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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting.,-Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

5 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore struct
m, petrochemical and natural gas industries, Subcommittee{SC 3, Drilling and completion fli
ments.

consists of the following parts, under the generalditle Petroleum and natural gas industrie
fluids and materials:

Measurement of viscous properties of completion fluids

Measurement of properties of proppants used in hydraulic fracturing and gravel-pac
bns

Testing of heavy brines
Procedure for measuring stimulation and gravelpack fluid leakoff under static conditions

Procedures for measuring the long-term conductivity of proppants
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This part of 1ISO 13503 is largely based on APIRP 61[1l. Informative references are also included in the
Biblography, References [2] to [15].

The tests and test apparatus herein have been developed to establish standard procedures and conditions for

use
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In evaluating the long-term conductivity of various hydraulic fracture proppant materials unde
ditions. This procedure enables users to compare the conductivity characteristics under the
Cribed test conditions. The test results can aid users in comparing proppant materials for_use
furing operations.

procedures presented in this publication are not intended to inhibit the develepment of new
ment is required for their application to fit a specific situation.

part of ISO 13503 may be used by anyone desiring to do so. Every, effort has been made by |
nsure the accuracy and reliability of the data contained in ity"However, ISO and AR
sentation, warranty, or guarantee in connection with this part of 1ISO 13503, and hereb
laim any liability or responsibility for loss or damage resulting-from its use or for the violation of]
P, or municipal regulation with which this part of ISO may conflict.

is part of ISO 13503, where practical, U.S. customaryunits are included in parentheses for infg
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in hydraulic

technology,
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proppant pack conductivities under:downhole reservoir conditions.

The)
only
any

ISO
stug

in these laboratory tests, and can be dominated by inertial éffects.
Scope
part of ISO 13503 provides standard testing procedures for evaluating proppants used

furing and gravel-packing operations.

E The “proppants” mentioned henceforth(in this part of ISO 13503 refer to sand, ceramic media,
pants, gravel packing media, and other materials used for hydraulic fracturing and gravel-packing operati

objective of this part of 1SO 13503 is to provide consistent methodology for testing pe
raulic-fracturing and/or gravel-packing proppants. It is not intended for use in obtaining absolu

Normative reference

following referenced document is indispensable for the application of this document. For dateg
the edition.Cited applies. For undated references, the latest edition of the referenced standarn
amendments) applies.

350641, Mechanical properties of corrosion-resistant stainless-steel fasteners — Part 1: Bolts,
s

e absolute
data have
mbedment,
Also, this
minar flow
tly higher

n hydraulic

resin-coated
bNS.

rformed on
te values of

references,
d (including

screws and

3

31
con

Terms and definitions

ductivity

width of the fracture multiplied by the permeability of the proppant pack

3.2
lam

inar flow

type of streamlined flow for single-phase fluids in which the fluid moves in parallel layers, or laminae, such that
the layers flow smoothly over each other with instabilities being dampened by the viscosity
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3.3

Ohio sandstone
fine-grained sandstone found in the United States from the Scioto Formation in southern Ohio

3.4

permeability
a measure of the ability of media to transmit fluid through pore spaces

4 Abbreviations

API

ASTM

RTV

ANSI

PID

merican Petroleum Institute

merican Society for Testing and Materials
oom temperature vulcanizing

merican National Standards Institute

roportional-integral device

5 Procedures for evaluating long-term proppant pack conductivity

5.1 Obj

The objecti
conditions {
used to ev
obtaining a
fines, form4g

5.2 Disc

In this part
proppant sg
the proppa
Proppant p

Multiple flo
at each strg
(0,002 0 ps

tive

ve is to establish a standard test procedure, using a standard apparatus, under standard
o evaluate the long-term conductivity of propparts under laboratory conditions. This procedu
hluate the conductivity of proppants under laboratory conditions but is not intended for us
psolute values of proppant pack conductivities under downhole reservoir conditions. The effec

ussion

of ISO 13503 procedure, arclosure stress is applied across a test unit for 50 h = 2 h to allow
mple bed to reach a semi-stéady state condition. As the fluid is forced through the proppant
t pack width, differential pressure, temperature and flow rates are measured at each stress I¢
ck permeability and’eonductivity are calculated.

v rates are used to verify the performance of the transducers, and to determine darcy flow reg
ss; an average of the data at these flow rates is reported. A minimum pressure drop of 0,01
) is recommended; otherwise, flow rates shall be increased. At stipulated flow rates

temperatur
rates at a

for the pro
to gather d

conditiens, no appreciable non-darcy flow or inertial effects are encountered. After completing
osure¢stress level in all cells, the closure stress is increased to a new level; 50 h +2 h is allo
pant bed to reach a semi-steady state condition, and multiple flow rates in all cells are introdd

tion hardness, resident fluids, time, and/or-other factors are beyond the scope of this procedurg.

test
e is
e in
s of

the
bed,
vel.

ime
kPa
and
the
wed
ced
ated

until all desired closure stresses and flow rates have been evaluated. To achieve accurate conductivity
measurements, it is essential that single-phase flow occurs.

