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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Ra
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Introduction

The objective of this part of ISO 13503 is to provide a procedure for measuring fluid loss (leakoff) under
dynamic conditions. This procedure was compiled on the basis of several years of comparative testing,

debate, discussion and continued research by the industry.

Dynamic fluid loss testing consists of a simulation of the circulation process where comp

letion fluid

loss occurs at a core face with appropriate shear conditions. Under dynamic conditions, the filter cake
deposition and fluid loss behaviour are different to those of fluid loss under static conditions.

Lab i ~ SHHTD
ie. g 1 0 mD. ThlS is due to the fact that the f11ter cake develops at the core surface and the
confrols the thickness. However, for high-permeability formations, i.e. > 50 mD, thedyna

reldtively small because the fluid system that penetrates the fracture face forms minimum f

formations,

dhear effect

ic effect is
lter cake.

The determination of the fluid loss coefficients is simply a quadratic regressionyof the dataf with time

and square root of time as variables.

In this part of ISO 13503, where practical, US Customary (USC) units are included in pare

htheses for

infqrmation. The units do not necessarily represent a direct conversiorof SI to USC units, or|vice versa.

Cornlsideration has been given to the precision of the instrument making the measurement.

© IS0 2014 - All rights reserved
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INTERNATIONAL STANDARD ISO 13503-6:2014(E)

Petroleum and natural gas industries — Completion fluids
and materials —

Part 6:
Procedure for measuring leakoff of completion fluids
underdymantic conditions

1 [Scope

Thip part of ISO 13503 provides consistent methodology for measuring the fluidless of complgtion fluids
under dynamic conditions. This part of ISO 13503 is applicable to all completion fluids except those that
rea¢t with porous media.

2 |Terms and definitions
For|the purposes of this document, the following terms and definitions apply.

2.1
badkpressure
conptant pressure maintained at the leakoff port

2.2
cell
toolthat contains the core and maintains testconditions such as test temperature and confining pressure

NOTE Cell orientation is defined aceording to whether the long axes of the core are horizontal oy vertical.

2.3
filter cake
build-up of materials on core face or within the porous medium

2.4
filtrate
fluif exiting the core

2.5
fluild inlet
point at which fluid enters the gap

2.6
fluid loss
measure of fluid volume that leaks into a porous medium over time

2.7

gap
linear distance from the core face to the wall opposite the core face

2.8
shear-history simulator
apparatus used to simulate shear history in a fluid

[SOURCE: ISO 13503-1:2011, definition 2.10]

© ISO 2014 - All rights reserved 1
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3 Cell type

There are two different types of cell for measuring fluid loss under dynamic conditions:

a)

round cell: an example is shown in Figure 1;

b) proppant conductivity cell: an example is shown in Figure 2 (see also ISO 13503-5:2006, Figure C.1).

Key

Ul B W N

inlet pd
outlet y
porous
gap

leakoff

rt
ort
medium (core)

putlet

O
N

o)

N\
O%gure 1 — Schematic of a typical round cell

&
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Key
1 inlet port

2 oytlet port

3 pqrous medium (core)

4 gap
5 ledkoff outlet

O
Figure 2 — Schemac(}c’\)f a typical proppant conductivity cell

o
4 |Identification of test(ﬁrémeters (linear flow cells)

O

4.1] General O .

—_—

All galibrations sha@e performed in accordance with the manufacturer’s recommendations.

4.2 Tempén&re
4.211 (@ral considerations
A

Te ithin #1°C (£2° ili ithin £3 °C (5 °F) of the test
temperature.

4.2.2 Test temperature

The test temperature is the simulated temperature as defined by the fluid and cell temperatures.

4.2.3 Fluid temperature

Fluid temperature is the temperature of the test fluid measured at the fluid inlet.

4.2.4 Cell temperature

Cell temperature is the internal cell temperature representing the core temperature.

© ISO 2014 - All rights reserved 3
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4.3 Pressure

4.3.1 Test pressure

Test pressure is the differential fluid pressure across the core length. [t may be measured by a differential
pressure transducer or calculated by subtracting the backpressure from the fluid pressure. It shall be

controlled

at5 % of the design pressure.

4.3.2 Fluid pressure

Fluid press

4.3.3 Ba

ure istie pressure dt thecore face.

Ckpressure

Backpresstire is the pressure of the filtrate as it exits the core.

4.3.4 Col

The confin

4.4 Test

The test b
60 min.

hfining pressure

ng pressure is the pressure used to seal the core if a Hassler sleeveiis-ised.

duration

bgins when the differential fluid pressure is applied and shall continue for a minimur

4.5 Shear rate

The shear

rate of the test fluid across the core face shallPbe 40 s-1 + 25 %,

4.6 Permeability

Using a cor

4.7 Flui

Shear-sens

hpatible fluid, determine the permeability of the core prior to the test.

l shear-history simulator (optional)

itive fluids may be conditioned through a shear-history simulator as described in ISO 135

and specified by the followingparameters:

length;
inside diameter;

te.

h of

03-1

a) tubing
b) tubing
c) flowrg
4.8 Hea

ub rate
r

Within 15 min or less, the fluid temperature at the inlet shall be no lower than 5 % below and no higher
than 3 °C (5 °F) above the desired test temperature. The inlet temperature shall be measured and
recorded at a point close to the inlet port.

