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Abstract. The paper highlights topical issues of the drill cuttings radioecological safety assessment in the process of 
waste management. Particular attention is paid to the necessity for continuous radioecological research and well-
timed receipt of their results. The conducted research allows to solve the scientific and practical problem of 
radioecological studies optimization during management of drilling waste by development of the new methodical 
approach to their processing and interpretation. The most widespread natural radionuclides Th232, Ra226, K40 were 
selected as the focus group. An example of experimental determining the drill cuttings radiological properties 
depending on the depth of drilling is given. The results of these works were analyzed using the methods of regression 
and correlation analysis. The regression dependence of the specific effective radioactivity on the sampling depth for 
the investigated well is obtained. An approach using the obtained dependences as calibration graphs for a 
preliminary radiological assessment of drill cuttings of a similar genesis is proposed. The logical-informational model 
that implements this approach is described. It is shown that the use of the logical-informational model optimizes the 
decision-making process on the suitability of drill cuttings for their utilization to a useful product – soil-like 
reclamation mixtures. 
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1. INTRODUCTION 

The problem of radioactive contamination during 
the hydrocarbon raw materials production is widely 
discussed in Russia, the USA, China and other 
countries [1]. 

During the construction of wells in oil and gas 
fields, a large-tonnage drilling waste - drill cuttings, 
that need to be utilized or neutralized, is formed. 
During the application of modern developed 
technological solutions for the utilization and 
subsequent use of drilling waste, well-timed and 
continuous monitoring of their radiation safety is 
required. 

In particular, one of the most resource-efficient 
methods of drilling waste utilization is production of 
soil-like recultivation mixtures on their basis. This 
useful product can be used for the construction of 
embankments, boarding of technological sites and 
other earthworks [2]. In the case of a high content of 
clay materials in drill cuttings, it is possible to use them 
in biological reclamation to create a potentially fertile 
layer at well pads. 

The ingress of radionuclides into the biosphere has 
numerous environmental consequences. If natural 
radionuclides enter into landscapes through the 
surface, they accumulate in depressions and other 
accumulative relief elements. Therefore, the 
popularization and implementation of environmentally 
and industrially relatively safe, competitive and 

commercially viable technologies in the field of 
neutralization and utilization of drilling waste with an 
increased content of natural radionuclides are 
classified as promising areas of the environmental 
policy of oil producing regions in the context of 
intensive development of the fuel and energy complex 
[3]. 

To substantiate chosen method of drill cuttings 
utilization, timely chemical and analytical studies of 
drill cuttings are required. The aim of these studies is 
to determine the content of natural radionuclides and 
heavy metal compounds in mobile forms [4]. 

At present, the scientific and practical problem of 
timely obtaining information about the radiation safety 
of the disposed drilling waste remains unsolved, due to 
the existing legislative restrictions on the time of waste 
accumulation before disposal. The methodological 
approach proposed in this paper solves this problem by 
increasing the information content of the conducted 
radioecological investigations and, as a result, reducing 
the time spent on such investigations. 

Fuel and solid minerals deposits according to the 
activity of natural radionuclides can be classified into 
four categories of hazard [5]. Table 1 shows the limit 
values of effective specific activity of natural 
radioactive nuclides (Aeff) and radiation dose rate (X) 
for each category. Deposits with pre-clark and clark 
content of natural radioactive nuclides are classified as 
safe [6]. This category, almost always, will include 
deposits located in ultrabasic rocks and quartzites, as 
well as gypsum, limestone, marble. Deposits in base 
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rocks and sandstones are likely to be classified as 
potentially hazardous. Dangerous and especially 
dangerous are deposits of radioactive ores or deposits 
confined to the areas of radon flows unloading. Safe 
deposits do not require special studies of their 
radiation hazard. The conclusion about the degree of 
danger of other deposits is made on the basis of the 
radioecological study of the site. 

A general tendency for oil and gas production has 
been revealed: rocks with increased radioactivity are 
usually formed when drilling horizons with increased 
salinity [7]. 

In the exploration and exploitation of hazardous 
and highly hazardous deposits, special measures are 
required to ensure the population safety. An individual 
approach to the selection of drill cuttings utilization 
technology allows to solve the problem in a 
comprehensive manner, taking into account the 
component composition, physical and chemical 
properties, and the volume of generated drilling waste 
[8]. 

