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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-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
CommissiT (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives,\Part B.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication|as an International Standard requires approval by at least 75 % of the member’bodies casting a vote.

Attention ig drawn to the possibility that some of the elements of this International’Standard may be fthe subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationgl Standard 1SO 4268 was prepared by Technical Committee* ISO/TC 28, Petroleum |products and
lubricants, Bubcommittee SC 3, Static petroleum measurement.
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Introducti

In all calculat

on

ions concerned with the measurement of bulk quantities of petroleum and petroleum products,

whether in terms of volume at standard temperature or in terms of mass or apparent mass-in-air, a knowledge of
the mean temperature of the oil is required. The following recommendations for the determination of the
temperature of the contents of storage tanks, including tanks carried by road and rail vehicles and compartments of
barges and ships, are designed to provide the most reliable measurement of the mean temperature under the

given conditiclns.

It cannot be t

o strongly emphasized that errors in temperature measurement can account for the larger part of the

total error in [Quantitative measurement of petroleum and liquid petroleum products, and great‘care iIs therefore

needed in the

in scrupulous|detail if the final measurement is to have the smallest possible uncertainty.

Gaugers emy
procedures of

selection and use of temperature-measuring equipment. The methods specified should be followed

loyed in temperature measurement should be fully trained and instctucted in the application of the
this International Standard. They should be instructed to report any_deviations that are unavoidable.

Vi
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1 Scop

This Intern
temperatur

The prefer
included u
determinat
within conv

This Intern
are describ

It is realize

of mandatdg
cases of ca

2 Norm

The followi
this Intern

publications do not apply. However, parties.to agreements based on this International Standard are ¢
investigate|the possibility of applying (the most recent editions of the normative documents indicats
undated references, the latest editiony of the normative document referred to applies. Members of

maintain r

ISO 386:1977, Liquid in-glass’laboratory thermometers — Principles of design construction and use.
ISO 3170:1988, Petroleuwm liquids — Manual sampling.

ISO 4266:1994, Petroleum and liquid petroleum products — Direct measurement of temperature
storage tanks < Automatic methods.

rements — Manual methods

e

ptional Standard specifies methods, procedures and equipment for the manual crmeasu
b of bulk quantities of petroleum and petroleum products in storage tanks.

red method is to use a portable electronic thermometer as described in«clause 7. O
e permanently installed indicating thermometers of the spot-measurement type and
on by sampling methods using cup-case thermometers, flushing-case. thermometers, and
entional tank samples taken in accordance with ISO 3170.

htional Standard excludes averaging thermometers forming part\of an automatic gauging s
ed in 1SO 4266.

H that, in many countries, some or all of the items covered by this International Standard a

ry regulations imposed by the laws of those countries~such regulations must be rigorously
nflict between such mandatory regulations and this International Standard, the former preyj

ative references

ng normative documents contain provisions which, through reference in this text, constitutg
tional Standard. For dated references, subsequent amendments to, or revisions of,

isters of currently validnternational Standards.

ement of the

ther methods
temperature
hermometers

ystem. These

re the subject
observed. In
ails.

provisions of
any of these
ncouraged to
ed below. For
ISO and IEC

and level in

ISO 4512:—1), Petroleum and liquid petroleum products — Equipment for measurement of liquid levels in storage
tanks — Manual methods.

3

Introduction to precautions

Clauses 4 and 5 outline the precautions which are applicable whenever the temperature of a bulk quantity of oil is
to be determined. For emphasis, the precautions necessary to ensure the safety of the operator or the safe working
of the plant (clause 5) are dealt with separately from those precautions that shall be taken during the procedure

used, to en

sure the most reliable measurement of temperature (clause 4).

1) Tobe pu
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Certain special precautions that are necessary when applying some of the equipment specified are dealt with
subsequently in the clauses relating to that equipment.

4 Precautions relating to procedures

Whatever apparatus is used for taking temperature measurements, the following precautions shall be taken.

a)

b)

c)

d)

f)

)

Whenever determination of the temperature of the contents of a tank is made before and after a movement of

a bulk qu

antity of oil, the same general procedure shall be followed in each case.

NOTE 1 To minimize measurement uncertainties, it is recommended that the same equipment should be used for both

the opening and closing measurements
If liquid-in-glass thermometers are used, care shall be taken to avoid parallax errors.

Temperajure determination for referee purposes shall be made under the immediate supervision

person
upon by

The thermmometer reading obtained on each spot measurement made at each level in a tank, the d

time shal
point (gal
each sar
mean ter
duties.

Temperajure determination shall be made through openings‘giving direct access to the bulk of oil

Still-wells

NOTE 2
perforated
contents.

Temperalure measurements shall be made‘immediately after the level of the contents within the tan

determin

The depth of any free water in a{ank shall be ascertained before temperature determinations ar
orrect levels for the mgasurement of temperature can be properly determined (see Table 2).

that the d

If protect
permit frg
Sufficient
taken.

If a tank
a numbe

of a skilled

ith previous experience in oil measurement. Readings shall be recorded, immediately and agreed

Il interested parties before the gauger and apparatus leave the tank or contaiher.

| be recorded immediately the reading is taken. The number of the tank, the position of
Lige-hatch or vapour-lock valve), and the level at which each measurement was made (or
nple was drawn) shall be clearly indicated in the gauger's Aetes. In general, the calcul
nperature of the contents of the tank from the observed temperatures shall not be part of t

or thermo-wells shall not be used, except as desgribed in this International Standard.

f temperature measurements are made through-a still-well (guide pole), it is essential that the
throughout its working length to ensure that the’temperature measurements are representative of {

bd (see ISO 4512).

ve metal cases are*used for liquid-in-glass thermometers [8.6 and Figures 1a) and 1b)]
e access of thé.qil to the thermometer bulb, and ample provision shall be made for viewin
time shall always be allowed for the case to take up the temperature of the oil before thg

s provided with more than one access point (gauge-hatch or vapour-lock valve), each ong

ate and the
the access
from which
tion of the
e gauger's

n the tank.

still-well be
he bulk tank

k has been

b made, so

they shall
) the scale.
reading is

shall have

, ©r0other means of identification, clearly marked on or near it. The recorded results of all t

Pmperature

measure

nmentsshattctearty indicatetheaccesspointfrommwhich-they-wereobtainet:

NOTE 3 Temperatures should not be taken within 500 mm of the walls (shell) of a vertical cylindrical tank in order to avoid
extraneous thermal effects. In older vertical cylindrical tanks, gauge-hatches and roof manholes may be situated nearer the
tank shell. In such cases, it is recommended that consideration be given to the provision of a new access point in the
preferred position. In new tanks, it is recommended that access points (gauge-hatches or vapour-lock valves) should be
positioned with their centres not less than 500 mm from the tank shell and sited so as to be clear of bottom fittings.

NOTE 4 While it may be possible to obtain temperature measurements from more than one access point, the associated
measurement of stock level within the tank should only be obtained from that access point to which the tank capacity table
relates.

© 1SO 2000 — All rights reserved
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5 Precautions relating to safety

5.1 Introduction

The safety precautions given in 5.2 and 5.3 constitute good practice, but the list is not comprehensive. It is
essential that the list be read in conjunction with any relevant sections of national/ international codes of safe
practice in the petroleum industry.

In cases of conflict between this International Standard and legal regulations or national safety codes, the latter
shall be followed; otherwise, the provisions of this International Standard shall be observed.

5.2 Gengral safety precautions

The following safety precautions apply in all cases.

a) Allregplations covering entry into hazardous areas shall be rigorously observed.

b) Access ladders, stairways, platforms and handrails shall be maintained in a structurally safe condjtion.

c) The plant and equipment shall be adequately maintained, and it is strongly-tecommended that a fegular
inspection be made by a competent person.

d) Gaugdrs shall be provided with carriers for their equipment in orderthat at least one hand is free for climbing
ladders, etc.

e) Hand [amps and electric torches (flashlights) shall be of an@pproved type.

f)  Footwgar and clothing (for example nylon overalls) capable of causing sparks shall not be worn in areas where
flammable vapours are likely to be present.

