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Abstract

This paper considers the measures to ensure the necessary accuracy of accounting petroleum products in the vertical
and horizontal cylindrical tanks at tank farms, gas stations and other facilities, which are subject to the sphere of legis-
latively regulated metrology. The maximum permissible error of the set of calibrated tank, level gauge and density meter
during the measurement of difference of the masses of petroleum products at the start and at the end of the accounting
operation in the vertical tanks, as well as the maximum permissible error of the set of calibrated tank, level gauge and
density meter during the measurement of difference of the masses in the horizontal tanks at a level approximately equal to
half of the height of the tank, have been analyzed. It is shown that the same calibration table is used both for the level of
petroleum products at the beginning of the accounting operation and at the end of such operation. The component of the
error caused only by the maximum permissible error of the used level gauge is analyzed. On a number of examples with
the most common capacity of vertical tanks for tank farms, the relative maximum permissible error of the set of calibrated
tank, level gauge and density meter during the measuring the mass of dispensed petroleum products due to the error of
level gauges ranges from +2% to 9% with the level gauge error from +1 mm to 4 mm. This error is significantly larger
than £0.75% given in DSTU 7094. It is concluded that, in accordance with OIML R 85, it is not feasible to consider the
maximum permissible error of the level gauge installed on the tank equal to £4 mm. When installing the level gauge on
a rigid crossbar, fixed at the ends of the tank walls, the maximum permissible error of the level gauge during the measu-
ring the level of petroleum products under operating conditions of £2 mm can be achieved, as specified in the Instruction
for accounting of petroleum products.

To improve the measurement accuracy, it is necessary to reduce the effect of deformation of the bottom of vertical
tanks, which can be achieved by keeping the level of petroleum products in the tank at least two meters.
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Introduction

Improving the accuracy of petroleum products
accounting requires, first of all, an increase in accu-
racy of volume and mass measurements of petroleum
products in tanks, as the main places of storage of
petroleum products.

The results of research

This article has been prepared as a follow-up
to [1].

Accounting for petroleum products in the tanks
is an important task for the economy of each country.
The tanks are sufficiently accurate measuring instru-
ments, the maximum permissible error of their cali-
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bration tables (volume dependence on level) is mainly
from £0.1 to £0.2% [2, 3]. The calibrated tanks do not
perform measurements by their own and are measu-
ring instruments only in combination with level gauges.

As a rule, in the tasks of petroleum products ac-
counting the output value is the mass or volume of
petroleum products reduced to a temperature of 15 °C.
To obtain these values, in addition to volume measure-
ment, it is necessary to measure the density of petro-
leum products [1].

In accordance with the Law of Ukraine “On me-
trology and metrological activity” [4], tanks for petro-
leum products fall into the sphere of legally regulated
metrology if they are used in trade and commercial
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operations, the calculation of taxes and duties, in tax
control. In addition, according to the Resolution of
the Cabinet of Ministers of Ukraine “On approval of
the list of categories of legally regulated measuring
instruments subject to periodic verification” [5], sta-
tionary tanks for commercial accounting of petroleum
products are subject to periodic verification if they are
used when carrying out the above operations. It should
be noted that the expression “commercial accounting”
must, apparently, be understood as “commercial opera-
tions or accounting”, since these two directions, ac-
cording to [4], are completely different.

Moreover, as a rule, tanks are not used for com-
mercial operations with petroleum products. For this,
mainly oil product meters, road and rail tank cars are
used [6]. At the same time, with rare exceptions, tanks
are widely used for accounting the petroleum products.
These exceptions include tanks in industrial and agri-
cultural applications.

