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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
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Ships and marine technology — Ball valves for use in
low temperature applications — Design and testing
requirements

1 Scope

This|document specifies requirements for design, manufacture and test methods of @xjogenic ball
valves in order to have an excellent quality leakage stability in a very low temperature.seryice (=196 °C
to 8( °C).

2 Normative references

The following documents are referred to in the text in such a way that-some or all of their content
constitutes requirements of this document. For dated references, enly the edition cited [applies. For
unddted references, the latest edition of the referenced document (ificluding any amendmenpts) applies.

ISO 4208, Industrial valves — Pressure testing of metallic valves
[SO 5209, General purpose industrial valves — Marking
ISO 3211, Industrial valves — Part-turn actuator attachmnrents

ISO 28921-1, Industrial valves — Isolating valves for low-temperature applications — Part 1: Design,
mantfacturing and production testing

API 6D, Specification for Pipeline Valves/ Petroleum and natural gas industries — Pipeline trqnsportation
systems — Pipeline

API @FA, Specification for Fire Test for. Valves

ASME B16.5 Pipe Flanges and Elanged Fittings

ASME B16.10, Face-to-Face and End-to-End Dimensions of Valves
ASME B16.11, ForgedFittings, Socket-Welding and Threaded

ASME B16.25, Butt welding Ends

ASME B16.34:2007, Valves — Flanged, Threaded, and Welding End
SEc ASME VIII, Pressure vessels

ASTM A182/A182M, Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings and Valves and Parts for
High-temperature Service

ASTM A193/A193M, Standard Specification for Alloy-Steel and Stainless Steel Bolting for High Temperature
or High Pressure Service and Other Special Purpose Applications

ASTM A194/A194M, Carbon and Alloy Steel Nuts and Bolts for High-Pressure and High-Temperature Service
ASTM A276, Standard Specification for Stainless Steel Bars and Shapes

ASTM A312/A312M,Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic
Stainless Steel Pipes

ASTM A320/A320M, Alloys-Steel Bolting material for Low-Temperature service

© ISO 2018 - All rights reserved 1
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ASTM A351/A351M, Casting, Austenitic, Austenitic-Ferritic(Duplex), for Pressure-Containing Parts

ASTM E186,

Reference Radiographs for Heavy-Walled(2 to 4 1/2-in) Steel Castings

ASTM E 446, Reference Radiographs for Steel Castings up to 2in. in Thickness

MSS-SP-44. Steel pipeline flanges

MSS-SP-55. Quality Standard for steel Castings for Valves, Flanges and Fittings and other Piping
Components (Visual Method)

3 Term

For the purf
ISO and IEC
— IEC Eleq
ISO Onl

3.1

nominal diameter

DN
alphanumer
comprising
physical siz{

Note 1 to ent
for calculatiol

Note 2 to en
component d

3.2
nominal pr
PN
numerical d

Note 1 to en
number shal
working preJ

pressure/tenpperature rating-tables in corresponding standards.

3.3
nominal pij
NPS

and definitions
oses of this document, the following terms and definitions apply.
maintain terminological databases for use in standardization at the following'address

tropedia: available at http://www.electropedia.org/

ne browsing platform: available at http://www.iso.or

ic designation of size for components of a pipe-work system, used for reference purp
Lhe letters DN followed by a dimensionless whole number which is indirectly related t
p, in millimetres, of the bore or outside diameter ofthe end connections

ry: The number following the letters DN does notirepresent a measure value and shall not be|
n purposes except where specified in the relevait standard.

[ry: In those standards which use the DN.designation system, any relationship between D]
mensions shall be given, e.g. DN/OD or,BN/ID.

essure

esignation relating to pfesSure that is a convenient round number for reference purpo

[ry: It is intended tlat-all equipment of the same nominal size (DN) designated by the sa

e PN
have the same niating dimensions appropriate to the type of end connections. The perm'i‘.E‘sible

sure depends_dpon materials, design and working temperature and has to be selected fro

he size

oses,
o the

used

N and

bES

the

for

alphanumen

ic dncign:ﬂ'inn of size that is common for components used in a piping system, use

reference purposes, comprising the letters NPS followed by a dimensionless number having an indirect
correspondence to the physical size of the bore or outside diameter of the component end connections

Note 1 to entry: The dimensionless number may be used as a size identifier without the prefix NPS. The
dimensionless number does not represent a measurable value and is not used for calculation purposes.

