YIK 621.039.564

doi.org/10.31717/2311-8253.20.3.11

O. 1. Stoianov, M. I. Panasiuk, V. E. Ivanova, G. V. Levin, N. V. Sosonna

Institute for Safety Problems of Nuclear Power Plants, NAS of Ukraine, 36a, Kirova st., Chornobyl, 07270, Ukraine

Application of Spectrometric Gamma-Logging for Specification
of Characteristics of Soil Radioactive Pollutions

Keywords:

ditches for the foundations of

the Arch at the Chornobyl NPP,
radioactively contaminated soils,
spectrometric gamma-logging

of wells,

analysis of the photopic/Compton ratio,
determination of the boundary
contaminated/clean soils.

The experience of using the method of spectrometric gamma-logging of wells for
assessment of radioactive contamination of soils on the sites of foundation pits excavation
for the New Safe Confinement foundations is presented in the article. Analysis of the
photopic/Compton ratio in the gamma-ray spectra of the wellbore allowed us to identify
the types of soil contamination: the volumetric contamination, which is associated with
real radioactive contamination, and the surface contamination, which is identified as
introduced by drilling. This task is especially relevant for determining the boundaries
of contaminated/clean soils, which had an impact on determining the depth of pits and,
as a result, on the volume of soils to be developed. The use of spectrometric gamma-
logging of wells made it possible to correctly predict the categories and volumes of
radioactive waste, which were soil to be extracted during excavation. Directions for
further improvement of the method of spectrometric gamma-logging to clarify the
characteristics of radioactive waste are considered in the article.

Introduction

The New Safe Confinement (NSC) was created as
one of the measures to eliminate the consequences of the
Chornobyl disaster in the Chornobyl NPP (ChNPP) area
for the order to improve the ecological situation. The soils
near the 4th unit of ChNPP are radioactively contami-
nated and classified as from low to high level radioactive
waste. In these soils it was planned to create ditches 3—4
m deep for the NSC foundations. In fig. 1 the general view
of the Shelter object is presented. The northern (1) and the
southern (2) zones of foundations (respectively) are to the
left and to the right from the Shelter object.

For the planning of excavation technology, radiation
safety programs and the radioactive waste management, a
need arose for forecasts of the radiation characteristics of
industrial soils to be removed during excavation. The fore-
casts concerned the composition and levels of radionuclide

Fig. 1. General view of the Shelter object: 1 - the northern
foundation zone; 2 — the southern foundation zone

gamma-logging of wells, which were located on the areas of
the pit placement. These are wells of radio-hydroecological
monitoring and wells (about 700 wells), which were drilled
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in advance on the perimeter of future ditches after 1.5 m
to arrange the sheet pile walls (fig. 2).

The purpose of the article is to summarize the ex-
perience of using spectrometric gamma-logging for ra-
dioactive waste inventory and to ensure the radiation
safety of personnel. Drawing on the experience of using
spectrometric gamma-logging, directions for further im-
provement of this method for refining the characteristics
of RW are discussed in the article.

Methodological approach
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Fig. 2. Schemes of well placement: a — sections 2, 3 and 4;
b — section 5, the southern strip of the foundation NSC
with the marks of the sole of the active layer according to the
gamma- and spectrometric gamma-logging of the wells

Now and in the coming years, the main source of
gamma-radiation, which can serve as an indicator of nu-
clear fuel in radioactive waste, is the *’Cs isotope. Abso-
lute activity of ¥’Cs can act as an indicator of fuel content
in the measured sample. The reason for the assumption
[2] that the form of the spectral distribution of gamma
radiation (the ratio of the primary E = 0.66 MeV and
the E < 0.66 MeV Compton scattering of radiation) will
depend on the concentration of fuel, is the following.

