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Introduction

Large quantities of light hydrocarbons consisting of compolnds havi
atoms are stored and transported by sea as refrigerated\liquids at p
atmospheric. These liquids can be divided into two main' groups, liqu|

ng 1 to 4 carbon
essures close to
efied natural gas

(LNG) and liquefied petroleum gas (LPG). Bulk trangportation of thesp liquids requires

a special technology in ship design and comstruction to enable
portation to be safe and economical.

Measurement of cargo quantities in ships’ tanks for custody transfer
be of a high order of accuracy. Thigyiternational Standard, together
series, specifies methods of internal measurement of ships’ tanks f
calibration tables can be derived

This International Standard covers calibration techniques applicable td
tanks, i.e. tanks in which the containment system comprises a rela
brane of either staifless steel or high-nickel steel alloy supported b
also, with some madifications, to tanks constructed of aluminium alloy
temperature service that are independent, self-supporting and approxi
in shape.

Annex-A gives recommendations on safety precautions to be obse

calibration.

Annex B gives an analysis of the sources of error for a typical memb

Annex C gives an example of a calibration table relating partial filling v
tion of liquid level and annexes D, E and F give examples of trim, list
correction tables.

thipborne trans-

purposes has to
vith others in the
rom which tank

membrane type
ively thin mem-
v insulation and
or steel for low-
mately prismatic

rved during the

rane tank.

blume as a func-
aind temperature
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INTERNATIONAL STANDARD

1ISO 8311 : 1989 (E)

Refrigerated light hydrocarbon fluids — Calibration
of membrane tanks and independent prismatic tanks
in ships — Physical measurement

1 Scopq

1.1 This Ipternational Standard specifies a method for the
internal mepsurement of membrane tanks and independent
prismatic tahks used in ships for the transport of refrigerated
light hydrodarbon fiuids. In addition to the actual process of
measurement, it sets out the calculation procedures for com-
piling the cdlibration table and correction tables to be used for
the computation of cargo quantities.

1.2 For mpmbrane tanks, the procedures of this International
Standard utjlize the scaffolding used for the installation of the
membranes|to support the measuring equipment but, for in-
dependent prismatic tanks, other safe means of access to the
required measuring positions have to be used.

2 Normhptive references

The followipg standards contain provisions which, through
reference in|this text, constitute provisions of this Ifiternational
Standard. At the time of publication, the editions indicated
were valid. All standards are subject to revisien) 'and parties to
agreements pased on this International Standard are encouraged
to investigatee the possibility of applying the most recent editions
of the standards listed below. Membérs of IEC and ISO main-
tain registerp of currently valid Intérnational Standards.

I1ISO 4512 : |- "), Petroleum and)liquid petroleum products —
Equipment |— Tank gaugifig and calibration — Manual
methods.

1ISO 7507-1 | — 1), \Petroleurn and liquid petroleum products —

Volumetric falibration of vertical cylindrical tanks — Part 1 :
Strapping method.

3.1.1 bottom calibration : Measureménts
calibration of the bottom part of a tank-to tak
dulation in the bottom plate.

3.2 calibration table (main)gauge table)
referred to as a tank table or a tank capacity ta
capacity of, or volumes-if), a tank correspond
quid levels measured-from the gauge referenc
with the ship onsan-even keel and upright.

made to provide
e account of un-

: A table, often
ble, showing the
ing to various li-
e point (see 3.6),

3.3 chamfer : A slanting surface connectipg the walls of a

tank withlits top or bottom surface (see figur

34" deadwood : Any tank fitting or stry
rounded corners or radiussed ends, which aff
of the tank. Deadwood is referred to as “pos
when the capacity of the fitting adds to the effq
the tank, or “‘negative deadwood’® when th
fitting displaces liquid and reduces the effecti

3.5 gauging: All the measurements tg
necessary to determine the quantity of liquid
tained therein.

3.6 gauge reference point: The point
liquid depths are measured.

3.7 horizontal plane : A plane establishe
tank bottom.

