
frequency, and RQD which should be calculated according to the same definitions as 
stated in ISO 14689:2018 (see chapter 4.1.1) with the following additional specifications: 

− Total core recovery (R) should be recorded for individual core runs or whole 
borehole and counted to the nearest 2% if possible. In case of highly fragmented 
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core, estimation of length should be done by reassembling the fragmented core 
pieces. Any core damage due to drilling should be recorded by the drillers, as well 
as core loss or encountered weakness zones. Core loss in the core boxes should 
be replaced by wooden blocks. 

− Discontinuity frequency (F) should be counted for each meter of core. 
− RQD counts all the pieces of sound core over 10 cm long and is expressed as a 

percentage of the length drilled. Material that is obviously weaker than the 
surrounding rock is discounted, even if it appears as intact pieces that are 10 cm 
or more in length. Moreover, the length of individual core pieces should be 
assessed along the centre line of the core. Figure 6 shows the RQD measurement 
principles. 
 

 

Figure 6. Depiction of RQD measurement principles (Deere, 1989). 

It is suggested that RQD values are determined for variable rather than fixed lengths of 
core run. Both in RQD and discontinuity frequency artificial breaks should be discounted 
with the following recommendations on how to distinguish between natural and artificial 
breaks in a drill core: 
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− A rough brittle surface with fresh cleavage planes indicates an artificial fracture. 
− A smooth or weathered surface with soft coating or infilling materials indicates a 

natural discontinuity. 
− In rocks showing foliation, cleavage or bedding where fractures are parallel with 

the incipient weakness planes, they should be counted as natural features if 
drilling has been carried out carefully, to be on the conservative side. 

− Occasionally due to drilling, grinding of the surfaces of discontinuities and 
fractures occurs.  In weak rock types it may be very difficult to decide if the 
resulting rounded surfaces represent natural or artificial features. When in doubt 
the conservative assumption should be made, i.e. assume that they are natural. 

− It may be useful to keep a separate record of the frequency of artificial fractures 
(and associated lower RQD) for assessing the possible influence of blasting on the 
weaker sedimentary and foliated or schistose metamorphic rocks. 
 

Ulusay & Hudson (2007) recommends also a few core orientation technics that can be 
used for oriented cores, such as: 

− Orientation of the core based on the measured orientation in each run - Craelius 
method (Röström, 1961). This method works well if adjacent pieces of core can 
be matched. 

− Orientation of the core by means of a hardened steel groove scriber and compass 
photo device - Christensen-Huegel method (Goodman, 1976). 

− Integral sampling method (Rocha & Barroso, 1971) in which the cores that are 
recovered have previously been reinforced with a grouted bar whose azimuth is 
known from positioning rods. The reinforcing bar is co-axially overcored with a 
larger diameter coring crown.  
 

Ulusay & Hudson (2007) suggests using weathering grade descriptions according to 
Figure 3. For the field estimation of intact strength, they propose using one of the 
following tests: 

− Manual index test according to Figure 7 (it can be noted that the table is similar 
to the one included in ISO 14689:2018, see Figure 2, the difference being the 
additional “moderately weak” class and different UCS values for “extremely 
weak” class in ISO 14689:2018, as well as some minor changes in descriptions). 

− Schmidt hammer or PLT test with methodology and results interpretation as 
described in Ulusay (2015) and Ulusay & Hudson (2007) respectively. 
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Figure 7. Manual index test for field estimation of UCS by Ulusay & Hudson (2007). 

Ulusay & Hudson (2007) also include recommendations for quantitative description of 
discontinuities, namely: orientation, spacing, roughness, aperture, filling, seepage, 
number of sets, and block size. 

The apparent orientation of discontinuities, θ (which is the acute angle of intersection of 
the discontinuity with the core axis, in other publications commonly known as α) is 
suggested to be measured using a protractor with ±5° precision or if available using 
borehole filming. 
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Spacing, S, should be measured as the true perpendicular distance between discontinuities 
using the equation S = Lsinθ, where L is the length measured along the core axis between 
adjacent discontinuities of one set, and θ is the acute angle at which these features subtend 
with the core axis. 

The guideline recognises that the discontinuity roughness and full-scale shear strength 
cannot be fully assessed using drill core alone. However, it can be assessed to some degree 
using roughness profiles and terminology as shown in Figure 8, with two scales – small 
(few centimetres) and intermediate scale (several meters). Each scale is divided into three 
categories – the small scale into rough, smooth, and slickensided, whereas the 
intermediate scale into stepped, undulating, and planar. For core logging the scales should 
be reduced to millimetres and centimetres respectively. It is noted also that the term 
“slickensided” should only be used if there is clear evidence of previous shear 
displacement along the discontinuity. Additionally, the direction of the slickensided 
should be noted, if possible, given that the shear strength may vary with direction. 

Aperture, defined as perpendicular distance between the adjacent rock walls of an open 
discontinuity where the intervening space is air or water filled, is suggested to be 
estimated according to Figure 9. Nevertheless, the difficulty of assessing aperture in a 
drill core especially for “closed” features is acknowledged. Therefore, it is recommended 
to instead check how well the core pieces can be fitted together by hand – if no visible 
void spaces remain, it is likely that the discontinuity is a “tight” or “very tight” feature in 
situ. However, it is not certain that the feature is tight, it could also be "gapped" in situ. 
If two pieces of adjacent core cannot be fit tightly across a discontinuity and if voids are 
visible, the term “open” can be used in describing the discontinuities. It is stressed though 
that what appears to be an “open” or “gapped” discontinuity in the drill core can actually 
be “closed” in situ, if the filling or weathered material has not been recovered. It is 
suggested that borehole filming should be used to help distinguish between “open” and 
“closed” discontinuities. 
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Figure 8. Roughness profiles and suggested nomenclature by Ulusay & Hudson (2007) 
with small scale (rough, smooth, slickensided) and intermediate scale (stepped, 
undulating, planar). 
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Figure 9. Aperture description as per Ulusay & Hudson (2007). 

The discontinuity filling type similarly to roughness and aperture can be challenging to 
assess using drill core, due to the likely poor recovery of softer filling materials. If 
possible, however, the filling width, mineralogy and strength should be assessed. Where 
there is a suspicion that significant amounts of infill or weathered material have been lost 
due to drilling processes, the drillers log describing the rate of advance, water loss, type 
of cuttings, and colour of flushing fluid may be helpful in estimating the properties of the 
missing material.  

Ulusay & Hudson (2007) provide guidelines for indirect estimation of water seepage 
levels using drill core. Reddish-brown iron (Fe3+) staining usually indicates the zone of 
rock mass that lies above the mean ground water level. It should be known that oxidation 
in discontinuity walls lying beneath the ground water level may also occur, although at a 
greatly reduced rate. Frequently the strongest iron staining is found in the zone where the 
ground water level commonly fluctuates. Additional information on standing water levels 
should be also obtained from the drillers log for each drill hole. Drill hole walls can also 
be surveyed for seepage horizons using borehole filming. 

Number of joint sets is also recommended to be estimated. However, it is stressed that 
the result will depend on the orientation of the drill hole in relation to existing sets and 
the drill hole length relative to joint spacing. The block size observed in the core log can 
also only be an approximate value. 

Ulusay & Hudson (2007) suggest photographing each core box in wet and dry conditions 
with a visible metric scale, depth markings, and core loss markings in form of wooden 
blocks placed in the core box.  

Finally, Ulusay & Hudson (2007) together with Ulusay (2015) incorporate methodologies 
and result evaluation for field and laboratory testing such as estimation of water content, 
density, swelling properties, hardness, compressive strength, shear strength, tensile 
strength, and deformability.  
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4.2.2 NGI guidelines (Q-system) 

The NGI handbook “Using the Q-system” (NGI, 2015) provides a full description of how 
the Q-system for rock mass classification system should be applied. Recently NGI also 
released an updated version of the handbook (NGI, 2025), which includes some 
clarifications on use and limitations of Q-system and minor adjustments to Jr table (see 
footnote under Figure 11). However, with regards to drill core logging no major changes 
were made. This summary of the NGI guidelines focuses specifically on the application 
of the Q-system for geotechnical core logging purposes. 

The Q-system is commonly used in geotechnical core logging and Q-value is calculated 
using the following formula: 

𝑄𝑄 =
𝑅𝑅𝑅𝑅𝑅𝑅
𝐽𝐽𝑛𝑛

∙
𝐽𝐽𝑟𝑟
𝐽𝐽𝑎𝑎
∙
𝐽𝐽𝑤𝑤
𝑆𝑆𝑆𝑆𝑆𝑆

 

Where: 

RQD is calculated as described in chapter 4.2.1, with a minimum value of 10 applied 
when using the system in core logging.  

Jn – Joint set number (Figure 10) 

Jr – Joint roughness number (Figure 11) 

Ja – Joint alteration number (Figure 12) 

Jw – Joint water reduction factor (Figure 13) 

SRF – Stress Reduction Factor (Figure 14) 

As stated in NGI (2015), the Q-system was originally developed to evaluate stability and 
provide support recommendations for underground openings, which makes it most 
suitable for surface mapping of rock exposures and underground mapping where a 
significant area of the exposed rock surface can be evaluated. It can also be used in pre-
investigations such as core logging as described in NGI (2015), however certain 
limitations have to be kept in mind. Joint roughness number (Jr) is difficult to evaluate 
given the sample size and obtuse angles at which the joints may intersect the borehole. 
Drilling method and core handling can cause the joint filling material to wash out, making 
the estimation of joint alteration number (Ja) also challenging. Drilling direction affects 
which joints are to be intersected, which can heavily impact the RQD-values and joint set 
number (Jn) estimation and joints oriented sub-parallel to the borehole axis may be under-
represented. Jn must also be estimated for longer sections of several meters’ length. Joint 
water reduction factor (Jw) and Stress Reduction Factor (SRF) are also difficult to evaluate 
directly during geotechnical core logging.  
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Figure 10. Jn values (NGI, 2015). 

 
* In the updated 2025 version, modified descriptions were given for the top three classes, as follows: 

- A. Discontinuous joints / rough, stepped 
- B. Rough or irregular, undulating / smooth, stepped 
- C. Smooth, undulating / slickensided, stepped 

 

Figure 11. Jr values (NGI, 2015).  
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Figure 12. Ja values (NGI, 2015). 
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Figure 13. Jw values (NGI, 2015). 
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Figure 14. SRF values (NGI, 2015). 
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4.2.3 Bieniawski RMR system 

Bieniawski (1989) developed the RMR system, which is a multi-parameter rock mass 
classification system commonly used in geotechnical core logging. The RMR value is 
calculated based on summation of the ratings of five parameters according to table A in 
Figure 15. Additional adjustments of RMR value can be made with regards to 
discontinuity orientation according to table B and F in the same figure. In addition to the 
tables, Bieniawski also provides graphs for estimation (interpolation) of the following 
parameters: strength of intact rock, RQD, and discontinuity spacing ratings (see Figure 
16 as an example). 

As described by Bieniawski, the RMR system was originally created for stability 
assessment in underground openings and therefore faces similar issues as the Q-system 
when applying the system in geotechnical core logging. Discontinuity spacing and RQD 
can be affected by bias due to drilling orientation, while discontinuity condition rating 
can be hard to assess due to the small sample area of discontinuities visible in the core. 
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Figure 15. RMR system (Bieniawski, 1989). 
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Figure 16. RMR Spacing of discontinuities rating graph (Bieniawski, 1989). 

4.2.4 Swedish Transport Administration guidelines (Trafikverket) 

The Swedish Transport Administration (Trafikverket, 2019) guidelines for the design of 
rock engineering structures include descriptions of ground investigation methods and 
commonly used rock mass characterisation systems that can be applied to core logging. 

The guidelines touch upon core drilling as a ground investigation method, which can be 
done using conventional or wireline drilling methods with most commonly the double 
tube system. The guidelines also suggest that in geological conditions with a high risk of 
core loss or where core recovery is critical, the triple tube system is recommended in 
order to preserve the core. For cases when discontinuity orientation is important, borehole 
orientation should be performed using one of the methods available on the market (for 
example Reflex ACT or similar). They also provide an example of a manual orientation 
method using metal spears dropped in the borehole to mark the base of the core stub while 
it is still “fixed” to the rock prior to drilling the next core run. This method however is 
crude, and the reliability of the orientation mark produced by the spear is often poor 
especially in zones of weaker or crushed material where the orientation can be completely 
lost. Alternatively, the discontinuity orientation can also be obtained using optical or 
acoustic borehole imaging tools. It is also noted that discontinuity orientation is more 
difficult to measure in vertical boreholes, therefore for higher orientation precision 
inclined boreholes should be planned. 

