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The aspects of handling materials contaminated with radionclides of natural origin, in particular
producing strings (strings) of the oil and gas industry, are analyzed. The results of the analysis of
existing methods for cleaning strings are presented. The prospects of using the complex method
of cleaning the strings from salt deposits, which is in simultaneous application of hydrodynamic,
cavitation and mechanical action, are considered. Keywords: ecological safety, strings, natural radi-
onuclides, hydrodynamic method of cleaning, oilfield equipment, cleaning unit for strings.

Jloc/1izKeHHSI KOMILIEKCHOTO METO/Iy O4MILEeHHSI HACOCHO-KOMIIPECOPHUX TPY®, 3a6py/He-
HUX pafioHyKJIiAMHU npupoaHoro noxoxxenHs. bounap O.1., [lenucenxo 1.1O. [IpoananizoBano
aCIIeKTH MOBODKEHHS 3 MaTepiaiaMu, 3a0pyAHCHUMHU PaIioHyKIIiIaMU ITPUPOIHOTO TTOXOIKESHHS
30KkpeMa HacocHo-KoMnpecopHi Tpyou (HKT) nadrorazoBuno0yBHoi npomucioBocti. Buknaneno
pe3yiabTaTH aHamizy icHyrounx meroniB ounmeHHss HKT. Po3msiHyTo mepcnekTiBr 3acTOCyBaHHS
KoMInTeKcHOTo MeTony ouninenHss HKT Bif comboBHX BifKIaAeHb, SIKUH MOJISTAE B OJHOYACHOMY
3aCTOCYBaHHI TIPOIMHAMIYHOI, KaBiTalllitHOT Ta MexaHI4HOI 1il. Krrouosi crosa: panianiitHa 6e3-
eKa, eKoJIoTiuHa Oe3MeKa, HACOCHO-KOMITPECOPHI TpyOu, MPUPOIHI PagiOHYKIIiIN, T1APOTHHAMIY-
HUI cnoci0 oYMIIeHHS, HaQTOIPOMHUCIOBE 00NaiHaHHs, ycTaHOBKa 1t ounienHs HKT.

HccaenoBanne KOMILIEKCHOTO METO/Ia 04HCTKH HACOCHO-KOMIIPECCOPHBIX TPYO0, 3arPsI3HEHHBIX
PalMOHYK/IM/IAMH IIPUPOAHOTO0 Ipoucxoxaenust. bounaps A 1., [lenucenko I1.1O. ITpoanamisupoBaHbl
ACIIEKTHI OOPAIIEHIIS C MaTepHaIaMH, 3aTPSI3HEHHBIMU TEXHOTEHHO YCHIICHHBIMH HCTOYHUKAMH IIPHPO/I-
HOTO TIPOMCXOXKJEHUSI B YaCTHOCTH HacocHO-KoMmmpeccopHbie Tpyosr (HKT) HedrerazoBoir mpompIii-
JIeHHOCTU. W3moykeHbl pesynbrarhl aHanus3a cymiectByronmx meronoB ounctku HKT. Paccmorpeno
TIePCIIEKTHBBI UCTIONB30BaHUs KOMIUIEKCHOr0 Metona ouncTk HKT oT comeBbIX OTIOMKeHNH, KOTOpbIit
3aKJIFOYaCTCsl B OAHOBPEMEHHOM IPUMEHEHUH THAPOANHAMUYCCKOI0, KABUTAITMOHHOIO 1 MEXaHUYIECKOIO
nercTBust. Knouegble cro6a: SKONOrM4ecKas 0e30nacHOCTb, HACOCHO-KOMIIPECCOPHBIE TPYObI, IPUPOI-
HBIE PaMOHYKIINIB], THAPOIHHAMITIECKHI CIIOCO0 OUHMCTKH, He(hTEIPOMBICIIOBOE 000PYIOBAHHE.

Problem definition and its treatment of accumulated on specially
relationship with important equipped sites (ten thousand tonnes)
scientific and practical tasks of waste processing equipment (strings

Background research caused aggra- contaminated with salt deposits contain-
vation question environmentally sound ing natural radionuclides (**Th, **Ra
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and *°K), which was formed in enterprise
performance oil and gas industry.

