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Abstract: Research on charging a radioisotope density meter (Endress + Hauser AG, Sweden) with ionizing radiation source of cesium-137 

types GCs7.021.1, GC 7.012.8 and calibrating radioisotope densitometers on stands with liquid simulators based on mixtures of bromoform 

and ethyl alcohol. Calibrated radioisotope densitometers were used to determine the density of the pulp emulsion in the technological line of 

the State Enterprise «Navoi Mining and Metallurgical Combine» (Bessopan industrial site, Zarafshan sity, Republic of Uzbekistan). 

     The paper presents studies on the development of a method for calibrating a radioisotope level meter (Berthold Technologies GmbH & 

Co. KG) under the conditions of the presence of natural radionuclides in the composition of gas condensate and powdered polyethylene 

intermediate product  at the gas production enterprise of the JV «Uz-Kor Gas Chemical», «Ustyurt Gas Chemical Complex» (Kirk-kyz 

settlement, Republic of Karakalpakstan).  
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Introduction 

 

Radioisotope density meters and radioisotope level gauges are 

designed for non-contact measurement of the density or level of 

liquids and dispersed systems (suspensions, emulsions, slurries) of 

various compositions in closed tanks and pipelines and their 

principle of work is the same. The principle of operation of 

radioisotope densitometers and radioisotope level gauge  

is based on the registration of residual gamma radiation from 

radiation ionizing source after it passes through pipeline or tank 

and. The degree of attenuation of gamma radiation from the 

thickness and density (or level) of the pipe wall material, the length 

of the gamma radiation path depends on the controlled environment 

and the density (or level) of the controlled environment. 

Radioisotope densitometers and radioisotope level gauges measure 

constant value of gamma radiation. 

   One of the following ionizing radiation source is used in 

radioisotope densitometers and radioisotope level gauges: cesium-

137, americium-241, cobalt-60, curium-244, which are placed in a 

lead shielding container with a collimator on pipeline or tank, and a 

detector block is permanently located on their opposite side. 

However, Cs-137 and Co-60 ionizing radiation sources are often 

used. Radionuclide Cs-137 has half-life of 30, 2 years and  gamma 

energy of 661.6 keV and radionuclide Co-60 has half-life of 5.3 

years and gamma energies 1.1732 MeV, 1.3325 MeV [1]. It is more 

expedient to use the Cs-137 source because of its longest half-life 

and energy of gamma radiation, not required powerful lead 

shielding in the gamma-radiation source block in order to ensure the 

radiation safety of personnel. 

The import of Cs-137 ionizing radiation sources into the 

Republic of Uzbekistan from abroad is associated with some 

difficulties, such as: obtaining a license from the Ministry of 

Foreign Economic Relations and Trade, the cost of training, 

servicing and disposal of sources after the expiration of their service 

life. 

The aim of the study is to complete ionizing radiation sources 

Cs-137 of the GCs7.021.1 and GCs7.012.8 types with radioisotope 

densitometers (Endress + Hauser AG, Sweden) and  development of 

methods for calibrating radioisotope density meters in laboratory 

conditions for their further use in the technological line of the State 

Enterprise «Navoi Mining and Metallurgical Combine». 

Radioisotope level gauges (Berthold Technologies GmbH & 

Co. KG) were purchased and installed on polyethylene production 

lines at the gas production enterprise JV «Uz-Kor Gaz Chemical», 

«Ustyurt Gas Chemical Complex» for measuring of level of 

powdered polyethylene intermediate product in closed tanks. 

However, these radioisotope level gauges did not work properly, 

namely there was an abnormal situation and there was a difference 

between the level of the product as measured by the radioisotope 

level gauge and the actual level of the product and the problem was 

that it was impossible to accurately calibrate the radioisotope level 

gauges. 

The purpose of the study was to study the reasons for the error 

in measuring the level of technological intermediate product with 

radioisotope level gauge and develop methods for calibrating 

radioisotope level meter. 

 

 

Decision of considered problems 

  

     The Institute of Nuclear Physics of the Academy of Sciences has 

Cs-137 radiation ionization sources of the GCs7.021.1 type with 

activity of 82.7 mCi and GCs7.012.8 type with activity of 8.56 mCi, 

which have zero duty cycle, however, their assigned terms of use 

have expired. 
 It was necessary to carry out work to check the tightness of the 

Cs-137 sources (GCs7.021.1 and GCs7.012.8) and extend their 

service life, as well as to carry out work on charging the sources in 

the blocks of gamma sources of radioisotope densitometers. To test 

the tightness of Cs-137 sources (GCs7.021.1 and GCs7.012.8) and 

extend their service life, a method for testing the tightness of 

sources was developed. 