NOTE 1 Footwear and gloves should be sufficieptly-conductive to dissipate any electrostatic charge safely

g) Care ghall be taken when opening tank ‘access points (gauge-hatches or vapour-lock valves), jparticularly on
vapoul-tight tanks, which may be under ‘pressure. If temperature measurements are obtained using closed or
restricled Portable Electronic Thefmoemeters (PETS) or sampling methods, the equipment shall pe connected
to the [vapour-lock valve before€ the valve is opened. If gauge hatches or covers are used for ppen gauging
measyrements, the retaining ¢lips on the hatch (or cover) shall be loosened but kept in posjtion until any
pressyre has been released. Persons on the tank top shall stand well clear of any vapgurs that are
expellpd.

h) Care ghall be taken‘to ensure that any metallic component of the equipment that could act ag an insulated
electri¢al conductor is effectively earthed and bonded before opening the access point (gquge-hatch or
vapour-lock _valve), during measurement, and until after closure of the access point. If a cold is used for
lowering eguipment into tanks, it shall be made of natural fibre and not of synthetic materigl, in order to
minimigé-the hazard of static electricity.

i) In order to earth (ground) any static charges on his person, a gauger shall touch some earthed (grounded) part
of the tank structure immediately before carrying out any gauging operation.

i) When carrying out any gauging, sampling or temperature-measuring operation, only one access point shall be

© 1SO 2000 — All rights reserved

open at any one time. Such operations shall not be carried out during electrical storms, when all access points
shall be closed. Special attention is drawn to the fact that electrical discharges capable of igniting petroleum
vapours, such as might be issuing from an open gauge-hatch, may take place under a variety of weather
conditions other than thunderstorms.

NOTE 2 In the case of static accumulator oils in non-inerted tanks at temperatures above their flash point, it is strongly
recommended that tanks should not be gauged whilst the product is being transferred into it and until at least 30 min have
elapsed after transfer has ceased. This allows time for any electrostatic charge that may be present on the surface of the
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k)

liquid to dissipate and for the oil surface to become quiescent. This restriction does NOT apply if measurement is made via
a permanently installed stilling well that is electrically bonded to the tank shell.

NOTE 3 It is strongly recommended that gaugers should be thoroughly trained in gas safety, including the uses and
limitations of rescue equipment.

NOTE 4 It is recommended that trays or other receptacles should be provided near gauge-hatches on the roofs of tanks
containing non-volatile products to hold equipment after it has been used, in order to prevent unnecessary spillage on the
roof.

Temperature-measurement apparatus that may be used in a flammable atmosphere shall not be made of
aluminium or its alloys (to prevent any possible risk of a Thermite reaction resulting in the ignition of flammable

vapours)

5.3 Spec

5.3.1 Leadqd

Regulations o

ial safety precautions

d fuels

n the handling of leaded fuels shall be rigorously observed.

5.3.2 Liquefied petroleum gases

Liguefied petoleum gases can cause serious cold burns. Care shall be taken, therefore, to prevent the| liquid from

coming into cpntact with the skin.

5.3.3 Presspre-type and vapour-tight tanks

The following|precautions shall be observed.

a) All gaugihg equipment used on pressure-type tanks shall be designed to withstand a pressure gqual to the
working pressure plus an adequate safety margin (typically 1,5 times the designed maximym working
pressure).

b) Measurements shall only be made through-a vapour-lock valve or vapour-lock. Such systems are gvailable for
various ranges of operating pressures.'In no circumstances shall measurement apparatus be used jon tanks at
a higher pressure than that for whichit'was designed.

5.3.4 Floatipg-roof tanks

Floating-roof
descend onto
gauger to def
platform. It is
harness. Both

anks are usually,/gauged from the platform, but in exceptional circumstances it may be n
the roof. Texic and flammable vapours may accumulate above the roof, and if it is necq
cend ondthe roof, he shall at all times be kept under observation by another operator fi

the{gauger and observer shall have breathing apparatus in the following circumstances:

bcessary to
ssary for a
om the top

essential; before the gauger descends on the roof, that he shall be equipped with a safety-line and

a) wheneve
b) when the
c) whenthe
d)

[the product conmained n the tank may contain volatile mercaptans or hydrogen sutfide;
roof is at rest on its supports, or is within the tank roof's critical flotation zone;

roof is out of round or when the roof-seal is known to be faulty;

in any other circumstances, when there may be vapours present in dangerous concentrations.

5.3.5 Benzene

Benzene is a known carcinogen. Personal protective equipment shall therefore be used to minimize the risk of
vapour inhalation and/or skin contact when gauging or sampling tanks containing benzene.

© 1SO 2000 — All rights reserved
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Clauses 7 to 13 describe and give detailed specifications for equipment used for temperature measurement.
Precautions that are necessary when using or installing certain items of equipment are listed, and procedures for
calibration or verification are given.

7 Portable electronic thermometers (PETS)

7.1

Introduction

A wide ranfe of portable electronic tank thermometers are available which are designed to take spat
tion within a tank which is accessible from the available gauging access point(s)\.Su

at any loc
elements i
accuracy m

7.2 Acc

The minimyim resolution of measurement of a PET shall be 0,1 °C.

The electrd
(see 7.5.3)
+0,3°Cfo

7.3 Sen

7.3.1 Reg

Nickel-wou
resistance

are also employed, but over a more restricted-range of — 40 °C to + 175 °C.

A suitable
carefully s

clude resistance thermometers and thermistors, but other sensors capable of meeting
ay also be used.

iracy requirements

nic thermometer shall be calibrated against a reference thermomeéter certified by an appro
to ensure that the overall accuracy shall be within + 0,2 °C fora range of — 10 °C to + 35
ranges of — 25 °C to — 10 °C and + 35 °C to + 100 °C (with.the calibration correction(s) ap

bing elements

istance thermometers
hd resistance thermometers have a useful range from — 200 °C to + 350 °C, and pl

hermometer elements have a useful range of — 200 °C to + 600 °C. Copper-wound resists

protective sheath shall be provided to protect the sensing element, and the connecting |
aled to prevent the ingress(ofymoisture.

It is essenfial to ensure that the (effective change in electrical resistance only occurs in the tempers

element.

his will usually be-Zaccommodated by the circuit employed, which accurately balan

automatically compensates-far) changes in the electrical resistance of all other parts of the resistanceg
circuit. Thg measuring jinstrtument may be located a relatively long distance from the sensing elq
introducing|errors in theteading.

NOTE The abbreviation RTD (resistance temperature detector), is commonly used, and is synonymous
“resistance thermometer”. Platinum RTDs are also commonly referred to as Pt100s, indicating that they are plati

temperatures
table sensing
the required

ed laboratory
C, and within
plied).

htinum-wound
nce elements

eads shall be

ture-sensitive
ces out, and
-thermometer
bment without

with the term
hum RTDs with

100 Q ice-pgint:

7.3.2 Thermistors

These are used as an alternative to the resistance thermometers for portable electronic thermometers. Given the
small size of the semiconductor used in the sensitive element of a thermistor, the thermometer will usually have a
very quick response. By a suitable choice of the semiconductor, linearity of response can be obtained over a wide
range of temperatures. Some zero-drift may be experienced with thermistors, and errors can arise from auto-
heating of the semiconductor. Zero-adjusting facilities are therefore usually incorporated in thermistor-based
portable electronic thermometers.

© 1SO 2000 — All rights reserved
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7.4 Electrical safety

All portable electronic thermometers shall be suitable for the hazardous areas where they will be used. They shall
be either intrinsically safe or explosion proof, and grounded via the gauge-hatch or vapour-lock valve.

7.5 Selection and operation of portable electronic thermometers

7.5.1 General

The portable electronic thermometer may be used as a precise measuring device for measuring the temperature of
oil at one or several points within a tank. It may also be used as a reference thermometer for verifying the
calibration of pther (permanently installed) temperature-measuring devices.

