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During the 43 years of my career, it was extremely
difficult and time-consuming for an individual to be-
come knowledgeable and competent in the field of
piping design and plant layout Little was written in a

format that would provide the designer with educa-

tional or reference material. About the only ways
knowledge and techniques were absorbed were bv
tedious, repetitious design functions and through
working with experienced peers.

Today, the learning cycle is even more constricted.
reducing exposure to the design basics that are so
essential to the development of the plant layout de-
signer.

I have spent considerable time in reviewing and
studving Process Plant Layouwt and Piping Design and

Foreword

am convinced it provides an excellent tool to enhance
the education of individuals who aspire to such a ca-
reer. In addition, I believe it should antract widespread
use as a textbook and reference manual by refinery
and petrochemical companies, engineering and con-
struction companies, and technical schools and col-
leges.

I commenkl the authors on their remarkable effort
in accumulating and developing this data, and present-
ing it in such a practical and commonsense manner.

VINCENT L. Strpi
Piping Design and Plant Layout
Engineer and Manager




Whether one is entering the employment ranks in the
process industry for the first time or is well estab-
lished in the design field, it is imperative to under-
stand the true nature of today’s marketplace.
, Competition formerly limited to cities, states, prov-
inces, or country, must now be considered in the
world marketplace. A sustained level of success can
only come about as a result of “meeting or exceeding”
client requirements. Introduction of automated tech-
nology has added another dimension to the already
dvnamic process industry. Formal education of design-
ers and engineers has become a necessity. Rapid
changes in process technology, environmental and
safety laws, along with work execution methodology,
place a constant demand for education in this industry.

The intent of this book is to help train, on an ac-
celerated basis, the young engineers and technicians
entering the field of process plant layout and piping
design. It also updates equipment spacing require-
ments and addresses the latest feature of electronic
data transfer for the experienced layout designer.

Process Plant Layout and Piping Design represents
the accumulated, practical experience of two plant
layout designers who, through more than 70 years of
trial and error, have devised workable methods and
rules of thumb for plant layout and piping design.
Illustrations that make up the heart of this book are
its key aspect, because plant layout and piping design
is visual by nature, requiring the designer to make in
essence the conceptual leap from a two-dimensional
process flow diagram, to a three-dimensional, phy-
sical process facility that comprises extensive networks
of process and piping equipment.

This book has been arranged into 17 chapters. The
first three deal with general concepts and principles of
plant layout from basic technology and input require-
ments to actual deliverables. Plant layout specifications
have been included for spacing, clearances, and safety
requirements leading to equipment arrangement
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within the process unit plot plan. Chapters 4 through
15 deal with specific pieces of process equipment, or
components of a plant such as piperacks, structures,
underground piping, instrumentation and their most
efficient layout in the overall plant design configura-
tion. Chapter 16 deals with stress analysis by step ap-
proach to basic stress analysis, which is a must for
designers and engineers. The last chapter in this book
is dedicated to the computerization tools that are now
available to help plant layout and piping designers in
the execution of their work. During the past decade or
two, the way these designers learned their craft has
changed dramatically. Historically, secondary school
as well as two-year technical college graduates entered
the profession and spent many years learning the busi-
ness. Novices were trained through such manual ex-
ercises as revising drawings, drawing single-line
isometrics, and preparing material takeoff sheets;
eventually they were given an opportunity to do sim-
ple design work. Today’s computers vastly alter this
learning process. One designer at a computer graph-
ics terminal can route a line and extract the single line
isometric, which includes a complete. bill of material.
This information may then be electronically transmit-
ted to a shop or field fabricator.

Such rapid changes in technology demand that in-
dustry adopt 2 more formal means of educating future
designers, because new trainees today must learn in a
few short years what our talented predecessors spent
a lifetime learning by repeated manual exercise. Al-
though the availability of the computer vastly facilitates
the design of process plants, the tool itself does not
confer the knowledge of fundamental principles of
plant layout and piping design that are the basis of any
creditable effort at such design work. The computer
remains, at best, a tool for learning and execution.

A plant layout designer is primarily skilled in the
development of equipment arrangements and piping
lavouts found in process plants. The position offers a
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Plant layout design plays an important part in the de-
sign and engineering phases of any industrial facility.
This chapter discusses the role and responsibilities of
the plant layout designer, provides advice on how to
use project data, describes the timing of various activi-
ties, offers an approach to a basic piping design layout,
and lists abbreviations and common terminology. Sub-
sequent chapters cover plant layout specifications, ma-
jor equipment layouts commonly found in such facili-
ties, pipe rack layout, underground design, and
instrumentation.

THE PLANT LAYOUT DESIGNER

The plant layout designer is skilled primarily in the
development of equipment arrangements and piping
layouts for process industries. The position offers an
opportunity to demonstrate technical ability along
with a creative talent and common-sense approach to
problem solving. Process facilities must be designed
and engineered within extremely short schedules
while adhering to maintenance, safety, and quality
standards; moreover, the design must take constructi-
bility, economics, and operations into account. Al-
though the tools to achieve these goals are changing
from pencil and paper to computer graphics termi-
nals, the responsibilities of the plant layout design re-
main the same.

The plant layout designer must develop layout doc-
uments during the conceptual and study phases of a
project. The skills needed include:

* Common sense and the ability to reason.

* Knowledge of what a particular plant is designed to
do.

* A general understanding of how process equipment
is maintained and operated.

