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Valve leaks are a common problem
for refineries, processing plants and
power generation plants. Studies
conducted by several companies in
the late 1980s found that 5 to
10 percent of the valves in their
plants had leaks. More importantly,
it was determined that just 1 to
2 percent of the valves accounted
for approximately 70 percent of the
losses from leakage.1 The studies
also found that as many as
20 percent of flare valves had leaks
(Fig. 1). A single leaking flare
system can account for several
hundred thousands of dollars in
losses in a year. There are thousands
of valves in refineries or power
generation plants. The effort to find
those that leak presents an ongoing
challenge.

How Does Acoustic Emission
Leak Detection Work?

Acoustic Emission (AE) leak
detection works by detecting the
“noise” produced as the medium,
gas or liquid, flows through the leak
orifice. When product leaks through
a small orifice in a valve, the flow is
turbulent or chaotic (Fig. 2).

Turbulent flow creates a signal with
frequency components well over
100 KHz. This allows the use of
high frequency acoustic emission
sensors with frequencies above the
vibration and background noise level
of the plant, a characteristic that
makes reliable detection and
quantification of leaks possible. As a
valve is opened, the flow orifice
becomes larger causing the medium
flowing through it to go from a
turbulent flow state to one that is
laminar. Laboratory and field tests
have shown that a flow stream
converts from turbulent to laminar
when a valve is approximately
15 percent open. With no fluctuating
pressure fields, the signal level of
laminar flow is decreased, especially
higher frequency components. Thus,
the signal for a small leak in a valve
can be much higher than that of an
open valve.
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Figure 1. Primarily safety devices,
flare systems collect and route
waste gases (released through
pressure relief valves or leaked from
plant equipment) through piping
runs called flare headers to elevated
flare stacks, where they can be
burned under controlled conditions.



The magnitude and frequency content of  a signal
from a leaking valve are affected by several parameters.
These include: (1) valve type, (2) size of  the valve or leak
orifice, (3) differential pressure across the leak orifice
and (4) viscosity of  the medium inside the valve.2 A
small gas leak across a valve with a differential pressure
of  2000 psig (pounds per square inch gage) can produce
higher signals than a large fluid leak with a differential
pressure of  50 psig. For this reason, it is important to
consider all of  the variables when developing leak
quantification procedures.

Conducting Tests

To conduct a test, the acoustic emission sensor is placed
on the valve with couplant, much like a UT transducer.3

The operator monitors the signal level for a few seconds
and if  the measured signal is above a reference level,
additional readings are taken upstream and downstream
on the pipe flange.  If  the highest signal is measured on
the valve, the valve leaks. There is turbulent flow
producing a sound in the valve. If  the initial reading is at
or below the reference level, no additional testing is
conducted and the operator moves on to the next valve.
In most cases, a valve leak can be determined in about
20 seconds.
Should a leak be indicated, the data collected can be used
to quantify the through valve leak rate. Most instruments
designed for this application are supplied with software
that takes the data from the data logger and enters it into
a spreadsheet for the affected valve (Figs. 3 and 4).2 Valve
type, product and differential pressure across the valve are
pre-loaded. The quantification software then calculates
the leak rate and the annual losses attributed to each
leaking valve. This information allows plant operators to
easily prioritize valve repairs. The data can also be
reviewed to determine which valves perform best in a
particular application. Focusing on the valves in greatest
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EEPA studies estimate that valves and connectors account for ninety
percent of  the emissions from leaking equipment in a typical refinery
or chemical plant. [Leak Detection and Repair: A Best Practices Guide,
EPA-305-D-07-001. Washington, DC: United States Environmental
Protection Agency (October 2007): p 3]. In this month’s “Focus”
article, “Valve Leak Quantification with Acoustic Emission,” AE is

described as a tool for quickly pinpointing and
quantifying fugitive emissions in these
components, a critical role in regulatory
compliance and in preventing product losses.

Shortly before this issue went to print, Jon
Batey, our “Practitioner Profile” for April, was
notified that he has been recalled to active
duty. This time it’s for a one-year tour in
Afghanistan with Naval Mobile Construction
Battalion Eighteen, a Reserve Seabee battalion.

Jon points out the importance of  good communication skills and
diplomacy as tools for getting ahead. 