7.5.2 Specification for portable electronic thermometers (PETS)

7.5.2.1 Rapge

The thermomieter shall have any convenient range to cover the minimum and maximum operating temperatures
expected. Thermometers may be provided with a dual scale and a range-change switch to enable thgm to cover
the maximum|anticipated range.

7.5.2.2 Acfuracy
The accuracy|of a PET shall comply with the specification in 7.2.

7.5.2.3 Repolution

If the display fs digital, the last digit shall correspond to 0;1 °C or better. The readout numerals shall bg clear and
bold, with no possibility of misinterpretation, even with partial failure of light emission, or for any other regson.

Analogue PETs are acceptable, provided that theycan ensure the same resolution of measurement.

7.5.2.4  Hopusing

The instrument shall have a protective'case or enclosure and be self-contained. It shall be robust and shock proof,
but shall be sufficiently light to be carried by an operator without undue fatigue.

7.5.2.5 Caples/tapes

The cable or fape connegting the sensing element to the measuring instrument shall be resistant to inpmersion in
petroleum prdducts. lt'shall be long enough to cover the full depths of the tanks for which the thermometer is likely
to be used. If maytbe marked at metre intervals or graduated in millimetres in order to assist in lowgring to the
required level

NOTE For convenience, the cable or tape should be wound on a reel.

7.5.2.6  Calibration check facilities
Calibration resistances may be used for verifying the electronic circuitry of resistance-thermometer based PETSs.

They may either be integrated into the equipment or connected into the circuit by a test plug. Alternative means
may be provided for checking the calibration of other types of PET.

7.5.2.7 Battery charger

If the equipment has a rechargeable battery, a battery charger suitable for the voltages used shall be provided.
Battery charging shall only take place in a safe area.

6 © 1SO 2000 — All rights reserved
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7.5.3 Initial calibration

Before a portable electronic thermometer is used it shall be calibrated by a calibration laboratory, which shall issue
a calibration certificate. The certificate shall detail the uncertainty of measurement and the traceability of the
calibration to a national standard. The certificate shall be dated, and shall refer to the unique serial number of the
PET.

The laboratory shall calibrate the complete PET (i.e.the sensor, cable/tape, electronic circuitry, and
display/readout) at several different temperatures over the desired measurement range. This shall be achieved by
direct comparison with a standardized reference thermometer when both sensors are immersed at the same
location within a series of temperature controlled baths. To obtain an uncertainty of + 0,2 °C for the PET, the
reference thermometer that it is r‘nmp:\rpd with shall he accurate to + 005 °C (nr hpffnr)] have resolution of

0,02 °C (or|better), and be traceable to a national standard.

NOTE If the PET uses a resistance-thermometer sensor, the laboratory may also check the operation of the electronic
circuitry and readout by substitution of a resistance box containing precision resistances for the)sensing element. The
uncertainty ¢f the standard resistances should be at least five times better than that required for they\RET.

7.5.4 Prefcommissioning checks
Before a ngw PET is commissioned, the following checks shall be carried out.

a) Check|that the PET conforms to the specification itemized in this Interpational Standard and has po visual
damage.

b) Check]the state of the battery. Replace or recharge as necessary.

c) Check|the PET against a certified reference thermometet. If the PET is fitted with a checking faciljty, press the
test button or insert the calibration resistance.

d) Check|the thermometer’'s response time. Equilibrium should be established when the indicated temperature is
stable [to 0,1 % for 30 s. Check the practical response time of the thermometer, i.e. the time in se¢onds that it
takes for the thermometer to respond to a‘known step change in temperature.

NOTE To pe considered fit for the purpose.ofitank measurement applications, the response time should typicdlly be less than
15s.

7.5.5 Storage precautions
The cable/fape shall be keptwound in order to avoid kinks and bends.

NOTE WAHhen not in useyarechargeable instrument should be placed on charge. On non-rechargeable units, the battery
should be rgmoved prier to a period of extended storage.

7.5.6 OpTrating procedures

When using a PET, the following operating procedures shall be carried out.

a) Earth the case or housing of the PET to the tank structure before opening the gauge-hatch or vapour-lock
valve.

b) Before and after each use for custody transfer measurements, check the state of the charge of the battery.
c) |If applicable, check the electronic circuitry and readout using the test facilities provided with the equipment.

d) Lower the sensing probe to the first predetermined level, see 15.4.1 and Table 2.
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It is important to immerse the PET sensor to the correct depth, and this is facilitated by observing the
graduations on the tape or cable. The predetermined level(s) shall be calculated in accordance with the
guidance given in 15.4.

e)

predetermined level to allow rapid equilibration of the sensor with the surrounding liquid.

NOTE 1

Equilibrium should be established when the indicated temperature is stable to 0,1 °C for 30 s.

Gently raise and lower the sensor through a distance of approximately 0,3 m above and below the

NOTE 2 When the indicated temperature has not changed by more than 0,1 °C in 30 s, the thermometer may be
considered to have reached equilibrium with the surrounding liquid.

Ensure t

f)

at each reading has stabilized before recording it to the nearest 0,1 °C

If multipl
levels.

)}

h) Assess t
range of

measure

Where th
the fixed
PET mes

Where th
fixed sen
comparig
depth an

b spot temperatures are required, repeat steps d) to f) above at each of the other(pre

ne results from steps d) to g). If temperatures have been recorded at more_than one le
the individual spot measurements exceeds 1,0 °C, the oil is stratified and ladditional t
ments shall be obtained at intervening levels before an average is calculated.

e PET is used to verify the reading of a fixed-installation averaging ¢ank”thermometer, the
system shall be compared directly with the tank temperature as determined by the ave
surements taken at a number of liquid levels (see clause 19).

e PET is used to verify the reading of a fixed single-sensor.tank thermometer, the suita|
sor for providing an average tank temperature shall be assessed in the same way, but a
on shall also be performed by making a measurement with the PET sensor immersed 3
] position as close as possible to the fixed tank thermiemeter sensor (see clauses 19 and 2

7.5.7 Periodlic checks on accuracy

75.7.1 Int
There are a
7.5.7.4.

7.5.7.2 W
The working

temperature s
of maintaining
anticipated th
both after app

These checks
spot check o

oduction

number of different checks applicable to the use of PETSs, including those described in

rking spot checks

pot checks shall bé~performed by direct comparison with a standard reference thermo
ensors shall be immersed to the same level with a Dewar flask (or other appropriate ves
a constant temperature) of liquid at approximately the mean measurement temperature fo
e PET will be*dSed. The difference between the PET reading and the reference thermome
lication of any necessary correction from its calibration certificate, shall not exceed 0,3 °C.

also‘include any test system supplied with the thermometer. It is good practice to condug
Nca. daily basis (or before each measurement if used less frequently) for PETs that a

determined

el and the
bmperature

reading of
rage of the

bility of the
h additional
t the same
D).

7.5.7.2 to

neter. Both
el capable
r which it is
er reading,

t a working
e used for

Qrmaacliiramanitc
oot e rTTeTItoT

custody trans

7.5.7.3

Verification check

The thermometer shall be verified at regular intervals (typically every month), or at any time when there is a doubt
about the reading. The verification shall be performed by direct comparison with standard reference thermometer at
a minimum of two temperature points (corresponding to approximately 20 % and 80 % of the working range of the
PET).

The difference between the PET reading (after application of any necessary correction from its calibration
certificate) and the reference thermometer reading (also after application of any necessary correction from its
calibration certificate) shall not exceed 0,3 °C over the entire working range of the PET.

NOTE If the difference does exceed 0,3 °C the PET should be adjusted (where this facility is available) and recalibrated.
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Recalibration requires the thermometer to be returned to a certified laboratory (or the manufacturer) for a
calibration over its working range. The recalibration shall be in accordance with the initial calibration specified in
7.5.3, and a new certificate issued.