To calibrate radioisotope densitometers, a technique was used to 

calibrate a radioisotope density meter based on liquid simulators 

based on mixtures of bromoform and ethyl alcohol. 

    To solve the problem of accurate calibration of radioisotope level 

gauges investigations of monitoring of natural radionuclides at the 

facilities of the gas processing enterprise JV «Uz-Kor Gas 

Chemical», «Ustyurt Gas Chemical Complex», as well as 

spectrometric analysis of samples of gas condensate and  powdered 

polyethylene intermediate product  were carried out. 

The results of radiation monitoring and gamma spectrometric 

analysis show that the samples of the technological products (gas 

condensate and powdered polyethylene intermediate product) 

contain natural radionuclides Ra-226, Ra-228 and the products of 

their radioactive decay Bi-214, Pb-214, Ac-228, which accumulate 

in closed technological tanks and products to increased gamma 

background. Because of this, errors occur when measuring the level 

of an intermediate free-flowing powdery product with a 

radioisotope level gauge. Because of this, errors occur when 

measuring the level of an intermediate free-flowing powdery 

product with a radioisotope level gauge. Under these conditions, for 

accurate calibration of the radioisotope level gauge, a special lead 

shield on the surface of the detector unit housing. 
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Results and discussion 

   The manufacturer of radioactive sources (All-Union Association 

of Isotopes "Isotope", Russia) for testing the tightness of а new of 

radiation ionizing sources recommended the use of radiometric 

method for testing a sealed Cs-137 source, in which the radioactive 

source is immersed in 7-10% nitric acid heated to 900 C0, for 1 hour 

[2].  However, this leak test method is impractical for end-of-life 

Cs-137 sources due to the potential for surface corrosion from nitric 

acid. To check the tightness of the Cs-137 sources (GCs7.021.1 and 

GCs7.012.8), a 10% solution of phosphoric acid was used, which, 

unlike nitric acid, forms a protective film on the surface of the Cs-

137 source capsule, which protects the source from corrosion.  
According to the proposed method, in a protective box, the Cs-137 

source was placed in a solution of phosphoric acid (10%) and the 

source was kept in this immersion liquid for 1.0 hour at  

temperature of 25 C0 [3]. Then, in the cuvette, the activity of the 

acid extract was measured on radiometric pulse analyzer with 

scintillation counter (photomultiplier tube with NaI crystal) or 

gamma-beta spectrometers "Radek", MKGB-01 (Russia). 

    The activity of the measured acid extract is calculated using the 

formula: 

                                A = Ac
𝑁1

𝑁2
                                            (1) 

where: Ac - activity of the control solution with the radionuclide 

Cs-137 with known activity; N1 - count rate from acid solution; N2 

- count rate from control solution. 

      Source is considered leakproof if the activity of the acid extract 

does not exceed 185 Bq (5 nCi) [4, 5]. If the activity of the 

radionuclide Cs-137 that passes into the immersion liquid exceeds 

185 Bq, then the source is considered to be depressurized and must 

be buried in specialized radioactive waste disposal facility.    

The results of tests for the tightness of the Cs-137 sources of 

ionizing radiation showed that both sources are hermetic, i.e. the 

activity of the Cs-137 radionuclide in immersion liquids is not 

higher than 165 Bq (5 nCi). 

Thus, it was concluded that the sources of cesium-137 

GCs7.021.1 and GCs7.012.8 are hermetically sealed and meet the 

requirements of international standards [4, 5] and they can be used 

for completing radioisotope densitometers. 
    The calculated activity of the Cs-137 sources (GCs7.021.1 and 

GCs7.012.8) at the date of their use were determined by the 

formula: 

                             Аt=Ao
 exp (– λt)                                                          (2) 

 

where: Аt - activity of Cs-137 source on date 10/12/2019; 

Ao - initial activity of Cs-137 source according to the passport; λ - 

Cs-137 radioisotope decay constant of  2.29610-2/year; t - time 

(years) elapsed since the certification of Cs-137 sources according 

to the passport. 

