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For radioactive waste generated at nuclear facilities, identification of RW radiation characteristics during its condi-
tioning in accordance with waste acceptance criteria is considered as a relevant task to accomplish. JSC VNIINM has 
developed a Unified Guidance for Measuring the Radiation Characteristics of Waste. The Guidance specifies the pre- 
measurement and measurement procedures, including those applied to the waste generated during decommissioning, 
and standard procedures for measuring the specific activity of radionuclides in packages and in samples considering 
sampling flowchart for solid RW in the form of construction waste, plastic compound, fragments of equipment, PPE, 
soils. Algorithms allowing to check the measurement accuracy using certified items were developed.
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Enterprises applying radioactive substances and 
nuclear materials during their operation gener-
ate solid and liquid radioactive waste of various 
morphologies: soil, equipment, metal, construc-
tion waste, plastic compound, personal protective 
equipment, decontamination solutions, etc  By De-
cember 31, 2018 the inventory of RW accumulated 
on the territory of Russia amounted to 5 65·108 m3, 
of which 5 53·108 m3 are categorized as nuclear leg-
acy waste [1] 

In keeping with OSPORB-99/2010 provisions [2], 
waste is divided into the following categories ac-
cording to the specific activity of radionuclides:
 • very low-, low-, intermediate- and high-level sol-
id radioactive waste (hereinafter SRW) and low-, 
intermediate- and high-level liquid radioactive 
waste (hereinafter LRW);

 • restricted use materials contaminated with tech-
nogenic radionuclides the management of which 
requires appropriate radiation control;

 • industrial waste not requiring any radiation 
control 
Nuclear decommissioning generates large 

amounts of waste with various morphology and dif-
ferent radionuclide ratios [3] 

Organization operating the site where the waste 
was generated is responsible for the management 
and pre-disposal treatment of waste with a radio-
nuclide content being higher than the established 
standard values  The only exception is the waste 
containing nuclear materials that is allowed to be 
exclusively under federal ownership [4] 

RW disposal costs covered by the organization 
depend on RW class specified based on the specific 
activity of the radionuclides contained in the waste 

Radiation characteristics of RW shall be identi-
fied at all stages of waste management at nuclear 
facilities (NF), namely, radionuclide composition 
and specific activity of radionuclides. IAEA recom-
mendations [5] provide for the following procedure 
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that can be applied to identify the radiation charac-
teristics of facilities: direct in-situ measurements 
by non-destructive testing methods, laboratory 
measurements of representative samples, radio-
nuclide vector method (ratios of radionuclide ac-
tivities) [6]  There is a wide variety of destructive 
and non-destructive testing methods, as well as 
sampling and sample preparation procedures [7, 8]: 
these are selected based on the morphology, radio-
nuclide composition and the expected specific ac-
tivity of the waste material 

In keeping with Federal Law No  102 On the Uni-
formity of Measurements [9], measurements per-
formed as part of activities implemented in the 
field of atomic energy use shall be based on certi-
fied methods.

Methods applied at enterprises to measure the 
specific activity of radionuclides by alpha, beta, 
gamma spectrometry and radiometry often do 
not comply with the regulatory requirements 
stated in SC Rosatom’s Order of October 31, 2013  
No  1/10-NPA [10]  Sections on the quality control 
of measurements are missing there similar to error 
characteristics depending on the ranges of mea-
sured values  It also provides no information on 
measurement procedures specifying the flowchart 
to be followed during the preparation of counting 
samples with different morphologies and the con-
ditions suitable for the measurement of their radia-
tion characteristics [6] 

According to GOST R 8 932-2017 [11], if measure-
ment operations and relevant rules for their imple-
mentation are similar for different items subject 
to such measurements and/or different but similar 
measurement conditions and for several enter-
prises in the industry, then it should be considered 
feasible to develop standard measurement meth-
ods in the form of an industrial guidance regulating 
general rules for all similar facilities and/or condi-
tions  Metrological characteristics for such typical 
methods shall be specified in the widest possible 
range of measurement conditions  Accuracy indi-
ces of operating procedures are identified based 
on experiments or calculations taking into account 
relevant area of application 