8 Liquid-in-glass thermometers

8.1 General

If a PET is
11). Alterr]
Subclauseq

NOTE
but the user

8.2 Acc

not available then a liquid-in-glass thermometer is the preferred alternative method (see-c
atively, a permanently installed spot tank thermometer method may be used((se
8.2 to 8.6 describe the liquid-in-glass thermometers that shall be used for such a measurg

Alcohol-in-glass thermometers may be preferred to mercury-in-glass thermometers fervhealth and
5 should satisfy themselves that the required accuracy and resolution of measurement (see 8.2) can

Iracy and resolution

The accuracy and resolution of a liquid-in-glass thermometer that is used in a thermo-well as pa

installation

spot tank thermometer shall be the same as those specified for PETs in clause 7.

NOTE 1

he accuracy and resolution of a liquid-in-glass thermometer \that is used in conjunction with o

auses 10 and
£ clause 12).
ment.

safety reasons,
be achieved.

art of a fixed-

ne of the tank

sampling mé¢thods should also be the same as that specified for PETs, but'there may be practical limitations in achieving this
when the tHermometer is required to measure temperatures that are“substantially different from the ambie

nt temperature.

Ideally, the hinimum graduation interval should be 0,2 °C or better (thereby permitting a minimum resolution of measurement of
0,1 °C). In pfactice, the minimum resolution for tank sampling methods should be 0,1 °C for temperature ranges less than 40 °C,
0,25 °C for temperature ranges between 40 °C and 80 °C and 0;5°C for temperature ranges above 80 °C.
NOTE 2 The overall accuracy of thermometers used with tank sampling methods should be + 0,1 °C for a rgnge of — 10 °C
to + 35 °C; 4 0,25 °C for a range of — 40 °C to — 10 °C and + 35 °C to + 80 °C, and + 0,5 °C for a range of + 80 °¢ to + 120 °C.
Liquid-in-glass thermometers that are used as reference thermometers (for verifying the accuracy of PETs or
working liquid-in-glass thermometers) sshall have a minimum accuracy of +0,05°C (or better)) a minimum
resolution ¢f 0,02 °C (or better), and be traceable to a national standard. (see 7.5.3).
8.3 Spegtifications
8.3.1 All| liquid-in-glass{_thermometers used either in conjunction with tank sampling methods for the
determination of bulk gil\temperatures (clauses 10 and 11) or within thermo-wells situated within tanks (clause 12)
shall confofm to the general and special requirements detailed in clauses 8 and 9.
The recommended-temperature ranges for various conditions are given in Table 1.
Tahkl 1 (>} mum-andod tanmnaorat e rancacfar th arms e A S v
Tavic L IANAACARNEND] LAY A>A"] LCIIIPCIGLUICIQIIHC TUT trirmmurniTecir o
Purpose Range
°C

Unheated oils, cold climates —40to 30

Unheated oils, temperate climates —-15t0 40

Unheated oils, tropical climates 10 to 65

Heated oils 35t0 120

Unheated and heated ships' cargoes 0to 80
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8.4 General requirements for liquid-in-glass thermometers

Liquid-in-glass thermometers shall conform to the following requirements.

a) All liquid-in-glass thermometers shall be of the solid-stem-gas — (not air) filled type.

b) The stem of the thermometer shall be made of suitable glass tubing and have an enamel back.

c) The bulb of the thermometer shall be made of thermometric glass selected and processed so that the finished
thermometer shows the characteristics set out in ISO 386.

d) No enlargementof-the e-g- of any part
of the grgduated scale.

e) The scal¢ marks shall be clearly etched and of uniform thickness, not exceeding 0,15 mm. The marks shall be
at right gngles to the axis of the thermometer. When the thermometer is viewed from._the front pnd is in a
vertical ppsition, the marks shall all finish on a line, i.e. the scale base, at the left-hand side, paralle| to the axis
of the thgrmometer.

f)  Each thefmometer shall be marked with the immersion depth at which it is to bewused, e.g. “60 mm immersion”.

g) Each thermometer shall be marked with a unique serial number, whichishall be specified on the| calibration
certificate and recorded whenever the accuracy is verified.

h) Stress in|the glass shall be reduced by annealing to a level sufficient to minimize the possibility of ffacture due
to mechgnical or thermal shock.

i) Thermometers shall be artificially aged, before graduation, by means of suitable heat treatment|in order to
ensure stability.

j)  Thermonjeters that are to be used as reference thekmometers shall be certified by a calibration labofatory with
traceability to a national standard. The minimum accuracy and resolution requirements for reference
thermomgters shall be in accordance with the specification detailed in 8.2.

8.5 Periodic checks of liquid-in-glass thermometers

8.5.1 Introduction

There are a pumber of differentychecks applicable to liquid-in-glass thermometers, including those described in

8.5.2t08.5.4

8.5.2 Working spot.checks

The basic checkiis' that the thermometer reads the same (within a defined tolerance) as a certified reference

thermometer at-agiven spot temperature. The tolerance shall not exceed 0,5 °C.

8.5.3 Verification check

The thermometer shall be verified at regular intervals, or at any time when there is a doubt about the reading. The
verification shall compare the working thermometer with a certified reference thermometer at a minimum of two
temperature points (corresponding to approximately 20 % and 80 % of the working range). The difference between
the two thermometers shall not exceed 0,5 °C.

NOTE If the difference exceeds this figure, the thermometer should be destroyed. If the thermometric liquid is mercury,
precautions should be taken to contain the mercury safely when a thermometer is destroyed, thereby avoid any health, safety
and/or environmental impact associated with this toxic material.
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8.5.4 Recalibration

Recalibration requires the thermometer to be returned to a calibration laboratory (or the manufacturer) for a
calibration over its working range. The recalibration shall be equivalent to that specified for PETs (7.5.3), and will
involve comparisons at between three to five temperature points dependent on the range.

The maximum period between successive recalibrations of any liquid-in-glass thermometer shall not exceed 5

years.

8.6 Armoured cases for liquid-in-glass thermometers

8.6.1 Geferal

Armoured

ases shall be made of thin metal tubing, with an internal diameter which will accommodats

glass thermpometer that the case is designed to protect. Armoured cases shall not be manufactired fr

or its alloyd.

NOTE A
temperature|
used for refe

houred metal cases extend the time needed for thermometers to reach equilibrium and also

rence measurements or for custody-transfer measurements.

8.6.2 Construction

The dimen
visible. The

sions of the cut-away portion shall be such that the whole of the scale of the thermom
portion of the case enclosing the bulb of the thermometer shall be pierced with a suffici

holes of sfich dimensions as will permit the easy access ofQil to the thermometer bulb without

effective st

8.6.3 Tyq

A typical p
Figure 1b).
a flattened
oil round th

ength of the case.

es of armoured case

ain-type armoured case is shown in Figure 1a). An alternative type of armoured case |4
The main drawback of this type of-case is that special thermometers are required that are
button top. This case is, however,-preferable to the normal type of armoured case becau
e thermometer bulb is less impeded.

9 Precautions to be taken when selecting and using liquid-in-glass thermomg

9.1 Sele

9.1.1
used.

Oon

9.1.2 Th
within 1 °C

ction of thermometers

b range-of the thermometer selected shall be such that the expected temperature readi
of-either of the terminal scale marks.

e the liquid-in-
bm aluminium

may affect the

of a sample if used in the sampling bottle method (17.3.4). Armoured cases sheuld not be used witlh thermometers

pter is clearly
ent number of
reducing the

illustrated in
finished with
se the flow of

ters

y thermometers-‘conforming to the specifications given in 8.1 to 8.3 or local national equivalents shall be

hg will not be

The use of a thermometer which has lost a substantial amount of enamel from its engravings should be avoided.
Such a thermometer shall be discarded or have its engravings refilled with a suitable enamel. In no circumstances
should an enamel requiring any form of heat treatment be used.

9.1.3

a)

The following precautions shall be observed when using liquid-in-glass thermometers.

