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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ_ also take part in the work 1SO collaborates closely wit

the

International
International
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International
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ISO 11223
Subcommitts

This first edif]

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft Intermational Stan

the technical committees are circulated to the member bodies for voting. ‘Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee
e SC 3, Static petroleum measurement.

ISO/TC 28, Peétroleum products and lubrig

jards
s an

atent

ants,

on of ISO 11223 cancels and replaces 1ISO 11223-1;1995, which has been technically revis¢d.
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Introduction

Hydrostatic tank gauging (HTG) is a method for the determination of total static mass of liquid petroleum and
petroleum products in vertical cylindrical storage tanks.

HTG uses high-precision stable pressure sensors mounted at specific locations on the tank shell.

Total[ static mass is derived from the measured pressures and the tank capacity table. Other viriables, such
as leyel, observed and standard volumes and observed and reference densities, can be calculated from the
product type and temperature using the established industry standards for inventory calculations.

The ferm “mass” is used in this International Standard to indicate mass in vacuum (true mass). In the
petrojeum industry, it is not uncommon to use apparent mass (in air) for commercialtransactions.

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD I1ISO 11223:2004(E)

Petroleum and liquid petroleum products — Direct static
measurements — Measurement of content of vertical storage
tanks by hydrostatic tank gauging

1 cope

validation and calibration of hydrostatic tank-gauging (HTG) systems for the direct\measurenjent of static
masq in petroleum storage tanks. It is intended to cover custody transfer applications, although d¢tails of other,
less accurate, measurements are included for information. It also gives guidance.on calculation$ of standard
volume from measured mass and independently measured reference density( [nformation is als¢ included on
meagurements of observed and standard volume using density measured bythe HTG system itsglf.

This [International Standard gives guidance on the selection, installation, commissioning, {aintenance,

This [nternational Standard is applicable to hydrostatic tank-gauging systems which use pressure|sensors with
one gort open to the atmosphere. It is applicable to the use of hydrgstatic tank gauging on vertical, cylindrical,
atmoppheric storage tanks with either fixed or floating roofs.

This |nternational Standard is not applicable to the use of hydrostatic tank gauging on pressurized tanks.

2 ormative references
The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies:\‘For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 91-1:1992, Petroleum measurement tables — Part 1. Tables based on reference temlperatures of
15 degrees C and 60 degrees F

ISO 91-2:1991, Petroleum( méasurement tables — Part 2: Tables based on a reference temperature of
20 degrees C

ISO 1998 (all parts); Petroleum industry — Terminology
ISO 3170:2004, Petroleum liquids — Manual sampling

ISO 3675:1998, Crude petroleum and liquid petroleum products — Laboratory determination pf density —
Hydrpmeter method

ISO 3838:2004, Crude petroleum and liquid or solid petroleum products — Determination of density or relative
density — Capillary-stoppered pyknometer and graduated bicapillary pyknometer methods

ISO 3993:1984, Liquefied petroleum gas and light hydrocarbons — Determination of density or relative
density — Pressure hydrometer method

ISO 4266-4:2002, Petroleum and liquid petroleum products — Measurement of level and temperature in
storage tanks by automatic methods — Part 4: Measurement of temperature in atmospheric tanks

ISO 4267-2:1988, Petroleum and liquid petroleum products — Calculation of oil quantities — Part 2: Dynamic
measurement

© 1SO 2004 - All rights reserved 1
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ISO 4268:2000, Petroleum and liquid petroleum products — Temperature measurements — Manual methods

ISO 4512:2000, Petroleum and liquid petroleum products — Equipment for measurement of liquid levels in

storage tanks — Manual methods

ISO 7078:1985, Building construction — Procedures for setting out,

Vocabulary and guidance notes

measurement and surveying —

ISO 7507-1:2003, Petroleum and liquid petroleum products — Calibration of vertical cylindrical tanks —
Part 1: Strapping method

ISO 9857:—

1ISO 12185:1
method

IEC 60079-0

APIl, Manua
Practice for t

3 Terms

5 o e — eonti .

D96, Crude petroleum and petroleum products — Determination of density — Oscillating U
2004, Electrical apparatus for explosive gas atmospheres — Part 0: General requirements

of Petroleum Measurement Standards Chapter 3— Tank Gauging. (Section 1A — Sta
he Manual Gauging of Petroleum and Petroleum Products, First Edition

and definitions

For the purpgses of this document, the following terms and definitions apply.

3.1
ambient air

density

density of ambient air at the tank side on which the pressuresensors are mounted

3.2

ambient air
representatiy
mounted

3.3

temperature
e temperature of the ambient air at the tank side on which the HTG pressure sensor

apparent mass in air

value obtain
buoyancy on

[1SO 3838]

3.4

bd by weighing in airlagainst standard masses without making correction for the effect
either the standardimasses or the object weighed

capacity ta
table, often

-tube

hdard

5

5 are

pf air

5 in a

le
l%ferred to as a tank table or a tank calibration table, showing the capacities of, or volume

tank corresppnding to various liquid levels measured from a stable reference point

[1SO 7507-1]

3.5

critical zone height
upper limit of the critical zone; the level at which one or more of the floating-roof or floating-blanket legs first
touch the tank bottom

1) To be published.

© ISO 2004 - All rights reserved


https://standardsiso.com/api/?name=f1445ca58ede8b6f9ecc02c8ebbfce35

ISO 11223:2004(E)

3.6
critical zone
level range through which the floating roof or floating blanket is partially supported by its legs

3.7
density
mass of the substance divided by its volume

[1SO 3838]

NOTE When reporting the density, it is necessary to explicitly state the unit of density used, together with the

temp rature—The—standard treference. fnmpnrnhlrn for international trade in pnfr’nlnllm and-its prndllnfe is 15 °C (See

ISO 5024). Other reference temperatures might be required for legal metrology or other special purposes (sg¢e 1ISO 3993).

3.8
dip
innage
depth of a liquid in a tank

[adapted from ISO 7507-1]

3.9
dipped volume
obsefved volume of product, sediment and water, calculated fromthe’dip level and the tank capagity table

3.10
fixed-roof tank
vertigal cylindrical storage vessel with either a cone- or domed-shaped roof of either the non-pressurized
(freely vented) type or the low-pressure type

[ISO [1998]

3.1
floating blanket
cove}
screén

light-weight cover of either metalor plastic material designed to float on the surface of the liquid in a fixed-roof
tank

NOTEH The blanket is-used to retard the evaporation of volatile products in a tank.
[adapted from ISO7Z507-1]
3.12

floating-roef'-mass
valug of'the floating-roof mass, inclusive of any mass load on the roof, manually entered in the djta processor

3.13

floating-roof tank

tank in which the roof floats freely on the surface of the liquid contents except at low levels when the weight of
the roof is taken, through its supports, by the tank bottom

[1SO 7507-1]
3.14

free-water level
level of any water and sediment that exist as a separate layer underneath the product

© 1SO 2004 - All rights reserved 3
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3.15

gross standard volume

volume of oil, including dissolved water, suspended water and suspended sediment, but excluding free water
and bottom sediment, calculated at standard conditions

3.16
head mass
total measured mass between the HTG bottom sensor and the top of the tank

3.17
heel space

space insidethetankbetow-the-bottomHTGsensor

3.18
HTG reference point
stable referepce point from which the HTG sensor positions are measured

3.19
hydrostatic fank gauging
HTG
method of difect measurement of liquid mass in a storage tank based on measuring static pressures cgused
by the liquid head above the pressure sensor

3.20
in-tank vapqur density
density of the gas or vapour (mixture) in the ullage space at the observed conditions of product tempefature
and pressurg

3.21
observed dénsity
value obtaingd at a test temperature which differs from the calibration temperature of the apparatus

[adapted from ISO 3838]

3.22
pin height
lower limit of|the critical zone, i.e. the level'at which the floating roof or floating blanket rests fully on its legs

3.23
product heel mass
mass of product below the bottom HTG sensor

3.24
product heejl volume
observed volume of-product below the bottom HTG sensor, calculated by subtracting the water volume| from
the total heel volume

3.25

product mass

sum of the head mass and the product heel mass, reduced by the floating-roof mass (if applicable) and the
vapour mass

3.26
product temperature
temperature of the tank liquid in the region where the HTG measurements are performed

3.27

reference density
density at the reference temperature

4 © ISO 2004 - All rights reserved
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3.28
reference temperature
temperature to which reference density and standard volumes are referred

3.29

tank average cross-sectional area

average cross-sectional area between the level of the bottom HTG sensor and the dip level, over which the
hydrostatic pressures are integrated in order to obtain the head mass

3.30
tank lip

t k hattars NIata Al fas ALt A AF
an POTOT T PotC— Ot outsSIaC—ort

P

3.31
tank shell
outer| casing of a storage tank that on land is secured to the ground and includes therroof, if it is|a fixed-roof
tank|(3.10)

3.32
total |heel volume
obsefved volume below the bottom HTG sensor, calculated from the level of the bottom sensor|and the tank
capagity table, corrected for observed temperature

3.33
total jvolume
indicated volume, including all water and sediment without correction for temperature and pressure.

[adapted from ISO 4267-2]

3.34
ullage pressure
absolute pressure of the atmosphere (air orvapour) inside the tank, above the product

3.35
vapour relative density
ratio pf molecular mass of vapour-(fmixture) to that of air (mixture)

3.36
watef volume
obsefved volume of free-seédiment and water, calculated from the free water level and the tank capacity tables

3.37

ullage
outage

capagity of\the tank not occupied by the liquid

[1SO Z567-43

3.38

uncertainties

unless stated otherwise, all uncertainties, including maximum permissible errors, are assumed to be extended
uncertainties with coverage factor k = 2

© 1SO 2004 - All rights reserved 5
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4 System description

4.1 General

A hydrostatic tank gauging (HTG) system is a static mass-measuring system. It uses pressure and
temperature inputs, the parameters of the tank and of the stored liquid to compute the mass of the tank
contents and other variables as described in Table 1 and Annex A (see Figure 1).

Determination of the other variables shown in brackets in Figure 1 is not included in the scope of this
International Standard. However, information on them is given in Annexes B and C.

| N i

6—

\O
TEO

Key
storage tank

sensor PJ (ullagewpressure)
sensor P4 (defisity measurements)

liquid temperature sensor

sensor P1 (liquid head measurements)
ambient pressure sensor

ambient temperature sensor

HTG processor (calculations)

© 00 N O g b~ WON =

HTG interface (display, printing, configuration, control)

Q

Calculated outputs: mass (volume, density, level).
b Input parameters: tank, ambient, sensor, liquid.