The process of reducing y-radiation with energy
E =0.66 MeV occurs due to Compton scattering. The mass
coefficient of the Compton reduction practically does not de-
pend on the chemical composition of matter: u/p = 6, NZ/A,
where 0, is the cross section of the Compton scattering, N is
Avogadro’s number, Z and A are the atomic number and ele-
ment weight (Z/A = 0.5 for Z < 40, Z/A = 0.4 for U). The mass
coeflicient of photo-absorption depends on Z: w/p = Z°. As
part of the high-level waste (HLW) of the Shelter, chemical
elements with Z < 40 (soil, concrete and structural materials)
and fuel elements Z =~ 92 should be expected. For elements
with Z < 40, the attenuation of y-radiation is almost entirely
determined by Compton scattering, and for heavy elements,
with Z = 92, a significant contribution is to provide photo
absorption. The redistribution of mechanisms of the interac-
tion of photons with matter depending on the concentration
of heavy elements (uranium) should affect the form of the
energy spectrum obtained from the sample of the y-emitter.
Reduction of the primary y-radiation (E, = 0.66 MeV) de-
pends only on the density of the substance and very little on
the concentration of uranium, therefore, the measurement
of the absolute activity of '¥’Cs can be carried out at the peak
of total absorption E = 0.66 Me V.

This idea was developed in [2]. The mathematical
modeling method has been used to study the behavior
of this relationship with different well parameters. The
results of simulation allow us to conclude that it is pos-
sible to divide the inputs of volumetric and surface soil
contamination, as well as to determine its specific activity
with an acceptable error.

The following expressions were obtained to deter-
mine the contribution to the spectral distribution of vol-
ume pollution in [3]:

k
So=k—1>< SnX (1+k0), (1)

0

SO= S—k—sznx(1+kn), (2)
kl’l

where S, — contribution of volume pollution in the total
intensity of radiation in the well; S, — the intensity of the
part of the radiation that did not interact (EY:662 keV);
S — total radiation intensity in the well; k, k, — experi-
mentally determined particles of volumetric and surface
pollution in the intensity of part of the radiation that did
not interact, respectively; k, k, — estimated particles of
volume and surface pollution in the intensity of the part

of the radiation that did not interact, respectively.
The analysis showed that the accuracy of the final re-
sults essentially depends on the inaccuracy of the initial data,

106

ISSN 2311-8253 Nuclear Power and the Environment Ne 3 (18) 2020



Application of spectrometric gamma-logging for specification

which are experimentally measured in the wells spectra of
gamma radiation. Thus, the research carried out by the
method of mathematical modeling shows that the form of
the y-spectrum carries information, the analysis of which al-
lows a simple means to solve a number of problems, namely:

determine the concentration of heavy elements in
massive samples;

determine the presence of a highly active fragment
in a soil with low activity;

determine the contributions of surface and volume
contaminants in gamma-logging wells.

Application of the gamma-spectrometric method in
solving these problems can increase the accuracy of the
definition of the data obtained, reduce the complexity of
the work performed, and increase their speed.

Spectrometric gamma-logging to clarify
the characteristics of radioactive
contamination of soils

Increased values of the power dose in the range of
depths, which are inaccurate technogenic and natural
alluvial soils, are noted in some cases [4] in the complex
analysis of the results of gamma logging wells in the Shel-
ter object local zone, but these soils must be “clean”. That
is, the definition of the boundary of contaminated/clean
soils according to the gamma logging of the wells has been
ambiguous. Since the presence of high radioactivity in
these soils is difficult to explain, it was assumed that this
phenomenon may be due to the transfer of contamination
from the upper layers during the drilling. Contamina-
tion of the wellbore (surface contamination) involves the
transfer from top to down of the heavily contaminated
soil layers of the active particles during drilling and is
not related to contamination of the surrounding soil wells
(volumetric pollution). For the purpose of practical di-
agnostics of surface/volumetric pollution the method of
spectrometric gamma-logging of wells was applied.

Gamma-spectrometric logging was performed by a
well-shaped spectrometric measuring complex with vari-
able detection units, which allows to study the gamma field
at separate points of wells in a wide range of power dose
values. The spectrometer was developed by the AtomCom-
plexPrylad Company (Kyiv) on the basis of a small-scale
specimen of field gamma spectrometer specifically for
these purposes. The created amplitude multichannel ana-
lyzer “ABA-P” is designed to analyze, accumulate, processe
and issue information on pulse amplitude from ionizing
radiation detectors to external devices. The device is capa-
ble of operating in a wide range of temperatures, in condi-

tions of vibration, high humidity and high dust formation.

Measurements were made by two measuring devices:

1) on the basis of crystal Nal (T1), size ¥63x63 mm,
for work in fields with the power dose up to 2 mR/h;

2) on the basis of the bismuth germanate crystal
(Bi,Ge,O,,), known as BGO, in the size )15x5 mm, for
work in fields with the power dose up to 200 mR/h.