Sampling and sample preparation procedures, 
as well as measurement tools and methods shall 
be unified and formally approved at the industry-
wide level as regulations and a system of standard 
measurement procedures allowing to optimize 
RW management procedure on and from its gen-
eration, to reduce its volume and to exclude the 
possibility of managing materials assigned to RW 
category or restricted use materials as industrial 
waste  Reliability in the measurements of radiation 
waste characteristics can be attained through the 

development of standard procedures for accuracy 
control taking into account relevant specific fea-
tures of the measured items 

JSC VNIINM was assigned with the following 
tasks to regulate the measurement of waste radia-
tion characteristics:
 • to develop requirements to measurement 
conditions;

 • to develop recommendations on measurement 
method application;

 • to establish requirements for measurement meth-
ods and tools enabling their unification;

 • to establish requirements for measurement pro-
cessing and presentation;

 • to develop measurement accuracy control 
algorithms 
The work was focused on the development and 

approval of [6]:
 • Unified industry-wide guidelines on the Measure-
ment of Radiation Waste Characteristics;

 • standard techniques allowing to measure the spe-
cific activity of radionuclides in samples and waste 
containers by means of gamma spectrometry and 
liquid scintillation spectrometry 

Unified Industry-Wide Methodological 
Measurement Guidelines (UIMMG) 
for Radiation Waste Characteristics

The Guidelines for Radiation Waste Character-
istic Measurements at the enterprises of the State 
Atomic Energy Corporation Rosatom are seeking 
to establish a general procedure for measuring the 
radiation characteristics of waste, including the 
waste from nuclear decommissioning 

UIMMG present the following instructions and 
recommendations on the measurement of radia-
tion waste characteristics:
 • selection of methods and equipment, processing 
and presentation of measurement results;

 • selection and application of waste sampling pro-
cedures (sampling location, quantity, volume and 
size of material element) for construction waste, 
plastic compound, elements of equipment, PPE, 
soil;

 • instrumental control of waste characteristics us-
ing α- and β-radiometry with portable and sta-
tionary radiometers, liquid scintillation and gam-
ma spectrometry 
UIMMG systematizes data on the main sources 

of errors in the measurements of radiation waste 
characteristics, presents their quantitative assess-
ment and their minimization methods 

Compliance with UIMMG requirements during 
the measurement of radiation waste characteris-
tics will help to minimize the amount of RW and 
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materials contaminated with radioactive substanc-
es, excluding RW ingress into the category of indus-
trial waste or restricted use materials 

The approaches, procedures and algorithms de-
scribed in the UIMMG should be used in the de-
velopment of nuclear decommissioning programs 
allowing to optimize relevant plans regarding the 
measurement of radiation waste characteristics 

UIMMG will be enforced by an order approved at 
the industry level with their application extended 
to the operations performed at the enterprises of 
the State Atomic Energy Corporation Rosatom 

Typical measurement methods

The essence of typical measurement procedures 
must comply with the requirements set in GOST 
R 8 932-2017 [11] and the order of the State Atomic 
Energy Corporation Rosatom of October 31, 2013  
No  1/10-NPA [10] 

Section on the accuracy control is mandatorily 
included into the section discussing measurement 
procedures 

Measurement accuracy control should verify 
whether metrological characteristics of the mea-
surement method can be deemed constant over 
time 

Types of accuracy control can be summarized as 
follows [12]:
 • use of reference samples or certified items;
 • additive method;
 • dilution method;
 • combination of dilution and additive methods 

The latter three methods are applicable only 
under laboratory research and cannot be imple-
mented if the waste is accommodated in packages 
and during direct in-situ measurements  In the lat-
ter cases, method of reference samples or certified 
items is applied for measurement accuracy control 
purposes  In keeping with relevant provisions of 
Federal Law No  102 On the Uniformity of Measure-
ments [9], a standard sample is a sample of a sub-
stance (material) characterized by values identified 
during relevant tests representing the composition 
or properties of this substance  A standard sample 
is identical to the controlled one possessing all of 
its physical and chemical characteristics. Certified 
items are items providing the function of reference 
samples, but not being them [10]. Certified item al-
lows simulating individual characteristics of con-
trolled item 

Due to wide variety of materials, packaging ge-
ometry and physical and chemical properties of 
waste, fabrication of standard samples considering 
all possible practical options seems to be infeasible  
Development of several certified items allowing 

to confirm and control the correctness of applied 
methods was proposed to monitor the accuracy of 
measured specific radionuclide activities.