Trafikverket’s guidelines refer to ISRM Suggested Methods (Ulusay & Hudson, 2007) 
for core and discontinuity descriptions. Regarding RQD, it lists two ways of calculation 
that are applicable to core logging:  

− According to Brown (1981), see chapter 4.2.1 
− Based on average joint count per meter, λ, according to Priest & Hudson (1976) 

and Brady & Brown (1993): RQD = 100e-0.1 λ × (0.1 λ +1) 
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Trafikverket (2019) also describe some of the more common rock mass characterisation 
systems such as RMR (Bieniawski, 1989), Q-system (NGI, 2015) and outlines guidelines 
for their usage. Moreover, it describes so called base indexes – RMRbas and Qbas. The base 
indexes are based on the RMR (Bieniawski, 1989) and Q-system (NGI, 2015) rock mass 
classification systems, with the significant fact that base indexes do not take into account 
rock mass stresses, ground water conditions, discontinuity orientation with reference to 
the planned construction or its form (whether it is an intersection or tunnel portal or 
otherwise). In general, the base indexes are more applicable for geotechnical logging of 
drill core. 

Trafikverket’s guidelines specify that drill core can be divided into geotechnical intervals 
based on changes in geological/geotechnical properties or can be divided into constant 
interval lengths depending on project specific needs. For each geotechnical interval a 
“typical” value of rock mass quality should be mapped. The recommendations for RMR 
(Bieniawski, 1989) usage for rock mass characterisation (determining RMRbas) are as 
follows: 

− For discontinuity spacing parameter it is assumed that the rock mass has three 
discontinuity sets, in case the number of discontinuity sets is lower than 3, the 
value of discontinuity spacing parameter can be increased by 30% (Bieniawski, 
1989). 

− For RMRbas the ground water parameter is set to 15 and no adjustment is made for 
discontinuity orientation. 

− The interpolation between the RMR parameter points is not necessary but 
optional. Usage of the graphs (see example in Figure 16) is discouraged, due to 
lack of information on the data used to create those graphs. Instead, a simple 
interpolation can be done between the point values for each RMR parameter, if it 
is determined to be necessary. 
 

Recommendations for Q-system (NGI, 2015) usage for rock mass characterisation 
(determining Qbas) are as follows: 

− The values of parameters Jr and Ja should be chosen based on the least favourable 
joint with respect to shear strength. 

− For Qbas no geometry adjustment of parameter Jn is made for tunnel form and the 
value of Jw and SRF is set to one. 
 

Trafikverket (2019) refers to ISRM Suggested Methods (Ulusay & Hudson, 2007 and 
Ulusay, 2015) for laboratory test methods. 

4.3 Internal guidelines 

As reported in the previous chapters the published guidelines include more detail with 
respect to geotechnical core logging than the standards described in 4.1. However, the 
published guidelines still lack detail in some areas and may be challenging to apply to 
core logging, leaving a lot of room for interpretation. As a result, various organisations 
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have developed their own internal guidelines. In this chapter a few examples of internal 
project and company guidelines for geotechnical core logging are presented with focus 
on requirements and recommendations that are not part of the published standards and 
guidelines mentioned in the previous chapters or differ significantly from them. 

4.3.1 Project specific guidelines 

Most of the large underground infrastructure projects that have been constructed in 
Sweden in the recent years have developed their own internal guidelines for geotechnical 
core logging. For the purpose of this study guidelines from Västlänken in Gothenburg 
(Nilsson, 2012) and Citybanan in Stockholm (Swindell & Rosengren, 2007) were studied.  

4.3.1.1 Planning for geotechnical core drilling and core handling 
Some of the recommendations and routines for the planning and execution of core drilling 
are established in both guidelines. They both recommend washing of dirty core, unless 
the core is sensitive to water (for example is intensely altered/weathered rock containing 
clay minerals). They state also the following information should be recorded for each 
borehole: 

− Project name and location 
− Borehole ID 
− Coordinates for start point 
− Borehole orientation (dip direction) 
− Borehole inclination (measured from horizontal plane) 
− Total drilling length 
− Ground surface elevation 
− Rock surface elevation 
− Borehole bottom elevation 
− Casing tube upper edge elevation 
− Casing tube lower edge elevation (or casing tube length) 
− Drilling company and driller name 
− Drilling machine and type of drill bit 
− Borehole and casing tube diameter 
− Drilling fluid type 
− Method for borehole orientation (if applicable) 
− Drilling and core logging date 

 
Both guidelines require the loggers to check the core boxes ID, each core run start and 
end depth, and core recovery, as calculated by the drillers. Additionally, core box 
photographing should be executed according to ISRM (Ulusay & Hudson, 2007). Core 
logging is also recommended to be done in stages, for which step one is a general 
description of the characteristics of the drill core including discontinuity characterisation 
and step two is rock mass quality characterisation. 
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4.3.1.2 Discontinuity characterisation 
Guidelines for discontinuity characterisation in both projects are based on ISRM (Ulusay 
& Hudson, 2007). However, discontinuity spacing is recommended to be measured 
directly along the core axis, not accounting for the apparent discontinuity orientation as 
suggested by ISRM. This is done in order to obtain a conservative estimation of block 
size. Citybanan’s guideline also provides an additional recommendation regarding 
estimation of number of discontinuity sets. It’s stated that the set number should be 
assessed using stereographical projection method having collected information from all 
the available boreholes for each specific area. It is also suggested that for the 
stereographical projection method it is important to consider the need for Terzaghi 
correction. Both guidelines provide templates for core logging that are quite similar in 
content, see example from Västlänken in Figure 17. 

 

Figure 17. Template for general description of drill core and discontinuities provided in 
guidelines for Västlänken (Nilsson, 2012). 

4.3.1.3 Rock mass characterisation 
Both guidelines require drill core to be assessed using two rock mass classification 
systems Qbas and RMRbas following the same principal as that described in Trafikverket 
(2019). Both guidelines recommend that geotechnical intervals are set to pre-determined 
1 m intervals to ensure consistency between different loggers. The guidelines also include 
a note regarding the estimation of Jn in Qbas, which says that Jn value should be assessed 
using stereographical projection method with consideration of Terzaghi correction as 
described for set number estimation in chapter 4.3.1.2. Västlänken’s guidelines prohibit 
interpolation of the individual RMR parameter ratings. 

Both guidelines provide a template for logging rock mass characterisation parameters, 
see example from Västlänken in Figure 18. 
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Figure 18. Template for assessment of rock mass quality provided in guidelines for 
Västlänken (Nilsson, 2012). 

4.3.2 Company specific guidelines 

A number of companies have created their own internal guidelines for core logging, and 
the following internal guidelines were studied as an example: Boliden (Sjöberg & 
Sjöström, 2000) and LKAB (Mawson et al., 2022). This section will provide a summary 
of the content of these guidelines, focusing primarily on content not included in the 
published standards and guidelines. 

4.3.2.1 Planning for geotechnical core drilling and core handling 
LKAB’s guidelines provide general instructions for core orientation and its degree of 
confidence. The orientation line confidence is based on the number of orientation lines 
that line up: 1, 2 and 3 or more. Additionally, the angular deviation between successive 
lines is measured and noted if the difference is more than 10°. A valid orientation line is 
considered when a minimum of two consecutive runs lines match with less than 10° 
deviation. 

Moreover, LKAB’s guidelines give advice on how to differentiate between natural and 
mechanical breaks similarly to the advice stated in ISRM (Ulusay & Hudson, 2007). 
LKAB’s recommendations for core loss marking and total core recovery calculations are 
also based on the methods described by ISRM (Ulusay & Hudson, 2007), with Mawson 
et al., 2022) calculating the recovery per core run. 

The procedures for photographing core boxes in LKAB’s guidelines include requirements 
that detailed photos of sampled intervals, or any other specific structural features are 
taken. Additionally, guidelines for file naming routines for image files are provided in 
Mawson et al. (2022). 

Finally, as part of the pre logging routine, Mawson et al. (2022) recommends for the core 
logger to familiarise themselves with borehole location and its geological and 
geotechnical characteristics from other available data sources prior to starting the logging. 
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4.3.2.2 Discontinuity description 
Boliden have developed their own joint condition classification based on Bieniawski 
(1976) where the joint condition class is based on joint roughness, infill type, infill 
strength, as well as weathering (see Figure 19).  For each joint filling type, the Boliden 
guidelines assign also one of the five joint filling thickness class 0 to 4 (according to 
Figure 20) with precision down to 1 mm. 

 

Figure 19. Boliden description of joint condition classes (Sjöberg & Sjöström, 2000). 

 

Figure 20. Boliden joint filling thickness classes (Sjöberg & Sjöström, 2000). 

LKAB guidelines also include a system for defect logging on a separate sheet called 
Cemented Joints Sheet, where defects such as planar cemented fractures, healed fractures, 
veins, veinlets, and microdefects are logged together with their count and thickness. 

4.3.2.3 Rock mass characterisation 
Regarding rock mass characterisation, Boliden and LKAB’s guidelines instruct to section 
the core based on their geological and geotechnical characteristics (as opposed to 
standardised 1 m intervals mentioned in the infrastructure project guidelines, see section 
4.3.1). The geotechnical interval is recommended usually to be at minimum between 0,25 
to 0,5 m long and maximum to be the length of the core run, which most commonly is 3 
m. 

Boliden created a modified RQD index called Boliden RQD (BRQD), based on RQD 
(Bieniawski, 1976), which does not distinguish between natural and mechanical breaks 
but counts all the breaks in the core regardless of their origin. BRQD is determined as the 
sum of the length of the number of bits in a section divided by the length of the section. 
A bit is defined as a possible testing sample with planar surfaces and of a specified length, 
that could be taken from the core. A bit length of 5 cm is used for core diameter less than 
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42 mm, and a 10 cm bit is used for core diameter equal or larger than 42 mm. Boliden 
includes also translation tables for BRQD and all the other in-house discontinuity 
classifications (see chapter 4.3.2.2) into the corresponding RMR (Bieniawski, 1976) 
properties in order to calculate the RMR rating. They also recommend logging other 
project specific parameters, for example signs of water or if the majority of joints are 
parallel to the cleavage. 

For caveability assessment LKAB guidelines recommend logging parameters in the In-
situ Rock Mass Rating system (IRMR) according to Bieniawski (1976 & 1989) and 
Laubscher & Jakubec (2001).  

Both guidelines include the modified ISRM (Ulusay & Hudson, 2007) manual index 
strength test for field estimation of rock mass strength (see Figure 7). Boliden has adjusted 
the manual index test (Brown, 1981) in a way to only use thumbnail and knife, instead of 
a hammer. The grades can be distinguished based on whether the scratch can be made by 
the knife and to what depth it can be made. The highest grade R6 is assigned when the 
metal from the knife scratching is left on the core. LKAB on the other hand uses only 
hand pressure and hammer blows of varying intensity to distinguish between the different 
strength grades.  

Advice on core sample selection for laboratory testing including sample size, preparation, 
labelling, and packaging for some of most common laboratory tests on cores are given in 
Boliden and LKAB’s guidelines. Content is based on the published standards and 
guidelines presented in previous chapters, although mainly on ISRM suggested methods 
(Ulusay & Hudson, 2007). LKAB’s guideline requires samples for PLT tests to be taken 
every 10 m in the orebody and 20 m outside the orebody. Both axial and diametral PLT 
tests are performed, or in case of anisotropic rock samples parallel and perpendicular to 
the plane of anisotropy. Boliden also adds recommendations for test result presentation, 
preferably both graphically and in text format, for example plotted along the boreholes 
using CAD-software and in tables and histograms. 

4.3.2.4 Weakness zones description 
Beside the recommendation for discontinuity logging presented in chapter 4.3.2.2, 
Boliden and LKAB’s guidelines include also specific methods for logging of weakness 
zones. Different terminologies are used for such zones depending on the company. The 
specific terms used in each guideline are applied in the text below. 