In order to avoid errors due to parallax, the thermometer shall be held so that the line of vision is approximately

at right angles to the stem when the reading is taken. The thermometer bulb shall remain immersed, and that
portion of the stem specified as the immersion depth during calibration shall be immersed when the
thermometer is read.

b) When a thermometer is not used under calibration immersion conditions, apply the emergent-stem correction,
as detailed in 9.3, in order to obtain the correct reading.
© 1SO 2000 - All rights reserved 11
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Button top of thermometer

Standard ISO tank thermometer

Clip supporting thermometer

Spring protecting bulb of thermometer
Open end
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Figure 1 — Armoured case for solid-stem thermometers
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9.2 Detection and prevention of errors in liquid-in-glass thermometers

9.2.1 Sudden heating or cooling of liquid-in-glass thermometers may affect their accuracy and, when
thermometers are used at high temperatures, they may develop permanent errors owing to slight softening and
distortion of the glass of the bulb. Thermometers shall be compared periodically with a certified reference
thermometer. The frequency with which such comparisons are made will depend upon the use to which the
thermometers have been put, but for those used at temperatures in excess of 50 °C, yearly intervals shall not be
exceeded. More frequent checking is recommended. Thermometers which are in daily use shall be checked at
approximately monthly intervals using the method described in 8.5.2. Verification checks shall be conducted at
regular intervals using the method described in 8.5.3.

9.2.2 Liquid-in-glass thermometers shall be carefully examined on each occasion before use, and if any
thermometer is found to be defective, it shall be withdrawn from use and another employed. Defects, vhich may be
encountergd include: a broken liquid column, the separation of part of the liquid column #ato the expansion
chamber at the top of the thermometer, or gas bubbles being trapped in the bulb due t6)mishgndling during
transport.

9.3 Emgrgent-stem correction

The corrections for various lengths of emergent stem and ambient temperature“conditions may be |estimated for
practical pyrpose by means of the following formula:

Emerdent-stem correction = ne(t —tg)

where
t  is|the observed thermometer reading;

n is|the number of degree graduations between: the oil level (or the mouth of the thermo{well) and the
olyserved reading;

tz is|the average temperature of the emergent column;

a is|the apparent coefficient of cubical expansion in glass of the thermometric liquid, obtained by subtracting
the coefficient of cubical expansion of glass from the coefficient of cubical expansion of the liquid. For
mercury-in-glass thermometers, « is approximately 0,000 16 for temperatures measured in degrees
Celsius.

10 Tank|sampling me€thods

10.1 Cupfcase thermometer

A typical cyp-case thermometer assembly is illustrated in Figure 2. The cup-case may be made of either varnished
hardwood or non-sparking corrosion-resistant material, with a cup of at least 100 mI capacity, and with dimensions
such that the side of the bulb will be at least 10 mm from the nearest wall, and the bottom of the bulb
25 mm + 5 mm above the bottom of the cup. The accuracy and resolution of the thermometer within the cup-case
shall comply with the specification detailed in 8.2.

© 1SO 2000 - All rights reserved 13
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Dimensions in millimetres
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Key
1 Clamp
2 1SO thermometer
3 Hard wood pr metal'frame
4 Cup of corrpsion=resistant metal, 100 ml
5 Closed bottom

Figure 2 — Typical cup-case assembly

10.2 Flushing-case thermometer

10.2.1 Description of apparatus
A schematic diagram of a typical flushing-case thermometer is given in Figure 3.

The case shall consist of a cylindrical chamber of at least 200 ml capacity, and a protecting tube for the
thermometer, rigidly attached to the chamber. The case and tube shall not be made of aluminium or its alloys. The
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thermometer shall be attached to the case so that the bottom of the bulb shall be approximately 25 mm =3 mm
above the bottom of the case.

The chamber shall be made of a suitable insulating material which shall be fully resistant to petroleum products, or
shall have some form of insulating sleeve to retard heat loss. It shall have a quick-acting closure at the top and
bottom which, in the open position, will assure a free path for liquid flow through the chamber and across the
thermometer bulb. In the closed position, the closures shall assure the retention of a full chamber of liquid.

The apparatus shall be designed so that the closures can be operated by a jerk of the suspension cord or by some
other suitable remote control.

The device shall he of siich material and constriiction that not more than the qppr‘ifipd fluching time will be required
for the detgrmination of the temperature of any petroleum oil (see 17.3.3).

Dimensiors in millimetres

2 -
_
3 \ e
[~ .
[~ =
E
LN
=&
4
fj?l L —] [
0 L
>

® 50 min.

Key

1  Non-sparking metal

2 Design of opening and closing mechanism to be chosen by manufacturer
3 Minimum capacity 200 ml

Figure 3 — Typical flushing-type case and thermometer assembly
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10.2.2 Thermometers for flushing-cases

Because the thermometer stem is not immersed in the oil when readings are being taken, the thermometer used
shall be calibrated for partial immersion.

The accuracy and resolution of the thermometer within the flushing-case shall comply with the specification detailed

in 8.2.

10.3 Sampling-bottle methods

The temperature may be obtained from tank samples by inserting a liquid-in-glass thermometer into a sample of
the oil that isptakenimaccordancewithtSO-3170—and-theprocedure—describedmi7S#A—Thebotttespsed in the
weighted cagg shall be deep enough to accommodate the thermometer to its stated partial immersion|depth. The
bottle shall also be of sufficient capacity to prevent any rapid change of the sample temperature otce'it|is removed
from the bulk tank contents. A 500 ml capacity bottle should prove adequate for most routine measurements.

NOTE

The accuracy
detailed in 8.1.

11 Vapour

11.1 Vapou

A vapour-locK

full operating

NOTE

11.2 Outlin

A cup-case o
sampler may
any similar ed
and which ha

The sampler
with a valve
actuated by ta

The interior o
is closer than

The]

Thig
certain circumg

use of metal sample cans is not recommended, see 17.3.4.

and resolution of the thermometer used within the sample bottle shall.cemply with the s

-lock samplers and associated thermometers

F-locks on pressurized tanks

is a device designed to enable pressure-type tanks to be gauged or sampled manually
pressure.

equipment has generally been superseded ‘hy“use of PETs through vapour-lock valves (see clau
tances it may still be used.

b description

flushing-case thermometet_ may be used via a vapour-lock, or alternatively, a special typg
be used with an integral\liguid-in-glass thermometer. A typical sampler is illustrated in Fi
uipment supplied for.lse with a vapour-lock that permits a sample to be taken at any speg
5 a capacity of not less'than 450 ml is suitable.

llustrated consists of a glass body having a capacity of about 11 and closed at the top
hssembly _held in place with draw bolts. The valves are operated by two sets of levers
lking the weight of the sampler on them.

the\glass body is fitted with clips for holding a liquid-in-glass thermometer so that no part

pecification

while under

se 7), but in

of flushing
gure 4, but
ified depth,

and bottom
which are

of the bulb

10.mm to the walls or bottom of the sampler. The accuracy and resolution of the thermo

meter used

within the sampler shall comply with the specification detailed in 8.2.
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Figure 4 — Example of special sampler for use via a vapour-lock

NOTE Intggral thermometer is not shown.

12 Permanently installed spot thermometers

12.1 Angle-stem thermometers

Angle-stem thermometers are liquid-in-glass thermometers where the scale portion of the stem is at an angle to the
rest of the stem and bulb. This is to facilitate the reading of a vertical scale while the main stem and bulb are
inserted within a thermo-well that penetrates the tank wall horizontally (or at an angle which is close to horizontal).
The external part of the thermometer stem may be reinforced to minimize the risk of accidental breakage.

Angle-stem thermometers shall be calibrated for partial immersion corresponding to the effective length of the bulb
and stem contained within the thermo-well.
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A typical assembly is shown in Figure 5.

Angle-stem thermometers and their thermo-wells shall be manufactured so that the thermometer bulb shall be not

less than 500 mm from the tank shell.

NOTE 1 Preferably the thermometer bulb should be located not less than 900 mm from the tank shell.

NOTE 2 Industrial-type angle-stem thermometers are not suitable for installation in volumetric calibration tanks or other
meter-proving equipment where special high accuracy thermometers are specified.