Figure 1 — HTG system — Functional diagram

6 © ISO 2004 - All rights reserved
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Sensors

Pressure sensors

The hydrostatic tank gauging (HTG) system consists of up to three pressure sensors mounted on the tank
shell. An ambient air pressure sensor (Pa) may be installed for measurements requiring high accuracy.

Sensor P1 is installed at or near the tank bottom.

Sensor P2 is the middle pressure sensor and is required for the calculation of density and levels. If the product
density is known, the HTG system can operate without sensor P2 (in the absence of P2, the density data

shou
dista

d be manually entered in the data processor). Sensor P2, if installed, should be at a
ce above sensor P1.

Senspr P3 is the tank ullage space pressure sensor, normally installed on the tank roof..1f the
ventdd, the HTG system can operate without P3. P3 is not required on floating-roof tanks.

4.2.2

Temperature sensors

fixed vertical

fank is freely

Temperature sensors may be included to measure the temperature of thectank contents (7) and of the ambient
air (71,).

The fank content (product) temperature is needed for

a) ¢alculation of volumetric expansion of the tank shell;

b) galculation of reference density from observed density (used in HTG systems which calcul

If the]

density as well as mass).

calculation of observed density.

The gmbient air temperature is needed for

a)
b) ¢
c)
4.2.3

4.2.3

The

alculation of ambient air density;

alculation of volumetric.expansion of the tank shell;

System configuration

1 General

bensor configurations vary depending on the application and data required. Some of the m

hte level and

reference density is known and sensor P2 is not used, a temperature sensor may still bg required for

orrections for thermal’expansion of the tie bars to sensor P1 and between sensors P1 and H2.

ore common

varia

ions are as described in 4.2.3.2 to 4.2.3.5.

4.2.3.2 Known liquid density

Sensor P2 is normally used for the automatic measurement of the tank liquid density. It is not required if the
average liquid density is known.

© IS0

2004 — All rights reserved
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4233

Known ullage pressure

Sensor P3 is not required for those tanks which are vented to atmosphere (the ullage gauge pressure
equals 0). This includes all floating-roof tanks and all fixed-roof tanks that are freely vented or that have
gauging hatches that are not sealed.

NOTE 1

Tanks with pressure/vacuum (PV) relief valves are not considered as vented to atmosphere for the purposes

of hydrostatic gauging. Their ullage pressures normally vary more than the expected uncertainties of pressure
measurements.

NOTE 2
transfers to an

Tank ullage pressure on atmospheric fixed-roof tanks might differ slightly from atmospheric pressure during
d from the tank. Since inventory measurements are not taken during a transfer, errors due to this effect are

not significant

If the ullage
sensor P3 or

4234

Tank liquid
temperature
(see ISO 426

4.2.3.5

Ambient tem
requiring hig
tanks at the 4

4.3 HTG ¢

A processor
compute the

The stored p
Those parani

NOTE TH
densities. The

When the pr
Below this le

The data pr
processor
Sensors.

pressure is known, pressure p; may be entered into the data processor as a constan
nitted on non-vented tanks.

Known tank liquid temperature

and ambient temperatures are used to correct for shell thermal expansion. The tank
sensor is not required for mass measurement if the temperature of theViquid in the tank is k
6-4 or ISO 4268).

Varying atmospheric conditions

perature and pressure sensors may be used to remove secondary errors for measurer
N accuracy. Single measurements of ambient air temperature and pressure may be used 1
ame location.

lata processor

Feceives data from the sensors and uses-the data together with the tank and liquid paramet
mass inventory in the storage tank~(see Figure 1).

brameters fall into four groups: tank data, sensor data, liquid data and ambient data (see Ta
eters in Table 1 that are required by the application should be programmed into the HTG sy

e data processor can also calculate level, observed and standard volumes, and observed and refe
se calculations are given)for information in Annex A.

bduct level dreps/below the level of the sensor P2, density can no longer be measured by
vel, the lastiymeasured value of product density may be used.

bcessor.may be dedicated to a single tank or it may be shared among several tanks
ayAalso perform linearization and/or temperature-compensation corrections for the pre

and

liquid
hown

nents
or all

brs to

ble 1).
stem.

rence

HTG.

The
Ssure

All variables provided by the data processor can be displayed, printed or communicated to another processor.

Computations normally performed by the data processor are described in Annex A

© ISO 2004 - All rights reserved
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Table 1 — Stored parameters for HTG data processing

Parameter group

Parameter

Remarks

Tank data

Tank roof type

Fixed or floating or both

Tank roof mass

Floating roofs only

Critical zone height

Floating roofs only

Pin height

Floating roofs only

Tank wall type

Insulated or non-insulated

Tank wall material

‘Two thermal expansion constants (see [SO, 7

07-1)

Tank capacity table

Volumes at given levels

Tank calibration temperature

Temperatures to which the tank capdcity tablg
corrected

was

HTG|sensor data

Sensor configuration

Tank with 1, 2 or 3 sensors

HTG reference point height

To tank calibration datum point

P1 sensor height

To HTG reference point

P2 sensor height

Referenced tofA

P3 sensor height

Referenced)toP1

Liquid data Liquid density If no P2.sénsor

Liquid expansion coefficients Se€’ISO 91-1 and I1ISO 91-2

Free water level —
Amblent data Local acceleration due to gravity Obtained from a recognized source

Ambient temperature

Optional

Ambient pressure

Optional

5 Installation and initiahcommissioning

5.1 | Pressure sensors

511

Selection of pressure sensors

The pressurexsensors should be selected in accordance with the uncertainty calculation. T
permjssible/errors for custody transfer applications are given in Table 2. These figures are con
extenjded uncertainties with a coverage factor £ = 2.

e maximum
sidered to be

Table 2 — Maximum permissible errors for pressure sensor(s) for custody transfer applications

Maximum permissible error of pressure sensors

P1 P3a
Zero error Linearity error Zero error Linearity error
% of reading Pa % of reading
+0,07 +24 +0,2

a8  [fP3is used.

© 1SO 2004 - All rights reserved
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The range of pressure sensor P3 may be much smaller than that chosen for pressure sensor P1 because the
gauge vapour pressure is typically limited to a maximum of approximately 5 kPa.

Zero and linearity errors should be assessed independently of one another. The requirements for linearity
errors also apply to differences in readings for a single pressure sensor.

The combination of zero and linearity errors influences the uncertainties of inventory measurements.

For transfers, uncertainties are those of pressure differences between the start and the end of transfers. Zero
errors (partly) cancel out and transfer uncertainties are primarily those of linearity.

Analogue or digital sensor output should be selected as appropriate in order to meet the accuracy
requirementd.

5.1.2 Tank|preparation

5.1.2.1 Geéneral

Prior to instdllation of the HTG pressure sensors, it is necessary to perform the activities given in 5.1.2.2 to
5.1.2.5.

5.1.2.2 Selection of sensor positions

All HTG prepsure sensors external to the tank should be installed ofA/the same side of the tank ahd, if
necessary, should be protected from sun and wind.

The pressurg tappings on the tank wall should be located where the product is relatively static. Prpduct
movements ¢aused by pumping or mixing operations may produce additional static pressures.

Pressure sensor P1 is the lowest of the pressure sensors;“mounted a distance H,, from the HTG refefence
point. Sensof P1 should be installed as low as possible,on the tank, but above the level of any sedimé¢nt or
water.

Pressure sensor P2, if used, is located a vertical distance H above sensor P1. The maximum P2-to-P1 vgrtical
distance is rfot specified, the restricting factoer being that when the liquid level drops below sensor P2, the
observed density can no longer be measured. The minimum P2-to-P1 vertical distance depends op the
requirementg for density measuremenf accuracy and on the sensor performance. Usually, sensor P2 is
installed appfoximately 2 m to 3 m abové sensor P1.

Pressure se:llsor P3, if used on.fixed-roof tanks, should be installed so that it always measures the vapour-
phase presstre. If it is mountedon the roof, a sun/wind shade should be provided.

5.1.2.3 Process taps

Process tapg and block valves should be fitted to the tank either when the tank is out of service or when using
prescribed hot-tap techniques.

5.1.24 HTG reference point

The location of the HTG reference point for each tank should be established. If necessary, the height of the
HTG reference point for each tank may be referred to the tank calibration datum point using optical-surveying
techniques (see ISO 7078).

5.1.2.5 Tie bars

Tie bars are used to prevent excessive movement of the HTG pressure sensors relative to the HTG reference
point due to bulging of the tank as the tank is filled (see 5.1.4 and Annex D). The need for tie bars may be
assessed by direct measurement on the tanks or from an assessment of the tank construction parameters. If
they are necessary, a detailed technical evaluation should be undertaken as to the number and the design of
the tie bars.

10 © 1SO 2004 — All rights reserved
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5.1.3 Pressure sensor installation

5.1.3.1 Process connections

All pressure sensor installations should allow in situ isolation from the tank and connection to a
testing/calibration device (prover). Block valves should be used to isolate the pressure sensors from the tank.
Bleed vents may be sufficient for connections to provers. Sensors should be installed such that the sensor
diaphragm remains covered with liquid during operation. Drain valves should be provided to allow draining of
the process fluid when calibration or verification of the system is required.

5.1.3.2 __ Protection against overpressure

Closipg the block valves without opening the bleed vent will create a pocket of trapped liquidywhose thermal
expafsion or contraction may over-pressurize the sensor. Depending on the design of the bleck yalve, closing
the valve may result in the displacement of fluid, which may also result in over-pressurizing of the[sensors.

Pressure snubbers between the block valves and the sensors may be required to ‘avoid over-prgssurizing the
sensprs. Alternatively, the bleed vent may be opened to relieve pressure build-up as the block valve is closed.

5.1.4| Determination of pressure sensor position

Senspr positions should be measured to the effective centres of~the pressure sensors. Since the sensor
diaphragms are not normally accessible, external reference markings on the sensor body should|be provided.
An egtimate of the uncertainty in the external reference marking.should also be provided.