Gamma spectrometry is considered as the main 
in-situ method used to measure the specific activ-
ity of waste radionuclides in packages or studied 
facilities  Available purpose-developed software 
for calculating the registration efficiency of gamma 
quanta assumes the use of various measurement 
geometry templates: cylinder (canister), paral-
lelepiped, cone, surface, etc  Geometry templates 
used in waste characterization involve cylindrical 
vessels (cans, drums) and rectangular items (boxes, 
containers) made of various materials 

JSC VNIINM has developed algorithms to moni-
tor the accuracy associated with the measurement 
of radionuclide specific activities for waste accom-
modated in various packages using mathematical 
modeling and reference radionuclide sources such 
as OSGI (reference spectrometric gamma source) 
and ORR (reference radionuclide solution) 

Measurement accuracy control algorithms are 
designed for two cases:
 • measurement of small items (up to 100 l);
 • measurement of large volume packages (drums, 
containers) 
The essence of accuracy control in case of small 

items can be summarized as follows: certified items 
are manufactured as small packages (cylindrical 
reservoir, box, canister) filled with material the 
density of which should be similar to the one of the 
studied item  The material inside the reservoir is 
impregnated with ORR-based solution  To control 
the accuracy in a wide range of energies, the follow-
ing ORR set is recommended: 241Am (59 keV), 137Cs 
(662 keV), 60Co (1173 and 1332 keV) 

Accuracy control is considered to be completed 
successfully if for each radionuclide in the certi-
fied item the modulus of the difference between 
the measured and passport activity value does not 
exceed the square root from the sum of the squares 
of the statistical measurement uncertainty and the 
statistical activity error 

When it comes to large volume measurements, 
computational methods are used to calibrate the 
spectrometer according to the detection efficiency 
of gamma quanta characterized with various ener-
gies  The methods used in the software are based 
on the integration of response functions (specific 
activity) over the volume of the investigated item 
from a “point” source (part of the investigated item)  
In this case, detection efficiency calculation algo-
rithm takes into account the absorption of gamma 
quanta by the source material and the material of 
the package wall, as well as the distance between 
the “source” and the “detector” and the position of 
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the detector relative to the source  Figure 1 shows 
an algorithm for a cylinder allowing to integrate 
the response functions over its volume, where Q 
is the point of the package (canister) surface on 
the “source - detector” line connecting the detector 
point (point D) and the “point” source inside the 
container (point K) 

The following equation can be basically used to 
calculate the specific activity using integration over 
the package volume:

 A
m

A r dVm VV
= ( )∫∫∫
1 � �

, ,µ ε ,

were m stands for the weight of the object (waste) 
in a package, kg;
AV  is the volumetric activity of the radionuclide, 

Bq/cm identified by the software of the gamma 
spectrometer according to the measurements in k 

"point" areas; 


r  is the radius vector of a “point” source (point K) 
inside the container relative to point Q (Figure 1);
µ


r( )  stands for mass gamma-quanta attenuation 
coefficient taking into account the source material, 
external environment and packaging walls;
ε µ




R r, ,( )  is the dependence of registration effi-
ciency for gamma quanta of a certain energy level  
calculated for “point” areas, 



R  is the radius vector 
defining the coordinates of Q point relative to the 
detector (point D) 

For container measurements, point sources such 
as OSGI were proposed for accuracy control purposes 

A “point-source-behind-two-layers” model is 
built using purpose-developed software (ISOCS, Ef-
fMaker, etc.): its first layer simulates the container 
wall, and the second - the radiation source material 
(waste material)  Point sources such as OSGI are lo-
cated behind two layers (Figure 2) 

 Several positions "detector — distance to layer" are 
selected based on the assumed overall dimensions 
of the package (the figure shows two positions). It is 

recommended to choose an axial orientation of the 
detector (position 1) and 2—3 positions at a certain 
angle α according to the package dimensions 