In contrast to vertical cylindrical tanks (Fig. 1),
in which the volume and level are related through an
almost constant value — the area of the horizontal
section of the tank, for horizontal cylindrical tanks
(Fig. 2) this relation is much more complicated and
the maximum permissible error of a set of a calibrated
tank, a level gauge and a density meter when measu-
ring the mass of petroleum products depends on the
level. For this reason, for practical estimates of the
maximum permissible error of a set of a calibrated
tank, a level gauge and a density meter for measur-
ing the mass of a petroleum product, in this article,
for the case of horizontal tanks, the largest value of
the maximum permissible error is analyzed, correspon-
ding to a level approximately equal to half the height
of the tank. The conventional area of the horizontal
section of such a “quasi-vertical” tank is equal to the
product of the length of the tank by its diameter. With
this approach, the calculated expressions for the maxi-
mum permissible error of a set of a calibrated tank,
a level meter and a density meter for measuring the
volume and mass of petroleum products in vertical and
horizontal cylindrical tanks are identical. In this case,

the maximum permissible relative error of a calibrated
tank is the maximum permissible relative error of its
calibration table §,.

For a vertical cylindrical tank, the confidence
limits of the non-excluded systematic error (NSE) for
measuring the mass of petroleum in the tank for a con-
fidence level of 0.956 were obtained from formula
(26) of the standard [7] with the substitution of expres-
sions (23) and (28) of this standard and have the form:

1+2-[3-TVX
1+2-B-T,

x(82 +B*-10* A7 )+B*-10* - A7,

2 2
O +0;, +

- (D)

where §,, 6, 6” are maximum permissible relative er-
rors of a calibrated tank, a level gauge and a density
meter, respectively, %; T, Tp are the temperatures
of the petroleum product when measuring its volume
and density, respectively, °C; B is the coefficient of
volumetric expansion of the petroleum product,°C";
Ar, A;, are the maximum permissible absolute er-
rors of thermometers used to measure the temperature
of the petroleum product when measuring its volume
and density, respectively, °C.

In order to simplify the estimation of the NSE
according to formula (1), we will take into account
that the following conditions are most often satisfied:
B=0.001°C, A, =A,=0.1°C, § ~0.001, the value
8 +p*-10"-A7, =82, & +B-10*-A7 ~ 3.

These simplifications, which are suitable in most
cases, allow to analyze the calculated expressions.

Then, from expression (1) we get:

5, =118} +8;, +387. (2)

When moving from the maximum permissible er-
ror of a set from a calibrated tank, a level gauge and
a density meter for measuring the mass of petroleum
in the tank to the maximum permissible error of a
set from a calibrated tank, a level meter and a density
meter for measuring the mass difference 6, at the
beginning (m,) and at the end (m,) of the accounting

Fig. 1. Vertical steel cylindrical tanks for petroleum products

Fig. 2. Horizontal steel cylindrical tanks for petroleum products
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operation, where m0=|m2—ml|, the maximum permis-
sible relative error of the calibration table for the mass
difference 8, in [1, 7] does not exceed the value of
the normalized maximum permissible error of the cali-
bration table d:

By, = /0%, +5%, - 3)

where 5, and &, are the maximum permissible
errors of the calibration table at the level H, and H,,
respectively.

This is indeed the most general expression for the
case when two separate calibrations are made — to the
initial level and to the final one, at different times, by
different means, and, at the same time, it is important
that the difference is calculated exactly from the initial
level H,, determined with an error 8. If it is taken
into account, that the same calibration table is used for
both the initial and final levels, and the determination
of the initial volume from the calibration table is not
needed, only the difference in volumes (V, — V)
according to one calibration table is needed.

From (2) and (3) in this case, taking into account

that 5, = On™
0 mo

, we get:

2 2
8 =i1.1\/5;+5§+%-5;l +%~5§”2. @)
0

K
0

Here it is taken into account that 3, and Sp are

the same for the levels H, and H,.

