Manufacturing and fabricating high purity components and equipment is a highly specialized field that requires
technically qualified and disciplined personnel and procedures at all levels.
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Chemical processing, and the
chemical processing industry
(CPI) on whole, has evolved
lightyears beyond its very
beginnings. Beginnings in which
chemistry was more or less a
form of alchemy and the mixing
of basic natural elements.
Processes by which various
concoctions
were
created
through trial and error by
combining a little of this and a
little of that, then heating and
stirring until, hopefully, the
intended
product
resulted.
Concoctions such as a healing
poultice, a medicine that relieved
digestive gases, a compound that
would remove dirt and grease
from a person’s skin, a liquid that
would color hair or paint the
walls of a hut.
From such humble beginnings,
and more pointedly over the past
several decades, the chemical
industry
has
progressed
lightyears from those early times
to today’s high tech chemical
processing. Chemical processing
that has indeed kept pace in
recent decades with, or been the
catalyst for the evolution of
highly sophisticated industries
such as bioprocessing and the
electronics industry. These are

two industries that not only rely
on what is referred to as high
purity, ultra-high purity, and
ultra-pure chemistry, they could
not exist without it. This
discussion will not so much
focus on the chemistry itself as it
will the various nuances in the
equipment used to manufacture,
monitor, and handle these hightech chemicals.
THE PURITY QUOTIENT
Since the topic of this discussion
will be focusing on what is
vaguely termed “high purity,”
“ultra-high purity,” and “ultrapure” chemical processing we
will need to provide some
clarification with regard to those
three
terms.
I
mention
clarification
rather
than
definition of these terms because
there are no universally accepted
definitions that quantify and
delineate “high purity” chemical
processing from “ultra-high
purity,” or from “ultra-pure.”
The three terms, as they pertain
to chemical processing, are, at
this point in time, nominal,
vague, and self-defining at best.
Self-defining in the sense that
they mean only what the user of
any of the three terms intends for
them to mean. In other words, as
previously alluded to, these
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terms currently possess no
universally
excepted
or
standardized real and specific
value.
The bioprocessing industry
relates, to a large degree, with the
term “high purity.” But the
semiconductor industry has an
affinity for all three terms. These
are terms that, with regard to the
purity of chemicals, can mean, as
previously mentioned, whatever
the user wants them to mean.
To get a feel for the scope of such
a nominal term as “purity” Table
1 lists forty seven various purity
and chemical grade designations
used throughout the CPI. Some
designations
are
company
Trademarks and others find their
source in various industry
organizations. They do have one
thing in common, there is no
uniformity or conformity in the
approach to or the results of their
“chemical purity.”
Mosby's
Dictionary
of
Complementary and Alternative
Medicine defines “chemical
purity” as, “the degree to which a
substance is undiluted or
unmixed
with
extraneous
material, typically expressed as a
percentage (%).” And a
chemical’s purity is indeed
expressed as a percentage, in …

which a chemical with a purity of
98% implies a content of 2%
impurities. The purity of gases
too, are defined in much the
manner, but are, in many cases,
assayed and certified to more
finite values. By assigning a
purity factor, as an example, of
99.98% helium or 99.999%
argon (referred to in industry
jargon as 5-nines), the purity of
those
gases
are
thereby
quantified
and
specifically
defined.
Having such specific quantitative
purity values creates definable
parameters for determining the
degree of chemical purity that
needs to be specified, procured,
and receipt verified for use in
electronics chemicals where
purity is a critical factor.
Application of the terms “high
purity,” “ultra-high purity,” and
“ultra-pure,” when they have no
such specific values, then
becomes almost euphemistic in
their generality. The three terms
are much like those of low,
medium, and high pressure
steam, which are not terms that
hold universally accepted values,
but are instead based on the
relative
steam
pressure
requirements of a particular
facility.
As an example, steam pressures
in a hydrolysis coal gasification
process uses saturated steam at
2000 psig to break down the
structure of lignite coal causing
the material to release its gases.
In such a coal gasification
facility the 2000 psig steam may
be considered high pressure, with
medium and low pressure values
established relative to the high
pressure value.
On
the
other
hand,
a
pharmaceutical API (Active
Pharmaceutical
Ingredient)