The pncertainties of the sensor positions and those of the distances between sensors are |mportant for
achigving a high accuracy of HTG measurement. Guidélines for distance measurement uncertginties are as
follows.

a) 1 sensor height, H,,, above the HTG reference point is used to calculate the tank botton mass. The
ncertainty of the P1 height measurement'should not exceed 1 mm.

b) 1-to-P2 vertical distance, H, is usedo calculate the observed density, which in turn is used to calculate
e heel mass. The uncertainty of the vertical distance P1-to-P2 should not exceed 1 mm.

c) 1-to-P3 vertical distance, (H}, is used to calculate the magnitude of vapour mass and the effects of
mbient air. Both the vapour mass and the ambient air are secondary correction factors whigh are subject
to a number of approximations. The uncertainty of the vertical height, H;, should not exceed §0 mm.

5.1.5| Limitation of pressure sensor movement

Tank|walls undergo hydrostatic deformation during tank filling and discharge. This results in movgments of the
sensprs, such that the height of sensor P1 above the HTG reference point and the vertica| distance of
senspr P2 above sensor P1 may not be constant.

Changes_in sensor P1 height will have a direct effect on measured mass and should therefare He minimized.
Sensor P1 is normally mounted on the lower part of the tank where the movements of the tank shell are small
(tank datum plates fixed to the tank shell may incur similar movements). The height of sensor P1 above the
HTG reference point should be measured with the tank full and again with the tank empty. If the height
changes by more than 1 mm, a tie bar should be fitted which holds the P1 pressure sensor a constant vertical
distance above the HTG reference point.

Changes in sensor P2 vertical distance above sensor P1 affect only the HTG density and level calculations. In
vertical tanks, the effect on measured mass is negligible. If HTG is used to compute levels and densities as
well as mass, the use of a tie bar between sensors P1 and P2 should be considered to maintain a constant
vertical distance between sensors P1 and P2.
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HTG sensor movement is described in D.1. If any tie bars are used, the pressure-sensor connections to the
tank should be made flexible enough to satisfy the mechanical safety requirements. The tie bar should be
fitted to the process end of the pressure sensors to avoid over-stressing the sensors.

5.1.6 Wind effect

Wind impacting the tank causes variations in the static ambient air pressure. Depending on local
circumstances, the ambient air pressure may be different at P1, P2 and P3. Since the sensors measure gauge
pressures (referenced to atmosphere), wind-induced differences in ambient pressures at each of the sensors

will cause ad

ditional measurement errors.

Wind effects
straight line.

The differen
mass measu
together by

closed at the

If sensor P3
mass measl|

Wil be minimal when all three pressure sensors are mounted on one side of the tank, In a, Ve

es between the ambient pressures of sensors P1 and P3 will have a direct impact oh the
rement. If exposed to strong winds, the outside ports of sensors P1 and P3 shogld-be conn
A pressure-equalization pipe. This pipe should be essentially vertical, withnno” seals or

top and open at the bottom, to eliminate the risk of becoming filled with condensed water.

is not used, variations in the P1 ambient pressure reading will have a direct impact on the
rement accuracy (note that atmospheric tanks do not require P3). If the HTG installati

exposed to gtrong winds, the outside port of the sensor P1 should be connectedto a pipe which slopes

and away fro
A minimum ¢

m the tank and is open at a point where the ambient pressurefvariations due to wind are min
istance of 0,5 m away from the tank at ground level is recommended.

5.1.7 Thermal effect

For measure
a) eliminati
b) maintain

The sensor 1
performance

ments requiring high accuracy, the HTG performance may be improved by the following:
pn of temperature gradients through the sensor bodies;

ing the sensors at constant temperatures.

rtical

HTG
bcted
raps,

HTG
on is
down
imal.

hanufacturer's recommendations on the need for and the types of thermal insulation requirg¢d for

improvement should be soughtiand followed.

5.1.8 Uncédrtainties of pressure measurements

Outputs of j
operating co|
ambient air t

The uncertai
is absolute i
unchanged t

ressure sensorsgcare” subject to measurement uncertainties whose magnitude may vary
hditions (e.g. theyhydrostatic head, liquid temperature as well as ambient conditions, su
bmperature).

hty of a_pressure sensor will normally exhibit zero and linearity components. The zero comp
h character, normally expressed in the units of measurement (pascal in Sl units). It rer
hrough the measuring range. The linearity component will vary with measured pressure 3

with
th as

bnent
hains
nd is

Cturer

typically exp

essed _as a relative fignrn, e.g.—as-a pnrr‘nnfngn of the pressure rnar‘ling The manufa

should unambiguously state both the zero and linearity uncertainties and their variations over the anticipated
operating ranges, in particular over the ranges of the temperature sensors. This is to enable the user to verify
that the contribution of the pressure sensor will result in an acceptable overall uncertainty of HTG
measurement(s) (see Table 2 for maximum permissible zero and linearity errors).

The total absolute uncertainty of a pressure sensor may be calculated from Equation (1):

|

P applied * UPlinearity
100

(1)

UPtotal = UP zero "{
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where
UProtal is the total absolute uncertainty, expressed, for example, in pascals, of the pressure sensor;
UPzero is the absolute zero component, expressed, for example, in pascals, of pressure sensor
uncertainty;
Papplied is the pressure, expressed, for example, in pascals, as input to the pressure sensor;
UPjinearity 1S the relative linearity component, expressed in percentof p,,;eq. Of pressure sensor
uncertainty.
NOTH 1 The applied pressure pq_appiieq IS @approximately the sum of the liquid head above the P1 level, the vapour

head pnd the pressure ps.

NOTH 2  The applied pressure po_appiied iS approximately the sum of the liquid head above the'P2 lev
head pnd the pressure ps.

NOTH 3  The applied pressure p3_appiied is approximately equal to the vapour pressure, independent of th
5.2 | Temperature sensors

5.2.1| General

The femperature input to the data processor may be either automatic or manual. HTG systems

installed with a tank-temperature-measuring device (see 1SQ.4266-4) and may also include ar
tempprature-measuring device.

If prgduct or air temperature is determined by other +heans, the value(s) may be input manuall

data

5.2.2| Sensor positions

The

sensors P1 and P2, or an averaging.bulb system.

The

distance from the tank as the\pressure sensors, with the same environmental protection.

5.2.3| Uncertainty of-temperature measurement

The

accufacy. Thefaccuracy of the temperature measurement has only a secondary effect on the ac

mas

a single-point or spot temperature sensor (e.g. RTD) should be considered adequate.

processor.

broduct temperature sensor may\be a single-point temperature element, installed betwe

bmbient air temperature¢sensor (if required) should be installed on the same side and

accuracy of-the measured temperature directly affects the reference density and stan

9, through“thermal expansion of the tank shell, which has impact on the tank capacity table. |

el, the vapour

e liquid level.

are generally
ambient air

to the HTG

pen pressure

at the same

dard volume

curacy of the
N most cases,

Average tank shell temperature 1S required for calculation of the thermal expansion of the fank shell. It may be
calculated as a weighted average of the temperature of the liquid on the inside and the ambient air on the

outs

The

ide of the shell.

uncertainty of the measurement of the liquid temperature has two components:

— uncertainty ugq,ioment Of the total temperature measurement (sensor; transmitter and converter), normally

available from the sensor manufacturer;

uncertainty ug.,q due to thermal gradients that are influenced by position of the sensor, thermal
stratification in the process liquid, quality of the thermal contact with the liquid, etc. This is normally
estimated between 1 °C for liquids stored at ambient conditions (with no or minimal thermal gradients)

and 5 °C for tanks that contain heated liquids.
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Overall uncertainty may be obtained from Equation (2):

_ 2 2\1/2
Utotal = (“equipment + Ugrad )

5.3 Reference points for the HTG system

5.3.1 HTG and level gauge references

The HTG reference point should be on the outside of the tank, directly under the sensor P1. The preferred
reference point is the tank lip; if the tank lip is not accessible, the reference point may be a mark on the tank

shell.

The HTG rgference point allows installation of the pressure sensor(s) without having to measure
height(s) abgve the datum point inside the tank.

The HTG reference point differs from the level gauge reference. The level gauge reference'is, either a m
gauging datym point or the mark on the tank gauge hatch at a fixed distance aboverthe manual-ga
datum point.

The vertical height between the HTG and level reference points should be used whenever comparison
made betweg¢n HTG measurements and manual measurement of level.

5.3.2 HTG jand tank calibration reference

Tank calibrafion uses a reference point that does not coincide either with the level gauge reference or wi
HTG referenge point.

5.4 Commnissioning

5.4.1 General

Commissioning is performed following HTG system installation. Some or all parts of the commissi
procedure may also be repeated if some ar all of the HTG system is replaced after a hardware failure
system update. Records should be kept of‘all'data for future use during maintenance (Clause 6).

5.4.2 Establishment of HTG reference points
The vertical dlistances should beymeasured between the HTG reference point and

— tank calipration reference (datum) point, height H;

— level galige reference (datum) point, height Hy.

their

Bnual
Liging

S are

h the

bning
ora

The vertical distances should also be established between

— effective centre of pressure sensor P1 and the HTG reference point (height Hy);

— effective centres of sensors P1 and P2 (height H);

— effective centres of sensors P1 and P3 (height H;).

All heights should be measured using a standard survey technique (for example 1ISO 7078).
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5.4.3 HTG parameter entry

All tank, ambient, HTG sensor and liquid parameters listed in Table 1 should be established and entered into
the HTG processor.

The height of the pressure sensor P1 above the tank calibration datum plate (Z= Hy + Hy) as well as the
heights of sensors P2 and P3 above sensor P1 (H and H,, respectively) should then be entered into the HTG
processor.

The height of the HTG reference point above the gauging reference point does not normally form part of
calculations performed by the HTG processor.

NOTH The tank parameters will normally remain unchanged. HTG sensor parameters might change| if any item of
HTG hardware is replaced. Liquid parameters might change if a new product is introduced into the tank:

If any parameters have changed, their new values should be entered into the HTG processor.

5.4.4| Pressure-sensor zero adjustment
In order to check and adjust the pressure-sensor zero, the following procedure should be followed.

a) If the outside ports of the sensors are connected together/to prevent wind effects,|remove the
¢onnections when adjusting the sensor zeros.

b) Isolate the sensor from the tank by shutting the block valve; their bleed valve may need to b released at
the same time in order to avoid over-ranging the sensor.

c) Remove all liquid from the process connection to the-sensor by draining.
d) ent to the atmosphere the process connection.to the sensor.
e) Adjust the sensor zero following the manufacturer’s instructions.

f)  After the adjustment, wait for 15 minsand then monitor the zero reading of the sensor for gpproximately
2 min and make further adjustments;’if necessary.