The exposure dose of salt depos-
its is up to 500 mR / h, which is more
than 40-50 times higher than the natural
background radiation [1]. It is dangerous
in terms of radiation and environmen-
tal safety. Temporary storage of strings
does not solve one of the main isue — to
minimize negative impacts on the envi-
ronment and human.

Based on the above idea it was imple-
mented reduction of environmental load
of contaminated equipment by apply-
ing environmentally and economically
acceptable way of cleaning the strings
from salt deposits containing natural
radionuclides by manufacturing and test-
ing units for cleaning strings.

Study of cleaning of waste process-
ing equipment involved in the oil indus-
try, scientists such as V. Shumlyansky,
A. Subbotin, M. Zyravel and others
were engaged. Significant contribu-
tion to the study on environmental and
radiation safety were done A. Serdyuk,
A. Matoshko, I. Los, A. Mnuhin and
many other scientists [2-3].

But despite the significant achieve-
ments of this issue, handling of materi-
als contaminated with technologically
enhanced naturally occurring sources,
including oil and gas strings remains
relevant today because the technology is
not proven to implementation. Research
of cleaning strings from salt deposits
containing natural radionuclides associ-
ated with previous publications [4-6] on
this topic.

Experimental study on the technol-
ogy of decontamination strings compre-
hensive way held at the head office of
the State Corporation "Ukrainian State
Association" Radon "(hereinafter — SC"
UkrDO "Radon") of the State Specialized

Enterprise "Central Enterprise for
Radioactive Waste Management" (here-
inafter — TSPPRV DSP), located in the
exclusion zone and zone of uncondi-
tional (obligatory) resettlement (the pol-
lutants and BZ (o) B).

Installation for cleaning strings
housed in a special room in conditions
as close to natural. During the execution
of experimental work carried out con-
stant dose control using certified dosim-
etrists dosimeter-radiometer MKS-01R,
zav. Ne859 859 and SCS — 96-01, block
96 BDZA T Ne281. Work performed
under the terms of measures of safety
and radiation safety stipulated rules and
regulations.

Before purification measuring the
exposure dose of y-radiation (the ER)
and flux density of a- and B-particles on
the inner and outer surfaces were per-
formed. Also, repeated measurements
were performed after decontamination
tubes and obtained after decontamina-
tion of radioactive materials in the form
of sludge.

Strings were different sizes — from 6
to 10.5 m. A pipe strings supplied strings
length 9,5-10,5 m. Geometric pipe
size strings complied GOST 633-80.
The weight strings pipes GOST 33-80.
Tolerances strings pipe sizes are small,
making them practical.

Test samples had different strings
sizes:

- the length —6 mto 11.5 m;

- pipe diameter — from 30 mm to
160 mm.

The thickness of the pipe wall was
5-10% of the outer diameter of the pipe.
Strings had an anti-corrosion coating,
but due to constant mechanical stress
and interaction with aggressive media
greatly subjected to corrosion and accu-
mulation of salt deposits (Fig. 1a, b).
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a
Fig. 1 (a, b) strings, exposed to corrosion and accumulation of salt deposits on their inner walls

The technology of cleaning the sur-
face of the strings is as follows. Special
traffic strings delivered to the place of
decontamination. Before deactivating all
strings and weighted measurements con-
ducted a B y — radiation exposure dose.
Each strings purified complex method
(Fig. 2).

The installation consists of a high
pressure system that delivers the work-
ing fluid (water) into the contaminated
pipes; specially developed and patented
nozzle which achieves a complex hydro-
dynamic cavitation performance and
frame, which is fixed strings. Nozzle
inserted into the inner cavity of the pipe
under the influence of fluid supply pump
high pressure comes into rotary motion,
acting on a layer of sediment jets of
high-pressure jets of high-energy (cavi-
tation) effects on surface and mechanical
destruction (cutting) layer of sediment.

Using of a specially designed nozzle
allows reaching purification strings. The
resulting sludge gathered in the receiv-
ing chamber and then determined the
level of radioactive contamination trans-
ferred to long-term storage.

In the world use various methods of
cleaning the strings of salt deposits con-
taining natural radionuclides.

Through analysis of existing tech-
nologies and their description in the
literature [1-7], has been allocated the
following methods of cleaning oil and
gas processing equipment, chemical,
mechanical, hydrodynamic, cavitation.
General characteristics, advantages and
disadvantages of these methods shown
in Table 1.