Finally, “Supersession: How New Technology Replaces Old”
reminds us how the rapid pace of  change affects NDT inspectors.
As TNT reviewer Bill Briody put it, the inspector with a clipboard is
virtually obsolete. Today, it’s an inspector with a PDA and a cell
phone.”

Hollis Humphries, TTNNTT Editor
PO Box 28518, Columbus, Ohio 43228; (800) 222-2768 X206;

fax (614) 274-6899; e-mail <hhumphries@asnt.org>

FROM THE EDITOR

Figure 2. Flow of medium in (a) turbulent or chaotic
state and (b) smooth or laminar state.
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need of  repair allows maximum
return on valve maintenance dollars.3

If  the acoustic emission
instrument being used does not have
quantification software, the
relationship of  the acoustic emission
signal level and leak rate must be
empirically developed. This can be
done by setting up a calibration
standard simulating worst case
testing situations. Several
measurements are made at different
leak rates. A best fit line of  the data
provides the leak rate for a given set
of  variables. It may be necessary to
develop several calibration references
depending on the types of  valves
and systems to be tested.

Testing Procedure

Many AE instruments use sensors
with piezoelectric elements that can

generate large voltage spikes if  not
properly designed. Before using an
AE instrument in a plant or other
hazardous area (Fig. 5), it is
important to verify that the
instrument is certified intrinsically
safe for operation.4,5

Before going out to test valves,
the following preparations should
be made. A spreadsheet with the
test route should be prepared. The
spreadsheet should include valve
identification numbers, valve types,
inlet sizes, test medium and
differential pressures across the
valves. Test personnel should review
the locations of  the valves to be
tested and be thoroughly familiar
with all safety requirements to
access the valves. Instrument
batteries should be checked to
confirm they are fully charged and

able to power the instrument during
the complete test schedule. All
cables and connections should be
checked to ensure they are in good
condition and properly secured. All
required personnel protection
equipment should be in use by the
personnel involved with the data
collection. Other accessories that
may be of  use include a wire brush,
paint scraper and paint marker.

Prior to taking any measurement,
it is important to confirm that the
valve to be tested is closed and has
a differential pressure across it. A
partially closed valve will result in
an erroneous reading and false
indication of  a leak.

Figure 6 shows various
measurement points for different
types of  valves. The first
measurement point should be made
on the valve body. Any rust or loose
paint that may be on the surface of
the valves should be removed
before measurements are made.
Apply acoustic coupling grease to
the surface of  the transducer. Press
the transducer to the valve body
and hold it in place for several
seconds. If  the reading is below the
reference level for no leakage, the
valve is considered tight and after
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Figure 3. Spreadsheet showing collected data. Quantification software
calculates leak rate and annual losses for each valve tested.

Figure 4. Leak detection systems: (a) handheld, high frequency, nonquantification system for spotting leaks,
(b) system with quantification capabilities and (c) handheld system with quantification capabilities.
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recording the reading on the
spreadsheet, the operator may
proceed to the next valve. If  the
reading is above the no leak
reference, then additional
measurements are made on the
upstream and downstream pipe
flanges. If  either of  the readings on
the pipe flanges is equal to or
greater than the reading on the
valve body, the valve is not leaking
and the operator can proceed to the
next valve. If  the readings on the
pipe flanges are lower than the
reading on the valve body, the valve
is leaking and the values for all three
locations should be recorded in
appropriate locations on the
spreadsheet. After completing the
survey of  all the valves, the
operator should enter the acoustic
emission readings into the software
to quantify the leak rate for the
valves that are leaking.

Precautions

The accuracy of  the detection and
quantification will vary depending

on test conditions. Most instrument
manufacturers provide guidelines as
to minimum conditions required for
testing. Typically, this may be a
minimum differential pressure
across the valve or leak rate.
Consult the user manual for the
instrument to make sure it is
capable of  providing accurate
information for the conditions in
which it will be used. Also check
the maximum temperature rating
for the sensor to make sure it will
not be damaged by exposure to a
temperature above its rated value.

When making measurements on
large valves, it should be noted that
there may be differences in the
readings at different locations on
the valve. This is because the
acoustic emission signal attenuates
as it travels away from the source to
the different sensor locations. When
testing large valves, the highest
reading on the valve body is the one
that should be used to determine if
a leak is occurring and to quantify
the leak rate.