5.4.5| Tank-capacity table validation

Someé tanks currently in-service have been calibrated using out-of-date, non-standard methods. Highly
accufate mass measurements assume a minimal error in the tank-capacity table. It is recommended that the
tank-papacity table be -verified for conformance with ISO 7507-1 and a new tank calibration performed, if
necegsary.

Capdcity tables.are normally derived from calibration reports that give break points in the volume/level table
(see |SO 7507-1 for development of the tank calibration report).

The ¢apacity table is subject to second-order influences (see D.2 and D.3)

The HTG data processor will normally store sufficient data to reproduce the tank-capacity table. These data
should be checked against the data in the tank-capacity table.

5.4.6 Verification of HTG processor calculations

As part of the approval performed either by the manufacturer or by another qualified authority, the HTG
processor calculations should be checked against manual calculations in order to verify the calculation
algorithms and proper parameter entry.

The equipment user should verify that the calculations yield expected results with a given set of calculation
parameters.
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5.4.7 Checking against manual measurement

The values computed by the HTG system should be compared with those provided by manual measurements.
As the uncertainties of HTG and manual measurements are comparable, the acceptable comparison is an
interim action, for information only, and its results should be interpreted as follows.

If HTG and manual mass measurements agree, within the limits of the root of the mean squares (RMS) of the
two uncertainties of the HTG and the manual measurements, then the HTG system may be assumed to be
operating properly. If HTG and manual mass measurements do not agree, further investigation is required.

In any mass comparison between HTG and another mass measurement, it is important to ensure that due

account is tajken-ofthe-differeneces-between-mass-inair{e-g—as-measured-by-a—weighbridge)—and-trae-fass.
The user shquld ensure that the comparisons are made between masses of the same type, either mass|in air
(weight) or rgal mass (in vacuum).

5.4.8 Temperature-sensor checks

The readingg of the temperature sensors (if used) should be compared to the temperature readings obthined
via an alternptive temperature-measurement device calibrated to the required accuracy (see ISO 4268)) and
traceable to felevant standards.

The product|liquid temperature sensor should be verified by measuring th€ product temperature whepever
practical in the immediate vicinity of the HTG product temperature sensor,

The ambienf air temperature sensor should be verified by measuring the ambient temperature ip the
immediate virinity of the HTG ambient air temperature sensor.

If the HTG gnd the reference temperatures do not agree within the limits of the root of the mean sqpares
(RMS) of the|two uncertainties, the HTG parameters (if any)@hould be adjusted or the sensor(s) replaced.

To estimate the uncertainty of temperature measurement used to correct for thermal expansion of thg tank

shell, the reading of the HTG temperature sensor-read-out should be compared against temperature ¢f the
process liquifl near the inside of the shell.

6 Maintgnance

6.1 General

The operatipns described <{cover the system validation and system calibration. Validation differs|from
calibration in|that it does_natiinvolve any adjustments or corrections of the HTG data processor parametefs.
6.2 Validation

The objectivg of HTG validation is to show that the HTG system still works within the required accuracy gnd to
allow use of statistical quality control to establish the frequency of recalibration, provided this is acceptable to

parties involved in the custody transfer. Validation is usually performed on a regular basis, following the local
code of practice, to monitor performance and to establish frequency of system calibration.

The process of validation does not require the use of traceable standards so long as the comparisons are
made against stable, repeatable references using standard procedures. No adjustments should be made
during the validation procedure. If the validation process reveals that a drift in system performance exceeding
predetermined limits has occurred, the HTG system should be recalibrated. The limits should take into
account the expected combined measurement uncertainties of the HTG system, the reference equipment and
HTG system performance requirements.
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6.2.1 HTG sensor heights

HTG sensor heights should be compared with those obtained in 5.4.2 and any deviations recorded.
6.2.2 Pressure sensors

6.2.2.1 Zeros for the pressure sensors

Pressure sensor zeros should be verified in situ using the procedure described in 5.4.4, without any
adjustments. The zero reading should not exceed the manufacturer's specifications, nor the maximum
recommended values of 50 Pa for p, and p,, and 24 Pa for p,. If the zero reading is greater than the maximum

recor
shou
be cd

6.2.2

A sin

calibfator traceable to a national standard. The linearity error should be judged from this single-

at m
recor
spec
span

For H

cond
for ve

6.2.3

If the]
follow

Alterpatively, measurements obtained by other gauging methods may be used for comparison fiff

the s

Any ¢
the a

6.2.4
Com

a)

hmended values given above, and does not exceed the manufacturer's specifications, 1th
d be calibrated (see below). If the manufacturer’s specifications are exceeded, the mahufa
nsulted. The “as-found” and “as-left” values of the zero reading should be documented:

2 Linearity

gle point on the transmitter measuring range should be verified in situ gsing a high-precis
aximum pressure and should not exceed the manufacturer's; specification, nor th
hmended values of 0,07 % of reading for p, and p,, and 0,2 % of-reading for ps. If the m

fications are exceeded, the manufacturer should be consulted~The “as-found” and “as-left”
reading should be documented.

tions. In these circumstances, this procedure cannot®e performed and the transmitter shq
rification to a certified laboratory.

On-tank measurements
comparison is to be carried out against.a manual method, the procedure described in 5.4
ed.
bme tank.

f these comparisons should take into account the inventory uncertainties of the HTG, as we
ternative measurement(s).

Off-tank measurements
parisons.6f mass transfer measurements should be carried out if any of the following are av3

olumeétric flowmeter with online densitometer;

e transmitter
Cturer should

ion pressure
pboint reading
e maximum
anufacturer’s
values of the

igh-precision pressure transmitters, it might be difficult*orimpractical to span the transmitt¢r under field

uld be taken

.7 should be

available for

Il as those of

ilable:

b)

c)

volumetric flowmeter with sampled line density;

mass flowmeter;

d) weighbridge.

Any of these comparisons should take into account the transfer uncertainties of the HTG as well as those of
the off-tank measurements. Care should also be taken that the transfers involve transferred quantities that
would normally be expected to be measured by static methods. The transfer uncertainties, expressed in
percent of the transferred quantity, get bigger for smaller quantities. As a first approximation, the transfer
should be equivalent to a change in level in excess of 2 m for a liquid with a density of 800 kg/m3, or an
equivalent that yields the same difference in hydrostatic pressures.
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6.2.5 Temperature sensors

Temperature sensors should be checked using the procedure described in 5.4.8, without any adjustments.

6.2.6 Frequency of verification

The frequency of verification of major component of HTG should follow local practice. This International
Standard recommends that the frequencies should be as follows.

a) The pressure sensor/transmitter(s) zero stability should be verified every three months following initial
verification. The pressure sensor/transmitter(s) range stability should be verified every six months
following initial verification.

b) The temperature sensor/transmitter should be verified every six months. If its performance is\stabl¢, the
frequengy may be reduced to once per year.

6.3 Calibration

6.3.1 Gengdral

The objectiv

accuracy andl to undertake appropriate corrective actions when warranted¢HFG system calibration shou

performed fo

Traceable st
HTG system

Except for p
found to be g

a)
-

of HTG system calibration is to verify the performance of the-HTG system to a spe
lowing performance degradation detected by the system validation, or at regular intervals.
hndards and existing approved measurement procedures should be used in the calibration

fessure-sensor zero, no sensor adjustments are*normally possible. If the pressure sensor
utside specification, they should be replaced.

6.3.2 HTG

All HTG system parameters established on commissioning should be reviewed by a suitably qualified p
and, if neceskary, changes entered into the'HTG data processor.

6.3.3 Adju

The validatig
manufacture

If the sensor
determine th
carried out u

ystem parameters

tment of pressure-sensor zero

n records should."be’ examined and if the pressure-sensor zero is found to be outsid
’'s specificationttie’sensor should be replaced and a new sensor commissioned.

is found to\be within the manufacturer’s specification, the validation records should be us
e optimahmagnitude of the pressure-sensor zero adjustment. The zero adjustment shou
5ing the procedure described in 5.4.4.

cified
Id be

bf the

S are

Erson

e the

ed to
d be

6.3.4 Temperature sensor calibration

The validation records should be examined and, if needed, further checks should be made as described in
5.4.6. The temperature sensors should be adjusted or replaced if found to be operating outside the limits
established at commissioning (see 5.4.8).

6.3.5 Pressure-sensor calibration

6.3.5.1

General

Pressure-sensor calibration of the HTG mass measurement system is the only method for which calibration
equipment may be obtained whose accuracy is sufficiently better than the accuracy of the HTG system itself.

18
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If such equipment is not available, the HTG system may be calibrated to a lower accuracy using the method
described in 6.3.6.

The accuracy of the mass measurement obtained by the HTG will correspond to the accuracy of its pressure
sensors, providing that the pressure-sensor positions are known and stable and that the calculations are
performed with the correct parameters (see 6.3.2).

Depending on which calibration equipment is available, one or the other of the methods described in 6.3.5.2

and 6.3.5.3 should be used.

6.3.5.

2 Reference pressure source method

The

20 P4 and a linearity uncertainty of 0,02 % of the reading, which is suitable for use in the field

All pressure sensors remain mounted on the tank. They are isolated from the tank by block v3

and ¢
corre
by th

The
the tv
will b

eference device for calibration is a calibrated traceable dead-weight tester with a zere’y

onnected, one by one, to the dead-weight tester. The dead-weight tester is used to generg
sponding to the full height of the tank in order to ensure that all hydrostatic' heads normally,
b pressure sensors are exercised, i.e. the entire mass ranges are covered.

pressure measurements from the HTG system are compared with those from the dead-we
vo readings differ by less than the values in Table 2, the contribution to mass error from the
b within the equipment specification. When carrying out the camparisons, due account shoul

ncertainty of

Ives, purged
te pressures
experienced

ight tester. If
HTG sensors
d be taken of

additjonal hydrostatic pressure heads in the connections between the dead-weight tester and [the pressure
sensor.
6.3.5|3 Reference pressure sensor method

The feference device for calibration is a calibrated:traceable pressure sensor with a zero uncerts

inty of 20 Pa

and g linearity uncertainty of 0,02 % of the reading, which is suitable for use in the field.
All pressure sensors remain mounted oncthé tank. They are isolated from the tank by block valves and
conngected, one by one, to the reference pressure sensor. The pressure range corresponding to the full height

of th
mom

The
sens
the H
shou
sens

6.3.6

This

e tank should be covered either by changing the liquid level in the tank (while the b
entarily open) or by using an external pressure source.

bressure measurements from the HTG system are compared with those from the refere
br. If the two readings'differ by less than the values in Table 2, then the contribution to ma
TG sensors will beswithin the equipment specification. When carrying out the comparisons,
d be taken of additional hydrostatic pressure heads in the connections between the refere
br and the pressure sensor under test.