3.8 liquid level : Height of the liquid surfac

the gauge reference point. When the ship is i
o

o pieht Ad
o

b 5).

cture, including
ect the capacity
tive deadwood”
ctive capacity of
b volume of the
e capacity.

ken in a tank

And vapour con-

from which the

i parallel to the

b measured from
list or trim con-

3 Definitions

For the purposes of this International Standard, the following
definitions shall apply.

3.1 calibration: The process of determining the total
capacity or partial capacities of a tank corresponding to dif-
ferent levels.

1) To be published.

PP = haoiabt o ot
O — et gt/ CaoutrCo——aT

bottom.

gt

3.9

list : Transverse inclination of a ship.

3.10

plane crossing a horizontal plane.

3.1
the centreline of the tank.

gle to the tank

longitudinal line : A line formed by a longitudinal

longitudinal plane : A vertical plane running parallel to
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3.12 measuring line : A line (longitudinal, transverse or ver-
tical) on a three-dimensional rectangular grid with a pitch not
greater than 5 m. Measurement for calibration purposes is
taken along these measuring lines.

3.13 port : The left-hand side of a ship facing forward.

3.14 reference line : A standard line established by a string
or laser. A calibration method using this line is adopted as an
alternative to direct measurements, where it is considered im-
practical to take direct measurements.

The calibrator shall provide detailed sketches of any abnor-
mality of the tank or its fittings where such sketches will
materially assist the interpretation of the recorded data.

4.3 If drawings for the tank are available, all measurements
taken shall be compared with the corresponding dimensions
shown on the drawings. Any measurement showing a signifi-
cant discrepancy in this comparison shall be rechecked.

4.4 Measurements shall be taken twice to check whether
they agree within the following tolerances; if they do not agree,

3.15 referencg offsets : Clearances or offsets between the
tank bottom and a horizontal plane set over it, which are
measured along 4ll the vertical lines drawn on the fore and aft
end walls.

3.16 reference plane : A plane parallel to a side wall, end
wall or tank bottpm which passes through a reference line.

3.17 section linhe : A line formed by a section plane crossing
a horizontal planeg.

3.18 section glane : A plane parallel with the fore and aft
end walls of a tapk.

3.19 starboard : The right-hand side of a ship facing
forward.

3.20 trim : Lopgitudinal inclination of a ship.

3.21 vertical line : A line formed by a section plane on.the
side walls and fdrmed by a longitudinal plane on the fore/and
aft end walls.

4 Precautions

This clause ouflines the precautions to be taken during
measurement in |order to ensure that_the required calibration
precision is obtained.

4.1 Utmost cale and attention shall be exercised in taking
measurements, |and any. unusual occurrence during the
measuring work [which ‘might affect the results obtained shall
be recorded.

measurements shall be continued until two. ¢onsecutive
readings agree, and their average shall be taken-as the result.

Measurement Tolerance
up to 20 m 152 mm
over 20 m + 3 mm
for offset + 0,5 mm

If the measurements havécbeen interrupted, the lagt measure-
ments taken shall be repeated. If the new measurements do not
agree, within the required tolerance, with the earli¢r measure-
ments, then the garlier set shall be rejected.

4.5 When“imeasurements are made with a measuring tape,
the tensiofy specified in the tape calibration certificpte shall be
applied.

46 The measuring tape shall be supported, if necessary, so
as to prevent it from sagging. If tape sag is unavgidable, the
calibrator shall note this and a catenary correction ghall be ap-
plied during calculation.

4.7 When measuring a membrane tank, care shall|be taken to
ensure that the membrane is in contact with the|supporting
material.

NOTE — In some cases it may be possible to ensure this cpntact by ap-
plying a vacuum to the space beneath the membrane.

4.8 The trim and list of the ship shall be kept [unchanged
while the optical level or laser transmitter is used.

b Equipment

The calibration method described in this International Standard
may be applied to ships whether afloat or in a dry dock or on a
building slip. However, its use for ships in a dry dock is pre-
ferred, because trim or list, if any, will remain the same
throughout the calibration procedure. The necessary adjust-
ment shall be made to any measurement by optical level or laser
transmitter if the ship’s attitude has changed.