processing facility that produces
and uses steam at a significantly
lower pressure than that of the
gasification process, a 100 psig
steam
system
might
be
considered high pressure, with
medium and low pressure values
again established relative to the
high pressure.
This same analogy applies to
“high
purity,”
“ultra-high
purity,” and “ultra-pure in which
their application and implication,
with regard to a purity quotient,
is wide ranging in accordance
with the chemical and the
chemical’s use. The specific
meaning of purity will thus vary
between chemicals, between
manufacturers, and between
applications of such chemicals. It
therefore becomes much more
pragmatic to simply segregate
our three terms by industry and
not by the non-specific purity
values.
The primary industries that use
such purity terms, as mentioned
previously,
include
the
electronics and bioprocessing
industries.
The
electronics
chemicals
industry,
which
includes the semi-conductor
industry, typically refers to their
purity needs and requirements in
utilizing each of the three purity
terms.
Whereas,
the
bioprocessing industry, which
includes the pharmaceutical
industry, typically refers to their
purity needs and requirements
simply as “high purity.” As we
move forward with this article
we will be focusing more
specifically
on
electronics
chemicals. So rather than
continue to make reference to all
three terms in a somewhat
indiscriminate manner we will,
for this discussion, simplify
things by grouping all three

terms into the single catch-all
term “high purity.”
CHEMICALS FOR THE
ELECTRONICS INDUSTRY
The electronics industry itself
covers the manufacture of a wide
range of currently sophisticated
components and end products
including such products as
silicon
wafers,
integrated
circuits, printed circuit boards,
compound
semiconductors,
optoelectronics (a subset of
photonics), solar panels, and flat
panel display products. In
discussing this topic I will make
every effort to avoid being drawn
into the many sidebar subjects
this topic harbors. We will
instead stay focused on essential
criteria
and
considerations
necessary for various chemical
processing equipment used in the
manufacture
of
electronics
chemicals.
Electronic
or
electronics
chemicals are, in many cases,
considered “specialty chemicals”
and are intended for use in the
microscopically
sensitive
manufacture of the above
mentioned products. Products
which use atmospheric and
specialty gases, photoresists,
various ancillary chemicals, wet
processing chemicals, CMP
(chemical
mechanical
planarization) slurries, thin film
metals, copper plating chemicals,
and precursor materials for lowk and high-k dielectrics. The
low-k and high-k of the latter
referring to the low and high
dielectric constant k inherent in
such materials.
Examples of specific chemicals
used in the electronics industry
can be found in Table 2. In order
to be acceptable for use in the

standard of purity, was not a
huge issue. However, in today’s
semiconductor world they are
working at the 10 nanometer
(nm) level. For most of us it is
difficult to truly appreciate the
order of magnitude in making
that five decade long transition
from working at the 10 micron
level to currently working at the
10 nanometer level. And by 2021
it is expected that the
semiconductor industry will be
working at the 5 nanometer level.

electronics chemicals industry
these chemicals are required to
go through, in some cases,
redundant purification steps
using
processes
such
as
distillation, ion exchange, gas
adsorption, and/or filtration.
Just as liquid chemicals need to
meet the high purity demands
required by the electronics
industry so too do the gases used
in the manufacture of electronics.
Table 3 represents a sampling of

the types of gases that are
typically used in the electronics
industry.
PERSPECTIVE
The semiconductor industry,
back in the early 1970’s, was
creating chip design pattern
etchings, or fabrications, at the
10 micron (μm) level. In working
at such microscopic levels the
required chemical purity, while it
had to meet a higher than normal

In order to gain some perspective
as to what this really means
please refer to Fig. 1. This simple
graphic shows a person (the red
dot) having a shoulder width of
18” and representing a 10 nm
element, sitting in the center of
an American or European
football field, whose dimensions
are 160 feet wide by 360 feet
long (end zones included),
representing a 10 μm width.
Pretending you are that 10 nm
wide little red dot sitting midfield as shown, in looking to your
left you see the width of a little

high degree of purity for any
fluid, gas or liquid, requires that
all process contact surfaces
within the high purity envelope,
or boundary limits, meet or
exceed a set of stringent
requirements
pertaining
to
materials of construction (MOC)
and fabrication of processing
equipment,
filtration,
instrumentation, and distribution
systems.