Calibration by manual measurements on the tank

Calibration method compares the mass measured by HTG with the mass calculated from ind

ock valve is

Nce pressure
5s error from
due account
nce pressure

irect, manual

meas

urements of level dpnqity and temperature Due to the high uncertainties associated

with density

measurements, this method should be used only if the direct pressure-sensor calibration cannot be performed
for lack of suitable equipment.

Standard procedures should be used to obtain manual measurements of level and temperature (API MPMS
Chapter 3.1A), and density (ISO 3838 or ISO 3993), to calculate standard volume (ISO 4267-2) and reference
density (ISO 91-1 and 1SO 91-2). Mass should be calculated as the product of standard volume and reference
density.

Calibration based on manual measurements can only be adequately performed by a transfer measurement
where initial and final levels in a tank differ by at least 4 m, so that the uncertainty of the manual reference is
much smaller than the expected uncertainty of HTG.
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If the difference between the transferred mass measured by the HTG system and the transferred mass
calculated from manual measurements, expressed as a percentage of the transferred mass calculated from
the manual measurements, is less than 0,25 %, the HTG system should be assumed to be operating correctly.
NOTE 1 The limit of 0,25 % is based on the following uncertainties:

Manual method total uncertainty of 0,2 %, consisting of contributions:

Level error, opening and closing dip: 3 mm

Temperature: 1°C

Sampled density: 0,1 %

Other: 6;65%
HTG mass transfer: 0,1 %

NOTE 2  Enrors in level measurements due to movement of the level gauge reference caused by tank bulging wjll add
to the manual jmeasurement uncertainty.

7 Safety

7.1 Mechanical safety

HTG sensorp and sensor connections form an integral part of the tapk\surface. They should be able to
withstand thg same mechanical stresses or strains as the tank surface;They should also be able to withgtand
the effects, sjuch as corrosion or erosion, of exposure to the product.

7.2 Electiical safety

All electrical pystems should comply with the local safety regulations. Additionally, account should be taken of
the requiremgnts given in IEC 60079-0.
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Annex A
(normative)

Calculation overview

A.1 General

ss of the tank
cont nts and other varlables Specmc calculations and features WhICh may be partlcular to onemjanufacturer’s

The pymbols used in this annex are listed in A.2 and illustrated in Figures A.1 and’A2. All palues to be
subsfituted in the equations in this annex should be in Sl units. If values are obtainéd in othgr units, they
should be converted into values in the following Sl units:

Pressure Pa
fevel m
Area m?
olume m3
Mass kg
[Density kg/m3

Acceleration m/s?

Calcylation procedures are the same for-both fixed- and floating-roof tanks.
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12 max. fill height L  variable levdl(s)
. variable
13 floating blanket (WR) 14 volume(s)
1) 14 datum plate M  variable mags(es)
w Vw) 15 tanklip H fixed height(s)
Yi, My) 16 vapours/air,mixture Y fixed volumg(s)
17 product W fixed mass(gs)
sensor P2 above P1 (H) 18 freewater and sediments
- Ho, Y5) 19 . sensor P3 (present or implied)
able top 20\ sensor P2 (density measurements)
tch 21 sensor P1 (liquid head measurements)
22 HTG reference point

Figure A.1 —<Measurement parameters and variables — Fixed-roof tank
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10 12
\

2 20 1
A B \r/ 21 8
N s
Key
1 dllage 12 max. fill height L varialle level(s)
2 ip (L, V) 13 datum plate 14 variaile volume(s)
3 product (M) 14 tank lip M varialple mass(es)
4 bottom (L, Vi) 15 vapours/airmixture H fixed height(s)
5 ead (H,, Y, My) 16 product Y fixed polume(s)
6 tal 17 freetwater and sediments w  fixed mass(es)
7 eight of sensor P2 above P1 (H) 18 . implied sensor P3
8 eel (Hy + Hy, Y5) 19 ,*sensor P2 (density measurements)
9 apacity table top 20 sensor P1 (liquid head measurements)
10 gauge hatch 21 HTG reference point
11 floating tank roof (WR)

Figure A.2>— Measurement parameters and variables — Floating-roof tank

In-tank vapour and-ambient air densities have only second-order effects on the calculated va
may be considered constant or, for high accuracy, may be calculated.

Ambient/air density may be calculated, using the gas equation of state, from absolute ambient

fiables. They

bressure and

absolute) ambient temperature. Changes in ambient air density have only a second-order g¢ffect on the

observed density.

In-tank vapour density may be calculated, using the gas equation of state, from absolute vapour pressure and

absolute vapour temperature together with the vapour relative density.

All sensor input data presented to the HTG processor should refer to the same time frame.

© 1SO 2004 - All rights reserved
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A.2 List of symbols

The following symbols and their meanings have been used in this annex:

24

Ag

P
P2

pP3

tank average cross-sectional area

liquid density (observed product density)

ambient air density

density at reference (base) conditions

in-
log
ve

ve
PO

ve
ve
dig

fre

fank vapour density
al acceleration due to gravity
tical distance between sensors P1 and P2

tical distance between the tank calibration reference point (datum plate)-and the HTG refe
nt

tical distance between the HTG reference point and sensor P1
rtical distance between sensors P3 and P1
level

e water level

product mass

product apparent mass in air

product heel mass

product head mass

pr

mIss of the product transfefred

ssure given by pressure sensor P1

préssure given by pressure sensor P2

préssure giveniby pressure sensor P3

di

f

ped votume (at dip level)

pr(pdl 1ICt heel volume

reference volume of the product

reference volume of the product transferred

fre

e water volume

mass of floating roof (or floating blanket)

tot

al heel volume

product head volume

ence
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Pressure balance

The basis of the HTG calculation is that the sum of the pressure increments between any two points is the

sam

e regardless of the path along which they have been added.

Therefore:

In fixed-roof tanks, the in-tank vapour is either a mix of product vapour and air or a-‘blank
concentration of the vapour/air mix will vary with vapour temperature and pressure. In floating-rg
in-tank vapour is ambient air that may be contaminated by product vapour.

The

A4

The

wherg

Obsdrved density may, be calculated from manually entered reference density. The calculations
existing standards{such as ISO 91-1 and ISO 91-2.

Obsqrved density may also be manually entered into the data processor.

ps—p3 s the total liquid product pressure head plus in-tank vapour pressure head minus ambient air

pressure head between sensors P1 and P3;

p1—po is the liquid product pressure head between sensors P1 and P2 minus ambient

air pressure

heaad between sensors F1 and FZ.

Density calculations

h - P1-P2 | D,

gxH

lp1 — py) is the difference between the pressure sensor readings from sensors P1 and P2;
g is the local acceleration dueto gravity;

N is the vertical distance between the centres of force on the sensor P1 and P2
respectively (see-kigure A.1 or Figure A.2);

D, is the ambient.air density.

observed product density, D, is calculated from the pressures in accordance with Equation (A.

et” gas. The
of tanks, the

floating-roof load has both constant (roof mass) and variable (roof-load ‘mass) componInts. For the
purpaoses of this International Standard, both components are user-entered constants. This appli
floating blanket optionally used in fixed-roof tanks.

s also to the

(A1)

diaphragms

should follow

© 1SO 2004 - All rights reserved
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A.5 Dip-level calculations

The dip level, L, is calculated in accordance with Equation (A.2):
[(P1—p3)/g—Hyx(Dy—Dy)]

L=H0+Hb+ (AZ)
(D - Dv )
where
H, is the vertical distance from the tank calibration reference point to the HTG reference point;
Hy is the vertical distance of the centre of force on sensor P1 from the HTG reference point
(See Figure A Tor Figure A.Z);
(rq —p3) s the difference between the pressure sensor readings from sensors P1 and P3;
g is the local acceleration due to gravity;
H, is the vertical distance between the centres of force on the sensor P1 'and P3 diaphragms
respectively (see Figure A.1 or Figure A.2);
D, is the in-tank vapour density;
D, is the ambient air density;
D is the liquid density calculated in A.4.
NOTE If D, is not available, it can be assumed to be equal to D,.
A.6 Avergge tank cross-sectional area calculations
The average|tank cross-sectional area is calculated in accordance with Equation (A.3):
-Y
R Ll £ B (A.3)
Lt Hy—Hyg
where
V is| the dipped volume (at-dip level);
Y, is|the total heel volume;
L is| the dip level’calculated in A.5;
Hy ig| the ‘vertical distance of the centre of force on sensor P1 from the HTG reference |point
(dee Figure A.1 or Figure A.2);

Hy is the vertical distance from the tank calibration reference point (datum plate) to the HTG reference
point.

Dipped volume and total heel volume should be calculated from the dip level and the sensor P1 height
(Hy, + Hy), respectively, as described in ISO 7507-1.
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Head mass calculations

The product head mass, M, is calculated in accordance with Equation (A.4):

M, :{%—Htxwv —Dg)|x

D
D-D,

XAE

where

Ag  is the tank average cross-sectional area calculated in A.6;

(A.4)

NOTE

A.8

{ is the local acceleration due to gravity;
D, is the in-tank vapour density;
D is the liquid density;

i is the vertical distance between the centres of force on the-'sensor P1 and P3
(see Figure A.1 or Figure A.2);

D, is the ambient air density.

If D, is not available it can be assumed equal to D,.

