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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 ISQ_also take part in the work 1SQ collahorates 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, Part'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies castingd a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International| Standard 1SO 18165 was prepared by Technical Committee~ISO/TC 67, Materials, equipment and
offshore strugtures for petroleum and natural gas industries, Subcommititee SC 3, Drilling and complefion fluids,
and well cemnjents.

Annex A of this International Standard is for information only.
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INTERNATIONAL STANDARD

ISO 18165:2001(E)

Petroleum and natural gas industries — Performance testing of

cementing float equipment

1 Scope

This Interr
for the pet

ational Standard describes testing practices to evaluate the performance of cementing flo
roleum and natural gas industries.

This Intergational Standard is applicable to float equipment that will be in contact with, Water-based fl
drilling and cementing wells. It is not applicable to float equipment performance in non-water-based flu

2 Fungtions of cementing float equipment
The term *
prevent flU
equipmen
(U-tubing)

cementing float equipment” refers to one or more check valves incorporated into a well casi
id flow up the casing while allowing fluid flow down the casing. The primary purpose of ce
is to prevent cement that has been placed in the casing/wellbore annulus from flowing U
In some cases, such as liner cementing, float equipment may be the only practical means
U-tubing. |n other cases, the float equipment serves to allow“the cement to set in the annulus with
increase the pressure inside the casing to prevent U-tubing: Increased pressure in the casing while ¢
generally indesirable because it can result in gaps (miero-annuli) in the cemented annulus.

Float equipment is also sometimes used for thé-purpose of lessening the load on the drilling rig

At equipment

Lids used for
ds.

ng string that
menting float
p the casing
pf preventing
but having to
bment sets is

. Since float

equipment blocks fluid flow up the casing, the:bdoyant force acting on casing run with float equipmént is greater

than the buoyant force acting on casing run‘without float equipment. If either the height or the densi
placed ingide casing equipped with float. equipment while the casing is being run is less than tha
outside thé casing, the suspended weight'of the casing is reduced compared with what it would be wit
equipment.

The ability] of float equipment to-prevent fluid flow up the casing is also important in certain well contro

y of the fluid
t of the fluid
hout the float

situations. If

the hydrosgtatic pressure ofthe fluid inside the casing becomes less than the pressure of formation fluids in

formationg near the bottom of the casing, fluids from the well may try to flow up the casing. In such a
float equipment becomes a primary well control device.

Float equipment is-also sometimes used as a device to assist in pressure-testing of casing. This is n
by landingl one or more cementing plugs on top of the float equipment assembly. The plugs seal the g
the pressyreCintegrity of the casing may be tested.

situation, the

prmally done
asing so that

Float equipment is also used by some operators as a device to lessen the free fall of cement inside the casing. The
free fall of cement is the tendency of cement to initially fall due to the density differences between the cement and
the fluid in the well. The float equipment lessens the free fall, to some extent, by providing a constriction in the flow

path.

Casing fill-up float equipment is a special type of float equipment that allows the casing to fill from the bottom as the
casing is run. This is desirable, in some cases, to help reduce pressure surges as the casing is lowered. Fill-up

type float equipment also helps ensure that the collapse pressure of the casing is not exceeded. Once

the casing is

run, the check valve mechanism of fill-up type float equipment is activated. This is normally done by either pumping

a surface-released ball through the equipment or by circulating above a certain rate.

© ISO 2001 - All rights reserved
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3 Float equipment performance criteria

3.1 General

There are a number of performance criteria, listed below, that may be used to evaluate the suitability of a particular

piece of float

equipment for a given well.

3.2 Durability under downhole conditions

Float equipment should still function after a fluid containing abrasive solids has been circulated through the

equipment fera—pered—oftime—The—equipment—shouldtfuncten—in—arous—orentations—and—whie—exposed to
elevated temjperatures and pressures.