Figure 1 – Football Field Comparison
Relative Difference Between 10 μm and 10 nm
more than four and a half football
fields, or a distance that extends
750 feet from where you are
sitting. Looking to your right you
also see the width of a little more
than four and a half football
fields, or once again, a distance
that extends 750 feet from where
you are sitting.
Those dimensions together equal
a little over one quarter mile with
you, the little red dot, in the
center. On a human scale this is
the comparison between the 10
nm (the little red dot) that the
semiconductor is working at
today and the 10 μm they were
working at in the early 1970’s.
The implication here is that any
secondary debris or erroneous
particulates entrained in a liquid
or gas at even the 10 nm size
coming in contact with a
fabrication can take a work-piece
out of spec, making it rejectable.
And this is where the demand for
high purity chemicals comes
from. Creating the ability and
sophistication to manufacture
such components brings along
with it the need for other related
industries, such as the chemical
industry, to up their game as
well.

Not only does this require that
chemical processing systems
have the technology and ability
to refine chemical products down
to such high purity levels, but it
also requires instrumentation
with the ability to detect,
monitor, and validate at those
levels. It also requires process
contact material of construction
(MOC) for such equipment and
instrumentation to handle these
chemicals without contributing
Nano-sized particulates to the
fluid stream. And finally the
fabrication and handling of
process contact equipment and
components has to meet specific
demands with regard to welding,
surface finish, mechanical joint
design, system cleaning, and
system cleanability.
HIGH PURITY
EQUIPMENT
Referring back to Mosby’s
definition of “chemical purity,”
we can make the claim that
purification, as it relates to fluids,
is the physical aspect of
separating a chemical substance
from that of any resident foreign
substance
considered
a
contaminant
or
impurity.
Achieving and maintaining a

Such specific criteria, as
mentioned previously, involves
proper material selection, unique
welding
requirements,
mechanical joint design, product
contact surface finish, piping and
equipment
installation
parameters, and a dogmatic
approach to quality management
throughout the entire process of
equipment manufacture through
and including installation, and
maintenance.
Processing equipment used in the
manufacture,
handling,
monitoring, and distribution of
electronics chemicals have to not
only
perform
processing
functions at a painfully high
degree of accuracy, they have to
do so without being a source
contributor of impurities to the
fluid
stream.
These
are
impurities that can slough off of
poorly cleaned process contact
surfaces, or microscopic matter
that can form in a welding flaw
and periodically slough off
contaminants, or a process
contact material that may not be
sufficiently compatible with the
process fluid and become
susceptible to corrosion, adding
particulate matter to the fluid
stream.
These are all issues that confront
the design, manufacture, and
operation of equipment used to

manufacture
electronics
chemicals. The manufacture /
fabrication of such equipment
and piping systems is an
evolution guided by ever more
stringent
requirements
and
verifying documentation every
step of the way.
Represented in Fig. 2 is a
simplified example of one of a
variety of paths taken by, what
we will refer to, in the general
sense, as “high purity” (H.P.),
which
will
include
the
aforementioned
“ultra-high
purity” and “ultra-pure” piping
components as they evolve into
systems
and/or
equipment
through a multi-step process. A
process that begins with the
manufacture and delivery of non-

components. The steps in Fig. 2
can be described as follows:
Step 1: Manufacture
and delivery of the basic
raw material tubing,
fittings,
and
other
components needed for
finishing and preparing
for use in high purity
fluid services.
Step 2: The raw
material products are
thoroughly examined
upon receipt to affirm
that they meet the
required
material
specifications.
The
components
and
material, having been
received with various
mill surface finishes,

the OD surface of the
raw
products
mechanically polished
and/or electropolished
to meet specified Ra
surface finishes. As the
products complete the
final steps of the surface
finishing process they
will transition into a
cleanroom
environment.
Such
cleanrooms
will
typically
be
environmentally
controlled to an ISO 4
or 5 Classification.
(Refer to Table 4 for
cleanroom
Classifications.) Upon
further
examination,
ensuring
that
the

