Safety considerations in the design, construction, and operation of a CPI facility is not simply a rhetorical aspect of the design
function, it is instead the very essence of the codes and standards that effect the safety and well-being of, not only the operations
and plant personnel, but in many cases, the people who live in the surrounding neighborhoods.
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BACKSTORY
The morning of March 20, 1905
dawned damp and chilly in the
small shoe factory town of
Brockton, MA. Mr. David
Rockwell, chief engineer for the
R. B. Grover Shoe Factory (Ref.
Fig. 1) had arrived at the factory,
located at the northwest corner of
Main St. and Calmar St., long
before normal working hours.
This was typical on days like this,
to stoke the firebox of the old
fire-tube boiler in order to warm
up the sprawling 4-story shoe
factory complex. The first shift
would be arriving soon and the
building had to shake off the
nighttime chills for the workers.
The day before David had taken
their new boiler off-line for
cleaning and maintenance and
had brought the old boiler out of
retirement and put it back into
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Figure 1 – Looking Northwest at the R. B. Grover Shoe Factory
temporary service while the
newer boiler was being serviced.
The newer boiler had been
installed as part of a renovation
that added a fourth floor to the
building;
providing
33%
additional work space to their
expanding business. Not having
much trust in the old boiler,
David used it sparingly, and only
then when absolutely necessary,
which was the case now.
After getting the old boiler fired
up and generating steam to the
radiators, which were placed
throughout the factory, he
stepped outside to take a needed
break, and to get a bit of fresh air.

As was typical, David would drag
his office chair outside with him
for a place to sit while snatching
a few quiet minutes before the
hectic day would begin in
earnest. The boiler room was
located in the northwest corner of
the building on the ground floor,
its location made evident by the
smokestack at the rear of the
factory as seen in Fig. 1, taken
prior to 1905. A location that
allowed quick doorway access to
a little fresh air just outside the
confined and dusty boiler room.
At 7:45 AM the plant manager
called down to the boiler room to
let David know about strange
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newspaper
clipping
reads:
“After it exploded
the boiler passed
through Engineer
Rockwell’s house
and landed in the
side of the Hunt
residence, some
250 feet away from
the mill.”

Figure 2 – R. B. Grover Shoe Factory after Explosion and Fire
(Trajectory of boiler shown as red arc)

Many of those who
survived the initial
explosion
and
subsequent
building collapse
found they were
trapped and unable
to free themselves
from the heavy

banging noises he could hear
coming from a bank of radiators
along one wall of the factory
floor. But with David taking a
break his assistant answered the
phone telling the plant manager
that David had stepped out and
would be back soon. In saying
this he reassured the manager that
everything
was
working
properly, but he would look into
it.
No sooner had Mr. Rockwell’s
assistant hung up the phone the
old boiler, at 7:50 AM, exploded
with such force it launched itself
at a low launch angle through the
north wall of the factory. Its
trajectory, in a northerly path, as
represented by the red-dashed arc
in Fig. 2, knocked the legs out
from under their water tower,
perched high above the factory
just north of the northwest corner
of the building, causing the full
water tank to fall into the building
crashing down through the roof
and floors, pancaking the floors
together while pulling the walls
inward as the water tank
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Figure 3 – The Old Boiler Came to Rest in the Hunt Residence
continued its lethal path to the
ground floor. The launch
trajectory of the old boiler took it
on a path that landed it,
paradoxically, on the engineer
Rockwell’s house where it
skidded across the ground finally
coming to rest some 250 feet
away from the boiler room in the
side of what was referred to as the
“Hunt residence,” as seen in Fig.
3. The sub-caption in the Fig. 3

beams and machinery that had
collapsed on and around them.
Burning coals from the boiler’s
fire pit had been scattered
through-out the building from the
initial explosion. These burning
coals began igniting the wood
beams, floors, and fram-ing,
which in-turn ignited gas from
broken gas lines making matters
exponentially worse. With all
300 windows blown out in the
2

still standing part of the factory
an air draft, referred to as a
chimney effect, was created,
pulling air through the building,
fanning flames even more.
The nightly treatment of linseed
oil applied to the wood floors
over the years, in an effort to
abate the accumulation of dust
for benefit of the workers, helped
the wood to ignite easier and burn
hotter. With the high winds
caused by the chimney effect of
the windows being broken out,
the ensuing flames were able to
leap and spread to a nearby
storage shed just outside the
boiler room as well as to a
hardware store and rooming
house across Calmar Street on the
south side of the factory.
In the above mentioned storage
shed were barrels of naphtha, a
very volatile base material used
in shoe polish. When this shed,
located just outside the boiler
house, caught fire the barrels of
naphtha reached the fluid’s
ignition point and exploded,
sending a rain of naphtha fire
down on to the already burning
building.
Aftermath of the devastation can
be clearly seen in Fig. 2. The
initial damage, caused by the
exploding boiler and falling
water tank, was confined, in large
degree, to the northwest corner of
the factory. The ensuing fire is
what completely decimated the
factory, hardware store, and
rooming house. Of the 300 plus
people that were reportedly
inside the factory at the time, 100
made it out safely, 58 were killed,
and approximately 150 people
injured.
An initial search was made for
chief engineer David Rockwell
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that evening without luck. He had
been reported injured, but could
not be found. At one point it was
assumed he had left town. But
that was short-lived. From her
kitchen window, Mrs. Rockwell
was reported as having seen her
husband sitting in a chair just
outside the boiler room not five
minutes before the explosion. A
more detailed search of the area
around the boiler house proper
was done the following day. It
turned up a charred body, a
disfigured watch, two rubber
heals, and a torn piece of clothing
identified by Mrs. Rockwell as
that of her husband’s.
The Grover Shoe Co. incident
created an incentive for the state
of Massachusetts to do something
about the lack of standardization
for pressurized equipment used in
that state, specifically as it related
to boilers. But it was not until the
following year when another
boiler explosion, in yet another
shoe factory, located this time in
Lynn, MA, finally shook the
Massachusetts government out of
its bureaucratic complacency and
into immediate action. Propelling
them to initiate and pass “An Act
Relating to the Operation and
Inspection of Steam Boilers” in
1909. This Act would become a
preeminent early step in
promoting additional interest and
consensus of the work ASME
had been involved in since 1884.
The ASME Boiler and Pressure
Vessel code (BPVC), which,
after much turmoil and initial
dissention among its membership, had finally achieved
consensus — thanks sadly to too
many disasters such as those in
Brockton and Lynn — and was
published in 1914, but not printed
and released until 1915.

