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Foreword

ISO (the International Organization for Standardizatien))is
federation of national standards bodies (ISO member. bodie
of preparing International Standards is normally (carried out
technical committees. Each member body interested in a
which a technical committee has been established has the
represented on that committee. International organizations, d
and non-governmental, in liaison with I1SO) also take part in th
collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnical standardization.

]

Draft International Standards, adopted by the technical com
circulated to the member bedies for voting. Publication as an
Standard requires approvahby at least 75 % of the member bq
a vote.

International Standard4SO 11223-1 was prepared by Technicd
ISO/TC 28, Petroleum products and lubricants, Subcomn

Static petroleumr~measurement.

ISO 11223 consists of the following parts, under the gene
roleum and liquid petroleum products — Direct static meas
Contents of vertical storage tanks:

== Part 1: Mass measurement by hydrostatic tank gauging

— Part 2: Volume measurement by hydrostatic tank gaugi

Annexes A and B form an integral part of this part of ISO 112
C and D are for information only.
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Introducfion

Hydrostatic tank gauging (HTG) is a method for the determination of total
static mass pf liquid petroleum and petroleum products in vertical cylin-
drical storag¢ tanks.

HTG uses high-precision stable pressure sensors mounted at specific lo-

cations on th

e tank shell.

Total static fnass is derived from the measured pressures and the tank
capacity table. Other variables, such as level, observed and standard vol-
umes and observed and reference densities, can be calculated from the

product type

and temperature using the established industry standards for

inventory calculations.

The term “mass” is used in this part of ISO 11228 to indicate mass in

vacuum (trug

mass). In the petroleum industry it is not uncommon, to use

apparent maps (in air) for commercial transactions.
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Petroleum and liquid petroleum products — Direct

statljc_measuxemems;(:antems_ol_uectical&o;age
tanks —

Part/ 1:

Mass measurement by hydrostatic tank gauging

1 Scope

This part of ISO 11223 gives guidance on the instal-
lation, gommissioning, maintenance, validation “and
calibratipn of hydrostatic tank gauging (HTG).Systems
for the |direct measurement of static mass in pet-
roleum gtorage tanks.

This paft of 1SO 11223 is applicable to hydrostatic
tank galiging systems which~us€ pressure sensors
with ong port open to the atthosphere. It is applicable
to the yse of hydrostatic~tank gauging on vertical,
cylindrichl, atmospheric_)storage tanks with either
fixed or ffloating roofs;

This part of ISO 1223 is not applicable to the use of
hydrostdtictank gauging on pressurized tanks.

IEC and ISO maintain registers of cyrrently valid
International Standards.

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

ISO 91-2:1991, Petroleum measuremerlt tables —
Part 2: Tables based on a reference temperature of
20 °C.

ISO 3838:1983, Crude petroleum and liquid or solid
petroleum products — Determination of density or
relative density — Capillary-stoppered |pyknometer
and graduated bicapillary pyknometer mejthods.

ISO 3993:1984, Liquefied petroleum g4s and light
hydrocarbons — Determination of densily or relative

density

Proccira hudramatar mathasd
La AL ll,\dl Tl er TTrroeirivag,

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 11223. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 11223 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of

ISO 4266:1994, Petroleum and liquid petroleum pro-
ducts — Measurement of temperature and level in
storage tanks — Automatic methods.

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

ISO 7078:1985, Building construction — Procedures
for setting out, measurement and surveying — Vo-
cabulary and guidance notes.
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ISO 7507-1:1993, Petroleum and liquid petroleum
products — Calibration of vertical cylindrical tanks —
Part 1: Strapping method.

IEC 79-0:1983, Electrical apparatus for explosive gas

atmospheres

— Part 0: General requirements.

APIV Standard 2545, Standard practice for gaging
petroleum and petroleum products, 1965; reapproved
1990 (ANSI/ASTM D 1085).

© ISO

3.11 heel space: Space inside the tank, below the
bottom HTG sensor.

3.12 HTG reference point: Stable reference point
from which the HTG sensor positions are measured.

3.13 hydrostatic tank gauging (HTG): Method of
direct measurement of liquid mass in a storage tank
based on measuring static pressures caused by the
liquid head above the pressure sensor.

3 Definit

ons

For the purppses of this part of ISO 11223, the fol-

lowing defini

ions apply.

3.1 ambient air density: Density of ambient air at
the tank side on which the pressure sensors are

mounted.

3.2 ambient air temperature: Representative tem-
perature of the ambient air at the tank side on which

the HTG pre{

3.3 critical

sure sensors are mounted.

zone height

(1) Upper limit of the critical zone.

(2) Level at
or floating blg

3.4 critical
floating roof
by its legs.

3.5 dipped
sediment ang
the tank capa

3.6 floating
mass, inclusi
ally entered i

which one or more of the floating roof
nket legs first touch the tank bottom.

zone: Level range through which the
or floating blanket is partially supported

volume: Observed volumie )Jof product,
water, calculated from the dip level and
city table.

-roof mass: Value of the floating-roof
ve of any mass-1oad on the roof, manu-
h the data-processor.

sediment thaft exist as layers separate from the prod-

3.7 free v:Fter level: Level of any water and

uct and lie baneath-the prnr'hmf

3.14 in-tank vapour density: Density of’thg gas or
vapour (mixture) in the ullage space at.the observed
conditions (product temperature and'pressure].

3.15 pin height: Lower limit ©f the critical zgne; the
level at which the floating roef or floating blanket rests
fully on its legs.

3.16 pressure sensor effective centre: Poinf on the
sensor from which the hydrostatic pressure fhead is
measured.

3.17 product heel mass: Mass of produc{ below

the baottom HTG sensor.

318 product heel volume: Observed vollime of
product below the bottom HTG sensor, calculated by
subtracting the water volume from the total Heel vol-
ume.