3.3 Differgntial pressure capability from below

Float equipment should be capable of withstanding a differential pressure with the highetpressure being exerted
from below the check valve, because the hydrostatic pressure of the fluid occupying the annulus immedjately after
the cement Has been placed is usually greater than the hydrostatic pressure of the.corresponding colupnn of fluid
inside the caping, or while the casing is being run.

3.4 Ability to withstand force exerted through cementing plugs-from above

Float equipment should be able to withstand a force exerted through cementing plugs from above. Somq operators
occasionally [pressure-test the casing by increasing the pressure shortly after a cementing plug (top plug) used to
separate the|cement from the displacement fluid has landed downhole. This can cause a force to be applied to the
float equipmént that could cause the equipment to fail.

3.5 Drillabpility of the equipment

Float equipment should be easy to drill through, since in many cases, float equipment must be drillefl out after
cementing.

3.6 Ability to pass lost circulation materials

Float equipment may be required to allow easy passage of lost circulation material (LCM). On occasion, the fluid
that is circuldted through cementing float equipment contains LCM designed to bridge on highly permeabje, vugular
or fractured formations to lessen-the amount of fluid that is lost to the formations. Since float equipment generally
provides a constricted flow area for fluid passage, there can be a tendency for the LCM to bridge op the float
equipment valve and partially/or totally block fluid circulation. Therefore, the ease with which the LCM can pass
through the float equipment may be a performance criterion for some wells.

3.7 Flow ¢oefficient of the valve

Since float equipment provides a constriction in the flow path_there will be a pressure loss assogiated with

circulating fluid through the float valve. If the pressure loss through the float equipment is too high, circulation rates
can be limited. In some cases, however, a large pressure loss is desirable to reduce free fall of the cement. The
flow coefficient of the valve provides a means of estimating the pressure loss for a given fluid density and a given
rate.

3.8 Reverse-flow resistance of casing fill-up valves
One of the functions of casing fill-up float equipment is to reduce pressure surges as the casing is run by allowing

flow into the casing from the bottom. Therefore, the resistance of the valve to reverse flow is indicative of the
relative performance of the valve in reducing surge pressure.

© 1SO 2001 — All rights reserved
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4 Apparatus and materials
4.1 Flow loop

4.1.1 General

Figure 1 shows a diagram of one possible configuration of a flow loop for durability testing. Other configurations are
possible. The major components of the loop are the mud tank, the piping network, the pump and the
instrumentation. These components are discussed in the following paragraphs.

I ]
\ /
1 \ /7
o e |
X
6 0
X
7 8 9 10 1 10 13
I () N L I . T 7 .
2 11 6
14
Key
1 Hopper 8 Flow meter
2 Compartment 1 9 LP safety valve
3 Agitator 10  Pressure transducer
4 Compartment 2 11 Hose
5 Mud tank 12 Float collar
6 Teemperature probe 13  HP safety valve
7 Triplex pump 14  High-pressure line
Figure 1 — Suggested layout for cementing float equipment test flow loop

4.1.2 Mud tank

It is suggested that the mud tank consist of two compartments, with each compartment capable of holding about
15,9 m3 (100 bbl) of fluid. Each compartment should be fitted with adequate agitation and mixing devices to ensure
that the fluids remain well mixed. A valve should be arranged to allow communication between the compartments
so that the volume of fluid in the active tank can be adjusted. This will facilitate temperature regulation during a test.
A mud hopper should be arranged to facilitate the mixing of mud chemicals.

© ISO 2001 - All rights reserved 3
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4.1.3 The piping network

The piping network should consist of 101,6 mm to 152,4 mm (4 in to 6 in) diameter pipe and valves. It is suggested
that the low-pressure portion of the piping network be rated to allow an operating pressure of at least 3 400 kPa
(500 psi), and it is suggested that the high-pressure portion of the flow loop, as shown in Figure 1, be rated to at
least 34 500 kPa (5 000 psi) working pressure. To facilitate testing fill-up type float equipment, it is suggested that
the piping be laid out in such a manner that the flow direction through the float equipment can easily be changed.
Both the high-pressure and the low-pressure portions of the flow loop should be equipped with pressure-release
type safety valves. It is suggested that a portion of the low-pressure side of the flow loop be made from a flexible
hose or an expansion joint to facilitate spacing out different length float equipment.