4.2 |If unusual distortion is found in the tank, additional
measurement shall be taken by the calibrator as considered
necessary and sufficient to provide the required accuracy in the
calibration table. Notes by the calibrator detailing the extra
measurements and the reasons for them shall be included in the
calibration report.

5.1 Dynamometer, to check the tension specified for a
measuring tape.

5.2 End-to-end rule, graduated in centimetres and
millimetres, to be used to measure deadwood, etc. A wooden
rule shall be free of warping. The rule shall bear the identifi-
cation of a recognized standardizing authority or certificate of
identification.

5.3 Laser transmitter, emitting a low-power laser beam
with a divergence of less than 4 mm at a distance of 35 m,
which can be rotated through 360° vertically and horizontally.
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5.4 Measuring tape, complying with the specifications

given in 1ISO 4512, clause 20.

5.5 Optical level, having an erect image and a magnification

of x20 or greater, capable of being focussed to 1,5 m or less
and with a spirit level sensitivity of 40 seconds of arc per 2 mm
or less.

5.6 Steel rule, to be used to measure clearances, etc.,
graduated in millimetres. The rule shall bear the identification of
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6.4 Tank length measurement

Measure tank Iengths along all the longitudinal lines at each

ievei of the horizontai pianes as described in 6.4.1 to 6.4.3.

6.4.1 Length measurement on the bottom plate

cation. ——————————————————————Measuredistancesbetween-thefore-and-aftend walls along all

5.7 Thernhometer, of suitable range, having an accuracy of

. Q

to the

3

5.8 Tensipn handle, fastene easuring tape to
a

6 Measlurement

6.1 Method

This clause gnd clause 7 set out a method of measurement and
calculation gpplicable to tanks constructed using a membrane
containment system.

Measuremerjts of the distances between opposite walls of a
tank shall bg taken by tensioning the tape as specified on the
tape certificte.

Tanks constfucted of aluminium alloy or steel for low-terhpera-
ture service,|and of independent, self-supporting and-approxi-
mately prismjatic shape, may exhibit significant deférmation or
building inagcuracy. If such distortion has been identified, addi-
tional measyrement, as indicated in 4.2, shallfbe carried out.

The decisior] to adopt an alternative method shall be made by
the calibratof. The reasons for the decision shall be included in
the field notps.

6.2 Detengmination of /measuring positions

Tank calibrdtion is basigally the measurement of the tank
length, width and height between known positions. These
positions arg determined by setting out a number of horizontal,
longitudinal pnd_section planes.

the longitudinal lines marked on the bdttgm plate with a
measuring tape stretched thereon.

6.4.2 Length measurement on_the top plhte

Measure distances on the topiplate in a mannr similar to that
for the bottom plate (see 6.4)1). Care shall be taken to keep the
measuring tape in contact with the top plate.

6.4.3 Length measurement in an intermediate horizontal
plane

To avoid.inaccurate measurement due to excgssive sagging of
the measuring tape, apply the reference line [method using a
strin@’Jine (6.4.3.1) or laser beam (6.4.3.2).

As shown in figure 1, lengths in these imagindry planes can be
obtained by applying offset corrections at both{ends, a,, a5 . . .
a,_q1and by, bz ... b, _4, to the length meagured directly on
the side wall.

6.4.3.1 String line

1) Mark Py and P,, Sy and S,, on both side walls at equal
distances from the end walls. Measure the lengths (Lp, Lg)
between the fore and aft end walls with a mepsuring tape ex-
tended along both side walls, supporting the tape on the wall to
prevent it from sagging.

2) Stretch strings between the opposite pointts Py and S, P,
and S,, and measure the offsets between thd strings and the
end walls (a1, ay ... a,and by, by ... b,) with a rule.