Test condition parameters, such as test fluid, temperature, loading, sandstone and time, at each stress shall
be reported along with long-term conductivity and permeability data. Other conditions can be used to evaluate
different characteristics of proppants and, therefore, can be expected to produce differing results.
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6.1

ISO 13503-

Reagents and materials

Test fluid

5:2006(E)

The test fluid is 2 % by mass potassium chloride (KCI) in a deionized or distilled-water solution filtered to at

leas

6.2

t 7 um. The potassium chloride shall be at least 99,0 % by mass pure.

Sandstone

Ohio sandstone cores should have dimensions of 17,70 cm to 17,78 cm (6,96 in to 7,00 in) in length, 3,71 cm

to 3

81 cm (1,46 in to 1,50 in) wide, and a minimum of 0,9 cm (0,35 in) thick. The ends of the sand

stone cores

sha|l be rounded to fit into the test unit (see 7.1). Parallel thickness shall be maintained within{+ 0,008 cm
(+ 0,003 in).

7 [Long-term conductivity test apparatus

71| Test unit

The| test unit shall be a linear flow design with a 64,5 cm?2 (10 in%),proppant and bed area. Figure C.1
illustrates the details of the test unit and an example of how cells can be stacked. The pistohs and test
chamber(s) shall be constructed of 316 stainless steel (e.g. 1S©,8506-1, Grade A4), Monel?) ¢r Hastalloy

matgrial. Filters for the test unit may be constructed using Monel wire cloth with an opening of

equ

7.2

The
stre
be ¢
am

The
345
cha
eled
the

7.3

Pad
med
slat

valent (100 US mesh). Nominal particle retention sizes are 'greater than 114 um.

Hydraulic load frame

hydraulic load frame shall have sufficient capacity to develop 667 kN (150 000 Ibf). To ens
5s distribution, the platens shall be parallelto each other. It is recommended that the hydraulig
f a four-post design that minimizes warping that can be transmitted to the test cell. Each post s
nimum diameter of 6,35 cm (2,5 in).

hydraulic pressurization sourcé. shall be capable of holding any desired closure stress
kPa (50 psi), whichever is_dgreater] for 50 h. The hydraulic load frame shall be capable of
nges of 4 448 N/min (1 000\bf/min) or 690 kPa/min (100 psi/min) on a 64,5 cm? (10 in2) cell.
tronic load cell shall be.used to calibrate the stress between the hydraulic ram and the opposi
oad frame.

Pack widthimeasurement device(s)

k width measurements shall be made at each end of the test unit. A measuring device
suring<e~0,002 5 cm (0,001 in) accuracy or better shall be used. Figure C.4 shows an exam
5 allowing for the measurement of pack widths.

150 um or

ure uniform
load frame
thould have

[+1,0% or
oading rate
A calibrated
hg platen of

capable of
ple of width

7.4

Test fluid drive system

Some constant-flow-rate pumps (e.g. chromatographic pumps) have been found satisfactory for this
application. Pulsation dampening can be necessary and can be accomplished by use of a piston, bladder
accumulator or other effective means. Pressure fluctuations during differential pressure and flow rate
measurements (for conductivity calculations) shall be maintained at less than 1,0 %. Each laboratory shall
determine the best technique for pulsation dampening. Large pressure spikes can be indicative of pump
problems or trapped gas in the flow system and shall be corrected before recording data.

1) Monel and Hastalloy are examples of suitable products available commercially. This information is given for the
convenience of users of this part of ISO 13503 and does not constitute an endorsement by ISO of this product.
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7.5 Differential pressure transducers

Differential pressure transducers with a range of 0 kPa to 7 kPa (0 psi to 1,0 psi) are satisfactory. The
transducer shall be capable of measuring the differential pressure to + 0,1 % of full scale.