Note 2 to entry: Prefix NPS usage is applicable to components bearing Class designations according to ISO 7268.

3.4
class

alphanumeric designation, used for reference purposes, related to a combination of mechanical and
dimensional characteristics of a component of a pipe-work system, comprising the word “class” followed

by a dimens

ionless whole number
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4 Pressure-temperature rating
4.1 The types of typical fluid are shown in Table 1.

Table 1 — Types of typical fluid

Type of fluid Temperature (in atmospheric pressure) Liquid density (density)
LNG (Liquefied natural gas) -163°Cto -88°C (434 to 478) kg/m3
NG (Natural gas) -160 °C to -65 °C (0,7 to 0,89) kg/m3
N2 (Liquefied nitrogen) =196 °C 804 kg /m3
N2 (Nitrogen) -196 °Cto -65 °C 1,184 kg)jm3

4.2 | The valve shall be designed to operate without failure or leakage at the extréme temperature and
pressgure ranges expected in service. The maximum working pressure in ambient témperature are shown

in Taple 2.

Table 2 — Maximum working pressure

PN Class Maximum working pressure Note

MPa(psi)
20 150 2,0(290)
50 300 5,2(750) ) )

in ambient tempefrature
64 400 6,62(960)
100 600 10,3(1,500)
NOTH The piping design condition including, butmot limited to, working pressure, service temperature and

fluid |s provided by the purchasers.
4.3 | The manufacturers and purchasetrsumnay reach an agreement when Class exceeds 600.

4.4 | Design temperature should be between -196 °C and 80 °C.

5 S$tructure
5.1 | General

5.1.1 Struecture

The ballyvalve is top-entry with bolted bonnet, extended bonnet type. The end connection of the body is
‘welding ends’ type or ‘flange ends’ type. A wheel or lever is used to apply the turning torque or thrust
to op : i = = - ealing force
can be produced by “medium piston effect” or stem pushing. If fluid trapping is possible, then the valve
is to be provided with automatic cavity-pressure relief. Configuration and functions of the ball valve
are shown in this document. If there are some differences from this document, the manufacturers can
make a decision after reaching an agreement with the purchasers. General examples of the structure of
the valve are shown in Annex A.

5.1.2 Materials

Throughout this document, materials are specified for each of the various parts of the valve. In lieu of the
materials specified, other materials may be used provided they are manufactured by the same process
as the materials specified, such as forging, casting, bar, or seamless pipe. In addition, the material shall
be suitable for the operating temperatures and pressure of the valve and the metal materials shall have

© ISO 2018 - All rights reserved 3
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mechanical properties, including low temperature impact resistance, and resistance to corrosion equal
to or better than the material specified for the specific valve part.

5.2 Design and materials of the body

5.2.1 Design

The ball valve shall be supplied with minimum internal bore as per API 6D.

5.2.2 Materials

Materials arle shown in Table 3. Materials for ‘welding ends’ type valves may be used for ‘Flangédends’
type materigl.

Table 3 — Materials by manufacturing method

Manufafturing method Materials
Flanged ends type Welding ends type
Forging ASTM A182 F316 ASTM A182 F316L
Casting ASTM A351 CF8M ASTM A351CF3M

5.2.3 Manufacturing

The valve ghall be manufactured according to the following requirements except when ther¢ are
purchaser’s|special orders.

a) Face-tojface and end-to-end dimensions of the bodyshall satisfy ASME B16.10.

b) The minimum wall thickness shall be equalCto or thicker than the values shown in ASME
B16.34:007 6.1.

c¢) The end connection of the body shall belmanufactured as specified below:
1) socket welding ends:

— |PN20(Class 150), PN50(Class 300), PN64(Class 400): to satisfy Class 3000 in ASME
B16.11; and

— | PN100(Class 600} to satisfy Class 6000 in ASME B16.11;
2) butf welding ends:

— |according to the wall thickness of connected pipes which is given by the purchdsers,
mahufactured according to ASME B16.25; and

oo o tt 14 A | dd L okl 3 b o d 2o 1 A | Tl Hilial h 11
— ITCOUTUWETUTITS TITUS TITd y dUU d STTUT USTUU TT SPTLITTCU TITUHICTUTUTT.  TITCT W ATT TIITCURITTS 575 a

conform to the requirement of the purchasers;
3) flange ends type:

— NPS 24(DN600) and under, except NPS22(DN550): to be manufactured in accordance with
ASME B16.5; and

— NPS22(DN550): to be manufactured in accordance with MSS SP-44.