You may be wondering what on
earth a shoe factory disaster has
to do with the chemical process
industry (CPI).
A CRY FOR HELP
Getting a process fluid from one
stage of its processing cycle to
the next requires the transfer of
fluids between pressure vessels,
through pressure piping with the
assistance of pressure equipment.
Aside from the elemental
objective
of
making
an
intermediate or finished product,
the immediate goal, and what
should be of primary importance,
is to make these fluid transfers, or
the overall handling of such
process fluids, in a safe and
productive manner.
Handling such process fluids, and
this includes utility fluids as well,
presupposes that we select an
appropriate
material
of
construction (MOC) for each
fluid service; that we properly
size the piping and components
for the needed flow rate;
determine a mechanical joint
pressure rating that will safely
contain
the
fluid
being
transferred; and that we design
and construct pressure vessels
and equipment in accordance
with
accredited
consensus
standards.
Such aspects of fluid handling, in
the design and engineering of a
chemical processing facility
(CPF), is an ever-changing
selective process. A selective
process in which many fluid
service variations may exist and
one in which each of the process
fluids has its own distinct set of
requirements.
These requirements can range
from
construction
material
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compatibility to safe containment
of the process fluid, and from
regulatory
requirements
to
jurisdictional code requirements.
The many variables presented in
the design of a process system
creates a challenge in the effort to
achieve quantifiable productivity
while meeting all respective code
and regulatory demands.
Safety considerations in the
design,
construction,
and
operation of a CPI facility is not
simply a rhetorical aspect of the
design function, it is instead the
very essence of the codes and
standards that effect the safety
and well-being of, not only the
operations and plant personnel,
but in many cases, the people
who live in the surrounding
neighborhoods. Neighborhoods
that are in close proximity to
what could be considered a high
risk industrial facility. This is
where code and regulatory
compliance interact with the
design, engineering, and construction activities of a CPF.
The respective codes and
standards effect everything from
the materials and methods used in
manufacturing the individual
components that make up the
piping systems in a processing
unit to how the piping system is
engineered and constructed.
Given the fact that the operation
of a CPF is inherently dangerous
— some significantly more than
others — it was the lessons
learned back at the turn of the
twentieth century from incidents
such as the R. B. Grover Shoe
Factory
devastation
that
prompted the need for the
development and promulgation
of U. S. consensus standards and
government safety regulations.
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The
lessons
learned
in
Massachusetts, with the 1905
boiler explosion in Brockton,
only to be accented the following
year by the 1906 boiler explosion
in
Lynn,
dislodged
the
complacency of the legislature in
that state to do something about
the issue of unregulated boiler
and pressure vessel design and
construction; boilers which were,
at that time, typically housed in
areas adjacent to personnel work
space.
The complacency at the time
stemmed largely from the
politicians and industry experts
attempting to chart a path through
the uncharted territory of
consensus engineering and safety
regulation. Manufacturers, who
held sway with the politicians at
the time, felt that any regulation
impinging on their industry was
an overreach by the government
or a standards developer, and was
an infringement on their
manufacturing rights. Part of that
hesitancy, at least in Massachusetts, was also due, in large
part, to the excellent job being
done at the time by inspectors of
the Hartford Steam Boiler
Inspection
and
Insurance
Company in the inspection of
boiler operations insured by their
company.
Other states throughout the
country, as well as other
countries, were not as fortunate.
Boilers, at varying degrees, were
failing or outright exploding on
an almost daily basis worldwide.
The step that Massachusetts took
by enacting regulation in 1909
brought ASME (New York, NY;
www.asme.org) to the forefront
with the work they had been
doing on what, in 1911, would
become the International Boiler

and Pressure Vessel Code. This
effort by ASME, as mentioned
earlier, culminated in 1915 with
the first publication of the BPVC.
Creating such a consensus
standard was the response to a cry
for help that went up from the
public and government officials
alike. A cry for help spawned by
an industrial revolution taking
place during the late 1800’s and
into the early 1900’s in which
new technology of the day, the
steam boiler, out-paced the
practical understanding and use
of engineered materials and
pressure design technology.
It was understood that a
coalescing of knowledge and
understanding would have to take
place among the engineering
community. Such an effort would
be aimed at developing a
standardized set of rules and
methods by which steam boilers,
along with other pressure
equipment and components,
could
be
designed
and
constructed in a manner that
would instill safety, integrity, and
consistency in their manufacture
and fabrication, while at the same
time not hindering creative
design and the evolution of
engineering
concepts
in
manufacturing.
A DIRE NEED FOR CODES
AND STANDARDS
The early nineteenth century
creation of engineering societies,
such as ASME and several
others, has had a profound impact
on, not only industry, but also
society in general. The onset of
these engineering societies did
two things, whether intentional or
not.
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Firstly it created a mechanism, or
forum if you will, that enabled
and promoted consensus among
like experts in their field of
engineering. A consensus of
thought and application that
allowed for standardizing on the
means and methods of achieving
safe designs for pressure
containing
equipment
and
components.
The
resulting
standards can be considered
bottom up requirements. Industry
requirements that are pulled from
and created by industry itself.
Secondly, with ASME and other
like
organizations
creating
needed industry standards, it also
provided government with a
resource for defining practical
and pragmatic safety regulations
at a point in time when industrial
facilities such as chemical plants,
refineries, and factories could be
dangerous places to work; in
some cases dangerous to even
live by.
With the creation of such
engineering societies and the
standardization process that
emanated from them, it gave
government the means and
resource it needed for initiating
safety regulations. The need for a
basis of design and construction,
one that would provide the
consistently safe manufacture of
pressure equipment, which was,
incidentally, the impetus for
creation of ASME in the first
place, put them center stage in
this effort.
Understanding that an organization such as ASME was borne
from the dire need to create a safe
work environment back in the
early 1900’s, which to this day
guides the basic precept in the
writing of today’s codes and
standards, gives credence to its
W. M. Huitt 09/11/16
Piping Codes – What the CPI Engineer Should Know

focus on safety and integrity of
design and construction. That
premise leads to the reason for a
statement found within the
Introduction of the various B31
piping codes, which reads, “The
Code sets forth engineering
requirements deemed necessary
for safe design and construction
of pressure piping.”
With that said, there are two
things you must know before we
launch into the specifics of this
discussion. The first being that, at
this writing, there are four states
and all of the provinces and
territories of Canada that have
adopted
and
require
the
application and use of the ASME
B31.3 Process Piping code in the
design and construction of a CPF.
This is the only piping code with
a scope and content broad enough
to encompass the wide variety of
fluids and operating conditions
found in CPI facilities.
Secondly, when designing a CPI
facility in a state other than
California, Kentucky, Michigan,
and Oregon, the four states that
have adopted B31.3, or outside of
Canada it is suggested by this
author that the B31.3 code be
written
into
the
design
specifications for such a facility.
Even for a facility that either has
been or is currently in operation,
it is essential that requirements as
comprehensive as the B31.3
piping code be an integral part of,
not only the design and
construction of a new facility, but
an ongoing part of a facility’s
maintenance program.
CODES FOR THE CPI
With the myriad codes and
standards, not to mention
government regulations, that
apply to the design and
construction of a CPF how is it
determined which of these

documents apply to the design
and operation of a specific
facility? To begin with we need
to identify the various aspects of
design, engineering, and construction for which codes and
standards will be needed. That
would include:
•
•
•
•

Boiler
Design
and
Fabrication
Pressure Vessel Design
and Fabrication
Piping
Design,
Fabrication, and Install
Piping Component Design
and Pressure Ratings

Each of the various categories of
need listed above will be
addressed below in the above
listed order. Note too, that any
quotes taken from the respective
code or standard developer in
describing these documents will
be presented in italics.
The entire Boiler and Pressure
Vessel package of codes is
referred to as the Boiler and
Pressure Vessel Code or BPVC.
This ensemble of codes is, as the
name implies, a multiple and
distinct set of codes made up of
two overarching codes that
include the Boiler Code and the
Pressure Vessel Code. The entire
package of codes is further
divided into 31 books consisting
of some 17,000 pages. But not all
of it pertains to the interest and
responsibilities of the CPI
engineer. Those Sections typically not of interest to the CPI
engineer include: Section III
Rules for Construction of
Nuclear Facility Components;
Section XI Rules for In-service
Inspection of Nuclear Power
Plant Components; and Section
XII Transport Tanks. What does
pertain to the CPI engineer are
the following set of codes
grouped and described as
provided in the following:
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Boiler Codes
Those codes specific to the design, construction, and ongoing maintenance of boilers include the following:
•