To measure the reference source activity, the fol-
lowing model parameters are introduced into regis-
tration efficiency calculation conditions given the 
software applied:
 •"point source" measurement geometry; reference 
source material is indicated in accordance with 
the passport characteristics;

 • distance "detector — object", "atmospheric air" is 
indicated as the measurement medium; if colli-
mator is applied, the distance should ensure the 
full incidence of gamma quanta from the object 
into the solid angle of the collimator;

 • thickness dst and characteristics (type, density, 
etc ) of the packaging wall material based on the 
technical characteristics of the packaging (drums, 
containers);

 • thickness Dmat and characteristics (type, density, 
etc ) of the material simulating the measured 
waste;

 • environmental parameters (temperature, hu-
midity, pressure) to account for the influence of 
gamma quanta absorption by the atmospheric air  
Reference point source activity is measured using 
specialized software  152Eu is recommended as a 
reference point source with its gamma lines fall-
ing into the range from 122 to 1408 keV, or several 
other sources with gamma quantum energies cor-
responding to the energies of radionuclides pres-
ent in waste materials  The recommended activity 
of the source accounts for 105—107 Bq 
Accuracy control is considered to be successfully 

completed if the modulus showing the difference 
between measured and passport reference source 
activities does not exceed the square root of the 
sum of squares presenting the statistical measure-
ment uncertainty and the statistical error of activ-
ity for all positions of the point source  Compliance 
with this condition confirms the reliability of the 
calculation model used 

Figure 1. Integration by packaging volume

Figure 2. Model of a “point-source- behind-two-layers”
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Non-destructive gamma spectrometry method is 
used for prompt detection of radiation waste char-
acteristics  Its application is somewhat limited as 
it’s unable to measure hard-to-detect radionuclides 
present in the waste (for example, 3H, 14C, 36Cl, 63Ni, 
90Sr, 234, 238U, 239, 241Pu)  Gamma radiation emitted 
during the decay of hard-to-detect radionuclides is 
either absent or its intensity or energy is insuffi-
cient for such registration by gamma-spectrometry 
methods [6] 

Liquid scintillation spectrometry method was 
proposed for prompt detection of hard-to-detect 
radionuclide content in the waste (for example, 
isotopes of uranium and plutonium): it allows an 
express analysis of hard-to-detect radionuclides 
by the “screening” method without complete ra-
diochemical separation of radionuclides during the 
preparation of the counting sample [13, 14] 

The standard methods developed to measure 
the specific activity of radionuclides in samples 
and containers with waste by the methods of gam-
ma and liquid scintillation spectrometry comply 
with GOST R 8 932-2017 [11] and the Order of the 
State Corporation Rosatom of October 31, 2013  
No  1/10-NPA [10]  Typical methods are formal-
ized as industrial guides and are specified in the 
industry register of the State Corporation Rosatom  
These methods were subject to metrological review 
based on experimental measurements involving 
the assessment of factors influencing the degree 
of measurement errors and the ratio between their 
random and systematic components 

Table 1 provides the list of developed methods 
formalized as industrial guides 

In 2020, VNIINM will complete the development 
of a Standard Procedure for Applying the Radionu-
clide Vector Method in the Identification of Hard-
to-Detect Radionuclides (90Sr, 234, 238U, 239, 241Pu) in 
SRW Based on Reference Radionuclide (60Co, 134, 137Cs, 
237Np, 235U, 241Am) Specific Activity Measurements.

The essence of the “radionuclide vector” method 
consists in establishing correlations and calcu-
lating the scaling factors between the content of 
hard-to-detect and easily-detectable radionuclides  
Specific activity of hard-to-detect radionuclides 
is measured by non-destructive methods (gamma 
spectrometry) based on the specific activity mea-
surement performed for easily detectable radionu-
clides using the obtained scaling factors [15] 

The “radionuclide vector” method was tested by 
VNIINM experts at FSUE RADON facilities when ra-
diation characteristics of typical RW streams contain-
ing hard-to-detect radionuclides were identified [16].