Acoustic emission leak testing
technology can also be used on

FOCUS continued from page 3.
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Figure 6. Measurement points  for:
(a) relief or pressure safety valve,
(b) plug valve, (c) gate valve, (d) ball
valve.
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Figure 5. Piezoelectric elements used in many AE instruments are capable
of generating large voltage spikes. AE instruments should be verified
intrinsically safe before use in a plant or hazardous area.

Figure 7. Acoustic emission sensor
and waveguide for high temperature
valves.



steam valves such as those used in
power generation. Steam is
extremely erosive and valve seats
can be worn away quickly should a
leak exist. Because steam valves
operate at high temperatures, they
are typically insulated. A special
waveguide must be used to
penetrate the insulation and
conduct the acoustic emission
signal from the valve body to the
sensor (Fig. 7). Tests of  steam
valves require additional training
and skills. Steam contains a great
deal of  energy and steam valves
produce a great deal of
background noise. Excessive
background noise can cause an
operator to misinterpret a
properly functioning valve as one
that is leaking. Two precautions
are necessary when testing steam
valves. The acoustic emission
system being used must have a
high frequency sensor greater
than 200 kHz. In addition,
upstream and downstream
measurements are required.
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JJon Batey considers himself very fortunate in three careers. He’s
spent 32 years as a civilian working in NDT and 22 years in the
U. S. Navy Reserves Seabees. Equally important, he’s been a
volunteer for 30 years in ASME Code activities. He’s currently
chair of the ASME Standards Committee responsible for
Section V of the ASME Boiler and Pressure Vessel Code. We
asked Jon to give us his perspective on how NDT technicians can
best further their careers.

Q: When you graduated with a degree in physics, was NDT in
your career plan?

A: Oh no. When I graduated in 1977, there were very few
openings for someone with a physics degree. I was
married and needed to find work to support a family and
it took a lot of  searching. After a while, I managed to find
a job as an NDT technician with Union Carbide at the
Oak Ridge National Lab in Tennessee. I worked my way
up and ultimately became the lead NDT Level III
specialist and an NDT supervisor for that department.

Q: Your initial training then, was on the job?

A: That is correct. I had the great luxury of  receiving training
from some really top-notch technicians. We did basic
NDT, pretty much every technique associated with
radiography except for neutron radiography with both
portable and fixed X-ray machines. In addition, we did a

lot of  different types of  ultrasonic testing — immersion,
both plate and pipe and tubing and contact — the normal
ultrasonics most technicians use today, excluding advanced
techniques like phased array or time-of-flight. But,
everything else — shear wave and longitudinal wave, we
used extensively.

Q: Can you tell us about your NDT career path to date?

A: Sure, In 1987, I was approached by Union Carbide. They
needed a corporate NDT Level III specialist. I
interviewed and was offered that role and in 1988 moved
to Charleston, West Virgina. Dow Chemical and Union
Carbide merged in 2001. As a result of  that merger, the
department that I was in was disbanded and I landed a
role as NDT specialist at Dow's largest manufacturing
facility located in Freeport, TX. And, I'm still here in
Freeport. I was in that role in 2006 when I was activated
by the U.S. Navy Reserves and deployed to Anbar
Province, Iraq with Naval Mobile Construction Battalion
18, which is the Seabees. Because I was being deployed, I
transitioned my Dow job responsibilities to others. When
I returned in 2007, I was offered a new role as Dow's
Global Inspection Leader.

Q: What was the role of the Seabees during your deployment in
Iraq?

A: We supported the marines. We built advance bases and
outposts for them and things like guard towers plus a
whole lot of  wood frame buildings that were used
primarily for berthing, offices and eating facilities —
getting them out of  tents. We also installed and repaired
utilities, dug several water wells, repaired bridges, and did
a lot of  road repair from damage caused by IED
explosions.

Q: In addition to your career in NDT, you’ve had a long career in
the Navy Reserves.

A: Yes, I joined the U.S. Navy Reserves in 1987 as an
engineering aid in the Seabees. I’m still in the Navy
Reserves and was promoted to Master Chief  in 2008. I've
been in Bermuda and also Estonia in conjunction with the
Seabees. My deployment to Iraq was the only time I've
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Most technicians,
including myself, like to
do the job and hate to
write the report.
Unfortunately, that's a
critical aspect if you are
going to try to get ahead.