•
•

•

Section I – Power Boilers: “Provides requirements for all methods of construction of power, electric, and miniature
boilers; high temperature water boilers, heat recovery steam generators, and certain fired pressure vessels to be
used in stationary service… Rules pertaining to use of the single ASME certification mark with the V, A, M, PP, S,
and E designators are also included.”
Section IV – Heating Boilers: “Provides requirements for design, fabrication, installation and inspection of steam
heating, hot water heating, hot water supply boilers, and potable water heaters intended for low pressure service
that are directly fired by oil, gas, electricity, coal or other solid or liquid fuels.”
Section VI – Care and Operation of Heating Boilers: “Covers operation guidelines applicable to steel and castiron boilers limited to the operating ranges of Section IV Heating Boilers. Section VI includes guidelines for
associated controls and automatic fuel-burning equipment. Also included is a glossary of terms commonly
associated with boilers, controls, and fuel-burning equipment.”
Section VII – Care of Power Boilers: “Provides guidelines to assist those directly responsible for operating,
maintaining, and inspecting power boilers. These boilers include stationary, portable, and traction type boilers, but
not locomotive and high-temperature water boilers, nuclear power-plant boilers (see Section XI), heating boilers
(see Section VI), pressure vessels, or marine boilers. Guidelines are also provided for operation of auxiliary
equipment and appliances that affect the safe and reliable operation of power boilers.”

Note that Sections IV and VI for Heating Boilers are typically specified for commercial applications rather than for industrial
type applications. They are listed here for reference only and will not be a part of this ongoing discussion.
Pressure Vessel Codes
Code requirements for pressure vessels are captured under Sections VIII and X
•

•

Section VIII – Pressure Vessels: The Pressure Vessel Code is made up of three Divisions, as follows:
o Division 1: “Provides requirements applicable to the design, fabrication, inspection, testing, and
certification of pressure vessels operating at either internal or external pressures exceeding 15 psig. Such
vessels may be fired or unfired. This pressure may be obtained from an external source or by the
application of heat from a direct or indirect source, or any combination thereof. Specific requirements
apply to several classes of material used in pressure vessel construction, and also to fabrication methods
such as welding, forging and brazing. Division 1 [also] contains mandatory and non-mandatory
appendices detailing supplementary design criteria, nondestructive examination and inspection
acceptance standards. Rules pertaining to the use of the single ASME certification mark with the U, UM
and UV designators are also included.”
o Division 2: Provides “Requirements on materials, design, and nondestructive examination are more
rigorous than in Division 1; however, higher design stress intensity values are permitted. These rules may
also apply to human occupancy pressure vessels typically in the diving industry. Rules pertaining to the
use of the single ASME certification mark with the U2 and UV designators are also included.”
o Division 3: Provides “Requirements [that] are applicable to pressure vessels operating at either internal
or external pressures generally above 10,000 psi. It does not establish maximum pressure limits for either
Section VIII, Divisions 1 or 2, nor minimum pressure limits for this Division. Rules pertaining to the use
of the single ASME certification mark with the U3 and UV3 designator are also included.”
Section X – Fiber Reinforced Plastic Pressure Vessels: “Provides requirements for construction of a fiberreinforced plastic pressure vessel (FRP) in conformance with a manufacturer’s design report. It includes
production, processing, fabrication, inspection and testing methods required for the vessel. Section X includes three
Classes of vessel design:
o Class I: Class I and Class III – qualification through the destructive test of a prototype;
o Class II – mandatory design rules and acceptance testing by nondestructive methods.
These vessels are not permitted to store, handle or process lethal fluids. Vessel fabrication is limited to the following
processes: bag-molding, centrifugal casting and filament-winding and contact molding. Rules pertaining to the use
of the single ASME certification mark with the RP designator are also included.
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BPV Service Codes
This set of codes augment and support the primary set of codes mentioned above, and are thereby referred to simply as
Service Codes.
•

•

•

Section II – Materials: Together the “…four parts of Section II [as listed below] comprise a “service Code” to
other BPVC Sections, providing material specifications adequate for safety in the field of pressure equipment.
These specifications contain requirements for chemical and mechanical properties, heat treatment, manufacture,
heat and product analyses, and methods of testing. Part A and Part B specifications are designated by SA or SB
numbers, respectively, and are identical with or similar to those of specifications published by ASTM and other
recognized national or international organizations. Part C specifications are designated by SFA numbers and are
derived from AWS specifications.”
o Part A – Ferrous materials
o Part B – Nonferrous material
o Part C – Welding rods, Electrodes, and Filler Metal
o Part D – Material Properties in both Customary and Metric Units
Section V – Nondestructive Examination: “…requirements and methods for nondestructive examination which
are referenced and required by other BPVC Sections. It also includes manufacturer’s examination responsibilities,
duties of authorized inspectors and requirements for qualification of personnel, inspection and examination.
Examination methods are intended to detect surface and internal discontinuities in materials, welds, and fabricated
parts and components. A glossary of related terms is included.”
Section IX – Welding, Brazing, and Fusing Qualifications: “…rules relating to the qualification of welding,
brazing, and fusing procedures as required by other BPVC Sections. It also covers rules relating to the qualification
and requalification of welders, brazers, and welding and brazing operators in order that they may perform welding
or brazing in component manufacture. Welding, brazing and fusing data cover essential and nonessential variables
specific to the welding, brazing or fusing process used.”

Piping Codes
Piping codes fall under the ASME B31 Code for Pressure Piping Standards Committee. Some of the various piping codes
that fall under the responsibility of the B31 Committee are the following:
•

B31.1 – Power Piping Section Committee: The first paragraph in the scope of B31.1 reads as follows: “Rules for
this Code Section have been developed considering the needs for applications that include piping typically found in
electric power generating stations, in industrial and institutional plants, geothermal heating systems, and central
and district heating and cooling systems.” This Code continues in great lengths, with both text and graphics, to
describe its jurisdictional scope and boundaries.
• B31.3 – Process Piping Section Committee: The first paragraph in the scope of B31.3 reads as follows: “Rules for
the Process Piping Code Section B31.31 have been developed considering piping typically found in petroleum
refineries; chemical, pharmaceutical, textile, paper, semiconductor, and cryogenic plants; and related processing
plants and terminals.” It goes on to state that, “This Code prescribes requirements for materials and components,
design, fabrication, assembly, erection, examination, inspection, and testing of piping.” It applies to all fluids
including, but not limited to, “…raw, intermediate, and finished chemicals, petroleum products, gas, steam, air,
and water, fluidized solids, refrigerants, and cryogenic fluids.”
• B31.4 – Liquid and Slurry Piping Transportation Systems: This Code, “…prescribes requirements for the design,
materials, construction, assembly, inspection, testing, operation, and maintenance of liquid pipeline systems
between production fields or facilities, tank farms, above- or below-ground storage facilities, natural gas processing
plants, refineries, pump stations, ammonia plants, terminals (marine, rail, and truck), and other delivery and
receiving points, as well as pipelines transporting liquids within pump stations, tank farms, and terminals associated
with liquid pipeline systems. This Code also prescribes requirements for the design, materials, construction,
assembly, inspection, testing, operation, and maintenance of piping transporting aqueous slurries of nonhazardous
materials such as coal, mineral ores, concentrates, and other solid materials, between a slurry processing plant or
terminal and a receiving plant or terminal.”
• B31.5 – Refrigeration Piping and Heat Transfer Components: This Code “…covers refrigerant, heat transfer
components, and secondary coolant piping for temperatures as low as -320°F (-196°C), whether erected on the
premises or factory assembled. Users are advised that other piping Code Sections may provide requirements for
refrigeration piping in their respective jurisdictions.
“This Code does not apply to any self-contained or unit systems subject to the requirements of Underwriters
Laboratories or other nationally recognized testing laboratory. It also does not apply to water piping; piping
designed for external or internal gage pressure not exceeding 15 psi (105 kPa) regardless of size; or pressure
vessels, compressors, or pumps. However, B31.5 does include all connecting refrigerant and secondary coolant
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W. M. Huittpiping
09/11/16
Piping Codes – What the CPI Engineer Should Know

