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0 Introdu

The purpose
through a pip
quality of the

ction

of collecting a sample of the material flowing
eline is to determine the mean composition and
bulk quantity. Samples of the bulk quantity in the

line may be afalysed to determine composition, water and sedi-

ment content
sity, viscosity

Manual met
homogeneou

, or any other important attributes such as den-
or, with special precautions, vapour pressure.

hods of pipeline sampling are adequate for
liquids whose composition and quality do not

significantly yary with time. If this is not the case, automatic
sampling is the recommended procedure since the continuous
or repetitive gdxtraction of small samples from a pipeline ensures
that any changes in the bulk contents are reflected in the col-
lected samplg. In order that the sample shall be as represen-
tative as posgible it is essential to ensure that the recommenda-

This International Standard refers to cexistinlg methods of

sampling and the type of equipment present
however, not intended that it should\exclude
not yet developed for commercial use, prov

y in use. It is,
hew equipment
ded that such

equipment enables samples t6’be obtained thlt are represen-

tative, and is in accordancé with the general re
procedures of this International Standard.

uirements and

The annexes to this International Standard cortain calculation
procedures about pipeline mixing theory and profile testing and

also give basic guidelines for sampler location.

It is realized that in many countries some or
covered by this International Standard are s

bll of the items
bject to man-

tions of this |
homogeneity

hternational Standard with respect to the required
of the liquid at the sampling location and to the

required freqliency of extraction of the small samples are-met.

Consideratiol
vided by m
automatic sg
manual samp
ditions are v4g

The equipme
used for sam|
to unstabilize
sideration is
difficulties of|

Representatiy

should be given to having standby samples pro-
nual methods that may be referred to if the
mpler fails to perform satisfactorily; however,
ling will be subject to uncertainty if pipeline con-
rying. (See ISO 3170.)

nt and techniques_described have generally been
pling stabilized crude oil, but may also be applied
d crude oil and, refined products provided con-
given to the\relevant safety precautions and the
sample:handling.

sediment cor
shown that,

re(sampling of crude oil for density and water and

datory regulations imposed by the laws of those countries;
such regulations must be rigorously observed. In cases of con-
flict between such mandatory regulations and this International
Standard, the former should prevail.

1 Scope and field of application

1.1 This International Standard recommends procedures to
be used for obtaining, by automatic means, representative
samples of crude oil and liquid petroleum prodjcts being con-
veyed by pipeline.

NOTE — Although throughout this International Standard the term
crude oil is used, this should be taken to include| other petroleum
liquids where the technique and equipment are also |applicable.

1.2 This International Standard does not| apply to the
sampling of liquefied petroleum gases and liquefied natural
gases.

itert-is—a—critical-process—Extensive-studies—h
. nave

in crude oil transfers, four distinct steps are re-

quired for determining representative values:

a) adequate stream conditioning of the pipeline contents;

b) reliab

le and effective sampling, ensuring proportionality

between sampling ratio and flow rate in the line;

c) adequate conservation and transporting of the sample;

d) adequate conditioning and dividing into parts for ac-
curate laboratory analysis.

1.3 The principal purpose of this International Standard is to
give guidelines for specifying, testing, operating, maintaining
and monitoring crude oil samplers.

1.4 The sampling procedures for crude oil are intended to
provide representative samples for the determination of

a) the oil composition and quality;
b) the total water content;

c) other contaminants that are not considered to be part
of the crude oil transferred.
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If the sampling procedures for a), b) and c) are in conflict,
separate samples may be required.

NOTE — The results of the laboratory analysis may be used for
calculating adjustments to the declared quantity of crude oil trans-
ferred. The procedure for carrying out the adjustments does not form
part of this International Standard.

1.5 Sample handling is included, covering all aspects follow-
ing collection to the transfer of the sample to laboratory
apparatus.

3.2.1 intermittent sampler: A system for extracting liquid
from a flowing stream, a sample receiver to contain the sample
grabs taken from the stream, and a means for controlling the
amount of sample taken by varying the sampling frequency or
grab volume in relation to flow rate.

3.2.2 continuous sampler: A system for extracting liquid
from a flowing stream which has a separating device which
continuously withdraws liquid from the main pipeline in relation
to flow rate, an intermediate sample receiver, and a means for
controlling secondary withdrawal to a final sample receiver.

1.6 This Interpational Standard describes the practices and
procedures beligved at the present time to be the most likely to
lead to representative sampling and hence to accurate water
determination. However, the accuracy of the water determina-
tion on pipeline famples obtained using automatic samplers will
depend upon the arrangement and characteristics of all the
various elements making up the sampling system, and on the

3.3 calculated sample volume: The theorgtical sample
volume obtained by multiplying the sample grab vplume by the
number of actually collected grabs.

3.4 competent person: A person who by reason of his or
her training, experience, .'and theoretical aphd practical

accuracy of the

A theoretical te
of the automat
given in clause
described in cla

Normally, the

subsequent analytical procedures.

chnique for evaluating the combined accuracy
¢ sampling system and the analytical test is
16. A practical test procedure for field use is
ise 15.

acceptable accuracy limits for a particular

automatic sam

ling system will be specified in agreement

between the interested parties.

Table 4 of claupe 15 classifies the performance of automatic

sampling syste

s by ratings based on the accuracy of practical

knowledge is able to detectlany defects or weak
plant or equipment and_to, make an authoritative j
to its suitability for further use.

NOTE — This pérson should have sufficient authority
the necessary*action is taken following his or her recon

3.5 .“cantroller: A device which governs the opg
automatic sampler in order to provide a represent

3.6 fixed-rate sample; time-proportional
sample taken from a pipeline during the who

hesses in the
Lidgement as

to ensure that
hmendation.

bration of the
htive sample.

sample: A
le period of

test results. The¢se ratings may be used as a guide to possible
performance and as a basis for individual agreement.

2 Referenges

1SO 3165, SamI/ing of chemical products for industrial use —
Safety in samping.

ISO 3170, Petrpleum products.“—) Liquid hydrocarbons —
Manual sampling.

NOTE — See alsp clause 47, Bibliography.

transfer of a batch, composed of equal increments at uniform
time intervals.

pipeline during the whole period of transfer of a bgtch, at a rate
which is proportional to the rate of flow of the lifuid through
the pipeline at any instant.

3.7 flow-proportional sample: A sample t{ken from a

3.8 grab: The portion of liquid extracted from the pipe by a
single actuation of the separating device. The sym of all the
portions results in a sample.

3.9 homogeneous mixture: A liquid is homogeneous if the

composition is the same at all points. For the purposes of this
!ntemat-ienalétandad—a—ﬁqu&d—iﬂaemegeneeae—iftl the variation

3 Definitions

For the purpose of this International Standard, the following
definitions apply.

3.1 acceptable (accuracy) limits: The limits within which
the determined concentration of water in a sample is accept-
able relative to the true value or other specified value, at the
95 % probability level.

3.2 automatic sampler: A system capable of extracting a
representative sample from the liquid flowing in a pipe. The
system consists of a sampling probe and/or a separating
device, an associated controller and a sample receiver.

in composition does not exceed the limits provided in 4.4.

3.10 integrity of the sample: The condition of being com-
plete and unaltered, i.e. the sample being preserved with the
same composition as when it was taken from the bulk of the
liquid.

3.11 isokinetic sampling: Sampling in such a manner that
the linear velocity of the liquid through the opening of the
sampling probe is equal to the linear velocity of the liquid in the
pipeline at the sampling location and is in the same direction as
that of the bulk of the liquid in the pipeline approaching the
sampling probe.
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3.12 mixer: A device which provides a homogeneous mix-
ture of the liquid within a pipeline or container in order to obtain
a representative sample.

3.12.1 powered mixer: A mixing device which depends on
an external source of power for the energy required to mix the
liquid.

3.12.2 static mixer: A mixing device having no moving parts
and located within a pipe or tube. It depends on the kinetic
energy of the moving liquid for the energy required to mix the

ISO 3171 : 1988 (E)

3.18 sample container: A vessel used for the storage,
transportation and preconditioning of the total quantity, or a
proportion of the total quantity, of the sample for analytical
work or for division into identical small sub-samples to be
analysed.

3.19 sample handling: The conditioning, transferring,
dividing and transporting of the sample. It includes transferring
the sample from the receiver to the container and from the con-
tainer to the laboratory apparatus in which it is analysed.

liquid.

3.12.3 variable-geometry static mixer: A mixing device
with parts inside the pipe or tube which can be adjusted to
modify its characteristics at different flow rates.

3.13 pipel{ne: Any section of pipe used for the transfer of
liquid. An unpbstructed pipe does not have any internal fittings
such as a stgtic mixer or orifice plate.

3.14 profile testing: A technique for simultaneous sampling
at several pojnts across the diameter of a pipe. Terms used in
connection With profile testing are as follows:

3.14.1 ovefall mean: The average of either the point
averages or fthe profile averages. (Note that the result is the
same.)

3.14.2 point: A single sampling orifice in the profile.

3.14.3 point average: The average of the water concentra-
tion at the same point in all profiles (neglect points.with less
than 1 % water).

3.14.4 profile: A set of samples taken simultaneously at
several points across a diameter of the pipe.

NOTE — The ferm is also used to denoté the’series of sampling points
themselves and the set of results obtained by analysis of the samples
taken at thesq points.

3.14.5 profile average:\The average of the water concentra-
tion at each point in the'same profile (neglect the profile if it has
less than 1 % water):

3.15 reprgsentative sample: A sample having its physical

3.20 sample loop: A by-pass to the /mair pipeline being
sampled through which a representative portjon of the total
flow is circulated.

3.21 sample receiver; receptacle: A vessel connected to
the automatic sampler in.which the sample is follected during
the sampling operation,7A receiver may be permanently at-
tached to the sampler.or it may be portable. In either case, it
should be désigned te maintain the integrity of the sample.

NOTE — In:certain circumstances, it is possible t¢ collect the total
sample in mare' than one sample receiver. In such cjrcumstances, the
sample cintegrity has to be maintained for each jndividual sample
volume.

3.22 sampler performance factor (PF): The ratio between
the accumulated sample volume and the cajculated sample
volume (see:14.6).

3.23 sampling frequency: The number of grabs taken in
unit time.

3.24 samplihg interval: The time betwgen successive
grabs.

3.25 sampling location: The cross-sectipn of the pipe
where the sampling probe is, or is proposed tp be, located.

3.26 sampling probe: The sampler element that extends
into the pipeline:

or chemical characteristics identical to the average charac-
teristics of the total volume being sampled.

NOTE — Since errors cannot be quantified exactly, compliance with
this ideal can only be expressed as an uncertainty that can be obtained
either from practical tests or by theoretical calculation.

3.16 sample: The portion of liquid extracted from the
pipeline that is subsequently transferred to the laboratory for
analysis.

3.17 sample conditioning: Homogenization necessary to
stablize the sample during sample handling in preparation for
analysis.

3.27 sampling; ratio: The quantity of pipeline contents
represented by one grab.

NOTE — It can berexpressed as either the volume, in cubic metres per
grab, or the equivalent length of pipeline, in metres per grab.

3.28 separating: device: A device that separates a small
volume of liquid from the batch of liquid that the small volume
represents.

3.29 stream conditioning: The distribution and dispersion
of the pipeline contents, upstream of the sampling location.
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3.30 time-proportional sample: See 3.6.
3.31 water.

3.31.1 dissolved water: The water contained within the oil
forming a solution at the prevailing temperature.

3.31.2 suspended water: The water within the oil that is
finely dispersed as small droplets.

This condition requires that at the sampling location:

a) the distribution or concentration of the water in the
crude oil should be uniform across the section of the
pipeline within the acceptance limits given in 4.4;

b) the diameter of the entry port of the sampling probe
should be large in relation to the maximum water droplet
size. The port opening should not be smaller than 6 mm
(see 7.3).

NOTE — It may, pvera-peried-of-timesithercollect-as-free-wateror
' 7

become dissolved|water, depending on the conditions of temperature
and pressure prevgiling.

3.31.3 free water: The water that exists as a separate layer
from the oil, angl typically lies beneath the oil.

3.31.4 total wEter: The sum of all the dissolved, suspended
and free water ip a cargo or parcel of oil.

3.32 worst-case conditions: The operating conditions for
the sampler that present the most uneven and unstable con-
centration profile at the sampling location.

NOTE — This willlusually be at minimum flow rate, minimum oil den-
sity and minimun] oil viscosity but may also be influenced by other
factors such as erulsifiers and surfactants.

4 Principlep

4.1 Purpose

observe during §ampling operations in order that the represen-
tativity of the sample taken corresponds to the specifications of
this International Standard, and meets the acceptability criteria
given in 4.4.

This clause de{r‘\es the principles which it istessential to

4.2 Principlégs to be observed

In order to determine theeil composition, quality and total
water content |of a batch of crude oil, samples that are
representative of the'batch are taken and analysed. The batch
may be either a fiscrete pipeline transfer over a given period of

4.2.2 The second condition is that representativity should
persist throughout the period of transfer of the'batch, the com-
position of which may change between the-start and finish of
sampling. The rate of sampling, whetherit is contjnuous or in-
termittent, should be in proportion to 'the flow rat¢ in the pipe.
When an intermittent sampler is used the sampling frequency
and grab size should both be sufficient to guarantee acceptable
representativity.

Furthermore, the representativity of the sampleé should be
maintained in the adtomatic sampler from the sampling probe
up to the final receiver. Samples should be taken with an ap-
pliance that complies with the recommendations jn clauses 7,
8, 9 and 10.

4.2.3 “~The third condition is that the sample should be main-
tained in the same condition as at the point of extraction,
without loss from it of liquid, solids or gases pnd without
contamination.

Storage and transfer of samples should comply with the recom-
mendations in clause 11.

4.2.4 The fourth condition concerns division of 3 sample into
a number of sub-samples in such a way as to enslre that each
of them has exactly the same composition as|the original
sample.

The procedure for dividing each sample into sub-samples, and
for transferring them to laboratory appliances,| is given in
clause 12.

NOTE — It should be emphasized that this fourth conditjon concerns a
critical activity and any error introduced is capable of festroying the
representativity achieved by the first three.

time, or the whole or part of the cargo of a tanker, either
loading or unloading.

Representativity depends on four conditions, all of which
should be observed, since failure to comply with any one of
them could affect the quality of the final result.

4.2.1 The first condition is that the samples that are taken
from the pipeline should have the same composition as the
average composition of the crude oil over the whole cross-
section of the pipeline at the location and time of sampling. Itis
not easy to comply with this condition, because of the possi-
bility of a variable concentration gradient existing across the
section.

4.3 Sampling tolerances and validation

In order to ensure that each sample sent to the laboratory for
analysis is representative of the whole batch, the composition
of the sample should not differ from the composition of the
batch by more than the tolerances given in table 4 and as
applied in 15.5.