5 Test procedure

5.1 Core preparation

Mechanical preparation of the core shall be carried out so as to minimize any alteration of its permeability
(such as by grinding and polishing the core surface). The core shall be saturated with the base fluid or

© ISO 2014 - All rights reserved
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a synthetic formation fluid (examples include KCl, NH4Cl or other brines). If the formation fluid is not
known, the core shall be saturated using a non-reactive solution.

13503-1).

d pressure
6 900 kPa

5.2 Round cell

5.2.1 Prepare a core with minimum dimensions of 25,4 mm (1 in) in length by 25,4 mm (1 in) in
diameter.

5.2.2 Saturate the core and record liquid permeability.

5.213 Prepare the test fluid and record fluid properties (for example in accordance with)JSO

5.2}4 Set the backpressure, typically 690 kPa (100 psi) or greater, to satisfy(a, desire
differential across the core during the test (for example a minimum pressure différential of

(14
5.2

5.2
effe]
sho

5.2

5.2
visd

5.2

point per minute for at least 60 min. Theé volume is collected in a container, making sure the g

is nj

5.3

5.3

5.3

5.3

5.3

00 psi) for tests on low-permeability cores).
5 Heat the cell to the test temperature.

6 Fluid should enter and exit the cell in a uniform flow regime so as to minimize entran
cts. The distance between the core face and any loop curvature before fluid enters or e
lld be at least 2,5 times the diameter of the loop.

7 Initialize flow across the core face at the desired shear rate with the leakoff valve clos

8 Monitor fluid temperature, fluid rate, pressure differential and fluid properties such
osity before the fluid enters the cell.

9 Open the leakoff valve and start collecting fluid leakoff data at a minimum frequency

linimized (the volume may be calculated from fluid mass by collecting fluid in a tared cont

Proppant conductivity-cell

2 Saturate the)core and record liquid permeability.
3 Prepare the test fluid (for example in accordance with ISO 13503-1.

4~ Set the backpressure, typically 690 kPa (100 psi) or greater, to satisfy a desire

ce and exit
its the cell

d.

h

as pH and

pf one data
vaporation
diner).

1 Prepare cores to'fit' the proppant conductivity cell with a minimum thickness of 9,5 mm (3/8 in).

d pressure

diffi

brential across the core dnring the test (Fnr nvnmp]n 2 minimum pressure differential of

6 900 kPa

(1 000 psi) for tests on low-permeability cores).

5.3.

5.3.

5 Heat the cell to the test temperature.

6 Initialize flow across the core face at the desired shear rate and with the leakoff valve

closed.

5.3.7 Monitor fluid temperature, fluid rate, pressure differential and fluid properties such as pH and
viscosity before the fluid enters the cell.

© IS0 2014 - All rights reserved
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5.3.8 Open the leakoff valve and start collecting fluid leakoff data at a minimum frequency of one data
point per minute for at least 60 min. The volume is collected in a container, making sure the evaporation
is minimized (the volume may be calculated from fluid mass by collecting fluid in a tared container).

6 Calculations

6.1 Shear rate

The shear rate in the slot across the core face is calculated by Formula (1) in SI units or Formula (2) in

USC units:
y - 89
h2
;09
52
where
}./ is
Q is
h is
w is
NOTE i

6.2 Leakoff coefficients

Dynamic f
core face.
three leakd

— adynamic coefficient, Cq, proportional to time;

— awall-
— acons

The leakof

'he shear rate in the gap, expressed in s-1;
the fluid flow rate, expressed in ml/s;

the gap height, expressed in cm (in);

the gap width, expressed in cm (in).

or the purposes of Formulae (1) and (2), it is cexisidered that 1 ml is equal to 1 cm3.

uid loss testing consists of a simulation of a downhole process where fluid loss occurs
[he cumulative fluid loss volume per unit area of exposed core, V¢, can be expressed u
ff parameters versus filtratioh time, ¢:

building coefficient Ly, proportional to the square root of time;
ant parameter, the spurt loss, Si.

[ coefficients are calculated from a plot of leakoff filtrate volume, in millilitres, per cr

sectional
collected

ea ofthe’core face, in square centimetres, versus the square root of time, in minutes.

M

(2)

at a
bing

DSS-
The

taar€then reduced using polynomial regression where: V¢ is the dependent variable wj|

hile

time and sfjaare root of time are the independent variables. Coefficients Cg, Cyy and Sy, are determilned

by numericat Tegressiom:

© ISO 2014 - All rights reserved
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The relationship between leakoff coefficients is given by Formula (3):

Ve=SL+Cqxt+Cyxt” (3)

where
Ve is the cumulative fluid volume per unit area of exposed core, expressed in ml/cm?;
Cq isthe dynamic effect coefficient, expressed in ml/(cm2-min), a unit equivalent to cm/min;

Cy is the wall-building coefficient, expressed in ml/(cm2-minl/2), a unit equivalent to cm/min1/2;

S1. is the spurtloss, expressed in ml/cm2, unit equivalent to cm.