Comparative characteristics of these
methods makes it possible to conclude
that they all have advantages and dis-
advantages. Chemical and mechanical
compared to the other is quite accessi-
ble for use. Thus, there is a wide practice
of using mechanical means both abroad
and in Ukraine.

Some attempts decontamination
strings mechanically made experts of the
State Specialized Enterprise "Kharkov
State Interregional Specialized Factory"
DC UkrDO "Radon" (DSP "HDMSK"),
which took on a contractual basis for
temporary storage of strings.

Characterization strings oil and gas
industry, contaminated natural origin
was to:

- measuring the dose rate expo-
sure dose of 0.1 m and at a distance of
I m from the surface of the strings for
the definition of radioactive material

85



ExoJioriuni Hayku N@ 14-15

| HAYKOBO-TIPAKTUYHH 3KYPHAA

Table 1
Analytical study of the advantages and disadvantages
of existing methods of cleaning oil equipment
Method name Cleanser Advantages Disadvantages
Do not ensure com-
plete removal of salts,
. aggressive reagents
. . A wide range of can damage the walls
Chemical Different kinds of |reagents for vari- of Process eduin-
reagents ous compositions merr)lt require(:ld srl))ecial
pollution conditions for use of
the method, financially
costly
Mechanical Various mechanical | Available structur- | Damage to the walls of
tools ally simple the process equipment
Water jet instal-
lation of various
designs, which are | Versatile, walls In terms of wells usin
Hydrodynamic |equipped with a are damaged S g
h is limited
nozzle for supply- |equipment
ing a jet of water
under high pressure
Water jet installa- | High performance
Cavitational tion using special  |equipment are Energy-consuming
cavitation nozzle |damaged wall
Involves the use Environmentall Inefficient for cleaning
of ultrasound : ¥ pipes of considerable
The method of . friendly, the walls
g generated emit- length, damaged walls
acoustic impact : are damaged :
ters of different equipment of the process equip-
configurations quip ment, uneven cleaning

and, consequently, the level of physical
protection;

- exposure dose measurement flux
density and a-, B-particle radiation safety
for personnel during works on-site stor-
age of strings;

- measuring the specific activity of
naturally occurring radionuclides analy-
sis safekeeping strings and determine the
possibility of removal from regulatory
control after decontamination.

Results of decontamination strings
mechanically are shown in Table 2 [8].

A total for deactivation mechanically
was transferred 35,436 kg strings, of
them are not subjected to decontamina-

tion 3372 kg, which is 9.5% of the total.

All strings that were sent for decon-
tamination at SSE was found TSPPRV
radiative waste [9].

Indicators secondary activity radi-
oactive waste (hereinafter — RW) are
formed by mechanically decontamina-
tion strings below the strings to decon-
tamination activity [8].

As a result of this work flaws com-
plex pipe cleaning method, namely the
observed cases of incomplete cleaning
some sample strings was found. However,
mechanical ~ fragmentation =~ method
requires strings. In addition, dust and aer-
osols formed. Checked in cases of dam-
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Table 2

The results of experimental studies on decontamination strings mechanically

Characteristics of strings

Lot number strings

samples 1 2 3 4
Weight strings party, held deac- 720 10972 10 124 13 620
tivation kg
The initial activity of the party | 4 5,105 | 18x106 | 1,7x106 | 2.3x106
strings, Bq ’ ’ ’ ’
Weight deactivated strings, kg 226 10 394 8 832 12 240
The percentage of strings that
passed deactivation, % 31,39 95,12 87,24 89,87
Number deactivated fragments 23 1156 364 1226
strings, units
The mass of fragments not 492 490 1196 1192
undergone decontamination, kg
Mass of secondary radioactive 2 88 96 9
waste, kg
Key secondary radioactive 3.8x104 | 9.7x105 | 12x106 | 1,0x106
waste, Bq

age to the internal walls of the strings, not
allowing re-use in oil and gas industry.
On the ground of handling strings
SSE "TSPPRV" strings diameter of
76 mm and a length of 10 m, wall thick-

ness of 8 mm are hosted.