    Table 1 and table 2 shows the technical data of the closed gamma 

radiation source of Cs-137 type GCs7.012.8 and GCs7.021.1. 

     

Table 1. Technical data and characteristics of closed gamma 

radiation source with radionuclide of Cs-137 type GCs7.012.8, 

passport No. 10203, serial  No. IXE. 

 

Name, characteristic and unit of 

measurement 

Data 

1. Working surface                                                                                       bottom 

2. Measured value of the exposure dose  

rate in the direction of the perpendicular 

surface at distance of 1 m from it with the 

ratio of the diameter of the cylindrical 

channel of the collimator of the 

installation type VU-01 to its length equal 

to 0.6, A/kg 

 

1.610-10 

 

3. Confidence limits of the total error of 

the results of measuring the exposure 

dose rate of the source with  probability 

of 0.95, in % 

 

15 

4. Month and year of exposure dose rate 12.2019 

measurement 

5. Activity of the radionuclide Cs-137 in 

the source, Bq 
3.17108, 

8.56 mCi 

6. External dimensions of the source, mm  

                                                    diameter 

                                                     height 

 

6.0 

10.0 

7. Capsule material, type of stainless steel  12X18N10T 

8. Dimensions of the active part of the 

source, mm                                              

diameter  

                                                    height 

 

5.0 

7.0 

9. Source tightness tight 

10. The level of radioactive 

contamination of the source with 

radioactive substances when determined 

by the smear method, Bq, no more 

 

185 

 

    Table 2. Technical data and characteristics of closed gamma 

radiation source with radionuclide of Cs-137 type GCs7.021.1, 

passport No. 22338, serial  No. 190. 

 

Name, characteristic and unit of 

measurement 

Data 

1. Working surface                                                                                       bottom 

2. Measured value of the exposure dose 

rate in the direction of the perpendicular 

surface at distance of 1 m from it with the 

ratio of the diameter of the cylindrical 

channel of the collimator of the 

installation type VU-01 to its length equal 

to 0.6, A/kg 

 

1,4310-9  

 

3. Confidence limits of the total error of 

the results of measuring the exposure 

dose rate of the source with  probability 

of 0.95, in % 

 

15 

4. Month and year of exposure dose rate 

measurement 

12.2019 

5. Activity of the radionuclide Cs-137 in 

the source, Bq 
3.06109,  

82.7 mCi 

6. External dimensions of the source, mm  

                                                     diameter  

                                                     height 

 

8.0  

12.0  

7. Capsule material, type of stainless steel 
12X18N10T 

8. Dimensions of the active part of the 

source, mm                                 diameter  

                                                    height 

 

6.0  

6.5 

9. Source tightness tight 

10. Level of radioactive contamination of 

the source with radioactive substances 

when determined by smear removal,  

Bq, not more than 

 

185 

    

After issuing a certificate of the tightness of the Cs-137 sources, 

work was carried out to charge the Cs-137 sources in the blocks of 

gamma sources of radioisotope densitometers. 

    Charging of the Cs-137 GCs7.012.8 radioisotope density meter 

was straightforward as the size of the source slot allows the Cs-137 

source to be linked to the gamma source block. However, to charge 

the GCs7.021.1 gamma source block, it was necessary to increase 

the size of the source socket in the gamma source block 

For free placement of the Cs-137 GCs7.012.8 source (=7 mm and 

h=10 mm) in the source socket (=8 mm, h=12 mm), the source 

socket in the gamma source block was increased on drilling 

machine to dimensions (=10 mm, h = 13 mm), which made it 

possible to charge the Cs-137 source into the gamma source unit of 

the radioisotope density meter. 

     In the protective box, work was carried out to remotely charge 

the Cs-137 source in the blocks of gamma sources of radioisotope 
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density meters, for this, the source was placed in the source socket 

of the gamma source block, the cover of the source socket was 

closed, and the source protective locking mechanism was 

transferred from the "open" position to " open ”position to“ closed 

”position. 