4.1.4 The gump

A triplex pump is suggested as the primary pump for the flow loop. The pump should be capable-of g
least 1,6 m3
pump may

back-pressu

415 Thei

The instrum
transducers,
the outputs f

4.1.6 Safet

In designing

a)

b)

c)

d)

e)

the flow

the pipin
such as

the hand
safety pr|

during p
pressure]

the pum
high-pres

NOTE TH

in (10 bbl/min) and pressure testing to 34 500 kPa (5 000 psi). As an alternative; a centr
used. However, this will necessitate the use of a second high-pressure type ‘pump to p
e tests. It is suggested that a backup primary pump be available during testing_periods.

nstrumentation
bntation for the flow loop should consist of a flowrate meter, temperature probes and

located as shown in Figure 1. It is suggested that a data acquisition system be provided fo
om these devices during testing.

y precautions
and operating the flow loop, the following safety precautions should be followed:
loop should be constructed in a controlled-aceess, isolated area;

) should be periodically inspected for feduced wall thickness, especially in areas of maximu
bends, elbows and tees;

ing and mixing of the test fluidichemicals should be done by qualified personnel using the g
bcautions;

fessure testing, all opeérating personnel and observers should be a safe distance from
portion of the flow l60p;

Db controls and,maximum-pressure transducer readouts should be located a safe distanc
bsure portion,of the flow loop.

is list jssnot exhaustive.

umping at
fugal type
prform the

pressure
recording

m erosion

ppropriate

the high-

b from the

4.2 Circu

ating test fluid

The circulating test fluid should be a water-based drilling fluid that has the following properties at 50 °C (120 °F):

NOTE

density:

1 440 kg/m3 to 1 500 kg/m3 (12,0 Ib/gal to 12,5 Ib/gal);

plastic viscosity: 10 mPa-s to 50 mPa-s (10 cP to 50 cP);

yield poi

10-s gel

nt: 2,4 Pato 12,0 Pa (5 Ibf/100ft2 to 25 Ibf/100ft2);

strength: > 1,9 Pa (4 Ibf/100ft2);

sand content: 2 % to 4 % volume fraction.

Non-water-based fluids may be subject to solvent/hardware incompatibility.

© 1SO 2001 — All rights reserved
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The weighting material used in the test fluid should be barite that meets the specifications of ISO 13500 [1]. The
fluid properties should be measured in accordance with ISO 10414-1 [2]. The sand used in the test fluid should be
70/200 US mesh sand. This material is available from most well-cementing service companies and certain

suppliers of blasting sand.

4.3 High-temperature/high-pressure test cell

4.3.1 Apparatus

A special test apparatus is recommended for applylng temperature and pressure to float equipment as described in
f 2 he f

later clause

During pre
well abovd
or directly

4.3.2 Safety precautions inc@esigning and operating the high-temperature high-pressure appal

the o
consif
may I
body
factor|

suppd
to the

showi in Figure 2.

The
encoy
scree

qupporting members should be strong enough to withstand the collapse pressure (plus

for applying

pparatus should be designed for safe operation at temperatures up to 204 °C (400 °F) and
00 kPa (5 000 psi).

tside diameter (OD) of the largest piece of float equipment to be tested. Economid
lered when determining the size of the chamber body. For pressure-testing all sizes of float
e more economical or desirable to build several chambers rather than one large chamber.

applied during testing. A mating flange cap, containing<a’pressure inlet and relief or exit pqg
rt the float equipment during testing. The pressure rating of the flanged cap should be equ
chamber body. The equipment to be tested is suspended from the cap by a swage and

ntered during maximum differential-pressure tests. The exhaust, or relief, outlet should cof
h to retain pieces of the float equipmentin the event of an “absolute failure.”