The main radionuclides in technolog-
ically contaminated strings is *Ra and

232Th'

The maximum specific activity is: for
26Ra—570kBq/kg,»*Th—340kBq/kg,
minimum — 0.03 kBq / kg and 0.01 kBq /
kg, respectively. *Ra and ?**Th charac-
terized gamma, beta and alpha radiation.

The specific activity of both radionu-
clides — **Ra and ***Th concentrated in
the first | mm layer on the outside as well
inside of the pipes. In the second 1-mm
layer of both radionuclides specific
activity decreases on average 75 times.
The most polluted is the inside of the
pipes. For the most contaminated strings
surface contamination levels exceed
release after removing the second layer

of the inner surface of the pipes.

The level of exemption from regula-
tory control of natural radionuclides is

1 kBq/ kg.

EDR from the strings range from
background values up to 40 mSv/h,
the density of beta particles is from
2,000 units B-particles/(cm 2 x min),
density of alpha particles ranges from
zero to 160 a- particle/(cm? X min).

The principle of operation units for
cleaning strings based on a combination
of hydrodynamic simultaneously, cavita-

tion and mechanical stress.

Experimental setup has the following

main features:

- production capacity — 3-4 tubes/

hour;

- electricity
20-70 kW/h;

consumption  —

- flow of water through the clean-
ing head — 30-50 liters / min. The sys-
tem allows cleaning of high water in
the recirculation mode. The minimum
amount of water — up to 3001 100-
150 tons of pipes.
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Fig. 2. Apparatus for cleaning the internal surface of pipes from salt deposits

taken in an amount of 5 pieces. Each pipe
was marked with input and dose control.

Tests were conducted in compliance
with radiation safety in accordance with

the prepared temporary technological Incoming inspection results are
requirements. For research strings were  shown in Table 3.
Table 3
The results of radiation monitoring input strings
Radiation indicators The
Power -flux den- | Fluence | thickness | Protocol
szggg%g; exposure s?ty particles | o-particles, | of thesalt | No
dose, | B-particles/ | a-particles/ | deposits, of
mSv/h min* cm? | min* cm? mm
B3 tube 28 930 4 Ne2
sludge 142 22800 47 4 25.04.2015.
B7 tube 26 1117 3 Ne5
sludge 980 38000 27 5 23.05.2015.
Ad tube 0,7 31 1,5 Ne6
sludge 170 630 3 4 24.05.2015.
A6 tube 31 1090 3 Ne7
sludge 186 36000 70 6 24.05.2015.
A5 tube 42 1175 3 Ne9
sludge 220 29500 63 4 27.05.2015.
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It was found that the thickness of salt
deposits on the inner surface of the strings
was 4.6 mm. The average exposure dose
tubes — 25.54 mSv/h, with a density of
B-particles averaged 868,6 [ particles/
min. * Cm?, and a-2,9 a-particles parti-
cles/min. * Cm?. Indicators flux density a
and B-particles in the slurry is ten times
higher than those of the tube.

Also, a study of the chemical com-
position of sediments captured first layer
strings is reflected in Table 4.

Table 4
The composition of sediment
removed first layer strings

Ne Chemical Indexes, %
element
1 Pb 97.69+0.06%
2 Sb 1.82+0.06%
3 Sn 0.26:0.01%
4 Zn 0.19+0.00%
5 Cu 0.04+0.00%

The main chemical elements in the
salt deposits are Pb, whose contribu-
tion is 97.69%. The lowest content of
Cu - 0,04%.

Thus, the radioactive material in the
form of strings and other equipment are
dangerous due to high levels of surface
contamination o, y emitting radionu-
clides. Handling strings contaminated by
salt deposits from the content of natural
radionuclides is in accordance with the
requirements NRBU- 97, under health
and safety regulations fourth group
aimed at reducing the dose chronic
human exposure to man-caused rein-
forced springs naturally occurring in the
home and at work.

Conclusions

Given the results of existing research
and experience on issues related to
improving the environmental safety of
oil and gas industry enterprises and adja-
cent areas by reducing the amount of
radioactive strings and according to their
storage occupied territories, we believe
that further research is necessary to con-
tinue to search for the most an accept-
able method of cleaning the strings and
its environmental and economic evalua-
tion and justification of the usefulness of
this technique.
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