      Dosimetric control of the exposure dose rate of gamma radiation 

by calibrated dosimetric device  SRP-88 N was carried out. When 

charging the gamma source block with source of Cs-137 

GCs7.021.1, the measured equivalent dose rate of gamma ionizing 

radiation at distance of 0 m from the surface was 55 μSv/h, and 

measured equivalent dose rate of gamma ionizing radiation at 

distance of 1.0 m was 0.5 μSv/h. For the purpose of radiation safety, 

density meters must comply with the requirements of radiation 

safety standards and the basic sanitary rules for ensuring radiation 

safety (SanPiN No. 0193-06). In radioisotope devices intended for 

use in an industrial environment, the equivalent dose rate of 

ionizing radiation in any direction (except for the direction of direct 

gamma radiation) should not exceed: 

on the surface of a gamma source block with a charged ionizing 

radiation device - 100 μSv/h (10 mR/h); at a distance of 1 m from 

the gamma source block - 3 μSv/h (0.3 mR/h) [6]. 

Thus, the measured doses fully comply with the requirements of 

sanitary standards and additional lead protection of the gamma 

source unit is not required. 

Calibration of radioisotope densitometers 

     It is shown in [7] that petroleum ether, gasoline, benzene (0.650-

0.860 g/cm3), water-alcohol solutions (0.870-0.950 g /cm3), 

sulfuric-wine solutions (0.960-1.010 g/cm3) sulfuric-water solutions 

(0.960–1830 g/cm3) and Thule solutions (1.840–2,000 g /cm3) are 

usually used for liquid imitators. 

However, these liquid simulators have aggressive properties and are 

highly toxic to personal health. 

To calibrate the radioisotope density meter, calibration stands 

with liquid simulators were used. To obtain liquid simulators, 

tribromomethane CHBr3 stabilized with resorcinol and ethyl alcohol 

(C2H5OH) were mixed in glass vessels [8]. 

The approximate ratios of the components of the liquid 

simulators of the controlled environment are set in Table 3. 

Table 3. Approximate ratios of the components of the liquid 

simulators of the controlled environment. 

Simulator 

number 

Density value, 

kg /m3 

Simulator percentage 

bromoform alcohol 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

800 

1000 

1200 

1400 

1600 

1800 

2000 

2200 

2400 

2600 

2800 

0,5 

10,0 

19,5 

29,0 

38,5 

48.0 

57,5 

67,0 

76,5 

86,0 

95,6 

99,5 

90,0 

80,5 

71,0 

61,5 

52,0 

42,5 

33,0 

23,5 

13,0 

4,5 

Hydrometers [9] were used as auxiliary instruments, with the 

help of which the densities of liquid simulators were measured. 

     For the manufacture of calibration stands for simulators by 

welding, square containers and cylindrical containers were made 

from sheet steel. 

     Calibration stands for liquid simulators were in the form of 

square containers with dimensions: height is 15 cm, width is 40 cm, 

length is 324 mm, wall thickness is 8 mm. 

      Calibration stands simulators in the form of cylinder, plugged at 

both ends, have dimensions: width is 40 cm, diameter is 10 mm. 

 Calibration stand simulators have threaded heads (=20 mm 

and =32 mm) for filling them with liquid simulators. 

Development of lead screen for gamma source collimator 

     Radioisotope density meter was equipped with Cs-137 ionizing 

radiation source of the GCs7.021.1 type (activity 82.7 mCi). 

To meet the requirements of the radioisotope density meter 

specification [10], lead shield was developed to reduce the activity 

of the Cs-137 GCs7.021.1 source (activity=82.7 mCi) to the activity 

of the Cs-137 GCs7.012.8 source (activity=8.56 mCi). Lead shield 

15 mm thick in front of the collimate of gamma source block was 

installed. The thickness of the lead shield was determined 

experimentally by dosimetric measurements. 

    Dosimetric measurement #1:   The gamma-radiation source unit 

with charged Cs-137 GCs7.012.8 source (activity = 8.56 mCi) is 

located at distance of 45 mm from the empty (without liquid 

simulator) simulator stand, and the detector block is located at 

distance of 100 mm from it. The collimator of the gamma source 

block was set to the “open” position, and the dose rate of gamma 

radiation was measured with dosimeter IdentiFiender Target 

(Thermo Fisher Scientific, USA) at 3 points from the detector 

block. 

Measured point 1 is at distance of 5 mm from the initial part of 

the detector block (beginning of the detector), point 2 is at distance 

of 200 mm from the initial part of the detector block (middle of the 

detector), point 3 is at distance of 395 mm from the initial part of 

the detector unit (end of detector).   

Dosimetric measurement #2. 