4 © ISO 2018 - All rights reserved
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5.3 Design and materials of the extended bonnet

5.3.1 Design
The extended bonnet shall meet the following:

a) the minimum wall thickness shall conform to ASME B16.34:2007, 6.1, and the operation torque
produced by actuators shall be considered when determining the neck thickness;

b) the minimum bonnet extension length shall satisfy ISO 28921-1 or shall be sufficient to maintain
the stem packing at a temperature high enough to permit operation within the normal temperature
]]ange of the packing matertat;

c)

rip pan may be installed by welding or clamping; the welding procedure of the drip pan is beyond
the requirements of 5.11;

d) lifting points are optional; the manufacturer shall ensure the necessity of lifting poin{s and verify
the suitability.

5.3.2 Materials
Matgdrials are shown in Table 3 for the valve body.

If short pipe is used for the extended bonnet, it shall be seamless’and made of ASTM A312 qr 316L.
5.4 | Design and materials of ball

5.4.1 Design

The ball shall be integral forging, casting or formed of pieces, such as 2 spherical caps and one wedge.
The top and under part shall be provided with a pivot fixing device where the ball is of a fixed type.

5.4.2 Materials

The materials of the ball shall beforging as per ASTM A182 F316. The surface of the ball or|sealing part
shalllbe adhered with hard alloy-1f overlay hard surface is selected, its thickness should be atlpast 1,6 mm.

5.5 | Design and materials of the stem

5.5.1 Design

The $tem shall.be as follows.

a) It shall be of an extended type.

b) Thetop and under parts shall be provided with a pivot fixing device where the ballis of a fixed type.

c) The critical section of the stem shall be out of the valve pressure interface and designed with
1,5 times of the calculated operating torque.

d) The ball valve shall have an anti-static device if specified by the order.

e) The ball valve shall be designed to ensure that the stem does not eject under any internal pressure
conditions or if the packing gland components and/or valve operator mounting components are
removed.

5.5.2 Materials
Materials shall be forging or bars of ASTM A182 F316 and ASTM A276 316.

© IS0 2018 - All rights reserved 5


https://standardsiso.com/api/?name=5f6868d989f90a5ef9df1feda3c8fe0d

ISO 21157

5.6 Stem

:2018(E)

sealing

The requirements for stem sealing shall be as follows.

a) The stem shall be sealed with an appropriate form and structure (e.g. stem packing, lantern ring)
to prevent leakage, and shall be easily adjustable.

b) The packing materials for stem sealing may be PTFE or other materials agreed to between the
manufacturer and the purchaser. However, packing materials shall not chemically react to the
working fluid or otherwise create physical deposits.

5.7 Desi

5.7.1 Desjign

The seat shd

a) The wh
positiot}.
b) Asofts

pressur

c) The borj

5.7.2 Matlerials

The materig

a) The sel

tempery
b) Where 4
c) The bag

hard fa¢ing treatment. The thickneSs‘of a hard surface should be at least 1,6 mm.

d) Where

temperature conditions, such-as nickel-based alloy.

5.8 Design and materials of bolting

5.8.1 Des

The types o

T and matertatsof the seat

11 be as follows.

ole seating surface shall contact with the ball when the ball valve_is/in open or c

bated valve shall be designed to ensure that the packing does not eject or shift by int
e during opening or closing.

e of the seat shall conform to API 6D.

Is of the seat shall be as follows.

ection and use of soft seat materials shall ensure reliable performance under wo
ture, for example PCTFE, etc.