Table 1. Classification of deposits by the degree of 
radiation hazard, corresponding to working conditions 

Field category Aeff, Bq/kg X, µR/h 

Extremely 
dangerous 

More than 3300 More than 350 

Dangerous 1100 – 3300 115.9 – 350 

Potentially 
hazardous 101 –1101 10.1-116 

Safe Less than 100 Less than 10.0 

2. PURPOSE AND OBJECTIVES OF RESEARCH 

The drilling in rocks with increased radioactivity 
and their removal to the earth surface in the course of 
drilling operations lead to a complication of the 
radiation situation on the field. In order to prevent 
possible radioactive contamination of the area while 
drilling wells, as well as to timely control the 
radioactivity of drill cuttings managed to technological 
sites for utilization, it is recommended to carry out the 
following types of work: 

1. Collection and separate storage of drill cuttings 
from the interval, including the horizon with eco-
anomalous radioactivity; 

2. Continuous express radiometric drill cuttings 
measurement using gamma dosimeters such as MKS-
01-R, IMD-12, DBG-06T or indicators of gamma 
radiation SRP-68-01, SRP-88. 

3. If an increased background is detected above the 
natural background of the area by 2 times or more, 
drill cuttings must be tested and analyzed with 
increased intensity (gamma spectrometry, chemical 
analysis of U, Th, Ra, K). 

4. After penetration of the supposed anomalous 
radioactive interval, current gamma-ray logging is 
required. 

Radioecological studies and the corresponding 
sampling are intended to obtain information about the 

radiation situation and its changes at the oil and gas 
facilities with an increased content of natural 
radionuclides for the purposes of: 

- assessment of radiation exposure to workers; 

- solving the issues of localization of radioactive 
contamination, management of the generated drilling 
waste contaminated with radionuclides; 

- implementation of measures to reduce the dose 
load on people from the identified objects of radiation 
monitoring; 

- development and implementation of measures 
reducing the negative consequences and harmful 
effects on the environment. 

The purpose of this work is to analyze the 
information content of the applied radioecological 
studies of drill cuttings and increase their timeliness in 
the management of this type of waste. 

3. OBJECT OF STUDY 

Drill cuttings are an aqueous suspension, the solid 
part of which consists of the rocks material obtained in 
the result of the well bottom and walls rocks 
destruction, abrasion of the drill string and well casing. 
Also drill cuttings usually contain clay minerals (when 
using clay-based drilling mud or borehole washing with 
clay drilling fluid). 

The environmental threat of drill cuttings depends 
on both the cuttings and the chemical reagents used in 
drilling [9]. 

For the experimental work, drill cuttings from the 
fields of the West Siberian oil and gas basin were used 
(Fig. 1). Sampling was carried out at depth intervals 
from 39 to 3150 m. At a depth of 3150 m, a productive 
formation was uncovered. 

 
Figure 1. Appearance of the investigated samples of drill 

cuttings: with varying degrees of humidity:  
a - 25%; b - 45%; c - 65%; d - 85% 

To ensure drill cuttings environmental safety, they 
were also subjected to ecotoxicological assessment 
according to the indicators presented in the table 2. 
The given average values of indicators, measured 
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according to the national methods and standards, 
provide evidence of their toxicological safety of drilling 
waste for further disposal, which was confirmed by a 
separate study [10]. 

Table 2. Ecotoxicological safety assessment of the drill cuttings 

Indicator Average values 

Oil and oil products content, % 
lower than 
0,51,25 

Soluble salt content (chloride type), % lower than 5 

Soluble salt content (sulpfate type), % lower than 3 

pH 8.0 – 12.0 

Heavy metals: lead, zinc, copper, 
nickel, cobalt, iron, manganese, 
chromium, etc. 

not exceeding 
2-fold MPC 
norms 

Toxicity, hazard class for the 
environment (biotesting) 

IV-V 

The drill cuttings sampling area is characterized by 
the occurrence of hydrocarbon deposits in the 
Cretaceous and Jurassic reservoirs (Figure 2). In 
general, oil and gas fields occupy most of the territory 
of the West Siberian oil and gas province and are one of 
the largest oil-producing regions in the world. 

 
Figure 2. The geological map of the investigated region 

4. RESEARCH METHODS 

The monitored parameters of the radiation 
environment usually include: effective specific activity 

of natural radionuclides in industrial waste - Aeff; 
effective doses of workers exposed to natural sources of 
radiation in working conditions and levels of exposure 
to critical groups of the population. 

According to modern environmental standards of 
the Russian Federation, the indicator of radiation 
safety is the specific effective activity of natural 
radionuclides - Aeff, which should be less than 370 
Bq/kg. Determination of the specific efficiency of 
natural radionuclides is carried out in accordance with 
Russian national standard GOST 30108 “Building 
materials and products. Determination of the specific 
effective activity of natural radionuclides” [11]. 

When carrying out radioecological studies, it is 
necessary to establish the radionuclide composition of 
waste and the routes of entry to the environment, 
taking into account the spatial variability and the 
geological differentiation of the territory. 

The data of long-term studies of drilling waste show 
that the drilling waste, cuttings and formation water 
generated during oil production contain mainly Th232, 
Ra226, K40 [12]. This group of natural radionuclides 
accounts for up to 95% of the total radioactivity [13]. 
Therefore, these chemical elements are defined as a 
focus group limiting the technological possibilities of 
drilling waste utilization and the field of further 
application of recultivation mixtures obtained on their 
basis. 