3.19 product mass: Sum of the head mass pnd the
product heel mass, reduced by the floating-rogpf mass
(if applicable) and the vapour mass.

3.20 product temperature: Temperature |of the
tank liquid in the region where the HTG mjeasure-
ments are performed.

3.21 reference density: Density at the reference
temperature.

3.22 reference temperature: Temperature td which

3.8 gauge pressure sensor: Sensor that uses the
ambient air pressure as pressure reference.

3.9 head mass: Total measured mass between the
HTG bottom sensor and the top of the tank.

3.10 head space: Space inside the tank, above the

bottom HTG

sensor, in which product and in-tank va-

pour are present.

1) American Petroleum Institute.

reterence density and standard volumes are referred.

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

3.24 tank lip: Tank bottom plate on the outside of
the tank shell.
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3.25 total heel volume: Observed volume below
the bottom HTG sensor, calculated from the bottom
sensor elevation and the tank capacity table, corrected
for observed temperature.

3.26 ullage pressure: Absolute pressure of the air
(air or vapour) inside the tank, above the product.

3.27 ullage volume: Observed volume of

ISO 11223-1:1995(E)

3.29 water volume: Observed volume of free
sediment and water, calculated from the free water
level and the tank capacity tables.

4 System description

4.1 General

A hydrostatic tank gauging (HTG) system is a tank-
inventory static mass-measuring system. [t uses

vapour/3dir mixture in the ullage space, calculated as
the diffgrence between the total tank volume and the
dipped yolume.

3.28 vapour relative density: Ratio of molecular
mass off vapour (mixture) to that of air (mixture).

pressure—and—temperature - mputs,—the parameters of
the tank and of the stored liquid to comiplite the mass
of the tank contents and other variables ps described
in table 1 and annex A. See figure.T.

Determination of the other(variables shawn in brack-
ets in figure 1 are not included in the scoge of this part
of 1ISO 11223.

E Sensors :
: |
' ]
| | Py !
: AR ' Mass
| N
’ | ! {Volume) .-
] L | nflerface
Tank i ' Processor ]
i ! i (Density) D|splay
I I
T I
i ! P2 (optional)
1 Y7\ {Level) Print
T T
| AT
Calculations
‘ E /\r E Tank data Cpnfrol
i : U | Ambient data
‘ ' ' Confjguration
! ' P '
l AR i Sensor data
T T
! AN |
{ ! : Liquid data
1
et i Sty ===
a Pa

Ambient sensors

Figure 1 — HTG system — Functional diagram
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4.2 Sensors

4.2.1 Pressure sensors

The hydrostatic tank gauging (HTG) system consists
of up to three pressure sensors mounted on the tank
shell. Additionally, temperature sensors can be in-

cluded to m

easure the temperature of the tank con-

tents (T) and of the ambient air (T,). An ambient air
pressure sensor (p,) may be installed for measure-
ments requinmgtighaccaracy-

© ISO

4.2.3.1 Known liquid density

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

4.2.3.2 Known ullage pressure
Sensor P3 is not required for those tanks which are

vented to atmosphere (ullage gauge pressure = 0).
This includes all floating-roof tanks and all fixed-roof

Sensor P1 id installed at or near the tank bottom.

Sensor P2 i

the middle pressure sensor and is re-

quired for the calculation of density and levels. If the
product dengity is known, the HTG system can oper-

ate without
density data

sensor P2 (in the absence of P2, the
should be manually entered in the data

processor). §ensor P2, if installed, should be at a fixed

vertical dista

hce above sensor P1.

Sensor P3 ig the tank ullage space pressure sensor,
normally installed on the tank roof. If the tank is freely

vented, the

HTG system can operate without P3. P3

is not requir¢d on floating-roof tanks.

4.2.2 Temperature sensors

The product

temperature is needed for:

a) calculation of volumetric expansion of the, tank

shell;

b) calculati
density

n of reference density from\observed
used in HTG systems which calculate

level and density as well as mass).

If the reference density is known-ahd sensor P2 is not

used, a tem
calculation o

berature sensor-may still be required for
f observed dénsity.

The ambient] air temperature is needed for:

¢) calculation-6f\ambient air density;

tanks which are freely vented or which haye [gauging
hatches that are not sealed.

NOTE 1 Tank ullage pressure on atmiespheric {ixed-roof
tanks may differ slightly from atmosphéric pressufe during
transfers to and from the tank. Since inventory fneasure-
ments are not taken during a transfér, errors due tp this ef-
fect are not significant.

If the ullage pressuredis’ known, pressure P3 can be
entered into the data processor as a constant and
sensor P3 omitted on nonvented tanks.

4.2.3.3 Known tank liquid temperature

Tank diguid and ambient temperatures are jused to
cortect for shell thermal expansion. The tank liquid
temperature sensor is not required fof mass
measurement if the temperature of the liquid in the
tank is known (ISO 4266).

4.2.3.4 Varying atmospheric conditions

Ambient temperature and pressure sensors| can be
used to remove secondary errors for measufements
requiring high accuracy. Single measurementg of am-
bient air temperature and pressure may be lsed for
all tanks at the same location.

4.3 HTG data processor

A processor receives data from the sensors gnd uses
the data together with the tank and liquid pargmeters
to compute the mass inventory in the stordge tank

d) calculation of volumetric expansion of the tank

shell;

e) corrections for thermal expansion of the sensor

P1 and t

ie bars to sensors P1 and P2.

4.2.3 System configuration

The sensor configurations vary depending on the ap-
plication and data required. Some of the more com-

mon variatio

ns are as follows.

(see figure 1).

The stored parameters fall into four groups: tank data,
sensor data, liquid data and ambient data (see
table 1). Those parameters in table 1 which are re-
quired by the application should be programmed into
the HTG system.