Exemplary radioactive sources of *’Cs and “°Co were
used to calibrate and evaluate the spectrometric path. In
the analysis of the calibration spectra it is determined that
the energy resolution for gamma-line *’Cs 661.6 keV is
less than 11 % for a probe based on the crystal Nal (T1)
and 17 % — for BGO crystal.

The method of detecting surface contamination of the
wellbore is based on the differences in the real spectra of
the ratios of intensity “photopic/Compton” at the surface
and volume distribution of the activity source in the well
[5, 6] (fig. 3). Fig. 4 shows a diagram of gamma-logging, and
in fig. 5 — the spectra obtained in the well 20.4 [1, 7]. The
left spectrum shows the range that is received on the well
bottom. In this well the bottom was much polluted, that is
why the spectrum has a high peak of the *’Cs line. The in-
tensity of this peak naturally decreases, in full accordance
with expectations, with increasing distance from well bot-
tom as the contribution of scattered radiation increases.
However, since this well is much polluted, the peak, which
is characteristic for '¥’Cs, remains noticeable on the spectra
far from well bottom (see fig. 5).
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Fig. 3. Standardized and reduced to one scale spectra of the
surface and volume sources of gamma radiation
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Table 1. An example of the classification of radioactively
contaminated soils and wells based on the results of
spectrometric gamma- logging [1]. The location scheme of
wells is showed in the fig. 2.

5
ﬁs‘ 1500 Depth
g Neof| from | max/ |Photopic|,,,
% 1000 ] well | surface, | Compt | of *’Cs Cs/Compt | Note
2 \ cm
500 bottom
60.5 400 25329 3373 0,13 well,
, 1 \\.\Nkﬂ e 1 class
0 0.5 1 L5 2 25 3 3,5 4 60.5 250 10657 1263 0,12 1 class
Pt 595 | 250 | 11028 | 417 004 | 3class
Fig. 4. Diagram of gamma-logging in the well 20.4 29> | 200 2585 98 0.05 3 class
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bottom
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Fig. 5. The spectra obtained in the well 20.4. From left 204 | 440 3071 1782 0.22 well
to right: bottom (depth 4.4 m from the surface); depth 4.2 m; 2 class
h of 4. 1
depth of 4.0m [1] 204 | 420 | 7076 | 922 0,13 2 class
The results of gamma-spectrometric logging in the wells [ 204 | 400 | 7732 828 01 2 class

of foundation pits are presented in digital form in the tab. 1.
The results of the analysis of gamma-spectrometric logging
for a number of wells show a clear pattern: the increased
ratio of “photopik/Compton” is observed on bottom or in
the active layer. This ratio decreases at a distance from them,
which indicates the relative purity of soils around the well.

The results of gamma-spectrometric logging confirm
conclusions about the mechanisms of soil contamination.
According to the results of the analysis of gamma-logging
data, the following conclusion was made about soil con-
tamination below the active layer. All wells according to
gamma-logging can be divided into three classes. In the
wells of the first class there are a volume pollution of soils;
the second and third classes are polluted in the process of
drilling, but around these wells the soil is clean.

The first class is characterized by the presence of a
second peak on gamma-logging diagrams, which indi-
cates volumetric contamination of the surrounding wells
of soils. These wells are located near communications,
which in some cases were uncovered during earthworks.

The presence of contaminated soils can be explained by
the flow of radioactive water from communications of
Unit 4 of ChNPP. An example of a well belonging to this
group is the well 60.5. Gamma- logging diagram of this
well is shown in fig. 6. The second peak, which is below
the active layer, can be seen in this diagram.

The second class is relatively high surface contaminat-
ed well walls due to the scattering of active soil particles
from the upper heavily polluted layers. Well 20.4 is a typi-
cal example of this group. Gamma-logging diagram of this
well is presented in fig. 4. From the figure it is clear that the
bottom of this well has a significantly larger activity than
the wellbore. Based on the data of gamma-spectrometric
logging (see fig. 5 and tab. 1), it is possible to see a clear
form of photopic '¥Cs, which, as far as the distance from
the bottom takes a more blurred form, that is, the propor-
tion of scattered gamma- quanta passing through the ma-
terial of the casing increases. So we can make a conclusion
about the surface contamination of the bottom.
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Fig. 6. Diagram of gamma-logging in the well 60.5
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Fig. 7. Diagram of gamma-logging in the well 64.5

The third class — surface contamination of wells
is quite insignificant, practically at the level of “back-
ground” values. As an example, the well 59.5 and 64.5
are shown in the tab. 1. Diagram of gamma-logging in
the well 64.5 is shown in the fig. 7.