7.6 Back-pressure regulators

The back-pressure regulator shall be capable of maintaining a pressure of 2,07 MPa to 3,45 MPa (300 psi to
500 psi). The stress applied to the cells shall take into account the back-pressure. For example, if the back-
pressure is 3,45 MPa (500 psi), then the applied stress shall be 3,45 MPa (500 psi) greater to take into

account therpressture-exertec-outward-from-the-pistons:
7.7 Balance
The balancg shall be capable of accommodating a minimum capacity of 100 g with a precision“greater than

0,01 g.

7.8 Oxygen removal

The condug
corrosion o
The first reg
fluid at low
oxygen/moi
15 ug/l. An
shavings af]
copper oxig
oxygen-ren
indicating t1
The second

All fluids i
contaminati

7.9 Tem

The test ¢

temperaturg for the test conditions’is measured in the temperature port of the conductivity cell (Figure (

This tempe
into a tem
devices shg

and flow rates.

A temperat
(150 °F) fon

tivity test fluid shall have the oxygen content reduced to simulate reservoir fluids and to minin
f test equipment. De-oxygenation can be accomplished with a fwo-reservoir system for the f
ervoir holds fluid for oxygen removal. This is connected to nitregen gas that is bubbled through

sture trap such as Agilent Model OT3-42) that has an efficiency to remove oxygen to less
equivalent system can be made; this system allowsnitrogen to pass through heated co
370 °C (698 °F), where the copper reacts with the trage amounts of oxygen in the system forr
e. An indicating trap, such as the oxygen trap by<Ghrom Tech, Inc. part # 10T-4-HP3), after
oval process allows for visual confirmation that* oxygen has been removed. When the vi
ap is oxygen-saturated, both traps shall be replaced to maintain the efficiency of oxygen remc
reservoir holds the oxygen-free fluid; this s the supply reservoir for the pumping system.

N each reservoir are held in sealgd, inert-gas pressurized containers to eliminate oxy
pn from the air.

berature control
ell and proppant packyshall be maintained at the desired temperature +1°C (+ 3 °F).
fature is used to determine the fluid viscosity from Table C.1. The thermocouple assembly is

berature-control, device and a data-acquisition system or equivalent. The temperature co
Il be programmable PID controllers and capable of self-tuning for different temperature condit

ire of\121 °C (250 °F) is employed in the test for ceramics and resin-coated proppants and 6
maturally occurring sands. The temperature for the silica-saturation vessel (see Annex B) sh

hize
uid.
the

pressure below 103 kPa (15 psi) and at low rate. The nitragen” supply is first passed through an

han
bper
ning
the
sual
val.

gen

The
C.1).
split
htrol
ons

b °C
buld

a¥al oo 0N /AN O\

be 11°C (

r4v)

of k¥ I} n b n & £ £ 5 1 H ] Q (e
) dluUve 1Collly welnpeidaturc Ul DU U (TJIU  T7) TUT Tialuldily  UCUUTTITTY odllUs. odadllu 4

0°C

(35 °F) above 121 °C (250 °F) is used for resin-coated and ceramic proppants to ensure that the fluid is
saturated with silica prior to reaching the cell. Care shall be taken to ensure that the fluid arriving to the cell is
at the appropriate temperature. Tests using other fluids or temperatures can be of value in evaluating
proppant pack conductivity.

2) Agilent Model OT3-4 is an example of a suitable product available commercially. This information is given for the
convenience of users of this part of ISO 13503 and does not constitute an endorsement by ISO of this product.

3) Chrom Tech, Inc. part # 10T-4-HP is an example of a suitable product available commercially. This information is
given for the convenience of users of this part of ISO 13503 and does not constitute an endorsement by ISO of this
product.
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7.10 Silica saturation and monitoring

It is critical to have a silica-saturated solution flowing through the proppant pack to prevent dissolution of the
Ohio sandstone and proppant. To achieve this, a high-pressure cylinder with a minimum volume of 300 ml per
10 ml/min flow rate capacity, such as a Whitey sample cylinder 316L-HDF44), or equivalent equipped with

0,635 cm (0,25 in) female pipe ends is needed. For equipment setup, see Annex B.

8

8.1

Pre
rech

app
lows-
is re

8.2

8.2.
To

coni
acc

8.2,

8.2.
of th

Equipment calibration

— PTessure indicators and flow rates

Esure indicators in the test fluid-flow stream with back-pressure applied shall be calibrated
ecked before each test. Constant-flow-rate pumps shall be tested at several flow rates with ba
ied with suitable flow meters, or accurate balance, containers and timing device (stop watch
pressure transducers shall be zeroed before each run. Use only that portion of the transduce
peatable and linear.