In order to ensure that any departure from the conditions given
above (see 4.2) does not result in a sample representativity
which exceeds the tolerances given in table 4, each step of the
sampling operation should be validated as shown in figure 1.
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4.4 General principles for sampling

Hydraulic laws governing the behaviour of heterogeneous
liquids which will mix or will not mix in the pipe show that for
stream conditioning a sufficiently high energy dissipation rate
should be provided to keep drops of water and heavier solid
particles suspended in the crude oil. Such an energy dissipation
rate may be provided either from the velocity in an
unobstructed pipe, or from a mixing device immediately
upstream of the sampling location.

In considering_the distribution of water over the cross-section,

ISO 3171 : 1988 (E)

As there is a range of concentrations at different points in the
cross-section, sampling at a predetermined point is unaccept-
able, and it will be necessary to install a mixing device (see 5.3).

NOTE — If there is any free water, or an emulsion having a high con-
centration of water, at the bottom of the pipe, representative sampling

is not possible.

4.5 Dispersed phase — variations with time

It is unlikely that the concentration of a dispersed phase com-

ponent in_the bulk liquid will be constant

the acceptablle limits of the values found in the profile test
(clause 6) shquld be relative to the mean concentration of water
in that plane and should be within + 0,05 g/100 g for samples
having a watgr content up to 1 g/100 g and should be + 5 %
of the mean doncentration (relative) for samples having a water
content greater than 1 g/100 g [but see also case 2 (4.4.2)].

NOTE — Althqugh the concentrations above are quoted in mass units,
they also apply to volume units.

In a horizontal pipe, three cases may be used to describe the
ways in whidh the concentration of the different phases may
vary over the|cross-section of the pipe depending on hydraulic
conditions (flow rate, product density and viscosity, dispersed
phase compdsition, interfacial tension modifiers, etc.).

4.4.1 Case|1 (see figure 2, profile type 1)

In this case, the concentration is the same, within the accept=
able limits as|defined above, across the entire cross-section of
the pipeline for all concentrations of water. The existing con-
ditions are acceptable for sampling, since water/is evenly
distributed ¢ver the pipe cross-section. A representative
sample consg¢quently exists at the inlet of the sampling probe,
which can be placed at any point on the diameter although it is
essential tha{ care should be taken not t0 place the sampling
probe too near the wall in order to minimize wall effects.

4.4.2 Case|2 (see figure 2, profile type 2)

In this case, fhe concentration varies from one point to another
in the crosssection, but/with a uniform gradient such that
there is at legst one-point where the concentration is equal to
the mean cofcentration across the entire section. Based on a
theoretical analysis, this point is generally found between 0,4
and 0,5 of the vertical diameter from the bottom of a horizonta
pipeline.

Sampling at this location will only be acceptable if the water
concentration found at the sampling point under worst-case
conditions is equal to the mean concentration within the
acceptable limits as defined above.

4.4.3 Case 3 (see figure 2, profile types 3a and 3b)

In this case, the concentration across the cross-section of the
pipe is non-linear, indicating the presence of segregation
(type 3a). Some erratic profiles may also be encountered
(type 3b).

example in the discharge of crude oil from ayn
addition to more gradual changes in the base

with time. For
arine tanker, in
water content,

there may also be periods when peaks of relatively high concen-

trations of water travel down the pipeline. Expg
vations indicate that these “‘transiénts” may co
water and may be shorter than-a minute in dura
on the unloading procedures, “the significang
discharged in the form of transients may vary
base level carried with the’bulk of the discharg

trimental obser-
htain over 50 %
ion. Depending
e of the water

relative to the
ed cargo.

It is apparent that the representativity of samplg¢s taken in such

applications will be dependent upon the ability ¢
sampler system to reflect, both accurately and
the integrated water content of these peaks i
lected sample volume.

With intermittent-type samplers, accuracy will
type of equipment and its frequency of operati
the frequency and duration of the transients. W
type samplers, accuracy will depend on the ex
and mixing arrangements and on the rate of

pling if applied. For both types of sampler, the

f the automatic
proportionally,
n the total col-

depend on the
bn in relation to
ith continuous-
ernal collection
tecondary sam-
overall duration

of the oil transfer, the duration of any water trgnsients and the

sampling frequency have statistical significan
mination of sampling accuracy.

e in the deter-

Theoretical analysis of the effect of dispersed phase transients

on the performance of the different types of sg
the following general conclusions:

a) in short-term transfers in which there ig
frequent, short-duration transients, the a
continuous type of automatic sampler is Ig
the transients;

mplers leads to

a possibility of
ccuracy of the
ast affected by

b) in short-term transfers in which there
few long-duration transients, cd

tinuous type of automatic sampler;

ay be relatively
uracy of the

dt of the con-

c) for long-term transfers, the mean error introduced by

transients of any duration, using either typ

e of sampler, is

within the limits of acceptability defined in this International

Standard.

4.6 Low water content

Attention is drawn to the fact that, if the concentration of
water is about 0,1 % (m/m), i.e. near the level at which water
is soluble in crude oil, the concentration profiles will show a
good uniformity of water distribution under all hydraulic con-
ditions.
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5 Selection of sampling point
(including stream conditioning)

5.1 General

As has been emphasized in clause 4, it is essential that the
sampling probe is presented with a portion of the liquid flowing
in the pipeline which is representative of the whole. This
depends on the extent of mixing within the pipeline, which in
turn depends on a number of factors including flow rate and
pipe configuration upstream of the sampling location.

5.3.2 Pipeline fittings

Pipeline fittings may be used as in-line mixing devices. The fit-
tings which may be suitable in this respect are valves, orifices,
pipe reducers and expanders, manifolds, T-junctions and
metering stations. These, however, vary in their effectiveness
as mixers and may create concentration zones, leading to
zigzag concentration profiles over a downstream distance
equivalent to about 20 pipe diameters.

The guidance diven in this clause for the selection of the

sampling point pssumes that the pipeline remains full at all
times.

5.2 Initial seflection of sampling probe
location

5.2.1 The forcg of gravity tends to promote stratification in
horizontal pipelines whereas distribution tends to be more
uniform in vertical lines. For this reason, given the choice
between verticgl and horizontal, and assuming identical
operating condijons, the preferred location is in a length of ver-
tical pipe, provided that the pumping rate is significantly higher
than the water ahd sediment settling rate (see annex A, A.2.2).

Reference should be made to annex C for a useful guide to the
initial screening |of potential sampling locations but annex A is
preferred as it pfovides a more detailed treatment.

5.2.2 The turbfilence which exists naturally in along horizon-
tal pipeline can pe, ‘but frequently is not, sufficient to provide
ing. The minimum natural turbulence for ade-
quate mixing d¢pends on flow rate, pipe diameter, viscosity,
density and inteffacial tension. If the natural turbulence is not
sufficient for rppresentative sampling, then. the additional
mixing offered Iy specific pipeline components should be in-
troduced (see 5{3 and annex A).

5.2.3 The minimum acceptableflow rate and/or the minimum
energy to be pfovided by-a 'mixing device should be deter-
mined. Suitabld procedures’ using formulae or nomographs
described in annex A may be used.
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If the velocity is too low for sufficient mixing; a‘lengdth of pipe of
reduced diameter can often be installed to advantage but not to
the extent that the obstruction caused by the sampling probe
will distort the water distribution (see 7.2).

5.3.4 Vertical loops

The improved distfibution afforded by a vertichl length of
pipeline (see 5.2-1).can be obtained by inserting a|vertical loop
into a horizontal‘line. If sufficient line pressure is pvailable the
flow rate may.be increased by reducing the diameter in the ver-
tical loop_to-below that of the main line. In a vertital loop, the
sampling~ probe should be preferably installed in the
downstream leg, at a minimum distance of| three, but
preferably greater than five, pipe diameters from the upstream
bend and a minimum distance of 0,5 pipe diameters from the
downstream bend.

It should be noted that water can accumulate at the bottom of
vertical piping until these accumulations reach sugh a size that
they are carried forward in the form of slugs. As afresult of this
phenomenon, water transients occur and this shduld be taken
into account.

5.3.5 Static mixers

Static mixers are commercially available deviges specially
designed in one or more stages to provide adequat'Edistribution

and dispersion of the pipeline constituents prior fo sampling.
Reference should be made to the manufacturer for advice on
the minimum flow rate at which the mixer is still pffective.

5.3 Mixing devices

5.3.1 General .

Mixing devices produce homogeneity by the addition of kinetic
energy from outside or the conversion of pressure energy from
within the pipeline.

In situations where there is an insufficient rate of energy
dissipation for pipeline fittings or static mixers to be effective,
consideration should be given to the use of powered mixers.

Reference should be made to annex C for a useful guide to the
initial screening of potential sampling locations.

Fhemaximurm—ftow Tate—wittbe—timited—bythe acceptable
pressure drop across the mixer, but a wide flow range can be
accommodated using a variable geometry mixer.

5.3.6 Powered mixers

Powered mixers can be dynamic versions of the static mixer in
which the mixer elements are driven from an external power
source to introduce a high shearing action which effects the
maximum dispersion of the contacting media. Alternatively,
mixing may be achieved when a portion of the flow is re-
introduced into the pipeline via a pump and high-velocity injec-
tor(s), upstream of the sampling probe.
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5.4 Position of the sampling probe

5.4.1 If the contents of the pipeline have been adequately
mixed the position of the sampling probe relative to the pipe
wall is relatively unimportant. However, to avoid wall effects,
which could influence the flow rate as well as the water con-
centration, the sample should be drawn from the centre of the
pipe. In horizontal or vertical pipes the sampling probe should
be positioned to withdraw from the shaded areas shown in
figure 3.

ISO 3171 : 1988 (E)

NOTE — If centrifuge tubes are being used for the water determination
and the water concentration is above 20 % extreme care should be
taken when taking the readings because of the larger volumes between
graduations.

If an automatic continuous method of determining water con-
tent is employed, then the water content should be within the
working range of the instrument. To cope with conditions of
complete water separation, the instrument should tolerate
100 % water without failure.

some conditions, centrifugal forces occurring at
bends may 4ct to separate the dispersed phase from the bulk
liquid. Therdfore the exclusive use of single bends to provide
mixing upstrpam of the sampling location is not recommended.

5.4.3 The
pling probe

istance between the mixing device and the sam-
hould be sufficient to avoid the effects of swirl and
asymmetry denerated by the device but not so great as to lose
the mixing |effect provided by the device. Recommended
distances ar¢ between one-half of a pipe diameter and 8 pipe
diameters, depending on the type of mixing device being used.

5.5 Checking the location of the sampling

mended that the concentration profile at the sampling location
be checked.| The test procedure for this check is described jin
clause 6. Other methods of checking may be used if they pro-
vide equal gssurance that the sample taken will be represen-
tative.

6 Profile testing

6.1 Introduction
This clause Hescribes methods which may be used to test the

uniformity ¢f water distribution across the pipeline at the
chosen sampling location:

6.2 Pringiple

Profile testt

6.3 Methods

The choice is between three methods of test, Hepending upon
the level of water concentration that.can be gssured through-
out the period of testing and the ability to achjieve reliable and
stable conditions. Generally,‘a)level of at least 1 % water is
necessary for a valid test.

— Method 1 emiploys the injection of additional water into
the pipeline. It is'the preferred procedurg and should be
used whenever there is doubt that the natufal level of water
concentration in the crude oil will be consistently more than
1 % during the test period.

—>. Method 2 relies upon the natural level ¢f water concen-
tration. To be valid, this method should onjy be used when
there is-certainty that the natural water concentration in the
crude oil during the period of test will be gt least 1 %.

— Method 3 is an alternative method fon use with ships.
Under some circumstances additional water may be in-
troduced into the ship’s compartments or storage tanks to
increase the level of water concentration tp at least 1 %.

NOTE — A water concentration of 1 % is enough to determine
whether the dynamics of the system can providg adequate mixing
while minimizing the effects of the inherent measugement error.

6.4 Determining the water concent:ﬁtion profile
in a pipeline and validation of the sampling
location

6.4.1 Equipment

available at the proposed or existing sampling location. The
extent of stratification or non-uniformity of water concentra-
tion can be determined by taking samples simultaneously at
several points across the diameter of the pipe and analysing
these for water content. A multipoint probe, as opposed to a
traversing probe, is required to eliminate uncertainties due to
non-simultaneous sampling.

In order to make a valid judgement regarding uniform disper-
sion, a minimum of five profile tests should be made, although
only three profile tests are required to demonstrate stratifica-
tion. For acceptable results when using manual methods of
test, the mean water concentration should be between 1 and
5%.

6.4.1.1 Multipoint sampling probe

The test is performed using the multipoint probe illustrated in
figure 4. The probe openings should face upstream into the
direction of flow: and are internally reamed to minimize entry
flow disturbances. The probe should be fitted horizontally into
a vertical pipe, or vertically into a horizontal pipe. When the
probe is fitted vertically, the recommended direction of flow in
the probes is vertically downward where possible. In horizontal
pipes, an extra straight-tube without bend is positioned ver-
tically with the entry opening as near as practicable to the bot-
tom wall of the pipeline (see figure 5). This point is used to
check that no free water is running along the bottom of the
pipe.
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The centre of the tube opening of the first and last points of
sampling should be located 20 mm from the wall of the
pipeline. All tubes leading to the external valves should be
approximately the same length to ensure that simultaneous
samples are taken.

A probe with a minimum of 5 sample points is recommended
for 300 mm (12 in) pipe size or larger. Below 300 mm (12 in)
pipe size, three sample points should be used.

NOTE — The internal bore of the tubes should be large enough to
avoid blockages. For crude oil, 6 mm is the recommended minimum

b) If method 1 (see 6.3) is used, water shall be injected
upstream from the multipoint probe, at a sufficient distance
from the probe and upstream of any mixing elements, so
that a representative profile is obtained, but in a manner
which will not create an energy dissipation rate significantly
higher than the existing one [see annex A, A.4.2.2, equation
(26)].

c) The injection operation should be made in accordance
with figure 6, using a pump that will produce the proper
flow rate and pressure. If necessary, water should be in-
jected in successive percentages of 1, 2, 3, 4 and 5 % or

internal diameter.

As a safety prdcaution, the probe should be installed and
removed during flow pressure conditions. However, the probe
should be equipped with safety chains and stops to prevent
blow out should|it be necessary to remove it during operating
conditions. (See|also clause 13.)

6.4.1.2 Measurpment

The measurement of water content at each point across the
pipeline may be nade by either manual or automatic means.

When measurenient is made by a manual laboratory technique,
other than the gentrifuge method, the sample should be col-
lected into a recgiver of adequate capacity for the test, follow-
ing the procedure described in 6.4.2. When the centrifuge
method is used, |the sample may be collected directly into the
centrifuge tube, |but it may be difficult to dispense the exact
volume.

Alternatively, when continuous monitors are employed- (for
example capacithnce cells), the samples are passed directly
through individjal measurement cells, one for<each profile
point. This procgdure has obvious advantages in that profile
changes can be peen as they occur by observation of suitable
indicating or recording apparatus. This automatic method also
avoids the necdssity for a very large -number of repetitive
laboratory tests.