Piping Codes (cont.)
•

•

•

B31.8 – Gas Transmission and Distribution Piping Systems Section Committee: This Code, “…covers gas
transmission and distribution piping systems, including gas pipelines, gas compressor stations, gas metering and
regulation stations, gas mains, and service lines up to the outlet of the customer’s meter set assembly. It includes
gas transmission and gathering pipelines, including appurtenances that are installed offshore for the purpose of
transporting gas from production facilities to onshore locations; gas storage equipment of the closed pipe type that
is fabricated or forged from pipe or fabricated from pipe and fittings; and gas storage lines.”
B31.9 – Building Services Section Committee: “…has rules for piping in industrial, institutional, commercial and
public buildings, and multi-unit residences, which does not require the range of sizes, pressures, and temperatures
covered in ASME’s B31.1 Code for Power Piping [or B31.3 Process Piping]. It includes piping systems either in the
building or within the property limits.
B31.12 – Hydrogen Piping and Pipelines: This Code, “…is applicable to piping in gaseous and liquid hydrogen
service and to pipelines in gaseous hydrogen service.” B31.12 “…is applicable up to and including the joint
connecting the piping to associated pressure vessels and equipment but not to the vessels and equipment themselves.
It is applicable to the location and type of support elements but not to the structure to which the support elements
are attached.” It is divided into three Parts as follows:
o Part GR – General Requirements: This Part “…contains requirements applicable to and referenced by
other parts. It contains definitions and requirements for materials, welding, brazing, heat treating, forming,
testing, inspection, examination, operation, and maintenance. It also contains quality system topics
common to the other parts.”
o Part IP – Industrial Piping: This Part “…includes requirements for components, design, fabrication,
assembly, erection, inspection, examination, and testing of piping.”
o Part PL – Pipelines: This Part “…sets forth requirements for components, design, installation, and testing
of hydrogen pipelines.”

Piping Standard
•

Bioprocessing Equipment (BPE) – The BPE is considered a standard and is adjunct to the B31.3 piping code. Both
documents are intended to work in tandem where high purity fluid services have been designated in accordance with
B31.3. This standard provides the essential elements in the design, material of construction, fabrication, and
installation of both piping and equipment. It goes beyond the precept of a construction code in providing design
elements as an integral part of its requisite criteria. The Introduction in paragraph GR-1 states, in part:
“The ASME Bioprocessing Equipment Standard was developed to aid in the design and
construction of new fluid processing equipment used in the manufacture of biopharmaceuticals,
where a defined level of purity and bioburden control is required.”
But the standard goes further to make clear a much broader scope and use of the standard in paragraph G-2 where
it states, in part:

“The ASME BPE Standard provides requirements for systems and components that are subject
to cleaning and sanitization and/or sterilization including systems that are cleaned in place
(CIP’d) and/or steamed in place (SIP’d) and/or other suitable processes used in the
manufacturing of biopharmaceuticals. This Standard also provides requirements for single use
systems and components used in the above listed systems and components. This Standard may
be used, in whole or in part, for other systems and components where bioburden risk is a
concern.”
Piping Directive of the European Community
•

PED – Pressure Equipment Directive: This directive, regarding harmonization of national safety laws by and for
European Member States, in what is referred to collectively as the European Economic Area (EEA), includes
oversight of design, manufacture, testing, and compliance requirements of pressure equipment and assemblies of
pressure equipment. The PED was one of many Directives that spun out of the European Commission in Brussels,
Belgium. A Commission made up of representatives from the following countries: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden, and the
United Kingdom, which collectively make up the European Union. Plus three of the four countries of the European
Free Trade Association (EFTA) including Iceland, Liechtenstein, and Norway; Switzerland being the fourth and
only non-participating EFTA country.
This Directive applies to the design, manufacture and conformity assessment of pressure equipment and assemblies
of pressure equipment with a maximum allowable pressure greater than 0.5 bar gage pressure (1.5 bar absolute
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Piping Component Standards
For this discussion, the term
“piping component” includes
pipe, tubing, fittings, flanges
(plus other mechanical type
piping joint assemblies), line
blanks,
valves,
and
miscellaneous items associated
with piping systems. There are
accredited standards for each of
these pressure containing or
pressure restraining components
as represented in Table 1, which
can be found at the end of this
article. Table 1 is a modified
replication of ASME B31.3
Table 326.1, but is not a working
Table and therefore does not
contain
the
notations
so
necessary in the B31.3 Table
326.1.
Such standards, as those found in
B31.3 Table 326.1, are referred to
as listed standards. A listed
standard is defined in B31.3 as:
“…a material or component
that conforms to a specification
in Appendix A, Appendix B, or
Appendix K or to a standard in
Table 326.1, A326.1, or
K326.1.”
Following are titles of the above
referenced Appendices and
Tables:
•

•
•
•
•

Appendix A: Allowable
Stresses
and
Quality
Factors for Metallic Piping
and Bolting Materials
Appendix B: Stress Tables
and Allowable Pressure
Tables for Nonmetals
Appendix K: Allowable
Stresses for High Pressure
Piping
Table 326.1: Component
Standards (for metallic
components)
Table A326.1: Component
Standards (for nonmetallic
components)
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•

Table K326.1: Component
Standards
(for
high
pressure
metallic
components)

The difference, under B31.3,
between “listed” and “unlisted” is
that, “listed” components, in
accordance with B31.3 paragraph
303, “…shall be considered
suitable for use at pressure–
temperature
ratings
in
accordance with para. 302.2.1
[Listed Components Having
Established Ratings.] or para.
302.2.2 [Listed Components Not
Having Specific Ratings], as
applicable.”
“Unlisted” components, on the
other hand, shall conform to
B31.3 paragraph 304, which
states that such designation is,
“…intended for pressure design
of components not covered in
Table 326.1, but may be used for
a special or more-rigorous
design of such components, or to
satisfy requirements of para.
302.2.2 [Listed Components Not
Having Specific Ratings.].
Designs shall be checked for
adequacy of mechanical strength
as described in para. 302.5
[Mechanical Strength].” Paragraph 302.5 states, in its first
sentence that, “Designs shall be
checked for adequacy of
mechanical
strength
under
applicable loadings.” It then goes
on to state various qualifiers with
regard to that statement.
To Clarify
Boiler Code and Boiler
External Piping
The Boiler Code, Sections I and
VII, as applicable, will apply to
the design/build of a CPF only if
a
boiler
installation
or
modification is part of the facility
design. ASME B31.3, in

paragraph 300.1.3 Exclusions,
sub-paragraph (b) in stating that
among the exclusions are,
“power boilers in accordance
with BPV Code Section I and
boiler external piping that is
required to conform to B31.1”
making it clear that boiler
external piping is excluded from
the scope of B31.3. Therefore, if
the installation or modification of
boiler external piping is part of a
project then the rules and
compliance of the B31.1 Power
Piping Code would go into effect,
in addition to that of the B31.3
Process Piping Code for piping
other than boiler external piping.
Boiler External Piping is defined
under ASME B31.1, paragraph
100.1.2(A) as follows
“Boiler external piping shall
be considered as piping that
begins where the boiler proper
terminates at
(1) the first circumferential
joint
for
welding
end
connections; or
(2) the face of the first flange
in bolted flanged connections;
or
(3) the first threaded joint in
that type of connection; and
that extends up to and
including the valve or valves
required by para. 122.1.
The terminal points themselves
are considered part of the
boiler external piping.”
In understanding fully the
jurisdictional limits, when the
installation or modification of a
boiler and its associated boiler
external piping is at play, and the
points at which one safety code
ends and another begins, there are
two additional terms, beyond that
of “boiler external piping”
defined above, that also need to
be understood. Those terms are
“boiler proper” and “nonboiler
9

