
BRITISH STANDARD BS 7723-3:
1994 
ISO 7507-3:
1993

Methods for calibration 
of vertical cylindrical 
tanks for petroleum 
and liquid petroleum 
products —

Part 3: Optical-triangulation method

UDC 665.6:621.642.3:531.731:53.089.6

Full document details: BS 7723-3:1994

http://www.avadocuments.com/doc/bs-7723-3-1994
http://www.avadocuments.com/doc/bs-7723-3-1994


BS 7723-3:1994

This British Standard, having 
been prepared under the 
direction of the Petroleum 
Standards Policy Committee, 
was published under the 
authority of the Standards 
Board and comes into effect on 
15 January 1994

© BSI 09-1999

The following BSI references 
relate to the work on this 
standard:
Committee reference PTC/12
Draft for comment 87/52652 DC

ISBN 0 580 22671 9

Committees responsible for this 
British Standard

The preparation of this British Standard was entrusted by the Petroleum 
Standards Policy Committee (PTC/-) to Technical Committee PTC/12, upon 
which the following bodies were represented:

Department of Trade and Industry (Gas and Oil Measurement Branch)
Department of Trade and Industry (National Engineering Laboratory)
Institute of Petroleum
Royal Institution of Naval Architects
Salvage Association

The following body was also represented in the drafting of the standard, 
through subcommittees and panels:

GAMBICA (BEAMA Ltd.)

Amendments issued since publication

Amd. No. Date Comments

Full document details: BS 7723-3:1994

http://www.avadocuments.com/doc/bs-7723-3-1994
http://www.avadocuments.com/doc/bs-7723-3-1994


BS 7723-3:1994

© BSI 09-1999 i

Contents

Page
Committees responsible Inside front cover
National foreword ii
Introduction 1

1 Scope 1
2 Normative reference 1
3 Definitions 1
4 Precautions 1
5 Equipment 1
6 Equipment set-up and procedure 1
7 Measurement of distance between two theodolite stations 2
8 Procedure for internal optical tank wall measurements 2
9 Procedures for external measurements 4

10 Tolerances 6
11 Other measurements for tank calibrations 6
12 Calculations and development of tank capacity tables 7
Annex A (normative) Computation of internal radii from 
internal measurements 8
Annex B (normative) Determination of the radius of the circle 
by the least-squares method 8
Annex C (normative) Computation of internal radii from 
reference circumference and external measurements 10
Annex D (normative) Computation of internal radii from 
reference distances between pairs of theodolite stations 11
Annex E (normative) Method for calibrating bottoms of tanks 12
Annex F (normative) Specification for dip-tape and dip-weight 13
Figure 1 — Measurement of distance between two theodolites 2
Figure 2 — Example of locations of theodolite stations and wall 
points for internal procedure 3
Figure 3 — Location of horizontal sets of points on tank wall 3
Figure 4 — Horizontal angles between sightings on points on 
tank wall and the reference axis TL 4
Figure 5 — Example of theodolite station locations for external 
procedure based on a reference circumference 5
Figure 6 — Example of theodolite station locations for external 
procedure based on reference distances between pairs of theodolites 5
Figure B.1 — Circle and coordinates 8
Figure C.1 — Radii from reference circumference 10
Figure D.1 — External radii from reference distances between 
pairs of theodolite stations 11
Table 1 — Minimum number of points per circumference for 
internal procedure 3
Table 2 — Minimum number of theodolite stations for external 
procedures 5
Table 3 — Tolerance on distance between theodolites 6
Table 4 — Tolerance on reference circumference 6
Table B.1 — Data for example 9
Table B.2 — Calculated coordinates 9
Table B.3 — Solution by iteration 10
List of references Inside back cover

Full document details: BS 7723-3:1994

http://www.avadocuments.com/doc/bs-7723-3-1994
http://www.avadocuments.com/doc/bs-7723-3-1994


BS 7723-3:1994

ii © BSI 09-1999

National foreword

This Part of BS 7723 has been prepared under the direction of the Petroleum 
Standards Policy Committee. It is identical with ISO 7507-3:1993 Petroleum 
and liquid petroleum products — Calibration of vertical cylindrical tanks — 
Part 3: Optical-triangulation method, published by the International 
Organization for Standardization (ISO). ISO 7507-2 was prepared by 
Subcommittee 3, Static petroleum measurement, of Technical Committee 28, 
Petroleum products and lubricants, in which the United Kingdom participated.
This British Standard forms part of a series, each Part of which is identical with 
the corresponding Part of ISO 7507, and it is envisaged that BS 7723 will consist 
of the following Parts:

— Part 1: Strapping method;
— Part 2: Optical-reference-line method;
— Part 3: Optical-triangulation method;
— Part 4: Internal electro-optical distance-ranging methods1);
— Part 5: External electro-optical distance-ranging methods1).