Product-heel volume and mass calculations

The product-heel volume is calculated in accordance with Equation (A.5):

wher

Assu
Equa

b=1Y2—Vw

a)
>

' is the total heel volume calculated from the P1 sensor height (H,, + Hj) and the tank cz

w is the free water,voltime calculated from the free water level, L,,, and the tank capacity

ming that Ag is approximately constant through the tank, ¥, may also be calculated in acc
tion (A.6):

/b:(Hb+HO_LW)XAE

The product-heel mass is calculated in accordance with Equation (A.7):

diaphragms

(A.5)

pacity table;
table.

ordance with

(A.6)

1

lb—Vb)\L}

where

V}, is the product heel volume calculated above;

D is the observed product density calculated in A.4.

(A7)

Accuracy of the observed product density in the heel space may be affected by liquid stratification (see D.4).

© IS0

2004 — All rights reserved
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A.9 Product mass calculation

The product

mass, M, is calculated in accordance with Equation (A.8):

M= M+ M, - Wg

where

M, is the product head mass calculated in A.7;

M,, is the product heel mass calculated in A.8;

(A.8)

Wgr is th

Substitution
M= {ﬁ

The liquid d¢

The calculati
mass is set g

When the flg
gradually tak

A.10 Calg¢

The product

My=M
where

M s th

D, isth

D s th

e mass of the floating-roof (or floating blanket).

pf the respective formulae for M, and M,, yields Equation (A.9):

—P3

+(Hb +H0—LW)XAEXD—WR

_Htx(Dv—Da)}xAExD D

\"
nsity D is measured either independently or by HTG (see A.4).

qual to zero for the fixed-roof tanks with no floating blanket.

en up by the floating-roof legs. See ISO 7507-1 for cal€llations within and below the critical

culation of product apparent mass in air

Bpparent mass in air, M, is calculated-inraccordance with Equation (A.10):
} (1 _&j
D

e product mass calculated in A.9;
e ambient airdensity;

e observed product density calculated in A.4.

(A.9)

bns for product mass are identical for fixed- and floating-roof tanks providing that the floating-roof

ating roof enters the critical zone, the floating-roof mass-and the floating-roof load mass will be

rone.

(A.10)

A.11 Calculation of reference volume from mass

The product reference (standard) volume is calculated in accordance with Equation (A.11):

where

M is the product mass calculated in A.9;

D, is the product reference density measured by external means.

28

(A.11)
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A.12 Inventory uncertainties

A.12.1 Product mass in tank

Providing that the pressure sensor installation parameters are correct, the uncertainty of calculated mass
depends primarily on the uncertainties of the pressure sensors, including their positions, the water level and
the tank capacity table. Secondary contributions from uncertainties of the local acceleration due to gravity,
temperature, densities of in-tank vapour and ambient air, etc., can normally be neglected. For HTG systems,
typical calculations of uncertainty of inventory measurements are given below.

A.121.1 Density measured independently

For purposes of uncertainty calculations, the simplified equation for product mass;~, |is given by
Equation (A.12):

Vv :{M+(Hb +Ho —Lw)xD}xAE ~Wg =(L-Ly)xDx Az —Wg (A.12)
g

The felative uncertainty of product mass for tanks without floating roofs\is calculated in accprdance with
Equation (A.13):

2 2
ﬂ}: up12+up32 +(Hb+H0—LW xﬂj +qu2+uH02+uLW2 +(uAE] (A.13)
M) \[gx(L-Ly)xD] L-Ly D (L-Ly)® Ag

wher

W

4p,, upz  are the total uncertainties, in pascals, of pressure p, and p3, respectively;

yAg is the uncertainty, in squaré!metres, of the effective cross-sectional area of the|tank derived
from tank calibration;

4D is the uncertainty, innkilograms per square metre, of the density of the liquid in thie heel space
of the tank;

yH, is the uncertajnty, in metres, of the height of sensor P1 above HTG reference poipt;

yH, is theCuncertainty, in metres, of the height of the HTG reference point abgve the tank

calibration reference point;
qL,, is' the uncertainty, in metres, of the level of free water.

All uncertainties are absolute, expressed in their S| engineering units.

NOTE Uncertainties of typical pressure sensors are influenced most of all by variations In sensor temperature. Low
inventory uncertainties can be achieved by holding the sensors near the temperature at which they were zeroed.

The uncertainty uAg of the average cross-sectional area of the tank is the same as the uncertainty of the tank
capacity table. Depending on the chosen calibration method, u4g might vary with level of the liquid in the tank.
As an approximation, the relative value of u4g may be taken as a constant in the region of 0,05 % to 0,1 % of
reading.

Table A.1 shows uncertainties of the mass inventory measurements on a typical vertical tank.
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Table A.1 — Example of measurement uncertainty of inventory mass — Freely vented tank, density

measured independently

Product: Gasoline in freely vented tank 2
Case Sensor or measurement uncertainty Mass measurement uncertainty
Up1-zero Up1-linearity u(Hy + Ho) udg L=4m L=8m L=12m
Pa fracthn of m fraction % of reading | % of reading | % of reading
reading
1 50 0,000 7 0,003 0,000 5 0,255 0,166 0,138
2 50 0,000 7 0,003 0,001 0 0,269 0,188 0,163
3 50 0,000 7 0,005 0,001 0 0,287 0,194 0,166
4 100 0,0010 0,003 0,001 0 0,456 0,290 0,237
5 100 0,0010 0,005 0,001 0 0,467 0,294 0,239
@  Values for|the variables used in the calculations are as follows:
D =741,0[kg/m®
D, =1,2 kiym®
D, =1,1kpyim®
Hy+Hy,=0,2m
2=9,81n|/s?
Density unjcertainty = 0,3 %.
A.12.1.2 Depsity measured by HTG
For purposeg of uncertainty calculations, the simplifiedcequation for mass:
M=| AL gy v Hy - L,)x P L20500 g (A.14)
g gxH
Relative uncertainty of product mass for tanks without floating roofs:
2 2 2 2 2 2 2 2
uM [uP1 ><(1+HR):| F(upr x HR) +up3 +(uH><HRJ +qu +uH o +ulLy, +(uAE] a.15)
M [gx(—L,)xD]? L-Ly (L-Ly)° AE
where the leYel ratio Hy/is defined as
Hy+~Hg-L
Hg = _b”# (A.16)

11

Table A.2 shows the uncertainties of the mass inventory measurements on a typical vertical tank.
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Table A.2 — Example of measurement uncertainty of inventory mass — Freely vented tank, density

measured by HTG

Product: Gasoline in freely vented tank @
Case Sensor or measurement uncertainty Mass measurement uncertainty
_ d _linearity and
Up1—zero ANA | Up1_jinearity AN u(Hy, + Hy) uAg L=4m L=-8m L=12m
Up2-zero Up2-linearity
Pa fracthn of m fraction % of reading % of reading % of reading
reading
1 50 0,000 7 0,003 0,000 5 0,273 0,178 0,147
2 50 0,0007 0,003 0,001 0 0,287 0,198 0,171
3 50 0,000 7 0,005 0,001 0 0,304 0,204 0,174
4 100 0,001 0 0,003 0,001 0 0,491 0,310 0,252
5 100 0,001 0 0,005 0,001 0 0,501 0,314 0,255
a alues for the variables used in the calculations are as follows:
P =741,0 kg/m3
P, =1,2 kg/m®
11[‘) + HO = 0,2 m
=9,81 m/s?
H=25m
H=0,005m
A.12/2 Reference volume with independent\density
The reference density, D, enters directly into Equation (A.11) for the reference volume:
M
=
ref
D et
Assuming that all uncertainties are statistically independent:
2 2 2
Wret ] _ (_”M j ) (—”D ref ] (A17)
Vief M D et
wherg
#Vzes I8 the absolute uncertainty of the reference volume, expressed in cubic metres;
uM is the absolute uncertainty of the mass, expressed in kilograms;
uD.s is the absolute uncertainty of the reference density, expressed in kilograms per cubic metre.

Table A.3 shows an example of the calculation uncertainties of reference-volume inventory from the

uncertainties of measured mass and manually entered reference density.

© 1SO 2004 - All rights reserved
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Table A.3 — Example of calculations of uncertainties for manually entered reference density

Source uncertainties Inventory uncertainties
Mass Reference density Reference volume
% of reading % of reading % of reading
0,1 0 0,1
0,1 0,1 0,14
0,2 0,1 0,22
0,2 0,2 0,206

A.13 Transfer uncertainties

A.13.1 Mass with independent density

Transfer uncgrtainties differ from inventory uncertainties due to the fact that some.calculation parametdrs do
not change guring transfer and do not appear in the difference between the /masses before and aftgr the
transfer. Their uncertainties therefore do not figure in the uncertainties of the transferred mass. Typical
calculations for the uncertainty of transfer measurements are given below.

The simplified equation for the mass transferred, assuming that density'below P1 and the free-water lejel is
the same at the start and at the end of the transfer (D, = D, L,,, = Ly,o) is given by Equation (A.18):

><(P1o_1710)_(1730_PSC) (A.18)
g

My=4

If he uncertajnty of the gravity acceleration factor is neglected, the relative uncertainty of transferred mass is
given by Eqyation (A.19):

[”Mx]: ”(p1o_P1c)2+”(p3o_P3c)2 +(”AE]2 (A.19)
My [ngx(Lo—LC):IZ Ag

where

u(p1o — A1c) s the absolute transfer uncertainty, in pascals, of the difference between pressures|p, at
start (opening) and end (closing) of the transfer;

u(pso — f3c) isthe absolute transfer uncertainty, in pascals, of the difference between pressures [p; at
start (opening) and end (closing) of the transfer;

Ly, and Lo—are opening-andclosingtevets; respectivety;

uAg is the absolute uncertainty, in cubic metres, of the effective cross-sectional area of the tank
derived from tank calibration.

The uncertainties of pressure differences are usually assumed to be, at practically constant sensor
temperature, smaller than the pressure uncertainties for inventory measurements. Normally, the zero offset
will (partly) cancel out and the only remaining element of the uncertainties is the non-linearity of the sensors.

NOTE Uncertainties of typical pressure sensors are influenced most of all by variations in sensor temperature. It may
be expected that for transfers that take only a short amount of time, the sensor temperature would remain nearly constant.
Consequently, the zero error of the sensor will be approximately constant during the transfer. Thus, the zero component of
the sensor uncertainty will be significantly reduced. Sensor manufacturers are expected to supply figures for zero
uncertainties of sensors at constant temperature.
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Expressing the uncertainties of pressures in terms of their components:

2 2
(”Mx J B {”P1-Iinearity x [D xgx(Lo—Lc) + P3range ]} + (ups-linearity X P3range) . [”AE

2
(A.20)
My [D><g><(L0—LC)]2 ]

Ag

where P3range is difference in vapour pressure between maximum (e.g. greater than the ambient pressure for a
PV valve) and minimum (e.g. less than the ambient for a PV valve) vapour pressure.