This method has proved its feasibility in case of 
large waste streams with a constant radionuclide 
ratio 

Standard methods are seen as the basis for the de-
velopment of working methods accounting for the 
requirements of organizations: applied measuring 
equipment, morphology and radionuclide compo-
sition of waste, specific features of performed op-
erations  These methods can be either developed by 
the organization itself and by contracted outside 
experts 

Certification of measurement techniques (meth-
ods) falling under state regulation of measurement 
uniformity is carried out by legal entities and in-
dividual entrepreneurs having appropriate ac-
creditation in the field of measurement uniformity 
assurance 

Conclusions

Based on evaluated scientific and technical infor-
mation, requirements of Russian regulatory legal 
acts in the field of atomic energy use, international 
and  Russian  radioactive waste management prac-
tice, JSC VNIINM has developed a UIMMG Mea-
surement of Radiation Waste Characteristics  The 
UIMMG provides recommendations on the selec-
tion of sampling procedures accounting for waste 
of various morphologies and measuring equipment, 
preparation of counting samples, measurements 
and processing of measurement results, as well as 
operational safety requirements 

Table 1. Standard methods used to measure RW  
specific activity 

Mothod ID # Name

OI 001.871-2019 Specific activity measurements for gamma-
emitting radionuclides in the waste in the form 
of construction waste, plastic compound, equip-
ment elements, PPE, soils in packages and stan-
dard containers with a volume of up to 3.1 m3

OI 001.872-2019 Preparation of counting samples and specific 
acti vity measurements for gamma-emitting ra-
dionuclides by gamma-spectrometry method for 
waste samples in the form of construction waste, 
plastic compound, equipment elements, PPE, soil

OI 001.873-2019 Preparation of counting samples and specific 
activity measurements for plutonium isotopes 
by liquid scintillation-spectrometry method 
for waste samples in the form of construction 
waste, plastic, equipment elements, PPE, soils

OI 001.874-2019 Preparation of counting samples and specific ac-
tivity measurements for uranium isotopes by liq-
uid scintillation-spectrometry method for waste 
samples in the form of construction waste, plastic 
compound, equipment fragments, PPE, soil

OI 001.875-2019 Preparation of counting samples and specific 
activity measurements for Sr-90 by liquid scin-
tillation-spectrometry method for waste sam-
ples in the form of construction waste, plastic 
compound, equipment fragments, PPE, soil
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Standard methods have been developed to mea-
sure the specific activity of radionuclides in pack-
ages and in samples taking into account the sam-
pling procedures for SRW present in the form of 
construction waste, plastic compounds, equipment 
elements, PPE, soils:
 • for gamma-emitting radionuclides in SRW sam-
ples and SRW held in packages and standard con-
tainers with a volume of up to 3 1 m3;

 • isotopes of uranium, plutonium, strontium by the 
method of LS-spectrometry in SRW samples 
Algorithms have been developed to control the 

specific activity measurement accuracy for radio-
nuclides contained in the waste using certified 
items 

To monitor the content of hard-to-detect radio-
nuclides in radioactive waste, JSC VNIINM is devel-
oping a standard methodology suggesting the ap-
plication of the “radionuclide vector” method 

Sampling guidelines for various spatially inho-
mogeneous objects and standard methods allowing 
direct in-situ measurements of radionuclide specif-
ic activities or measurements during waste segre-
gation are planned to be developed by JSC VNIINM 
to further improve the metrological support for the 
measurement of radiation waste characteristics 

The developed set of documents has laid a basis 
for future plans drawn regarding relevant activi-
ties associated with the measurement of radiation 
waste characteristics and is aimed at unifying RW 
management approaches, inter alia, covering the 
waste generated from nuclear decommissioning 

According to NP-093-14 [17], to demonstrate 
waste compliance with waste acceptance criteria 
for disposal, physical and chemical properties of 
the waste, as well as the content of nuclear haz-
ardous fissile radionuclides shall be monitored in 
addition to its radiation characteristics  These pa-
rameters can be identified based on data concern-
ing RW processing flowcharts. However, it’s con-
sidered impossible to trace the origin for some part 
of waste generated from nuclear decommissioning  
Only analytical methods can help to identify physi-
cal and chemical characteristics of such waste and 
the content of fissile nuclear hazardous radionu-
clides in such wastes  JSC VNIINM plans to develop 
standard methods allowing to monitor the param-
eters of waste held in large containers and to assess 
the compliance of conditioned RW packages with 
acceptance criteria for disposal 

