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Abstract

This paper analyzes the measures to increase the accuracy and reliability of accounting of petroleum and petroleum
products in Ukraine on the basis of the mandatory equipment of excise petroleum products warehouses with level meter-
counters and flow meter-counters.

For this purpose, the excise warehouses for the petroleum and petroleum products are equipped with level meters-
counters and flow meter-counters with the transfer of information in automatic mode to the State fiscal service of Ukraine.
The phased procedure for the introduction of automatic data transfer from excise warehouses is envisaged. In this case, the
level meter-counter means a level meter, which measures the level, temperature and density and calculates, according to
the strapping table of the storage tank entered into the memory of the level meter, the volume of petroleum and petroleum
product, reduced to a temperature of 15 °C.

In accordance with current regulatory documents, the maximum permissible error of the level meter should be
* 2 mm for petroleum products and £ 3 mm for petroleum. The maximum permissible error for the flow meter-counter
should be + 0.25 %. At present, quite a lot of types of level meters are undergoing a conformity assessment with the

technical regulations of legally regulated measuring instruments with the aim of using them as level meter-counters.

The important question is the error with which the level meter-counter determines the volume of petroleum and
petroleum products in the storage tank and the allowable discrepancy between the results of volume measurement using
the level meter-counter and flow meter-counter. The corresponding formulas for calculating these quantities are given.

Measurement methods and methods for calculating permissible imbalance need to be used.

The stated approach of operational control of accounting should be applied to other energy resources — in particular,

to control the caloric content of natural gas.
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Introduction

Along with the need to ensure high accuracy of
measurements in commercial operations with petro-
leum and petroleum products, an equally important
task is to accurately measure the volume of petroleum
and petroleum products in storage tanks at each time
point (“residuals”).

Results of research

Since January 1, 2018, the Resolution of the Cabi-
net of Ministers of Ukraine No. 891 of November 22,
2017 [1] on equipping excise warehouses of petroleum
and petroleum products with level meter-counters and
flow meter-counters came into force. The level me-
ter-counters should not only measure the level of pe-
troleum and petroleum products in storage tanks, but
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also, using a storage tank strapping table, measurement
channels of temperature and density of petroleum and
petroleum products entered into the memory of the
level meter-counter, determine the volume of received
and sold petroleum and petroleum products reduced
to a temperature of 15 °C. Thus, the level meter per-
forms the function of a volume counter reduced to a
temperature of 15 °C. At the same time, the volume of
received and sold petroleum and petroleum products is
measured by a flow meter-counter (also reduced to a
temperature of 15 °C). All current information is trans-
mitted in real time in electronic form to a division of
the State Fiscal Service.

The procedure for maintaining the Unified State
Register provides for the following automatic data
transfer: from June 1, 2018 — for excise warehouses
with the storage tanks with a total capacity of more
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than 20,000 m?; from January 1, 2019 — for excise
warehouses with the storage tanks with a total capacity
of 1,000 to 20,000 m?® from June 1, 2019 — for excise
warehouses with the storage tanks with a total capacity
of not more than 1000 m?®. The required maximum per-
missible error of the level meter and the flow meter is
determined by the current instruction for the accoun-
ting of petroleum and petroleum products (hereinafter
referred to as the Instruction) [2] and for petroleum
products is £ 2 mm, for petroleum — * 3 mm. The
maximum permissible error of a flow meter-counter,
which realizes an indirect method of dynamic mea-
surements, according to the Instruction and the cur-
rent standard [3], should assure a measurement of the
volume of petroleum and petroleum products reduced
to a temperature of 15 °C, with an error of not more
than + 0.25 %.

A very important factor in ensuring the required
accuracy of the volume of petroleum and petroleum
products with a level gauge-counter is the timely re-
ceipt of storage tank strapping tables at their verifi-
cation. The verification interval for storage tanks of
5 years is defined in [4], but it is not fully consistent
with the requirements of the Instruction [2]. In the
Instruction, the verification interval of 5 years is deter-
mined only for tanks, according to the data of which
the receiving of the petroleum products was performed,
for other tanks the verification interval is 10 years. In
addition, the verification interval for tanks is currently
not always performed.