ssure-temperature tests, the entite chamber should be filled with a silicone-based oil with
204 °C (400 °F). The chambet'is completely submerged in oil and heated from an externa
by electrical resistance heaters.

temperature

pressures up

hnd a mating
e larger than
S should be
equipment, it
he chamber

hnd welded flange should be strong enough to withstandthe'maximum differential pressurg (plus safety

rt, is used to
Al in strength
extension as

bafety factor)
tain a safety

a flash point
heat source

atus

a) The test apparatus should be in an enclosed room (such as a concrete, steel-reinforced test cell) ith sufficient
wall thickness to.contain absolute failure of test apparatus or equipment. The test facility shquld be in an
isolatgd area toprevent injury to operating personnel or observers.

b) All pymp and.temperature controls, with relief valves, should be housed outside the test cell. |]A secondary
autonjaticsshutdown control system should also be incorporated. The operator should maintain Jisual contact
with thedest apparatus at all times. Visual access can be provided by using a mirror positioned s@ that the line
of sight is not in direct line with the test apparatus. The observation window should be protected by high-
impact glass.

c) The test cell should have limited-access doorways that are visible to operating personnel at all times.

d) Adequate ventilation or exhaust fans should be incorporated into the test cell to remove smoke or irritating
vapours.

e) Oilused as a heating medium should be periodically checked for contamination and replaced when necessary.
Contamination lowers the flash point of the silicone-based oil.

f)  Fire extinguishers should be located inside and outside the test facility. An automatic fire-extinguishing system
is desirable.

NOTE This list is not exhaustive.
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Key

1 ~Pressure inlet 4  Synthetic oll

2> Debris screen 5 Heating elements

3 Exhaust outlet (atmospheric pressure) 6  Float collar of float shoe

Temperature range : 21 °C (70 °F) to 204 °C (400 °F)
Pressure range ;0 kPato 34 500 kPa (5 000 psi)

Figure 2 — Controlled pressure-temperature test cell
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5 Durability test

5.1 Test set-up

5.1.1 The test fluid should be prepared in accordance with 4.2. It is suggested that a minimum of 7,9 m3
(50 barrels) of fluid be prepared and that the fluid be circulated (bypassing the float equipment) until the fluid
properties have stabilized.

5.1.2 The float equipment to be tested should be mounted in the test section of a flow loop such as described in
4.1. The orlentauon of the float equment may be e|ther horlzontal or vertical. For float equment to be used in
Nt be tested
horizontally. The float equment orlentatlon during testing should be cIearIy |nd|cated on a test resplts reporting
form similgr to that shown in annex A. For horizontal testing of flapper-type float equipment, the hinge pf the flapper
should be [on the bottom (low side) so that closure is not assisted by gravity. For vertical testing,) the difection of the
flow through the float equipment should be downward.

5.2 Tesft categories

To facilitafe communication between users and suppliers of cementing float equipment, three service [categories of
flow durahjlity testing are suggested. These are shown in Tables 1 and 2.

Table 1 — Categories of flow durability tests forsegular float equipment

Duration@ Maximum pressureP
Category
h kPa (psi)
I 8 10 300 (1 500)
Il 12 20 700 (3 000)
Il 24 34 500 (5 000)

a  Circulation rate is 1,6 m3/min" (10 bbl/min) for float equipment larger than 88,9 mm
(3 % in) and 1,0 m3/min (6 bbl/min) for 88,9 mm (3 ¥ in) and smaller float equipment.

b The maximum testpressure should be the lesser of the values shown or 80 % of the
manufacturer’s rated burst or collapse pressure for the float equipment casing, whichever
is applicable.