Figure 2 – Evolution of High Purity Equipment Fabrication
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(raw)

product

will then be cleaned in
preparation for having
the ID surface and/or

product
meets
all
specifications
for
chemical
properties,

mechanical properties,
surface finish, and, for
weld end fittings, end
preparation (prep) for
autogenous
welding,
the, now considered,
H.P. product should
have
all
openings
capped or covered, get
individually
double
bagged, then bagged
again as a lot of
material. A lot being
defined by either the
product finisher or the
user/buyer.
Each
individually
bagged
item will contain its
own material test report
(MTR) including a
certificate
of
conformance (C of C)
pertaining to the surface
finishing process.
Step 3: The H.P.
components
and
material
are
then
shipped
to
a
fabricator/manufacturer
who will fabricate and
assemble the H.P.
components
and
material into their final
product
form
or
assembly.
Step 4: The H.P.
products will be receipt
verified
by
the
fabricator. This may or
may not entail unbagging samples for
inspection. Otherwise
all of the bagged
material should remain
bagged until such time
as it is needed in
fabrication. At the time
the material is needed
for its part in the
fabrication it will be
moved into a de-

bagging area similar to
a gowning/de-gowning
area adjacent to the
cleanroom, or through a
pass-through opening.
The
cleanroom
environment will again
typically meet the
environmentally
controlled cleanroom
Classification of ISO 4
or 5. All fabrication
within the cleanroom is
carefully controlled so
as to minimize or
eliminate
contamination of what
will become the final
product contact surfaces
of the piping system or
equipment
being
fabricated.
Once
fabricated, all welds,
particularly the process
contact
surface
of
welds, including the
heat affected zone
(HAZ) surrounding the
weld proper, will be
thoroughly examined
against a rigorous set of
weld
acceptance
criteria.
Once
fabrication is approved
the process contact
surfaces
of
the
assembled
piping
systems
and/or
equipment, depending
on the item’s MOC, will
be
cleaned
and
passivated
to
aggressively initiate a
stainless steel’s natural
tendency to create a
passive and protective
chromium oxide surface
layer. If it is required
that the assembly be
qualified in accordance
with
a
Factory
Acceptance Test (FAT)

it would take place at
this time. Once this
process
has
been
completed the process
contact surfaces are
then cleaned, rinsed,
dried, and packaged for
shipment.
Step 5: The H.P.
packaged piping system
and/or equipment is
then shipped to the
installation site where,
if it is set up as an ontime delivery with the
fabricator, will be
moved directly into its
permanent location. If
not, the item should be
placed in an area of the
site in which both
construction traffic and
the environment are
controlled. If it is
required
that
the
assembly be qualified in
accordance with a Site
Acceptance Test (SAT)
it would take place at
any time after the
assembly is installed in
its permanent location,
unless otherwise agreed
to.
CLEANROOM
CLASSIFICATIONS
Cleanroom requirements and
Classifications were initially
issued on September 11, 1992
under FS (Federal Standard)
209E. This program was
accepted and adopted on an
international basis for cleanroom
standardization
up
until
November 29, 2001. On that date
the U.S. General Services
Administration issued, in part,
the following notice:

NOTICE OF CANCELLATION FED-STD-209 NOTICE 1
November 29, 2001
FEDERAL STANDARD
AIRBORNE PARTICULATE CLEANLINESS CLASSES
IN CLEANROOMS AND CLEAN ZONES
Federal Standard 209E dated September 11, 1992 is hereby canceled and superseded by International
Organization for Standardization (ISO) Standards. International Standards for Cleanrooms and
associated controlled environments, ISO 14644-1 Part 1: Classification of air cleanliness; and ISO 146442 Part 2: Specifications for testing and monitoring to prove continued compliance with ISO 14644-1.
Preparing Activity: GSA-FSS
FSC 3694
With that notification ISO
14644-1 & -2 became the de
facto international standard for
cleanroom
requirements.
Cleanroom
Classification
designations thereby changed
from the 10, 100, 1000, etc.
Classifications to the ISO 1, 2, 3,
4, etc. Classifications as reflected
in Table 4.
There are many companies,
catalogs, and specifications that
still specify the Classifications
referred to in the old superseded
FS 209E standard. Therefore,
what the following Table 4
provides is a contrast and
comparison
between
the
Classifications of the old FS
209E and the current ISO 146441. In doing so, Table 4 has
transposed the cubic feet values
for particle limits of the old FS
209E to the cubic meter values of
the ISO standard. This provides a
much simpler way in which to
draw comparisons between the
two.
DESIGNING FOR HIGH
PURITY
What separates the design of
high purity process equipment
from that of typical industrial
type processing equipment can

be found in the consideration
given to integrating design
attributes of cleanability into an
overall design concept. The term
“cleanability,” can therefore be
defined, for the purpose of this
discussion, as, “adoption and
application of specifications that
render welded joints, mechanical
joints, process contact surface