NOTE 2  The data processor can also calculate level, ob-
served and standard volumes, and observed and reference
densities. However, such calculations are not included in
the scope of this part of ISO 11223.
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Table 1 — Stored parameters for HTG data processing
Parameter group Parameter Remarks
Tank data Tank roof type Fixed or fioating 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 matermal WO thermal expansion, cdnstants (see
ISO 7507-1)
Tank capacity table Volumes at given jevels
Tank calibration temperature Temperature to which thg tank ca-
pacity table.Was correcteq
HTG s¢nsor data Sensor configuration Tank with 1, 2 or 3 sensofs
P1 sensor elevation ToHTG reference point
P2 sensor elevation Referenced to P1
P3 sensor elevation Referenced to P1
Liquid data Liguid density If no P2 sensor
Liquid expansion coefficients See ISO 91
Free water level
Ambient data Local acceleration dug to gravity Obtained from a recognized source
Ambient temperature Optional
Ambient pressure Optional
When the product level drops below the level of the 5.1.1.1 Selection of sensor positions
sensor [P2, density can no longer be measured by
HTG. Below this level, the last measured value of
. ! All HTG pressure sensors external to the tank should
roduct density may be used. ) . .
P y may be installed on the same side of the|tank and, if
The datp processor may be dedicated to a single tank necessary, should be protected from sun and wind.
or it rmay be shared amiong several tanks. The
procesgor may also perforn linearization andjor tem- The pressure tappings on the tank wall should be lo-
peratur¢ compensatiof corrections for the pressure cated where the product is relatively sfatic. Product
sensor movements caused by pumping or mixing operations
) ) can produce additional static pressures.
All varigbles provided by the data processor can be P P
displaygd, «printed or communicated to another ‘
processor,; Pressure sensor P1 is the lowest of the pressure

Computations normally performed by the data
processor are described in annex A.

5 Installation

51 P

ressure sensors

5.1.1 Tank preparation

Prior to

installation of the HTG pressure sensors, it is

necessary to perform the following activities.

- e HTG refer-
ence point. Sensor P1 should be installed as low as
possible on the tank, but above the level of any
sediment or water.

Pressure sensor P2, if used, is located a vertical dis-
tance H above sensor P1. The maximum P2-to-P1
vertical distance is not specified, the restricting factor
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 on
the requirements for density measurement accuracy
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and on the sensor performance. Usually, sensor P2 is
installed approximately 2 m to 3 m above sensor P1.

Pressure sensor P3, if used on fixed-roof tanks,
should be installed so that it always measures the
vapour-phase pressure. If it is mounted on the roof,
a sun/wind shade should be provided.

5.1.1.2 Process taps

© |SO

of fluid, which can also result in overpressurizing of
the sensors.

Pressure snubbers between the block valves and the
sensors may be required to avoid overpressurizing the
sensors. Alternatively, the bleed vent may be opened
to relieve pressure buildup as the block valve is
closed.

5.1.3 Determination of pressure sensor position

Process taps and block valves should be fitted to the

tank either when the tank is out of service, or using
prescribed hot-tap techniques.

5.1.1.3 HTG reference point

Sensor positions should be measured to thé-gffective
centres of the pressure sensors. Sinceythe|sensor
diaphgrams are not normally accessible;. extefnal ref-
erence markings on the sensor bodyshould |be pro-
vided. An estimate of the uncertainty in the ¢xternal
reference marking should be also“provided.

The location
should be eg
the HTG ref
ferred to the
techniques (I

5.1.1.4 Tie

Tie bars are
the HTG preq
erence point
filled (see 5.
can be asses
or from an a
ameters. If

evaluation sh
the design of

bf the HTG reference point for each tank
tablished. If necessary, the elevation of
brence point for each tank may be re-
tank datum point using optical surveying
50 7078).

bars

ised to prevent excessive movement of
sure sensors in relation to the HTG ref-
due to bulging of the tank as the tank is
4 and annex B). The need for tie bars
sed by direct measurement on the tanks
ssessment of the tank construction par-
they are necessary, detailed technigal
ould be undertaken into the numberand
the tie bars.

5.1.2 Pressure sensor installation

5.1.2.1 Pro

All pressure
isolation frg
testing/calibr
be used to is
Bleed vents
provers. Sen

Cess connections

sensor installations should allow in situ
m the tank{ and connection to a
htion deviCe (prover). Block valves should
blate the-pressure sensors from the tank.
may \be sufficient for connections to
s6rs should be installed such that the

The accuracies of the sensor positions and
tances between sensérs are important in ad
high of accuracy HTG“measurement. Guidel
distance measurement accuracy are as follow

a) P1 sens6r élevation H, above the HTG re

he dis-
hieving
nes for

D.

ference

point istused to calculate the tank bottonf mass.

The’srror in P1 elevation measurement sh
exceed + 1 mm.

b} P1-to-P2 vertical distance H is used to ¢
the observed density, which in turn is
calculate the heel mass. The error in the
distance P1-to-P2 should not exceed + 1

c) P1-to-P3 vertical distance H, is used to ¢
the magnitude of vapour mass and the ef
ambient air. Both the vapour mass and th
ent air are secondary correction factors w

uld not

alculate
ised to
vertical
nm.

alculate
ects of
e ambi-
hich are

subject to a number of approximations. The error

in the vertical height H, should not
+ 50 mm.

5.1.4 Limitation of pressure sensor mover

Tank walls undergo hydrostatic deformation
tank filling and discharge. This results in mov

exceed

nent

during
ements

of the sensars such that the elevation of se

hsor P1

sensor diaphragm remains covered with liquid during
operation. Drain valves should be provided to allow
draining of the process fluid when calibration or veri-
fication of the system is required.