With both methgds, provision should be made for the collec-
tion and disposal| of waste-0il passed through the probes during
the test period.

more of the volume of crude oil flowing in the pipeline. The
operation should be repeated at five representgtive but dif-
ferent flow rates and particularly at the.minimum flow rate.
These should be constant to within 10 % during the period
of each test.

d) If method 3 (see 6.3) isused, the ship’s compartment to
be spiked with water shauld-be selected such that it can be
pumped without creating.trim problems.

e) Each element of the probe should be|rinsed out
thoroughly before sampling by running through it an ade-
quate amount.of crude oil.

f) Flow rates in the multipoint probe should be regulated
befére sampling so that the entry velocity at efich point of
the probe is the same and is preferably equal to|the velocity
of the liquid flowing in the pipeline. If not, any differences
should be recorded.

g) Sampling should begin before the calculatpd water ar-
rival time and continue, without alteration of tHe flow rates
in the probe, until sufficient profiles have been taken to ob-
tain a minimum of five which meet the requirenpents of 6.2.

h) Sampling should continue during the timg-period that
injected water is passing. The time-lag between|water injec-
tion and arrival at the sampling location should Qe taken into
account (see figure 6).

6.4.2.2 Automatic measurement

a) The provisions of 6.4.2.1 b), c), d), e), f], g) and h)

6.4.2 Operating procedure

If the application requires a range of crude oils to be sampled,
the worst case conditions shall be selected. If this is not poss-
ible the formulae in annex A can be used to extrapolate the
results to other conditions. The results of extrapolation should
be treated with great care.

6.4.2.1 Manual measurement

a) The sampling frequency should provide at least one
profile every 2 min and at least five profiles at the minimum
flow rate with a water concentration of at least 1 % (m/m).

apply-

b) A recent development is the use of capacitance cell pro-
file test systems to demonstrate continuously the degree of
homogeneity across the profile and with time. The
capacitance of water in crude oil mixtures will vary with
crude oil composition; it will also vary with temperature and
may vary with water droplet size and shape. The individual
cells comprising such an automatic profiling system should
be zeroed on the particular crude oil being sampled, and
steps taken to ensure that temperature and flow rate dif-
ferences between cells are minimized.

In profile testing, the measurement of interest is the relative
concentration of water at each point across the pipe.
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Therefore, provided that capacitance cells with similar
characteristics are used, there may be no need to adjust the
span for different crude oil types.

¢) Timing is much less critical than for manual testing, as
is the need for steady conditions. A visual display will in-
dicate the profile conditions as they occur, enabling the
.worst (or best) conditions to be identified.

d) Figure 7 shows a typical bar graph presentation, based
on experimental work, from a profile test at three different

ISO 3171 : 1988 (E)

Any profile beyond the acceptable accuracy limits indicates
that sampling results cannot be expected to be representative.
To achieve an acceptable distribution either a higher flow rate
or a mixing device should be used.

Annex A gives a simplified theoretical relationship between

flow rate and oil characteristics on the one hand, and the profile
on the other hand.

7 Sampling probe design

sampling |eeationrs-alorg-the-pipe-

6.4.3 Typidal test data

6.4.3.1 Marnual measurement

Annex B shows some typical test data from a profile test at a
crude oil terminal. Tests were made at two flow rates and six
profiles were|obtained for eight points across the pipe for each
flow rate.

After excludipg all profiles where the water content is less than
1 % (m/m), [the point averages, profile averages and overall
mean are cal¢ulated. The next step is to obtain the percentage
deviation of gach point average from the overall mean. Profiles
should be drawn as shown in annex B.

6.4.3.2 Autpmatic continuous measurement

With automatic profile test equipment, using contindous water
monitors connected to a microprocessor, it is possible to con-
tinuously display and record the water profile.in~any suitable
form such tHat changes caused by flow rate yariations or in-
jected water percentage can be observed as they occur. The ef-
fect of varialjle energy mixing devices(can also be observed.

Similarly, calgulation of mean and average water contents and
percentage deviations at points.across the pipe can be carried
out instantanpously. These«esults can be displayed or recorded
with the profjle and otherytest data.

6.4.4 Presdntation and interpretation of results

7.1 The sampling probe and/or the separating device should
be of sufficient strength to withstand the-hénding moments im-
posed by the maximum flow in the main pipeline and to with-
stand the vibrations caused by vortex shedding. Although the
actual determination of strength\ is difficult, conservative
approaches can be made by ftreating the member as a canti-
levered beam.

7.2 The sampling (probe should be designel to create the
minimum of disturbance to the main pipeling flow. One ap-
proach is a pjtdt-tube type probe entry with a chamfered edge.
The entry should face upstream into the directjon of the flow.

7.3 (It is recommended that the diameter gf the sampling
probe opening be not less than 6 mm.

8 Sampler design and installation

8.1 Design

representative samples of the liquids flowing through pipelines
and to store these in one or more receivers. Sa
the continuous or intermittent type.

8.1.1 Automatic samplers should be desig’{ed to procure

plers may be of

NOTE — There are two types of intermittent aufomatic sampling
system. One system locates the separating device directly in the main
line [see figure 9a)], whereas the other system locates the separating
device in a sample loop [see figure 9b)].

8.1.2 - The petroleum liquids to be sampled may contain wax,
abrasive particles and corrosive components|such as sulfur
compounds and water. They may, in certain|cases, possess

Each profile may have the general appearance of one of the
types P to Pg shown in figure 8.

a) Pg represents the most suitable distribution, since the
concentration ratio is within the acceptable accuracy limits
at any point of the cross-section.

b) P4 and P, represent acceptable distributions, provided
that the sampling probe is positioned according to the
recommendations in 4.4.2 and 5.4.1.

c) P3to Pgrepresent unacceptable distributions with con-
centration ratios outside the acceptable accuracy limits.

pooT tubricating properties. T hese facts should be taken into
account in designing an accurate, reliable and durable sampling
system.

8.1.3 The installation of piping and valves between the
separating device and the receiver should be so designed that
there is no separation of components, such as water and crude
oil, at any point. It is desirable to keep the volume to a
minimum.

8.1.4 A sample loop usually consists of a circulating loop, a
suitable pump and a separating device [see figure 9b)]. Any
connection between the loop and the separating device should
be of minimum volume.
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8.1.5 The sample loop entry velocity should be as near as
possible to the maximum expected velocity in the main
pipeline. If the separating device is not in the immediate vicinity
of the sampling probe, care should be taken ensure that the
flow rate within the sample loop is high enough to produce fully
turbulent flow and thus avoid water settlement.

8.1.6 The inclusion of a device to indicate that there is a flow
in the sample loop is recommended. If there is no circulation in
the sample loop and sampling continues, erroneous sampling
will result.

the sample receiver during subsequent sampling, To minimize
this, the system should be free from pockets or enlarged sec-
tions and should be pitched downwards towards the receiver.
Care should also be taken to ensure that there are no pockets in
which vapours or water can be trapped.

8.3.2 To prevent solidification of high-pour-point crude oils or
products, the separating device, associated tubing and com-
ponents should be heat-traced and insulated. Care should be
taken not to over-heat the sample liquid, although the
temperature should be high enough to keep the material in the

8.2 Installatjon

8.2.1 The sepgrating device and the sample receiver should
be installed as |close as possible to each other in order to
minimize dead vplume. Connections should be made with short
lengths of pipe gonsistent with the application, and the number
of bends should be kept to a minimum. Where possible, the
sample receiver|should be at the lowest point in the system.

8.2.2 Where fpr practical reasons it is not possible to install
the separating flevice and the sample receiver close to each
other, then a sample loop is recommended. Precautions should
be taken to ensdre that both the sample in the sample loop and
from the sample loop are representative.

8.2.3 Automatic samplers should be installed with suitable
valves and connections to enable equipment to be flushed
automatically o manually either with the liquid being sampled
or with some syitable solvent. Proper arrangements should be
made for the disposal of the flushings and solvents used.(Al
solvents should be removed from the receiver and the"cir-
culating lines td avoid contamination of the next sample.

8.2.4 If necespary, a non-return valve or equivalent device
should be installed in the sampling line to, prevent any possi-
bility of the sample being returned to the pipeline from which it
was drawn. Th{s should not restrict.the/free passage of sedi-
ment into the r¢ceiver.

8.2.5 The method of installation of an automatic sampler
should provide |easy access/for maintenance and cleaning; it
may be essentigl thatithis can be carried out without shutting
down the pipelipe.

liquid phase to ensure proper operation of the automatic
sampler system. Thermostatic temperature conftrol may be
necessary if self-limiting heat tracing is not-uséed.

8.3.3 If sampling lines and systemsiwhich are npt in use are
likely to block through cooling and wax depositior}, flushing oil
should be used to fill such lines and systems.

8.4 Special characteristics

The general recommiendations on automatic samplers for crude
oil are applicable‘to)automatic samplers for refingd products.
However, certain products have specific charactgristics which
may require special sampling conditions. Some ¢xamples are
given in table 1. In these cases, the automatic sa‘tnpler should
be adaptéd so that it fulfils the required sampling| conditions.

9” Control equipment

9.1 Function

The functions of the control equipment for an automatic
sampler are to control the separating device to fake either a
flow-proportional sample or a fixed-rate sample, arjd it may also
include a system to

a) continuously monitor the number of grpbs and the
volume of sample collected;

b) verify, at any time during sampling, the proportionality
between the sample collection rate and the pipeline flow
rate if operating in the flow-proportional modeg.

NOTE — Continuous monitoring of density and/or watgr content may
be used as an added monitoring facility.

8.2.6 The sampling probe should be installed through a stub-
mounted full-bore valve and a suitable insertion and withdrawal
mechanism should be provided. If the probe has to be
withdrawn without depressurizing the pipeline, means, such as
safety chains, should be provided to prevent the probe being
ejected by the pipeline pressure. If this system is installed, suffi-
cient space should be allowed for fitting the mechanism and
withdrawing the probe.

8.3 Precautions

8.3.1 There may be a tendency for water or heavy particles to
drop out in the sampler tubing and components, and appear in

10

92— Controtequipment

9.2.1 The control equipment may be remote from the sampler
in a control centre. Alternatively, it may be local to the sampler,
in which case consideration should be given to the electrical
safety classification of the hazardous area in which it is
installed.

9.2.2 The control equipment should enable the operator to

a) set the equipment for the prospective cargo or batch
size or for the necessary sampling ratio to meet the required
operating criteria (see 14.2);

b) put the sampler into operation, and switch it off.
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9.2.3 Facilities should be provided for monitoring the follow-
ing during operation:

a) the flow rate in the main pipeline;
b) the sample receiver to indicate that the sample volume
collected is proportional to the totalized flow in the main

pipeline;

c) the number of grabs.

ISO 3171 : 1988 (E)

10 Flow measurement

10.1 Accuracy and rangeability

A flow-proportional sampler requires a flow signal to pace the
sampler. The flow transmitter should have enough rangeability
(turndown) to produce a reasonably accurate signal over the
expected flow range of the pipeline. The accuracy of the flow
signal should not degrade the representativity of the sample
beyond the tolerance of the analytical technique (see
clause 16). An accuracy of better than = 10 % of actual flow

9.2.4 The efjuipment should provide an alarm if the flowmeter
is indicating| flow but no sampling is taking place and vice
versa.
9.2.5 Alarnys are recommended for

a) high Jevel in the sample receiver;

b) low flow in the main pipeline;

c) low flow in the sample loop;

d) loss ¢f power;

e) samgling probe failure (for motor-driven probes).

Table 1 — Recommended sampler characteristics for crude oil and refined products

over the operating flow range should be achigved. When the

water concentration figure is higher at low flows it is particular-
ly important that the flowmeter produces-atreagonably accurate
signal at the minimum flow.

10.2 Use of custody transfer meters [for samplers

If the location uses meters_for custody trangfer, the signals
from the custody transfer’meters should be jsed to pace the
sampler. If the pipeline.flow is measured by sevyeral meters, the
sampler may.be paced by an electronically combined total flow
signal or a separate sampler may be provided for each meter.

10.3 Special flowmeters for samplers

If \the” measurement for custody transfer is| by shore tank
gauging, a separate flowmeter should be provided for flow-
proportional sampling.

Special characteristics of the automatic sampler

Heating of the
cabinet containing
the sampling system

Pipeline [liquid contents!

Provision of a means

of separating Receivér kept
the sample from at + 4 °C

the atmosphere

Crude oil Yes2 Yes2 No
Naphtha No Yes No
Gasoline No Yes No
Jet fuel No Yes Yesp
Gas oil/domnjestic fuel oil No3 No No
Heavy fuel 1/heavy fuel 2 Yes No No

1) Pipeline conditioning is not required for homogeneous pipeline contents.

2) Only if required, dependent on type of crude oil and operational requirements.

3) Except in severe climatic conditions.

4) Only if necessary (silver corrosion characteristic).

1"
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10.3.1 Insertion turbine meters are often used in large-
diameter pipelines. The meter signal is a pulse train which
simplifies the electronic design of the controller. Rangeability
may be limited and accuracy can be seriously affected by
changes in the viscosity of the metered liquid. Insertion turbine
meters may be fouled by fibrous matter or other debris in the
oil, and therefore consideration should be given to the possi-
bility of installing a second flowmeter.

10.3.2 Ultrasonic flowmeters are often used. The flowmeter
signal is a pulse train and current which simplifies the electronic

Means should be provided to mix the contents of the receiver
to ensure that representative samples are transferred into
laboratory apparatus or other containers.

Two types of sample receiver are in current use.

11.1.1 Sample receivers — fixed volume

These are receivers with a fixed volume into which the sample
is admitted so that it contacts the enclosed atmosphere.

design of the col ; ot
by viscosity. Mirjimum flow rate is typically 0,09 m/s.

10.3.3 Orifice glate flowmeters may be used; alternatively,
either venturi mjeters or flow pitot tubes may be used to
minimize the p¢rmanent pressure loss. The pressure drop
across the flow g¢lement is measured by a differential pressure
transmitter whicl provides an output that is proportional to the
square root of the measurement. A single transmitter installa-
tion has a range jin the ratio of about 4 to 1. Two transmitters,
one with a high pnd the other with a low differential pressure
range, may be used to extend the range. However, the con-
troller design fon a two-transmitter installation is complicated
and problems cap arise.

10.3.4 For small flow rates, a line-size positive displacement
meter or turbine meter may be used. The meter installation can
be simple since if does not have to provide custody transfer ac-
curacy. Proving and calibration facilities are not required.

10.3.5 Other flpwmeters, such as vortex shedding metets;
may be used.

10.3.6 It may bp possible to use a signal derived\from a tank
level gauge proyided that the precision is within the limits
recommended far flowmeters in 10.1.

10.4 Precautjons

Any meter should be capable of.operating both in the presence
of a high concentration of{water and in the presence of par-
ticulate matter of gas bubbles.