3) In measuring these offsets, take care to pyt the measuring
rule at a right angle to the string.

These planes intersect to form lines along which the measure-
ments of length, width and depth shall be taken. The various
planes shall be set out at intervals not greater than 5 m; the in-
terval shall be adjusted so that the resulting measurements
reflect any change of section and adequately describe any
deformation. The positions at which measurements are to be
taken shall be determined by the calibrator but shall not be
more than 5 m apart.

6.3 Marking

Having determined the positions at which measurements are to
be taken, mark the lines which run on the tank inner walls.
Mark the section and longitudinal lines on the top and bottom

84.3:2—tgserboam tine

1) Mount a laser transmitter on one of the end walls with an
appropriate clearance, then align the laser beam horizontally
and approximately parallel to the end wall.

2) Mark P4 on the port side wall where the laser beam strikes
the wall, then rotate the beam through 180° and mark S, where
the beam strikes the starboard wall.

3) Measure offsets between the centre of the beam and the
end wall (aq, a, ... a,) with a rule.

4) Repeat the same procedure on the opposite end wall. Mark
P,, S, and measure by, by ... b,,.
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Lp

Port side wall —————

32
83‘
Aft end wall

Fore end wall

B

Longitudinal lines ——
\

String Jine
(or lasgr beam)

g

String line
(or laser bedm)
h
1

Starboard side wall

Ls

6.4.3.3 Averagq length

The purpose of the measurement using a string line (6.4.3.1).or
laser beam (6.4.312) is to obtain the average length, L, of each
intermediate horfzontal plane, which is calculated, from the
equation

i (a; + b;)

LP + L; - (a‘| + a, + b1 + bn) i=1
= +
2 n

Alternatively, angther formula‘of-equal or better precision may
be used when it i consideréd adequate in the light of the shape
of the tank.

6.4.3.4 Laser bearrplane

Figure 1 — Plan view of an intermediate horizontal plane

6.5.1 Width measurement on an intermediate
horizontal plane

Measure tank width in the same way as in the lengtfh measure-
ment by actual measurement of w;and w, in combipation with
the string or laser beam method as shown in figur¢ 2.

The average width, w, for each intermediate horizontal plane is
given by the equation

<

n
2 (c; + d;)
we+ w, — ey + ¢, +dy+d) i
w = +

2 n

As an alternative to the laser beam reference line method
described in 6.4.3.2, the single beam laser may be replaced by a
laser producing a laser plane. A rotating laser is set up adjacent
to and approximately parallel with each inner surface. The
plane will pass through the laser reference lines described in
6.4.3.2. Offset measurements are taken between the plane and
the positions on the wall determined as described in 6.2.

6.5 Tank width measurement

Tank widths are measured along all the section lines set in each
horizontal plane as described in 6.5.1 to 6.5.3.

6.5.2 Chamfer portions

Measure the width on the end walls at the tank top as well as at
the bottom of the upper chamfer. Likewise, measure the width
on the end walls at the tank bottom and at the top of the lower
chamfer.

6.5.3 Trapezoidal tank

If the tank width is less at one end, measure the width in the in-
termediate horizontal planes in the same way as in 6.5.1, as
shown in figure 3.
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Port side wall

,,- String line (or laser beam)

— Section line
Aft end wall —|

+— Fore end wall

Wa

/— String line (or laser beam)

Starboard side wall

Figure 2 — Plan view of an intermediate horizontal plane

Port'side wall

]

String line

\
I
Aft end wall — (or laser beam)

|~——— Section line

String line

(or IasW/ L [
— \ Fore end|wall

Al
\
\l

w Starboard side wall

Figure 3 — Plan view of an intermediate horizontal plane (trapezoidal tank)
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The average width (wy) of the fore end wall and the average
width (w,) of the aft end wall are calculated from the equations

ci+c,+dy+d, =1
+

b) Measure height d; between this reference line and the bot-
tom plate along all the vertical lines, and take another measure-
ment d, between the reference line and the top of the lower
chamfer at the corners of the tank.