    The gamma-radiation source block with charged Cs-137 

GCs7.021.1 source (activity=82.7 mCi) is located at distance of 45 

mm from the empty (without liquid simulator) simulator stand, and 

the detector unit is located at distance of 100 mm from it. The 

collimator of the gamma source block was set to the “open” 

position, and the dose rate of gamma radiation was measured with 

dosimeter IdentiFiender Target (Thermo Fisher Scientific, USA) at 

3 points from the detector block as described above.    Dosimetric 

measurement # 3. 

    Gamma source block with charged Cs-137 GCs7.021.1 source 

(activity = 82.7 mCi) and lead 15 mm thick installed in front of the 

collimator was installed at a distance of 45 mm from the empty 

simulator stand. The detector block is located at distance of 100 mm 

from the empty (without liquid simulator) simulator stand. The 

collimator of the gamma source block was set to the “open” 

position, and the dose rate of gamma radiation was measured with 

dosimeter IdentiFiender Target (Thermo Fisher Scientific, USA) at 

3 points from the detector block as described above. 

     Table 4 shows the results of dosimetric measurements of the 

exposure dose rate of gamma radiation from Cs-137 sources. 

Table 4: Results of dosimetric measurements of the exposure dose 

rate of gamma radiation from Cs-137 sources (GCs7.012.8 and 

GCs7.021.1). 

No. 

Type of source 

Cs-137 

Measured 

point 

number 

Radiation 

espouse 

dose, 

μSv/h 

1.1  GCs 7.012.8 

(activity =8.56 mСi) 

1 6,6 

1.2 -//-  2 7,6 

1.3 -//- 3 5,6 

average: 

6.6 

2.1 GCs 7.021.1 

(activity =87.2 mСi)    

1 32 

2.2 -//- 2 30,1 

2.3 -//- 3 30,7 

average: 

30.9 

3.1  GCs 7.021.1 

(activity =87.2 mСi)    

1 6,4 
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+ lead screen with  
thickness 15 mm  

3.2. -//- 2 6,8 

3.3. -//- 3 6,5 

      average: 

6.6 

 

     As can be seen from table 4, when using a lead shield in front of 

the collimator, the average dose of gamma radiation from the 

GC7.021 source is 6.6 μSv/h, which is equal to the average dose of 

gamma radiation from the GCs7.012.8 source (6.6 μSv/h) and 15 

mm thick lead shield reduces the activity of the source GCs7.021 

(87.2 mCi) until the activity of the source GCs 7.012.8 (8.56 mCi). 

   Thus, in the block of gamma source of radioisotope density meter 

with ionizing radiation source Cs-137 GCs7.021.1 with activity of 

87.2 mCi, lead screen 15 mm thick was installed in front of the 

collimator. 

Calibration of radioisotope densitometers in laboratory 

conditions on the calibration stands of the simulator with liquid 

simulators was carried out. 

     To calibrate the radioisotope density meter, first a gamma-source 

unit with a charged Cs-137 GCs7.021.1 source with a lead shield 15 

mm thick is located, then a simulator stand with a liquid simulator 

was placed, and then the detector block was installed in the same 

way as shown in Figure 1 [10]. 

 

Fig.1. Sketch of clamp for attaching a radioisotope density meter to 

a process pipe. 

 

To calibrate the radioisotope density meter, the gamma source 

block with charged Cs-137 GCs7.021.1 source was placed on tripod 

(height=50 mm) with horizontal collimator, lead screen 15 mm 

thick was installed in front of it and at  distance of 45 mm simulator 

stand with liquid simulator of  known density filled to full, and 

detector block was located at a distance of 100 mm from the 

simulator stand. 

     Then, according to the operating instructions for the radioisotope 

density meter [11], the detector unit was connected to the 

processing and information unit with a connecting cable, and the 

detector unit was connected to a 220 V electrical network. 

     Radioisotope densitometer software built into the microchip 

allows the radioisotope densitometer to be calibrated at 9 different 

densities, while we calibrate the radioisotope densitometer at 3 

densities for optimal performance .  For calibration were used: 

liquid simulator # 1 with a density of  1.118 g/cm3, liquid simulator 

# 2 with density of 1.415 g/cm3 and liquid simulator # 3 with a 

density of 1.715 g/cm3. The radioisotope density meter has been 

calibrated, i.e. the number of electrical impulses (frequency) arising 

in the detector, transmitted to the information processing and 

analysis unit, corresponds to the measured density of the liquid 

simulator. 