For vertical and “quasi-vertical” tanks

m m H 1 m, H 2

= B = .
m, m, —m, HZ_HI my —m HZ_HI

Moving from the relative maximum permissible
error §,, to the absolute one A, we obtain
m 5 H 1 5 H 1 AHI AH1

m, Hl_Hz_Hl. Hl_Hz_Hl.Hl _HZ_HI.

m H,
Similarly m_ZSHZ :—H “H and from (4) we get:
0 2 1

2

A
8;+5§+%-(100%)2+
5, = . P (5)
2 T 4

Since the maximum permissible absolute error of
the level gauge A, does not depend on the level H,
then A, =A, =A, and the confidence limits of the
non-excluded systematic error (NSE) for measuring
the difference in the mass of the petroleum in the tank
for a confidence level of 0.95 3, are:

2
A—Hz-(100%)2, (6)
(H,-H,)

2 1

3,, :\/81+6f7+2

where A, is the maximum permissible absolute error
of the level gauge, mm; H, and H, is the level of
petroleum products at the beginning and end of the
accounting operation, respectively, mm.

Due to the fact that the random error in
measurements using a stable tank and a level gauge
is much less than NSE, for estimation calculations
the maximum permissible relative error of a set of
a calibrated tank, a level gauge and a density meter
when measuring the mass difference at the beginning
and at the end of a trade (accounting) operation is
taken equal to NSE.

It is taken into account that the density is measured
once, before the start of the accounting operation.

Here are some examples of calculating the maxi-
mum permissible relative error of a set of a calibrated
tank, a level gauge and a density meter for measuring
the difference in mass of petroleum products in a ver-
tical tank during accounting operations.

Example 1.

Vertical cylindrical tank with a nominal capacity
of 2000 m3. The maximum permissible relative error
of its calibration table according to [2] is &, £0.2%.
The petroleum product is dispensed from this tank into
a tank car with a capacity of 10m?’. The tank has
a height of 12 m, a diameter of 4.6 m and a cross-
sectional area of 167m?, which corresponds to
a volume of 10 mm with a height of 1.67m?.

H =594m, H,=6m, H,—H=60mm.

Maximum permissible error of the level meter
A,=x1mm, the maximum permissible relative error
of the density meter 8, +£0.1%.

1 2
5, +1.1)(0.2%) +(0.1%): +2--1™) (10004 -
‘ (60mm)

=12,61%.

Example 2.

The same tank, the same maximum permissible
error of the level gauge, but the petroleum product
is dispensed into the tank from a railway tank with a
nominal capacity of 60m?.

H,=6m,H,=5.64m,H,— H =360mm, 3§, +0.5%.

In addition to the maximum permissible error
of the level gauge and the calibration table, there is
another important source of the maximum permissible
error of a set from a calibrated tank, a level gauge
and a density meter when measuring the mass of
petroleum products in tanks — the instability of vertical
cylindrical tanks due to deformation of their bottoms
when loading and unloading of petroleum products, as
well as deformation of the roof. To reduce this rarely
considered component of the maximum permissible
error of a set of a calibrated tank, a level gauge and
a density meter, the next rules should be followed.

1) The level gauge in a vertical tank should be
installed not in a hatch on the roof, but on a rigid
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crossbar under the hatch, fixed at the edges of the
extending upper part of the tank walls. In addition,
it is necessary to periodically check the change in
the distance from these edges to the surface of the
earth near the tank during loading and unloading of
petroleum products for subsequent introduction of
corrections to the level measurement data, if necessary.

2) During accounting operations in vertical tanks,
the level of petroleum products, according to the
experience of tank farm workers, should be at least
two meters. In this case, almost all the deformed parts
of the bottom are in their lower stable position.

3) Measurements of the base height (the vertical
distance from the measuring hatch to the bottom) of
vertical cylindrical tanks should also be carried out at
a level of petroleum products of at least two meters to
ensure the stability of the position of bottoms.