c) The height A, of the lower chamfer is calculated from the

Wg = Wj — equation
2 n
h, = average value of d; — average value of d,
and
- , , 6.6.2.3 Height of upper chamfer s, at the fore and aft end
Z (ci + di) walls
, i+ =T

Wa = Wa — 2 + n Now that heights 4, &, and &, have been obtaiped| the height

As shown in figure 3, the offsets to be taken in measuring the
widths should thgoretically be the ones parallel to the fore and
aft end walls {c¢j ... c,, dj...d,), and the offsets d;
measured at rightt angles to the side wall should be corrected,
as shown in figure 4, to d; measured parallel to the fore and aft
walls by the forfmula dj = d; x sec 8 where § is the angle
between the sidd wall and the plane at right angles to the fore

and aft walls.

6.6 Tank height measurement
Figure 5 shows g transverse section view of a tank indicating

where measurements are required and the values used in
calculating chamffer.

6.6.1 Measurement of total height, 7,

6.6.1.1 Total hIight at the fore and aft end walls
Measure distancgs between the top and bottom plates.with a

measuring tape |along all vertical lines, and calculate the
arithmetic mean,|A,.

6.6.1.2 Total hgight at an intermediate seetion plane

of the upper chamfer A is calculated from the ‘equpation
hy = hy = hyy — Ay
6.7 Bottom calibration

Figure 6 shows an oblique projéction view of a tank bottom to
indicate the positions where measurements are reduired.

Figure 7 shows an expanded transverse section of the tank bot-
tom to illustrate4hevmeasurements used in the asgessment of
bottom unduldtion.

6.7.1 _Sétra reference plane with an optical leve] or a laser
beam*with some clearance from the tank bottom.

6.7.2 Measure reference offsets between the bgttom plate
and the reference plane along all the vertical lineq set on the
fore and aft end walls. The average of the measyirements is
denoted as RB.

6.7.3 Likewise, take measurements of the depths at all in-
tersections of the longitudinal lines with the section|lines on the
bottom plate. The average of these measurements gs well as of
the measurements used in obtaining RB is denoted as RA.

6.7.4 Calculate the numerical difference AB bgtween the
average reference offset RB and the average depth measure-

On the top and
tudinal lines wh
measuring tape,
tions of these li
points on the bo

bottom plates, draw-section lines and longi-
ch will make drids” on both plates. Using a
measure the ‘distances between the intersec-
hes on thé.top plate and the corresponding
itom plate.

ment RA from the equation
AB = |RA - RB|

The increase or decrease in volume due to bottom u

ndulation is

6.6.2 Partial height measurement

obtained by multiplying the difference AB by the [area of the
tank bottom plate.

6.6.2.1 Height &, at the side walls

Measure the distance between the bottom of the upper
chamfer and the top of the lower chamfer, along all vertical
lines drawn on both side walls, and obtain the average thereof
by the arithmetic mean, which is denoted as .

6.6.2.2 Height h, of lower chamfer at the fore and aft
end walls

a) Set areference line with an optical level or a laser beam ap-
proximately parallel to the bottom and the end walls with some
clearance from the top of the lower chamfer.

6.7.5 Measure the depth RC between the reference plane and
gauge reference point (see figure 7). The clearance BC of the
gauge reference point in relation to the tank bottom is then
calculated from the equation

BC = RB - RC

6.8 Location of level gauge

The location of the level gauge shall be indicated by the
distances from the nearby wall and the bottom of the lower
chamfer and recorded for inclusion in the calculation of trim
and list corrections.
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Fore

String line
(or laser beam)

Figure 4 — Correction of offsets

Vertical lines Tank top Upper chamfer

/Ty

—
hy

(see7.3.3)

hy

— SiHe wall

Centreling —\' Total height, &, \
e

Referengefine

A

hy (see7.3J1)

A \
Tank bottom Lower chamfer

Figure 5 — Transverse section view
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Centreline——m= Side wall

Fore end wall:

Reference plane
(see 6.7.1)

Depths

measured /
(see 6.7.3) ]
(average = RA) s 3 A Y

(AT ' 1

¥ Reference] offsgt_s

\ . measured
— /‘ - (see 6.7.2

(average £ RB)
J
a4
Centreline .
: Centreline

Figure 6 — Oblique projection view of tank bottom

BC

Gauge reference point

N /— Reference line (plane)
J
[a e <C
_L__J B
—~1

RB

Zero level

AB = |RA — RB|
BC = RB — RC

Figure 7 — Transverse section view of tank bottom
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6.9 Temperature

The atmospheric temperature in the tank shall be measured at
intervals of 2 h or less and, when this differs from the cali-
bration temperature of the measuring tape (normally 20 °C),
the measurements shall be corrected for the expansion or con-
traction of the tape. In the case of independent self-supporting
tanks, the measurements shall be corrected for the contraction
or expansion of the measuring tape and tank material using the
equation

C=Dx lag - a) x (T -1

ISO 8311 : 1989 (E)

7.1 Calculation of tank volume

The tank table shall be compiled by means of multiple horizon-
tal areas calculated at each centimetre of height starting from
the tank bottom as the zero level. Each horizontal area shall be
obtained from the average length L and the average width w,
taking into account the deadwood affecting the area.

7.2 Effect of bottom undulation

Any increase or decrease in volume arising from tank bottom
undulation shall be adjusted in relation to the gauge reference

where

C is the|total correction to the measured length for the
effect of tpmperature;

D is the measured length;

o  is thg fhean coefficient of linear expansion of the
measuring| tape;

o, is the mean coefficient of linear expansion of the metal
from whicp the tank is constructed;

T is the galibration temperature of the measuring tape;

t is the average temperature of the tank during measure-
ment.

If C, calculat¢d from this equation, is less than 0,5 mm, the
correction may be ignored.

6.10 Deadwood

6.10.1 The Jolume of deadwood such as pipe columns,lad-
ders, submerged pumps and any other structures in theltank
shall be calculated from their dimensions. However, Wwhén the
dimensions arp not readily obtainable due to the complexity of

point (see 6.7.5).
7.3 Area of chamfer portion

7.3.1 The area at an arbitrary' height in the [lower chamfer
portion of the tank shall be calculated as a fungtion of &, (see
figure 6) employing 4, (see 6.6.2.2) as well as Horizontal areas
at the top and the bottom-of the chamfer.

7.3.2 For the mfain (middle) part of the tanK, one and the
same area may, be used for calculation.

7.3.3 Therarea at an arbitrary height in the fipper chamfer
portiorpof the tank shall be calculated as a fundtion of hy (see
figure'b) employing 4, (see 6.6.2.3) as well as Horizontal areas
at\the top and the bottom of the chamfer.

7.4 Trim corrections

Trim corrections shall be given as an addition to|or subtraction
from the apparent liquid level measured by the tank gauge.
Trim corrections are calculated by comparison of the liquid
levels given by the same volume of liquid in thg tank with the

the shape, thdg

volume may be calculated from the'mass of the

item and the Hensity of its material of construgtion, provided

that the deg
negligible wit

e of uncertainty of the calciilated volume is
respect to the overall measurement accuracy.

6.10.2 The Jolume of internal piping containing cargo fluid

shall be calcu
internal volu

6.10.3 The
from the dim

ted as the difference between the external and
s of the piping). i.e. the volume of the metal.

lume_of.membrane tongues shall be calculated
nsigns of the tongues; the volume of corru-
és-of membrane plates shall be assessed in a

ship upright and on even keel, and with the ship

upright and in

the condition of trim under consideration.

7.5 List corrections

List corrections shall be given as an addition to|or subtraction
from the apparent liquid level as measured by the tank gauge.
List corrections are calculated by comparison| of the liquid
levels given by the same volume of liquid in thd tank with the
ship on even keel and upright, and with the ship on even keel
and in the list condition under consideration.

tion placed in a horizontal position.