Zero pack width measurement

Purpose
accurately measure the width of the proppant pack, the” variations in sandstone thig

pressibility of sandstone and the compression and thermal expansion of the metal shall bg
bunt.

P  Procedure

2.1 Using callipers, measure and record-the thickness of the cores and metal shims. Ma
e core on the face of the core with a peneil Two cores are placed in each cell. Match the coreg

conm
fro

parallel shall not be used. If the bettom core is different from end to end, then the top core

this|difference, so the total core thickness at each end is identical.

8.2.p.2

temperature to be tested for each cell and for each lot of Ohio sandstone and square rings. M
vertjcal dimension of the €omplete test unit [+ 0,002 5 cm (+ 0,001 in)] equipped with pistons, s

shi
pro
pist
valy

8.2.
two

s and sandstone cdres, but without proppant, at each test closure stress level and temperatur
pant will be tested:)For each test, measure an initial zero width by measuring the vertical dime|
bns, shims and\sandstone cores. This value is subtracted from the measured equipment ar
es to obtain-the actual width of the proppant pack.

R.2.3 < Pistons for the baseline cell(s) shall be marked in the order in which they are stacke
matched sandstone cores in the cell and, if applicable, continue stacking the cells as in Figure

initially and
ck-pressure
. High- and
r range that

kness, the
b taken into

rk the width
5 so that the

bined thickness of the ends of the cores-is the same. Cores that measure more than 0,008 cm (0,003 in)

shall offset

A width adjustment™factor or zero pack width shall be calculated at each closure stress and at

leasure the
juare rings,
e where the
nsion of the
d proppant

i. Place the
C.1.

8.2.2.24— Heatthe cells 1o the temperature at which the test witt be run. Ramp ctosure Stress at a rate of
689 kPa/min (100 psi/min).

8.2.2.2.5 Using telescoping gauges and digital callipers or equivalent, measure the piston from width slat to
the bottom plate and from width slat to the top press plate or to the other width slat. All measurements shall be
taken twice and both numbers shall be within £ 0,005 0 cm. Make another measurement 30 min after having
made the first reading. Continue making measurements until the system reaches steady-state, e.g. the

4) Whitey sample cylinder of 316L-HDF4 is an example of a suitable product available commercially. This information is
given for the convenience of users of this part of ISO 13503 and does not constitute an endorsement by ISO of this
product.

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=ee19a5e1f9ac896b22854abce11a8603

ISO 13503-5:2006(E)

measurements are within 1 % of each other. A minimum of three measurements shall be made. The last
measurement shall be recorded. This procedure takes into account the compression of the sandstone cores
and the expansion of metal at pressure and temperature. These values are used when calculating proppant
pack widths (see Clause 12). Continue measurements at stress intervals indicated (see Clause 12) until
maximum stress is reached.

8.3 Determination of cell width

Measure the inside of the cell at three places, two beside the high and low pressure ports and the third beside
the middle port, using telescoping gauges and digital callipers. The three values are averaged. To determine

the amount

of prnppnnf needed. mnlfiply the average cell width. hy the amount of proppant desired divide

d by

38,1 mm. T

EXAMPLE

A two poun

he following example is for a 9,76 kg/m?2 (2,00 Ib/ft2) loading (see 10.2.4).
(38,35 mm + 38,40 mm + 38,37 mm)/3 = 38,37 mm.

 per square foot loading requires (63,00 g/38,10) x 38,37 = 63,44 g of proppant.

8.4 Hydnaulic load frame

Calibration

questionabl
determining
calibrated b

9 Leak

9.1

The hydray
ensure the
material ha
observe to
period. If th
there might

9.2 Test

The initial
checked fo
proppant m

NOTE
tested.

of the load cell shall be done at a minimum annually or when long term conductivity results
e. This type of device is preferred over use of hydraulic pressure gauges as a metho
closure stress applied to the test cell. In some cases, a load cell.is part of the system and mus
y an external source.

tests

Hydnaulic load frame

lic system, i.e. lines, fittings and pumps{shall be tested initially and periodically thereafte
e are no leaks. This may be accomplished by placing an appropriate block of high stre
ling at least 64,5 cm? (10,0 in2) surfdcé area between the platens at maximum load; shut in
see if the pressure or load changel is greater than + 2 % of maximum reading during a 30
e pressure or load varies significantly, inspect all lines and fittings. If no line leaks are evid
be an internal leak in the control valve or the hydraulic ram.

fluid system

complete test fluid system consisting of pump, lines, fittings and conductivity test unit shal
[ leaks. To conduct a leak test, the conductivity test unit shall contain at least a monolaye
bterial.