The Boliden guidelines use the term discontinuity zone which are defined as zones where 
BRQD equals zero or where estimated intact rock strength is significantly less than the 
adjacent rock. They distinguish into following discontinuity zone types: 

− Joint zone with joint spacing > 20 mm  
− Joint zone with joint spacing < 20 mm  
− Crushed zone  
− Gouge/fault with soft filling  
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In the LKAB guideline the term structure is used, with the following types of structure 
identified: 

− Fault – a fracture with evidence of brittle movement 
− Foliation – penetrative orientation of weak or planar minerals 
− Fracture zone – also known as a damage zone, low RQD zone 
− Vein – if lower strength than the country rock 
− Breccia 
− Void 
− Shear zone – a large zone of geotechnically weak rock usually displaying both 

ductile and brittle deformation with fault gouge at its core 
− Porous rock – either through alteration or dissolution 
− C_Zone – a zone of pervasive clay alteration 

 
For the structure types mentioned above, LKAB guideline requires to log the following 
properties with their possible values written in parenthesis: 

− Quality (rubble/broken/sheared/solid) 
− Cohesive strength (none/low/high) 
− Gouge (yes/no) 
− Water stain (yes/no) 
− Dissolution (none/weak/moderate/strong/total) 
− Foliation (weak/moderate/strong) 
− Clay alteration (weak/moderate/strong/intense) 
− Mineral infill 

 
Logging of core disking, which can provide evidence of local stress anomalies and useful 
information regarding potential for stress damage and rock bursting, is specified in 
Boliden and LKAB’s guidelines. The guidelines instruct to note core disking together 
with structures and discontinuity zones respectively.  
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5. INTERVIEWS 

As a part of the study, online interviews were conducted to investigate current industry 
practice for geotechnical core logging. The interviewees consisted of fourteen 
professionals including eleven geologists and three geotechnical engineers with two to 
forty years of experience in geotechnical core logging. Their professional background 
spanned across three different sectors – mining, infrastructure and energy (e.g. 
hydroelectric, nuclear). At the time of the interviews, five of the interviewees were 
working in mining, four in infrastructure and five working as consultants in all three 
sectors (see Figure 21). 

 

Figure 21. Interviewees’ professional background by sector. 

A total of 50 questions were asked regarding geotechnical core logging practices as well 
as opinions on the industry praxis and the need for published standards and guidelines. 
The summary of the interview results is presented in this chapter covering the following 
topics: 

− Specifications and planning for geotechnical drilling 
− Core handling and core box marking 
− Borehole orientation methods and surveying 
− Core logging tools and equipment 
− Borehole imagery 
− General core logging routine 
− Geotechnical intervals 
− Discontinuity mapping 
− Rock mass characterisation 
− Hydrogeological applications 
− Tests on cores 
− Presentation of logging results and data handling 
− Quality control 
− Other opinions on industry practices and standards 

 
Every attempt was made to select a representative sample of professionals from the 
Swedish industry, but it must be stated that the opinions and praxis presented in this 
chapter might not reflect the opinions of the entire industry. It should be also noted that 
the interviews were conducted in a qualitative manner and, hence, answers given were 
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sometimes difficult to quantify. Rarely an interviewee, describing their geotechnical 
logging practice, would point to a single methodology, but rather they would report using 
an array of different methods. Therefore, in the coming sections the adverb “roughly” is 
used in those cases as a quantity approximation. 

5.1 Specifications and planning for geotechnical drilling 

Half of the interviewees reported that planning and core drilling specification is not part 
of their job, as it is often controlled by either a client, a drilling company or other technical 
department within their organisation. The other half do not follow any published 
standards or guidelines on core drilling, but instead have internally developed 
specifications and guidelines, which are then supplied to the drilling contractor. One of 
the most comprehensive internal guidelines for drilling, as presented by one interviewee, 
included the following specifications: 

− Borehole diameter 
− Casing tube placement 
− Core boxes dimensions, weight and markings 
− Control of core recovery 
− Core run and core loss markings 
− Allowed borehole deviation and its measurement 
− Borehole orientation method 
− Water loss measurement methodology 
− Disposal of drilling fluid 
− Drilling protocol content requirements 
− Borehole backfill and drilling area restoration 
− Core boxes transport 

 
In contrast to the detailed requirements described above, one interviewee described their 
drilling requirements as more of a loose set of instructions requiring the drillers to perform 
the work with the best core recovery in the least amount of time and budget, rather than 
an official document. 

Three interviewees stated a requirement for the drilling company to complete a drilling 
protocol with some of the common points on the protocol being: 

− Drilling company and operator 
− Drilling machine type 
− Length of casing tube 
− Elevation of the casing tube upper edge 
− Ground surface elevation 
− Total drilling length 
− Loss/change of drilling fluid volume 
− Core loss 
− Other issues while drilling 
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Other points required to be recorded by drillers included in either one of the drilling 
protocols were: borehole name, project name, drilling location, date, borehole orientation, 
rock surface level, borehole diameter, core diameter, method for core orientation, core 
run, water inflow, and encountered crushed zones.  

Another interviewee also had detailed instructions to facilitate and prepare boreholes for 
OPTV filming, which included the following: 

− Minimum borehole diameter 
− Minimum borehole inclination (or guiding rig usage in case of long and flat 0-40° 

boreholes) 
− Casing tube requirements (placing and transition between casing and borehole) 
− Borehole washing instructions 
− Advice on drilling location accessibility for OPTV equipment transport 
− Advice on communication between drilling and OPTV teams 

 
When it comes to the selection of drilling equipment, a double tube system seemed to be 
a standard among the interviewees with a triple tube used mostly in weak rock mass. The 
borehole diameter typically varied between 40 and 76 mm depending on the type of 
drilling system used. 

5.2 Borehole orientation methods and surveying 

For the drill rig positioning, various measurement technics were described including total 
station or theodolite. In three interviews borehole deviation was also reported to be 
measured using gyroscope-based tools. The core location, depth, as well as dip and dip 
direction are controlled against borehole film if available.  

The most commonly used method for orienting drill core is borehole imagery (OPTV). 
However, conventional core orientation where the drillers are the ones orienting the core 
and marking it with an orientation line typically on the floor of the core, were also 
commonly used. Only three interviewees had information on which orientation method 
the drillers use. They have reported employing either manual core orientation using down-
hole spear method or the digital core orientation system Reflex ACT IITM.  

5.3 Core handling and core box marking 

According to interviewees, it is rare that any specific instructions are given on how to 
transfer the core from the tube to the box. One of the interviewees mentioned a 
requirement of using rubber hammers instead of standard hammers to extract the core, 
while another mentioned an option of using water to push the core out. In one of the 
interviews, it was reported that, if possible, the loggers prefer to oversee and lead the 
work themselves for critical parts of the core to ensure proper core handling, instead of 
letting the drilling company handle the core unsupervised. 
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The routines on core washing by the drillers were also divided – one half reported drillers 
washing the core, either because they do not have highly altered rock mass, or the core is 
rinsed anyway due to the drilling method used. The other half of the group reported that 
the drillers do not wash the core in order to preserve all the weaker material and 
discontinuity fillings, or the core is clean enough so that there is no need for washing.  

Core box marking was fairly uniform across the interviews. The boxes are marked by the 
drillers, most commonly with the following information written on the side and/or top of 
the box: 

− Borehole ID 
− Box number 
− Project number/name 
− Location (coordinates) 
− Depth 
− Start and end length  
− Blocks to mark core run (including depth) and core loss 
− Marking of mechanical damage on the core 

 
The above information is sometimes also accompanied by start and end date of drilling, 
initials of the responsible person, and borehole dip. Figure 22 shows an example of such 
markings. 

 
Figure 22. An example of core logging box with marked borehole ID (masked for client 
confidentiality purposes), depths, orientation line, wooden block for a core run and an x 
marking the mechanical breakage. 

All interviewees reported that in the vast majority of cases core loss is being marked by 
drillers with fixed size wooden blocks. One interviewee mentioned that if the core loss is 
longer than 10 cm, then the length of the wooden block is set to correspond to the length 
of the core loss. Another interviewee expressed a wish that the wooden block should 
always have the same length as the core loss, but that rarely happens in practice. The 
loggers always check core loss that was marked by drillers and correct intervals if 
substantial inconsistencies in depth are discovered. Core recovery is not as common to 
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calculate, but when done, it is measured by the drillers and then checked by the loggers. 
Mechanical breakages are also marked by the drillers and later always controlled by the 
loggers.  

5.4 Core logging tools and equipment 

Most commonly, geotechnical core logging takes place in designated core mapping 
facilities with adequate lighting and tables to lay out the core boxes. Figure 23 shows an 
example of state-of-the-art logging facility. The tables vary between standards tables to 
more specialised inclined and rolling tables, which can accommodate between 8 to 18 
boxes (one interviewee being an outlier with up to 170 boxes). One of the interviewees 
reports also that logging is sometimes performed directly at the drill site with boxes 
placed on the ground. This typically occurs for short holes when and a need for a quick 
and simplified evaluation is necessary.  

 

Figure 23. An example of a state-of-the-art logging facility with inclined rolling tables 
(LKAB). 

Equipment that is typically used according to the interviews is listed below: 

− Forklift or scissor lift 
− Knife and scratchers 
− Ruler 
− Water and brush 
− Hydrochloric acid 
− Magnifying glass 
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− Scale 
− Camera 

 
In case of oriented cores and when no filming was done, additional equipment needed for 
measuring discontinuity orientations included most commonly wrap-around see through 
protractors with a few exceptions where Reflex IQ-logger (IMDEX, 2025), kenometer or 
setsquare were used (see Figure 24 and Figure 35). 

 

Figure 24. A kenometer shown in picture a and b (Ladefoged, 2021) and a wrap-around 
see through protractor shown in picture c and d (Holcombe, 2016). 

5.5 Borehole imagery 

Regarding borehole imagery, the interviewees working in infrastructure and energy (e.g. 
hydroelectric, nuclear) sectors reported that they always use optical televiewer (OPTV) 
filming unless the rock conditions are deemed to be too adverse (risk for borehole collapse 
and loss of OPTV equipment). Interviewees from the mining sector reported less frequent 
usage of filming, only to study certain structures in more detail, using mostly OPTV but 
also acoustic televiewer. 
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5.6 General core logging routine 

Roughly half of the interviewees reported following internally developed or project 
specific guidelines on geotechnical core logging based on published standards and 
guidelines. The rest reported following The Swedish Transport Administration’s 
guideline (Trafikverket, 2019), or a mix of published standards and guidelines in their 
original form, together with their own working experience. Even when the same standards 
or guidelines were used, their interpretation and application varied between the 
interviewees.  

When borehole imagery is available, geotechnical logging is done digitally in specific 
logging software such as WellCAD (ALT, 2025) or Boremap (SKB, 2020). For 
conventional core logging, the logging parameters are most commonly input into Excel 
when working on infrastructure projects, and predominantly keyed into GIM Suite 
(acQuire, 2025) data forms in the mining sector. 

The general steps in the core logging process as described by the majority of the 
interviewees were as follows: 

1. Fit together all the core pieces and ensure the core is assembled correctly in the 
box. 

2. Checking of orientation lines (if oriented core). 
3. Check depth measurements, core run, and markings for core loss. 
4. Identify lithology types and boundaries for the entire box. 
5. Section the core into geotechnical intervals. 
6. Geotechnical logging – first discontinuities, proceeded by rock mass 

characterisation. 
7. Take photos. 

 
An important step in checking the core markings is to identify drilling induced breakages. 
The most common sign reported to identify a such breakage is fresh looking breaks with 
no infill that fit together perfectly. Other signs can also include hammer marks or drill 
spin marks on the core. Interestingly, one of the interviewees reported that mechanical 
damage is not identified, instead all the discontinuities are mapped regardless of their 
origin, which according to the interviewee saves time and decreases potential errors in 
distinguishing between induced and natural breakages. 

Two of the interviewees reported also checking the site geology from other sources before 
proceeding to logging and another two mentioned checking the drilling protocol as a first 
step in their logging routine. 