6.10.4 For tank volume calibrations, the height of the dead-

wood above th

e gauge reference point and volume of the dead-

wood at that level shall be measured.

7 Calculation procedure

The tank calibr
the principles
chamfer portio

ation table shall be compiled in accordance with
set out in 7.1 and 7.2 and taking account of
ns (see 7.3).

Corrections shall be made in accordance with 7.4 to 7.7.

7.6 Combined trim and list corrections

The trim and list corrections compiled in accordance with 7.4
and 7.5 may be combined in one table.

7.7 Correction for tank shell expansion or
contraction

Correction for the fact that the tank shell is contracted in the
cryogenic loaded condition shall be made by means of the coef-
ficient of expansion of the material of the tank shell, using the
equation

FV = 1 - 3at (t1 - 12)
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where
F,, s the correction factor for tank shell expansion or con-
traction;
a, is the mean coefficient of linear expansion of the metal

from which the tank is constructed;

]

2]

is the certified reference temperature for the tank table;

is the actual temperature of the liquid or vapour.

8.2 Main gauge table

The tank volume at the calibration reference temperature is
tabulated against the gauge readings at suitable intervals. For

ease of interpolation, a second column shall g

ive the dif-

ferences between the readings. A typical format for the gauge

table is given in annex C by way of an example.

8.3 Trim correction table

The corrections to be applied to gauge readings a

This correction is_unnecessary for membrane tanks where the
construction or [construction materials are such that thermal
contraction effe¢ts on volume are insignificant.

8 Calibration tables

The calibration thbles shall consist of the following report and

tables.

8.1 Calibratipn report

The tank calibration report shall include the following :

a) name of [alibrator;

b) place of galibration;

c) date of cplibration;

d) tank configuration;

e) measurefnent method applied;

f) referencqg temperature of tank table;

g) average femperature of tank during measurement;
h) total cappcity of tank, including domg capacity;

i) description of deadwood;

i) tank calilpration accuracy;

k) method pf use of main{'gauge table and correction
tables;

N

10

any othef information.

at suitable intervals of gauge reading for various ¢y
trim both by head and by stern. A typical format fg
rection table is given in annex D by way of an’exd

8.4 List correction table

The corrections io be applied to gauge readings a
at suitable intervals of gauge (reading for conditio
0,5° intervals. A typical formiat for a list correction t|
in annex E by way of an_example.

8.5 Correction table for tank shell expa
contraction

Corrections™\to be applied for the difference betw:
tified reference temperature of the main gauge tg
actual\temperature of the liquid and vapour, to
volume of liquid and vapour at reference temperaty
the observed temperature, are shown in annex F b
example. The error is negligible in the case of a men

8.6 Correction for float-type level gauge

8.6.1 Correction table for difference in temp
The gauge reading correction to allow for exp
measuring tape which is calibrated at a certified
shall be made using the temperature in the vapour
tank.

8.6.2 Correction table for difference in densi

For different density, e.g. different LNG densities|
and butane, float immersion shall be corrected.

re tabulated
onditions of
r a trim cor-
mple.

re tabulated
ns of list at
able is given

hsion or

ben the cer-
ble and the
correct the
re to that at
y way of an
brane tank.

Brature
hnsion of a

emperature
bhase of the

Y

or propane
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Annex A
(informative)

Safety precautions for work in membrane tanks

In addition to the general precautions (see ISO 7507-1) required
for the ordinary tank calibration, the following should also be

observed.

1)

1ISO 8311 : 1989 (E)

barrier !, the edges of the anchor plates can be sharp. The
use of protective gloves and helmets is especially advised.

a) WatcH your step, especially at the corners of the scaf-
folding. It [s not uncommon for a plank to be moved from its
position on the scaffolding when the tank wall is being lined
with membranes.

b) Intanks constructed with a membrane containment sys-
tem consigting of flat plates of high-nickel steel alloy welded
to anchor| plates projecting from the primary insulation

c) Tank measuring is often carried out_while membrane
lining work is going on. Avoid lookipgtat welding arcs in

order to avoid eye damage.

d) Take care not to damage-the tank walls| especially the
membranes, with shoes, measudring equipment, tools, etc.

e) A mercury thermémeter should not be psed in an alu-

minium tank.