The main radioactive element that accumulates in 
solid fractions is K40. Moreover, the specific activity of 
this element can be up to seven times higher than the 
corresponding value of other natural radionuclides 
contained in drilling waste. 

The activity of gamma-emitting radionuclides in 
the framework of experimental work was determined 
according to a certified method developed by the State 
Scientific Center of Research and Development 
“Russian Scientific Research Institute of Physical, 
Technical and Radio Engineering Measurements”. The 
technique is based on the registration of gamma 
radiation from the object under study using a 
scintillation spectrometer in a certified measurement 
geometry and subsequent processing of the 
measurement information using the specialized 
software «PROGRESS 5.2». 

Five weighted portions were taken to measure 
radionuclide specific activity of each sample (5-fold 
repeatability).  

The specific activity of radionuclides and specific 
effective activity were determined using a beta-gamma 
spectrometric complex with an alpha-scintillation 
radiometer “Progress-BG + AR” in accordance with the 
Procedure for measuring the specific activity of 
radionuclides Ra226, Th232, K40 in loads using gamma -
spectrometer SGS-200 NIIRG. 

The characteristic of the measurement accuracy is 
the expanded uncertainty for the coverage factor k = 2 
(P = 0.95). The upper limit of the permissible 
systematic error for this complex is 10%. 

To carry out the measurements, containers with a 
sample of drilling waste were sequentially installed in a 
radiometric complex. Before starting the measurement, 
the geometry and the expected radionuclide 
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composition were stated. The accumulation and 
processing of the instrumental spectrum was carried 
out by software, taking into account the geometry of 
measurement chosen by the operator and the library of 
radionuclides. 

When assessing the activity of radionuclides, the 
specific activity of natural radioactive isotopes A 
(Ra226), A (Th232) and A (K40) were determined (table 
3). Based on the obtained values, the specific effective 
activity (Aeff), Bq/kg – the total activity of natural 
radionuclides in the material, determined taking into 
account their biological effect on the human body – 
was calculated according to the formula: 

Aeff=ARa+1.31 ATh+0.085 AK (1) 

where ARa, ATh, AK are the specific activities of radium, 
thorium, potassium, respectively, Bq / kg. 

5. PROCESSING OF RESEARCH RESULTS 

Table 3. The results of the natural radionuclides specific 
activity measurements of the investigated drill cuttings 

Sampling 
depth, m 

А(226Ra), 
Bq/kg 

А(232Th) , 
Bq/kg 

А(40K) , 
Bq/kg 

39 ˂ 8 ˂ 8 78.7 ± 28.7 

155 16.5 ± 3.9 26.7 ± 4.6 418 ± 69 

218 24.2 ± 3.9 31.2 ± 4.5 423 ± 65 

280 ˂ 8 ˂ 8 149 ± 31 

387 17.6 ± 5.9 31.6 ± 7.4 368 ± 88 

574 20.9 ± 4.4 32.2 ± 5.4 522 ± 83 

768 18.0 ± 3.7 32.8 ± 4.9 561 ± 81 

900 18.5 ± 4.3 30.1 ± 5.5 465 ± 85 

1040 17.2 ± 3.9 26.3 ± 4.8 451 ± 75 

1160 23.8 ± 4.5 34.5 ± 5.5 616 ± 90 

1530 9.5 ± 3.4 15.7 ± 3.9 749 ± 100 

2150 32.1 ± 7.6 40.3 ± 8.8 607 ± 127 

2400 26.3 ± 4.9 38.1 ± 5.9 735 ± 104 

2560 19.1 ± 4.3 29.3 ± 5.3 571 ± 88 

3080 27.1 ± 4.5 36.9 ± 5.3 659 ± 91 

3110 35.3 ± 5.5 43.5 ± 6.3 877 ± 119 

3150 28.4 ± 4.7 38.2 ± 5.5 626 ± 90 

 
Figure 3. Values of specific effective activity of drill cuttings 

(Aeff) at different sampling depths (h) and the result of linear 
approximation of the obtained experimental data 

The results obtained for determining the specific 
effective activity depending on the sampling depth, 
taking into account the accuracy limits, are shown in 
Fig. 3. The result of linear approximation of the 
dependence turned out to be unsatisfactory: the 
coefficient of determination R2 = 0.5446. 

To obtain an adequate regression dependence, a 
mathematical analysis of the data on the specific 
effective activity depending on the sampling depth was 
performed using the methods of regression and 
correlation analysis. The least squares method was 
chosen as the approximation method to obtain an 
approximate regression equation of the form: 

y = f (x), (2) 

where y - values of specific effective activity of drill 
cuttings, Bq / kg, x - sampling depth, m. 