Vith no ‘proppant between the platens, neither the square seal rings nor the downstream equipment ca

are
 of
t be

r to
ngth
and
min
ent,

be
r of

n be

Apply a clo

ure stress Of greater tan 5,40 ViFd (oUU PSI) 10 e CONAucCtivity unit and TIiow TiJia tnrougn

the

system with a back-pressure 2,07 MPa to 3,45 MPa (300 psi to 500 psi). Close in the system and the pressure
should not change more than 0,1 kPa (0,01 psi) in 5 min. Inspect all lines and fittings.

10 Procedure for loading the cells

10.1 Prep

aration of the test unit

10.1.1 Selecting the core

See 8.2.2
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10.1.2 Presetting sandstone cores

10.1.2.1

-5:2006(E)

After selecting the cores, apply transparent tape to both top and bottom of the core to prevent

sealant from adhering. Use a sharp knife to trim all excess tape. Place transparent tape over all portholes
inside the cells and the top of the bottom piston. Record the average width of the sandstone core.

10.1.2.2

silicone adhesive sealer around the sides of the cores. Allow the RTV to cure.

10.1.2.3

With a spatula, apply a thin layer of high-temperature room temperature vulcanizing (RTV)

An alternative method of preparing the cores is to place the cores in the test unit. Level the

bottom piston within 0,13 mm (0,005 in) from end to end and tighten the set screws. Lightly spray the inside of

the
be 9
in th

10.1
0,3
Ren
crag

NOT

10.

10.2

The
be
diffd
on (i
tos
the

10.2

Me3d

cell with a silicone lubricant. Place a core that has been marked and taped in the cell. Up to fo
e cell or equivalent mould device. Allow the RTV to cure.
.24 Place the top piston in the conductivity cell. Place the cell in the press and apg

MPa (50 psi) and 1 MPa (150 psi) closure. Attach the heat strips, and heat to 66:2C (150 °F) f
nove core slabs. Trim all excess RTV off the face of the preset core and be ‘certain there are

ks in the core.
E If no heat is applied, the RTV cures in about 24 h.
p Cell setup

.1 Setting bottom piston

cells are stacked in the same order in which the zero.pack widths were measured (see 8.2.2)
sed to hold the cell in place so the sandstone core is approximately 0,02 mm (0,000 8 in) or ju
rential pressure ports. This can be achieved by placing one metal shim and sandstone core
iston in the cell. When the height of the pisten'is approximately in the right position, tighten the

ntegrity of the square ring.

.2 Setting the bottom core

sure the metal shim and record its thickness. Differences between the shim thicknesses from

be
sel
fac

ken in account. Place the shim in the bottom of the cell. Apply a thin film of RTV around the
cted core (see 8.2.2.1).)With a spatula, smooth the RTV to even the surface without getting
s of the core. Remove the bottom tape from the core and slide the core into the cell until r

tacked in the cell at one time, as long as RTV is applied around the edges of each core befor'i

r cores can
placement

ly between
r one hour.
no chips or

Blocks can
5t below the
vith no RTV
set screws

ecure the position of the cell, and remove(the shim and sandstone core to install the square fing. Protect

8.2.2.1 shall
bdge on the
RTV on the
baching the
Nng a cotton

orts. Place
ports and

differential-pressure ports. Screens shall be replaced after every run as they can become plugged with
crushed proppant.

10.2.4 Calculating the quantity of proppant

Conductivity may be tested on a volume equivalent to 0,64 cm (0,25 in) unstressed pack width or on a mass

per

unit cell surface area, such as 9,76 kg/m? (2,00 Ibm/ft2).

Calculate the desired amount of proppant material using one of the example calculations described below:

a)

Mass per unit area, expressed in kilograms per square metre:
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Load the desired amount of proppant, which can be calculated as given in Equation (1):

Mp =6,
where

Mp

C
6,452 =0,0

452 C

is the proppant mass, expressed in grams;

is the proppant loading, expressed in kilograms per square metre.

N6 452 m?2

(1)

1000 g/l{g, wheare. n’ﬂﬂR A52 m?2 is tho surface area of the cell—The-exact-amount of

proppant ve

The unstres

W;=0,
where

W; is

C is

p s
b) Unstre
Load the tg

ries depending upon your cell width (see 8.3).
sed proppant pack width can be approximated as given in Equation (2):

100 Clp

he proppant pack width, expressed in centimetres;

he proppant loading, expressed in kilograms per square metre;

he proppant bulk density, expressed in grams per cubic centimetrel16].
5sed proppant pack width equal to 6,35 mm (0,25 in)

st cell with 41,0 + 0,1 cm3 of proppant material..The approximate mass of the required prop

material cap be calculated as given in Equation (3):

Mp=4
where

Mp is

p s

41,0 is 64,
depending

10.2.5 Loa

10.2.5.1

1,0 p

he proppant mass, expressed-in grams;

he proppant bulk density;-expressed in grams per cubic centimetrel16].