Photographs of the core boxes are typically taken after logging (with all the logging 
markings). Photos are mostly taken in both dry and wet state (if they wet the cores) having 
mostly the same top angle of the camera, with similar lighting conditions. If the camera 
position is not fixed, then there is a scale placed on the picture. Three of the interviewees 
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reported taking photos also before proceeding with geotechnical logging in order to 
document the cores as they were delivered by drillers. 

5.7 Geotechnical intervals 

Two different practices for sectioning of the core into geotechnical intervals were 
reported. Roughly half of the group, sections the core into standardised 1-meter intervals 
and the other half applies sections based on lithology and/or rock mass quality and 
number of joints. The interviewees who prefer the 1-meter intervals were arguing that 
they are more systematic and allow for more objective logging when multiple loggers are 
working together. They are also easier and faster to use for relatively unexperienced 
loggers. On the other hand, the 1 m intervals can lead to a certain loss of detail where 
mapped parameters are being averaged out at the boundaries between different rock mass 
properties. Therefore, the other half of the interviewees prefer using intervals based on 
lithology/rock mass quality/joint numbers as it gives a more accurate description of the 
rock mass characteristics. It does, however, require experience to divide the intervals 
correctly. Regardless, the choice between those two methods is often not up to the loggers 
but decided by the client, project or company. 

5.8 Discontinuity mapping 

Nine of the interviewees map every individual discontinuity, whereas the others only map 
discontinuity sets or the discontinuities within a weakness zone. Discontinuity parameters 
that are mapped include discontinuity depth, orientation, infill, aperture, and spacing 
according to ISRM (Ulusay & Hudson, 2007) recommendations with some modifications. 
Parameters Ja and Jr are also common to assess for individual discontinuities according to 
NGI (2015) with some modifications (see chapter 5.9 for more information).  

When borehole film is available, discontinuity depth and orientation is measured in 
WellCAD (ALT, 2025) or Boremap (SKB, 2020), otherwise mostly a wrap-around 
transparent protractor is used to measure α and β angles, which are subsequently 
converted to strike and dip. One interviewee is using Reflex IQ-Logger (IMDEX, 2025) 
for orientation measurements, and another one is testing core scanner Minalyzer CS 
(Minalyze, 2025) for measuring discontinuity orientation.  

Discontinuity spacing was reported to be measured mostly between all discontinuities in 
the core for each mapping interval. Two interviewees reported assessing discontinuity 
spacing only for discontinuity sets based on average spacing in a core box or borehole.  

The discontinuity aperture categories defined in ISRM (Ulusay & Hudson, 2007) were 
often described as impractical, as it is not possible to measure or distinguish distances 
below 1 mm, even with borehole filming. 

Other logged discontinuity parameters were weathering and water marks (staining and 
rust). Apart from those, fracture frequency, foliation and parallel joints were mentioned 
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as well as core disking as an indication of stress anomalies. One of the interviewees also 
maps cemented joints, micro defects, and veins as potential weak structures and failure 
planes. Another interviewee reported also assessing joint wall compressive strength JCS, 
which in the absence of infill is set to the value of the core sample’s UCS or otherwise 
judged using professional experience. 

Whenever borehole film is available, it is also used to help assess discontinuity waviness 
(planar or undulating), filling, foliation, as well as indirectly evaluate fracture frequency, 
as well as parameters Ja and Jr. 

5.9 Rock mass characterisation 

The three most commonly used systems for rock mass characterisation described by the 
interviewees are RQD (Brown, 1981), RMRbas and/or Qbas (Trafikverket, 2019). One 
interviewee reported also using In-site Rock Mass Rating IRMR (Laubscher & Jakubec, 
2001), which is a rating used in mining industry for caveability assessment based on RMR 
system. Each rock mass characterisation system parameter is assessed for a geotechnical 
interval as described in chapter 5.7. 

All interviewees but one reported measuring RQD according to ISRM (Ulusay & Hudson, 
2007) guidelines with the one exception using a modified RQD system. One interviewee 
uses a modified RQD classification which includes all fractures – natural and mechanical. 
One interviewee described testing core scanning technology for RQD estimation, which 
worked well. Whenever borehole filming is performed, RQD is measured indirectly using 
the film. 

RMRbas was typically mapped according to Bieniawski’s 1989 version of the RMR 
system (with two exceptions where 1976 and 1993 versions were stated) with some 
modifications to the values used and/or refined descriptions. One person described using 
RMR charts (Bieniawski, 1989) instead of tables for RMR parameters, with one 
interviewee reporting interpolating in between the RMR table values themselves. For the 
intact rock strength parameter, half of the interviewees estimate the strength according to 
the manual index test with R-value table based on ISRM (Brown, 1981), however most 
commonly without the usage of a hammer. The other half relies on PLT tests with 
occasional UCS test in case of unknown rock types in combination with their professional 
judgement. Two of the interviewees reported estimating discontinuity spacing only 
roughly using visual judgement, while others measure it on the core or in WellCAD and 
take an average value per interval. Condition of discontinuities in RMRbas system was 
reported to be estimated based on either the average or worst discontinuity in the 
geotechnical interval using either the main RMR table or detailed RMR table E. Ground 
water parameter is set to 15 (completely dry) in line with RMRbas. Some interviewees are 
also using empirical formulas to calculate Geological Strength Index (GSI) from RMRbas.  

Qbas is mapped mostly according to NGI (2015). Parameter Ja is estimated using NGI 
tables with three interviewees reporting adjusting or simplifying the table values and/or 
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descriptions. There were differences in how parameter Jn is assessed, with the following 
answers given across all interviews – it is estimated per interval, per box or per borehole 
using stereographical projection methods. The value of Jn is often set to a constant value 
of three joints sets or maximum limits are introduced, either maximum three or three plus 
random joint sets. Some are using the default three joint sets only with exception for 
weakness or crushed zones which are assigned higher values. Parameter Jr is mostly 
assessed visually and by feeling the discontinuity surfaces. In some cases, Joint 
Roughness Coefficient (JRC) profiles (Barton & Bandis, 1982) are used to help evaluate 
Jr. Only one interviewee stated using a profile comb (steel contour gauges) for Jr 
estimation and another participant mentioned using reference photos as an additional aid. 
SRF is seldomly used, and if so, it is applied after mapping and only in weak rock mass 
or squeezing or swelling conditions. One interviewee mentioned using Jw only in 
infrastructure projects with pre-grouting in weak rock conditions to highlight the risk for 
water inflow. Otherwise, Jw is set to 1 in accordance with Qbas. 

Weakness zones are usually mapped on a separate logging sheet. However, their 
distinction and naming varied across the interviews and is based on internal guidelines 
(company or project specific) or Trafikverket (2019). Ways to identify them rely on any 
one or combination of the following characteristics: size of core pieces, ability to re-
assemble the core, joint frequency or spacing, alteration, filling material, intact strength 
significantly lower than in the surrounding rock mass or higher water inflow. 

Another commonly logged parameter is weathering/alteration grade according to ISRM 
(Ulusay & Hudson, 2007). Apart from those, clay content and particle size for weakness 
zones were reported to be logged. 

5.10 Hydrogeological applications 

Seven interviewees mentioned utilising parameters from geotechnical core logging to 
facilitate hydrogeological assessment. The most common answer was the use of 
discontinuity depth and aperture data together with flowmeter or water loss measurement 
tests to evaluate hydrogeological conditions. The fracture frequency, orientation and infill 
were also reported as a useful parameter for hydrogeological analysis. The presence of 
iron oxides, discoloration and eroded or vuggy texture were commonly noted when 
logging, which can provide vital information on potential water flow or water bearing 
features. On the other hand, the results from water loss measurements or pumping tests 
are important input in determining and evaluating weakness zones in core, as reported by 
five of the interviewees. 

5.11 Tests on cores 

The most commonly performed geotechnical tests on rock cores mentioned in the 
interviews are Point Load Test (PLT) and UCS to estimate intact rock mass strength, with 
PLT often being done systematically. Three interviewees reported running their own 
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studies to find a correlation factor between point load strength index (IS(50)) and UCS, 
which aligned relatively well with the ISRM (Ulusay & Hudson, 2007) recommended 
value of 22. In case of not sufficient UCS data, a correlation factor of 22 or 23 was 
mentioned to be used according to published literature. One interviewee reported never 
using PLT test results to estimate UCS, claiming that those tests shouldn’t be correlated. 
Instead, the interviewee uses the PLT tests to estimate tensile strength, or to evaluate 
qualitative variations in strength along the core. 

Other laboratory tests were also mentioned such as the direct shear test, Brazilian test or 
triaxial test. However, their execution is often dependent on project budget or specific 
engineering concerns, and the tests are not performed systematically during core logging. 
In case of mechanical excavations such as TBM tunnels, abrasiveness tests were also 
reported to be conducted on cores including Cerchar Abrasive Index (Ulusay, 2015), 
Micro Deval (EN 1097-1:2024) or Los Angeles (EN 1097-2:2020) tests.  

5.12 Presentation of logging results and data handling 

A variety of software products were being used by the interviewees for the presentation 
of logging results with the most popular ones being Leapfrog (Seequent, 2025), DIPS 
(Rocscience, 2025), Excel (Microsoft, 2025b) and WellCAD (ALT, 2025). Apart from 
those, other software used included mXrap (mXrap, 2025), Boremap (SKB, 2020), RVS 
(SKB, 2015), Surpac (GEOVIA, 2015), Fracman (WSP, 2025), and Deswik (Deswik, 
2025) plus other CAD software for visualisation alone, like MicroStation (Bentley, 2025), 
Rhino + Grasshopper (McNeel, 2021), and AutoCAD (Autodesk, 2025). The results are 
usually presented in form of stereographical projections, strip logs or in 3D as logging 
values along the borehole. In terms of data storage, only the interviews within the mining 
and energy (e.g.  hydroelectric, nuclear) sectors reported using specialised centralised 
software for data storage like GIM Suite (acQuire, 2025) or SICADA (SKB, 2025). In 
the infrastructure industry all the data is kept in the analysis or visualisation software 
mentioned previously, sometimes Access (Microsoft, 2025a) database storage is used, 
however there is no standardised data structure and format with data from each project or 
investigation stored separately.  

5.13 Quality control 

All but one interviewee stated that they apply some sort of quality control, though they 
were not always standardised nor done systematically. Quality control of core logging 
was reported to be done by a senior or fellow colleague reviewing the core logging 
protocol often against the core photos or borehole film if available. In some instances, the 
logging data is also checked against other mapping data from the same area or Geological 
Survey of Sweden (SGU) sources. It is rare to have multiple loggers working together 
meaning that the core mapping is performed mostly individually. Logging software 
sometimes includes built-in input data restrictions (for example dropdown lists), controls 
prohibiting certain parameter combinations or checks for inconsistencies across all input 
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parameters. Some companies have internal check lists for self-check, which adds to the 
quality assurance. One interviewee reported using an external company for audit and 
quality control. Three interviewees reported assessing orientation uncertainty, with one 
of them categorising the orientation uncertainty in three classes based on a number of 
matching orientation line marks – one match (uncertain), two (good), three matches (very 
good). Data from sections that are classified as good or very good is then prioritised when 
analysing structures and discontinuities. 

In some cases, and where it is possible, a follow up of the prognosed structures is done in 
the field from tunnel mapping or surface mapping during construction. If any 
inconsistencies are discovered, they are taken into account in the design stage, as the 
logged data stays in its original form. 

5.14 Other opinions on industry practices and standards 

When interviewees were asked what works well in the current industry practice and what 
could be improved, the majority of interviewees focused on the second part of the 
question. A few answers that were provided regarding current good practices, included 
RQD and fracture frequency, which are seen as the simplest and most objective 
parameters to map. Borehole filming was also mentioned as a good aid to the traditional 
core logging in the current praxis. All the interviewees agreed however that there is 
significant room for improvement in geotechnical core logging. A need for more training 
and knowledge exchange between geologists and rock engineers was brought up, as well 
as a need for stronger communication between loggers and drillers. The importance of 
having an understanding of both geological and geotechnical parameters was underlined 
by different interviewees. One participant was of the opinion that the industry does not 
have enough data and understanding of the characteristics of the less commonly occurring 
and weaker rock masses and should improve on that. It was also a common opinion that 
there is a need for clearer and less subjective guidelines that cover the entire geotechnical 
core logging process. It was raised that core drilling planning, drilling method choice, and 
core handling should be part of the guideline as all these areas affect the sample quality 
and therefore logging results. One interviewee brought up also the need for optimization 
of the entire core logging process as the current processes take a lot of time and resources. 
However, a concern was often expressed if it is possible to create a guideline that fits all 
industries, project needs and rock conditions and if so, how to do it. A solution to this 
problem was proposed in the form of developing a guideline with different levels of 
logging details, where every industry can find their desired level of geotechnical logging 
complexity. 