The final step of a_cargo off-loading operation is usually the
stripping. Consi i i ibili t

11.1.2 Sample receivers — variable volume

These are designed to avoid contact betweéen-the drude oil and
air, thus preventing possible loss of Night ends| and water
vapour. They may be made of a suitable flexible m;erial so that
they are fully collapsible or they may,consist of a cgntainer with
a piston or diaphragm precharged with nitrogen or |helium. The
latter are particularly applicable”to liquid petroledm products
with high vapour pressure, and to crude oils.

11.2 Sample container

The sample'.container may be equipped with [an internal
homogenizer or with the necessary connections fof an external
mixing 'system (see 12.2.3).

11.3 Common characteristics of sample|receivers
and containers

11.3.1 Fixed-volume receivers should be construfted to pro-
vide sufficient space for ullage to remain at the|end of the
sampling period, and a means of relieving any|increase in
pressure due to expansion under all conditions. The design of
the vessel should be such that any expansion due tpo heating of
the contents to the highest temperature to which the vessel
might be subjected will not cause the working pressure to be
exceeded.

The vessel should be made of petroleum-resistan{ material. It
should be noted that receivers or containers made [of a plastics
material may not be suitable for long-term storagg of samples
because permeability of the plastics may result in differential
loss of some of the components of the sample.

during this operation quantities of undefined gas might be fed
into the unloading line, simulating a liquid flow at the flowmeter
output and also damaging mechanical meters by operating
them too quickly.

11 Sample receivers and containers

11.1 Sample receiver
The sample receiver should be equipped with a level indicator

or equivalent device, for example a weighing system, for
monitoring purposes, and a high-level shut-off or alarm device.

12

The vessel should be capable of being vented through a
pressure control valve with an appropriate setting to minimize
the loss of low-boiling-point components.

11.3.2 Pressure tests and other inspection work should be
performed according to the local regulations. Cleaning and leak
testing should be performed at regular intervals.

11.3.3 The design and material of construction should be
such that the internal surfaces in contact with the liquid are
smooth and of a finish which will inhibit the retention of water
when the contents are transferred or removed for analysis. The
design should be such that they can be easily cleaned.
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11.3.4 The necessary connections should be fitted to permit
sample transfer from the receiver to the container, and from the
container to the laboratory apparatus, without contamination
or loss.

All connections should be fitted with blanking plugs or end
caps, except for the relief valves. Gauge glass and drain valve
internal lips should be avoided. Dead legs are not permitted.

If necessary, the sample receiver and its connections should be
thermally lagged and/or heat traced to prevent solidification of
the sample and facilitate drainage (see 8.4).
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12 Sample handling
12.1 General

12.1.1 The method of handling samples between the point at
which they are extracted or drawn and the laboratory test
bench or sample storage are devised to ensure that the nature
and integrity of the sample are maintained.

11.3.5 The
retention as

olume of the sample required for analysis and for
h reference should meet the requirements of the

particular application. Furthermore the local or national fiscal

authority ma
taken.

This will dete
and containe
size, the sar
equate mixin
tions in deter

y require a minimum quantity of sample to be

Fmine the minimum size of the sample receiver(s)
(s). The duration of the sampling period, the grab
hpling frequency and the requirements for ad-
g (homogenization) are also relevant considera-
mining the receiver size.

If the total sgmple is contained in more than one receiver or

container, gr
volumes in e

bat care should be taken to account for differing
ch receiver or container filled successively when

either recombining the results of analysis, for example for the

average wate
preparation of

11.4 Sam

11.4.1 Sam
tie-on or wirg
manently ma

1142 1tis

r content of the whole sample volume, or in the
fF composite samples for other analysis if required.

ble labelling

ble containers should be labelled:\ Oil-resistant
-on labels are preferred and thése ‘should be per-
ked.

recommended that (the following information be

provided on the label:

12.1.2 The method of i ill depend on the
purpose for which it has been taken. The labofatory analytical
procedure to be used will often require a.$pecial handling pro-

cedure to be associated with it. For this.reason

consult the ap-

propriate method of test so that any.necessary| instructions as

to sample handling can be given 'to the pers

bn drawing the

sample. If the analytical procedures to be applied have conflict-
ing requirements, then draw, separate sampleg and apply the

appropriate procedure to"each sample.

12.1.3 Take particular care in respect of the following:

a) liquids. containing volatile material,
evaporation can occur;

b).~ liquids containing water and/or sedimer]

tion tends to occur in the sample containerf;

since loss by

t, since separa-

lr

c) liquids with potential wax deposition, gince deposition

can occur if a sufficient temperature is not

12.1.4 When making up composite samples
not to lose light ends from volatile liquids and n
and sediment content. This is a very difficul{
should be avoided if at all possible.

12.1.5 Do not transfer samples of volatile liqui
tainers at the sampling location but transpo|
laboratory in the original sample container,

verted, if necessary. Great care is necessary if

maintained.

take great care
bt to alter water
operation and

s to other con-
rt them to the
cooled and in-
a sample con-

a) placelat which sample was drawn;

b) date #nd time.sampling commenced;

c) date gnd-time sampling was completed;

tains both volatile components and free water

12.2 Homogenization of samples

d) sample tag number or identification number of the con-
tainer;

e) type of liquid being sampled;
f) quantity of liquid represented by the sample;
flowline

g) tank number and type, name of ship,

reference, etc.;
h) destination of sample;

i) signature of person responsible for collecting sample.

12.2.1 Introduction

Procedures are specified for the homogenization of samples
that may contain water and sediment, or are in any other way
non-uniform, before transfer from the sample container to
smaller containers or into laboratory test apparatus. Procedures
for verifying that the sample is satisfactorily mixed before
transfer are given in 12.3.

It is not possible to agitate manually samples of liquids contain-
ing water and sediment sufficiently to disperse the water and
sediment within the sample. Vigorous mechanical or hydraulic
mixing is necessary in order to homogenize the sample prior to
transfer or sub-sampling.

13


https://standardsiso.com/api/?name=186c832631bbc7082af620540b05beeb

I1ISO 3171 : 1988 (E)

Homogenization may be by various methods. Whichever
method is used it is recommended that the homogenizing
system produces water droplets below 50 um, but not less than
1 um. Water droplets of below 1 um will give a stable emulsion
and the water content cannot then be determined by centrifuge
methods.

12.2.2 Homogenization by high-shear mechanical
mixer

Insert a high-shear mechanical mixer into the sample container

NOTE — As the sample is homogeneous after this time, and will re-
main so, transfers from the main bulk can be made without further

mixing.

12.3.3

If the sample does not remain homogeneous for more

than a short period of time after mixing (for example if water
and sediment are part of the mixture), use the special method

for the verification of mixing described in 12.3.4.

NOTE — It may be necessary, owing to the characteristics of the

hydrocarbon, to sub-sample while mixing is still in prog

ress.

so that the rotaw 36-mm-of-the
bottom. A mix¢r with counter-rotating blades operating at
about 3 000 min~1 is usually suitable. Other designs may be
used if the perfqrmance is satisfactory.

In order to minirize loss of light ends from crude oils or other
samples contaimng volatile compounds, operate the mixer
through a gland in the closure of the sample container. Mix
until the sample|is completely homogenized. A mixing time of
5 min is sometines sufficient, but the size of the container and
the nature of thg sample affect the homogenization time. Verify
that the sample |has become homogeneous (see 12.3).

NOTE — High-she¢ar mixers frequently produce stable emulsions and
water contents affer mixing cannot be determined by the centrifuge
method (ISO 3734).

Avoid any significant rise in temperature during the mixing.

12.2.3 Circulation with external mixer

This method cam be applied to both permanently sited sample
containers and portable containers; for the latter, use a_quick-
disconnect coupling. Circulate the contents externally using a
small pump thfough a static mixer installed insmall-bore
piping. Various g@lesigns are suitable; follow the manufacturer’s
operating instrugtions.

Use a circulatior] flow rate sufficient to circulate the contents at
least once per njinute. A typical mixing time is 15 min, but this
will vary according to the water content, the type of hydrocar-
bon and the degign of the system:. When the whole sample is
thoroughly mixgd, run off the.réquired quantity of sub-sample
from a valve in the circulating‘line whilst the pump is running.
Then empty thg contaiperand thoroughly clean the entire
system by pumping ‘solvent round until all traces of the
hydrocarbon an{l wwater have been removed.

12.3.4 Ensure that the sample as drawn fills\the (

ontainers to

about three-quarters full, and homogenize the dample for a

known period of time, which should/be‘recorded
period draw off small portions at regular intervals g

During this
nd test each

immediately for water content by a standard method (see

12.3.5). When the test results are consistent recd
obtained as the blank watercontent.

rd the value

Add an accurately measured quantity of water, bjtween 1 and

2 %, and homogenize for the same period of ti

blank and take samples as before. If there is goo
between the water content determined, taking ac
blank water\content, and the quantity of water
repeat by,adding a further accurately measured
water, ‘again between 1 and 2 %. If the results con
good agreement then assume that the mixing time

If the results do not show good agreement

e as for the
H agreement
count of the
added, then
quantity of
tinue to give
is adequate.

(within the

repeatability of the method), then discard them. Revert to the

beginning of the procedure, and use a longer periq

12.3.5 Do not determine water content by th
method (1ISO 3734) for this verification of the mixin
the method cannot be relied upon to give the)
content.

12.4 Transfer of samples

12.4.1 If the sample container is not portable,

convenient to take samples directly from the cq
laboratory test apparatus, transfer a representative
a portable container for transport to the laborator

d of mixing.

e centrifuge
g system, as
total water

pr if it is in-
bntainer into
sample into
.

12.3 Verification of the efficiency of mixing

12.3.1 Whatever means are chosen for obtaining a sub-
sample from a non-homogeneous mixture, verify the suitability
of the mixing technique and the time required to obtain a
suitably mixed sample.

12.3.2 If the sample remains homogeneous and stable after
mixing (e.g. where completely miscible components such as
lubricant additives have been blended), continue the mixing
procedure until successive samples drawn from the main bulk
of the sample give consistent results. This establishes the
minimum mixing time.

14

12.4.2 At every stage of transfer of a sample it is essential to
homogenize the contents of the container from which the
sample is being taken using one of the methods specified
in 12.2.

12.4.3 Verify the mixing time for each combination of con-
tainer and mixer by one of the methods specified in 12.3.

12.4.4 Complete any transfer of sample within the period
during which the mixture is known to be homogenous and
stable. This period is short; do not take longer than 20 min to
complete any transfer.
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13 Safety precautions

13.1 It is essential that the safety precautions set out in this
clause should be applied rigorously as the minimum necessary
for safe operation. These precautions should be used in con-
junction with the appropriate national and/or international
safety regulations. Local regulations should always be com-
plied with, but if these are less demanding than the precautions
in this clause the latter should also be considered (see also
ISO 3165).

ISO 3171 : 1988 (E)

13.8 Al electrical components used in connection with
automatic sampling apparatus situated in a classified area
should be appropriate to the classification of the area and
should conform to the appropriate national and/or international
safety regulations.

13.9 When handling leaded fuels the national standard safety
regulations should be meticulously observed.

13.10 When transporting samples, consideration should be

13.2 Sampling equipment, and sample receivers and con-
tainers shoulgl be properly designed for the pressures to which
they may bd subjected during use or subsequent handling.
They should pe pressure tested to at least one and a half times
the maximunp operating pressure before being taken into use,
and thereaftgr at regular intervals dictated by the nature of the
apparatus anfl the pressure range involved. Each vessel should
be marked with the date of the last pressure test, the maximum
permissible vorking pressure at ambient temperature and the
tare weight. [The marking should be etched on the vessel or
stamped on § tag firmly attached to it.

design pressire of the sampling system is not exceeded even if
abnormal prgssure develops in the pipeline or is generated by
the sampler |itself. Protection should be provided by fitting
suitable relief valves.

13.3 Carejlshould be taken to ensure that the maximum

13.4 When filling sample receivers or containers sufficient
ullage should be left to allow for expansion. It is recommended
that a safety|device be fitted to give a warning when-this’safe
filling limit is feached. The following precautions should also be
observed.

a) A regeiver should be fitted with a\pressure relieving
device to|limit the pressure in the vessel to within its cer-
tified maxXimum working pressure.

b) Remg@vable receivers or.containers should be con-
structed and certified to withstand at least one and a half
times the|maximum pressure and any extreme temperatures
that can possibly be‘encountered during subsequent hand-
ling.

13.5 Any materials used in the construction of the receiver

given—to-the—dangers-of-transporting—removable receivers and
containers, particularly by air. Reference should be made where
necessary to the appropriate nationalyand/pr international
safety regulations regarding the sea, land or jair transport of
flammable samples and pressurized 'sample coptainers.

13.11 Itis.essential to band and earth the complete sampling
system during any discharge of volatile hydrogarbons in order
to dissipate any static.electricity which may be| generated. It is
also necessary to. earth pressurized sample cqntainers when-
ever liquid or: yapour under high pressure is discharged from
them, for example during purging.

14 Operating procedures

14.1 General precautions

14.1.1 Itis important that the principles of degign given in this
International Standard should be met by the selected automatic
sampler and that it should be correctly installel and operated.

14.1.2 A sample should not include any material other than.
that to be sampled, and where it is necessaly to transfer a
sample from a receiver to a container approprfate precautions
should be taken to preserve the integrity of the sample. The
process of sampling should not cause any|change in the
sample, for example by evaporation of volatile fonstituents, by
oxidation, or by the chance addition of extranpous matter.

14.1.3 When commissioning or re-commissioning the system
or if contamination is suspected, the automaltic sampler and
connecting lines should be thoroughly flushed pefore sampling
begi i sh into a waste

which may be in contact with the sampled liquid should be im-
mune from attack by any component of that liquid.

13.6 When handling receivers and containers, it is vital to en-
sure that there is no spillage or vapour release of flammable or
toxic material.

13.7 Care should be taken to avoid breathing petroleum
vapour during the sampling operations. Protective gloves of
hydrocarbon-insoluble materials should be worn. Eye shields or
face shields should be worn where there is a danger of
splashing. Additional precautions may be necessary when
handling crude containing hydrogen sulfide.

container or safe drain system. Care should be taken to ensure
that toxic materials.are not released into the atmosphere or an
open drain system:.

14.1.4 The provision of clean sample containers is greatly
simplified if containers are reserved and kept separate for dif-
ferent classes of products.

14.1.5 During sampling, the material being sampled should be
protected from the effects of atmospheric conditions and, in
applications where it is permissible to use an open container,
the container should be closed immediately after the sample
has been taken.

15
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14.1.6 Care should be taken in subsequent handling to avoid
undue temperature rise.

14.2 Operati

14.2.1 Intermi

ng criteria

ttent fixed-grab-volume samplers

14.2.1.1 General

The factors that
ing the operati
samplers are as

a) The sam
between 5 a
on the partic

b) For con
extend over

sampling intq

have to be taken into account when conS|der—

ollows.

ble volume should, for practical purposes, be
d 20 |, but the quantity will ultimately depend
lar application (see 11.3.5).

inuous transfers where the operation may
h period of days, it is possible to divide the
accounting periods and to take a 5 to 20 |

sample over g¢ach period. An alternative practice is to use a
larger receiver and to sub-sample from this, having ob-

served the pr.