W soft seating ring is placed in a metal circle, the metal material shall be ASTM A182 F3

e material of a metal seating ring shall be ASTM A182 F316. The seating surface ne

h seating ring contains“elastic metal materials, it shall have reliable performance iy

lign

Fbolting shall be as follows.

osed

brnal

'king

bds a

1 low

a) The design of the body bonnet bolting shall satisty the relevant requirements ot ASME B16.34. The
minimum size should be M10.

b) The des

ign of the actuator’s bolting shall satisfy the relevant requirements of ISO 5211.

c) The tensile stress of the packing gland bolting shall not exceed 1/3 of the maximum tensile stress
of the materials.

5.8.2 Materials

The bolting

materials shall be as follows.

a) The materials of a body joint bolt shall be materials of ASTM A320 Gr.B8 Class 2 and A193 Gr.B8
Class 2 up to -196 °C. The mating nut materials shall be materials of ASTM A194 Gr. 8.
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b) The materials of other bolts shall be materials of ASTM A193 Gr.B8, and the mating nut materials
shall be materials of ASTM A194 Gr. 8.

5.9 Requirement of operating device and actuators

5.9.1 Actuators can be powered by electric, hydraulic or pneumatic means. They can also be manual.

5.9.2 Manual operators shall be hand wheel or lever type and the operating effort at the end of a
manual operating device shall not exceed maximum 360 N, except for valve seating and unseating only,
when it shall be permissible for this value to be increased to 500 N. Also, the diameter of the hand wheel

should be less than 760 mm or two times the face-to-face and end-to-end dimensions.
5.9.3

5.9.4
the ¢

5.9.5

5.9.4

5.9.7
satis

5.9.9
to th

5.10

Stain
5.11 Welding and heat treatment

5.11
The 1

a)

b)

c)

The welding shall be conducted as per a Welding Procedure Specification (WPS) an

The direction of closing shall be clockwise and marked permanently.

Actuators shall be furnished with a visible indicator to show the openjand the close
osure. For a manual valve, the position indicator shall be in line with the jpipeline.

Valves shall be supplied with locking devices if specified by the ptirchaser.

The explosion class of auto-operating devices (gspecially electric explosion proof d
'y the criteria of the hazardous area where the valye is installed.

If an actuator is too heavy, it shall be designed to be a self-supported structure to prej
e valve stem and extended bonnet.

Surface treatment

less steel surface treatment,‘except seating surfaces, shall be passivation.

1 Welding

equirementsdfor welding are as follows.

Dualifieation Record (PQR).

1 position of

Actuators and drive trains shall have enough strength under the differential pressufre condition
of ngminal pressure.

evices) shall

rent damage

1 Procedure

1

A1y’ repair welding shall be conducted as per a Repair Welding Procedure Specificaf

ion (RWPS)

agreed to between the purchasers and manufacturers.

The manufacturers shall write a defect record regarding the main part of the valve before any
repair work, and provide it to inspectors prior to inspection.

5.11.2 Heat treatment

Heat treatment shall be conducted as per a recognized heat treatment standard which is classified by
the materials and/or approved by the purchasers.
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5.12 Repair welding

Repair of defects is allowed only once on the same position provided that the welding repair procedure
is approved. Parts shall be examined using an NDE method after welding repair, and the repair position
shall be recorded.

The record of repairs shall be retained by the manufacturer for a minimum of five years.

6 Testand inspection

6.1 Genefal

All tests and inspections shall be conducted as per related standards, test procedures,.inspe
procedures pnd working drawings which are agreed to between the purchasers and the manufacty

Also these p

6.2 Mate
Mill certific

results aboy
submitted a

6.3 Non-

ocedures may be conducted by the purchasers or third parties whom the purchasers s

rial test

htes and cryogenic impact test reports, which specify chemical analysis and physica
t main components (body, ball, pup piece, seat metal ring, extenided bonnet, stem), sh:

Ind approved, and the test results shall meet the requirements of related standards.

lestructive inspection

6.3.1 Genleral

The purchd
testing rad
and mainta
purchaser’s

6.3.2 Rad

6.3.2.1 Th

a) It shall
parts off
welded

b) Incase
then tegq

of all th

sers and manufacturers may reach an.@greement before inspections. Radiogr
ographs and non-destructive inspection*interpretation result reports shall be sf
ned at least for five years. Related radiographs and reports shall be submitted upo
request.

iographic testing (RT)

e test scope is as follows.

satisfy ASME B1634-Chapter 8. Radiographic testing shall be conducted at the we
all casting valvessCritical areas, as well as joint welds of the body and short pipe, and
end part of bodies, shall be inspected before machining bevels.

ted abeut’the critical areas shown in ASME 16.34. If there are defects, an additional
e numbers (casting parts) are sampled and tested. If defects are revealed at this tim

ction
rers.
blect.

test
1l be

iphic
ored
h the

lding
butt-

bf castingvalves, 5 % (at least one valve) of all the numbers (casting parts) are sampled and

10 %
e, all

casting

parts are considered to fail.