It is necessary to evaluate the influence of the
maximum permissible error of the level gauge on the
maximum permissible error of a set of a calibrated
tank, a level gauge and a density meter for measuring
the difference in the mass petroleum products during
the accounting operation. In accordance with (6), even
without taking into account the maximum permissible
error of the calibration table &, the maximum
permissible error of the density meter 5/), but only due
to the maximum permissible error of the level meter
d,,, for the above Example 1:

(L mm)’ :
mm

If at the place of operation the maximum
permissible error of the level gauge becomes equal to
+4 mm, then the maximum allowable error of the set
of a calibrated tank, a level gauge and a density meter
when measuring the mass difference in this Example is:

(4 mm)’ :
mm

At the same time, the Instruction on accounting
of petroleum products [9] states that the maximum
permissible error of a level gauge for measuring the
level of petroleum products in real conditions should
be £2 mm, and the maximum permissible relative error
of a set of a calibrated tank, a level meter and a density
meter for measuring the mass of petroleum products
by the method of indirect static measurements with
a mass of up to 120 tons should be £0.75%.

With some contradiction of the given figures,
it is obvious that in order to achieve the maximum
permissible error of a set of a calibrated tank, a level
gauge and a density meter for measuring the mass
of the unloaded (loaded) petroleum product of no
more than +2%, the maximum permissible error of
the level gauge under operating conditions should
be no more than 2 mm. And in order to achieve

such a maximum permissible error of the level gauge
under operating conditions, and not in accordance
with the recommendation in [8] about the maximum
permissible error of £4 mm, it is necessary to install
the level gauge not on the swinging roof of the tank,
but on a rigid crossbar fixed at the ends of the tank
walls. The requirement of the Instruction [9] on the
necessity to measure the level of petroleum products
in the tank with a maximum permissible error of
+2 mm seems to be correct, but the requirement for
the maximum permissible error of the level gauge when
installed on a tank of £ 4 mm in [8] seems completely
unjustified and leads to a large maximum permissible
errors of a set from a calibrated tank, a level gauge and
a density meter for measuring the mass of petroleum
products in the tank. Moreover, this is the maximum
permissible error not of the level gauge, but of the tank
if the level gauge is incorrectly installed on the tank.
The recommendation in this standard [8] to perform
calibration of the level gauge during operation at only
one level value is even more inconsistent.

It is necessary to dwell in more detail on the
features of horizontal tanks. Unlike vertical tanks,
they do not have a roof with an unstable position,
and there is no bottom with unstable irregularities —
clearance gaps. Both the upper part and the lower
part of the horizontal tanks are quite rigid, being the
lateral surfaces of the cylinder. However, horizontal
tanks have their drawbacks too:

1) The bottoms of horizontal tanks should be
made, according to [3], spherical, conical, rectangular
or in the form of a truncated cone. However, in
practice, already during manufacture, they represent
a conditionally certain convex shape, and during
repairs, their shape changes even more in comparison
to the given shape. This leads to a significant increase
in the maximum permissible error of the calibrated
tank. It is necessary not to change the shape of the
bottoms during the manufacture and repair of tanks.

2) Horizontal tanks are very sensitive to changes in
their slope. This is especially important for underground
tanks of filling stations, the slope of which often
changes during operation. Sufficiently small changes
in the slope of horizontal tanks (in tenths of a degree)
can change significantly the calibration table of the
tank and cause an additional error in the calibration
table from several tens of fractions of a percent to
a few percent [10]. It is necessary to place underground
horizontal tanks on a rigid (concrete) foundation.