What that definition implies is
that equipment or piping
designed for cleanability shall
have equipment process contact
internals designed with no flat
surfaces, an internal material
surface finish specified to reduce
interfacial tensions between a
liquid and the process contact
surface, and piping systems

finishes, internal appurtenances,
and pipe runs as being designed
to facilitate, to a satisfactory
degree, their drainability by
gravity or with the assist of
pneumatic
pressure
(blowdown).”

installed for drainability with
slope, no pockets, and an internal
material surface finish also
specified to reduce interfacial
tensions between a liquid and the
process contact surface.
Welding

Aside from establishing an
appropriate surface finish for
process contact surfaces of
equipment and piping, the
joining of piping becomes a
critical design element in the
cleanability aspect of a system.
While mechanical type joints are
necessary they are inherently
more prone to capture and
release impurities in a system
than that of a properly made
welded joint. And for that
reason, whether for metallic or
nonmetallic material, the welded
joint should be the default type
joint and mechanical type joints
used very selectively where
break-out sections or equipment
connections demand otherwise.
Welding Metallic Materials
In selecting a metallic material
for piping and equipment the
welding method most widely
used and selected for high purity
systems is the autogenous
automatic GTAW (TIG) method
performed with an orbital
welder. Both the ASME BPE
standard and SEMI standards
F78-0304 – “Practice for Gas
Tungsten Arc (GTA) Welding of
Fluid Distribution Systems in
Semiconductor Manufacturing
Applications” and F81-1103 –
“Specification
for
Visual
Inspection and Acceptance of
Gas Tungsten Arc (GTA) Welds
in Fluid Distribution Systems in
Semiconductor Manufacturing
Applications” provide criteria for
weld acceptance as well as
guidance for examinations of the
welds.
An autogenous weld is one in
which no filler material is
introduced to the weld. The weld,
as shown in Fig. 3, is made by
fusing together only the base
material of two components.

I.D. of the weld bead as it
transitions between the base
material of the two sections of
tubing and the weld bead
between them.
An acceptable weld for high
purity fluid service is one that,
upon examination, can meet the
requirements found in the ASME
BPE
standard
or
the
requirements found in SEMI
Standard F81-1103, para. 7.
Figure 3 – Section of Autogenous Welded
Tubing (Photo courtesy of Cotter Brother
Corp.)
This is done by programming the
welder with essential elements of
the tubing that is to be welded.
Once the essential parameters are
programmed into the welding
machine a weld coupon is made
and examined. Upon approval of
the weld coupon production
welding can begin. As long as the
same size, wall thickness, tubing
material, and purge gas does not
change welding production can
continue until any of the
following occurs:
•
•
•

•
•

Shift change,
Change in purge gas
source,
Change in welding
machine assembly (i.e.
weld head, weld head
extension,
tungsten,
etc.)
Change in the power
supply source, or
Change in diameter
and/or wall thickness

Fig. 3 is a magnified photo of the
cross section of two 3" O.D. x
.065” thick wall 316L SS
sections of tubing autogenously
welded together by means of an
automatic orbital welder. Notice
the smooth transition of both the
O.D. and, more particularly, the

Welding Nonmetallic
Materials
In selecting a nonmetallic
material
for
piping
and
equipment, the welding method
best suited for nonmetallic piping
is BCF (bead and crevice free)
fusion welding, also referred to
as beadless, infrared (IR)
welding, or non-contact welding.
This is a nonmetallic version of
automatic autogenous welding of
metallic tubing. It is a multi-step
process in which the ends of the
components to be welded
together are cleaned prior to
being clamped into place in the
welding machine.
After being clamped into the
welding machine the ends of the
two sections of tubing are
prepped by squaring the ends
with a facing tool so that the end
face of the two tubes are square
to one another and the OD and ID
of the tubes line up in accordance
with
specified
tolerances.
Butting the two ends together
will then allow the machine to
check fit-up alignment of the
tube ends.
Prior to beginning the fusion
process a bladder is placed inside
the tubing at the joint to be fused.
The
expandable
bladder
maintains sufficient force on the
ID of the joint, keeping the fused

material, while in its liquid state,
from extruding into the ID of the
tubing. The result being an ID
joint surface that is flush with the
ID of the tube itself. And finally,
fusion of the two sections is
performed. All while the tubing
sections remain blocked and
clamped in the welder.