external piping.” Two terms
which are defined as follows:
“Boiler proper,” is clarified in the
Preamble of the BPVC Section I
in which it states that,
“Superheaters, economizers, and
other pressure parts connected
directly to the boiler without
intervening valves shall be
considered as parts of the boiler
proper, and their construction
shall conform to Section I rules.”
“Nonboiler external piping,” in
accordance
with
B31.1,
paragraph
100.1.2(B),
“…includes all the piping
covered by this Code [B31.1]
except for that portion defined
above [in Para. 100.1.2(A)] as
boiler external piping.”
The implication can be made that
if B31.3 is in effect for all piping
except boiler external piping,
then nonboiler external piping
can also be covered by B31.3.
These are code boundary limits
that need to be made explicit and
definitive in procedures, guidelines, scopes of work, and
drawings that are followed by
those engineers and constructors
that
are
designing
and
constructing Chemical Process
Facilities.
In referring to Fig. 4 (found at the
end of this article), and with the
three boiler terms clarified, we
can now discuss code jurisdiction
as it relates to steam generation.
In doing so we will begin at the
“boiler proper,” which, as
mentioned above, is the pressure
equipment plus its interconnecting tubing and components that make up the boiler
package, whether preassembled
or assemble on-site. Both the
administrative jurisdiction and
technical responsibility of the
boiler proper is governed by
Section I of the Boiler Code. The
W. M. Huitt 09/11/16
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“boiler external piping” that
connects directly to the “boiler
proper” is an interface or
transitional segment of piping in
which
the
administrative
jurisdiction is governed by the
Section I Boiler Code, but the
technical responsibility is owned
by the B31.1 Power Piping
Committee. Extent of the boiler
external piping includes the joint
connection made at the boiler
proper and extends through the
valve or valves as required by
B31.1 paragraph 122.1.
While the technical responsibility
of boiler external piping is
governed by B31.1 the piping
that connects to that piping, at a
point opposite from that of the
boiler proper connection, can
either be accomplished in
accordance with B31.1 or B31.3.
If the owner, or their engineering
representative has specified the
project piping code (plant wide)
to be B31.3 then it would make
sense to make the transition from
the boiler external piping to the
nonboiler external piping in
accordance with B31.3 at that
point.
Graphically such a transitioning
of codes would look like that
shown in Fig. 5. An option, as
indicated at the Battery Limits
line, would be to retain B31.1 up

to the battery limits then make the
transition to B31.3 upon leaving
the Central Utility Plant (CUP)
limits.
Further to the above point,
regarding the transition from
boiler external piping to
nonboiler external piping, that
transition could also be based on
contractual
battery
limits.
Meaning, that, should a contract
package be written for the
design/build of a boiler facility or
CUP, piping for the entire
design/build package could be
governed by B31.1 up to the
battery limits (Ref. Fig. 5 and
Fig. 6) as defined in the contract.
Beyond those battery limits
transition to the plant-wide
compliance of B31.3 could then
be made.
To be clear: “Battery limits” is a
term used in engineering and
construction as a means to
establish definable boundaries
that can either be fictitious or
physical type boundaries. In many
cases
the
battery
limits
established during design and
construction are carried over into
plant operations to use those
boundary limits or create new
ones to be used for plant-wide
accounting breakout and maintenance purposes.

Figure 5 – Example of Code Jurisdiction and Transitioning
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pumps, mixers, or compressors,
are to be connected to the
vessel:
(a) the welding end connection
for the first circumferential
joint for welded connections
[see UW-13(h);
(b) the first threaded joint for
screwed connections;
(c) the face of the first flange for
bolted, flanged connections;
(d) the first sealing surface for
proprietary connections or
fitting;”
It goes on to elaborate on nonpressure parts welded internally
or externally directly to a
pressure
vessel,
pressure
containing covers for vessel
openings, etc.

Figure 6 – Piping Code Compliance Jurisdiction

The ASME Boiler Code is
required compliance in all states,
but Idaho and Wyoming, also
required in all Canadian
Provinces and Territories, and is
recognized in more than 112
countries
worldwide.
The
Pressure Equipment Directive
(PED) is the Boiler Code
counterpart in the European
Community and the India Boiler
Regulation (IBR) is the Boiler
Code counterpart in India.
Pressure Vessels
The design and fabrication of
Pressure Vessels will fall under
Section VIII (metallic) or Section
X (nonmetallic) of the BPVC.
These
are
self-contained
equipment items that may contain
integrated components
and
supplemental equipment such as
a bayonet type heat exchanger,
coils, dip tubes, spargers,
eductors, and agitators, to name a
few, in which such items may be
delivered to the job site preinstalled in or on the pressure
W. M. Huitt 09/11/16
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vessel, or delivered separately
and installed on-site. Design,
construction, and testing of these
added components may fall
separately under code or
standardized
requirements
specific
to
their
own
characteristics. But the mounting
design and affected load demands
on the pressure vessel will be part
of the Section VIII or X code
requirements.
What is often referred to as the
“pressure boundary” of a Section
VIII pressure vessel, is defined in
Section VIII under Part U-1
Scope, with regard to the extent
or boundary limits of the code, as
defined in paragraph U-1(e),
which states the following:
“U-1(e) In relation to geometry
of pressure containing parts,
the scope of this Division shall
include the following:
U-1(e)(1)
where
external
piping; other pressure vessels
including heat exchangers; or
mechanical devices, such as

In accordance with Section VIII,
paragraph UG-98 Maximum
Allowable Working Pressure is
defined in the following way:
UG-98(a)
The
maximum
allowable working pressure for
a vessel is the maximum
pressure permissible at the top
of the vessel in its normal
operating position at the
designated
coincident
temperature specified for that
pressure…
The pressure rating of a vessel so
rated, in accordance with UG98(a), will not itself be effected
by the attachment of valves or
instruments connected directly to
the vessel. What is effected is the
system or assembly rating in
which the vessel has become a
part of. A piping system or
assembly has a maximum
pressure rating that cannot
exceed that of the rating of the
weakest component or equipment
item in the system or assembly.
The
“service
codes,”
as
mentioned earlier, will provide
the engineer with the mechanical
11

properties of “listed material”
found under Section II. Section V
explains the specifics of NonDestructive Examination (NDE)
requirements. And Section IX
provides not only qualification
requirements
for
Welding,
Brazing, and Fusing Procedures;
Welders; Brazers; and Welding,
Brazing, and Fusing Operators,
but also provides suggested
forms to use in documenting such
procedures and requirements.
Up to this point things have been
largely straight forward with
regard to selecting codes that
apply to key processing elements
such as boilers and pressure
vessels, equipment essential to
the manufacture of chemicals,
food
product,
fuel,
and
pharmaceuticals. The use and
application of such codes as the
BPVC is extremely complex and
requires expert experience and
know-how to properly navigate,
interpret, and apply such
requirements appropriately.
The ASME Pressure Vessel Code
is required compliance in all but
eleven states that includes:
Connecticut, Florida, Idaho,
Louisiana, Michigan, Montana,
New Mexico, South Carolina,
South Dakota, Texas, and West
Virginia. It is also required
compliance in all Canadian
Provinces and Territories, and is
recognized in more than 112
countries
worldwide.
The
Pressure Equipment Directive
(PED) is the Pressure Vessel
Code counterpart in the European
Community.