14.2.1.2 Practi

For illustrative
parameters for
system are used

bper mixing procedures described in clause 12.

al considerations

purposes only the following operating
an intermittent fixed-grab-volume sampling
within the examples of table 2:

b) sample grab volume 1 to 1,5 ml;
c) maximum operating frequency 30 grab/min.

A further consideration is the flow turndown which in con-
tinuous pipeline applications is typically 10 : 1 and in marine ap-
plications is typically 30 : 1.

14.2.2 Intermittent variable-grab-volume samplers

The operating cnterla for variable-grab-volume samplers differ
: - s—although the total
volume of sample collected wull be about the sanje. Variable-
grab-volume samplers collect samples on a fixed tjime rate but
the volume of each grab is in proportion/to-the pipeline flow
rate. Calculations and checks should be.made to ¢nsure that

a) the maximum operating frequency of the sgmpler is not
exceeded;

b) the sample volume required per grab doeg not exceed
the rangeability of (the sampler at the maximum and
minimum flow rdtes;

c) the total sample volume collected does no

exceed the
sample receiver volume. '

14.2.3.- Continuous samplers

Although continuous samplers are now being devgloped, they

have not been used extensively and operating

triteria have

a) required pample volume 5 to 20 I; therefore not yet evolved.

Table 2 — Typical operating parameters for intermittent fixed-grab-volume samplers

Sample Average Average sampling ratio Pipeline
. e . Transfer Total number sampling (expressed in terms flow rate
b vol L
Application period of (grabs Grab volume|  volume interval of pipeline length) (linear)
ml | s m/grab m/s
Continuous 30d 10 000 1 10 260 260 1
pipeline (CP)
CP and marine 74d 10 000 1 10 60 60 1
CP and marine 24 10 000 1 10 8,6 25 3
Marine 6 h 10 000 1 10 2,15 6,45 3
Marine 3h 5000 1 5 215 5,45 3
Marine 11/2h 2 500 1 2,5 2,15 6,45 3
NOTES

1 Pipeline pumping rates may be reduced for long pipelines.

2 For short transfer periods, i.e. less than three hours, table 2 shows that it may not be possible to achieve 5 | of sample and consideration should be
given to a larger grab volume, for example 4 ml, which will provide a sample volume of 20 I.

3 The number of grabs should be maximized for each sampling operation, within the practical limitations of maximum grab frequency and size of
receiver.

16
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14.3 Operating checks

During operation of the sampler the following checks should be
carried out periodically.

14.3.1 At the control equipment:
a) that the flow meter is operating;

b) that the sample counter is operating;

ISO 3171 : 1988 (E)

14.5 Sampler maintenance

14.5.1 Automatic samplers should be isolated and sampling
probes removed from the pipeline on a regular basis. The
equipment should then be cleaned and inspected for excessive
wear or damage. It is particularly recommended to check the
automatic sampler whenever the volume of sample collected
does not agree with the volume expected.

14.5.2 Flowmeters, especially if operating on crude oil, may
be wulnerable to fouling by line debris. A high level of

c) that the low-flow alarm in the main pipeline has not
been energized;

d) that the receiver high-level alarm has not been ener-
gized;

e) that proportionality exists between the sample volume
collected hnd the cumulative pipeline throughput.

14.3.2 At the sampler:
a) that the sample is entering the receiver;
b) that there are no leaks in the system;
c) that Reat tracing, if necessary, is on;

d) that there is a full flow in the circulating loop if used.

14.4 Recdrd sheet

A record shept should be completed for each sampling opera-
tion and a typical example is shown in table-3:\1f the batch is
split the doclimentation should be compléted for each crude
oil. Copies of| the record sheet should be sent to the laboratory
and to the department(s) responsible-for-operating the pipeline.

The following data should bedncluded:
a) locatipn and date;
b) identification,of shipment or transfer;

c) crudd oil-type and batch size;

maintenance will be required.

14.5.3 Sample lines from the automatic sampler to the sample
receiver or container should be cleaned with sqglvent, and then
blown clear or flushed with the material to be pampled.

14.5.4 A record of all flowmeter, sampler, jand associated
equipment failures, and, the)causes and actions taken should be
kept as a means of adjusting maintenance frequency and to
identify basic problems.

14.6 Checks of sample acceptability

14.6.1, In order to determine the acceptability jof a sample ob-
tained in a sampling operation, for example a ¢argo discharge
or & pipeline batch transfer, the following requirements should
be met.

a) The sampler performance factor (3.22) should be within
the range 0,9 to 1,1.

b) The proportionality of the sampling rat{o and the main
line flow rate as recorded during the sampling operation
should be checked and confirmed.

c) There should be no interruption in the §ampling opera-
tion sufficient to affect the performance fa¢tor beyond the
limits of a).

14.6.2 Unless all of the requirements in 14.6{1 are satisfied,
the sample is not acceptable unless the disctepancy can be
satisfactorily explained.

If the sample is not acceptable, a back-up sample obtained by
the manual procedures laid down in ISO 3170 $hould be made
available

d) record of flow rate during the sampling operation;
e) number and volume of grabs (if appropriate);

f) calculated sample volume;

g) accumulated sample volume (if known);

h) any failures of the automatic sampler during the
sampling operation;

j) evidence that proportionality existed between sampling
rate and main line flow rate.

15 Proving the sampling system

15.1 Introduction

A field test to prove the sampling system should be carried out
after a new automatic sampler has been installed. The following
procedure is intended to test the total sample system by injec-
ting a volume of water for a period of time and confirming that
the sample taken represents the total volume of water injected
plus the baseline water. This procedure is a volume balance
test.

17
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Table 3 — Typical sampler maintenance and performance report for an intermittent grab sampler

Sampler identification:
Location:

Date

1) Calculation of sample volume:

a) for a flow-proportional sample,

18

Identification of C = |4 i
crude shipment i X 000 itres
Crude type b) for a fixed-rate sample,
x Fxb
C = Ix T xb litreg
Batch or paifcel size (m3) 4 1000
where
Maximum ldading rate (m3/h) Q max
b is the sample gfab volume, in
millilitres, determined from a bench
Sampling ratio (m3/grab) B test;
f is the sampling | frequency, in
Number of grabs N grabs per second;
T is the total sanjpling time, in
Calculated sample volume? (1) C seconds.
2) Sampled “without fdilure’’
Accumulated sample volume () A Performance factor (PF) fis within 0,9 to
1,1 range and all mechanjcal parts of the
crude oil sampling syst¢m (flowmeter,
Performance factor, A/C PF controller, sampling valvg, counter, etc.)
functioned without meghanical break-
down. Proportionality ekisted between
Without faillire? S sampling rate and main I[ne flow rate.
3) Sampled “with failue’
With failurep F .
Performance factor (PF) Is outside 0,9 to
1,1 range or any one of the mechanical
Give reason why parts of the crude oil sgmpling system
. failed. Proportionality difi not exist be-
— Not gvailable tween sampling rate and main line flow
— Not pised rate.
— Failed
®
o
s Preventive P
8
-
£
§ Corrective c
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15.2 Water injection facilities

These should be arranged as follows.

a) Connection valves, strainer, pressure gauges, piping,
pump and a flowmeter are required to inject known
amounts of water into the pipeline ahead of the sampler
during the test transfer.

b) Locate the water injection point as far upstream as
practicable of the piping elements that are expected to pro-
duce the required mixing.

1ISO 3171 : 1988 (E)

sample, change the receiver and then inject water as
described in 15.2 for at least 1 h. When all the injected water
has passed the sampler, change the receiver again and col-
lect the “‘after’” sample for a further hour. Determine the
water content of the samples collected “‘before’’ and
““after”’ (see figure 6). The differences between the water
content of the “‘before’”” and “‘after’” samples should not
exceed 0,1 %.

e) Operate the sampler to collect the test sample during
the total time period that the injected water is passing.
Allow for the time lag between water injection and arrival at

c) Watef injection flow rates should be between 1,0 %
and 5,0 % of the crude oil flow rate during the test.

NOTE — H for operational reasons the water injection flow rates
have to be Jess than 1 %, then the measurement of injected water
quantity arjd the accuracy of the laboratory analytical procedure
become critical in the assessment of sampling system acceptability.

d) Watef should be injected for at least 1 h or for sufficient
time to a¢cumulate a sample volume that can be properly
mixed.

e) Watef should be injected into the bottom or the side of
the pipe gt a velocity which does not produce any signifi-
cant additional mixing. This may be accomplished by in-
troducing|the injected stream through an elbow or bend so
that its velocity is parallel to that of the main flow and in the
same direftion.

the ; flow rates, the
injected water may move at a lower flow rat¢ than the crude
oil, therefore continue sampling intoythe test receiver for
some time after the end of the expected pgdssing of the in-
jected water. After sampling is,completed, the normal pro-
cedures should be used for)sample handling, mixing and
analysis for water.

f) As the performanee of some sampling|equipment can
be affected by the sampling frequency, the ¢ffect should be
verified for.each sampler design and installTon as follows:

1) forfixed-grab-volume samplers, measure the size of
the sample delivered by 100 grabs at both the minimum
and\the:maximum sampling frequency;

2) for: variable-grab-volume samplers| measure the
ratio of the sample volume to the batch|volume at both
the minimum and the maximum flow rate.

f) The vplume of injected water should be measured with
an accuragy better than + 2 %.

15.3 Testing procedure

For both 1) and‘2), the values so obtained at minimum and
maximum conditions should be within + 5 % of the calculated
values.

15.4 Calculations

NOTE — It is usually required to test the sampling'system under worst-
case condition§, but these should be realistic with'regard to the impor-
tance (i.e. totgl value) of the material being transferred. In some cir-
cumstances, the worst case will not be.gasy to define; in this instance,

performance

The deviation between the average water corjtent in the test
sample minus the baseline water content, apd the average
water injected should be calculated from the following equa-

held steadly.

more than oneltest will be required in(order to demonstrate satisfactory tions:
er the full range of working conditions.
Waev = (Wiest = Whase) — Winj Lo (1)
The following procedure-iscrecommended.
and
a te§t-period when pipeline conditions can be
v
Winy=— x 100 )
|2
b) Select, from the range of oils normally sampled, an oil
with the lowest viscosity and the lowest density at the where

operating conditions.

c) Adjust the oil flow rate to give the minimum velocity to
be used in the pipeline. The volume of oil during the test
period should be measured with an accuracy better than
+ 2 %.

d) Collect three separate samples, i.e. “‘before’”’, ‘‘test”’
and “after’”. In order to make efficient homogenization
possible, use test receivers of small capacity and increase
the sampling frequency to give an adequate volume.
Operate the sampler for at least 1 h to collect the “‘before”

V; is the total volume, in cubic metres, of the injected
water;

V, is the total volume, in cubic metres, of the oil and
water that passes: the sampling location during the period
when the sampler is in operation collecting the ‘‘test”
sample;

W4ev is the deviation of the percentage water in the “‘test”

sample from the average injected water with an allowance
for baseline water;,
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Wt is the percentage of water in the test sample [see
15.3e)];

Wyase is the average percentage of water in the baseline
samples “‘before” (W) and “after” (W) the “test” [see
15.3 d)], but adjusted to the ““test”” conditions by the equa-
tion

(Woet + Watd N Vo =
2 v,

Whase =

16 Estimation of overall sampling system
uncertainty

16.1 Introduction

This clause provides a mathematical procedure for estimating
the overall uncertainty of the sampling system, taking into ac-
count the uncertainty of each element of the sampling and
analytical sequence. The procedure uses an approximate for-
mula (16.3) that can be applied in most cases.

Wiy s the|percentage of water injected into the oil.
Calculate the rgtio

Wdev |
I'Vinj + Wbase

and obtain the| rating of the sampling system under the test
condition from|table 4.

Table 4|— Sampling test ratings for injected
watet concentrations of 1 % and above

W,
Ratjng . "dev
Winj + Whase
A not greater than + 0,05

H greater than £ 0,05
but not greater than = 0,10

[( greater than + 0,10
but not greater than~+ 0,15

I greater than &£ \0,15

formation, at an early stage, concerning the overgll uncertainty
of the sampling system and the impact of €ach element on the
final result. It thus provides an opportunity for technical and
economic optimization.

The formula should be used by the design engme{to obtain in-
|

The majority of the coefficients are determined by|the construc-
tion characteristics of the system. These are not|variable. The
variables are the numberof_grabs taken N and the number of
analyses n.

NOTES

1 A fundamental difference between error and unce;Tinty should be
noted, which s that the former is by definition unknown, whereas the
latter is an estimate.

2 .Detailed information on how the formula is obtained will be given in
ISOY/TR 9494 (to be published).

16.2 Characteristics of sampling systems

The representativity of the sample obtained usind an automatic
sampler during a transfer depends on the arrgngement and
characteristics of the various elements used at different stages
in the sampling sequence.

15.5 Assessment of results

Sampling syst
of table 4 me

ms which perfef in accordance with rating A
the highest fequirements of this International

16.3 Formula for uncertainty calculati

[ns
The approximate formula referred to in 16.1 is ap follows:

Standard. If the performance is to the lower ratings B, C and D
consideration ghould‘be-given to whether improvements can be
made to desigh ,and. operating criteria to raise the rating to a
higher level. If|thisis not possible or not justified on economic

1
D=—+w(S+ L)+
N

grounds, the sampling system may be satisfactory depending
on the circumstances and/or the application.

15.6 Corrective action

If the sampling system needs to be uprated, the first corrective
action should always be a thorough examination of the test
procedure and reverification of sampling, sample mixing,
sample handling and laboratory procedure.

If these appear to be satisfactory, further steps should be taken
to recheck the profile and the performance factor, as well as the
flowmeter and all the components of the sampling system.

20

where
w is the water content, as a percentage by volume;

D is the combined uncertainty associated with the random
and systematic errors in w (95 % confidence level);

n is the number of analyses;
N is the number of grabs;

S, R, L and P are derived coefficients (see 16.3.1).
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16.3.1 The derived coefficients are as follows:

ISO 3171 : 1988 (E)

d) uncertainty in the flow rate caused by the flowmeter
(degree of non-proportionality) as described in clause 10
(for example turbine meter factor variations):

relative systematic uncertainty ¢s (not used, but
see 16.4),

relative random uncertainty c,;
e) changes in the water content during sampling as de-

scribed in clause 11 (for example contamination or water
vapour loss):

Sampling
S =ag+ bs + hg (relative systematic uncertainties)
1 .
R=—(a2+b2+c2+d? (relative random
4 uncertainties)
Laboratory
L =f,+ gs trelative-systematie-uneertainties)
1 g? ) -
P= T ' 2 + = (relative random uncertainties)
n
where

ag, b, ...| g5, hg are the relative systematic uncertainties
in the fagtors influencing the measurement of w (see
16.3.2);

a,, b, ...} g, h, are the relative random uncertainties in
the factor$ influencing the measurement of w.