Table 2~='Categories of flow durability tests for casing fill-up equipment

Duration
h
Maximum pressure®
Category Reverse? ForwardP
kPa (psi)
| 2 8 10 300 (1 500)
1] 4 12 20 700 (3 000)
1] 6 24 34 500 (5 000)

&  Circulation rate for all categories is 0,5 m3/min (3 bbl/min).

b Circulation rate is 1,6 m3/min (10 bbl/min) for float equipment larger than 88,9 mm (3 %2 in)
and 1,0 m3/min (6 bbl/min) for 88,9 mm (3 % in) and smaller float equipment.

€ The maximum test pressure should be the lesser of the values shown or 80 % of the
manufacturer’s rated burst or collapse pressure for the float equipment casing, whichever is
applicable.

© 1SO 2001 - All rights reserved 7
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5.3 Procedure

5.3.1 Regular apparatus

5.3.1.1 Perform a back-pressure test on the float equipment by pressurizing the high-pressure portion of the flow

loop to 700 kPa (100 psi) and then opening a valve upstream of the float equipment to atmospheric

pressure.

Record the volume of fluid necessary to achieve valve closure. If the valve will not close, attempt to achieve valve
closure by increasing the reverse flowrate through the valve. Record the rate necessary to obtain valve closure.
Increase the pressure to 1 700 kPa (250 psi) and hold for 5 min. If the float valve cannot hold 1 700 kPa (250 psi)

for 5 min, stop the test.

5.3.1.2 Circplate through the float equipment for a total flow period of 8 h, 12 h or 24 h, depending ¢
category being followed. The circulation rate for float equipment larger than 88,9 mm (3 %2 in) shouldbe
(10 bbl/min)l The circulation rate for 88,9 mm (3% in) and smaller float equipment should-be
(6 bbl/min). The test fluid temperature should be at least 43 °C (110 °F) for at least 75 % of the~flow per

n the test
.6 m3/min
|, 0 m3/min
od. At 2-h

intervals, stop circulation and perform a back-pressure test in accordance with 5.3.1.1. Theymud properfies should

be measured at 2-h intervals and adjusted if necessary.

5.3.1.3 Perform a low-temperature/high-pressure back-pressure test in the following-manner. It is sugg
the float equjpment be removed from the flow loop and installed in an apparatus specifically designed

ested that
for safely

applying high differential pressure across the float valve, such as that described in 4.3. This test may also be

performed with the float equipment in the flow loop. The maximum teSt’ pressure should be the
10 300 kPa, |20 700 kPa or 34 500 kPa (1 500 psi, 3 000 psi or 5000 psi);.depending on the test cate
followed, or 80 % of the manufacturer’s rated burst or collapse pressure for the float equipment casing,
is applicable| Achieve valve closure, if necessary, by a reverse-flowcsurge. Increase the pressure to the
test pressurg over a period not greater than 2 min and hold for 30 min.

5.3.1.4 Disgssemble the float equipment and visually inspeet the valve mechanism for any signs of g

wear. For cgment-filled equipment, visually inspect the cement for any signs of cracking or abrasion.
abnormalitie$.

5.3.2 Casing fill-up equipment

5.3.2.1 Circplate in the reverse direction through the float equipment at 0,5 m3/min (3 bbl/min) for 2 h,
Measure and record the pressure drop in-the reverse-flow direction.

lesser of
jory being
whichever
maximum

brasion or
Note any

4 h or 6 h.

5.3.2.2 Actiyate the check valve of.the float equipment in accordance with the manufacturer’'s recommendation.

Record the pressure and/or rate required to activate the check valve.

5.3.2.3 Perform the durabilityytest for regular float equipment indicated in 5.3.1.

6 Static high-temiperature/high-pressure test

6.1 Test qategories

To facilitate communication between users and suppliers of cementing float equipment, three service categories of
static high-temperature/high-pressure testing are suggested. The categories for static high-temperature/high-

pressure testing are shown in Table 3.