5.1.2.2 Protection against overpressurizing

Closing the block valves without opening the bleed
vent will create a pocket of trapped liquid whose
thermal expansion or contraction may overpressurize
the sensor. Depending on the design of the block
valve, closing the valve may result in the displacement

above the HTG reference point and the vertical dis-
tance of sensor P2 above sensor P1 may not be con-
stant.

Changes in sensor P1 elevation will have a direct ef-
fect on measured mass and should therefore be
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). Sensor P1
elevation above the HTG reference point should be
measured with the tank full and again with the tank
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empty. If the elevation 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 only affect the HTG density and level calculations.
In vertical tanks, the effect on measured mass is
negligible. If HTG is used to compute levels and den-
sities as well as mass, the use of a tie bar between
sensors P1 and P2 should be considered to maintain

ISO 11223-1:1995(E)

5.1.6 Thermal effect

For measurements requiring high accuracy, the HTG
performance can be improved by the following:

a) elimination of temperature gradients through the
sensor bodies;

b) maintaining the sensors at constant temperatures.

The sensor manufacturer's recommendations on the

a constpnt vertical distance between sensors P1 and
P2.

HTG sensor movement is described in B.1. If any tie
bars arg used, the pressure sensor connections to the
tank should be made flexible enough to satisfy the
mecharjical safety requirements. The tie bar should
be fittefl to the process end of the pressure sensors
to avoid overstressing the sensors.

5.1.5 Wind effect

Wind impacting on the tank causes variations in the
static gmbient air pressure. Depending on local cir-
cumstapces, the ambient air pressure may be differ-
ent at R1, P2 and P3 respectively. Since the sensors
measurg gauge pressures (referenced to atmos-
phere), |wind-induced differences in ambient press-
ures at| each of the sensors will cause additional

need forandthe types of thermal msuigtion required
for performance improvement shouldb¢ sought and
followed.

5.2 Temperature sensors

5.2.1 General

The temperature input to the data procgssor may be
either automatic or manual. HTG systenps are gener-
ally installed with a tank-temperature mjeasuring de-
vice (ISO 4266) and may also include ap ambient air
temperature-measuring device.

NOTE 3  If product or air temperature is fletermined by

other means, the value(s) may be input manuglly to the HTG
data processor.

5.2.2 Sensor positions

measur

Wind e
Sensors
vertical

The dif

ement errors.

fects will be minimal when all\three pressure
are mounted on one sidé of the tank, in a
straight line.

erences between.the ambient pressures of

The product temperature sensor may be
temperature element, installed betw¢
sensors P1 and P2, or an averaging bulb

The ambient air temperature sensor
should be installed on the same side ar
the tank as the pressure sensors, with {

A single-point
en pressure
system.

(if required)
d as near to
he same en-

sensory P1 and P3 will.‘have a direct impact on the
HTG mass measurement. If exposed to strong winds,
the outgide ports ofithe P1 and P3 sensors should be
connecfed together by a pressure-equalization pipe.
The pipe should be essentially vertical, with no seals
or traps| closed at the top and open at the bottom to

vironmental protection.

5.3 HTG and level gauge references

The HTG reference point should be on the outside of

eliminate risks of becoming filled with condensed  the tank, directly under the sensor P1 The preferred

water.

If the P3 sensor is not used, variations in P1 ambient
pressure reading will have a direct impact on the HTG
mass measurement accuracy (note that atmospheric
tanks do not require P3). If the HTG installation is ex-
posed to strong winds, the outside port of the P1
sensor should be connected to a pipe which slopes
down and away from the tank and is open at a point
where the ambient pressure variations due to wind
are minimal. A minimum of 0,5 m away from the tank
at the ground level is recommended.

reference point is the tank lip; if the tank lip is not
accessible, the reference point can be a mark on the
tank shell.

The HTG reference point differs from the level gauge
reference. The level gauge reference is either a man-
ual gauging datum point or the mark on the tank
gauge hatch at a fixed distance above the manual
gauging datum point. The vertical distance between
the HTG and the manual level gauge reference points
should be measured using a standard survey tech-
nique (for example ISO 7078).
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5.4 Commissioning

5.4.1 General

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

© 1SO

tank capacity table be verified for conformance with
ISO 7507-1 and a new calibration performed if
needed.

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

The capacity table is subject to second-order influ-
ences (see B.2 and B.3).

5.4.2 HTG parameter entry

All tank, ambfient, HTG sensor and liquid parameters
listed in table|1 should be established and entered into
the HTG progessor.

NOTE 4 The tank parameters will normally remain un-
changed. HTG|sensor parameters may change if any item
of HTG hardyare is replaced. Liquid parameters may
change if a neyv product is introduced into the tank.

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

5.4.3 Pressure sensor zero adjustment

In order to check and adjust the pressure sensor zero,
the following|procedure should be followed:

a) if the outpide ports of the sensors are connected
together [to prevent wind effects, remove,the
connectigns when adjusting the sensor zéros;

b) isolate the sensor from the tank py.shutting the
block valve;

c) remove a|l liquid from the process connection to
the sensdr by draining;

d) vent to the atmosphere the process connection
to the sensor;

e) adjust thesensor zero following the manufac-
turer's ingtreetions:

The HTG data processor will normally store'syfficient
data to reproduce the tank capacity table.”This data
should be checked against the data, in ‘the thnk ca-
pacity table.

5.45 Checking against manual measurement

The values computed by’ the HTG system shopuld be
compared with those: provided by manual mgasure-
ments. The accéptable comparison is an intgrim ac-
tion, for information only, and its results shguld be
interpretedas-follows.

If HTG-and manual mass measurements agree{ within
the.Uncertainties of the HTG and the |manual
measurements, then the HTG system can |be as-
sumed to be operating properly. If HTG and jmanual
mass measurements do not agree, further |investi-
gation is required.