52 cm?2 (10,0 in2)-times 0,635 cm (0,25 in) pack width. The exact amount of proppant va
ipon your cell width’ (see 8.3).

ding proppant in the cell(s)

Weigha representative sample based on one of the above calculations.

10.2.5.2

()

bant

®)

ries

a4 HY

Continue th

10.2.5.3

+lo 1 H Y £, k. D £ocble £ tlo 1 1 ol H. Y 4lo
LML UIC odlTIPIC TTU TUUT UTliito. T UUTl UTTTTTUTU T UT T odITIYIC do UVUIIIy do PUOSOIVIT TIMU 11T

is procedure until all four split samples are added.

Level the proppant layer in the test unit with a levelling device (see Figure C.6) by ma

ell.

king

progressively deeper passes to level the proppant in the cell. The proppant shall not be packed by vibration or
tamping, as this can cause segregation of material. Make certain that the proppant is level against the walls of

the cell.

10.2.6 Setting the top core

10.2.6.1
equivalent),

Apply a thin film of RTV around the edge of the preset core (see 10.1.2). With a spatula (or

smooth the RTV to even the surface without getting RTV on the faces of the core.
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ISO 13503-

the edge of the core-to-cell interface and push RTV into the crack using a cotton swab.

10.2.6.3

5:2006(E)

Remove the bottom tape from the core and slide the core into the cell evenly. Apply RTV around

Measure, with digital callipers, the depth of the core at all four corners, confirming that core is

level within 0,1 mm (0,004 in) and making any adjustments necessary. Remove tape from the top of core.

10.2.7 Stacking the cells

More than one cell can be placed in a press (see Figure C.1). Blocks and shims can be used to adjust the
height of the cell to within 0,1 mm (0,004 in). Use the same procedure for loading the cells as described in

10.2.8 Tighfpn set screws

11
11.1

11.2

Loading cell(s) in the press
Place the test unit between the platens of the load frame.

Apply 345 kPa (50 psi) to the stack of cells. A square angle is used.to verify that t

pe
Inc
(10

11.3
the

unif
diffe
relo

11.4

line
spe

12

Initi

reqired temperature (see 7.9). The back-pressure shall be maintained between 2,07 MPa (3

3,45
the

app
stre|

incr

Con
naty

r%endicular to the platens. Make necessary adjustments to ensure stack is perpendicular to

ase pressure from 345 kPa (50 psi) to 3,45 MPa (500 psi) at a «die of approximately @
psi/min).

Begin flow through the cells. Check for leaks around the pistons, and at connections. If leak

brmity of the proppant pack by measuring the pack bed-width at each end of the test unit.
rence of 5% or more between these width measurements, the test shall be terminated 3
bded with new material.

Remove air from the cells and transducer.linés by flushing the cells and bleeding the line
5 for at least 1 min after no air bubbles are\ Visible. Zero the transducers according to ma
cification with no flow.

Acquiring data
bl absolute stress of 6,89MPa (1 kpsi) is applied for a minimum of 12 h and a maximum

MPa (500 psi). This. value shall be taken into account when determining the stress being aj
initial stress of 6,89 MPa (1 kpsi) and time is achieved, raise the stress to 13,79 MPa (2 kps
ied to the proppant/pack after the initial stress shall be held for 50 h + 2 h; any time held less
5s shall not be“considered long-term conductivity. Stresses shall be increased in 13,79 M
bments thereafter. All ramp rates shall be at 689 kPa/min + 34 kPa/min (100 psi/min + 5 psi/min

ductivity. shall be measured at 13,79 MPa; 27,58 MPa and 41,37 MPa (2 kpsi, 4 kpsi and

he stack is
he platens.
90 kPa/min

age around

pistons is observed, the test shall be terminated and the“test unit reloaded with new matgrial. Check

f there is a
nd the cell

5. Flush the
nufacturer's

of 24 h at
00 psi) and
bplied. After
i). Stresses
han 48 h at
Pa (2 kpsi)
).