8 © 1SO 2001 — Al rights reserved
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Table 3 — Categories of static high-temperature/high-pressure tests

Category Temperature? Maximum pressureP
°C (°F) kPa (psi)
A 93 (200) 10 300 (1 500)
B 149 (300) 20 700 (3 000)
C 204 (400) 34 500 (5 000)

&  Duration at temperature is 8 h for all categories.

b The maximum test pressure should be the lesser of the values shown or 80 % of
the manufacturer’'s rated burst or collapse pressure for the float equipment casing,
whichever is applicable.

6.2 Procedure
6.2.1 Pernform a flow durability test in accordance with clause 5.
6.2.2 Reyiew, verify, and observe safety precautions indicated in 4.3.2.

6.2.3 Insfall the float equipment in a high-temperature/high-pressuré.test apparatus similar to the ong
4.3.

6.2.4 Heat the test apparatus until the test piece and test-chamber achieve a constant test te
93°C+5}C,149°C£5°C or 204 °C x5 °C (200 °F £ 10-3F, 300 °F = 10 °F or 400 °F £ 10 °F), depe
test categ@ry being followed. Maintain the test temperature for a period of 8 h.

6.2.5 Prgssure-test by applying differential pressure to the float valve by pumping into the chambq
valve closure and a fluid seal. Pressurize to:340 kPa (50 psi), using an appropriate low-volume, H
pump, to gheck for low-pressure fluid seal.

Air-activated pumps are recommended-for this application.

Ball-type float equipment may require a high-volume pump to initiate valve closure, or the exhaust
closed, the chamber pressurized-below the test piece, and the exhaust valve quickly opened to p
surge to optain initial valve elostire.

6.2.6 Increase pressure~to 3 400 kPa (500 psi) and hold for 15 min. Increase pressure in 3 400 k

increments every 15 min untii a maximum test pressure of 10 300 kPa, 20 700 kPa or 34 500 kP
3 000 psi ¢r 5 000°psi), depending on the test category being followed, is reached or until failure occu
occurs firdt. If the-test pressure and test apparatus cause a collapse load to be imposed on the flo

casing, theé maximum test pressure should be Ilmlted to a value Iess than 80 % of the manufacturers r

described in

mperature of
nding on the

pr to achieve
igh-pressure

valve can be
ovide a fluid

Pa (500 psi)
a (1500 psi,
s, whichever
bt equipment
hted collapse

pressure fo

) be imposed

on the float equipment casing, the maximum test pressure should be less than 80 % of the manufacturers rated

internal yield pressure for the float equipment casing.

6.2.7 Release pressure, cool and disassemble float equipment. Perform visual inspection. Note any abnormalities.

7 Test results

A suggested form for reporting the results of the performance tests described in this International
shown in annex A.
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Annex A
(informative)

Results of performance tests on cementing float equipment

.  GENERAL INFORMATION

Manufacturer

Type of floatjequipment tested
Size of float ¢quipment tested
Model number of float equipment tested
Location of plant where float equipment manufactured
Date of float pquipment manufacture
Valve description

Valve materia

. FLOWL
Dates of test
Flow durabili
Test result:

Float equipm

Type of pump used for circulation

Average fluid

Type of fluid jused for testing

Average san
If pass, maxi
If pass, maxi
If pass, maxi
If fail, total dy

If casing fill-U

URABILITY TESTING
ng

y testing category: | Il.

Pass Fail

ent orientation: Horizontal

Vertical

temperature during test

 concentration during test

mum volume for clostire

mum rate for clostrée

mum test pressSure used

ration until failure

If casing fill-U

p eguipment, reverse-flow pressure drop across valve

pequipment, pressure and/or rate to activate

Description of valve after test

lll. HIGH-TEMPERATURE/HIGH-PRESSURE TESTING
Dates of testing
HT/HP test category A. B.

Test result:

Type of pressure application:

Type of fluid

10

Pass Fail

Internal only

Internal and external

contacting valve
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