Table A.4 shows uncertainties of the mass transfer measurements for a typical vertical tank.

Tall>|e A.4 — Example of the measurement uncertainty of the transferred mass — Density|measured
independently — Tank with a PV valve

Product: Gasoline in a fixed-roof tank 2
Case Sensor or measurement uncertainty Mass-measurementI:cglertalnty for any start
", - T(';?fzfgnz:tgcy ud Variation\in Variation in \Variation in
pl-zero pl1-linearity E — _ —
levels) p3=500"Pa | p3=1000Pa | g3=2 000 Pa
H 0, 0, o}
Pa fractlo_n of m fraction % thansferred | % transferred b transferred
reading mass mass mass
[ 50 0,000 7 2 0,000 5 0,088 0,091 0,097
D 50 0,000 7 3 0,009°0 0,123 0,124 0,127
3 50 0,000 7 4 0,001 0 0,123 0,124 0,125
i 100 0,001 0 2 0,001 0 0,144 0,147 0,153
b 100 0,0010 4 0,001 0 0,143 0,144 0,147
a alues for the variables used in the calculations are.as follows:
=9,81 m/s?
3 zero error = 24 Pa
3 linearity error = 0,002 of reading
Product density = 741 kg/m3

A.13.2 Mass with density measured by HTG

If theluncertainty efithe gravity acceleration factor is neglected, the relative uncertainty of transferred mass is
given| by Equation~(A.21):

2 2 2 2 2 2
MMX}: /(1+HR) xu(pro —P1c)” +HR™ xu(poo — p2c)” +u(P3o — P3c) +(”AE} (A.21)
My A [Dygy(IU_Ib)]z Ae

where

u(p1o —P1c)  is the absolute transfer uncertainty, in pascals, of the difference between pressures, p,, at
the start (opening) and the end (closing) of the transfer and may be calculated as:

ulP1o — P1c) = UP1_linearity % (P10~ P1c)

u(poo —Poe)  is the absolute transfer uncertainty, in pascals, of the difference between pressures, p,, at
the start (opening) and the end (closing) of the transfer and may be calculated as:

ulpoo — Poc) = UP_linearity > (P20 — P2c)
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p(p3o —P3c)  is the absolute transfer uncertainty, in pascals, of the difference between pressures, p3, at
start (opening) and end (closing) of the transfer and may be calculated as:
u(P30 — P3c) = UP3jinearity X (P30~ P3c)

Loand L are the opening and the closing level, respectively

uAg is the absolute uncertainty, in square metres, of the effective cross-sectional area of the

tank derived from tank calibration

Level ratio Hy, is defined as:

Hy+Hgp-L
H
Table A.5 shpws uncertainties of the mass transfer measurements for a typical vertical tank,
Table A.5 + Example of measurement uncertainty of transferred mass; density measured by HTG —
Tank with PV valve
Gasoline in fixed-roof tank 2
Case Sensor or measurement uncertainty Mass measurement uncertainty foy any
start level
Tran'sfer out Variation in [ Variation in Variatign in
Uptbero | Upi-linearity | Up2—zero | Up2-linearity | DY (difference udg p3="500 Pa | p3=1000 Pa|p3 =2 000 Pa
of levels) 8 8 8
fraction of fraction of * * b
Pg . Pa . m fraction | transferred | transferred transfefred
reading reading |
mass mass masp
1 5p 0,000 7 50 0,000 5 2 0,000 5 0,093 0,096 0,10B
2 5p 0,000 7 50 0,001.0 3 0,001 0 0,127 0,128 0,131
3 5p 0,000 7 50 0,001 0 4 0,001 0 0,126 0,127 0,12p
4 1Q0 0,001 0 100 0,001 0 2 0,001 0 0,150 0,154 0,16/l
5 1Q0 0,001 0 100 0,001 0 4 0,0010 0,149 0,150 0,154
@  Values for|the variables useddn the calculations are as follows:
2=9,81nys>
p3 zero erfor = 24 Pa
p3 linearity| error = 05002 of reading
Product dgnsity.= 741 kg/m3

A.13.3 Reference volume with independent density

If it is assumed that only one sample of reference density is taken, either at beginning or at end, and that the
density remains the same during the transfer, the uncertainty of the transferred reference volume is given by
Equation (A.22):

uVrefx

uM uD gt

4 refx

|

34
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2 2
M X Dref

(A.22)
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where
uVeetx ~ is the absolute uncertainty of the transferred reference volume, expressed in cubic metres;
uM, is the absolute uncertainty of the transferred mass, expressed in kilograms;
uD is the absolute uncertainty of the reference density, expressed in kilograms per cubic metre.
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Annex B
(normative)

Volume measurement using independent density

hese

B.1 General

HTG measupes_mass,_reference density is measured independently using separate densitometers
may be

a) mounted on the tank;

b) mounted on the connecting pipes (in-line densitometers, ISO 9857);

c) based ir laboratory and used with manually-obtained samples (ISO 3170) of the measured liquid.

The referend|

B.2 Uncel

As a direct 4
is agreed b
reference de

If the (assu
volume is thd

If the measu
calculated us

e density is entered into HTG calculations of reference volume (see C.F).

tainties
tween the parties involved in the transaction. For the ‘purposes of the transaction, eithe
nsity may be assumed to be error-free or its uncertainty is that of the separate densitometer.

hed) uncertainty of the reference density is.zero, the uncertainty of the calculated refe
same as that of the measured mass.

Fed density cannot be assumed to beerror-free, the uncertainty of the reference volume m
ing the equations given in C.8.

B.3 Liquid stratification

Measured m

Liquid stratifi
reference vo

bss is not affected by-liquid stratification.

cation will add 40\the errors in the measured density and therefore to the errors in the calcu
ume. These additional errors will depend on how the density measurement is performed.

Correct average density’should be measured

tal’liquid in the tank for inventory measurements, the recommended methods being

halogy with the systems where mass is calculated from.measured volume, the reference d¢gnsity

r the

ence

by be

lated

sity in the laboratory,

by calculations;

taking “running samples” of the liquid throughout the tank (see ISO 3170) and measuring the average

taking multi-point density measurements throughout the tank and establishing the required average

for the liquid transferred into or out of the tank for transfer measurements. The recommended methods

use an in-line densitometer (and temperature sensor) that measures the density (and the temperature) of
the transferred liquid and calculates an average reference density throughout the transfer. The
densitometer (and the temperature sensor) should be mounted

a) for the t
1)
den
2)
b)
1) ont
2) ont
36

he tank near the pipe entry,

he pipe itself, near its entry into the tank.
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Significant errors could occur if other than an in-line densitometer (or an in-line temperature sensor) is used,
i.e. if the density and temperature other than that of the transferred liquid is used for the calculation of the

liquid

volume. This could occur if

a) the density or temperature is averaged over the whole height of the liquid and the density of the
transferred liquid differs from the average;

b) the density or temperature is averaged over a section at the bottom of the tank and the liquid being
pumped into the tank is lighter than the liquid already in the tank or its temperature is different.

Thermal stratification could amount to as much as 5 °C. Significant errors could result in the conventional

meas
resis

Heamantf th PN O TR avaraaad—thrarab—th. P ol nianta fa o oo ociiead L
UrTTImeCTIuIm ure Iyt idiulc  avioTayTu uimuuyit uic  TITure tdaliinge CUTTITTIO Ty TTTCaourTu g

ive elements) is used to calculate the corrections of the transferred volume.

y multi-point
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Annex C
(informative)

Volume measurement with density measured by hydrostatic tank gauge

C.1 Introduction

This annex

'Ji\/pq guir‘lnnr‘p on_the installation, r‘nmmiQQinning’ maintenance validation and calibrati

on of

hydrostatic t
transfers in g

The importar

and transferg.

NOTE D
reference vol
measured ma|
ISO 9857, 1S

C.2 Desct

C.2.1 Intro

The ultimate
in the tank fo
a) quantity
b) quantity

Reference (k

duction

Ank gauging systems for the direct measurement of the static reference volume and va
etroleum storage tanks, additional to the measurements of mass.

t part of this annex is the analysis of uncertainties of the measured volume, forboth inven

e to large uncertainties in systems with density measured by the HTG system, the measurem
me would normally be applicable to custody transfer only if the reference.volume is calculated
5s and the reference density obtained by separate measurements (see IS©3675, ISO 3838, ISO
12185).

iption

objective of the measurement described in thisrannex is to obtain reference volume of the
r the purposes of ascertaining

of the stored liquid (inventory quantity);
of the liquid transferred into or out'ef the tank (transfer quantity).

ase) volume may be provided by HTG in several different ways, depending on how the

lume

ories

ent of
from
3993,

liquid

user

obtains the rfeference (base) density ©fythe measured liquid. Independently measured density is covered in

Annex B.

C.2.2 HTG

C.2.21

With an addi
observed de

General

measured density

ional\pressure sensor P2 mounted a fixed distance above the sensor P1, HTG can measu

liquid betwee

13|ty as well as mass. HTG usually also measures a smgle point or average temperature

bulb mounted between the two Sensors.

From the measured observed density and temperature, HTG can calculate an average reference density

between the

sensors P1 and P2.

For the calculations of the reference volume, it is assumed that the reference density below the sensor P1 and
above the sensor P2 are the same as the calculated average reference density between the sensors P1

and P2.
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C.2.2.2 Uncertainties

The

uncertainty of the observed density is proportional

— directly to the combined uncertainties of the pressure measurements p, and py;

indirectly to the vertical distance between the pressure sensors P1 and P2;

directly to the uncertainty of the vertical distance between the sensors P1 and P2.

Significant improvements in performance can be obtained if the vertical distance of the two pressure

sensoprs P1 and P2 is increased. This has to be traded off against the fact that no density me
available from HTG with the liquid level below the pressure sensor P2.