Jon E. Batey



been recalled to active duty. We’re a small community and
a pretty close-knit community.

Q: You are currently chair of the ASME Committee responsible
for Section V of the ASME Boiler and Pressure Vessel Code.
How did you first become an ASME volunteer?

A: Well, in a way that anyone can. I started by attending code
meetings. The assistant head of  the department I worked
in at the Oak Ridge National Lab was a member of  the
B-16 committee that is responsible for valves, flanges and
fittings. He recommended me for membership on that
committee and I was accepted. That began a pretty long
association with ASME.

Q: Has Section V  been the principal focus of your volunteer
activities with ASME?

A: Yes, I ultimately resigned as a member of  B-16 and
continued on with Section V activities. In 2002, I became
chair of  Subcommittee V. That position also carries a
membership on the Boiler and Pressure Vessels Standards
Committee. In addition, in 1999, I became a member of
ASME's Post Construction Subcommittee on Inspection
Planning and in 2004, I became a member of  ASME's
Post Construction Standards Committee.

Q: As Global Inspection Leader, what are your responsibilities for
The Dow Chemical Company?

A: I am accountable for all third-party inspection done on
behalf  of  Dow at equipment manufacturer's fabrication
shops. We have third party inspection that ensures that the
work done for Dow is done correctly — for example, that
dimensions and any coatings, protective paint or other
protective coatings, are properly applied, that dimensions
are correct or, in other words, that it's built according to
the engineering requirements that Dow has specified.

Q: What is your NDT certification? Have you specialized in
particular methods?

A: Actually, I'm more of  a generalist. I currently have an
ASNT Level III certificate in six methods, LT, MT, PT,
RT, UT and VT, but not really the advanced techniques. I
know about them but, I don't specialize in things like
phased array and time-of-flight. I have had training in
intergranular stress corrosion cracking detection and
sizing just to become acquainted with it. That's really the
only advanced technique. Everything else has been the
basics.

Q: You are responsible for oversight of the work done by NDT
subcontractors. Do you interact at any point with technicians?

A: Well, I do assist the technicians here on occasion. It's rare
but I sometimes get to and it seems a lot more fun to me
now to do that. It's not nostalgia. It's just that I've always
liked the hands-on part of  it. So, sometimes I get to and

that's a good day. I work with technicians quite a bit in my
present job but it's more in an oversight capacity and not
typically hands on.

Q: Your work affords a broad perspective of NDT. I wonder what
advice you might offer to NDT technicians for career
advancement?

A: I would say that learning basic NDT is a matter of
applying yourself  and just picking it up. Some of  the
methods are easy to learn, some of  the surface techniques
for example. Things like ultrasound take more math skills
or at least more technical skills to really pick them up but
you can do it by just applying yourself. But, to get ahead
and advance to supervisory or management careers, you
need good technical, communication and diplomatic skills
— all three. You've got to always continue to learn and
commit yourself  to providing only the very best work.
Providing the best work will keep you in demand.
Continuing to learn will advance your technical skills and
build a solid base on which to become a technical
specialist. Communication skills are also important. Most
technicians, including myself, like to do the job and hate
to write the report. Unfortunately, that's a critical aspect if
you are going to try to get ahead. It takes a lot of  effort
and practice to become proficient at writing. And, perhaps
most importantly, you've got to perfect your diplomatic or
people skills. I don't mean you have to overdo it but
you've got to be diplomatic in how you approach people.
I've heard it said, "you have to learn how to step on
people's shoes without messing up their shine." It doesn't
do you any good to be known as a technical expert and
even a communication wizard if  you can't get along with
people.

Q: What's the best part of your job?

A: The best part of  my current job is that I can now drive
improvements. In other words, I'm referring to
improvements that increase quality or efficiency or that
reduce equipment failures attributed to poor inspection or
the number of  missed defects. Driving improvements in
the inspection work process — that's the best part.

Q: And the worst part?

A: Well, I guess you can't have the good without the bad. I
would say the stress of  being globally accountable because
I am ultimately accountable if  something goes wrong with
the third party inspections of  vessels and other types of
equipment fabricated for Dow. And this is no matter
where it occurs, so it could be here in the U.S. or in
Europe or Asia, South America or anywhere we have this
activity going on. If  something goes wrong with it, I'm
ultimately accountable.