Discontinuity mapping was identified as one of the areas in most need of improved 
instructions, including number of discontinuity sets, discontinuity alteration/infill and 
discontinuity roughness. Methods for discontinuity characterisation in the current 
standards and guidelines are unclear and lead to substantial errors and subjectivity in 
logging. A suggestion was brought forward by an interviewee that guidelines should 
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include example photographs representing certain logging parameters to facilitate the 
assessment. Some interviewees also feel that using the worst discontinuity properties to 
represent a given discontinuity set or geotechnical interval is inappropriate, and it is a 
practice that should be eliminated. One interviewee expressed that it is not entirely clear 
in the current guidelines which parameters and methodologies apply to rock mass 
characterisation and which to logging of individual discontinuities. It was suggested by 
an interviewee that fracture frequency should be a mandatory parameter as a supplement 
to RQD in order not to misrepresent core that consists of many near 10 cm pieces. Any 
future guideline should also include advice on coupling practice between borehole 
imagery logging and core box logging. Contradicting opinions were reported when it 
comes to mapping every individual discontinuity with one participant claiming it is 
unnecessary and other thinking it is important especially for review and quality control 
purposes.  

Another issue that was raised was sample choice for intact rock strength testing. The need 
for an intact piece of core for testing leads to a bias towards overrepresenting intact rock 
strength as test samples typically come from the stronger parts of the drill core. The 
correlation between PLT and UCS has also been brought into question. A suggestion was 
made that other ways of estimating intact rock strength should be studied, for example 
correlating rock strength to its mineral composition.  

The significance of matching capacity across all software used for logging was also 
mentioned. As data collection gets more automated, the processing and visualisation 
software must be able to handle the increased amount of data. The database should also 
have flexibility for adding new types of parameters. The importance of good logging 
templates was brought up, especially when using Excel, as well as standardising 
visualisation of core logging results. 

When the interviewees were asked if they knew of or tried any new technology or 
methodologies for geotechnical core logging, only a couple responded that they tested 
core scanning with some promising results, unfortunately the costs of utilising scanning 
were brought up as a hindrance. It was also reported by one interviewee that the scanning 
solution they used wasn’t fully automated and still required some manual work to be 
done. One person mentioned testing automated logging from images, but the results were 
considered still hard to compete with loggers. Geophysical measurements were also 
brought up by one interviewee and tested by another, however with poor results. One 
interviewee also mentioned the difficulty of integrating Reflex IQ-Logger (IMDEX, 
2025) together with their other logging routines, meaning often double work for the 
loggers. Regarding new methodologies, a wish was also expressed for an image-based 
look-up chart rock mass rating system for core logging (similar to GSI) and was of the 
opinion that an experienced geotechnical logger can approximate final values of Qbas or 
RMRbas without mapping all of their individual parameters, therefore it should be possible 
to create such a system. 
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6. NEW TECHNOLOGIES AND METHODOLOGIES 

Over the last 20 years a reasonable number of new technologies have appeared on the 
market to aid logging and collection of geotechnical data from drill core. Many of the 
developments have come within the mining industry where huge volumes of drill core 
are logged for mineral exploration purposes, but those technologies can even be applied 
in some cases to geotechnical core logging. In this chapter an overview of the main new 
technologies and methodologies are presented. Some of them have been present on the 
market for quite some time, however they are included here due to their relatively low 
recognition within the Swedish industry. Many of the technologies are based on the recent 
developments within artificial intelligence (AI) and machine learning (ML). Users of 
these technologies should always bear in mind that deploying them requires a certain 
amount of calibration and the accuracy of such models depends heavily on the quality 
and size of the training data set as well as the training models used. 

6.1 Rock mass characterisation 

The three most common rock mass characterisation systems used in core logging – RQD, 
RMR, and Q – are deeply ingrained into geotechnical practice. There are, however, still 
new systems being proposed as an alternative or addition to the existing systems. One 
such system was created by Tims et al. (2022) who proposed a new geotechnical 
classification system called Core Damage Index (CDI) allowing for more precise 
evaluation of rock mass quality in sections of broken core with low RQD. The CDI system 
divides the rock mass into six classes based on the ratio of core clast/fragment size relative 
to core diameter (see Figure 25). The measurement of this ratio is automated and 
described further in chapter 6.3. This higher resolution allows for more precise fault 
characterisation including fault transition zones. It can also facilitate fragmentation 
analysis and prediction as well as hydrogeological modelling along fault zones. 

 

Figure 25. Core Damage Index (CDI) classes (Tims et al., 2022). 
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Another example comes from Hakami & Winell (2022), who came up with a new 
characterisation and visualisation system for drill core logs specifically called SSV, which 
in Swedish stands for fracture frequency (S), fracture strength (S), and water inflow (V). 
Fracture frequency is assessed by counting the number of discontinuities per interval 
divided by interval length.  Fracture strength is determined by calculating the term Jr/Ja, 
where Jr is assessed according to JRC table (Barton & Bandis, 1982) and Ja is assessed 
using NGI (2015). Water inflow is expressed as hydraulic conductivity, obtained usually 
through water loss measurement tests. This system allows the viewer to easily access and 
interpret the most important rock mass characteristics for crystalline rock with 
consideration to constructability aspects, as opposed to Q-system and RMR that focus 
mainly on excavation mapping and reinforcement design. Furthermore, a single 
numerical value of Q or RMR does not provide a full picture of the characteristics of the 
rock mass without having to go back to look at the logging data. SSV instead classifies 
its three key parameters – fracture frequency, fracture strength, and water inflow, in three 
levels: low, medium and high and visualises them on a strip log in different colours and 
patterns (see Figure 26).  

 
Figure 26. An example of SSV characterisation system and its visualisation with fracture 
frequency marked in colours green, yellow and red, fracture strength marked by red 
hashes and water inflow marked by blue lines (Hakami & Winell, 2022). 

Two other characterisation systems which present an easy and quick way to characterise 
the rock mass in drill cores are those suggested by Agliardi et al. (2016) and Cai et al. 
(2004). Both of them are based on an adapted version of GSI system (Hoek & Brown, 
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2018) for core logging. They rely on logging only two parameters – joint condition and 
spacing and where the final value is to be looked up on a chart similar to the GSI chart, 
see Figure 27 and Figure 28.  

 

Figure 27. Borehole GSI chart after Cai et al. (2004) on the left and borehole GSI chart 
as proposed by Agliardi et al. (2016) to the right. 

 

Figure 28. Further description of parameters J and S to Agliardi et al. (2016) borehole 
GSI chart. 
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6.2 Core logging visualisation 

A novel way of visualising drill core was presented by Chang (2021), who demonstrated 
usage of VR (virtual reality) and MR (mixed reality) to assist geotechnical core logging 
and results visualisation (see Figure 29). Firstly, the cores are scanned using rolling tables 
and three Digital Single Lens Reflex (DSLR) cameras in order to create a 3D holographic 
drill core model. The digital 3D model can then be easily accessed and handled (rotated, 
scaled, superimposed with other information) at any time and place, making it easy to 
reassess, compare or review the core logging results. It provides also a digital storage of 
the cores prior to destructive core procedures (used especially in mining) and redundancy 
in case of poor core storage that can lead to core deterioration. It improves also health and 
safety aspects of core logging environment by minimising physical core boxes lifting and 
moving.  

 

Figure 29. Example of a MR examination of core samples in XRCoreShack (Chang, 
2021). 

6.3 Automated core logging from core box images 

Automated geotechnical core logging from core box photographs is a methodology where 
ML and computer vision are used to analyse the photographs to provide assessment of 
different geotechnical parameters. It can be used for both new and historical core box 
pictures. The technology is already commercialised by companies such as Datarock or 
Graiph providing such services. They both offer cloud hosted platforms for geological 
and geotechnical logging from core box imagery using AI. Graiph can estimate RQD, 
fracture frequency, core recovery and rock type identification, while Datarock provides 
also fracture orientation, joint set analysis, weathering and other geological parameters 
(see Figure 30 as an example). Johnson et al. (2023) has compared Datarock together with 
RetinaNet object detection model (Lin et al., 2017) to two geologists manually mapping 
fracture frequency from core photographs. The results were highly comparable with R-
squared value of 0.79. Figure 31 shows the average logged fracture frequency between 
the two geologists and the fracture frequency as predicted by the model. 
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Figure 30. Example of fracture detection in Datarock (Johnson et al., 2023). 

 

 

Figure 31. Comparison of the predicted vs manually logged fracture frequency (Johnson 
et al., 2023). 

In addition to the above-mentioned commercial solutions, there is still plenty of research 
going into the automated core logging and it is a topic showing potential for further 
growth. One of the latest papers published comes from Owen et al. (2024a), who 
developed their own ML methodology for identification and classification of brittle faults 
and ductile shear zones from drill core photographs. Implementation of this methodology 
can improve consistency, efficiency and objectivity in structure recognition and 
classification from vast amount of both historical and current core box imagery. 

Tims et al. (2024) created ML workflows for new geotechnical classifications of core box 
photographs including measuring CDI (see chapter 6.1), Pseudo-RQD and Break 
Frequency, which are calculated by mapping breaks (both natural and mechanical) and 
rubble zones from drill core photos. This automated workflow reduces subjectivity and 
gives greater detail into core quality and broken core zones identification.  
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6.4 Automated core logging from borehole imagery 

Automated feature picking in borehole imagery is already part of the available software 
on the market. However, Owen et al. (2024b) employed ML technology to improve this 
process. This new methodology is able to automatically pick and classify structures (open 
joints, closed joints, faults, bedding planes) from optical or acoustic televiewer imagery 
with increased consistency and decreased time (see Figure 32 showing an example of the 
automated feature picking versus manually picked features on acoustic televiewer data).   

 

Figure 32. Comparison of automatically detected structures and manually picked 
structures on ATV data (ITASCA, 2025). 

6.5 Core scanning 

Core scanning has been widely used in mineral exploration to determine mineral and 
chemical composition of the rock. It can, however, also be used in geotechnical core 
logging to increase logging consistency and automate data collection process. There are 
already a few companies offering such services. One of them is Corescan with 
Hyperspectral Core Imager (HCI) – a hyperspectral automated core scanner that 
integrates high resolution VNIR-SWIR imaging spectroscopy, core photography and 3D 
laser profiling including imaging of the fracture surface. Some of its features includes 
automated measurement of RQD, fracture frequency, core loss, discontinuity orientation, 
and apparent joint roughness (see Figure 33). It also provides automated detection of 
mechanical breaks. Additionally, it can identify primary mineralogy, which combined 
with image-based texture can provide lithological interpretation. Another core scanner 
available on the market is Minalyzer CS (Minalyze, 2025), developed by Minalyze 
offering automated calculation of RQD, fracture frequency, joint orientation, and rock 
mass density among other things. Figure 34 shows the two scanners. 
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Figure 33. Automated apparent joint roughness measurement by HCI using detected 
fracture pixels and calculated fracture plane (Corescan, 2024). 

 
Figure 34. Hyperspectral Core Imager (HCI) by Corescan to the left and Minalyzer CS 
by Minalyze to the right. 

6.6 Structure orientation measurement 

Measuring the orientation of discontinuities and structures manually for large volumes of 
oriented drill core can be a very time-consuming task. LOGRx (IMDEX, 2025), 
previously called Reflex IQ-Logger, helps streamlining the orientation data collection 
process. It is a digital device that measures discontinuity orientation using marked 
orientation line as a reference (see Figure 35). It comes also with an inbuilt real-time 
stereonet projection plotting capability. 
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Figure 35. Reflex IQ-Logger being used on a core (IMDEX, 2025). 