disconcerting deciding what
piping code or standard applies to
what piping system. From a CPI
standpoint the piping codes that
could be of interest include:
•
•
•
•
•
•
•
•

B31.1 Power Piping,
B31.3 Process Piping,
B31.4 Liquid and Slurry
Piping
Transportation
Systems,
B31.5 Refrigeration Piping
and
Heat
Transfer
Components Code,
B31.9 Building Services
Piping,
B31.12 Hydrogen Piping
and Pipelines,
Bioprocessing Equipment
(BPE), and
European
Pressure
Equipment
Directive
(PED)

There are four US states,
including California, Kentucky,
Michigan, and Oregon, along
with all of the Canadian
Provinces and Territories that
have codified ASME B31.3. A
facility, either currently operating
or being designed and built and
located anywhere else on this
planet, will find it necessary to
adopt the B31.3 piping code
procedurally, making it a
contractual obligation, if they
require the facility to be

designed,
constructed,
or
maintained under the rules of
that, or any other piping code
they so choose.
In jurisdictions that have codified
the B31.3 piping code for
chemical process facilities, it
becomes requisite that the piping
design and construction for any
such facility be done in
accordance with the requirements
of B31.3. And while the ability to
design and construct all piping in
accordance with a single code
greatly simplifies the engineering
and construction process there
are circumstances, and indeed
requirements in some cases, in
which multiple piping codes and
standards for a single facility
would be logistically more
beneficial and pragmatic.
In consideration of this the
various ASME codes and
standards, and to a large degree
the
European
PED,
are
harmonized in order to allow for
such stacking, if you will, of
codes.
Fig. 7 represents the hypothetical
layout of, what is referred to here
as, a Central Utility Plant (CUP).
But such a facility might also be
referred to as a Boiler House,
Energy Facility, Utility Building,

ASSIGNING PIPING CODES
With piping systems in a
chemical processing facility
transporting a broad range of
chemical and utility fluids
throughout its multiple processsing units it can become a little
W. M. Huitt 09/11/16
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Figure 7 – Hypothetical Central Utility Plant Arrangement
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or any number of other
terminologies that lend a
descriptive name to such a
utilitarian facility. Packing this
facility with multiple utility
systems gives us a microcosm
example of code jurisdictions
either as codified or contractual
requirements.
But before focusing on the CUP
facility, a governing piping code
needs to be designated for the
entire plant site or facility. Since
this is a chemical processing
facility the governing code, either
by statutory regulation or by
common sense edict, will, for
reasons given earlier, be the
ASME B31.3 Process Piping
code. And depending on the
varied types of processing and
utility service type operating or
processing units within this
facility other codes and standards
may be applied as needed; such
as those that will be shown in the
CUP facility example.
Assigning code requirements, as
a contractual obligation for the
engineer and constructor, is a
process of nuancing regulatory
requirements
and
making
pragmatic choices. In referring
again to Fig. 7, which, as
mentioned earlier, provides a
hypothetical layout of multiple
utility systems within the CUP,
we will assign governing codes
and standards in a way that will
meet regulatory requirements as
well as assign codes based on
more philosophical and pragmatic
engineering
methodologies.
Assigning codes and standards to
the piping in a facility is done in
a somewhat hierarchical manner,
as represented in Fig. 8. The
implication is that there will be an
overarching, or governing piping
code for, in this case, the CUP
facility in which the requirements

[B31.3] Code, and for
establishing the requirements for design, construction,
examination,
inspection, and testing
that will govern the entire
fluid handling or process
installation of which the
piping is a part. The
owner is also responsible
Figure 8 – Facility Code Hierarchy for the CUP Facility for designating piping in
Category D, Category M,
of all other codes and standards
High Pressure, and High
within the CUP will be applied in
Purity Fluid Services, and
addressing different subject
for determining if a
matter, and be equal to or more
specific Quality System is
stringent in their requirements
to be employed. [See paras.
than that of the governing code.
300(d)(4) through (7) and
Appendix Q.] Where
As represented in Fig. 8, the
applicable, the owner shall
overall governing code within the
consider
requirements
CUP facility is the ASME B31.1
imposed by the authority
Power Piping code. This code
having
jurisdiction
directly impacts the steam, water,
regarding
the
piping
condensate, and compressed air
installation.”
piping systems while the
Selecting and assigning a
chemical treatment piping system
fluid service Category to
falls
under
the
added
every fluid service in a
requirements of B31.3 Process
facility is an essential
Piping, and the hydrogen
element in determining the,
generation piping system falls
“…selection
and
under
the
guidance
and
application of materials,
requirements
of
B31.12
components, and joints.”
Hydrogen Piping and Pipelines.
These
fluid
service
requirements
also,
In broadening the scope of this
“…include prohibitions,
discussion we will address the
limitations, and conditions,
assignment of piping codes on a
such as temperature limits
plant-wide
basis.
It
was
or a requirement for
mentioned earlier that, “Since
safeguarding. The degree
this is a chemical processing
of required inspection and
facility the governing code, either
testing is also based on a
by statutory regulation or by
piping systems designated
common sense edict, will be the
fluid service Category.
ASME B31.3 Process Piping
code.” Adopting B31.3 for the
entire plant site does two major
• The second thing it does, in
things:
selecting the B31.3 Process
Piping code as the plant
• It puts in place the
wide governing piping
requirement under B31.3,
code, is provide overall
paragraph 300(a)(b)(1) in
coverage,
with
the
stating that, “The owner of
exception
of
“boiler
a piping installation shall
external
piping”
as
have overall responsibility
described above, throughfor compliance with this
out the plant site. There is
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no other piping code with
the breadth of coverage
provided under B31.3. But
there are circumstances,
much like those described
in assigning codes within
the CUP example above, in
which it may be more
appropriate and logistically
make more sense to specify
requirements
under
another piping code other
than B31.3 or to augment
the B31.3 piping code with
another code or standard.
With that said, we will now step
through the process of assigning
piping codes to the hypothetical
plant layout represented in Fig. 9.
The first thing we will do is list
each operating unit and each
support facility shown in the Fig.
9 graphic as follows:
The above Table 2 gives a quick
glance indication that the
governing plant-wide piping
code for our hypothetical CPI
facility
is
B31.3,
with
augmenting codes, if any,
recommended for the facility.
The list, as referenced in Table 3,
provides an assessment as to the
reason for assigning additional
codes and standards for each of
the In-Plant process units and
support facilities.
In referring to Table 2, Process
Units #1, 2, 3, 5, 6, and the Tank
Farm can all be designed in
W. M. Huitt 09/11/16
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accordance with B31.3. It is
recommended that Process Unit
#4, the CUP, LRT Facility, and
Admin. Building specify the
inclusion of additional code
requirements as briefly described
in Table 3, and more broadly
described as follows:
Process Unit #4 – Complying
also with ASME BPE
Process Unit #4 has a
fermentation step in the process.
The fermentation system itself
will require a cleanable approach
to system design in order to
safeguard the system against
batch
upsets
and
nonconformance issues due to
bacterial infection. Infection
caused by bacterial residue from
one batch to another, caused by a
system that is not properly
designed for cleanability.