These three leakoff coefficient values can be calculated in SI units as follows:

Cq,51 = 1,667 x 104 Cq

where Cq 51 is the dynamic effect coefficient, expressed in m/s.

Cw,s1=1,291 x 10-3 Cyy

where Cy, sy is the wall-building coefficient, expressed in ny/s1/2.

S1,,51= 0,01 x Sp,

whgre S1, 51 is the spurt loss, expressed in m.
In USC units, the conversion equations are:

Ca,usc = 3,281 x 1072 Cq

where Cq usc is the dynamic effect coefficient, expressed in ft/min.

Cw,usc = 3,281 x 102 Cy

wheére Cy,usc is the wall-building coefficient, expressed in ft/minl/2,

S1,usc = 0,2454 x Sy,

wheére Sispsc is the spurt loss, expressed in gal/ft2.

© ISO 2014 - All rights reserved 7
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7 Calculation examples

7.1 Round cell — Linear gel

7.1.1 Gel and test conditions

Gelled fluid system Linear CMHPG
4,2 kg/m3 (35 Ib/Mgal)
Core type Ohio SS - 0,45 mD
OD: 38 mm (1,5 in) ,\b‘
Leakoff area 11,4 cm2 (1,77 in2) q/Q
Test temperature 82°C (180 °F) Sb
Test pressure 6900 kPa (1 000 psi) Q(b
Shear rate 40s1 ,\0,3((‘)
7.1.2 Dypamic fluid loss data s\\c.)o
Figure 3 sHows an example of dynamic fluid loss data. << O

250

240

1.4o

Volume/Area, mLicm?

04o

-0.50

Time, mint?2

Figure 3 — Dynamic fluid loss example — 4,2 kg/m3 CMHPG (35 1b/Mgal)
at 82 °C (180 °F), 6 900 kPa (1 000 psi)

8 © IS0 2014 - All rights reserved
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7.1.3 Calculations

From the indicated regression analysis in Figure 3:

Cq=-0,018 2 ml/(cm2 -min) and Cq,s51=-3,03 x 10-6 m/s Cq,usc =-0,000 60 ft/min
Cw=0,453 2 ml/(cm2 - min1/2)  and Cy,s1= 0,585 x 10-3 m/s1/2  Cyysc = 0,015 ft/minl/2

S1.=-0,120 7 ml/cm?2

A n gative spnurtlossisamathematical exnression and should be renaorted-as zero:
o r r r

51,51 =SL,usc =0

© ISO 2014 - All rights reserved 9
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7.2 Round cell — Crosslinked gel

7.2.1 Gel and test conditions

Gelled fluid system Zr/CMHPG
4,2 kg/m3 (35 Ib/Mgal)

Core type Ohio SS - 0,45 mD

0OD: 38 mm (1,5 in)
LeaKoff area 11,4 cm2 (1,77 in2) ,\b&
Test temperature 121 °C (250 °F) Q/Q
Test pressure 6900 kPa (1 000 psi) ©:
Shear rate 40s1 (QQO')

Ne
7.2.2 Dypamic fluid loss data Q)O

5.00

4.00

W
=)
=3

2.00

Volume/Area, mlfem?

0. & 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

% Time, min1/2

Figure 4 — Dynamic fluid loss example — 4,2 kg/m3 (35 lb/Mgal) Zr/CMHPG,
at 121 °C (250 °F), 6 900 kPa (1 000 psi)

10 © IS0 2014 - All rights reserved
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7.2.3 Calculations

From the indicated regression analysis in Figure 4:
Cq=0,021 3 ml/(cm?2 -min) and Cq 51 = 3,15 x 10-6 m/s

Cw = 0,320 7 ml/(cm2 -min1/2)

S1.=0,113 ml/cm?

and Cy, s1 = 0,422 x 10-3 m/s1/2

and Sy, s1=1,64 x 103 m

1ISO 13503-6:2014(E)

Cd,usc = - 0,000 62 ft/min
Cw,usc =0,011 ft/minl/2

SL,usc = 0,040 3 gal/ft2

7.3| Proppant conductivity cell — Crosslinked gel r\b‘
>
7.3{1 Gel and tests conditions Sb
$e
Gelled fluid system Zr/CMHPG Q(OQ
4,2 kg/m3 (35 1b/Mgegj\‘>
Core type Ohio SS - 0,1 D)~
Leakoff area 129 cm? (2,&}2)
N

Test temperature 93 °§&00 °F)

Test pressure 6 9Q0@{ (1 000 psi)

Shear rate §\§\ 401

N
N

7.312 Dynamic fluid loss data b\

4.00

350

3.00

ra
in
=

030

0.00
0.00 1.00

5.00 6.00
Time!/2

7.00 B.00 500

Figure 5 — Dynamic fluid loss example — 4,2 kg/m3 (35 lb/Mgal) Zr/CMHPG,

© ISO 2014 - All rights reserved

at 93 °C (200 °F), 6 900 kPa (1 000 psi)
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