Factors: xn, where n = 0 ... 5, cos (x), sin (x), ln (x), 
ex were investigated as hypothetical factors of the 
regression model. To determine the type of the 
regression equation, the procedure of successive 
exclusion of insignificant factors was carried out. 

The hypothesis of significance was confirmed only 
for the factors x0 and ln(x). The coefficients of the 
regression equation for these factors showed good 
conditioning. The resulting regression equation is 
following: 

y = 25.395ln (x) - 69.025 (3) 

It is characterized by the highest value of the 
coefficient of determination R² = 0.6737 and is 
presented as a trend in Figure 4a. The result of 
linearization of the obtained dependence upon 
transition to semi-logarithmic coordinates is shown in 
Figure 4b. 

 

 
Figure 4. The result of the logarithmic approximation of the 

dependence: specific effective activity of drill cuttings - depth: 
a - in conventional coordinates, b - in semi-logarithmic 

coordinates 
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The use of a semi-logarithmic grid is convenient 
from a practical point of view for improvement of 
visualization when comparing data from different 
years, as well for simplification of data processing of 
variables taking large range of values. Semi-logarithmic 
coordinates form the infological semantics of the 
designed database. This kind of data processing makes 
it possible to obtain a clearly pronounced break in the 
course of the curve and, therefore, to more clearly 
determine the range of values of the specific effective 
activity of drill cuttings at the given design drilling 
depths. 

The resulting dependence can be used as a 
calibration graph for a preliminary assessment of the 
radiological properties of drill cuttings formed during 
drilling in similar geological conditions. 

It should also be noted that regardless to the depth 
of drill cuttings sampling, the specific efficiency of 
radionuclides in all samples is less than 370 Bq / kg. 
This allows to utilize them with production of soil-like 
reclamation mixtures without time limiting restrictions 
on the radiation factor. 

6. DISCUSSION OF RESEARCH RESULTS 

The nature of the change in the natural 
radioactivity of the cuttings, depending on the depth, 
can have a different form, depending on the properties 
of the formations being drilled and lithological 
differences. Therefore, it is not always possible and 
appropriate to conduct a regression analysis. However, 
the obtained experimental dependences can be used as 
calibration graphs when drilling other wells located in 
similar geological conditions, and therefore having a 
identical genesis of drill cuttings. 

There is a known method of binding drill cuttings to 
the section of the well [14], which consists in 
comparing the data of gamma-ray logging along the 
wellbore with measurements of the natural 
radioactivity of the cuttings, which is a product of 
destruction of the same rocks. This makes it possible to 
refer cuttings samples to depth by combining the 
depths of the characteristic marks on the gamma-ray 
log and on the natural gamma-activity diagram of the 
cuttings. 

Within the framework of this study, a solution to 
the inverse problem is proposed. For a known well 
drilling depth and, consequently, a certain genesis of 
drill cuttings it is assumed to determine the 
approximate values of the specific effective 
radioactivity of the newly generated drill cuttings using 
the earlier obtained calibration curves in a continuous 
mode. 

When analyzing and interpreting information 
according to the formed optimal plan, it is necessary to 
have appropriate metainformation models to 
substantiate organizational and technical solutions for 
radioecological research. It is possible to formalize 
these activities using a logical information model 
(hereinafter – LIM), which offers end-to-end 
traceability of infological components. 

The creation and maintenance of a database within 
the unified LIM (Figure 5) of radioecological studies of 

drill cuttings will provide a timely radiation assessment 
of the formed drill cuttings, which is necessary for 
making an environmentally oriented management 
decision on the direction of this type of waste 
management. 

 
Figure 5. Logical information model of 
drill cuttings radioecological research 

LIM includes the following components: 
information (database), logical (heuristic algorithm for 
choosing indicators), software (internal and external 
program complexes), which allows to symbolically 
express the relationship in a visual form. 

LIM allows to select the required indicators from 
the database and to apply this information basis for 
several (rather than one) tasks, some of which will be 
created in the future. 

7. CONCLUSION 

The developed information-analytical approach will 
ensure the reliability, comparability and timeliness of 
the radiation safety assessment of the drilling waste, 
and also optimizes the decision-making process about 
its suitability for utilization with production of soil-like 
recultivation mixtures on their basis. 

Thus, the use of express methods for determining 
the effective radiation activity of natural radionuclides 
in combination with the proposed logical-
informational approach will make it possible to 
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optimize radioecological studies for managing the 
processes of drilling waste management and to reduce 
the time of accumulation of this waste before 
utilization. 

The developed approach to the radioecological data 
processing makes it possible to increase the 
information content of the obtained data, to increase 
the area of their demanded use and to substantiate the 
safety of drill cuttings from a single oil and gas region. 
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