While
many
fermentation
systems used in manufacturing
products outside the high-purity
demands of the pharmaceutical,
food, and, beverage industries do
not require the full scope of the
ASME BPE Standard the
Standard does provide the
guidance on cleanability needed
in other industries outside the
prevue of FDA (US Food and
Drug Administration) regulation,
such as the biofuel industry.
Handling yeast or a bacteria in a
fermentation process requires a
cleaning protocol that prevents
the onset of bacterial infection
and growth on the process
contact surfaces of a piping
system.
Such
lack
of
consideration with regard to the
need for design of a fermentation
system to possess the essential
need to be properly cleaned on a
regular basis, will be at the
detriment of production yield.
Installing a fermentation system
that integrates a Clean-In-Place
(CIP) or Steam-In-Place (SIP)
system is
imperative. In
providing
guidance
and
understanding of that philosophy,
the BPE Standard becomes an
essential part of the design and
construction process for such a
facility. The engineer must pull
from the Standard only those
cleanability elements of design

Figure 9 – Hypothetical CPI Plant Layout
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and construction that pertains to
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and construction that pertains to
their particular need.
Central Utility Plant (CUP) –
Complying also with B31.1,
B31.3, and B31.12
In this scenario, as alluded to
earlier, the CUP facility has been
packaged out. Meaning that
battery limits have been
established and defined, and
everything within those battery
limits is done under a separate
packaged contract from that of
the rest of the plant–site. In this
way the CUP part of the plantwide project can be bid to
perhaps design/build groups that
specialize in such utility
facilities. In this case we can
isolate the CUP facility from the
rest of the plant and in following
the Code Assignment Decision
Tree of Fig. 10 we can specify
B31.1 as the governing code.
This keeps with the need to meet
or exceed the requirements of
B31.3 with regard to the fluid
services contained in the CUP.
But because of the chemical
treatment piping B31.3 will be
specified and for the hydrogen
piping B31.12 will be specified,
both codes augmenting B31.1.
Labs/Research/Testing Facility
– Complying also with B31.5,
B31.9, B31.3*
The relatively low pressure,
ambient temperature, and narrow
range of fluid services, apart from
chemicals contained in vials,
canisters, and other small
containers, found in laboratories,
research, and testing facilities
typically fall within the scope of
ASME B31.9. If refrigeration
piping is required in the facility
then B31.5 can be included. For
chemical piping that may fall
outside the scope of B31.9 the
overarching requirements for the
plant-wide B31.3 code can be
W. M. Huitt 09/11/16
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implemented as well. And when
more than one code is included in
design it will be necessary to
identify and define the limits as to
exactly
where
the
code
boundaries exist for each piping
system.
Administration Building – No
compliance required
The only piping typically found
in an administration building
would be considered plumbing,
which is outside the scope of the
ASME piping codes. Compliance
plumbing codes for such a
facility will be either the
International Plumbing Code or
those written and/or adopted and
codified by the governing
jurisdiction where the facility is
located.
MODIFICATIONS/REPAIRS
/RETROFITS
ASME
B31.3
paragraph
300(c)(2) states the following:
“This Code is not intended to
apply
to
the
operation,
examination, inspection, testing,
maintenance, or repair of piping
that has been placed in service.
The provisions of this Code may
optionally be applied for those
purposes,
although
other
considerations may also be
necessary.” In making that
statement the code is, in fact,
acknowledging that while it can
be, and most certainly is used for
guidance
and
contractual
directives for piping that has been
or is in-service, there are indeed
fitness for service (FFS)
considerations that need to be
assessed (e.g. corrosion/erosion
to the pipe wall, pitting, under
insulation corrosion, localized
dynamic pressure impacts, etc.).
A topic such as FFS is too broad
to cover here, but please
reference API 579-1/ASME FFS-

1- Fitness-for Service standard
for guidance.
Before continuing with this topic
it must be understood that this
discussion goes beyond the scope
of B31.3. As with this entire
article, any guidance or stated
recommendations within this
brief section are also those of the
author and are not those of any
particular code.
The more complex issue of FFS
aside, explicit code requirements,
when it comes to making
modifications, repairs, or retrofits
to in-service piping systems, are
not just a little vague, they are
non-existent. Determining how
the
more
current
code
requirements should blend with
an existing system that was
designed,
constructed,
and
installed in accordance with an
earlier version of perhaps the
same code is left to the user. This
intentional avoidance in the code,
of providing guidance or
recommendations with regard to
working with or connecting to
existing piping systems, is in
keeping with its scope. The
question then becomes how to
properly
reconcile
the
transitional interface of the old
system with that of the new
piping and equipment while still
maintaining
the
essential
elements of the code. In other
words, it is an attempt to follow,
not the word of the code, but
rather its philosophical intent.
That is therefore the intent of the
following.
The first step when modifying,
repairing, or retrofitting a
processing system that has been
in operation for a period of time,
is in understanding the following:
So long as the operating or design
conditions have not changed, or
the piping modified, the
designated code under which the
16

original design, fabrication, and

Figure 10 – Piping Code Decision Tree
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installation was performed can
remain in effect. Only those
segments of piping to which a tiein connection is made or a piping
segment otherwise modified to
the extent that the pressure
containing integrity of that
segment of piping has been
altered, will need to comply with
the most current B31.3 piping
code.
In making the assumption in the
following example that all
operating and design conditions
will remain unchanged with
regard to a modified existing
piping system, all unchanged
piping will remain under the
same earlier issue of the code
under which it was designed,
fabricated,
and
installed.
However, when modifying,
repairing, or otherwise tying into
an existing piping system, the
following
guidelines
are
recommended:
•

At the Tie-In interface
point when connecting new
piping to an existing
system the following is
recommended:
o A new weld joint
connection made to an
existing
pipe
shall
comply
with
all
applicable requirements
as stated in the most
current code at the time
the project specifications
were written and agreed
to or, in the case of a
repair or modification, at
the time the work order
was written.
o When connecting to an
existing flange, whether
on pipe or as an integral
part of a component or
equipment item, it shall
be
inspected
and
approved
as
being
compliant and without
sufficient damage or
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•

•

distortion to be cause for
rejection.
Including
the
Tie-In
interface point, a leak test
shall be performed on both
the entire portion of a
newly install piping system
and that portion of the
existing system extending
from the Tie-In interface to
a point at which the
existing section of piping
can be blocked in a manner
that will withstand leak test
pressure.
All rules of the most
current code should apply,
not only to all of the newly
added piping, but also to
that portion of the existing
piping circuit included in
the leak test.

engineering the integration of
new piping with existing piping,
due diligence be performed in
ascertaining the quality and
integrity of the existing piping
system. The years in service and
the degree to which harsh service
conditions and/or environment
may affect the piping will
certainly dictate the extent to
which a system is examined and
analyzed. Such examination and
analysis entails, but is not limited
to, the following concerns:
•
•
•
•

Providing the following guidance
attempts to bring a philosophical
approach to how the code may
still be utilized and where its
boundaries lie. The above bullet
points describe the difference
between the Tie-In point, where
the new piping connects to the
existing piping, and the point
further along the existing piping
at which the most current code
issue will apply. As represented
in Fig. 11, that difference, or
segment of piping, is represented
by the existing piping that lies
between the ‘TI’ indication and
the existing flange joint in which
a line blind is inserted. Making
that line segment the extent of
existing piping covered by the
requirements of the most current
code issue.
Bear in mind that the basis and
methodology of how new piping
systems, repairs, or modifications
are integrated into an existing
system are done so at the
prerogative of the owner. It is
recommended here that, when

•
•

•

Wall thickness examination
(establish minimum criteria
before examination)
Examination
for
underinsulation corrosion
Determine condition of bolts,
flanges, and other mechanical
joint hardware
Examine for pitting, stress
corrosion cracking
Look for damage resulting
from natural forces
Look for damage resulting
from human error (heavy
equipment impact, standing,
or otherwise overloading
small diameter pipelines)
Damage having occurred
during excavation