References

1  Publichnyj godovoj otchet  Itogi deyatel'nosti 
Gosudarstvennoj korporacii po atomnoj energii “Ro-
satom” za 2018 god [Public annual report  Results of 

the activities of the state nuclear energy corporation 
Rosatom for 2018]  
2  SP 2 6 1 2612-10  Osnovnye sanitarnye pravi-

la obespecheniya radiacionnoj bezopasnosti (OS-
PORB-99/2010) [Basic sanitary rules for radiation safety] 
3  Problemy yadernogo naslediya i puti ih resheniya. 

Vyvod iz ekspluatacii [Nuclear legacy problems and 
solutions  Decommissioning]  Edited by L  A  Bol-
shov, N  P  Laverov, I  I  Linge  Vol  3  Moscow, Ener-
gopromanalitika Publ , 2015  316 p  
4  Federalny zakon ot 11 ijulja 2011 g  No  190-FZ 

“Ob obrashenii s radioaktivnymi othodami I o vne-
senii izmenenij v otdel’nye zakonodatel’nye akty 
Rossijskoj Federacii” [Federal Law of 11 July 2011 
No  190 “On radioactive waste management and on 
amendments to cartain legislative acts of Russian 
Federation”] 
5  IAEA-TCS-27  Tekhnologicheskie i organizacionnye 

aspekty obrashcheniya s radioaktivnymi othodami. 
Seriya uchebnyh kursov [Technological and organi-
zational aspects of radioactive waste management  
Training Series]  IAEA, Vienne, 2005 
6  Varlakov A  P , Sergeecheva Ya  V , Ivliev M  V , 

Germanov A  V  O razrabotke trebovanij k izme-
reniyam radiacionnyh harakteristik TRO, obrazuy-
ushchihsya pri VE YAROO [On the development of 
requirements for measurement of radiation charac-
teristics of solid radioactive waste generated during 
decommissioning]  Radioaktivnye othody — Radioac
tive Waste, 2018, no  4 (5), pp  76—82  
7  Y  A  Karpov, A  P  Savostin  Metody probootbora 

i probopodgotovki [Sampling and sample prepara-
tion methods]  Moscow, BINOM Publ , Laboratorija 
znanij, 2012, 243 p 
8  Rukovodstvo po metodam kontrolya za 

radioaktivnost'yu okruzhayushchej sredy [Guidance 
on methods for monitoring environmental radioac-
tivity]  Edited by I  A  Sobolev, E  N  Belyaev  Moscow, 
Meditsina Publ , 2002  432 p 
9  Federalny zakon ot 26 ijunja 2008 g  No  102-FZ 

“Ob obespechenii edinstva izmerenij” [Federal Law of 
16 June 2008 No  102 “On ensuring the uniformity of 
measurements”]  
10  Prikaz Goskorporacii “Rosatom” ot 31 10 2013 
No  1/10-NPA “Ob utverzhdenii metrologicheskih 
trebovanij k izmereniyam, etalonam edinic velichin, 
standartnym obrazcam, sredstvam izmerenij, ih sos-
tavnym chastyam, programmnomu obespecheniyu, 
metodikam (metodam) izmerenij, primenyaemym 
v oblasti ispol'zovaniya atomnoj energii” [The state 
corporation Rosatom order for 31 October 2013 
No  1/10-NPA “On approval of metrological require-
ments for measurements, unit standards, standard 
samples, measuring instruments, their components, 
software, measurement procedures (methods) used 
in the field of atomic energy use”]. 