Jon Batey can be reached by phone at (979) 238-9314 or by e-mail
at <jebatey@dow.com>.
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SSince 1970, when sociologist Alvin Toffler
published his bestseller Future Shock, the
pace of  change has not slowed. Truly, as
one 1960s comic put it, living in today’s
world of  the future is a little like having
bees live in your head. In technology
especially, the pace has been relentless. One
result of  these innovations is supersession,
here meaning the process by which one
technology becomes obsolete and is
superseded, or replaced, by another.

The issue of  supersession affects many
aspects of  a modern person’s life. In the

past year, most Americans have upgraded their telephones and
computer software, and maybe even the computer itself. Many
people have bought a new, digital television set, and all stations are
transmitting digital signals.
Technology has also revolutionized the practice of  nondestructive
testing. Eddy current traces can be recorded like a home movie and
be archived in a split screen with video that records the probe’s
movement over the test surface. An inspector in the field,
inspecting a pipeline for instance, can send results wirelessly to a
home office for immediate evaluation. These scenarios are not
science fiction but capabilities that can be implemented today with
existing technology.

There are several areas where supersession affects the
nondestructive inspector.

Equipment

Test equipment and software may need to be upgraded. Such
improvements do not necessarily cause expenses but in fact may
save money. Computers for example are now smaller and faster,
permit wireless connections, and are less expensive than ever.

Inspection Archives

Photographic film and analog videotape take longer and cost more
to make and also consume more space and time for viewing,
sorting and storage than do the digital images that have superseded
them.

Standards

Published standards and regulations impose requirements. It is
usual for a standard to undergo changes every year or two, and the
inspector must be aware of  changes that affect contracted tasks.
Two important organizations that publish standards are ASME
International and ASTM International. ASME publishes the
ASME Boiler and Pressure Vessel Code, used by all technicians in the
electric power industry. And ASTM publishes hundreds of
standards collected in the ASTM Book of Standards. Each of  these
publications consists of  many volumes that take up as much shelf

Supersession: How New Technology Replaces Old
by Patrick O. Moore
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Figure 1. The ASME Boiler and Pressure Vessel
Code is the largest ASME standard in size and
in number of volunteers involved in its
preparation. It provides rules for the design,
fabrication, and inspection of boilers and
pressure vessels.

INSIGHT



space as an encyclopedia. And they are
dated — revised and republished in full
every year or two. The inspector needs to
refer to the superseding version every time
repairs or a new contract or new regulation
calls for it.

Procedures

The inspection procedures that Level IIIs
write for applications at their workplace
need to be reviewed periodically and
revised to accommodate new instruments
and test materials. These written
procedures may be referenced by contracts.

Training

The pace of  technology will continue and
the process of  supersession will repeat in
other particulars, so the inspector must
continually learn new things and adapt.
Inspectors need to be trained on how to
use new instruments and new techniques,
equipment and applications. Inspectors
need to keep their own logs and document
their educational activities, some of  which
are required for certification. And
management needs to allot time for
training of  the inspection staff. 

References

Any discussion of  digital technology is
incomplete and obsolete before it is
published. Instructional text you read today
needs to be supplemented with up-to-date
information, especially about digital
technology such as file formats and media
platforms. Over the past dozen years, for
example, the third edition of  the NDT
Handbook has superseded the second
edition of  twelve years before. Some of  the
fluids used in leak testing and penetrant
testing in the 1980s, for example, are now
illegal for environmental and health
reasons.
The march of  technology makes it
necessary for nondestructive inspectors to
supersede themselves. Our modern world
demands it.

Q: I saw a comment on the ASNT Web page that read, “If initial training
documentation is lost it may be necessary to retake training to get new
documentation, but training itself does not expire.” An external agency has
listed the place and date when training was taken in their documentation,
along with an expiry date. Is this correct?  R.T., Mexico.

A: No. Training, like experience, does not expire. However, it is important to
keep documentation of that training in order to be able to prove that the
training was taken (the same applies to experience). Any training company
that puts an expiration date on their certificates of completion apparently
has not properly interpreted the SNT-TC-1A guidelines.

Q: I have a question about the order with which you place the penetrameter with
a shim for a film side exposure. (ASME SEC V Art.2).  J.N., Delta,
Pennsylvania.