There is much more involved
with integrating new piping
systems with existing piping
systems. But the above should
provide a degree of information
sufficient to at least develop a
process and procedure to assess
and document the condition of
the existing piping prior to
proceeding
with
making
modifications.
OTHER PIPING RELATED
STANDARDS
This article has focused mainly
on the ASME codes and
standards relative to piping and
equipment.
Even
when
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Figure 11 – Simple Closed Loop System
augmenting a primary piping
code such as B31.3 we did so
with additional ASME codes.
And while the primary and even
secondary codes and standards
are created by ASME there are
additional standards that focus on
added safety considerations,
comprehensive
design
requirements, and methodologies
for specific fluids. Standards that
can be used to apply an additional
or
increased
level
of
consideration to the design,
construction, and maintenance of
a CPI facility.
Rather than
provide an exhaustive, but
potentially incomplete listing of
all of the possible standards and
guidelines that might be of
interest, you would be much
better served by a list of the
standards developers and other
organizations that create and
publish such standards and
guidelines, as referenced in Table
4, found at the end of the article.
A FINAL STATEMENT AND
CLARIFICATION
Statement
Creating a safe working
environment, with respect to CPI
facilities, requires three key
elements. Those key elements
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include processing systems that
are properly:
•

•

•

designed and engineered for
safety and integrity in
accordance with appropriate
industry standards.
constructed and installed for
safety and integrity in
accordance with appropriate
industry standards.
maintained and operated for
safety
and
production
efficiency in accordance with
well-defined and thoroughly
vetted and adhered to
procedures.

Adhering to the safe design,
engineering, and construction
elements imposed by industry
consensus standards is essential.
But, beyond that, the two most
vulnerable elements in the life of
a process unit is in its
maintenance and operation, the
final bullet point above.
Reports from the U.S. Chemical
Safety and Hazard Investigation
Board, known simply as the
Chemical
Safety
Board
(http://www.csb.gov/),
are
evidence that no matter how safe
process systems are built a
flawed design, poor maintenance,
or inappropriate operation can
negate that integrated safety. The
potential for mitigating such
potential disasters comes in the

form of holding hazard and
operability (HAZOP) reviews of
the design drawings as design of
a process system progresses. This
is followed up with a pre-startup
safety review (PSSR) as
construction takes place. Such
reviews should be an integral part
of the design and construction
process. Meaning that the
HAZOP reviews should be
ongoing during design, not after
the fact when design is complete.
And the same with the PSSR.
This should be an ongoing review
during construction, not at the
time commissioning begins.
The vast majority of CPI
disasters stem, not from poorly
manufactured equipment or
components
used
in
the
construction of a CPI facility, but
from small design flaws that were
wrongly considered unlikely to
be an issue, or not noticed at all,
to insufficient maintenance
procedures, or maintenance
procedures that may have been
sufficient, but were not adhered
to. In short, it takes more than
code compliance and high
integrity
equipment
and
components to make a CPI
facility safe.
Like a new automobile. A
personal transportation vehicle
(car) can be built in compliance
with all of the safety regulations,
and possess all the bells and
whistles
that
advanced
technology can provide, but
when not operated or maintained
properly it can change in an
instant from a transportation
vehicle to a weapon.
Clarification
Often heard in passing, and even
in earnest discussions, are
statements to the effect that when
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a code, such as the piping codes
we have been discussing in this
article, have been codified by a
jurisdictional government or by
inclusion in a performance
contract, that everything in the
code is a compliance requirement
and becomes an essential
requisite to be adhered to. Those
are my words, but they capture
the intent of the varied, but
similar statements that have been
uttered over the years, and they
are misleading to say the least.
A code or standard contains both
requirements
and
recommendations. And unless
they are adopted by a
jurisdictional government or
written into a performance
contract, as mentioned earlier,
they are merely guidelines at
best. But when adopted by any
fashion, statements regarded as
requirements have to be complied
with and recommendations are
just that, recommendations or
suggestions. This applies to
government regulations as well.
It’s all in the wording.
What that means is this, the
words “shall,” “should,” and
“may” are used to lend sense and
purpose to a statement. When a
statement of action is preceded
by the term “shall” it is indicating
a required action. When a
statement of action is preceded
by either of the terms “should” or
“may” it is indicating a
recommendation or suggestion,
leaving the recommendation or
suggestion to the engineer’s or
constructor’s discretion.
Following are examples of such
statements taken from the Code
of Federal Regulation (CFR):
Example 1, from CFR Title 21:
Food and Drugs, Part 211—
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Current Good Manufacturing
Practice
for
Finished
Pharmaceuticals, Subpart D—
Equipment, §211.63 Equipment
design, size, and location, in
which it states the following:
“Equipment used in the
manufacture,
processing,
packing, or holding of a drug
product shall be of appropriate
design, adequate size, and
suitably located to facilitate
operations for its intended use
and for its cleaning and
maintenance.”
When an action is preceded by
the term “shall,” as in the above
sentence, the action that follows
is an imperative requirement. As
with
many
government
regulations the stated required
actions that follow the “shall” are
often intentionally vague for a
reason. Such stated actions serve
as a cautionary statement in
which the government is stating
the broad essential parameters of
“…appropriate design, adequate
size, and suitably located…,” but
allowing industry, in the form of
an industry code or standard, the
opportunity to determine the
specific values for those essential
requirements.
Example 2, from (CFR) Title 21:
Food and Drugs, Part 211—
Current Good Manufacturing
Practice
for
Finished
Pharmaceuticals, Subpart D—
Equipment,
§211.68(a)
Automatic, mechanical, and
electronic equipment, in which it
states the following:
Automatic, mechanical, or
electronic equipment or other
types of equipment, including
computers, or related systems
that will perform a function
satisfactorily, may be used in

the manufacture, processing,
packing, and holding of a drug
product. If such equipment is so
used, it shall be routinely
calibrated,
inspected,
or
checked according to a written
program designed to assure
proper performance. Written
records of those calibration
checks and inspections shall be
maintained.
In the above paragraph there are
three declarative actions. The
first, preceded by the term
“may,” makes the following
action a recommendation or
suggestion. The following two
actions, preceded by the term
“shall,” makes each of those
actions imperative requirements.
In order to comply with the
regulation those actions, as well
as the action under Example 1,
have to be executed. And again,
referring to the vague essential
requirements following the above
“shall’s”, the specific values for
“routinely
calibrated,”
“inspected,” etc., are left to an
industry standard to better define
the specifics.
Codes
and
construction
standards, such as ASME BPE,
are written in much the same
manner, but with greater
specificity when stating a
requirement or recommendation.
Following are examples taken
from ASME B31.3:
Example 3, from paragraph
341.3.1 General, in which it
states the following:
“Prior to initial operation
each
piping
installation,
including components and
workmanship,
shall
be
examined in accordance with
the applicable requirements of
para. 341.”
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Again, as mentioned in Example
1, when an action is preceded by
the term “shall,” as in the above
sentence, the action that follows
is an imperative requirement. But
unlike
the
government
regulations the required action is
spelled out in explicit detail
under the referenced paragraph
341.
Example 4, paragraph 328.4.2
End
Preparation,
(b)
Circumferential Welds, in which
it states the following:
“(6)
Buttweld
fittings
manufactured in accordance
with ASME B16.9 may be
trimmed to produce an angular
joint offset in their connections
to pipe or to other buttweld
fittings without being subject to
design
qualifications
in
accordance with para. 304.7.2,
provided the total angular
offset produced between the two
jointed parts does not exceed 3
deg.”

recommend the action rather than
require it… It’s the little things.
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Figure 4 – Code Jurisdictional Limits for Piping — Drum-Type Boilers
(ASME B31.1 Fig. 100.1.2(B) used with permission of ASME)
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