Conclusions

The developed methodical approaches for detecting
the surface contamination of the wellbore with spectro-
metric gamma-logging were experimentally confirmed
during the work on the installation of foundation pits.

Due to the use of spectrometric gamma-logging, volume
of soils contamination as well as soils intervals located below
active layer and design depth of the pit were reliably detected
and identified. For such intervals in work [1], scientifically
grounded recommendations were prepared in advance for

Fig. 8. An example of shielding with powerful
gamma-radiation lead on sites [1] that were predicted due
to gamma-and spectrometric gamma-logging results

the removal of contaminated soil layers from the bottom of
the pits. But in the future, to reduce the gamma- radiation in
the pit and optimize the volume of construction-installation
works these areas were shielded with lead sheets (fig. 8).

On the basis of the results of spectrometric gamma-
logging, a classification was developed in which the levels
and nature of the radioactive contamination of the soil
of the foundation pits were reflected. This classification
allowed to predict correctly the formation of radioactive
during excavation works on the foundation pits founda-
tion of the NSC [1]. During the analysis of the results of
single measurements of gamma-spectrometric logging
the uncertainty about the type of pollution (surface or
volumetric) was noted. Therefore, additional measure-
ments were made along the wellbore. It is the results of
comparative analysis of gamma-ray spectra above or be-
low the depth of the well from the interval of abnormally
high values of the gamma-field that give confidence in
determining the type of contamination.
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3acToCcyBaHHA CIEKTPOMETPUYHOTO FaMMa-
KapoTaXXy A1 YTOYHEHHS XapaKTePUCTUK
PagioaKTMBHOTO 3a0pyIHEeHHA IPYHTiB

IpyHTu nobnusy 4-ro 6moka Yoprobunscekoi AEC
MAIOTbh BICOKI piBHI pafiioaKTMBHOTO 3a0pyJHEHHS i Ha-
JIeXXaThb 0 pajgioakTuBHUX Bigxonis (PAB) Bix Huspkoi
710 BUCOKOI KaTeropii. ¥ Takux rpyHTax 6y/10 3aI/IAaHOBaHO
CTBOpEHHsI KOT/IOBaHiB INIMOMHOI0 3—4 M [i/1s1 pyHIAaMeH-
TiB HOBOTO 6€31eYHOro KOH(aTHMEHTa, 32 JOITOMOT OO
AKoro 6y/Ia CTBOpeHa HOBa 3aXMCHA 000/IOHKA HaJ| 3pYil-
HOBaHVM 0/10KOM. [17151 II/TaHYBaHH s TEXHOJIOTII 3eM/ISTHUX
pobit, mporpam i3 pagianiitHoi 6e3neKn Ta IOBOIKEeHHS
3 PAB BuHMK/Ia HOTpe6a B IPOrHO3aX pafliallifTHIX Xapak-
TEPUCTUK TEXHOT€HHMX I'PYHTIB, AKi IMifi/IATany BUTy4eH-

HIO ITif 9ac po3po6KM KOT0BaHiB. IIpy boMy OCHOBHUM
METOJOM YTOYHEHHs XxapakTepucTuk PAB 6yB ramma-
Ta TaMMa-CIEeKTPOMETPUYHMI KapOTa>K CBEPAIOBMH.
e cnocrepexxHi CBepAIOBMHA PaJiorifpOeKOI0riYHOro
MoOHiTOpuHTY Ta 6inst 700 cBepA/IOBUH, sKi Oy/u 3a3ma-
JIerifgb MpoOypeHi 1o mepuMeTpy MaitOyTHiX KOT/IOBaHIB
4yepes KOXHi 1,5 M /I BIaIITyBaHHA HMIITyHTOBOTO OTO-
POIKEHHS CTiHOK BUIMKIL.