Such tanks are commonly referred to as ‘‘Gaz Transport’ tanks.

"
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(informative)

Example of calculation of errors for a typical membrane tank

The causes of error are examined in detail for a membrane tank, but similar results are obtained for an independent prismatic tank.

Thble B.T — Errors in measuring lengths, widths and heights using a tape measure and rule
(approx. tank dimensions : 35 m x 35 m x 23 m)

Inherent tape er

Tape error due 1

Tape reading er

Error due to inc

or (considered negligible at the D-loop)

rrect positioning of the tape

or (after correction for temperature effect by means of calibration certificate)

o the uncertainty as to the ambient temperature {+ 2 °C)

Inherent rule ern

Rule error due {

Rule reading err|

Error due to inc

or

b temperature effect

pr

brrect positioning of the rule

Error due to inc

brrect setting of the laser beam

Maximum error Naturd of error
+ 104 of Systematic
distance measured
+ 2,4 x 195 of Can be $ystematic
distance fmeasured
X 1 mm Ramdom
+ 2 mm Ramdom
negligible Systpmatic
(0,2 mm)
negligible Systpmatic
(0,1 mm)
+ 1 mm Rapdom
+ 2 mm Rapdom
+ 2 mm Systematic

Using the maximum error values in table B.1, the erros-in‘the

total volume of
errors as follow

the tank can be obtained from the theory of

b .

lare made at
ents (M) is

Likewise, assuming that vertical measurements
20 points, the uncertainty for vertical measurem
calculated as follows:

The systematic ¢rror for horizontal (length and-width) measure- Mgv = (1 x 10742 + (2,4 x 10752 + (2/23 000)2
ments M |, is gjven by — 181 x 10-8
M2 = (1 x 10792 + (2,4 %1052 + (2/35 000) Mg, =135 x 104
=138 x 10-8 M%V = (12 + 22 + 12 + 22) x 10-5/23%/20
Mg, =117 x 1074 = 4,23 x 10-9
M_, =650 x 105
Assuming that horizontal-méasurements are made at 20 points, v
by means of a [tape;or’rule, then the random error (M, }) is M%, =M, + M%V
given by ~ 1,81 x 108 + 4,23 x 109
M2 = (12 + 22 + 12 + 22) x 10-6/352/20 LMy = 1,49 x 10-4
= 1,83 x 109
Error due to the volume located under the zero of the scale
M, =428 x 10-5

The uncertainty

for length measurements (M, ) is given by

2 2 2
My = Mg, + M7,

Il

M,

1,38 x 10-8 + 1,83 x 109
1,25 x 10~4

The uncertainty for width measurements (My,) will have the

same value.

12

This will depend on the precision of the levelling and of the
determination of the trim and list of the ship at the time of
measurement. This error in volume (A V) is estimated to corre-
spond to a height of 10 mm.

AV =102 x 35 x 35 = 12,3 m3

For a total tank capacity of 24 000 m3, the relative error is
therefore

AV/V =513 x 10-4
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Error due to irregularities in the shape of the tank

Even though a large number of measurements are made, it is
impossible to take into account all the irregularities in the tank.
Comparison of the different values obtained, for a particular
tank, from different sets of data shows that the maximum error
introduced by these irregularities is approximately 5 x 104 of
the volume.

1ISO 8311 : 1989 (E)

Thus, the overall uncertainty for the volume of the tank in this
example (M) is given by

2 _ 2 2 2
M3, = M3 + M3, + M%, + (AV/]V)
= (1,256 x 10°%2 + (1,25 x 1042 +
+ (1,49 x 10742 + (5,13 x 10~42
3,17 x 107

.M, =563 x 10~4(or 0,06 %)

13
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