    For the fluid simulator to fluctuate, each calibration of the 

radioisotope density meter was waited for 30 minutes, and the 

density of each simulator fluid was measured for 30 minutes. When 

calibrating a radioisotope density meter, the density value of the 

liquid simulator and the density value in percentage (%) were 

obtained on the display of the information processing and analysis 

unit. 

    Table 5 shows the technical characteristics of the calibrated 

radioisotope density meter (serial number P 9007001064 FHX-40) 

and its operating parameters. 

 

Table 5. Technical characteristics of the calibrated radioisotope 

density meter (serial number P 9007001064 FHX-40) and its 

operating parameters. 

 

# Name, type   Value 

1. Gamma source block,   

No. PА 00040113F 

Weight= 40 kg 

2. Source Cs-137  GСs7.021.1,  

serial No. 190    

Activity=87,2 mCi 

3.  Lead screen in front of the 

collimator 

Thickness=15 mm   

4.  Scintillation detector block 

FM G60,  

No.  P 900А50100F 

Length=400 mm 

5. Process pipe inner diameter =308 mm 

6. Process pipe wall thigtness h=8 mm 

7.  Input pulp emulsion density 

parameters: 

minimum pulp density 

maximum pulp density 

 

 

1.200 g/cm3 

1.600 g/cm3 

8. DC output electrical signals 

 

lower density limit 

I=4.0 mA 

upper density limit 

I=20.0 mA 

 

In Figure 2 shows the photographs of the calibration process of the 

radioisotope density meter (serial number P 9007001064 FHX-40). 
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Fig. 2. Calibration of a radioisotope density meter (serial number P 

9007001064 FHX-40) 

 

As shown in the figure 2, the top photo shows the block gamma 

source; lead shield 15 mm thick; simulator stand with liquid 

simulator No. 2 with density of 1.415 g/cm3; detector block; 

connecting cable; information processing and analysis block with 

closed lid; the bottom photo shows:  information processing and 

analysis block with an open lid; display with the image of density of 

liquid simulator No. 2 with density of 1.415 g/cm3. 

          In Figure 3 shows the curve of the dependence of the current 

strength on the density of the radioisotope density meter. 

          
Fig. 3. Curve of the current strength on the density of the 

radioisotope densitometer. 

 

     As seen from Fig. 3 radioisotope density meter (serial no. P 

9007001064 FHX-40) is calibrated to the operating mode at 3 

density points, where at a pulp density of 1.118 g/cm3 analog signal 

current appears in the 4.0 mA connector, and at pulp density of 

1.715 g/m3 the electric current of the analog signal in the connector 

is 20.0 mA. 

     Table 6 shows the technical characteristics of the calibrated 

radioisotope density meter (serial No. P 9006E01064 FHX-40-

V1B). 

 

Table 6. Technical characteristics of the calibrated radioisotope 

density meter (serial number P 9006E01064 FHX-40-V1B) and its 

operating parameters. 

 

# Name, type   Value 

1. Gamma source block,   

No. PA 00030113F 

Weight= 40 kg 

2. Source Cs-137  GСs7.021.1,  

serial No. IXE     

Activity=8.56 mCi 

3.  Scintillation detector block 

FM G60, No. 900A20100F 

Length=200 mm 

4. Process pipe inner diameter =159 mm 

5. Process pipe wall thickness h=10 mm 

6. Input pulp emulsion density 

parameters: 

 

 

minimum pulp density 

maximum pulp density 

1.200 g/cm3 

1.500 g/cm3 

7. DC output electrical signals 

 

lower density limit:  

I=4.0 mA  

upper density limit: 

I=20.0 mA 

 

    In Figure 4 shows the photographs of the calibration process of 

the radioisotope density meter (serial No. P 9007001064 FHX-40). 

 

        

        
 

Fig. 4: Calibration of the radioisotope densitometer (serial No. P 

9006E01064 FHX-40-V1B). 

 

As shown in the Fig. 4, the top photo shows the block gamma 

source (with charged source of Cs-137   GCs7.012.8, activity is 

8.56 mCi); cylindrical simulator stand with liquid simulator No. 3  

with density of 1.694 g/cm3; detector block; the down photo shows 

display of information processing and analysis block with open lid; 

display with the image of density of liquid simulator No.3 with 

density of 1.6907 g/cm3. 