1
= |
2 T 5; ;5
30 [ ac
|
] 20 | 2
8 ||
5|5
10 [ 10
°q
7
13 15

Key

Metal scale

Metal-scale frame

Tank shell

Inside of tank

Graphite grease for good conductivity
Thermometer pocket

Half coupling welded to tank shell
Revolving union

o N O WDN PR

10
11
12
13
14
15

Sensitive bulb

Thermometer tail

Mercury-in-glass thermometer

Heat-resisting packing string

Spigot

Packing box made up of suitable packing material between two washers
Socket

Figure 5 — Typical angle-stem thermometer assembly
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12.2 Tank-bottom liquid-in-glass thermometers

Liquid-in-glass thermometers for this application are typically 1,3 m in length and 10 mm in diameter. The
thermometer is permanently installed in the lower part of the tank in a horizontal or slightly inclined thermo-well,

penetrating

into the tank by at least 900 mm.

The thermo-well shall contain low viscosity oil (e.g. kerosine or gas-oil) in order to ensure good thermal contact
between the thermo-well and the thermometer.

12.3 Accuracy and resolution

The accurd
in 8.2.

13 Bime

13.1 Intrd

For certai
temperatur
actuated th

13.2 Des

A bimetal-3
the tank, s
and the se
threaded ¢

13.3 Acc

Ty and Tesofution of fixed mstattaton fiquid-m-gtass thermometers shaftmeet the Specifio

tal-actuated thermometer with dial

duction

applications, where it is not desirable to use liquid-in-glassCthermometers on ta
b products like bitumen), or where a local indication is required it may be appropriate to
ermometer with dial.

Cription
ctuated thermometer with dial indicator shall be installed in a standard metal separable weg
milar to the installation shown in Figure 5. The.stem of the thermometer shall be at least

nsitive portion shall be not more than 60 mmvlong. The assembly shall be attached to
pupling.

Iracy and resolution

ation detailed

ks (e.g. high
se a bimetal-

Il or socket in
500 mm long
the well by a

Measurements from bimetal-actuated _thermometers shall not be used for custody-transfer measurement
applications unless calibration verification tests have demonstrated that the accuracy and [resolution of
measurement are comparable with theyother measurement methods described in this International Standard.

NOTE The accuracy and resolution of bimetal-actuated thermometers should be comparable with PETs and liquid-in-glass
thermometefs, but this may be difficult to achieve in practice.

14 Proc¢dures

Clauses 15 to-20'describe the procedures.

15 Liquids in pressurized tanks

15.1 Introduction

Subclauses 15.2, 15.3 and 15.4 describe procedures which are applicable for the temperature measurement of
liquefied petroleum gases (LPG), casing-head gasolines, live crude oils, etc., when these products are contained in
pressurized tanks, pressurized rail cars, or pressurized road vehicles.

© 1SO 2000 -
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15.2 General principles

Determination of the temperature of liquids in pressurized storage tanks presents peculiar difficulties because the
liquid will boil under normal atmospheric temperature and pressure. For this reason, tank sampling methods for
temperature determination will not be appropriate unless special apparatus is used via a vapour-lock (see
clause 11). Depending on the pressure rating of the equipment, it may be possible to use a PET via a vapour-lock
valve, or it may be preferable to use thermometer(s) inserted in thermo-well(s). Alternatively, permanently installed
averaging thermometers, as described in ISO 4266, may be used in place of the equipment described in 15.3.

15.3 Equipment

Hock valve
inserted in

It may be p
(see 15.4.1).

Iternatively, it may be necessary to determine temperatures by means of thermometer(s)
thermo-well(s) extending into the bulk of the liquid.

Thermo-wells| installed in the sides of a tank shall extend into the tank for a distance of(at-least 500 mm, and
preferably 900 mm, to avoid local thermal effects at the tank wall. In spheres and spheroids; good resylts may be
obtained with electronic thermometers in long thermo-wells installed vertically from,the top of the tank and
extending downwards throughout the tank height.

NOTE1 In
one at a level
two at interme
size of tank, bul

5t four wells,
and at least
rding to the

her tanks where thermo-wells are inserted horizontally (or slightly inclined)) there should be at lea:
pproximately 600 mm above the lower capacity mark, another 1,2 m below the upper capacity mark,
iate levels equally spaced between these. In smaller tanks, fewerthermo-wells may be used acc
[ adjacent thermo-wells should not be spaced at intervals greaterithan 3 m.

In LPG tanks
space.

, provision shall also be made for temperature-measuring equipment to be installed in [the vapour

rought into
hs kerosine
mo-wells.

All thermome
intimate ther
or gas-oil. Th

ers employed via thermo-wells shall be installéd with the temperature-sensitive element §
al contact with the inside of the thermo-well"by means of a film or a filling of thin oil such
sensing element of electronic thermometers shall not make electrical contact with the the

gs when the
t occur their

NOTE 2 Peranently installed spot thermometers orbimetal-actuated thermometers may give inaccurate readin
atmospheric temperature differs greatly from that of the' contents of the tank, but when significant differences do ng
use is permissiple.

i.e. thermo-
sealed. The

NOTE 3 Perpanently installed electroni¢c”thermometer elements are generally located within capped pockets,
wells with extgrnal extensions and connecting heads (usually watertight), hence they should be completely
construction shipuld ensure that the temperature sensor is unaffected by external ambient temperature conditions.

NOTE 4 Ong or more thermafmetéers are sometimes inserted in gauge-glasses which may be fitted to high-pre
Such thermomgters are, howevef, used solely to ensure that gauge-glass contents are at, or near, the tempe
contents of the tank before ‘\gauge-glass readings are taken. In no circumstances should the temperatures indical

ssure tanks.
ature of the
ed by these

thermometers e used in'determining the mean temperature of the tank contents.

15.4 Procedures for pressurized tanks

15.4.1 Portable electronic thermometers

Provided that the pressure rating of the PET is sufficient to withstand the pressure rating of the tank, direct insertion
via a vapour-lock valve is feasible. Where the pressure rating of the tank is greater than that of the PET,
measurements shall be made within a suitable thermo-well.

Dependent on the depth of liquid within the tank, select the minimum number of measurement positions required by
referring to Table 2.

Earth the PET and proceed as described in 7.5.6.
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15.4.2 Other thermometers in thermo-wells

All liquid-in-glass thermometers shall be read to the nearest one-half scale graduation, and all the individual
readings shall be recorded without rounding. The average of the readings obtained on all thermometers situated in
the vapour space of the tank, rounded to the nearest 0,1 °C, shall then be taken as the mean vapour-space
temperature. The average of the readings obtained on all thermometers situated below the liquid level (with the
exception of any thermometer situated within 150 mm of the liquid surface, which shall be ignored), rounded to the
nearest 0,1 °C, shall be taken as the mean temperature of the liquid.

NOTE The pressure in the vapour space is usually also required, and this should be read and recorded to the nearest 10 kPa.

15.4.3 Vertical r\yllnrlnr\::l fnnlzc’ cphnroc and cphornmlc

The minimpm number and position of temperature measurement locations depend on the liquidievel in the tank,
and are defined in Table 2.

Table 2 — Minimum number of temperature-measurement locations
for various depths of oil

Depth of oil Number of Location
m measurements
> 4,5 3 uppger, middle and lower
3,0t04,5 2 upper and lower
<3,0 1 middle

The upper,[middle and lower levels are calculated as being. equivalent to five-sixths, one-half and one-sixth of the
liquid depth respectively.

NOTE 1 |I{the depth of liquid significantly exceeds 4,5 mjconsideration should be given to taking additional mgasurements at
equidistant (or equivolume) levels as described in clauses.18, 19 and 20.

Temperatufe measurements shall not be made from levels less than 150 mm below the oil surface or less than
150 mm ahjove the bottom of the liquid layer.

NOTE 2 Ip the case of tanks fitted with'mechanical stirrers, temperature measurement at a single point may be sufficient after
mixing, but this should be verified by eemparative measurements (see clause 20).

If a PET i$ used, follow the-procedure detailed in 7.5.6. Where liquid-in-glass thermometers arg permanently
installed infthermo-wells, thieyshall be read to the nearest one-half of the smallest scale graduation.

15.4.4 Hotlizontal and'inclined cylindrical tanks

In horizonthl and(inclined cylindrical tanks which are full or nearly full, measurements shall be taken at upper,
middle and|lower levels equivalent to five-sixths, one-half and one-sixth of the oil depth.