. L . uncertainty of x
NOTE — The felative uncertainty of x is —M ———
value of x

16.3.2 The factors influencing the measurement of w are as
follows:

a) non-hpmogeneity of the water content as described in
clause 5 apd annex A (for example poor dispersion):

relativg systematic uncertainty ag;

relativg random uncertainty a,;
b) chandes caused in the water content by the sampling
system ap described in clause~8 (for example non-
isokinetic)|:

relativg systematic uncertainty bg;

relativd random Uncertainty b,;

c) uncertainty_in the volume of each grab:

relative systematic uncertainty hg;
relative random uncertainty 4,;
f) changes in the water coritent caused by sample hand-
ling and mixing as described_in clause 12 (fdr example poor
homogenization in the laboratory):
relative systematic ‘uncertainty f;;
relative random uncertainty f;;
g) changes in the water content caused|by transfer to
laboratory glassware and analysis (for example centrifuge
tube €rror):

relative systematic uncertainty gg;

relative random uncertainty g,.’

16.4 Limitations of the formula

It is essential that the following conditions apply|for the formula
to be valid.

a) The number of grabs N is greater than|1 000.

b) The relative systematic uncertainty cg of the flowmeter
in the working range is less than = 0,1 (i.e. lgss than 10 %).

c) The relative systematic uncertainty in the volume of the
grab d is less than + 0,1 (i.e. less than 10(%).

16.5 Examples

relative—systematic—uncertainty—ds—{not—used,—but
see 16.4),

relative random uncertainty d,;

The examples which follow are designed to assist in applying
the formula. The values used are typical ones taken from nor-
mal industrial practice. -
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16.5.1 Example 1 d =10% 16.5.2 Example 2 d =10%
= 0,10 = 0,10
a) Values used s =10% a) Values used ¢ =10%
=0,10 =010
' N = 20000 ¢ =4%
N =10 =29 T
= 10000 & =2% w =2% = 0,04
w o =1% = 0,02 o
= 0,01 hy =2% - e o = 1%
! s ° n =2 = 0,01
n =2 = 0,02 a, =1% B =1%
a =1% he =2% = 0,01 = 0,01
= 0,01 = 0,02 a =5% Jfs =05%
a =5% fo =1% =008 = 0,005
= 0,05 = 0,01 by =1% fi =1%
by =1% fi =1% = 0,01 = 0,01
= 0,01 = 0,01 b, =4% g& =05%
by =2% g =1% =004 = {805
dg =10% & =8% =010 5 004
= 0,10 = 0,08 b) Calculation

b) Calculation

S = ag + bd
= 0,01 +
= 0,04

1
R = — (a2
4
1
= — (0,0
4
= 0,003 3

+ hg
0,01 + 0,02

+ b2 + ¢2 + d?)

025 + 0,0004 + 0,0004 + 0,01)

pP= 3 (r2 + &2 1 0,001 6
4 \Ur n =-(o,ooo1+'2 )
1 0,006 4
=7 0,400 1 + = 0,000 2
= 0,000 8 L=/+e
= 0,005 + 0,005
L = fS + gs = 0,01
= 0,01 +[0,01
= 0,02 D= + 0,02 (0,03 + 0,01) +
20 000
1
D= +70/01 (0,04 + 0,02) + , = ==l
10 000 +2Z+/0,5 X 10~ 7(0,0T2 + 0,008 8) +

S =ag+ bg + hy
= 0,01 + 0,014 0,01
= 0,03

1

e (a2 + b2 + ¢2 + d2
1

= ry (0,0025 + 0,001 6 + 0,001 6 + 0,01

= 0,003 9

hU

Il
&=
/'\

N

+
2%

1
+2 l/—— (0,012 + 0,0057)2 + 10~4(10~%4 + 8 x 10—4%
10 000

D=10"%+6x10"%+2+/3,15 x 10-8 + 9 x 10-8

Hence

7 x 104+ 2 x 3,48 x 10—4

14 x 104

w=(1=%0,14) %

T T+ 4x107%(0,25 x 10-% + 2 x 10-9)

D=05x10"4%+8x 104+

+24/22 x 10-8 + 9 x 10-8
D=285x10"4+2x 334 x 10-4
D =152 x 1074
D =0,15%

Hence

w= (2% 0,15) %
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a)

b

1SO 3171 : 1988 (E)
2
16.5.3 Example 3 po L ( 24 8 )
4 n
Values used
1 0,001 6
N = 1000 (borderline value for N) = 7 0,000 1 + >
w =05%
= 0,005 = 0,000 2
n =2
ag = 1% L= fs + &
= 0,01 = 0,005 + 0,005
a =5% = 0,01
= 0,05
=1Pp 1
bs =11k D = —— + 0,005 (0,03 + 0,01) +
= 0,1 1 000
b, =2 ] -—-
= 0,02 +2 l/— (0,012 + 0,002 6)2|+
d, =14% 1000
=0,]0 -
d =5b +@;25 x 104 (0,000 025 + 0,000 225)
L =
= 0.p5 D =103+ 02X 103 +
cs =10 %
= 0,110
+'2+/0,2 x 10~ + 0,006 25 x| 10-6
¢ =1
=op D £)2 x 103+ 2 x 04541 x 103
hy =1Po
= 0,1 D =21x10"3
h, =1
=0, D=021%
fs =0p%
— 0.po5 Hence
fi =1p w = (0,5 %+ 0,21) %
= 0,p1
g& =0pb%
= 0,p05 A
g =ab 17 Bibliography
= 0.p4 ISO 3534, Statistics — Vocabulary and symbds.
Calculatjon ISO 3733, Petroleum products and bituminous materials —
Determination of water — Distillation method.
S =ag H bg + hg
_ ISO 3734, Crude petroleum and fuel oils — Determination of
= 0,01)+ 0,01 £.0,01 water and sediment — Centrifuge method.
= 0,03

ISO 3735, Crude petroleum and fuel oils — [

etermination of

sediment — Extraction method.

x
I

1
vy (a2 + b2 + c2 + d?2)

1
r (0,0025 + 0,0004 + 0,000 1 + 0,002 5)

0,001 375

ISO 5168, Measurement of fluid flow — Estimation of uncer-

tainty of a flow-rate measurement,

ISO/TR 9494, Petroleum liquids — Automatic pipeline
sampling — Statistical study of performance of automatic

samplers
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Cdndition 1 Condition 2 Condition 3 Condition 4
Strpam — Sampling | g1 Sample :::(ﬁf
conditioning equipment conservation 9
. . and partition
ang sample and in the primary into
prgbe location procedures receiver sub-samplés
. Validate by
Vpidate checking flow Validate Validate by
testp proportionality, by checking checking that
at samplin grab volume tightness sub-samples
int ping and number of receiver are identical
P of grabs

Prove sampling system

24

by water injection

Figure 1 — Initial or periodic validation of a sampling system
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Limits of acceptability

(+ 5 % of mean concentration)

Pipe top :4 i iA
T N T T T 1
| |
| ! ! | | | \E\ !
| ! | | | H !
! l | ! | 1 !
H | | ! ! | | !
| ! ! ' ' | !
| | ! ! : | , t
! | h | ! ! ! |
- f - t f - + + ——-
Q Q T | : \ 1 | ! |
S AN i\ Ll i
g —— — —— ——— — ———-——-—-+—_4 + —————— — e ——— ———— s e o - ———— e —
A AT M | ™
I\ Y N | 1D
I ! | | !
| [ ] : | \:\ | |
| | ] ] [ CI’C I
] 2| ] I | T~
Pipe bottom CO CO CO CO
type 1 type 2 type 3a type 3b
NOTES
1 Vertical lings marked “C,"" represent the mean water concentration in each case.

2 Water con
profile

L

Pipe top

ntration increases along the abscissa, which is parallel to the pipe centreline;\The abscissa starts again from zerg

Figure 2 — Graphical representation of concentration profiles in a horizontal pipe

1ISO 3171 : 1988 (E)

Flow

- : Recommended

region for
sample
withdrawal point
(see figure 3)

for each type of

4
A -
-~ Q
<
o
B, ———
Pipe bottom

a) Horizontal pipe

Recommended region

" for sampling point

Figure 3 — Location of sampling point

Vertical pipe
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Pipeline

Prob
see f

Clear hole required

2
/

bs (for detail
gure 5)

ca

Process connection

Gate valve
i

Stop clamp or nut

Retracted position

Reducing bushing

/‘ Probe body

Ferrules or other suitable packing gland

Inserted position

Figure 4 — Multipoint probe for profile sampling

H>3—o0
h—o
o
Toggle
valves
Sgmple
regeivers



https://standardsiso.com/api/?name=186c832631bbc7082af620540b05beeb

ISO 3171 : 1988 (E)

Dimensions in millimetres

o
N
)
—— —
—= Flow —> —
Equidistant
spacing
——— —
~—

o
N p—

Pipe wall sample
(horizontal pipelines
only) as close as
possible to pipe wall
at pipe bottom

L Tubes of equal length

—Dq

trude oils

30° chamfer
to sharp edge

Probe end detail

Figure 5 — Arrangement of multipoint probe in horizontal pipeline for 300 mm diameter pipelines or larger
(see 6.4.1.1)


https://standardsiso.com/api/?name=186c832631bbc7082af620540b05beeb

1ISO 3171 : 1988 (E)

Activity

Purge

Baseline sample “‘before’’

Water injection

Water arrives

Test-sample period?

Baseline sample ‘‘gfter’”

Time

— -

Figure 6 — Typical timing diagram for sampler system testing

1) Each sample period should be at least 1 h. The test sample period should overlap both ends of the ““water arrives’ period.

28
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Instantaneous display of water content

0 6 12 18 24,30

1 1 | 1 1 1

e

(]

N

N

=

s

2

@

1 A0L O

~ A11 0,18

{ A2m 1,73

1 AJmmmm 5,53

1 AL e— 11,81

{ AS I 2 3,18
| 1 1 1 1 |

1
1B0!1 0

1B18-0,59

18208 2,22

| B3 m— 4,95

{84 . 9,23

4 B5 I 2 8,8 8

1 1 1 1 1 1

Flow

(5 —— 7?29
| 1

Figure,7 ~ Bar graph presentation of automatic profile test at three locations

com 1,76
C1mm 1,83
C2mm 2,58
C3mmmm 5,01
CLummmmm 717

1 1 1 1 1
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N

Acceptable limits of ratio C/Cy (+ 5 %)

/

Pipe top Ps P, P3 P2 P1Po p /
N\ /]
\| I\ IN%
\ N N |\ |\:| ,
N 11N
\ ,
|
\\ \ |
) |
| 0 0102 03 04 05~06 07 0B\ 7‘44 1
QS’#=::£.L%\4\: b
d — 4 S PR Sp— e | __'.':': —
|
A
L\
|
|
] 1
Pipe bottom Po P1

NOTE — The ratio

Profiles P3, P4 and

Acceptable profiles

(see 6.4.4)

C/C, is the ratio of the water concentration at a point to the mean water concentration at the the sampling locat

Py are not acceptable because the ratio C/C,, is outside the range 0,95 to 1,05 for at least part of the recommended
sample withdrawal point (see figures 2 and 3).

Figure 8 — Results from profile tests (typical profiles)

on.

egion for the
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Separating device _

=
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Sample probe with actuator

_ Flow-proportional
signal

Controller

Flow

Sampling probe

Sample grab
discharge (down
sloping line of
minimum volume)

a) Automatic sampler in line

Sample receiver

Separating device

—M——— —— | ____F low-proportional
- signal

Controller

Sample rgceiver

Iy
I: Sample grab discharge

(down sloping line of minimum volume)

Pump

* Arrow does not indicate pipe orientation

b) Automatic sampler with an external sample loop

Figure 9 — Typical sampling systems

31


https://standardsiso.com/api/?name=186c832631bbc7082af620540b05beeb

ISO 3171 : 1988 (E)

A.1 Introduction

Annex A

Estimating water-in-oil dispersion

(This annex forms an integral part of the Standard.)

A.2.1.2 The degree of dispersion in horizontal pipes can be

estimated using the equation

This annex sets out calculation procedures based on a

simplified theory to give some indication of the dispersion of

water in oil at prpposed or existing sampling locations. These

procedures shou
tical application.

d be used with extreme caution in any prac-

The theoretical bjsis for these procedures is given in clause A.3

in a simplified ve|

sion.V

The results of thp calculations may deviate widely from some

experimental valy

es for the following reasons.

determine beg¢ause of a lack of experimental data. In par-

a) The valuT of some of the constants are very difficult to

ticular the val
many cases.

e of AX [equation (12) et al.] is not known in

b) Some of the fundamental equations used in the calcula-

tions are subj

Consequently, a
mended when e
dispersion.

A.2 General

The dispersion of
be sufficient to
concentration at|
within the limits

A.2.1 Horizo

A.2.1.1 Adequd
sampling is char

bct to limitations (see clause A.3).

conservative approach is strongly recom-
stimating the acceptable limits for adequate

oil and water at the sampling location has to
give representative sampling; i-€. the water
the sampling probe entry, point should be
or acceptance given in4.4:

htal piping

te oil and~water mixing for representative
hcterized-by“uniform dispersion (C; = C, in

A.2.1.2). Dispersion of @jl-and water is promoted by a high flow

rate, high oil visc

bsity, “high oil density, small pipe diameter and

upstream mixing

where

A:2.1.3 Four calculation procedures are provided:

€5 —H)
— = exp
Cz kS/ D

C,/Cy s the ratio of water concentration at the top (C4) to
that at the bottom (C,);

W is the settling rate of the water droplets;

e/D is the turbulence characteristic, where ¢|is the eddy
diffusivity and D the pipe diameter.

A C,/C, ratiorof 0,9 to 1,0 indicates very good dispersion. A
ratio of 0,4<or smaller indicates poor dispersion with a high
potential for water stratification.

Procedure 1: to indicate whether dispersion is|likely to be
adequate for sampling (see clause A.4);

Procedure 2: to indicate whether enough energy for proper
sampling is likely to be available (see clause A.5);

Procedure 3: to select a suitable sampling Idcation (see
clause A.6);

Procedure 4: to determine a system constant from profile
test data (see clause A.7).

A.2.1.4 In addition to the assumptions and| limitations
discussed in clause A.3, the following should be noted.

a) The analysis i lat the con-

Oil and water stratification is characterized by coarse disper-
sion, i.e. large-diameter water droplets with a relatively high
settling rate W, resulting in an increase in water concentration

towards the bott

om of the pipe and a decrease towards the

top. This condition is promoted by minimum upstream mixing,
a low flow rate, low oil viscosity, low oil density and large pipe

diameter.