CAUTION. Attention is drawn to the Health and Safety at Work etc. Act 1974, 
and the need for ensuring that the methods specified in this Part of BS 7723 are 
carried out with suitable precautions.
The methods described in this Part of BS 7723 are intended to be carried out by 
appropriately qualified and experienced persons or other suitable trained and/or 
supervised personnel. Normal safety precautions should be observed in the use of 
the methods.
A British Standard does not purport to include all the necessary provisions of a 
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages i and ii, 
pages 1 to 14, an inside back cover and a back cover.
This standard has been updated (see copyright date) and may have had 
amendments incorporated. This will be indicated in the amendment table on the 
inside front cover.

1) In preparation.

Cross-references

International Standard Corresponding British Standard

BS 7723 Methods for calibration of vertical cylindrical 
tanks for petroleum and liquid petroleum products

ISO 7507-1:1993 Part 1:1994 Strapping method 
(Identical)
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Introduction
This method describes the calibration of vertical 
cylindrical tanks by means of optical triangulation 
using theodolites. The circumference of the tank is 
determined at different levels by reference to a base 
line which may be either a reference circumference 
measured by strapping or a base line between two 
stations of a theodolite measured by means of a tape 
or by an optical method. External circumferences 
are corrected to give true internal circumferences.
The method is an alternative to other 
methods such as strapping (ISO 7507-1) and the 
optical-reference-line method (ISO 7507-2).

1 Scope
1.1 This part of ISO 7507 specifies a calibration 
procedure for application to tanks above 8 m in 
diameter with cylindrical courses that are 
substantially vertical. It provides a method for 
determining the volumetric quantity contained 
within a tank at gauged liquid levels. The 
measurement required to determine the radius 
may be made internally (clause 8) or externally 
(clause 9). The external method is applicable only to 
tanks that are free of insulation.
1.2 Abnormally deformed, e.g. dented or 
non-circular, tanks are excluded from this part of 
ISO 7507.
1.3 This method is suitable for tilted tanks up to 3 % 
deviation from the vertical provided that a 
correction is applied for the measured tilt as 
described in ISO 7507-1.

2 Normative reference
The following standard contains provisions which, 
through reference in this text, constitute provisions 
of this part of ISO 7507. At the time of publication, 
the edition indicated was valid. All standards are 
subject to revision, and parties to agreements based 
on this part of ISO 7507 are encouraged to 
investigate the possibility of applying the most 
recent edition of the standard indicated below. 
Members of IEC and ISO maintain registers of 
currently valid International Standards.
ISO 7507-1:1993, Petroleum and liquid petroleum 
products — Calibration of vertical cylindrical 
tanks — Part 1: Strapping method. 

3 Definitions
For the purposes of this part of ISO 7507, the 
definitions given in ISO 7507-1 apply.

4 Precautions
The general precautions and safety precautions 
specified in ISO 7507-1 shall apply to this part of 
ISO 7507.

5 Equipment
5.1 Equipment for measurement of angles, as 
listed in 5.1.1 to 5.1.4 below.
5.1.1 Theodolites, with angular graduations and a 
resolution equal to or better than 0,000 2 grade2). 
Each theodolite shall be mounted on a tripod which 
is firm and stable. The legs of the tripod shall be 
steadied by means of magnetic bearers when being 
used for the internal method. Repeat readings shall 
agree to within 0,000 2 grade2).
5.1.2 Low-power laser-beam emitter, equipped 
with a device such as a fibre-optic light-transfer 
system and a theodolite-telescope eye-piece 
connection, by which the laser beam can be 
transmitted through a theodolite. The laser beam 
shall be coincident with the optical axis of the 
telescope.
5.1.3 Heavy weights, to set round the theodolite 
stations to prevent movement of the tank bottom 
plate.
5.1.4 Lighting, for use inside the tank to allow 
measurements to be read accurately.
5.2 Stadia, 2 m long, such that the graduated 
length, between two marks, remains constant to 
within ± 0,02 mm at the temperature at which it is 
used.