6.3.2.2 The test procedure and acceptance criteria are as follows:

procedure shall satisfy ASME SEC. V. and ASME B16.34 Appendix |;

in case of casting parts, they shall be compared with reference radiographs which satisfy

ASTM E446 (wall thickness: less than 50,8 mm) and ASTM E186 (wall thickness: between 50,8 mm

a) thetest
b)

and 114
c)
d)
8

,3 mm), and then radiograph interpretation shall be conducted;

acceptance criteria of casting parts are shown in ASME B16.34 Appendix [; and

acceptance criteria of welding parts shall satisfy ASME Sec. VIII Div.1, UW-51 and Appendix 4.
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6.3.3 Penetrant testing (PT)

6.3.3.1 The test scope is as follows:

a) penetrant testing shall be conducted 100 % on each body, the outside surface of the bonnet and the
inside surface of the bonnet which can be inspected, machined surface of bevels at the end, sockets
and welded fillets (lifting lug, supporting leg etc.) where radiographic testing is impossible;

b) when a casting crack exists, penetrant testing shall be conducted 100 % on repair position of crack;

c) penetrant testing shall be conducted 100 % on bolts which are over 25,4 mm diameter;

d) penetranttesting shall be conducted 100 % on the ball and body seat ring. Also it shall'hle conducted
fter surface machining on a ball and body seat ring where hard surface treatingis'cgnducted for
igh hardness materials; and

e) penetrant testing shall be conducted 100 % on every welded sealing area,
6.3.3.2 The test procedure shall satisfy ASME Sec. V and ASME B16.34 Appendix III.

6.3.3.3 Acceptance criteria are as follows:
a) ¢asting, forging : ASME B16.34 Appendix III;
b) {velded areas: ASME Sec. VIII Div.1 Appendix 8.

6.3.4 Ultrasonic testing (UT)

6.3.4.1 The test scope is as follows:

a) Wltrasonic testing shall be conducted 100 % on the forging parts of valves in accofdance with
ASME B16.34 Chapter 8;

b) \ullltrasonic testing shall be conducted 100 % on forging stems of every valve; and

‘)

Itrasonic testing may nat be carried out if radiographic testing and dye penetran{ testing are
thoroughly carried out.

6.3.4.2 The test procedure shall satisfy ASME Sec. V and ASME B16.34 Appendix IV.
6.3.4.3 The aceéptance criteria shall satisfy ASME B16.34 Appendix IV.

6.3.3 Retest

If thq inspection result fails, relevant areas shall be retested after repair work.

6.3.6 Submission of inspection results

The manufacturers shall submit an inspection result of tests and inspection reports to the purchasers.
Inspection reports shall include drawings that show inspection areas.

6.4 Dimension check

It shall be checked that the main dimensions are matched with the relevant standards and the drawings
which the manufacturers submit.
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6.5 Visual inspection

All valves shall be checked for scratches, cracks, creases, contractions, spurs, moulding sand and
corrosion etc., on the surface of the valve in accordance with MSS-SP-55. Damage to machining/seat
ring surface shall be checked. There shall not be flaws, under-cut, arc strikes, etc., on the welding parts,
and the height of beads on welding parts shall not be lower than the basic material surface.