No less important is the question of the error with
which the level meter-counter determines the volume
of petroleum and petroleum products in the tank, and
what is the allowable discrepancy between the results
of volume measurement using the level meter-coun-
ter and flow meter-counter. In [3], the error of mass
measurement of petroleum and petroleum products was
determined by an indirect method of static measure-
ments £ 0.5 % for a mass of more than 100 tons (the
error of mass measurement is slightly different from the
error in volume measurement). However, the calcula-
ted expressions in this standard and other works show
that these errors can vary significantly (up to several
percent). Measurement procedures and procedures for
calculating the permissible imbalance should be used.
Such procedures can be developed on the basis of
measurement procedures developed at NSC “Institute
of Metrology” [5-9].

We present some results of calculations of measu-
rement error and allowable imbalance.

The measurement equation for the volumetric dif-

in the tank at the end and at the beginning of the
reporting period:

Vdif = Vres2_ I/res 1, (1)
where V. and V__, — the volume of petroleum and

petroleum products in the tank at the beginning and
at the end of the reporting period, respectively, m?.
The same value, reduced to a temperature of 15 °C:

V... = V

dif 15— |V res 1527 Vres 15-1|. 2)

On the basis of expressions (1) and (2), the fol-
lowing calculated expressions are obtained.

The measurement error of the difference in mass
and volume, reduced to a temperature of 15 °C, of
petroleum and petroleum products in tanks at the
end and at the beginning of the reporting period,
using level meters-counters, based on the measurement
method [6], is calculated by the following expressions.
For vertical cylindrical tanks, the relative measurement
error for difference in volume, reduced to a tempera-

ture of 15 °C, 8, , s iS:
2
1+—Hf;ax
— Hmin 2 2 62
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where H and H_ — the maximum and minimum
level of petroleum products during the reporting
period; §,, 8, and 8 — relative errors of strapping of
the tank, level meter and densitometer, %, respectively.

In accordance with [10], 6, for the nominal ca-
pacity of vertical tanks of more than 100 m? is from
+ 0.10 to £ 0.15 %. The value 6p is taken, as a rule,
for calculations equal to 0.1 %. The value o, for
vertical tanks does not exceed the value of £ 0.5 %

normalized in [3] with a ratio

H
Zmax 99

for tank capacity from 1,000 to 3,000 m?,

Hmax Z 2

min

for a tank capacity of 4,000 m? and

H
max > 1.7
for a tank capacity of 5,000 m?® or more.
For horizontal cylindrical tanks, including tanks

at fuel filling stations, &, . is:

ference V., m’, of petroleum and petroleum products
2
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where V. . and V_ ., — the volume of petroleum
and petroleum products in the tank, reduced to
a temperature of 15 °C, at the beginning and at
the end of the commodity operation, respectively;
A, — absolute error of the level meter, mm; A,
and A, , — the volume of petroleum and petroleum
products, which corresponds to 1 mm of the tank

filling height, m’/mm — capacity factor in the tank

In the case of selling for the reporting period of
petroleum and petroleum products through a volume
counter, reduced to a temperature of 15 °C with a re-
lative error 6, the maximum permissible deviation (due
to counter errors and measurements in the tank) of the
volume of petroleum and petroleum products in the tank
from the volume obtained by the data of their selling
using the counter, related to the nominal capacity of the

strapping table. tank V., for a vertical tank (allowable imbalance) is:
2
2 1 + Hmax
1 2
AVdevls 12 V152 (Vres 15-1 _Vres15—2) H. . 2 2
=:11- [0, - + : (82 +87 ).
v Ns v 2 "k oo
res nom 15 res nom 15 res nom 15 max |
min

Currently, quite a lot of types of level meters-coun-
ters are being passed conformity assessment or are
being prepared to pass the conformity assessment to
the technical regulations of legally regulated measuring
instruments in order to use them as level meters-coun-
ters. Metrological tests of these level meters as part
of module F and, partly, module B are planned to
be held at NSC “Institute of Metrology” using the
state primary (national) measurement standard of the
length unit for the liquid level DETU 03-02-2015 with
a measurement range of up to 20 m and an expanded
uncertainty of 0.3 mm.

Such an approach to operational control of ac-
counting should be applied to other energy resources,
in particular, to control the caloric content of natu-
ral gas. The caloric content of natural gas in Ukraine
varies within fairly wide limits (by tens of percent).
For this reason, it is advisable to use instruments with

an accuracy of (2—3)% to measure its calorific value
at the nodal points of populated areas. They are less
accurate than chromatographs, but cheaper and faster,
with operation in automatic mode. The information
obtained should be submitted continuously to the state
body independent of the gas suppliers.