5.3 Equipment for bottom calibration:

Either
a) for a liquid method, equipment as specified in 
Annex E;
or
b) for a survey method, theodolites, a dumpy 
level, a surveyor’s level or water-filled tubes.

6 Equipment set-up and procedure
6.1 Preparation of tank

Fill the tank to its normal working capacity at least 
once and allow it to stand for at least 24 h prior to 
calibration.
If the tank is calibrated with liquid in it, record the 
depth, temperature and density of the liquid at the 
time of calibration. However, if the temperature of 
the wall surface could differ by more than 10 °C 
between the empty part and full part of the tank, the 
tank shall be completely full or empty. Do not make 
transfers of liquid during the calibration.

2) 1 grade = ;/200 radians = 0,9°.
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6.2 Theodolite set-up

6.2.1 Set up each theodolite with care according to 
the procedure and instructions given by the 
manufacturer. In addition, follow the procedures 
described in 6.2.2 and 6.2.3.
6.2.2 Set up the instrument so as to be stable.
For the internal method, steady the bottom of the 
tank near the theodolite station by installing 
weights or other heavy objects around the station. 
Mount the legs of the theodolite on magnetic bearers 
to prevent the legs from sliding on the tank bottom.
For the external method, drive the legs of the tripod 
fully home into the ground.
6.2.3 Set the bed plate of the instrument as near as 
possible to the horizontal.
NOTE 1 This will ensure verticality of the swivel axis of the 
theodolite.

6.3 Stadia set-up and procedure

6.3.1 Mount the stadia on the tripod with care 
according to the procedure and instructions given by 
the manufacturer. In addition, follow the 
procedures described in 6.3.2 and 6.3.3.
6.3.2 Mount the stadia horizontally and 
perpendicular to the aiming axis by adjusting the 
device on the stadia.
6.3.3 Once setting-up is complete, lock the stadia in 
position and verify the horizontality and the 
perpendicularity.

7 Measurement of distance between 
two theodolite stations
7.1 Take the measurement prior to the 
commencement of the optical readings. Set up the 
stadia as described in 6.3.
Measure the horizontal angle 2Ú  subtended at the 
theodolite (see Figure 1) by the two marks on the 
stadia, using the theodolite.
7.2 Compute the horizontal distance D between the 
two theodolite stations from the formula

where

7.3 Carry out the measurement of the angle 2Ú and 
the computation of the distance D a minimum of five 
times and calculate and record the average value. 
The computed distance D shall be within the 
tolerances given in Table 3 or the entire procedure 
shall be repeated.

7.4 Redetermine the distance D after completion of 
all the optical measurements described in 8.13.
The distances computed before and after the optical 
measurements shall agree within the tolerances 
given in Table 3. If they do not, repeat the 
calibration procedure until a set of measurements is 
obtained with the values for D at the beginning and 
end in agreement.

8 Procedure for internal optical tank 
wall measurements
8.1 Set up two theodolite stations inside the tank as 
illustrated in Figure 2 and as described in 6.2.
8.2 Locate the two stations approximately on a 
diametrical plane and at least one quarter diameter 
apart. Adjust the theodolites and measure the 
distance TL (TL = D) as described in clause 7.
8.3 Set the reference axis TL optically on the 
horizontal planes (circles) of both instruments by 
sighting from each instrument the vertical graticule 
wires of the other instrument as described in 8.4 
to 8.7.
8.4 Shut off the laser beam of the laser theodolite 
and remove the two filters of the laser theodolite.
8.5 Adjust theodolite T to set the telescope to 
infinity and illuminate the eyepiece of this telescope 
with a light source.
8.6 Sight the object lens of theodolite from the 
telescope of the laser theodolite (L) and continue 
focussing until the graticules become visible. Make 
the vertical graticule wires coincide by using the 
adjusting device on the laser theodolite (L).

B is the distance, in metres, between the two 
reference marks on the stadia (i.e. 2 m);

Ú is half the angle, in degrees, subtended at 
theodolite 1 by the two reference marks.

D B
2
---- cotan Ú=

NOTE Points T and L are interchangeable.

Figure 1 — Measurement of distance 
between two theodolites
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