For t
unce

The

dens
calcu

pical temperature sensors, given the fact that the liquid temperature is usually within narr
tainty of temperature measurement is expected to be less than 1 °C.

ty and the measured temperature. The uncertainty equations depend:on the equations
lations, which in turn depend on the type of liquid (see C.8).

bsurement is

bw limits, the

Lincertainty of the reference density is a combination of the uncertainties of the measuried observed

used for the

The yincertainty of the calculated reference volume is less than the_.€ombination of the uncertainties of mass

and

unce

C.2.2
Addit
liquid
the rg¢quired average reference density.

As H

reference density, due to the fact that both measurements’ share the same sensor |
tainties are therefore correlated (see C.8).

.3 Liquid stratification

onal uncertainty in the measurement of the reference volume is possible due to the fact t
stratification, the average reference density\between sensors P1 and P2 may not be repr

G measures density at the bottom of the tank, its density is likely to be

mot representative of the average inventory density if the liquid level is significantly above th
vith the strata boundary(ies),-with the dividing plane(s) between liquid strata above P2;

fepresentative of the average inventory density with the liquid level at or near the sensor R
strata above the sensor-P2 or below the sensor P1;

fepresentative of the transferred density for transfers out of the tank (if averaged over the tra

presentative of the transferred density for transfers into the tank, when the observed d
ansferred'liquid is greater than that of the liquid already in the tank (if averaged over the tra

of-representative of the transferred density for transfers into the tank, when the observed g

P1 and their

hat, owing to
esentative of

e sensor P2,

P2 or with no

nsfer);

ensity of the
nsfer);

ensity of the

tramsferrediquidstessthamthat of the tiquid-atready imthetank:

The magnitude of the additional error depends on the severity of the stratification, i.e. on

a)

b)

differences of reference densities in the individual strata;

sizes of the strata above the pressure sensor P2.

Stratification by temperature when the reference density is constant throughout the liquid causes no additional
errors in the measurement of reference volume.
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C.2.3 Applications

HTG is primarily intended to measure mass of the stored liquid. The uncertainty of the HTG measurement of
the reference volume is likely to be greater than that of the systems based on level and temperature

measuremen

ts (see C.8 for uncertainty analysis and examples of HTG performance).

For liquids where there can be no assurance of chemical uniformity, the user should be aware that the
reference volume measurements by HTG could be subject to significant additional errors due to liquid

stratification.

C.3 System description

C.3.1 General

HTG is a m
temperature

volume of th¢ tank contents and other variables (see Figure 1).

C.3.2 Sengors

C.3.21
The same s4

may operate
to be entereq

C.3.22 Te
The reason

measuremer
the observed

C.3.3 Proc|

The HTG pr
parameters t

When the pr|
Below P2, th

Additional c4
in C.7.

Pre¢ssure sensors

easuring system for tank inventory static mass and reference volume. It uses” pressure
nputs, the parameters of the tank and of the stored liquid to compute the mass*and the refe

nsor configuration is used for both mass and volume measurements. To measure volume,
with or without the sensor P2. If no sensor P2 is used;the liquid density or reference densit
manually into the HTG data processor.

mperature sensors
5 for measuring the product temperature for mass measurements apply also to vqd

ts. The additional reason for measuring the temperature of the liquid is the conversion bet
density and the reference density(

essor

pcessor receives data~from the sensors and uses the data together with the tank and
b compute the massZand reference volume inventories in the storage tank (see Figure 1).

bduct level drops)below the level of P2, observed density can no longer be measured by
b |[ast measured value of the reference density may be used to calculate the reference volun

Iculations 'normally performed by the processor to obtain the reference volume are desd

and
ence

HTG
y has

lume
ween

liquid

HTG.
e.

ribed

C.4 Instal

lation

C.4.1 Height of the pressure sensor P2

The position
a)
b)

c)

40

of pressure sensor P2 on the tank should be determined bearing in mind

requirements for measurement accuracy of density, level and volumes;
filling cycles of the tank and requirements for measurement availability;

ease of installation.
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To improve the measurement performance, the height of P2 above P1 should be as large as possible,
provided that

a)

b)

the installation cost is still acceptable;

direct density measurements are not normally required with the liquid level below the sensor P2.

To achieve a typical uncertainty of the density measurement, P2 should be at least 2 m above P1.

C.4.2 Determination of position of pressure sensor P2

The dlistance between sensors P1 and P2 is critical for the measurements of density. It should

error

If the]

satis

5 could be made in determining the positions of

measurement of the height of P2 above P1 using the external markings-on the sensors d

ctory results, the method of using multiple measurements of level should be considered (s¢

C.4.3 Limitation of movement of pressure sensor P2

The
cons
sens

the tv

requi

se of a tie bar between P1 and P2 to maintain a constantvertical distance between P1 and
dered. To ascertain the need for the tie bar, the vertical distance between the external
brs P1 and P2 should be measured with the tank empty and again with the tank full. If the

Fing highly accurate measurements of reference;volume.

Thermal expansion and contraction of the tie(bar will affect the density measurements. In m

requi
bar ¢

brrected for its fluctuations (see C.7).

The pressure sensor connections to.the tank should be made flexible enough to satisfy the user'

safet

overs

C.4.4

The

meag

conn
traps

C5

tressing the sensors.

I Wind effect

vo measurements of the vertical distance is more than 1 mm, a tie bar should be fitted on th

fing a high accuracy, the temperature of ambient air should be measured and the actual ler

y requirements. The tie barshould be fitted to the process end of the pressure sens

lifferences between the ambient pressures of sensors P1 and P2 will have a direct impact
urement ofidensity. If exposed to strong winds, the outside ports of the P1 and P2 sensqg
bcted together by a pressure-equalizing pipe. This pipe should be essentially vertical, with
closed-at the top and open at the bottom to eliminate risks of becoming filled with condensad

pbe noted that

the external markings on the sensors P1 and P2 relative to each other and to the tank-referepce point;

the effective centres of force within the sensors relative to the external markings.on the sensgrs.

pes not yield
e C.5.1).

P2 should be
markings on
difference of
ose systems

leasurements
gth of the tie

5 mechanical
ors to avoid

on the HTG
rs should be
no seals or
tion.

Commissioning

C.5.1 Commissioning of basic HTG system

For commissioning of the basic HTG system, see 5.4.

C.5.2 Checking against manual measurements

The values of reference volume measured by the HTG should be compared with those obtained from manual
measurements of level, temperature and density.
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Standard procedures should be used to obtain measurements of level (ISO 4512), temperature (ISO 4268)
and density (ISO 3675, ISO 3838, I1ISO 3993 or ISO 12185), to calculate standard volume (ISO 4267-2) and
reference density (ISO 91-1 and ISO 91-2).

The comparison will yield valid results only if the reference density of the liquid in the tank is essentially
uniform throughout the tank, i.e. there are no significant strata above the sensor P2 whose reference density
would differ from the average by more than the specified uncertainty of the HTG density measurements.

If HTG and manual measurements of reference volume agree within the uncertainties of the HTG and the
manual measurement, the HTG may be assumed to be operating correctly. If HTG and manual methods do
not agree, the following should be rechecked:

— pressurg sensor positions;
— pressurg sensor zeros;
— HTG calculation parameters, including the capacity table entries;

— stratification of the reference density of the liquid in the tank, in particular any strata’above the sensof P2.

C.6 Maintenance

C.6.1 General

The operatiohs described in 6.2 and 6.3 cover the system validation and system calibration. Validation differs
from calibratjon in that it does not involve any adjustments of the HTG installation or any corrections ¢f the
calculation pgrameters in the HTG data processor.

C.6.2 Validation

C.6.2.1 On-tank measurements

If the compaFison is to be carried out against a manual method, the procedure described in 6.2.3 shoyld be
followed.

C.6.2.2 Off-tank measurements

@

Comparisong on measured a reference volume should be carried out if either of the following are availabl
— volumetric flowmetefwith on-line densitometer;

— volumetric flowmeter with sampled line density.

C.6.3 Calibration by traceable tank measurements

This calibration method compares the reference volume measured by HTG with reference volume calculated
from manual measurements of level, density and temperature. Comparisons between the two measurement
methods are also possible on level, density, reference density and/or observed volume. It should be noted
that:

a) the reference volume is the ultimate objective of the measurement and therefore the most important
measurement to be compared;

b) additional errors in the level in HTG with a manually entered reference density may be caused by the

errors in temperature measurements, in which case the errors in reference volume will be less than those
in level.
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It is important that a part of the manual measurement method should be to examine whether or not the
measured liquid is stratified and whether the stratification is by reference density (varying product
composition) or only by temperature. If the liquid is stratified by reference density, both HTG and the manual
method may exhibit errors outside their normal performance specification. In this case, the HTG calibration
should be abandoned.

Standard procedures should be used to obtain measurements of level (ISO 4512), temperature (ISO 4268)
and density (ISO 3838 or I1SO 3993), to calculate standard volume (ISO 4267-2) and reference density

(ISO

91-1 and ISO 91-2).

The calibration should be done on reference volume inventory or transfer. If the inventory quantities are seen

anctirar ant th dbatalen

as th
If the]
readi
leveld

If

N Nl e ~F d A e o afollowwina ahadl n-into-accarnt
-3 rJIIIII\J UM UT UTC TTTUUOUT OTTIu Tl UTe TUITUYvYII la QOTTUUTU VO TANNUTT 1Iminiuv avouuurtit.
manual and the HTG measurements are performed using different measurement refereng

ngs should be taken in order to remove the effects of any offset. The calibration should be
which are approximately 4 m apart, preferably with the same liquid.

AVrefH — AVrefM |

wher

then

NOTH

NOTE
manu

C.7

<0,012 (1,2 %),
AVrvefm |

M\ erq I8 the difference in HTG reference volumes;

M\ em 1S the difference in manual reference volunies;
he HTG should be assumed to be operating_correctly.

1 The limit of 1,2 % is based on the following uncertainties:

Level error, opening and closing dip: =3 mm
Temperature error: +1°C
Tank capacity table error: +0,08 %
Other errors: +0,05 %

Expected errorin-HTG ref. volume: +1,15%

2 Errors in level measurement due to movement of the datum plate caused by tank bulging ni
Bl measurenient uncertainty.

Calculations overview

e points, two
carried out at

ay add to the

C.7.1 General

This clause describes the additional calculations performed by the HTG processor in order to compute the
reference volume of the tank contents.

All values to be substituted in the equations should be in Sl units.
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