1) For further information, see:

centration profiles are fully developed. Thus, profiles taken
too close to a mixing element (where swirl effects may
distort the dispersion) or profiles taken too far downstream
(where settling may dominate, particularly at low velocity)
may not be properly described by the analysis.

b) Water injection during profile or proving tests may pro-
duce additional mixing and subsequently a better dispersion

a) HAYWARD, P. Conditions hydrauliques minimales pour I'échantillonnage automatique. Pétroles et Techniques, 295, 1983.

b) HAYWARD, P. Etude d'un projet de poste d’échantillonnage. Pétroles et techniques, 332, 1987.
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than otherwise would be expected from the system. The
mixing energy produced by the jet should be less than half
the mixing energy produced by the most critical mixing ele-
ment upstream of the sampling location [see clause A.3 and
procedure 1 in clause A.4, equations (12) to (26)].

c) The water concentration level in the crude oil has some
effect on the profile. If that concentration varies with time
and reaches 10 % to 20 % the method should not be used.

d) The main purpose of the calculation procedures is to
select potential locations for sampling, to evaluate whether

ISO 3171 : 1988 (E)

A.2.4 Nomenclature

The symbols and units employed for the terms used in this
annex are given in table 5.

A.3 Principles

Many of the following equations are not strictly applicable to
these circumstances, but are useful because they offer a
simplified approach to a complex problem.

changes ih operating conditions might adversely affect the
dispersion, to estimate the amount of additional mixing
energy negded to improve dispersion, as a diagnostic tool in
the evalugtion of questionable performance, and in the
analysis of profile test data.

e) Sampler proving and profile testing are recommended
to validatg or discredit the location of a sampling system.
The calcylations give assistance for evaluating the im-
provemenfs needed by unacceptable systems (see pro-
cedure 2 ih clause A.5).

f)  When|evaluating whether dispersion is adequate or not
in a given jsystem, it is recommended to use the worst-case
conditiong expected, for example the lowest flow rate and
the lowest oil viscosity or density.

g) When calculating the energy dissipation rate E, it
should be| noted that the dissipation energies of different
piping elements are not additive in regard to dispersion, i.€,
when a llries of elements is present, the element that
should be|considered is the one that dissipates energy the
most. A grocedure to determine which is the most critical
piping elefnent is presented in procedure 3 (see clause A.6).

A.2.2 Vertital piping

tal lines becalise gravity does-not/promote settling as it does in
a horizontal line. However,.if{the water droplet settling rate is
more than 5 % of the cradé oil flow rate, the water concentra-
tion will be nqticeably.higher in an upwards flow and lower in a
downwards flow than-the mean concentration.

In vertical IinT, the dispersion is usually better than in horizon-
!

NOTE — The nplnf eafﬂlng rate W can be estimated from flgnrn 11or

As already stated in A.2.1.2, the relation-’between water
concentration at the top of a horizontal pipe C4/ to the concen-
tration at the bottom C,, is given by the‘equation

& ki (3)
— =exp |— e
Cz P e/D

This formula is only valid*for

— <1,
e/D

where
W is the settling rate of a water droplet with a diameter d;
D is the pipe diameter;

¢ is the particle eddy diffusivity. This cHaracterizes the
pipe turbulence and is given by the equatioh

¢ = (RU* R )]
where

¢ is a dimensionless constant;

R is the radius of the pipe;

U* is the pipe friction velocity.

An adequate estimate for { is 0,36. U* is related to the Fanning
friction factor f and the mean flow rate in thg pipe V by the
equation

equation (8).

The sampling probe should be located at a minimum distance
of 3, but preferably greater than 5, pipe diameters from any
upstream bend and a minimum distance of 0,5 diameters from
any downstream bend, to avoid a distorted profile.

A.2.3 Units

The parameters considered in this annex are generally ex-
pressed in Sl units. However, when other units are used a
special mention is given following the equations concerned.

F\172
uUr="vi\—- e
(2) (5)

The Fanning friction factor for smooth pipes is given by the
equation

0,079
" Re0,25

. (6)

where Re is the flow Reynolds number.

The Blasius friction factor 4 is related to f by the relation 1 = 4f
and it can be used equivalently in the expressions to follow.
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Table 5 — Symbois

Symbol

Term

Unit

9]

Water concentration (water/oil ratio)

Pipe diameter

Average diameter of water droplet

Rate of energy dissipation

Available energy dissipation from critical element
Energy dissipation in straight pipe

Required energy dissipation

Fanning friction factor

Parameter, defined in equation (27)

Dimensionless
m
m
W/kg
W/kg
W/kg
W/kg
Dimensionless
Dimensionless

SR SR L DRI EC S

Gravitational acceleration (= 9,81) m/s¢
Resistance coefficient Dimensionless
Pressure drop Pal
Volumetric flow rate m3/s
Radius of pipe m
Reynolds number Dimensionless
Friction velocity m/s
|4 (linear) flow rate m/s
14 Volume m3
w Settling rate of water droplets m/s
AX Dissipation distance m
Y Distance between top and bottom profile probes m
B Parameter, defined in equation (21) Dimensionless
y Ratio between small and large diameter where pipe diameter
changes Dimensionless
A Blasius friction factor (= 4f) Dimensionless
€ Eddy diffusivity m2/s
4 Eddy diffusivity constant Dimensionless
v Kinematic viscosity m2/s2)
o Crude oil density kg/m3
04 Water density kg/m3
o Surface tension N/m3)
T System constant, defined in equation (16) m-1

Substitution of |equations (5) and_(6))into equation (4) with

¢ = 0,36 gives:

&

where

= 6,313 k 103 90125)p0,875 0,125
D

1) 1Pa = 10-5bar
2) 1 m2/s = 106 ¢St = 106 mm2/s
3) 1 N/m = 103 dyn/cm

) where

g is the gravitational acceleration;

V is the flow rate, in metres per second, at the sampling

section;

. (8)

eq-and-e—are-the-densities-ofwater-and-erude oil, respec-

tively;

d is the average diameter of the water droplets given by

¥ is the kinematic viscosity, in square millimetres per

second (centistokes).

This equation may be solved either numerically or by use of the

nomogram in figure 12.

The other important parameter in equation (3) is the settling

a\0.6
d =0,3625 —) E-04
Q

. (9)

or by following the sequence E, o, d in figure 10

where

rate of the average-sized particle. According to Stokes law,

settling rate is described by

o is the droplet surface tension between water and oil;

E is the energy dissipation rate in the flow.
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Substituting equation (9) into equation (8), and assuming that
g = 0,025 N/m:

W = 855 (Qd__g) E-08
!992,2

... (10)

where ¥ is in square millimetres per second (centistokes).

This equation may be solved either numerically or by using the
nomogram in figure 11 (see note 1).

ISO 3171 : 1988 (E)

For profile data analysis (see procedure 4 in clause A.7), it is
more convenient to write equation (14) in the form

E =1V3 ... (15)
where 7 is the system constant, defined as
K
—_— —— . .. (16)
2AX

In the special case of a long straight unobstructed pipe, the

The dissipatign energy E is related to the pressure drop AP by
the equation

AP
Q

e

E= o)

I

where
Q is the|volumetric flow rate;

V is thel volume of liquid subjected to the dissipation
action.

Thus:
AP Y
E=——-+ ... (12)
AX ¢
where

V is the|flow rate at the pipe section in which-energy is
dissipated;

AX is alcharacteristic length that represents the distance
in which|energy has been dissipated,i’e. the notional
distance ¢ver which the water phase within the crude oil
breaks up| into small globules.

to be used

hould be supportéd by experimental data. For

In most caseF AX is not known “Wherever possible the value

specially des|
will be small

gned high-efficiency static mixers, the value AX
and should\be obtained from the designer.

For some p(i)t)ing elements (such as valves, pumps, etc.) the

pressure dr

is’ normally known and equation (12) can be

pressure gradient is calculated using the equatjon:

AP 2fo V2

AX D

... (17

where f is given by equation (6);

Substituting equation (17)into equation (12) dives the energy
dissipation rate for a pipe E, as

2 13
E, = S ... (18)
D
or, byrsubstituting equation (6) for f
» = 0,006 9025 p~1.25 275 ... (19

where ¥ is in square millimetres per second (c¢ntistokes).

It can be shown from equations (17) and (18) that E from equa-
tion (14) can also be presented as

E = BE, ... (20
where
B = kb (21)
CAAXS

This optional presentation is useful in developipg a simpler and
faster method for calculating E [see procedure|1 — method b)
in clause A.4]. (See note 2.)

NOTES

easily applied. For those cases where AP is not known, it can
be calculated using the equation

AP

Ko V2

... (13)

2

where K is the resistance coefficient of the piping element

under consid

eration.

Equation (12) thus becomes

... (14)

1 Interfacial tension values may be significantly affected by additives
and contaminants. If it is known that the surface tension value is other
than 0,025 N/m the settling rate relation given in equation (10) should
be modified. Multiply the right-hand side of equation (10) by

g 1,2
(0,025)

2 The calculations described above are applicable only if the size
distribution of the water particles can be approximated by an average
value (the ‘“Sauter mean”). If the actual droplet size distribution is
wide, the predicted concentration ratio may deviate from the actual
ratio. This is because droplets smaller than the average size will be
dispersed more easily while droplets larger than the average size will
settle faster.
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Also, actual profiles found by tests may not agree with the concentra-
tion ratio predicted because of unmeasurable parameters such as AX
and f. For this reason, the system constant t and the characteristic
parameter of a mixing element f are given for predicting concentration
ratios at different flow conditions (V, o, ) for a given system.

A.4 Procedure 1

A.4.1 Objective
To indicate wh
sampling in a syf
A4.2 Step1

Estimate the engrgy available for dispersion, E, in the piping
element under cpnsideration by the method given in A.4.2.1 or
that given in A.4.2.2.
A.4.2.1 Methgd a)

Calculate E by the relation

APV

L. (12
AXo (12)
where

AP is the pressure drop across the piping element;

AX is a ¢haracteristic length which represents the
distance in which energy has been dissipated.

NOTES
1 If AXis not knpwn, a substitutive value of AX = 10PD-may be used
as a very rough gpproximation for devices of low. mixing efficiency

such as those in table 6.

2 If AP is not known, calculate it using the-equation

_ KoV?
2

AP . (13)

where K is the resjstance coéfficient of the piping element under con-
sideration. Suggested values of K for different piping elements are
given in table 6.

3 E can also be described as

E=tV3 ... (15)

where 7 is a system constant that can be evaluated for a given system
by procedure 4 given in clause A.7 if a set of profile test data is
available.

A.422 Method b)

An alternative method for calculating E may be used. It is
simpler and faster but less accurate than method a). This

d-an = ob
= or

... (20
where
f is a characteristic parametérof a mixing el¢ment;

E, is the rate of energy dissipation in a straight pipe and is
calculated from figure, 10.0r from the equation

E, = 0,005 $9,25 D-1.25 2,76 ... (19)

where ¥ is in square millimetres per second (centi]stokes).

NOTE — For certain piping elements, the following tenfative relation-

ships for & jare suggested :
1) _Bends

E = BE, ... (200
where f is given in table 7.
The spacing between the bends may affect the degree [of dispersion.
For the values in table 7 to hold, the distance betwegn each bend

should not exceed 30 pipe diameters.

2) Change of diameter

E = BE, ' ... {20
— Contraction:
B=25(1-7y2 ... (22)

— Enlargement:
B=5(1-y2? ... (23)

where y is the ratio small diameter/large diameter.

Table 6 — Suggested resistance coefficients!

Contraction
Enlargement

Circular mitre bends

Swing check valve K=2
Angle valve K =2
Globe valve K=6
Gate valve K = 0,15

K=05(1-192
K=1(1- 922

1 4
Orifice K=28(1-7y9 [(—) - 1]
y

K =1,2(1 — cosb)
where 6 = turn angle

0<K<05
0<K<10

0<K<1.2

1)y is the ratio small diameter/large diameter and
K is based on the velocity in the smaller pipe.
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Table 7 — Values of 8 for bends

r/D 1 1,5 2 3 4 5 10
all =1 1,27 1,25 1,23 1,22 1,18 1,15 1,07
n 2 1,55 1,50 1,48 1,45 1,38 1,30 1,13
n =3 1,90 1,80 1,75 1,70 1,56 1,44 1,18
n 4 2,20 2,10 2,00 1,93 1,72 1,56 1,23
n 5 2,60 2,40 2,30 2,20 1,90 1,70 1,28
1) nis the number of bends of radius r in a pipe of diameter D.
3) Centrifugal pump A.45 Step4d

| AP Q
o D3

E =0,012 . (24)

T

where
Q is the Jolumetric flow rate;
D is the diameter of the pump discharge pipe.
4) Throttling palve

AP V|
= ... (25)
2000

5) Flow nozzle

3
P

E = 0,022 . (26)

where
¢ is the nozzle diameter;

Vj is the flow rate at the nozzle exit.

A.4.3 Step 2

Calculate the settling rate for the average-sized droplet from
figure 11 or from the equation

W = 855 (&’—_—Q) E-08 ... (10
¢ 92,2
where

E is thel highest value among the figures obtained in
step 1;

Calculate the value of the parameter G.using the equation

_ e/D

G = Lo (27
W (27)

from which the expected-eoncentration ratio cafn be determined
according to table 8.

NOTE — Because-0f the uncertainty of the calculatigns, errors in G of
more than 20 %) may result. These large errors occur at low values of G
and for this\reason, when values of G less than 2 inlequation (27) are
obtained, theh sampling is not recommended.

Table 8 — Expected concentration ratio

G Cy/Cy Cy/ C

10 0,90 1,11
8 0,88 1,14
6 0,85 1,18
4 0,78 1,28
3 0,71 1,41
2 0,61 1,64
1,5 0,51 1,96
1 0,37 2,70

A.5 Procedure 2

A.5.1 Objective

To indicate whether enough energy E, for acceptable sampling

is likely to be available in a given piping element for given flow
nnndifinr‘s

04 is the water density. For salt water (from wells or
tankers), a suggested value is 1 025 kg/m?3 if the actual one
is not available.

If the mean of C; and Cs is higher than 5 %, multiply Wby 1,2.

A.44 Step3

Calculate the turbulence characteristic from figure 12 or using
the equation

&
3 = 6313 x 1073 90125 y0&7s p-0125 )|

A52 Step1
Determine the value of G from table 8 for the required profile.

For example, if a profile with a C;/C, ratio of 0,90 is required,
the corresponding value of G is 10.

A5.3 Step2

Calculate the turbulence characteristic from figure 12 or using
the equation

€
5 = 6,313 x 107390125 Y0875 p-0125 ce
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A5.4 Step3

Calculate the required settling rate from the equation

w= &P (28
G
Ab55 Step4

Calculate the required energy for an acceptable profile from
figure 11 or using the equation

A.6.5 Step4

Calculate the required energy for the desired profile from
figure 11 or using the equation

_ 1,25
E, = 4630 (———Qd 9) 0-275

W oo (29)

A.6.6 Step5

Calculate the dissipation energy E, for each piping element in

by — 0\
E, = 4630 0~275 ... (29)
v W

A5.6 Step§

Calculate the er
step 1 in proced
energy available

ergy available for dispersion E, by following
ire 1 given in clause A.4. If E, < E|, then the
is not enough for acceptable sampling.

the o,atem—by—feuewrng—step—1—m—preeederel1 given in
clause A.4 and determine which element has the/lafgest energy

dissipation rate. This element is the most critical lement and
the energy associated with it is the energy‘available for disper-
sion E,.