HasefieHO 1OCBifJ BUKOPVCTaHHA METOLY CIIEKTPO-
METPUYHOTO raMMa-KapOTaXKy CBEPI/IOBMH /I OLiHKK
PajlioaKTUBHOTO 3a0py/JHEHH:A I'PYHTIiB. AHaIi3 CIiBBif-
HOIIEHHA (OTOIIK/KOMIITOH y CHEKTPaX raMMa-IIOJA
0 CTOBOYPY CBEPAIOBUH [jaB 3MOTY BULUIUTY TUIIN 3a-
OpyIHEHHs IPYHTIB: 00 €MHe, sIKe IIOBI3aHe 3 PeaJbHIM
PanioaKTMBHMM 3a0pyJHEHHAM, Ta IOBEpXHeBe, 110 ileH-
T(IKYETHCA K IPUBHECEHE Iif 9ac Oy piHHS CBEP/IOBKH.
Ile 3aBEaHHS 0COOMMBO aKTyasIbHE /IS BU3HAYEHHS MeXi
3a0py/HEHVX/IUCTHX IPYHTH, 10 MajIa BIUIUB Ha BU3HA-
4YeHHA IJIMOMHY KOT/IOBAHIB Ta, SIK HACIINOK, Ha 00'eMM
IPYHTIiB, IO HifIATany BUIY4E€HHIO. 32 TEHETUYHVMU
O3HaKaMM MO3UTKBHI aHOMaJIil raMMa-TIojIs 110 CTOB6O-
PY CBEPHIOBUH MOXKHA pO3AiMNTY Ha Tpu rpynu. Ilepmra
TpyIa XapaKTepU3yeThCs HasIBHICTIO IPYTOrO MKy Ha fIi-
arpaMax raMMa-KapoTaxKy, SIKUIl CBITYUTDb PO 0O€MHe
3a0pyAHEHHS IPYHTIB, [0 OTOYYIOTh CBepATIOBUHY. [Ipyra
rpyna — BiTHOCHO BMCOKe IIOBEpXHeBe 3a0pyAHEHHS CTi-
HOK CBEPJIOBVH 332 PAaXYHOK OCUITAaHH aKTMBHMX 4aCTOK
I'PYHTIB i3 BepXHiX CHIBHO 3a0pyAHEHMX IIapiB I gac Oy-
pinHs. TpeTs rpyna — moBepxHeBe 3a0pyIHEHHS CTIHOK
CBEpPH/IOBVH JIOCUTh He3HAYHe, IPAKTIYHO Ha PiBHi «(hOHO-
BUX» 3Ha4eHb. 3aCTOCYBaHHA CIIEKTPOMETPMYIHOTO TaMMa-
KapOTaXXy JO3BO/IM/IO PO3PISHUTY peajbHe 3a0pyIHEHH
I'PYHTIB Bifi IPMBHECEHOTO Ta KOPEKTHO CIIPOTHO3YBaTH
Kareropii Ta 06'emu PAB, ski migyaranu sunydenHo. ITig
Jac OCIIiKeHb 6y BUABIIEH] UIAHKY, Ha SIKUX PeaIbHO
3abpyaHeHi IpyHTM 6y/u pO3TAIIOBaHi HIDKYe TPOEKTHOL
r6uHM KotIoBany. [1if yac 3eM/IAHNUX POGIT IX JOAATKOBO
BIUTy4any ab0 eKpaHyBa/Iu JIMCTaMI CBUHITIO /I 3MEH-
LIeHHA palialiiffHOr0 HaBaHTa)KeHH 1 Ha IIepCOHAJL, 11J0 MaB
IpaLoBaTy B KOT/IOBaHaX. J[/1s1 36i1bleHHs iHpOpMaTuB-
HOCTI CTIEKTPOMETPUYHOTO TaMMa-KapOTaXky CBEPA/IOBUH
HeOOXiHO IPOBOJUTI He TiNbKYM aHAIi3 CITiBBiJHOLIIEHHST
($OTOIIK/KOMIITOH, a 11 aHa/Ii3 3MiHeHHA ¢opM doTomika
Ta KOMIITOHIBCbKOI YaCTMHMY CIIEKTPA 3a7IeXKHO BiJ| BificTaHi
[0 aKTMBHOTO HIapy Ta moBepxHi. lle € oMHMM i3 HanpsAMiB
MOZIA/TBLIOTO BIOCKOHATIEHH A METORY CIEKTPOMETPMYHOTO
raMMa-KapoTaXy [I YTOYHEHHA XapaKTepucTUK PAB.
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