base material in fusing the two
components together, causing a
slight variance in light reflection
between the base material and
the weld seam, can the seam be
detected.
The same holds true in Fig. 5. In
looking down at reflected light
coming from the invert of a
sectioned piece of tubing, the
seam is actually undetectable
once out of reflective range of the
overhead lighting. If the graphic
did not indicate which way the
weld seam was running it would

Figure 4 - Tee Section of BCF
Fusion Weld (Photo Courtesy GF
Piping Systems)
The finished joint, as seen in Fig.
4, 5, and 6, is difficult, if not
impossible to discern from the
actual tubing. Fig. 4 is a cutaway
at the branch of a tee. The fusion
bead width is pointed out
because it is extremely difficult
to discern from the base material.
Due only to disruption of the

Figure 5 - Section View of BCF
Fusion Weld (Photo Courtesy GF
Piping Systems)

Figure 6 - Close-Up of BCF Fusion
Weld Seam
be impossible to tell, either from
the photo or viewing the piece
directly.
Fig. 6 is a close-up of a BCF
fusion welded seam. The
magenta, or fuchsia color,
depending on the mood you
happen to be in, comes, not from
the tubing material itself, but
from the reflective attitude of
errant overhead lighting. If not
for the disturbance of melting
and re-solidifying the base
material, which appears as
though a wet brush had just
glided over the surface of the
tubing interior, the weld seam
would be barely noticeable.

STANDARDS TO CONSULT
In order to properly specify,
design, procure, fabricate, and
handle high purity piping, tubing,
fittings, other wetted components, and equipment it will be
necessary to comply with or
adopt a set of standards that meet
your specific needs. To do that it
is recommended that the
following
standards
be
consulted:
ASME Bioprocessing
Equipment (BPE) Standard:
A standard that is focused on the
high purity requirements of
bioprocessing, but much of its
content can be utilized across the
wide ranging applications of
other high purity needs.
Information on the standard can
be
found
at:
https://www.asme.org/products/
codes-standards/bpe-2014bioprocessing-equipment.
The International
Organization for
Standardization (ISO):
This organization publishes the
group of 14644 standards
mentioned earlier, along with
many others that can be found at:
http://www.iso.org/iso/home/sto
re/catalogue_tc/catalogue_tc_br
owse.htm?commid=54874.
Semiconductor Equipment
and Materials International
(SEMI):
This organization has a wide
range
of
standards
and
specifications that cover the high
purity manufacture of silicon
wafers,
integrated
circuits,
printed circuit boards, and flat
panel devices. Such standards
can
be
found
at:
http://www.semi.org/en/store/P0

The piping material in the
photos is GF Piping Systems
Sygef® Standard and Sygef®
Plus PVDF pipe and fittings,
which are produced using
Kynar® resins.
May change to: The piping material used in the
photos is a proprietary GF Piping Systems
formulation using Kynar® resins.

01204. But the most relevant of
those standards pertaining to our
discussion here are those
identified in the following:






Process
Chemical
standards carrying the
prefix C: among other
things these standards
provide guidance and
specifications for the
selection and use of
liquid chemicals used in
the
semiconductor
industry.
Gas
standards
carrying the prefix C:
as
with
process
chemicals,
these
standards
provide
guidance
and
specifications for the
selection and use of
gases used in the
semiconductor
industry.
Facility
standards
carrying the prefix F:
these standards not only
provide guidance for
Airborne
Molecular
Contaminant Levels in
Clean
Environments
they
also
provide
guidance
and
specifications
for
allowable
particle
specification for gases,
guidance
on
electrostatic charge, and
many other criteria for
pipe and tubing.

Institute of Environmental
Sciences & Technology (IEST):
This organization has a listing of
standards and recommended
practices focused on high purity,
which can be found at:
http://www.iest.org/StandardsRPs/Recommended-Practices.
AND FINALLY

It is suggested that when looking
for providers or submitting
RFQ’s, rather than segregate and
determine providers on price
alone the decision process should
address the thoroughness of a
company’s
written Quality
Management System (QMS) and
adherence to that program. It is
recommended too that the
provider’s experience be a factor
in the selection process. The
ability and craftsmanship needed
for a manufacturer or fabricator
to perform and control such high
performance work is not a craft
that is learned overnight.■
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