 

 

Calibration of radioisotope level gauge  

 

    At the gas production enterprise of the JV «Uz-Kor Gas 

Chemical» «Ustyurt Gas Chemical Complex», on the polyethylene 

production line, radioisotope level meters (Berthold Technologies 

GmbH & Co. KG) are used, which did not accurately measure the 

level of the intermediate powdered polyethylene product in closed 

tanks. 

Monitoring of natural radionuclides at the technological 

facilities of the gas processing enterprise was carried out by 

dosimetric devices Identi Fiender Target (Thermo Fisher Scientific, 

Inc., USA), Radiagem 2000 (Canberra, USA), Polimaster DKG-RM 

(Expert Scientific and Technical Center , Belarus) and spectrometry 

analysis of the objects (samples of primary gas condensate and 

intermediate loose powdered product) were carried out on gamma-

beta spectrometers "Radek", MKGB-01 (Russia) with software 

Ascinti. 

Radiation monitoring of natural radionuclides at the 

technological facilities of this gas production enterprise showed that 

at some technological installations (filtering equipment F-5201 A) 
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there is a multiple (more than 800 times) excess of background 

gamma radiation (12 mR/h or 0.86 C/kg). In addition, natural 

radionuclides are contained in gas condensate and in a powdery 

intermediate polyethylene. Studies have shown that natural 

radionuclides accumulate in closed containers together with 

intermediate powdered polyethylene product. 

Study of the literature has shown that as a result of the 

extraction, storage and transportation of oil and gas at oil and gas 

production enterprises, natural radionuclides Ra-226, Th-232, and 

their fission products are extracted from the bowels of the earth, 

which are collected in the form of radioactive deposits on the inner 

surface of technological equipment [12, 13]. Specific activity of 

natural radionuclides was determined from analytical lines with the 

energy of analytical peaks of gamma radiation 242 keV, 295 keV, 

352 keV of the decay product of Ra-226 of the radionuclide Pb-214 

and from analytical lines with the energy of analytical peaks of 

gamma radiation 609 keV, 1120 keV and 1764 keV of the product 

of the decay of Ra-226 of the radionuclide Bi-241 [14]. 

 Specific activity of the natural radionuclide Th-232 was 

determined from analytical lines with the energy of analytical peaks 

of gamma radiation of 583.2 keV, 2614.5 keV of the decay product 

of Th-232 of the radionuclide Tl-208 and analytical lines with the 

energy of analytical peaks of gamma radiation 338.3 keV of Th-232 

decay products of the Ac-228 radionuclide [15]. 

    The results of gamma-spectrometric analysis showed that in 

formation waters, liquid gas condensate from the Urga and Surgil 

gas fields, as well as in the powdery intermediate polyethylene 

product of gas condensate processing, there is mainly radioactive 

contamination with natural radionuclides Ra-226, Th-232 and their 

daughter radionuclides Bi-214, Pb-214, Ac-228, and natural 

radionuclides are absent in the final technological products 

(ethylene and propylene granules) (see Table 7). 

 

Table 7. Results of gamma spectrometric analysis of investigated 

samples. 

 

Investigated 

sample 

Specific activity of natural radionuclide, 

Bk/kg 

 226Ra 214Pb 214Bi 228Ac 

Formation 

water from 

separator 

16240 305 356 329 

Formation 

water from 

buffer 

capacity 

15342 335 528 288 

Gas 

condensate  

- 253 151 - 

Intermediate 

powdered  

polyethylene 

product 

255   204 255 288 

Granules 

ethylene  

- - - - 

Granules 

propylene  

- - - - 

 

     Table 7 shows that in liquid propylene gas condensate and 

intermediate powdery polyethylene product, there are impurity 

radionuclides Pb-214, Bi-214, Ac-228 with a total specific activity 

of 37-40 Bq / kg and this concentration does not exceed the 

requirements of sanitary standards of SanPIN. 0193-06 [16]. 

However, despite the fact that the daughter fission products of 

natural radionuclides have short half-lives (214Bi – T1/2=19.8 min, 
214Pb – T1/2= 26.8 min, 228Ac – T1/2=6.13 hours) when they are 

present in the powdery intermediate polyethylene product and 

gradually accumulate in closed tanks during the gas processing 

process, they multiply the overall background of gamma radiation 

and the gamma radiation of the Cs-137 source of the gamma source 

of the radioisotope density meter. 