Conclusion

An increase in the accuracy of accounting the
petroleum products should be based on an increase
in the accuracy of the used level gauges, the optimal
placement of level gauges on tanks and measurement
modes. The approaches proposed in the article make it
possible to correctly evaluate and significantly increase
the accuracy of accounting the petroleum products.
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3axoam i3 3a0e3neyeHHss HEOOXiTHOI TOYHOCTI 00JIKY
HA(QTONPOAYKTIB Yy pe3epByapax

I.1. Heexwmakos, [.HO. HapogHuubkui

HaujoHanbHuli Haykosul uyeHmp “lHcmumym mempornogii”, 8yn. MupoHocuubka, 42, 61002, Xapkie, YkpaiHa
pavel.neyezhmakov@metrology.kharkov.ua
narodnitsky@gmail.com

AHoTauis

PosrnsiHyTO 3axomm i3 3abe3rnedyeHHsS HEOOXimHOI TOYHOCTI 00J1iKy Ha(TOMPOAYKTIB Y BEpTUKATBLHUX Ta TOPU3OHTAJb-
HUX LWIHIPUYHUX pe3epByapax HadToba3, aBTO3alpaBHUX CTAHLIM Ta iHIIMX, SIKi MOTPAIUIsIIOTh Yy cdepy 3aKOHOIABYO
perynboBaHoi MeTpororii. [IpoaHanizoBaHO MakCMMaTbHO AOIMMYCTUMY TMOXMOKY KOMIUIEKTY 3 IpalyiioBaHOTO pe3epByapa,
piBHEMipa Ta ryCTMHOMIpa IiJi Yac BUMipIOBaHHSI Pi3HOCTI Mac HaATOMPOAYKTIiB Ha MOYATKY Ta B KiHIIi 00JiKOBOI orneparii
Yy BEPTUKATbHUX pe3epByapax Ta MaKCUMAaJbHO JOMYCTUMY MOXUOKY KOMIUIEKTY 3 TpaayiioBaHOTO pe3epByapa, piBHEMipa
Ta TYCTUHOMIpa IiJl Yac BUMipIOBaHHS Pi3HOCTI Mac Yy TOPU3OHTAJIbHUX pe3epByapax Ha PiBHi, KUl MPUOIM3HO JOPiBHIOE
MOJIOBMHI BUCOTU pe3epByapa. ITokazaHo, 110 SIK ISt PiBHSI HA(PTONPOAYKTIB Ha MOYATKy OOJIKOBOI omnepallii, Tak i B KiHILIi
Takol ornepalii BAKOPUCTOBYETbCS OIHA 1 Ta X TpalyloBajibHa Taduulls. [1poaHanizoBaHO CKJIaJOBY MaKCUMAaJIbHO JIOIYyC-
TUMOI TTOXMOKM, OOYMOBJIEHOI TiJIbKM TTOXMOKOIO piBHEMipa, SIKUii 3aCTOCOBYEThCsA. Ha psini nmpukianiB i3 Ha#OLIbII PO3ITO-
BCIO/IKEHOIO 111 HahToOa3 MICTKICTIO BEPTUKAIBHUX pe3epByapiB BiTHOCHA MaKCUMaJIbHO JOIyCTUMA MOXMOKAa KOMIUIEKTY
3 IpaayiioBaHOTO pe3epByapa, piBHEMipa Ta T'yCTMHOMIpa IiJ yac BUMIpIOBaHHS Macu BiIlyllleHUX Ha(TOMPOMAYKTIB, sKa
00yMOBJIEHa MTOXMOKOIO piBHEMIpiB, craHOBUTH Bim 2 mo £ 9% mpum moxubui piBHemipa Bim £1 mo 4 mm. Lls moxmbka
3Ha4yHO Oinbina Bim HaBemeHoi B JICTY 7094 +0.75%. 3po6ieHO BMCHOBOK IIOAO HEMIOLLIBHOCTI, BimmosimHo no OIML
R 85, BBaXatm MakcuMaJabHO IOITYCTUMY TOXMOKY piBHeMmipa, sIKMii BCTAaHOBJIGHWII Ha pe3epByapi, piBHow +4 mwm. [lpu
BCTaHOBJIEHHI piBHeMipa Ha XOPCTKiil MorepeunHi, sika 3akpirieHa Ha TOPUSX CTiHOK pe3epByapy, Moxe OyTH NOCSTHYTO
MaKCHMaJIbHO JOMYCTUMOI IMOXMOKM piBHEMipa IIil Yyac BUMiprOBaHHS PiBHS Ha(TOMPOLYKTY B YMOBax eKCIUTyaTarii +2 MM,
SIK 11€ BCTAHOBJIEHO B [HCTPyKIlii 3 00JliKy HadTONPOMYKTiB.