In any mass comparison between HTG and another
mass measurement, it is important to ensure that due
account is taken of the differences between mass in
air (e.g. as measured by a weighbridge), apd true
mass as measured by HTG. Since weighpridges
normally indicate apparent mass in air, it is [recom-
mended that apparent mass in air be used when
comparing HTG and weighbridges.

5.4.6 Temperature sensor checks

The readings of the temperature sensors (if| used),
should be r‘nmpnrnd to the fnmparnhnro rnnrﬁ\gs ob-

f) after the adjustment, monitor the zero reading of
the sensor for approximately 1 h and make further
adjustments if necessary.

5.4.4 Tank capacity table validation

Some tanks currently in service have been calibrated
using out-of-date, nonstandard methods. Highly accu-
rate mass measurements assume a minimal error in
the tank capacity table. It is recommended that the

tained via an alternative temperature measurement
device.

The product liquid temperature sensor should be ver-
ified by measuring the product temperature whenever
practical in the immediate vicinity of the HTG product
temperature sensor.

The ambient air temperature sensor should be verified
by measuring the ambient temperature in the imme-
diate vicinity of the HTG ambient air temperature
sensor.
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If the HTG and reference temperatures do not agree
within their uncertainties, the HTG parameters (if any)
should be adjusted or the sensor(s) replaced.

6 Maintenance

6.1 General

The operations described cover the system validation

ISO 11223-1:1995(E)

6.2.4 Off-tank measurements

Comparisons on mass measurements should be car-
ried out if any of the following are available:

a) volumetric flowmeter with online densitometer;
b) volumetric flowmeter with sampled line density;

c) mass flowmeter;

and syqtem calibration. Validation differs from cali-
bration |n that it does not involve any corrections of
the HTQ data processor parameters.

6.2 Validation

The objgctive of HTG validation is to show that the
HTG system still works within the required accuracy.
Validatign is usually performed on a regular basis, fol-
lowing the local code of practice, in order to monitor
performpnce and to establish frequency of system
calibratipn.

The progess of validation does not require the use of
traceablge standards so long as the comparisons are
made 4dgainst stable, repeatable references using
standard procedures. No adjustments should be made
during the validation procedure. If the validation pro:
cess reyeals that a drift in system performancecex-
ceeding|predetermined limits has occurred, the HTG
system ghould be recalibrated. The limits should take
into acgount the expected combined measurement
uncertaipties of the HTG system, w«the reference
equipmgnt and HTG system performance require-
ments.

6.2.1 HTG sensor elevations

HTG sensor elevations” should be compared with
those ofptained in,5.4.2 and any deviations recorded.

6.2.2 F]ressure sensor zeros

o—weighbridge.

6.2.5 Temperature sensors

Temperature sensors shoul@be checkgd using the
procedure given in 5.4.6, without any adjustments.

6.3 Calibration

6.3.1 General

The objective of HTG system calibratior
performance of the HTG system to speci
and.to undertake appropriate corrective &

is to verify
ied accuracy
ctions when

Wwarranted. HTG system calibration shquld be per-

formed following a performance degradalon detected
by the system validation, or at regular infervals.

Traceable standards and existing approved measure-
ment procedures should be used in the galibration of
the HTG system.

Apart from pressure sensor zero, no sgnsor adjust-
ments are normally possible. If the pressure sensors
are found to be outside specification, thg¢y should be
replaced.

6.3.2 HTG system parameters

All HTG system parameters establish¢d on com-
missioning should be reviewed by a suitgbly qualified
person and, if necessary, changes entefed into the
HTG data processor.

Pressure sensor zeros should be checked using the
procedure given in 5.4.3, without any adjustments.

6.2.3 On-tank measurements

If the comparison is to be carried out against a manual
method, the procedure described in 5.4.5 should be
followed.

Alternatively, measurements obtained by other
methods can be used for comparison if available for
the same tank.

6.3.3 Adjustment of pressure sensor zero

The validation records should be examined and if the
pressure sensor zero is found to be outside the
manufacturer's specification, the sensor should be
replaced and the new sensor commissioned.

If the sensor is found to be within the manufacturer's
specification, the validation records should be used to
determine the optimal magnitude of the pressure
sensor zero adjustment. Zero adjustment should be
done using the procedure given in 5.4.3.
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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 operate outside the limits es-
tablished at commissioning (see 5.4.6).

6.3.5 Pressure sensor calibration

© 1SO

6.3.5.3 Reference pressure sensor method

The reference device for calibration is a traceable
pressure sensor accurate to within + 25 Pa and suit-
able for use in the field.

All pressure sensors remain mounted on the tank.
They are isolated from the tank by block valves and
connected, one by one, to the reference pressure
sensor. The pressure span corresponding to the full
height of the tank should be covered either by

6.3.5.1 General

Pressure s€
measuremen
calibration ed
racy is sufficig
system itself
HTG system
the method d

The accuracy
the HTG will
ure sensors,
itions are knd

nsor calibration of the HTG mass
I system is the only method for which
uipment can be obtained whose accu-
ently better than the accuracy of the HTG
If such equipment is not available, the
can be calibrated to less accuracy using
escribed in 6.3.6.

of the mass measurement obtained by
correspond to the accuracy of its press-
providing that the pressure sensor pos-
wn and stable and that the calculations

are performg¢d with the correct parameters (see

6.3.2).

Depending o
able, either o
used.

h which calibration equipment is avail-
f the two following methods should be

6.3.5.2 Reference pressure source method

The referend
deadweight t
able for use i

All pressure
They are isq
purged and c(
tester. The (
pressures to

e device for calibration(is™a traceable
ester accurate to withiin, 256 Pa and suit-
h the field.

sensors remain_mounted on the tank.
lated fromethe tank by block valves,
nnected{.one by one, to the deadweight
eadweight tester is used to generate
spaf,the full height of the tank in order

to ensure tha

t“all hydrostatic heads normally experi-

changing the liquid level in the tank or by uging an
external pressure source.