Conclusion

According to the Resolution of the Cabinet of
Ministers of Ukraine No. 891, all storage tanks for
petroleum and petroleum products of excise warehou-
ses should be equipped with level meters with an error
from = 2 to £ 3 mm and volume counters with an
accuracy of £ 0.25 %. Information on the volume of
petroleum and petroleum products, reduced to a tem-
perature of 15 °C, should be submitted electronically
to the State Fiscal Service.
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Anorauis

AHai3yI0TbCs 3aX0AM LIOAO IMiABMIIEHHS TOYHOCTI Ta HamiitHOCTI 00Jiiky HadgTH Ta Ha(pTONPOAYKTIB B YKpaiHi Ha
OCHOBi BIIPOBAIKEHHSI O00OB’SI3KOBOTO OCHAIIIEHHSI aKIM3HUX CKJIAAiB Ha(pTOMPOAYKTIB piBHEMipaMU-JTiYMJIbHUKAMM Ta

BUTPATOMipaMU-JIiYUTIbHUKAMMU.

3 1i€r0 MeTOw aKIM3HI cKiaayu HadTh Ta HAPTOMPOMYKTIB OCHAIIYIOTHCS piBHEMipaMU-TiUMJIbHUKAMU Ta BUTPATOMi-

paMU-JIiUWJIbHUKAMU i3 mepeJaBaHHsIM iHdopMallii B aBTOMaTUYHOMY pexumi 1o epxaBHO1 (ickaabHOI Ciy>kO0M YKpai-
Hu. IlepenbayaeThcsl MoeTamHUI TOPSIIOK BIIPOBAIKEHHS aBTOMATUYHOIO IepeAaBaHHS JaHUX 3 aKIM3HUX ckiamiB. [1pu
LIbOMY Tifl PiBHEMipOM-JIIYMJIBHUKOM PO3YMIETHCS PiBHEMIp, SIKUII BUMIPIOE piBeHb, TEMIEpPATypy Ta IIIbHICTh HATU Ta
Ha(TONPOAYKTIB i PO3paxoBye, 3a BBEIACHOIO Yy IMaM’sTh piBHEMipa TpaayloBaJibHOIO TabJUIIEl0 pe3epByapa, 00’eM HapTu
Ta HabTOMPOMYKTiB, TIpUBeneHuit 1o Temmeparypu 15 °C.

BinmnoBinHO 10 Ail0OYMX HOPMATUBHO-MPABOBUX AOKYMEHTIB, MAaKCMMAaJbHO JIOIyCTMMAa ITOXMOKa piBHeMipa IOBUHHA
Oyty + 2 MM 1 HapTOoNpoaykTiB Ta + 3 MM g HahTH. MaKCMMaIbHO JOMyCTHUMA MOXMOKa JUIST BUTpAaTOMipa-TidynIbHUKA
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noBuHHa Oyt * 0,25 %. Ha choromaHi jgocTaTHbO 0arato THIIIB PiBHEMipiB MPOXOASTH OI[HKY BiAMOBIIHOCTI TEXHIYHOMY
perjlaMeHTy 3aKOHOAABYO PErysibOBaHUX 3ac00iB BUMIipIOBAIbHOI TEXHIKM i3 METOIO iX BUKOPMCTaHHS SK PiBHEMipiB-JIi-
YUJIbHUKIB.

BaxuiBUM € MUTaHHS CTOCOBHO TMOXUOKM, i3 SIKOIO piBHEMip-JTiUMJIbHUK BU3HAUYa€e 00’eM HadTH Ta HadTOMPOIYKTY
B pe3epByapi, Ta sIKe€ JOIyCTMME PO3XOKEHHSI pe3y/IbTaTiB BUMIpIOBaHHSI 00’€My 3a JIOIMOMOIOI0 piBHEMipa-JIiuMIbHUKA
Ta BUTpaToMipa-jiunibHuKa. HaBeneHi BinnmoBiaHi ¢hopMynau Wi po3paxyHKy LUX BETUYUH.

IToBMHHI BUKOPUCTOBYBATUCS METOAMKM BHUMIpIOBaHb Ta METOAMKHU PO3pPaxyHKY JOMYCTUMOTIO JucOanaHcy.

BuxiianeHuil migxig onepaTUBHOTO KOHTPOJIIO OOJIIKY BapTO 3aCTOCOBYBATHM TaKOX JISl iHIIMX €HEPropecypciB —
30KpeMa ISl KOHTPOJIIO KaJIOPiMHOCTI MPUPOIHOIO rasy.