  Thus, natural radionuclides negatively affect the operation of 

radioisotope level gauge, namely, on the information processing and 

analysis unit (electronic panel board) 

radioisotope densitometer, an increase or decrease in the electric 

analog current in the 0-5.0 mA and 4.0-20.0 mA connectors occurs 

and errors in measuring the level of the technological product occur. 

    The calibration curve of the signal current versus the level of an 

intermediate polyethylene powder product in the presence of short-

lived natural radionuclides with normal signal current and abnormal 

signal current is shown in Figure 5. 

 
Fig. 5.  Calibration curve of signal current (I) from level (H) of 

intermediate powdered polyethylene product in close tank: 1– 

normal calibration curve; 2,3 – abnormal calibration curve. 

 

    To solve this problem, 2 methods have been developed for 

accurate calibration (adjustment) of the radioisotope level gauge. 

    The first method consisted in the fact that a signal current 

correction unit was developed, designed to rectify an analog current 

signal and supply it to an electronic panel unit in connectors 0-5.0 

mA and 4.0-20.0 mA [17]. 

Figure 6 shows a functional diagram of the signal current correction 

unit. 

 
Fig. 6. Functional diagram of the signal current correction unit: 1 

– block gamma source with Cs-137 source; 2 – intermediate 

powdered polyethylene product; 3 – detector block; 4 – signal 

current correction unit; 5 - electronic panel board. 

 

The second method turned out to be more effective and in order to 

eliminate errors (errors) when measuring the level of a powdery 

bulk polyethylene intermediate in closed containers, the body of the 

radioisotope level gauge detection unit was wrapped in special lead 

shield 0.9 mm thick. The required thickness of the lead shield was 

determined by the dosimetry method. The lead shield made it 

possible to exclude an increase in the gamma background, to reduce 

the activity of natural radionuclides to zero.  

Thus, as a result of the use of a lead shield on the surface of the 

detection unit, an accurate calibration of the radioisotope level 

gauge was achieved, which ensured the spoiled operation of the 

radioisotope level gauge. 

   

Conclusion 

 

    Sources of ionizing radiation Cs-137 (GCs7.021.1 and 

GCs7.012.8) were tested for tightness. The source socket in the 

gamma source block was enlarged, ionizing radiation source of Cs-

137 GCs7.021.1 (# 190) into the gamma source block of the 

radioisotope density meter (serial number P 9007001064 FHX-40) 

was charged, screen was installed in front of the collimator of the 

gamma source block made of 15 mm thick lead sheet.  Ionizing 
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radiation source of Cs-137 GCs7.012.8, (# IXE) into the gamma 

sources block of the radioisotope densitometer (serial No. P 

9006E01064 FHX-40-V1B) was charged. 

      In laboratory conditions calibration of the radioisotope 

densitometers at the simulators stands with liquid simulators was 

made. 

    In the radioisotope densitometers, when the lower pulp density 

(=1.200 g/cm3) is reached, electrical signal appears in the 4.0 mA

connector, and when the upper pulp density (=1.600 g/cm3 and

=1.500 g/cm3) is reached electrical signal appears in the 20.0 mA

connector, which indicates the serviceability of both radioisotope

density meters. After calibrating radioisotope densitometers and

installing them on technological production lines of the State

Enterprise «Navoi Mining and Metallurgical Combine», the data of

measurements of the density of the pulp emulsion will be displayed

on computer monitors in real time.

The results of radiation monitoring showed that natural 

radionuclides are present inside some technological equipment of 

the JV  «Uz-Kor Gas Chemical», «Ustyurt Gas Chemical Complex» 

and these natural radionuclides are contained both in the gas 

condensate and in the intermediate powdery polyethylene product, 

therefore, there is a multiple increase in the background gamma 

radiation. Natural radionuclides accumulate together with the 

technological product in closed tanks and lead to erroneous 

operation of the radioisotope level gauge. 

 To solve the problem of calibrating the radioisotope level 

gauge, a 0.9 mm thick lead shield was installed on the surface of the 

radioisotope level gauge detection unit, which ensured accurate 

calibration (adjustment) of the radioisotope level gauge and ensure 

its proper operation. 
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