6 kpsi) for

rally. occurring sands. For ceramic and resin-coated proppants, the conductivity shall be

13,1

easured at

9"MPa; 27,58 MPa; 41,37 MPa; 55,16 MPa and 68,95 MPa (2 kpsi, 4 kpsi, 6 kpsi, 8 kpsi apd 10 kpsi).

Add

itional stresses are optional.

Test flow rates are determined according to the pressure drop between the pressure ports. The first flow rate
shall be 2 ml/min or a minimum of 0,01 kPa (0,002 psi). To ensure the data are within statistical limits, at least
five data points shall be taken and an average permeability (see Clause 13) shall be reported over a range of
2 ml/min to 4 ml/min or at least 0,01 kPa to 0,03 kPa (0,002 psi to 0,004 psi). Report stresses.

Pack widths shall be measured at each stress and calculated to subtract out the compression of the

sandstone cores and the expansion of the metal (see 8.2). Before each measurement, the differential
pressure transducers shall be zeroed.
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13 Calcu

-5:2006(E)

lation of permeability and conductivity

13.1 Equations (4) to (8) shall be used to calculate the permeability of proppant packs to liquid under laminar

(darcy) flow

k = 1 OLI[100A4(AP)]

conditions:

(expressed in Sl units)

(4)
©®)

k = OLI[ A(AP)] (expressed in US customary units)
where
k  is the proppant pack permeability, expressed in micron square metre (darcy);
u is the viscosity of test liquid at test temperature, expressed in centipoise;
O is the flow rate, expressed in cubic centimetres per second;
L is the length between pressure ports, expressed in centimetres;
A is the cross-sectional area of test unit perpendicular to flow, expresseddn‘square centimetres;
AP is fhe pressure drop (pressure upstream minus pressure downstream), expressed in kilopascals
(atmospheres).
For convenlence, the conversion factors can be found in Annex A.
When the ¢ross-sectional shape of the proppant bed is rectangular, as it is in a fracture, then the cr
sectional area can be given by Equation (6):
A=w-|W;
where
A is the cross-sectional area perpendicular to flow, expressed in square centimetres;
w is the cell width, expressed in centimetres;
W; is the pack width, expressed in centimetres.
Equations (#) and (5) canbe’ rewritten so that either the permeability or the conductivity of the proppant
can be calcplated.
To calculat¢ proppant pack permeability, use Equations (7) and (8):
k = u QLAP100 w(APW; | (expressed in Sl units)

DSS-

(6)

ack

k = 1 OLI[ w(APYW; |

(expressed in US customary units)

13.2 To calculate proppant pack conductivity, use Equations (9) and (10):

kW = 1 OLI[100w(AP)]

kWs = u

10

(expressed in Sl units)

OLI[w(AP)]

(expressed in US customary units)

(10)
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13.3 The information and simplified equations in 13.3 a) and b) can be used when using constants (see Note
below)

a) For proppant pack conductivity:

kW; =5,554 1 QL/(AP) (expressed in Sl units) (11)
kWs =26,78 4 Q(AP) (expressed in US customary units) (12)
where

kW; is the proppant pack conductivity, expressed in micron square metre centimetre (millidaroy feet);

4 is the test liquid viscosity at test temperature, expressed in centipoise (refer to Table' C.1)
O is the flow rate, expressed in cubic centimetres per minute;

AP is the pressure drop (pressure upstream minus pressure downstream), expressed in|kilopascals
(pounds per square inch);

L is the length between pressure ports, expressed in centimetres:

b) |For proppant pack permeability:

k=100 u Q[ wW(AP)s | (expressed in S| Units) (13)
k=324 01[ (AP | (expressed in US customary units) (14)
whgre

k is the proppant pack permeability,.expressed in micron square metres (millidarcy);

W: is the pack width, expressed in‘centimetres (inches);

AP is the pressure drop ((pressure upstream minus pressure downstream), expressed in|kilopascals
(pounds per square'inch);

w is the cell width;-expressed in centimetres.
NOTE The following dimensions were used in calculating the constants shown in Equations (11) through| (14)

— |test unitwidth, w = 3,81 cm (1,5 in);

— | actualkcell width is adjusted according to 8.3;

— |length between pressure ports, L = 12,70 cm (5,000 in).

14 Data reporting

Data that are reported shall list have all parameters, such as sandstone type, temperature, time, test fluid,
conductivity and permeability at each stress level, bulk density, sieve distribution, specific gravity and/or
apparent specific gravity and proppant concentration.
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Annex A
(informative)

Conversion factors

NOTE See Reference [17].