6.6 Heat treatment inspection

Heat treatment inspection shall be conducted as per standards on which the purchasers and
manufacturers reach an agreement. Heating temperature, heating methods, heating time, holding time,

cooling spe¢d and cooling methods are indicated in the standards. When conducting heat treatment,

the temper

The heat tre
at the factor

6.7 Oper

Operating t
without any
shall verify
than one tif
operation sH

ure shall be recorded by an auto-temperature recorder.

atment records may be provided at the purchaser’s request. The records should be retd
y for at least five years.

hting tests

pressure for the first two times, then with nominal pressure thenext three times. The
that there are no errors in the operation. Also an operating-test shall be conducted
ne under differential pressure conditions (test medium{given in Table 4), and the pj
all be verified. The operating effort shall satisfy the réquirements of 5.9.2.

lined

bsts of finished valves shall be conducted more than five times. Tests shall be condycted

tests
more
oper

6.8 Presgure test
Each valve shall be tested prior to shipment in ambient temperature. Test results shall be recorded} Any
fixtures and tools needed shall not impair functionality or sealing.
6.8.1 Pressure test in ambient temperature
Requiremerlts are specified in Table 4.
Table 4 —Pressure test in ambient temperature
Clayse Shell-pressure test Low pressure closure test | High pressure closyre
test
Test mgdium plnewater, dried air or dried air or nitrogen. dried air or nitrogen.
nitrogen.
1,5 times maximum 1,1 times maximunh
Test prdssure working pressure in 0,7 MPa working pressure ll];l
ambient environment. ambient environment.
Test time =5 min =5 min =5 min
soft seated valve: no soft seated valve: no
Acceptable criteria no visible leakage visible leakage hard seated visible leakage metal
valve: ISO 5208 D seated valve: ISO 5208 D

NOTE Dryth

e samples completely before cryogenic testing if pure water is used.

6.8.2 Test procedure and method

The test pro

cedure and method are specified as follows.

a) Shell pressure test: Valve ends shall be closed off with the valve half open during the test. Fill the
valve with test fluid and then apply the test pressure.

10
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b)

6.8.3

ISO 21157:2018(E)

Seat test procedures:

1y
is applied to the appropriate end of the valve. Leakage from the downstream s
monitored.

2)

Unidirectional: With the valve closed, fill the valve completely with test fluid. The test pressure

eat shall be

Bidirectional: With the valve closed, the test pressure is applied successively to both ends of

the valve. The valve and its cavity shall be completely filled with test fluid. Seat leakage shall

be monitored from each seat.

3)

(DRR) valve: With the valve hnlf—nppn the valve and its cavity shall be r‘nmplpfp]

If the purchaser specifies the functionality for the valve to be that of a double-block-and-bleed

7 filled with

test fluid. The valve shall then be closed and the valve body vent valve opened to
test fluid to overflow from the valve-cavity test connection. The test pressure.sha
simultaneously from both valve ends. Seat tightness shall be monitored via overf
the valve cavity connection.

Test of cavity pressure relief

If flufid trapping is possible, then a cavity relief test shall be conducted,Test pressure shall

1,1t
open|
unqy

6.9
The

Purc|
stan

6.10

The

stem
12V
befol

mes and 1,33 times the valve pressure rating for material at 38\°C (100 °F). Close va
valve after both ends are emptied. If there is pressure ndedium flowing out then
alified.

Fire-resistance test (if necessary)

ire-resistance design of valves shall be qualified\by fire type-testing in accordance w
haser and manufacturer can reach an agreement to approve certificate as per othe
lards.

Anti-static testing

blectrical resistance for a soft seat valve between the ball and the valve body, and |
shaft and the valve body, shall be measured using a direct-current power source n

e pressure testing and gshall not exceed 10 Q.

6.11 Cryogenic tests

6.11

It sha
in th

1 General

s paragraph shall satisfy ISO 28921-1.

hllow excess
|l be applied
ow through

be between
ve and then
the valve is

ith API 6FA.
 acceptable

between the
t exceeding

when anti-static properties;are required by order. The resistance shall be measured opn dry valves

11 be conducted as specified below. If necessary, other test requirements which are not mentioned

6.11.2—Scopeof tests

The

scope of tests shall be as follows.

a) 5 % (at least one) of all the numbers which are classified by type, size and pressure class are

b)

sampled and tested.

If there is a failure, an additional 10 % of all the numbers are sampled and tested. If further defects
are shown at this time, all valves fail. (Acceptable criteria of cryogenic tests means that the test
results for the initial proving test, cryogenic performance test, returning ambient temperature

test, disassembly test, etc., satisfy all acceptance criteria).
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