Radioactive Waste № 3 (12), 202068

Processing, Conditioning and Transportation of Radioactive Waste

68

11  GOST R 8 932-2017  Trebovaniya k metodikam 
(metodam)izmerenij v oblasti ispol'zovaniya atom-
noj energii  Osnovnye polozheniya [State Standard 
8 932-2017 Requirements for measurement proce-
dures (methods) in the field of atomic energy use. 
Key Points]  
12  GOST ISO/MEK 17025-2009  Obshchie 
trebovaniya k kompetentnosti ispytatel'nyh i kali-
brovochnyh laboratorij [State Standard 17025-2009 
General competency requirements for testing and 
calibration laboratories]  
13  Kashirin I  A , Malinovskij S  V , Ermakov A  I , 
Tikhomirov V  A , Sobolev A  I  Ekspress-analiz 
prirodnyh i tekhnologicheskih ob"ektov pri pro- 
vedenii radiacionnogo monitoringa i kontrolya s 
ispol'zovaniem zhidkoscintillyacionnoj spektromet-
rii [Express analysis of natural and technological 
objects during radiation monitoring and control us-
ing liquid scintillation spectrometry]  XV ezhegodnyj 
seminar “Spektrometricheskij analiz. Apparatura i ob
rabotka dannyh na PEVM”. Obninsk, 2008 
14  Ermakov A  I , Malinovsky S  V , Kashirin I  A , 
Tikhomirov V  A , Sobolev A  I  2006 Rapid Analysis 

of Radionuclide Composition (Screening) of Liquid 
Samples via Deconvolution of their LS Spectra  LSC 
2005, Advances in Liquid Scintillation Spectrometry, 
RADIOCARBON, pp  89—98 
15  IAEA Nuclear Energy Series NW-T-1 18  Deter-
mination and use of scaling factors for waste charac-
terization in NPP  IAEA, Vienna, Austria, 2009 
16  Varlakov A  P , Sergeecheva Ya  V , Ivliev M  V , 
Varlakova G  A , Gorbunov V  A , Karlin S  V  Prim-
enenie metodologii radionuklidnogo vektora dlya 
opredeleniya aktivnosti slozhnodetektiruemyh 
radionuklidov v potokah RAO [Application of the 
Nuclide-vector Methodology to Determine the Ac-
tivity of Difficult-to-measure Radionuclides in Ra-
dioactive Waste Streams]  Radioaktivnye othody — 
Radioactive Waste, 2020, no  1 (10), pp  85—91  DOI: 
10 25283/2587-9707-2020-1-85-91 
17  NP-093-14  Federal'nye normy i pravila v oblasti 
ispol'zovaniya atomnoy energii “Kriterii priemle-
mosti radioaktivnyh othodov dlya zahoroneniya” 
[Federal codes and standards in the field of use of 
atomic energy “Criteria for acceptance of radioactive 
waste for disposal”] 

Information about the authors

Varlakov Andrey Petrovich, Doctor of Sciences, Director of Department, JCS “VNIINM” (5a, Rogova St , 
Moscow, 123098, Russia), e-mail: APVarlakov@bochvar ru 

Ivliev Michail Vladimirovich, PhD, Head of department, JCS “VNIINM” (5a, Rogova St , Moscow, 123098, 
Russia), e-mail: MiVIvliev@bochvar ru 

Sergeecheva Yana Vladimirovna, Leading process engineer, JCS “VNIINM” (5a, Rogova St , Moscow, 123098, 
Russia), e-mail: yanasergeecheva@yandex ru  

Chauzova Maria Vladimirovna, main specialist, JCS “VNIINM” (5a, Rogova St , Moscow, 123098, Russia), 
e-mail: mar4a1@rambler ru 

Dorofeev Aleksandr Nikolaevich, PhD, Head of the Project Office, State Corporation Rosatom (24, Bolshaya 
Ordynka St , Moscow, 119017, Russia), e-mail: ANDorofeev@rosatom ru 

Zinnurov Boris Saifutdinovich, expert, State Corporation Rosatom (24, Bolshaya Ordynka St , Moscow, 
119017, Russia), e-mail: BoSaZinnurov@rosatom ru 

Bibliographic description

Varlakov A  P , Ivliev M  V , Sergeecheva Y  V , Chauzova M  V , Dorofeev A  N , Zinnurov B  S  Methods for 
Measuring the Radiation Characteristics of Waste  Radioactive Waste, 2020, no  3(12), pp  78—86  (In Rus-
sian)  DOI: 10 25283/2587-9707-2020-3-78-86 