KomouoBi cioBa: HadTa; HahTONMPOAYKT; pe3epByap; CKJIal;, piBHEMip-JTiUMIbHUK.
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AHHOTAIMSA

AHaTM3UPYIOTCS MEPBI IO TMOBBIIIEHUIO TOYHOCTM M HAACKHOCTU ydyeTa HeTM M HeTenmpoAayKToB B YKpauHe Ha
OCHOBE BBEJCHMSI 00s13aTEIbHOTO OCHAIIEHUs aKIM3HBIX CKJIaI0B HE(MTENPOMAYKTOB YpOBHEMEpPaAMU-CUETYMKAMU U PacXo-
JloMepaMU-CYeTYMKAMU.

C 3TOif 1eNbl0 aKIM3HbIE CKIAAbl HE(TU M HeMTEPOAYKTOB OCHAIIAIOTCS YPOBHEMEpaMU-CYETYMKAMU U PACXOH0-
MepaMU-CYEeTYMKAMU C repenadeii MHGopMalMy B aBTOMAaTUYECKOM pexnme B [ocymapcTBEHHYIO (DUCKAJIbHYIO CIyXOy
Yxpaunsl. [IpeaycMaTpuBaeTcs TO3TAITHBINA MOPSIIOK BBEICHUST aBTOMATUYECKOM Tepeaadyr JaHHBIX ¢ aKIIM3HBIX CKIIaIoB.
[Ipu aTOM MO YPOBHEMEPOM-CUETUMKOM MTOHUMAETCSl YPOBHEMED, KOTOPBII U3MEPSIET YPOBEHb, TEMIIEPATYPy U IJIOTHOCTh
HedTH U HePTEIPOAYKTOB M PACCUYMTHIBAECT, MO BBEACHHON B IMaMATh YpOBHeMepa TpaJlyMpOBOYHOI TabJuMile pe3epByapa,
00beM HeTH M HedTenpoayKTa B pe3epByape, MpuBeIeHHbIM K Temnepatype 15 °C.

B cooTBeTCTBUY C AEHCTBYIOIIMMU HOPMATUBHO-TIPABOBBIMHU JOKYMEHTAMU, MAaKCUMAJIBHO JIOITyCKaeMasi IOTPeIIHOCTh
ypoBHeMepa JI0JKHa ObITh = 2 MM Uit HeTenpoaykToB U + 3 MM ist Heptu. MakcumaiibHO JoMycKaemasl TOorpelrHoCThb
IUIST pacxogoMepa-cyeTdyrka moypkHa ObiTh £ 0,25 %. B Hactosiiee BpeMsi JOCTaTOYHO MHOIO TUIIOB YPOBHEMEPOB IIPO-
XOISIT OLIEHKY COOTBETCTBMSI TEXHMUECKOMY PETIaMEHTY 3aKOHOAATEBLHO PETYIMPYEMBbIX CPEACTB U3MEPUTEIBHOM TEXHUKU
C 1ENbI0 MX MCIOJIb30BAaHMSI B KAYECTBE YPOBHEMEPOB-CUETYMKOB.

BaxkHbIM SIBIIIETCS BOIIPOC O TTOTPEITHOCTH, ¢ KOTOPOI YPOBHEMEP-CUETUMK OTpEAessIeT 00beM HedTH U HedTEITPOayK-
Ta B pe3epByape, U Kakoe JIOMyCKaeMoe PacXoXIEeHUE Pe3yabTaTOB U3MEPEHUs] 00beMa ¢ MOMOIIbI0 YpOBHEMEpa-CcYeTUYMKa
M1 pacxoaomepa-cyeTdyrka. [IpuBeneHbBl COOTBETCTBYIOIINE (DOPMYJIBI IJISI pacdyeTa 3TUX BEJIMUMH.

W3noxeHHblil MOAXOA OMEpaTUBHOTO KOHTPOJISI yuyeTa caeqoBajio Obl MPUMEHSITh U AJsl APYTUX DHEPropecypcoB —
B YaCTHOCTH IS KOHTPOJISI KAJOPUIMHOCTU TIPUPOTHOTO Tas3a.

Kmouesbie cioBa: HeTh; HEPTEIPOMYKT; pe3epByap; CKIAI; YPOBHEMEP-CUETUNK.
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