6.7 Intact rock strength estimation 

Estimating intact rock strength using index testing is a fairly unreliable method and the 
number of PLT and UCS tests that are performed on drill core is often limited and can 
fail to capture the natural variation in intact strength. Nevertheless, intact and defected 
rock (like veins and microfractures) strength and its spatial variation is an important 
parameter to estimate. Minpraxis Tester (MPT) is a compression-breakage test device that 
can evaluate various geotechnical and geo-metallurgical parameters while preparing the 
material for assay (chemical analysis), including intact rock strength. By measuring the 
crushing resistance of the core sample, the Point Load Strength Index (IS(50)) can be 
estimated. MPT can also provide strength estimates on centimetre scale, as it treats the 
half-core samples in a continuously lengthwise fashion, whereas the conventional PLT or 
uniaxial tests are point data sampling methods. The device can also measure lump 
samples, meaning that even the broken-up parts of the drill core can be tested. This can 
be a viable alternative to PLT testing, particularly within the mining industry as described 
by Nadolski et al. (2023). 

Another example of estimating Point Load Strength Index was presented by Thielsen et 
al. (2022). They proposed a machine learning algorithm to predict a rolling average of 
Point Load Strength Index based on the available geotechnical and geological logging 
data, like fracture frequency, RQD, rock density, fracture spacing, alteration and 
mineralisation among other data. The model predicted the rolling average IS(50) value 
within 1 MPa 48% of the time and lays the foundations for future development of such 
models. Figure 36 shows graphs of the actual and predicted IS(50) value for three of the 
studied boreholes. 

Another cheap alternative to PLT testing can be Leeb Hardness Test (LHT), which is a 
low energy rebound hardness test. It was originally developed for metals but has been 
shown to be suitable for estimation of intact rock strength as described by Corkum et al. 
(2017). Although it has to be noted that for best results, the test should be performed on 
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cleanly-cut drill core or a reasonably smooth natural surface. Figure 37 depicts corelation 
between LHT test and UCS for different rock types.  

 

 

Figure 36. Plots of the actual and predicted IS(50) rolling mean curves for three of the 
training boreholes (Thielsen et al., 2022). 

 

 

Figure 37. Correlation of LHT test to UCS from the available literature together with 
ISRM index test R-value (Corkum et al., 2017). 
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7. DISCUSSION 

7.1 Published standards and guidelines 

Results from the literature study show that the existing guidelines and standards are often 
written for ground investigations and rock mass and discontinuity descriptions in general, 
instead of geotechnical core logging. This forces core logging professionals to adapt the 
written recommendations to core logging using their own judgement. Furthermore, the 
existing guidelines used for core logging are scattered across different documents, as 
follows: 

− ISO 22475-1:2021, the standard can be considered useful when specifying 
requirements for a drilling and sampling program to ensure good practice.  

− EN 1997-2:2007 provides an overall framework for requirements for ground 
investigations but does not include any specific requirements for geotechnical 
core logging.  

− ISO 14689:2018 includes general instructions for discontinuity and rock mass 
characterisation but lacks detail and is not specific for drill core.  

− The ISRM Suggested Methods (Ulusay & Hudson, 2007) guidelines provide the 
most detailed content for geotechnical core logging out of all the published 
standards and guidelines but still leave a lot of room for interpretation. This is 
particularly the case with respect to discontinuity descriptions on a drill core scale. 
Even though the majority of the ISRM Suggested Methods were developed 
roughly 50 years ago and remain unchanged since then, they are the most widely 
used guidelines in the industry and form the basis for many of the methods and 
classification systems currently being used in geotechnical core logging. 

− Trafikverket (2019), NGI (2015 and 2025), and Bieniawski (1989) publications 
provide general guidance on rock mass characterisation but lack detailed 
information on how they should be applied when performing geotechnical core 
logging. 

 

It should also be mentioned that all the studied standards refer often to ISRM Suggested 
Methods (Ulusay & Hudson, 2007), despite them not being standards themselves in a 
legal sense, which can increase the risk for project disputes. 

The lack of comprehensive published standards and guidelines for geotechnical core 
logging has led to organisations such as private companies and specific projects creating 
their own internal guidelines. These internal documents are often inaccessible to the 
general rock engineering community and thus impede knowledge sharing and exchange 
of good practice. The results of the interviews confirmed a wide variation in applied 
practice for geotechnical core logging. The interviewees reported using many different 
guidelines, both published and internal, together with their own interpretation of the 
guidelines and working experience.  
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7.2 Planning for geotechnical core drilling 

Planning of core drilling programmes is the first step which has a significant impact on 
the results of geotechnical core logging, yet half of the interviewed industry professionals 
are not involved at this stage. Spatial placement of boreholes, their orientation, and 
spacing should be planned carefully in order to obtain an accurate picture of the site 
conditions. Drilling orientation bias is a commonly known issue, which can lead to 
overestimating RQD and fracture frequency as well as underrepresenting discontinuities 
subparallel to the borehole (Jakubec & Esterhuizen, 2007), this in turn affects also the 
results of all other rock mass characterisation systems used. See Figure 38 for a depiction 
of drilling orientation bias. 

 

Figure 38. Drilling bias representation (Jakubec & Esterhuizen, 2007). 

The choice of drilling method and how it is performed also has a significant impact on 
the quality of the drill core, especially in weaker rocks or where softer discontinuity infill 
is present. How drill core is handled, transported and stored are also key factors that affect 
the sample quality of the core and the results of geotechnical core logging. Core 
disturbance can occur due to inattentive core transfer from casing tubes to the boxes, poor 
handling of the core, vibrations under transportation, changes in temperature, moisture or 
oxidation, among other factors. Despite the obvious impact of poor core handling, few of 
the published or internal guidelines cover these topics, with the exception of ISO 22475-
1:2021. Results from the conducted interviews suggest however that the standard seems 
relatively unknown for many core logging professionals.  

Another important factor that can have an impact on the results of geotechnical core 
logging is the way drill rig positioning and surveying is conducted. Very little information 
on this topic was mentioned in the interviews or in the studied guidelines and poor 
routines or documentation procedures can lead to significant errors with respect to the 
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actual location and orientation of the core samples. The presence of magnetic 
environments in the rock mass is also a crucial factor to consider when measuring 
borehole deviation and performing borehole surveys.  

Methodology for drill core orientation was also an area that was not well covered in the 
published standards and guidelines, which often described outdated manual techniques, 
with little information on the current digital orientation methods. The limited knowledge 
on core orientation methods was also observed during the interviews with the exception 
of borehole imagery which is a useful alternative to conventional orientation methods 
with the added benefit that orientation is not lost in broken sections (assuming that the 
borehole has not collapsed). 

A comprehensive and well documented drilling log is an important piece of the drilling 
process documentation that can provide the loggers with vital information. Throughout 
the interviews and literature study it showed that some companies have standardised 
templates for the drilling log, which is a practice that should be spread more. Drillers 
records of core loss, changes in drilling fluid volume, and any other issues encountered 
while drilling can also help in evaluation of potential structures and hydrogeological 
conditions, among others. 

If borehole imagery is planned to be conducted in the borehole, it requires additional 
consideration to be taken during the investigation planning phase, regarding for example 
borehole diameter, inclination, flushing of the hole to clean the borehole walls or casing 
tube type. Only one of the interviewees highlighted the importance of this. 

Another aspect not discussed in the studied guidelines or during the interviews is systems 
for the naming of boreholes. It might be beneficial for the industry to establish a common 
borehole ID naming system to improve clarity when sharing data. 

7.3 Working environment 

Results from the interviews showed that the working conditions when core logging and 
facilities used can vary significantly and there is a lack of written requirements for the 
working environment in which core logging is performed.  

7.4 Handling and preparation of cores 

Prior to starting geotechnical core logging, certain pre-logging checks have been referred 
to in both the studied guidelines and during the interviews. Loggers checking the depth 
markings, core recovery, and core loss recorded by the drillers for the core run is a 
common practice and is relatively well described. Routines for marking of core boxes 
although not fully standardised, appear to be quite uniformly applied across the industry. 
Another significant control is the distinction between natural discontinuities and 
mechanical breaks, which can have a direct impact on results of geotechnical core 
logging. Guidance on how to differentiate between natural discontinuities and mechanical 
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breaks is also relatively similar between studied guidelines and as described during the 
interviews. Core disking, which can be one of the drilling induced mechanical breaks, is 
however popular to log in mining industry, but the methodology does not appear to be 
standardised. As Lim & Martin (2010) showed, core disk thickness can be corelated to 
stress magnitudes and therefore be valuable to the geotechnical engineers. Photographing 
core boxes in both wet and dry state together with all their markings is also a common 
practice, although the measurement scale on the photo is often missing. Adding the scale 
would increase the consistency in core logging documentation and make comparison 
possible for pictures between different projects, where the picture angle or scale might 
differ. 

7.5 Geotechnical core logging 

7.5.1 Discontinuity description 

The published standards and guidelines raise the difficulty of characterising 
discontinuities in drill core due to the small sample size. Therefore, it is extremely 
important to provide specific guidelines for logging discontinuities to limit the need for 
subjective interpretation. The interviewees identified joint roughness as one of the 
parameters that is hard to assess using the available guidelines, given the small portion of 
the joint visible on the core and the need for subjective judgement. The definition of the 
term slickensided is also often not provided or provided only in a document’s body but 
not directly on the roughness profiles, tables or figures. This may lead to an incorrect 
usage of the slickensided description. Accurate assessment of soft joint infill material can 
also be challenging due to the choice of drilling method and core handling. Evaluating 
discontinuity aperture or width comes also with significant uncertainties. Firstly, using 
the core alone one can never be sure that the discontinuity visible in the core is actually 
an open discontinuity in situ or became open during or after drilling. Secondly, the widths 
below 1 mm are difficult to measure in the field or using borehole filming and the classes 
for “gapped features” have coarse granularity, jumping from 2.5 mm to 10 mm. 
Regarding the assessment of the number of joint sets, the majority of the studied 
guidelines recommend assessing it based on as much data as possible using 
stereographical projection methods, rather than evaluating it in a geotechnical interval, 
core box or individual borehole. However, one should keep in mind that when assessing 
number of joint sets, only joints occurring at the same location and forming definite 
blocks should be considered, otherwise there is a risk of overestimating number of joints 
sets. The variation in applied methodology described by the interviewees indicated that 
estimating the number of joint sets for rock mass characterisation purposes is not 
performed consistently. 

Logging of defects can have a significant impact on intact rock strength due to sample 
heterogeneity is not covered in the published standards and guidelines that were studied. 
Defect logging is of particular importance for caveability assessment in mining industry 
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and therefore commonly performed for caving operations. Weakness zone definitions and 
logging methodology are also absent from the published guidelines and standards. 

7.5.2 Rock mass characterisation 

Logging of rock weathering grades as well as approximation of seepage zones from the 
core is quite consistent across the studied guidelines and conducted interviews. The 
routines for field and laboratory testing of core samples are also well covered. The most 
popular methods for estimating intact rock strength in the Swedish industry are the ISRM 
manual index test (Ulusay & Hudson, 2007), however often with modified descriptions, 
as well as PLT or UCS test. Both PLT and UCS tests are sensitive to sample choice bias 
and can therefore fall short in capturing the natural variations in rock mass strength (as 
described by Mathis, 2021). The correlation of PLT test results to UCS, should also be 
used with caution and ideally be calibrated against actual UCS test results (Ulusay & 
Hudson, 2007). This is usually conducted at mines where large amounts of laboratory 
data are available. However, in infrastructure or other smaller projects this can be 
problematic, as large quantities of UCS test data are not typically available to correlate 
the test results. There are also other methods available for estimating intact strength in 
the field such as those described by ISRM (Ulusay, 2015) Schmidt hammer or LHT as 
suggested by Corkum et al. (2017) and Hack et al. (1993). These methods, however, do 
not appear to be widely used in Sweden. 

The two methods for division into geotechnical intervals based on either pre-determined 
1 m-intervals or intervals based on changes in geological or geotechnical properties, as 
seen throughout the interviews, were also reiterated in the studied guidelines. The 1-m 
intervals seemed to be more popular in Swedish infrastructure projects as opposed to other 
industry sectors. The difference in using either one of those core sectioning systems has 
also been investigated previously (see Swindell et al., 2017 and Grigull et al., 2020). 
Therefore, it will not be commented on further in this study, as both methods have their 
advantages and disadvantages and the choice of which to use is usually up to the 
individual project, client or company performing the logging. 