The pressure measurements from the HTG [system
are compared with those from the reference pfessure
sensor. If the two are edual” within combined
measurement uncertainties)\then the contribdition to
mass error from the HTG sensors will be within the
equipment specificatiohZMWhen carrying out tle com-
parisons, due account should be taken of additional
hydrostatic pressure’ heads in the connectigns be-
tween the reférence pressure sensor and thg press-
ure sensor under test.

6:3.6 Calibration by manual measurements on
the tank

This calibration method compares the mass measured
by HTG with the mass calculated from indiredt, man-
ual measurements of level, density and tempgrature.
Due to the high uncertainties associated with [density
measurements, this method should only be |used if
the direct pressure sensor calibration cannot pe per-
formed for lack of suitable equipment.

Standard procedures should be used to obtain jmanual
measurements of level (APl Standard 2545), tem-
perature (APl Standard 2545) and density (ISD 3838
or [ISO 3993), to calculate standard polume
(ISO 4267-2) and reference density (ISO 91)] Mass
should be calculated as the product of standard vol-
ume and reference density.

enced by the
mass ranges

pressure sensors are exercised, i.e. the
are covered.

The pressure measurements from the HTG system
are compared with those from the deadweight tester.
If the two are equal within combined measurement
uncertainties, then the contribution to mass error from
the HTG sensors will be within the equipment
specification. When carrying out the comparisons,
due account should be taken of additional hydrostatic
pressure heads in the connections between the
deadweight tester and the pressure sensor.

10

Since manual and HTG measurements are performed
using different reference points, two mass readings
should be taken to remove the effects of any offset.
The calibration should be carried out at levels which
are approximately 4 m apart, preferably with the same
liquid.

If the difference between the transferred mass
measured by the HTG system and the transferred
mass calculated from manual measurements, ex-
pressed as a percentage of the transferred mass cal-
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culated from the manual measurements, is < 0,2 %,
then the HTG system should be assumed to be op-
erating correctly.

NOTE 5 The limit of 0,2 % is based on the following un-
certainties:

Level error, opening and closing dip: + 3 mm
Temperature error: +1°C
Tank capacity table error: + 0,08 %
Other errors: + 005 %

ISO 11223-1:1995(E)

7 Safety

7.1 Mechanical safety

HTG sensors and sensor connections form an integral
part of the tank surface. They should be able to with-
stand the same mechanical stresses or strains as the
tank surface. They should also withstand a product
impact such as corrosion or erosion.

Errors in level measurements due to movement of the
level gauge reference caused by tank bulging will add
to the manual measurement uncertainty.

7.2 Electrical-safety —

All electrical systems should comiply with the local
safety regulations. Additionally,-aecount should also
be taken of the requirements given in IEC 79-0.

11
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Annex A
(normative)

Calculation overview

A.1 General Parameter Unit
This annex dlscribes the calculations performed by pressure pascal
the HTG data|processor to compute the mass of the level metre
tank contenty and other variables. Specific calcu- area square metre
lations and feptures which may be particular to one volume cubic metf
manufacturer's design of the HTG system are not in- .
cluded (e.g. piessure sensor linearization formulae). mass kilogram
. . . . densit kilégram per cubic metr
The symbols bsed in this annex are listed in clause Y " g P
A.2 and illustrgted in figures A.1 and A.2. All values to acceleration metre per second squa
be substituted in the equations in this annex should _
be in SI units| If values are obtained in other units, Calculation procedures are the same for both
they should b¢ converted into values in the following and floating-reof\tanks.
Sl units:
Max. fill height Capacity table top
Gauge hatch Fank roof
(Present or
\ rPB\ implied)
N4
[T}
o
Sl BN ___
5 Vapourairmixture
(Optiénal*floating blanket, Wg)
| <
s
x
o
.
S Product ]
33 e
8| =
—()
Dat & N
fufem <\W <<<\ § Tank Lip
P \Nree water and sediment /
% ZA WA V HeeL,Hb "'Ho, Yb

Bottom, L., v/

12
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fixed-

L = Variable level(s)
V = Variable volume(s)
M= Variable mass(es)

H = Fixed elevation(s)

Y = Fixed volume(s)
W= Fixed mass(es)

Figure A.1 — Measurement parameters and variables — Fixed-roof tank
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Max. fill height Capacity table top

Gauge hatch —\ Tank top
| / implied P3
[

o \ '
[=)]
s e N _
=}
/—Flouting roof, Wg
Amblent amr
/ | <
7 g
' 3
o
x g
ot R
> 2 o)
< 3 [
al &
=}
Datum
plate \9&\\ \

A Z A
Bottom, L., V/ ﬁ Heel,Hy +Hp, Yo

L =Variable Level(s) H =Fixed elevation(s)
V = Variable volume(s) Y= Fixed volume(s)
M= Variable mass(es) W= Fixed mass(es)

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

In-tank [vapour and ambient air densities have only A.2 List of symbols
secondiorder effects,on the calculated variables. They

can be|considered-constant or, for high accuracies,

can be falculated.