A.6.7 Step 6

Compare E, with E, and detérmine from tabie 9 if the resulting

A7 Stepf

One of the follofving alternatives may be used to increase the
available energy

a) add an Tditional upstream mixing element;
S

b) decreasd the upstream pipe diameter (i.e. increase flow

rate);
c) investigdte an alternative location for the sampling

probe (see pfocedure 3 given in clause A.6).

A.6 Procedure 3

A.6.1 Objective

To select a suitgble sampling location:

A.6.2 Step 1

Select the worst—case conditions. Also, determine the desired
concentration rgtio C34C, and from table 8 find the corre-
sponding value pf G: i

profile is acceptable.

Table 9 — Acceptability of profile

Condition Conclusion Action
E, > E, X} Profile satisfies No action needed
criterion
E,°< E, | Profile does not Increase flow rate| (by reduc-
satisfy criterion ing the pipe diameter for at
least 10 diameterq upstream
of the sampling Idcation)
and/or introduce p new
mixing element. Go to step 7.
A.6.8 Step7

If the flow rate has been increased by reducing the pipe
diameter, repeat steps 2 to 6 and determine if the new Ej is
larger than the new value of E|.

If a new mixing element has been introduced intp the system
without changing the flow rate, check by follow|ng step 1 in
procedure 1, given in clause A.4, whether its dissigation energy
E is larger than E,,. If it is larger (E > E,), then replace E, with
the value of E and go to step 6. If it is smaller (E « E,), repeat
step 7 for another piping element.

A.6.3 Step2

Calculate ¢/ D from figure 12 or using the equation

€
) = 6,313 x 10-390.125 p0.875 p-0,125 V)]

A.6.4 Step3
Calculate W using the equation

e/D
W=— ... (28)
G

A.7 Procedure 4

A.7.1 Objective

To determine a system constant t from profile test data.

A.7.2 Step 1

Determine the water concentration at the top probe location
(= Cp) and at the bottom probe location (= Cg). Also deter-
mine the distance between these two probe locations (=Y)
and the values of ¥, ¥V and D which were used in the profile
test.
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A.7.3 Step 2 b) Calculate K (see table 6):
K=05(1-%?

Calculate the turbulence characteristic from figure 12 or using
0,5[1 - (0,5/1,0]

the equation

= 0,375
€
Z - ~3,90,125 1/0,875 1)—0,125
= 6313 x 1073 V0875 p RNt c) Calculate AP:
Ko V2
AP = ¢
A74 Step3
2
Calculate the settling rate from the equation = w
¢ [D\ (ca = 157,5 Pa
W=_‘_ n =8 ... (30)
D\Y Ca d) Calculate E:
NOTE — Cg } Ca. g APV
AX o
A.75 Ster 4 _157,5(1,0)
Calculate E from figure 11 or using the equation 10 {0,5) (84Q
= 0,037 5 Wkg
1,25
_ Q— 2\ 235
E =463 ( y W) 4 e (29 A.8.1.1.2 Méthod b)
a) Calculate E, (see example 1 in fi 10):
A.7.6 Step5 ° xample 1 in figure 10

Eo = 0,005 190'25D_1'25 V2,75

Calculate 7 fflom equation (15) rearranged as
wee T a , ¢ = 0,005 (12)9-25 (0,5) ~ 125 (1,0)275 =+ 0,022 W/kg

T= £ ... (31) b) Calculate B:
V3
B=25(1-9
NOTE — The g-value thus calculated for a given system is only valid for - 2501 (0.5/1.0)2
this specific system and generally cannot be applied to other piping - & — W 0)4]
configurations} = 1,875

c) Calculate E:

A.8 Caldulation examples E = fE,
= 1,875 (0,022)

A.8.1 Exdmple of procedure 1 = 0,04 W/kg
Using the gujdelines associatedwith parameter G (see table 8) A.8.1.2 Step2
determine whether dispefsion is adequate for sampling in a e
system that includes a.¢ontraction froma 1,0 m pipe toa 0,5 m Using the value for E calculated by method a)| (as it is a more
pipe. Use th¢ following*additional information: accurate method), calculate the settling rate:

V = 1,0 mZs+(in the small pipe) _

e W — {Qd Q\ £-08
o = 840 kg/m3 \ 022 )]
1025 - 840
¥ = 12 mm?/s (12 cSt) = 855 (————~1 > % 8402’2) 0,037 5-08
04 = 1025 kg/m3 , = 0,067 2 m/s (see example 1 in figure 11).
Calculate the droplet diameter as follows:
A.8.1.1 Step1
o\ o4
Estimate the energy available for dispersion. d=03625 E E7% . (9
0,025\0.6
A.8.1.1.1 Method a) =0,3625 | —— (0,037 5)~0.4
840
a) default value for AX is 10D = 2,59 mm (see example 1 in figure 10).
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A.8.1.3 Step3 : A.8.24 Step4
Calculate the turbulence characteristic (see the example in Determine the required energy E, (see also example 2 in
figure 12): figure 11): :
& (24 — o\'®
— = 6,313 x 103 (90.125 170,875 1)—0,125 E =4630{—— 9—2,75
D vw
= 6,313 x 1073 (12)%:125 (1,0)0875 (0,5) ~0.1%5 -
1025 — 840 \'
= =4630 x { —m 840275
= 0,009 4 m/s (12 X 0,000 94)
J = 7,80 W/kg
A.8.1.4 Step

Calculate the drop diameter as in A.8.1.2:d = (0,3 mm (see

Calculate the value of G: example 2 in figure 10).

e/D D009 4

w  boe72

0,14 A.8.25 Step5

According to A.8.1, the available energy E, = 0,437 5 W/kg.
This value indidates that the concentration ratio Cy/C, is Since E, < E|, increase.-the available mixing energy.
smaller than 0,3( (table 8) and therefore the dispersion in the

given conditions|is not adequate for acceptable sampling.

A.8.26 Step6

If the pipe.diameter is decreased to 0,25 m, the flow rate

A.8.2 Examjle of procedure 2 becomes4,0'm/s and the following equations restlt:
For the conditior|s described in A.8.1, determine the additional & ~3 40,125 /0,875 1 -0125
energy required for proper sampling. D 6,313 x 1073 90125 y 0878 p -0,
= 0,034 4 m/s

A.8.21 Step1  ¢/D

w=-_=
From table 8, determine the desired value of G. For example, a G
ratio of Cy/C, =|0,90, and consequently G = 10%xis,required.

Ve eauenty a = 0,003 44 m/s

For these new conditions, the required energy is:

A.8.22 Step2 125
_ Q ~ 2\ 53
E, = 4630 o™~

Calculate ¢/D: 9w
£ _ 6,313 x| 103 0.1 )p0.875 0,125 = 1,54 W/kg
° = 6,313 x| 1043 (12)0.125 (1,0)0.875 (0,5) —0.125 K=05(1-19
= 0,009 4 ' m/s : 0,469
AP = ngVz
A.8.23 Step3
Calculate the required settling rate: = 3152Pa
W= ‘E/FD E, = i};—:
_ 00094 = 6,00 W/kg
10

Thus E, > E, (6,00 > 1,54), indicating that an adequate
= 0,000 94 m/s dispersion (i.e. C;1/C, > 0,90) exists in the new system.
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A.8.3 Example of procedure 3

Select a suitable sampling location in a piping system that in-
cludes: a 4-bend loop (r/D = 2), a globe valve, a throttling
valve with a measured pressure drop of 20 kPa (0,2 bar), and a
centrifugal pump [AP = 80 kPa (0,8 bar)]. The most severe
flow conditions expected are:

V=20m/s

o = 840 kg/m3

1ISO 3171 : 1988 (E)

A.8.3.5.1 Straight pipe
According to equation (19):

Eo = 0,005 90.25 p-1,25 12,75

0,005 (12)9.25 (0,5) —1.25 (2, 0)2.75

= 0,149 W/kg

A.8.3.5.2 Four-bend loop

Y = 12 mrst2TSy

04 = 10325 kg/m?3

According to equation (20):

E = BE
D =05 °
where
A.83.1 Step 1 S is calculated from.table 7 (n = 4; r/D & 2):
For example,|if a value of C{/C, = 0,90 is chosen, then from B =200
table 8, G= [10.
Thus
A.8.32 Stdp2 E = 2,00 (0,149)
Calculate &/1Ip: = 0,298
£
5 = 6318 x 10-3 90125 0,875 p-0,125 A.8.35.3 Globe valve
= 6318 x 10-3 (12)0.125 (2,0)0875 (0,5) ~0.125 IA(c:o:;i-mg to equations (12) and (13), taking AX = 10D and
= 0,01 2 m/s Ko V2
AP =
2
A833 Step3 _ 6(840) (2)2
- 2
Calculate W:
= 10 080 Pa
e/ 0,017 2
W=—4/1= = 0,00172 m/s
G 10 APV
CAX o
A.8.34 Stdp4 _ _10080(2)
10 (0,5) (840)
Calculate E|:
= 4,8 W/kg
— 5\1.25
E, = 4630 (g‘; WQ) 027
A.8.3.5.4 Throttling valve
_ 4630 (195 - 840 "25840_275 )
12 x 0,001 72 According to equation (25):
= 3,67 W/kg _APY
200D
A.835 Step5 _ @
20 (840) (0,5)
Calculate the dissipation energy E for each piping element in
the system by following step 1 in procedure 1 (see A.4.2). = 4,76 W/kg

41
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A.8.3.5.5 Centrifugal pump A.8.4.1 Step1
According to equation (24): Cp =20
AP Cg=25
E = 0,0125 —-—3Q 8
eD Y = 0,45

nD?
and taking D = 0,5mand Q = V—4— = 0,393 m3/s, then

.0.4. t
_0,0125 (80 000) (0,393) A.84.2 Step2
fooer | Catcutate £/ D"
= 3,74 W/kg \
— = 6,313 x 103 90,125 /0,875 p-0125
D

A.8.3.5.6 Summary 6,313 x 10-3 (120125 (2,0)0875 (g 5) ~0.1

The calculated ehergies (in watts per kilogram) are:

= 0,0172 m/s
— straight pipe: 0,149
— 4-bend lpop: 0,298 A8.43 Step3
— globe valve: 48 Calculate the settling rate:
— throttling valve: 4,76 . D c
Wesv =) x (— in (=2
— centrifudal pump: 3,74 D Y Ca
Thus, the most critical element is the globe valve and the - 00172 0, In 25
available energy [for dispersion is E, = 4,8 W/kg. - 0,45 2,0
= 0,004 3 m/s
A.8.3.6 Step
Thus, E, > E, (4,8 > 3,67), indicating that dispersion is ade-
quate for sampling downstream of the globe vdlve: A.8.4.4 Step4
NOTE — In the given system, the energies provided by the throttling Calculate E:

valve and the cgntrifugal pump exceed the ‘réquired energy, and
therefore these el¢ments can also serve as‘acCeptable mixers.

— o\ 1.5
E = 4630 (gd____g_) 0275

vw
A.8.4 Example of procedure 4
4630 1025 — 840\ "%
Profile tests havg resulted.in a profile where the top water con- - 12 x 0,004 3 840~
centration is 2,0 %*“and the bottom water concentration is
2,5 %. The distahce between the top and bottom probes is = 1,167 W/kg
0,45 m. The flow conditions during the profite Tests were
V=2m/s
A.845 Stepb
o = 840 kg/m3
Calculate t:
9 = 12 mm2/s (12 cSt) wate T
E
o4 = 1025 kg/m3 ==
d V3
D=05m A B 1,167
Determine the system constant r and evaluate the profile devia- 23
tion if a crude oil with ¥ = 50 mm2/s (50 cSt) and a flow rate of
1,5 m/s were tested. =0,146 m~"!

42
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A.8.4.6 Step6

Calculate the value of G for the increased viscosity and reduced
flow rate, using the following steps from procedure 1.

1ISO 3171 : 1988 (E)

E1 T X V13
E, Tx V3

_[1.84)3
~ \2,38

a) Calculate E:
E=1183 = 0,462
= 0,146 (1,5)3
= 0,49 W/kg A.85.2 Step 2
b) Calculate W- Compare-the-settliingratesusing-equation{10)7in which all the
variables except E are the same for sets 1.and|2:
W = 855 (gg—_g) E-08
Ye2? w, ( 51)—0,8
_ (1 025 - 840) X 0.49-08 w, \E,
50 x 84022 '
= (0,462) ~08
= 2 1
0,002 1 m/s 185

c) Calculate the turbulence characteristic:

€
D

313 x 10-3 190,125 y0.875 p-0,125

313 x 10~3(50)0.1%5 (1,5)0.875 (0 5) —0.125

016 m/s

d) Calculate the value of G:

Therefore, a
table 8, C4/¢
C,/Cg of 0,8

the new operating- 'conditions, according to
', would becomé, 0)87 compared with the ratio
D for the original conditions.

respectively.

ple_of-application to test data

The upstream mixing conditions are unknown and therefore
the profiles obtained from tests cannot be predicted by calcula-
tions, but one of these sets can be predicted from the other by
using calculations from procedures 1 and 4.

A.85.1 Step1

Compare the

dispersion energies E using equation (15):

given V7 = 1,84 m/s (set 1)

and V, =

2,38 m/s (set 2)

A.853 Step3

Calculate.the ratio C,’/Cg' for set 1:

4,06
Ca' 47
Ci 538
47
= 0,75

where

C,’' is the water concentration expressefl as the point
average value at the top sample probe relative to the mean
value for set 1;

Cg' is the water concentration expresscjd as the point
average value at the bottom sample probe (gand labelled H in
figure 13a) relative to the mean value for sqt 1.

The ratio corresponds to C5/Cgin A.7.2 and Al7.4 and can be
used in equation (30) to give

°) x 0,288
v) <Y

Then, for set 2, it can be estimated by using the ratio calculated
in step 2 that

£) x 0,288 x ——
Y 1,85

£
(——) x 0,156
Y

W3
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Hence, using equation (3) for the conditions of set 2:

€
[ Qo
-C—'fj =exp |- ——
Cg €
Y
= 0,86

4,10

Ch 423
Cy 458
4,23

= 0,89

where

C, is the water concentration expressed as the point
average value at the top sample probe relative to the mean
vatue-for-set2;

A.8.5.4 compafi‘Svllo

The prediction o' CX/CI; in A.8.5.3 compares with the cor-
responding value| obtained from the measured water concen-
trations:

C, is the water concentration expressed a§ the point
average value at the bottom sampling probe (and! labelled H
in figure 13b) relating to the mean value for sef 2.
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