Rock mass characterisation systems such as RMR and the Q-system, which were 
developed for exposure and underground mapping and only later adapted to core logging, 
face the same problems as those described earlier. Drilling orientation bias can affect 
significantly the estimation of RQD, RMR discontinuity spacing rating, and Q-system 
joint set number (Jn). Using the RMR table E (guidelines for classification of discontinuity 
condition) one cannot judge the discontinuity length using drill core nor is it possible to 
distinguishing between the lowest two aperture ratings. The roughness rating, given in 
the same table, is highly subjective and assessing the infilling can also be affected by the 
used drilling method and applied core handling (same with joint alteration number (Ja) in 
Q-system). Joint roughness number (Jr) in Q-system is also challenging to evaluate given 
the small sample size visible in the core and the possible obtuse angle at which the joint 
might intersect the core. The Q-system also doesn’t give a clear definition for when 
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slickensided term can be used. Additionally, the way the rock mass characterisation 
systems are presented using long tables, crowded with text can make them confusing and 
challenging to apply, particularly for inexperienced loggers. This issue can potentially be 
improved by providing more compacted tables and figures tailored to core logging 
alternatives. 

7.6 Quality control and uncertainty assessment 

Another aspect not covered in the studied guidelines, both published and internal, is 
methods for quality control of geotechnical logging. The results of the interviews 
however indicate that some types of quality control procedures are being applied, for 
example self-checks, senior or fellow logger review, or software in-built controls. 
However, systematic quality control routines should be implemented for all geotechnical 
core logging as opposed to ad hoc and loosely defined checks. Quality control could start 
with simple controls performed during the core logging itself, for example borehole 
length could be controlled against core recovery and core loss, RQD could be controlled 
against fracture frequency or discontinuity spacing, and weathering grade could be 
compared against the estimated field strength to ensure that the logging values are 
realistic. Logging of borehole imagery done concurrently with conventional core logging 
could also be used to improve the quality of logging results (Gwynn et al., 2013 and Paul 
& Griffin, 2021). Conventional core logging results can for example be compared against 
borehole imagery data with respect to discontinuity depth, orientation, width, and whether 
the discontinuity is open or closed in-situ. Additionally, in weak rock where sample 
recovery is critical, photographing the core before transferring it to the boxes could be a 
further step in increasing quality of core logging results. 

Each step of geotechnical core logging comes also with its uncertainties, yet there are 
rarely given any consideration nor are they documented. Especially oriented cores often 
come with significant uncertainties, yet no recommendations exist in the published 
standards and guidelines for evaluating orientation uncertainty. The discontinuity 
orientation measured in the core should also be qualified with the borehole orientation 
uncertainty, both from the device used to orient the core, as well as human error and 
external factors (Stigsson, 2016). The choice of proper drilling method and extrusion 
technique is also crucial here to retain the core orientation. Guidelines often suggest that 
a digital orientation system (like Reflex ACT) or borehole filming can improve the quality 
of the core orientation in comparison to manual orientation methods. 

7.7 Result presentation and documentation 

The requirements for the presentation and documentation of the results from geotechnical 
core logging included in the studied guidelines are for general ground investigation 
reports and not specific enough for core logging. Only one of the studied internal 
guidelines had a recommendation for the presentation of results in the form of drawings 
and stereographical projection plots. Nevertheless, all the interviewed professionals 
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reported using one or more of the three presentation methods – mentioned above 
stereographical projections, strip logs, or logged parameter values along a borehole in 3D. 
Storage of the core logging data is also not standardised, and the usage of centralised 
databases is seen only in mining and nuclear waste management industry based on the 
performed interviews. 

7.8 New technologies and methodologies 

Results from the interviews indicated that very few professionals have tested any new 
technologies already available on the market. Two of the interviewees mentioned that 
they have tried core scanning or automated core logging from images. It was expressed 
that they are still costly methods and with lower quality in comparison to work done by 
an actual logger. The issues with data and software compatibility between new and old 
technologies was also mentioned as well as their integration with the conventional core 
logging routines. These aspects are critical if operations want to encourage logging 
professionals to use the new technologies and methodologies in their work. Nevertheless, 
it could be seen that there is still plenty of innovation and research ongoing with respect 
to geotechnical core logging branch as shown in chapter 6. Core scanning or automated 
logging from images still has the potential to produce more objective and consistent 
geotechnical core logging results, however it has to be stressed that in order to achieve 
high quality results using AI or ML the underlying data quality used to build such models 
is of utmost importance. Both training and validation data sets have to come from manual 
logging by experienced professionals. High data quantity, representativity, and 
consistency is another crucial factor to produce accurate and reliable models that can be 
used for geotechnical core logging purposes. New rock mass characterisation systems 
created specifically for drill core could also help geologists and engineers address the 
issues that arise when using characterisation systems created for surface mapping. 
Furthermore, utilising VR and MR technology could improve working environment 
conditions and quality control. 
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8. CONCLUSIONS 

Results from the interviews and literature study indicate that the main differences in 
practice in geotechnical core logging are due to company/project requirements or 
individual preferences rather than the type of sector. Many of those differences stem from 
ambiguity in published standards and guidelines and the absence of a single standard 
dedicated to geotechnical core drilling and logging. This fosters the creation of internal 
guidelines and furthers the division in industry practise. Only a small number of 
differences that can be attributed to the type of sector were identified and these are 
summarised below: 

- Borehole imaging not being as common in Swedish mining sector 
- No centralised database usage in Swedish infrastructure sector 
- Defect logging not performed in Swedish infrastructure sector 
- 1-m geotechnical intervals more prevalent in Swedish infrastructure sector, based 

on internal guidelines (however such preference wasn’t reflected in the conducted 
interviews) 
 

The most widely used guidelines are the ISRM Suggested Methods (Ulusay & Hudson, 
2007), which provide the most detailed descriptions of parameters that are applied during 
geotechnical core logging. However, the ISRM Suggested Methods do lack guidance in 
certain aspects of geotechnical core logging. Furthermore, the guidelines are also dated 
(much of the content is over 50 years old). There is clearly a need to update much of the 
content in these publications to bring the methods in line with modern techniques. 

The study has identified some important shortfalls and areas that need improvement to 
raise the quality of geotechnical core logging in the Swedish rock engineering industry. 
One of these areas is the lack of involvement the loggers have in the planning of core 
drilling. In some cases, individuals responsible for the planning of geotechnical core 
drilling lack detailed knowledge of the drilling methods and their limitations. More 
attention should be paid to proper choice of core drilling methods and routines for core 
handling, as they are the basis for ensuring high quality drill core samples. This problem 
can also be considered applicable for drill hole surveying and drill core orientation 
methods. In terms of geotechnical core logging, more detailed and clearer guidance is 
required in order to “fill the gaps” in existing published guidelines, particularly with 
regard to the logging of discontinuities which are currently logged using subjective 
descriptions and tables that are not easily applied to drill core logging. Systematic quality 
control, uncertainty assessment, and requirements for good working conditions are often 
missing in the current praxis, which means there is significant room for improvement in 
many projects. The industry clearly lacks standards for documentation, presentation and 
storage of geotechnical core logging data, meaning that a large quantity of data is lost or 
difficult to reuse. Requirements to enable swift digital transfer of data between projects 
and proper archiving are desperately needed to improve this issue. A further problem in 
current praxis is the general lack of consistent terminology for geotechnical core logging 
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which leads to confusion and can hinder the communication and cooperation between 
different professionals, industries, and companies. 

Unclear, scattered, and incomplete current guidelines and standards are certainly a factor 
in lowering the quality of geotechnical core logging. A need for standardised and better 
guidelines has been expressed in previous publications including, among others, Grigull 
et al. (2020), Swindell et al. (2017) and Staub & Berglund (2021) and is reiterated in this 
study. The industry should develop a standard for geotechnical core logging. The standard 
should contain sufficient flexibility to meet the needs of all the various parts of the 
industry. This may be achieved by defining core logging categories with varying levels 
of detail for different applications. Such new industry wide standard would not only 
improve the logging objectivity but also increase industry knowledge and facilitate the 
exchange of good logging practice. Additionally, a field version of such a guideline could 
be created as an invaluable aid for logging professionals for an easy and quick access to 
the recommendations when logging. In the following chapter (chapter 9) a list of 
recommendations is presented based on the work done in this study that can serve as a 
base for future development of geotechnical core logging standard or guideline. 

Furthermore, the industry should establish clear, unified terminology for geotechnical 
core logging as well as industry wide naming convention for borehole IDs should be 
considered. New rock mass characterisation systems (or modifications of existing 
systems) created specifically for drill core logging should also be further developed and 
tested.  

The industry should develop standardised data formats for storing drill core logging data 
to facilitate smooth data transfer between databases, projects and companies. 
Additionally, the industry should establish cooperation and data delivery routines with 
the Geological Survey of Sweden (SGU), in order to ensure the long-term storage and 
availability of the data for future projects. All this can also help the development of 
industry wide technology such as standardised hardware and software solutions for 
logging, data presentation and formats for data transfer.  

Finally, it is the authors hope that the examples of new technologies and methodologies 
presented in this project will inspire the industry to invest in and further develop the 
innovative solutions for geotechnical core logging. If implemented correctly, the new 
technologies and methodologies can increase significantly the objectivity, consistency, 
and productivity of geotechnical core logging.  
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9. RECOMMENDATIONS 

9.1 Purpose 

This chapter has been written to provide a summary of what the authors consider to be 
good geotechnical core logging practice. The recommendations are based on the findings 
of this study and should hopefully provide a sound foundation for future creation of an 
industry-wide standard or guideline for geotechnical core logging. In the absence of a 
published detailed standard or guideline, different organisations and projects that plan to 
conduct geotechnical core logging can use the following recommendations as a basis for 
the development of their own routines, where deemed applicable. The recommendations 
are not exhaustive. In many cases they have been written as a reminder to the practitioner 
of issues that should be considered, rather than as a specific recommendation for how a 
certain part of the core logging process should be performed. 

9.2 Relevant published standards and guidelines 

Below is a list of the most relevant published standards and guidelines that relate to 
geotechnical core logging, together with some guidance with respect to how or where 
they can be applied. 

− ISO 22475-1:2021 (Geotechnical investigation and testing – Sampling methods 
and groundwater measurements - Part 1: Technical principles for the sampling 
of soil, rock and groundwater)  

o The standard can be used as a basis for providing requirements for drilling, 
sampling categories, sample transport and storage. Project specific 
modificatons or additional requirements can be added if necessary when 
specifying the requirements for a geotechnical core drilling program. 

− ISO 14689:2018 (Geotechnical investigation and testing – Identification, 
description and classification of rock) 

o Whilst somewhat limited, this standard can be used as a basis for 
specifiying requirements for general rock mass characterisation and 
discontinuity descriptions. Project specific modificatons or additional 
requirements can be added if necessary.  

− The ISRM Suggested Methods (Ulusay & Hudson, 2007 and Ulusay, 2015) 
o The suggested methods should be used as a basis for providing more 

detailed instructions for rock mass and discontinuity description, and for 
laboratory and field-testing procedures on cores.  

− Trafikverket (2019), NGI (2025) and Bieniawski (1989) publications 
o These publications should form the basis for the application of rock mass 

characterisation s Qbas and RMRbas. It is recommended that more specific 
guidelines for the application of these systems to core logging are provided 
to the core loggers. 
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9.3 Planning for geotechnical core drilling 

− Planning for core drilling should be done with the investigation purpose in mind. 
Spatial placement of boreholes should be planned carefully in order to obtain an 
accurate picture of the site conditions. 

− Drilling method, casing tube type, sampling category and borehole diameter 
should be chosen based on expected site conditions. All relevant requirements for 
geotechnical drilling and core handling should be clearly specified to the drillers. 

− If the drill hole is to penetrate overburden and is to be used for hydrogeological 
investigations, the casing should be fixed (grouted) and sealed in the bedrock to 
isolate the rock from the soil. SGU Well Standard-16 can be used here as guidance 
if needed. 

− In geological conditions with a high risk for core loss or where core recovery is 
critical, the triple tube system should be prescribed in order to preserve the core. 