Symbol Meaning
Ambient airdensity can be calculated, using the gas

equationof state from absolute ambient pressure Ac tank average cross-sectional area
and absolute ambient temperature. Changes in ambi- o . )
ent air density have only a second-order effect on the D liquid density (observed product density)
observed density. D, ambient air density
In-tank vapour density can be calculated, using the D, in-tank vapour density
gas equation of state, from absolute vapour pressure H cal dist b
and absolute vapour temperature together with the Veg';‘; Istance between sensors P1
vapour relative density. an

H, vertical distance between the tank cali-
All sensor input data presented to the HTG processor bration reference point (datum plate) and
should refer to the same time frame. the HTG reference point

13
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Hy vertical distance between the HTG ref-
erence point and sensor P1

© SO

A.4 Density calculations

Observed density D (calculated from pressures):

H, vertical distance between sensors P3
and P1 D =[(P1-P2)/(gH)] + D,
L dip level where
L, free water level (P1 - P2) is the difference between the press-
ure sensor readings from sensors P1
M product mass and P2
M, rOUURL appdTenit THdss 1 all g is the local acceleration due ¢e [gravity;
M, product heel nass H is the vertical distancenbetwden the
M. diict head mass centres of force on the sensor|P1 and
My OoroGucCt Neaa mass . X )
P2 diaphgrams respectively (gee fig-
% Hipped volume (at dip level) ure A.1 or A2);
Vi broduct heel volume D, is the ambient air density.
Ve free water volume NOTE 6  Observed density can be calculated fro manu-
ally entered reference~density. The calculations shpuld fol-
Wr mass of floating roof (or floating blanket) low existing standdrds such as 1SO 91.
Y, fotal heel volume Observed derisity can also be manually entered into
the data processor.
Y, broduct head volume R

A.3 Pressure balance

The basis of t
pressure incr
same regard|

he HTG calculation is that the sum of the
ements between any two points /is\the
pss of the path along which they~have

been added:
Thus:

P1 — P3 ¥ total liquid produet)pressure head +
in-tank vagour pressure head)— ambient air press-
ure head Hetween sensors.P1 and P3;

P1 — P2 3 liquid pfoduct pressure head between
sensors P| and.P2"— ambient air pressure head
between gensors P1 and P2.

A.5 Dip level calculations

Dip level, L:
P1-P3 — [H{(Dy — D
Lyt b, + AL ) /81— [H(Dy ~ D))
(D-Dy)
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 thie HTG
reference point (see figure A.1 or
A.2);

In fixed-roof tanks, the in-tank vapour Is either a mix
of product vapour and air or a “blanket” gas. The
concentration of the vapour/air mix will vary with
vapour temperature and pressure. In floating-roof
tanks, the in-tank vapour is ambient air which may be
contaminated by product vapour.

The floating-roof load has both constant {roof mass)
and variable (roof load mass) components. For the
purposes of this standard, both components are
user-entered constants. This applies also to the float-
ing blanket optionally used in fixed-roof tanks.

14

(P1~P3) is the difference between the press-
ure 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 fig-
ure A.1 or A.2);

Dy is the in-tank vapour density;


https://standardsiso.com/api/?name=1e39c600e9b7ab5092ab6266c3d5b741

© |ISO

D, is the ambient air density;

D is the liquid density calculated in A.4.
NOTE 7 If Dy is not available, it may be assumed equal
to D,.

A.6 Tank average cross-sectional area
calculations

ISO 11223-1:1995(E)

L is the dip level calculated in A.5;
D, is the ambient air density.

NOTE 8
D,

If Dy is not available it may be assumed equal to

A.8 Heel mass calculations

Tank ayerage cross-sectional area:
Ag= (V- Yy) | (L — H, — Hy)
where
V | is the dipped volume (at dip level);
Y, | is the total heel volume;
L | is the dip level calculated in A.5;

H,| is the vertical distance of the centre of force
on sensor P1 from the HTG reference point
(see figure A.1 or A.2);

Hy| is the vertical distance from the tank cali-
bration reference point (datum plate) to the
HTG reference point.

Dipped| volume and total heel volume should be-cal-
culated from dip level and the sensor P1 elevation
(H, + H,) respectively, as described in 1IS@ 7507-1.

A.7 Head mass calculations

Product head mass:
M= Ag {[(P1 — P3).J €] — [Dy(H,+ H, — L)] +
[DaHt]}

where

Ag| Gs)the tank average cross-sectional area cal-

Product heel volume:
where

Y, is the total heel'volume calculdted from the
P1 sensor elevation (H, + Hy) [and the tank
capacity table;

V., is theifree water volume calculgted from the
free ‘water level L, and the tank capacity ta-
ble.

Product heel mass:
where
Vp, is the product heel volume caldulated above;

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

Accuracy of the observed product density in the heel
space can be affected by liquid strafification (see
B.4).

A.9 Product mass calculation

Product mass:

M=M‘+Mb—WR

culated In AG;
g is the local acceleration due to gravity;
Dy is the in-tank vapour density;

H, is the vertical distance of the centre of force
on sensor P1 from the HTG reference point
(see figure A.1 or A.2);

H, s the vertical distance of the centres of force
on the sensor P1 and P3 diaphgrams re-
spectively (see figure A.1 or A.2);

where
M, s the product head mass calculated in A.7;
M, is the product heel mass calculated in A.8;

Wy is the mass of the floating-roof (or floating
blanket).

The calculations for product mass are identical for
fixed- and floating-roof tanks providing that the
floating-roof mass is set equal to zero for the fixed-
roof tanks with no floating blanket.

15
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When the floating roof enters the critical zone, the
floating-roof mass and the floating-roof load mass will

Assuming that all errors are statistically indep
then:

© |SO

endent,

be gradually taken up by the floating-roof legs. See E2_E21E24E?
ISO 7507-1 for calculations within and below the M, T P g A
critical zone.
where
. Ey is the error of reading of product head
A.10 _Calf:ulatlon of product apparent mass {absolute mass errorfabsolute mass);
mass in air
Ep,  is the error of reading of pressure P1;
Product apparent mass in air: _ .
E, Is the error of reading of the local Acceler-
M, = M[| — (D,/D)] ation due to gravity;
. E, s the error of reading of the tank gverage
where cross-sectional area.
M s the product mass calculated in A.9; The error of reading of the ltank average| cross-
D, is the ambient air density: sectional area is the same as.the error in the fank ca-
2 ' pacity table. This is_.hnormally in the region of
D s the observed product density calculated in +0,05% to £ 0,1 %.
A4, .
Table A.1 shows’ that the error in the average area
‘ D
(based on the<tank capacity table) has a domipant in-
A.11 Inventory accuracy fluence on.inventory accuracy.
Providing thgt the pressure sensor installation par- Table A.1 — Example of inventory accuracies
ameters are|correct, the calculated mass accuracy
depends only on the accuracies of the pressure sen- Sensor Accuracy
sors, the tank capacity table and the local acceleration (+ % reading)
due to gravity. For HTG systems, typical accuracy
calculations dre given below: Pressure P1 0.01 0.02 0.05 0.1
Local g 0 0 0 0
Neglecting P and considering that: Average tank area 0.1 0.1 0.1 0.1
Ap Inventory mass 0,10 0,10 0,11 0,14
Mt = P1 T