If the temperature is measured with a portable electronic thermometer, each reading shall be taken and recorded to
the nearest 0,1 °C. If the temperature is measured with a liquid-in-glass thermometer, each thermometer shall be
read to the nearest one-half of the smallest scale graduation. The mean temperature shall then be taken as one-
tenth of the sum of three times the temperature of the upper measurement, four times the temperature of the
middle measurement and three times the temperature of the lower measurement, rounded off to the nearest
0,1°C.

Partially filled horizontal cylinders require measurements at levels corresponding to five-sixths, one-half and one-
sixth of the total volume of the oil. These levels can be found only by reference to the tank capacity table. The
temperature shall be read and recorded to the nearest 0,1 °C (or one-half of the smallest scale graduation if a
liquid-in-glass thermometer is used), and the average of the temperatures so recorded, rounded off to the nearest
0,1 °C, shall be taken as the mean temperature of the tank contents. When, however, the depth of the tank content
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is less than 2 m, only one measurement need be taken. This shall be measured at the level corresponding to half
the oil volume. This temperature shall be read and recorded as described above, and shall be regarded as the
mean temperature of the tank contents.

15.4.5 Segmented tanks

In segmented tanks at all conditions of fill above 3,5 m, measurements shall be taken at levels corresponding to
five-sixths, one-half and one-sixth of the volume of liquid contained in the tank, these levels being obtained from

the capacity table.

If the temperature is measured with a portable electronic thermometer, each reading shall be read and recorded to

tha ta alac armamatar aach tharmanmaa

1.°C 1
T It

er shall be

the nearest 0
read to the ng
to the neares
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munaratira 1o mmaaciirnd anth o Loy oA e oth i
the-temperature-is-measured-withaHguid-r-glassthermometer—each-thermeome
parest one-half of the smallest scale graduation. The average of the three temperatures,
t 0,1 °C, shall be taken as the mean temperature of the tank contents, provided that
loes not differ from the mean by more than 0,5°C. If a greater difference _is |[found
s shall be taken at levels which are intermediate between the three measurements and
ow the lower measurement corresponding to volumes which fall equally on either side of t
5. The mean temperature of all the measurements taken, rounded off to.the nearest 0,1 S

e mean temperature of the tank contents.

one-quarter of the volume contained in the tank, and the mean temperature shall be tg
bse two measurements, rounded off to the nearest 0,1 °C.

temperature is measured with a portable electronic thermometer, it shall be read and recg
C. If the temperature is measured with a liquid-in-glass thermometer, it shall be read to

ounded-off
the middle
additional
above the
e previous
C, shall be

product is less than 3,5 m, two measurements only shall be takemat levels correspondifg to three-

ken as the

ining 2 m or less of product, one measurement only shallbe taken at a level corresponding to half the

rded to the
he nearest

one-half of th¢ smallest scale graduation. This temperature shall be regarded as the mean temperature|of the tank
contents.

15.4.6 Pressprized rail wagons and road vehicles for carrying tanks

Temperature [measurements in pressurized rail wagons and road vehicles are not normally required,|since their
contents are [usually weighed. If the temperature is required, it may be obtained with a portablg electronic
thermometer pr a liquid-in-glass thermometer'in conjunction with a vertical thermo-well installed in the tpp cover of
the tank.

The thermo-w
between the t

If a PET is us
thermo-wells,

Where it is fe
to a position g

hermo-well and the'thermometer.

ed, follow the procedure detailed in 7.5.6. If liquid-in-glass thermometers are permanently
they shall-be'read to the nearest one-half of the smallest scale graduation.

hsibletteruse a non-permanently installed liquid-in-glass thermometer, it shall be lowered i
orfesponding to the centre of the volume of the tank contents and shall remain at this level

ell shall contain low-viscosity oil (e.g. kerosine or gas oil) in order to ensure good thermal contact

installed in

hto the well
for at least

10 min to ena

ble/it to reach thermal equilibrium. The bulb of the thermometer shall be kept in the we

Il while the

reading is being taken. The temperature shall be read to the nearest one-half of the smallest scale graduation, and
recorded as the temperature of the contents of the tank.

16 Liquids in vapour-tight tanks

16.1 Introduction

Subclauses 16.2, 16.3, 16.4 and 16.5 describe the procedures that are applicable for the temperature
measurement of crude oils, gasolines and other volatile products when these are contained in vapour-tight tanks
which are maintained at a small positive pressure.
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16.2 General principles

16.2.1 Frequently the contents of a storage tank are not uniform in temperature, and temperatures have to be
obtained from a sufficient number of points within the bulk of the oil to enable the calculation of a meaningful
average temperature.

16.2.2 Except for storage tanks fitted with automatic averaging thermometers (as outlined in 1SO 4266), the
general practice for temperature measurement is to use a PET or an appropriate liquid-in-glass thermometer in

conjunction with one of the sampling devices described in clause 10.

16.3 Equipment

16.3.1 Por

These ther

16.3.2 Oth

Liquid-in-gl
thermomet

16.4 Progq

16.4.1 Por

Connect th
procedureg

16.4.2 Thd

The proceg

16.4.3 Vaq

Ensure thal
attach the s
be read thr
be closed 3

Flush the s
Then close
scale graduy

table electronic thermometers

mometers shall comply with the specification detailed in clause 7.

er thermometers

pss thermometers shall comply with the specification detailed in clause’8. Other perman
brs shall comply with the same resolution and accuracy specifications:

edure for vapour-tight tanks

table electronic thermometers

e PET to the vapour-lock valve and ensure earth continuity prior to opening the valv
detailed in 7.5.6.

rmometers in thermo-wells

our-lock sampler with integral liquid-in-glass thermometer

| the valve between the vapour-lock and the tank is closed. Open the vapour-tight windoy
ampler (clause 11) to'the winding gear, taking care that the thermometer is in such a posi
pugh the window, that'the latter is clean, and that the sampler is open. The vapour-lock d
nd fastened, thevalve opened, and the sampler lowered to the required level within the ta

pmpler for ableast 2 min by repeatedly raising and lowering it through a distance of approx
it and rapidly draw it up to the window. Read the temperature to the nearest one-half o
ation:of\the thermometer, taking care to avoid parallax errors, and record the reading imm

Then empt

ure in 15.4.2 shall be used, except-that' measurements in the vapour space are not required.

ently installed

e. Follow the

ved door, and
ion that it can
oor shall then
nk contents.

mately 0,3 m.
f the smallest
pdiately.

the sampler by operating the winding gear. Alternatively, it may be necessary to withdr

pw it from the

lock for emptying. To do this, close the valve and release the pressure from the lock before opening the door to
remove the sampler for emptying and resetting.

The above

procedure shall then be repeated at the next measurement location selected from Table 2.

16.4.4 Cup-case thermometer method

A cup-case thermometer may be used in vapour-tight tanks provided that it is inserted via (and read within) a
vapour-lock. The recommended procedure detailed in 17.3.2 should be followed, except that the valve in the
vapour-lock should be closed before reading the thermometer.
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The temperature shall be read and recorded to the nearest one-half of the smallest scale graduation of the
thermometer. Where temperatures are obtained at more than one level, the average of the temperatures so
recorded, rounded off to the nearest 0,1 °C, shall be taken as the mean temperature of the tank contents.

16.4.5 Flushing-case thermometer method

A flushing-case thermometer may be used in vapour-tight tanks provided that it is inserted via (and read within) a
vapour-lock. The recommended procedure detailed in 17.3.3 shall be followed except that the valve in the vapour-
lock shall be closed before reading the thermometer.

The temperature shall be read and recorded to the nearest one-half of the smallest scale graduation of the
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ettt rorc—oar T Ore e v et aveTagt— o tric—tCTo

ratures so
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hded off to the nearest 0,1 °C, shall be taken as the mean temperature of the tank contentg.