J11 miaBUIIEHHSI TOYHOCTI BUMIipIOBaHb HEOOXiIHO 3MEHIIYBAaTH BIUIMB JedopMallii JHUILA BEPTUKAJIBHUX pe3epByapiB,
110 MOXe OyTU MOCSATHYTO AOTPMMAHHSM PiBHSI Ha(TOMPOAYKTIB y pe3epByapi He MEHILE BOX METPiB.

Kinrouosi cioBa: HadTONMPOayKT; 00’€M; MOXUOKa; pe3epByap; piBeHb.

Mepbl o o0ecneyeHnI0 HEOOXOAUMOM TOYHOCTH YYeTa
He()TENnpPOAYKTOB B pe3epByapax

NM.N. Heexxmakos, I.HO. HapogHuuknn

HauyuoHanbHbIl HayyHbil yeHmp “ViHemumym mempornoeauu”, yn. MupoHocuukasi, 42, 61002, Xapbkos, YkpauHa
pavel.neyezhmakov@metrology.kharkov.ua
narodnitsky@gmail.com

AHHOTAIMSA

PaccmoTpeHBl Mephl 1O OOECIIEYEHUIO HEOOXOAMMOM TOYHOCTH ydeTa He(DTENpPOAYKTOB B BEPTUKAIBHBIX U
TOPU3OHTAJIbHBIX IIWJIMHIPUYECKUX pe3epByapax HedTeba3, aBTO3alpaBOYHBIX CTAHLMI M IPYruX, MOMNamalonivx B chepy
3aKOHOIATEIbLHO PEryJInpyeMoii MeTposoruu. IlpoaHaaum3upoBaHa MaKCHMAJIbHO IOITyCKaeMasl ITOIPEIIHOCTh KOMILIEKTa
W3 TpaIydpoOBAaHHOTO pe3epByapa, ypoBHeMepa M TUIOTHOMepa NMPpU M3MEPEeHMM Pa3HOCTH Macc HedTeNpoayKTOB B Hayaje
M B KOHIIE YYETHOM OIlepalliyd B BEPTUKAJIbHBIX pe3epByapax M MaKCHMMAJIbHO OOIyCKaeMasl ITOrPELIHOCTh KOMILIEKTa W3
rpagyupoBaHHOIO pe3epByapa, YypoBHEMepa M TUIOTHOMEpa MpU M3MEPEHWU Pa3HOCTU MacC B TOPU3OHTAJIbHBIX pe3epBya-
pax Ha ypoBHe, IMPHMOJIMKEHHO PaBHOM IIOJIOBMHE BBICOTHI pe3epByapa. [loka3aHO, 4TO Kak IS YPOBHSI He(TEIIPOAYKTOB
B Hayajie YYETHOIl oIepally, TaK U B KOHIIE TaKOW oIlepalliyi MCIOJB3YeTCd OQHA M Ta X€ TpaayMpOBOYHAas TabJIuvIia.

151 MOBBILIEHNSI TOYHOCTU M3MEPEHUII HeOOXOAMMO yMEHbILIATh BIMsSHUE AedopMaliyd THUINA BEPTUKAIbHBIX pe-
3epByapoB, YTO MOXET OBITh JOCTUTHYTO COOJIIOJCHHEM YPOBHSI He(TENpPOMYKTOB B pe3epByape He MeHee IBYX METPOB.

KinroueBsbie cioBa: HedTENPOIYKT; OOBEM; MOTPEILIHOCTD; PE3EPBYap; YPOBEHbD.
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