− If oriented core is required, an appropriate borehole orientation method should be 
chosen and specified to the drillers. Only non-vertical boreholes can be oriented 
using conventional core orientation methods, therefore for the best orientation 
accuracy maximum borehole dip of 85° should be considered (Stigsson, 2016). 

− Requirements on how to transfer drill core from the tube to the box should be 
specified to the drillers. 

− Requirements for drill core storage at the site and core box transport should be 
given to the drillers. Drill core should typically be stored in closed boxes in cool, 
dry conditions.  

− Borehole imagery should be considered as a valid alternative or a complement to 
conventional core orientation methods, where it is of particular importance to 
establish discontinuity orientations, discontinuity apertures or weakness zone 
characteristics.  

− If borehole imagery is to be conducted, it should be planned for in advance of the 
drilling. The choice of borehole diameter, hole inclination and casing installation 
should be done to ensure the best possible image quality. Specifications for the 
flushing of the hole post drilling, allowing for sufficient time for particle 
sedimentation prior to conducting the filming should be provided to ensure that 
any water in the hole is as clear as possible. Flushing of the hole should ideally be 
performed by the drillers upon hole completion. 

− The survey method for positioning the drill rig should be specified clearly to the 
drillers. 

− The survey method for surveying the borehole collar for documentation of drill 
hole coordinates and orientation should be specified clearly to the drillers. 

− The allowed borehole deviation and the method for surveying the borehole (down 
the hole survey) should be specified to the driller. Selection of method should take 
into account the risk for magnetic disturbance. 

− A template for a drilling protocol should be provided. Suggested content for a 
drilling protocol is shown below:  

o Project name and location 
o Borehole ID 
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o Drilling company and driller name 
o Drilling machine and type of drill bit 
o Borehole and casing tube diameter (including changes) 
o Drilling fluid type and proportion of additive 
o Method for borehole orientation (if applicable) 
o Drilling date (start and finish) 
o Coordinate and reference system used 
o Coordinates for start point (reference point) 
o Borehole bearing/azimuth 
o Borehole inclination (measured from horizontal plane, negative numbers 

used for upward directed holes) 
o Selected reference point (e.g. casing upper edge, ground surface etc.) 
o Total borehole length (measured from reference point to hole bottom) 
o Casing length 
o Ground surface elevation  
o Bedrock surface elevation  
o Borehole bottom elevation  
o Casing tube upper elevation  
o Casing tube lower edge elevation (bottom of casing) 
o Documentation of each core run (run number, from, to, recovery, notes) 
o Lost core intervals and their potential reason 
o Loss/change of fluid return (or approximate fluid return) + pump rate 
o Major discontinuities encountered 
o Delays 
o Other issues while drilling 
o Samples collected and other comments 

− Daily reports including drilling progress and any problems encountered while 
drilling are also recommended to be produced by the drillers. 

− Total core recovery (TCR) should be recorded by the drillers. Any core loss 
should be clearly marked and replaced by wooden blocks (with the same length 
as missing core) with from and to section clearly marked.  

− Any mechanical breaks should be marked clearly on the drill core with a cross 
marked across both sides of the break by the drillers and potential reason for the 
breaks should be noted in the drilling protocol. 

− Core boxes with all their markings should be photographed before closing the box. 
− Borehole backfill, disposal of drilling fluid and drilling area restoration guidelines 

should also be provided to the drillers. It is of key importance that drill holes that 
pass close to or intersect underground structures are adequately sealed to prevent 
water ingress or the expulsion of projectiles when blasting is performed. In rock 
masses with high hydraulic conductivity, it may be insufficient to fill the hole with 
cement and that the hole should be grouted using a grouting rig. 

9.4 Handling and preparation of cores 

− Written specifications should be produced to ensure a good working environment 
for core logging. 
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− A documented system for field and laboratory test sample selection, preparation 
and labelling should be established. 

− A written specification for marking core boxes and core should be established, 
including the naming system for holes, principals for marking orientation lines, 
numbering of core boxes, depth, core loss, samples and mechanical breaks. It is 
recommended that the specification is used by drillers and core loggers to ensure 
conformance and consistency. 

− A plan for core box storage after logging should be developed. Core should be 
stored in a dry facility to minimise the risk for degradation of weak materials. 

− Core loggers should familiarise themselves with borehole location and its 
geological and geotechnical characteristics from other available data sources prior 
to starting the logging. 

− Core boxes should be photographed as delivered by the drillers prior to logging. 
− Washing of dirty core should be performed, unless the core is sensitive to water 

(for example in intensely altered/weathered rock containing clay minerals).  
− Borehole ID, core run depths, TCR, and core loss should be checked by the logger 

and if any new artificial breaks are identified, they should be also marked with a 
cross. 

− Core loggers should check the drilling protocol prior to proceeding logging. 
− Core boxes should be photographed in both wet and dry state together with all 

their markings and measurement scale visible on the image. If possible, also with 
consistent camera and lighting set up. The photographs should also be taken and 
stored with high resolution. 

9.5 Geotechnical core logging 

− The workflow for performing geotechnical core logging is to some degree 
dependent on the project and available logging facilities. In most cases, the 
following sequence of activities can be used with good results: 

(1) Perform a general overview of all the core boxes comprising the drill hole. 
Check core run depths, ensure the core is correctly assembled and identify 
key changes in geotechnical characteristics of the rock. 

(2) Establish geotechnical intervals. If necessary additional intervals can be 
added at any of the following stages during more detailed logging. 

(3) Log the general characteristics of the drill core (e.g. lithology, TCR, F, 
RQD, estimation of UCS). This logging should be performed according to 
ISRM Suggested Methods (Ulusay & Hudson, 2007). Keeping in mind 
that the intervals of visibly weaker material than the surrounding rock 
should be discounted from RQD, even if they are intact pieces with length 
over 10 cm. 

(4) Discontinuity logging and characterisation. 
(5) Rock mass quality assessment. 

Depending on the logging facilities and the logger’s personal preferences activity 
3, 4 and 5 can be followed per core box or over a longer portion of the drill core. 
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Activity 1 and 2 should, however, be conducted first over the entire drill core to 
gain an understanding of the large-scale fluctuations in rock mass characteristics. 

− Choice of geotechnical interval should be decided for each particular project, but 
the limitations of each method should be taken into account. 

− A system for lithology classification should be established based on ISO 
14689:2018 and anticipated site geological conditions. 

− A system for logging of ductile structures such as foliation or schistosity should 
be developed as needed. 

− A clear system for classifying types of discontinuities should be established. 
− The system used for defining orientation of discontinuities should be clearly 

defined (e.g. strike/dip using right hand rule or dip direction/dip). 
− If weakness zones are to be logged specifically, a clear system and definitions of 

weakness zone types should be established together with what parameters to log. 
It is advisable to develop a separate logging sheet specific for weakness zones. 

− The systems for characterisation of rock masses should be clearly defined. The 
system can be based on ISO 14689:2018 but adjusted if needed to specific site 
geology or project requirements. 

− ISRM’s (Ulusay & Hudson, 2007) weathering system can be used as a basis for 
logging the degradation of rock due to weathering. In geological environments 
where other secondary processes, such as hydrothermal alteration, are likely to 
impact the rock mass quality, site specific classifications should be developed. 
The ISRM’s weathering system can be used as a basis for such systems with 
descriptions modified to incorporate the relevant alteration styles. 

− Observation of characteristics in the rock that indicate seepage/water flow should 
be done according to ISRM (Ulusay & Hudson, 2007). 

− Systematic field estimation of intact strength should be done according to ISRM 
(Ulusay & Hudson, 2007) using the index test (minor adjustments can be done if 
required by the project). 

− Point Load Testing should be conducted according to ISRM (Ulusay & Hudson, 
2007). Where intact rock properties are likely to be of importance (e.g. high stress 
environments or weak rock masses), systematic PLT performed on core at regular 
intervals is recommended. PLT results should be correlated to UCS tests for each 
project if possible. 

− Other indirect methods for estimating intact rock strength, where sample bias is 
not an issue should be further studied. Examples of such methods could be 
corelating mineral composition to intact strength or using AI together with other 
logged parameters to correlate to the intact rock strength. It is however, of vital 
importance that the AI models are trained on and calibrated against high quality 
manually logged data. 

− In the absence of oriented drill core the apparent orientation of discontinuities, θ 
should be measured according to ISRM (Ulusay & Hudson, 2007). 

− Where drill core has been oriented using conventional methods, discontinuity 
orientations should be measured using specialist equipment such as the Reflex IQ-
logger (IMDEX, 2025), kenometers or using wrap-around see through protractors. 
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− If it is practically possible to use the true perpendicular distance as defined by the 
ISRM (Ulusay & Hudson, 2007) to measure discontinuity set spacing then this 
can be applied. If this is difficult due to an absence of oriented core and/or a large 
variation in discontinuity orientations, spacing can be measured directly along the 
core axis. The system that is used should be clearly specified in logging routines 
and on log sheets to avoid any confusion regarding methodology. 

− Estimation of discontinuity aperture performed directly on drill core should be 
based on the methodology described by ISRM (Ulusay & Hudson, 2007). 
Borehole imagery can be used to enable more accurate measurement of 
discontinuity aperture in situations where the parameter is of importance. 
Modification of the defined aperture classes provided by the ISRM (Ulusay & 
Hudson, 2007) may be necessary to improve resolution and fit measurable 
apertures in core. 

− Evaluation of joint roughness, Jr, joint alteration and Ja can be difficult in drill 
core. In order to help the quality and consistency of these evaluations specific 
modified descriptions for drill core logging and schematic pictures can be 
produced based on the ISRM (Ulusay & Hudson, 2007) and NGI (NGI, 2025) 
published guidelines.  

− Evaluation of the number of joint sets and the Jn parameter should follow the NGI 
guidelines (NGI, 2025). The limitations in estimating Jn in a single borehole 
should be taken into consideration and the results from stereographical projections 
for the wider rock mass used to aid evaluation. If bias due to borehole orientation 
is deemed to be significant then applying the Terzaghi correction is recommended.  

− Systems for defect logging and core disking should be developed and defined if 
they are judged to have a significant impact on rock mass behaviour. 

− Rock mass characterisation with Q-system and RMR in drill core should typically 
utilise the concept of base indexes as described in Trafikverket (2019). 

9.6 Quality control and uncertainty assessment 

− Systematic quality control routines should be developed. 
− A library of core samples with typical characteristics for different rock mass 

characteristics, such as discontinuity roughness, infill, Jr, and Ja values should be 
established on larger projects where several loggers are working. 

− Standardised self-check lists should be established for the loggers. 
− Quality control routines should include procedures for regular review of logging 

results from a senior geologist or engineer. It is also beneficial to perform regular 
training exercises where several loggers log the same section of core to check 
consistency and calibrate logging. 

− Certain logging parameters that are based on similar rock mass characteristics can 
be used to cross check assessed parameters (e.g. RQD vs fracture frequency, 
weathering grade vs estimated intact strength or Jr/Ja vs RMR discontinuity 
parameters). 

− Digital logging systems should have inbuilt restrictions to prevent 
unrealistic/impossible values (e.g. restrictions on RQD (max 100 %), 
combinations of Jr and Ja etc.). 
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− Where borehole imagery is available, cross checking of conventional logging and 
borehole imagery results should be performed (e.g. control of discontinuity depth, 
orientation and width). 

− A system for determining the reliability of sections of oriented core should be 
developed (see example in section 4.3.2.1). 

9.7 Results presentation and documentation 

− Standard templates for drilling protocols, survey results, and geotechnical core 
logging templates should be developed (see examples in Figure 17 and Figure 18). 

− Routines for drill core logging should be developed to ensure that as much data 
as possible is stored digitally. 

− Templates for result presentation should be developed (results can be presented in 
3D along boreholes, as strip logs and so forth).  

− Recommendations for file naming (e.g. results files or core images) and file 
formats should be produced. 

− Database storage is recommended, centralised at least for each company/client 
and ideally nationwide. 

− Any quality issues or uncertainties in core logging results should be documented. 
These could for example include uncertainties associated with drill rig surveying, 
borehole deviation, core orientation, origin of fractures, data bias, rock mass 
heterogeneity, applied systems for rock mass characterisation or any other factors 
leading to uncertainty in the logging results. 
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