16
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Second-order influences

The following effects have second-order influences

on HTQ

brated

racy, pr

B.1

In mod
deformd
tank arg
diametd

a)
b)

c)

The m3g

hori

ang

vert]

different from that used for the tank cali

measurements. 1he effects cannot be cal-
but. For measurements requiring high accu-
bcautions should be taken to minimize them.

HTG sensor movement

prn tanks, higher stresses and more elastic

tion in the constructional steel plates of the
allowed. Depending on the tank height and

r, this can lead to:

yontal movement of the tank wall;

Llar rotation of (parts of) the tank wall;

cal movement of the fixed roof of the tank.

gnitude of the movements depends on the

tank comstruction, the density and level of the product

in the t4
P2 havg
angular
sors P1
measur
duce th

HTG m
the fixe

B.2 H

The tan

nk. Horizontal movements of sensors P1cand
no effect on the HTG measurements.“The
rotation of the tank wall in places where sen-
and P2 are mounted will result’ in HTG
pment errors. Tie bars shouldwbe used to re-
pse errors (see 5.1.1.4).

pbasurement errors caused’by movements of
J tank roof are not significant.

lydrostatic-expansion

capacity,_tables are corrected for hydrostatic

pressurg variations. The corrections assume a liquid

with de
ISO 750

hsityi typical for the tank contents according to
7-1) If the stored liquid density is significantly

The tank capacity table should be corre
HTG data processor should be updated
parameters. HTG system should ot ma
matic compensation to the tank.capacityj
changing product density. Inv‘most prg
small liquid density changes will have 1
effect on the HTG measuwéments.

B.3 Thermal expansion

The Melume within the tank shell expar
tracts’ with changes in the shell temp
¢auses changes in the tank capacity t3
quired correction of all measured vd
rections as given in ISO 7505-1 should 4
by the HTG data processor.

B.4 Liquid stratification

Liquid stratification affects the product n
bringing uncertainty into the product he
low sensor P1) which is calculated from
density. Heel density is assumed to be
the observed density measured above sq

The magnitude of the error cause
stratification will depend on the ratio of h
masses, as well as the degree

bration, then
Fted and the
ith the new
ke any auto-
table due to
ctical cases,
o significant

ds and con-
erature. This
bles and re-
lumes. Cor-
e performed

nass only by
el mass (be-
volume and
the same as
nsor P1.

i by liquid
ead and heel
of product

stratification. The effect is normally insig

hificant.
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Annex C
(informative)

Terminology

terms are included in this annex for in-

fixed-roof tank. The blanket is used to retard the

formation onl
standards.

. The terms are defined in previous ISO

C.1 appargnt mass in air: Value obtained by

weighing in
making corre¢

air against standard masses without

tion for the effect of air buoyancy on

either the stgndard masses or the object weighed.

[1SO 3838]

C.2

tank table or @

capacity table: Table, often referred to as a

tank calibration table, showing the ca-

pacities of, or volumes in a tank corresponding to
various liquid |levels measured from a stable reference
point. [ISO 7907-1]

C.3 density: Mass of the substance divided by its
volume. [ISO(3838].

When reportir
together with

g the density, the unit of density used,
the temperature, shall be explicitly.

stated. The sfandard reference temperature for inter-

national trade

in petroleum and its products is 15 °C

(see ISO 5024). Other reference temperatures may

be required f

r legal metrology or othef_special pur-

poses. [ISO 3P93]

C.4 dip; innage: Depth of-a liquid in a tank.

[ISO 7507-1]

C.5 fixed-roof tank: Vertical cylindrical storage

vessel with ei

her arcone- or domed-shaped roof. The

tank may be pf-the'nonpressurized or freely vented

evaporation of volatile products in cal| tank.
[ISO 7507-1]
C.7 floating-roof tank: Tank jn.which tHe roof

floats freely on the surface of the'liguid, excepfat low
levels when the weight of the.roof is taken, through
its supports, by the tank bottom. [ISO 7507-1]

C.8 gauge reference point: Point from whlch the
liquid depths are measured. [ISO 8311]

C.9 net .standard volume: Total standard Yolume

minus thewolume of water and sediment.

NOTE)® For clean, refined product, the total sfandard
volume and the net standard volume are usuallyl equal.
FISO 4267-2]

C.10 observed density: Value obtained at|a test
temperature which differs from the calibratioh tem-
perature of the apparatus. [ISO 3838]

C.11 tank shell: Outer casing of a storage tank
that on land is secured to the ground and includes the
roof, if it is a fixed-roof tank. [ISO 7507-1]

C.12 total standard volume: Total volufne at
standard conditions, also corrected to sthndard
pressure. [ISO 4267-2]

C.13 total volume: Indicated volume witho t cor-

type or
[ISO 4266]

it rmay’ be of the low pressure type

C.6 floating blanket [cover] [screen]: Light-
weight cover of either metal or plastic material de-
signed to float on the surface of the liquid in a

18

rection for temperature and pressure. It includes all
water and sediment. [ISO 4267-2]

C.14 ullage; outage: Capacity of the tank not oc-
cupied by the liquid. [ISO 7507-1]
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