A: If your question requires an interpretation of Article 2, we would not be
able to answer it for you, it should be addressed to the ASME Boiler &
Pressure Vessel Code Section V Personnel Qualification and Interpretation
Workgroup for a response.
Respectfully,
James W. Houf, Senior Manager, ASNT Technical Services Department 

E-mail, fax or phone questions for the “Inbox” to the Editor: hhumphries@asnt.org,
fax (614) 274-6899, phone (800) 222-2768 X206. 
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Down
1. The ______ lead break is a common artificial source of  AE

used to verify sensor coupling.
3. Customary unit for measuring the amplitude of  an acoustic

signal.
5. Signal whose oscillations have a rapid increase in amplitude from

an initial reference level, followed by a gradual decrease to the
initial level.

6. Main components of  primary calibration system as described in
ASTM E 1106 include mechanical input device, standard
_________, device to be calibrated, transfer block, and recorder.

8. The ______ effect is
demonstrated by an
absence of  detectable
acoustic emission until the
previous maximum applied
stress level has been
exceeded.

9. The term loudness refers
to amplitude in _______
frequencies.

11. Crystal that is the active
element inside an AE
sensor for sensing surface
displacement.

12. One major difference in
the acoustic emission
NDT method compared to
most other NDT methods
is that acoustic emission
directly detects the ______
of  flaws.

14. Active _________ is an
additional source of  background noise that is sometimes
detected during AE testing of  inservice metal storage tanks.

15. In general, it can be said that liquid inside a vessel or pipe will
assist in the ___________ of  sound while liquid outside (such
as moisture in the soil) has a tendency to reduce the detectable
signal.

Across
2. Number of  times signal amplitude exceeds preset reference

threshold is sometimes called ________ count.
4. This ratio is quantitative measure best used to evaluate fiberglass

vessels and storage tanks.
7. If  a crack is detected by AE during a pressure test, its existence

can be verified by loading to a pressure slightly ______ than the
previous maximum test load.

10. For AE testing purposes, a part is considered _____ when
attenuation factors do not need to be considered.

13. Term used to express a materialʼs ability to resist crack growth.
16. Acoustic emission is the elastic energy released by materials when

they undergo ___________.
18. A major benefit of  the

acoustic emission method
is that it requires access to
the structure only at
______ locations.

20. When an elastic material is
stretched elastically, the
stress is ____________ to
the strain.

22. A limitation of  the acoustic
emission method as applied
to metals is that it is not
immediately __________.

25. Piezoelectric twin-element
or dual-pole transducer, the
output poles of  which are
isolated from the case and
are at a floating potential.

27. Decrease or loss in signal
amplitude over distance.

28. A signal not caused by an acoustic emission event is called
_________ noise.

29. Device to transmit elastic energy from a test object to a remote
transducer.

30. During primary calibration, the standard transducer and the
device to be calibrated are placed on the same _______ as the
mechanical input device.

Crossword Challenge
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17. Fluid leakage generates sound waves when the fluid flow through the leak is
accompanied by __________, cavitation or high velocity flow.

19. Device to detect a material property or mechanical behavior (such as radiation
or displacement) and convert it to an electrical signal.

21. Group of  transducers used for source location.
23. High _________ events during the examination of  fiberglass-reinforced

pressure (FRP) vessels usually indicate fiber breakage.
24. Substance providing an acoustic link between a propagation medium and a

transducer.
26. The _______ corollary is demonstrated when an acoustic emission overload test

reveals damage that has occurred in service subsequent to the last overload test.

Across
2.ringdown
4.felicity
7.higher

10.small
13.toughness
16.deformation
18.sensor
20.proportional
22.repeatable
25.differential

27.attenuation
28.background
29.waveguide
30.surface

Down
1.pencil
3.decibel
5.burst
6.transducer
8.kaiser

9.audible
11.piezoelectric
12.growth
14.corrosion
15.propagation
17.turbulence
19.sensor
21.array
23.amplitude
24.couplant
26.dunegan

Answers

Content for “Crossword Challenge: Acoustic Emission Testing” adapted from Acoustic
Emission Testing Method Questions & Answers Book, second edition: Supplement to
Recommended Practice No. SNT-TC-1A, Book G and the Nondestructive Testing
Handbook, third edition: Volume 3, Infrared and Thermal Testing.

CROSSWORD continued from page 11.