1ft=0,304[8

1 inch =2,
1 darcy = 1
1 Ibm = 453
11bf=4,44
1 psi = 6,89
1 atm = 14,
1ml=100
°F =(1,80

1cP =1mb

b4 cm
000 md = 0,986 9 ym?
69
B N
5 kPa
/ psi = 101,3 kPa
D cm3
°C) + 32

Pas

12
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Annex B
(normative)

Silica-saturation vessel setup

B.1 Background

Flowing fluid through proppant packs between sandstone core faces can result in silica dissolution and
subgequently cause an abnormal failure of grains or increase embedment under closure-stsesses. For this
reagon and to mimic formation fluid, the fluid shall be saturated with silica to prevent: degradation of the
proppant or core material. The solubility of silica in water is primarily a function of temperature and pH, with
ioni¢ strength and pressure being of secondary importance.

B.2 Apparatus

B.2{1 High-pressure cylinder or silica-saturation vessel, with-~a minimum volume of [300 ml per
10 mi/min flow rate.

B.2]2 Monel or 316 stainless steel 150 um opening (100 US/mesh) screen, to place at entrance and exit
of fiftings of cylinder to prevent silica sand movement.

B.2]3 20/40 mesh or mixture of 50 % each 20/40 meslYand 12/20 mesh silica sand, washed,| 50 ml.
B.2]4 70/140 mesh silica sand, washed and dried,;;250 ml.

70/140 mesh silica sand that has a greater than 99,7 % silica content and less than 0,05 % iron pontent has
been found satisfactory for this application,

B.2|{5 Jacket heater, thermostatically controlled, with temperature control limits of + 2 °C, that can surround
the pylinder.

The| temperature of the silica Gaturation vessel shall be 11 °C (20 °F) above testing temperature of 66 °C
(150 °F) for naturally occurring)sands and 20 °C (35 °F) above 121 °C (250 °F) for resin-coated and ceramic
proipants to ensure that(the fluid is saturated with silica prior to reaching the cell. Care shall pe taken to
enspre that the fluid arriving to the cell is at the appropriate temperature.

B.2]6 In-line stainless steel filter, containing a 7 um screen to prevent solids from travelling into the test
cellffrom the silica‘column.

B.3 Procedure

The pHof the fiuld shall be adjusted between 6,4 10 6,8 with hydrochioric acid or potassium hydroxide to
simulate reservoir fluids and to lower the rate of dissolution of silica from sand. The silica saturation column
shall be placed inline prior to the entrance to the test cell. A maximum of two test cells shall be run from one
sand column and the intermittent flow rate through the sand column shall not exceed 11 ml/min. A continuous
flow rate shall not exceed 4 ml/min.

Place a screen in the fitting and attach the fitting to the bottom of the cylinder. Place a 25 ml layer of washed
20/40 mesh silica sand or mixture of 50 % each 20/40 mesh and 12/20 mesh silica sand into the column to
prevent the 70/140 mesh from flowing out. Add approximately 250 ml of washed and dried 70/140 mesh silica
sand on top of the 20/40 mesh silica sand or 50 % each 20/40 mesh and 12/20 mesh silica sand mixture.
Vibrate the cylinder for a few seconds to pack the sand. Then add the rest of the 20/40 mesh silica sand or
50 % each 20/40 mesh and 12/20 mesh silica sand mixture or until the cylinder is full. Place the screen in the
fittings, and attach fitting to cylinder.
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Place the silica saturation vessel in line prior to the cells. Place the jacket on the cylinder. Monitoring of the
levels of silica saturation can be accomplished by sampling the fluid media at three points:

— prior to the silica saturation column;
— prior to the entrance of the test cell;
— at the exit of the test cell.

The silica content has been found to stay within the recommended concentration provided the pH,
temperatures and flow rates are regulated. This allows running the test without continuous monitoring

The collect¢d samples are evaluated by an atomic absorption unit or by a wet-chemistry method suehJag the
silicomolybglate colorimetric method to determine silica at the level of milligrams per litre. An increasg’in dilica
of 2 mg/l bgtween the silica column and the test cell exit is an acceptable saturation limit.
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Annex C
(informative)

Figures

Dimensions in millimetres

a) Exploded view

Figure C.1 — Conductivity cell stack (see also Figures C.2 to C.5)
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The figures are not to scale.

Figure C.1 (continued)
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Figure C.2 — Upper and lower piston
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Dimensions in millimetres
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Surficial treatment of the inner matrix: 2,5 < Ra < 4.

Both sides of the cell shall be chamfered by 1,5 mm x 1,5 mm.

8 Not to scale.

Figure C.3 — Cell body
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