17 Liquidg in non-pressurized non-insulated tanks at or near ambient temperatufe, or in
non-pressuirized insulated tanks
17.1 Introddiction

The following
contained in
compartment
procedures a

17.2 Equipment

Temperatures
liquid-in-glass

NOTE The th

of inadequate pre-equilibration of the apparatus with(the surrounding oil and/or the effect of adverse weather con

tank top when
should be obt
thermometer sy

If tests have dlemonstrated that a pérmanently installed spot thermometer measurement is acceptable

it is acceptabl

17.3 Procedlures

17.3.1 Porta

The procedur

procedures are applicable to the measurement of the temperature of all liquid petroleu
non-pressurized storage tanks, including road and rail\vehicle tanks and ship

5, when the difference between the oil and ambient temperature does not exceed 15
e also generally applicable to insulated storage tanks regardless of the ambient temperatu

shall be taken using a PET as described in*clause 7, or by one of the sampling methg
thermometer as described in clause 10.

ree liquid-in-glass thermometer methods (17:3.2, 17.3.3 and 17.3.4) can result in significant errors d

the thermometer is read. Where such practical difficulties may arise, it is recommended that mg
hined using either a portable electronic thermometer or a permanently installed automatic ave
rstem.

e to use the equipment that is described in clauses 12 or 13.

ble electronic thermometers

M products
and barge
°C. These
re.

ds using a

e to the risk
itions at the
pasurements
braging tank

clause 20),

b detailed in 7.5.6 shall be followed except that it may not be necessary to make the meaSLIJrement via

a vapour-lock

17.3.2 Cup-c

IWP- (W)
vairve.,

ase thermometers

The procedure for the use of a cup-case thermometer is as follows.

a)

b) Allow the

Lower the cup-case thermometer into the tank to the first required level (from Table 2).

cup-case to remain at this level for sufficient time to equilibrate with the surrounding oil.

NOTE 1 The necessary immersion time will be dependent on the viscosity of the oil, the thermal conductivity of the cup-
case, and the temperature differential between the oil and the cup-case assembly. The time taken for the cup-case
thermometer to reach thermal equilibrium should be determined by practical tests to assess the response of the
thermometer following a step change to the temperature of its surroundings. The immersion time can be reduced if the
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d)

17.3.3 Flushing-case thermometers

The procedure for a flushing-case thermometer is as follows.

a)

ISO 4268:2000(E)

cup-case assembly is continuously raised and lowered through a distance of about + 0,3 m. As a guide, the recommended
immersion times for Woodback cup-case thermometers are given in Table 3.

Withdraw the cup-case thermometer from the oil, but protect it from any adverse effects of the weather (e.g. by
not withdrawing it above the edge of the gauge-hatch). Read the temperature immediately to the nearest one-
half of the smallest scale graduation of the thermometer. Record the reading immediately, together with the
level at which the sample was taken.

NOTE 2 The cup should be kept full when the assembly is withdrawn to read the temperature. These operations should
be carried out with the minimum of delay.

Repeat steps a) to c) at the next lower level selected in accordance with Table 2.

Calculgte the average of all the temperatures obtained (in accordance with the guidance givep in 15.4.3 to
15.4.5), rounded off to the nearest 0,1 °C. This average shall be taken as the mean temperature of the tank
conterfts.

NOTE 3 After use in crude or fuel oil, the thermometer and case should be cleaned with kerosine or gas oil and dried with
a cloth fo prevent the formation of an insulating film of heavy oil.

Table 3 — Recommended immersion times for a
Woodback cup-case thermometey

Density at 15 °C In motion Stationary
kg/m3 min min
<775 5 10
775 to 825 5 15
82510 875 12 25
87510 925 20 45

> 925 45 80

Prepaile the flushing-case thermometer by cocking its chamber open, and lower it into the tank.

b) Givet
accord
the de

NOTE

e apparatus a preliminary flushing as it enters the oil. Then lower it to the first required levj
ance with Table.2. Once at the desired level, flush it for at least 2 min by repeatedly raising
ice through-a‘distance of about 0,3 m.

| Caretisrequired to avoid jerking the operating cord during the raising and lowering procedure as

el, selected in
and lowering

this may close

d)

© 1SO 2000 — All rights reserved

the chgmber prematurely.

When theftushing=caseand-the-thermometer-havereachedanmequitibrivmtemperatorewithrtheliquid, jerk the
operating cord to close the chamber (or operate the remote closure mechanism). Retrieve the flushing-case
assembly with the trapped oil sample and read the thermometer without delay while protecting it from any
adverse effects of the weather (e.g. by not withdrawing it above the edge of the gauge-hatch). Read the
temperature to the nearest one-half of the smallest scale graduation of the thermometer, and record the
reading together with the level at which the sample was taken.

Repeat steps a) to ¢) at the next lower level selected in accordance with Table 2.
Calculate the average of all the temperatures obtained (in accordance with the guidance given in 15.4.3 to

15.4.5), rounded off to the nearest 0,1 °C. This average shall be taken as the mean temperature of the tank
contents.
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NOTE 2 After use in crude or fuel oil, the thermometer and case should be cleaned with kerosine or gas oil and dried with
a cloth to prevent the formation of an insulating film of heavy oil.

17.3.4 Sampling-bottle method

The recommended procedure for taking the temperature of tank samples is as follows.

inflow of oil into the bottle.

Place a glass sample bottle in a weighted sampling cage and close the mechanism to prevent any premature

NOTE 1 The use of glass sample bottles is recommended in preference to metal sample cans because glass provides

lating properties and metal cans may deform under the hydrostatic pressure of the tank contents

a)
better ins
b)
c) Allow the
lowering
d) Then jer}
sample i
e) Allow tim
f) Insert a
i.e. the t¢
importan
during th
NOTE 2
affected b
not affectg
g) Once the
nearest (¢
level at W
h) Repeats
i) Calculate
15.4.5), 4
contents.

17.4 Vertical cylindrical fixed-roof tanks

17.4.1 Temg(

location of tenperature readings depend on the liquid level in the tank and the minimum recommende

Lower th¢ bottle and cage to the first required level (see Table 2).

sample bottle to remain at this level for at least 2 min (and preferably 3 min) while ‘gently
t through a distance of about + 0,3 m to assist the equilibration of temperatures.

the pre-equilibrated bottle.
e for the bottle to fill and then raise the bottle to the top of the tank.

quid-in-glass thermometer into the sample and stir gently Gntil temperature equilibrium
bmperature remains constant (to within one-half of theysmallest scale increment) for
that the sample bottle is held inside the body of the gauge-hatch (or otherwise protected)
b reading of the thermometer, in order to shield it fromrany adverse effects of the weather.

A shorter 20 s equilibrium time is specified in this/case because of the risk that the measurem
y the local ambient temperature conditions. Where-temperature measurements are made in-situ (so
d by the conditions at the gauging access poiat),)a 30 s equilibrium time is specified (see 7.5).

thermometer has reached the equilibrium temperature of the oil sample, take the rea
ne-half of the smallest scale graduation of the thermometer. Record the reading togeth
hich the sample was taken.

eps a) to g) at the next s€lected lower level (see Table 2).

the average of all the temperatures obtained (in accordance with the guidance given i
ounded off to theCnearest 0,1 °C. This average shall be taken as the mean temperature

erature determination shall be made using one of the procedures described in 17.3. The 1

raising and

the cord (or operate the appropriate mechanism) to open the neck pfi\the bottle and c¢llect an oil

is attained,
20s. It is
before and

ent may be
hat they are

ding to the
er with the

h 15.4.3 to
of the tank

umber and

d locations

are specified in Table 2.

NOTE 1

In certain conditions, however, it is desirable to improve the accuracy of the final mean temperature obtained for the

contents of the tank, by obtaining temperature readings from more than one gauge-hatch. Such conditions may arise:

a) when opposite sides of the tank are exposed to very different weather conditions (e.g. wind or direct sunshine);

b)

considerably different temperature;

<)

in the tank contents.
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immediately after pumping a substantial quantity of oil at one temperature into a tank which already contains oil at a

generally, when there is any reason to suspect appreciable stratification, layering or similar irregular temperature variation
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