* The ability to generate a safe, comprehensive layout
within a specified time and with consideration to-
ward constructibility and cost-effectiveness.

CHAPTER

The Basics of
Plant Layout
Design

* Creativity.

* Sufficient experience to avoid reinventing the
wheel.

* Knowledge of the principal roles of other design
and engineering groups and the ability to use input
from these other disciplines.

* The ability to resolve unclear or questionable data.

* Willingness. to compromise in the best interest of
the project.

* The ability to generate clear and concise documents.

* The ability to defend designs when challenged.

The Designer’s Role

Exhibit 1-1 shows the factors, departments, and per-
sonnel with which the plant layout designer can ex-
pect to work throughout the engineering phase of a
project. The principal activities of the plot plan devel-
opment, equipment lavout, and piping design, which
often account for a significant portion of project engi-
neering costs, become a focal point for clients, project
management, construction, engineering, and support-
ing disciplines. The designer must realize that time
and care spent during engineering help shorten con-
struction schedules and thereby lower overall project
costs. The designer must be conscious of the construc-
tibility of every layout.

Principal Functions

The principal functions of the plant layout designer
include the conceptual and preliminary development
of process unit plot plans, sometimes referred to as
equipment arrangements; the routing of major above-
and below-grade piping systems; and the layout of
equipment and its associated infrastructure. Plot plans
show the positions of major units and equipment
within units and their associated infrastructure. Creat-
ing a well-designed facility involves meeting all client
specifications and local government codes and regula-
tions and adhering to design engineering practices




EXHIBIT 1-1 Plant Layout Interface

With the planning plot plan as a basis, the following
functions are a standard part of the plant layout de-
signer’s activities:

* Setting all equipment locations— This activity in-
cludes input from construction on erection se-

quences or on special problems associated with set-
ting large pieces of equipment. Choosing equip-
ment locations includes setting coordinates in two
directions and finalizing equipment elevations,
whether they are centerline, tangent line, or bottom
of baseplate. _

* Designing all structures and positioning the associ-
ated stairways, ladders, and platforms—In general,
the designer makes provisions to satisfy all opera-
tional, maintenance, and safety requirements for ac-
cess to and clearance around equipment.

* Planning unobstructed areas for necessary steel
members or structures that facilitate all plant main-
tenance requirements.

Process Plant Layout and Piping Design
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* Establishing all equipment nozzle locations that
satisfy all process, utility, and instrument require-
ments.

* Locating all safety items (e.g., fire hydrants, moni-
tors, and safety shower stations).

* Locating all miscellaneous items (e.g., filters, si-
lencers, and analyzer houses).

These activities must be closely coordinated among
all the plant des‘ign and construction participants in-
volved in the endineering and construction phases of a
project to reduce costly rework and enable the plant
layout designer To generate the optimum design on
schedule.

PROJECT INPUT DATA

Although there is a vast amount of input data through-
out the life of a ‘ project, the data basically falls into



EXHIBIT 1-2
Internally Generated
Engineering Data
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three distinct categories:

* Project design data—Is supplied by the client or
project engineering.

* Vendor data—Pertains to equipment and specialty
bulk items.

* Internally generated engineering data.

These are discussed in the following sections.

Project design data  This includes the geographic lo-
cation of the plant; its proximity to roads, railways, and
waterways; local codes and regulations; topography;
and climatic conditions. The project design data also
specifies whether the project is within an existing facil-
ity or is a new site. This information is generally re-
quired during the project’s plot plan development
phase.

Vendor data All purchased equipment and specialty
bulk items (e.g., pumps, compressors, air coolers, fur-
naces, control and safety valves, level instruments,
strainers, and silencers) require preliminary vendor
drawings for the development of piping layouts. Final
certified drawings are usually not required until the
detail phase.

Internally generated engineering data This data is
typically generated by the supporting disciplines
within the designer’s organization. An example of
such information is shown in Exhibit 1-2. This infor-
mation is eventually superseded by certified vendor
drawings but is of sufficient quality and definition to
use during the study phase of the project.

The Logic Diagram

The design of any processing plant is usually accom-
plished in three phases: conceptual, study, and detail.
Conceptual designs are made when sketchy or mini-
mal information is used to prepare an abstract ar-
rangement of a plot plan or an equipment and piping
layout. Preliminary, or study phase, designs are made
with unchecked or uncentified data to design a facility
in sufficient detail so that the documents produced
can be used for detail design, confirmation of pur-
chased equipment, and the purchase of bulk materials.
In the detail phase, all designs are finalized. The de-
signs use such checked data as steel and concrete
drawings, hydraulics and certified vendor drawings
for equipment, valves, and instruments.

The major activities of the plant layout designer to
achieve an optimum plant configuration take place




EXHIBIT 1-3 Logic Diagram
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during the study phase of a project. The diagram
shown in Exhibit 1-3 outlines the sequence of these
activities, along with the principal input required and
output generated. Although project schedules often
dictate variations in this approach, it is intended to be
an optimum condition for the most effective use of
staff time. The study phase can make or break a proj-
ect. Working out of sequence is acceptable within rea-
son, but if it is overdone, a project will never recover
during the detail phase. The ideal situation for speed
and quality is to do the job right the first time.

Process Plant Layout and Piping Design
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BASIC LAYOUT PHILOSOPHY

Each plant layout designer develops an individual lay-
out philosophy. Although conditions (e.g,, client speci-
fications, schedule constraints, and availability of infor-
mation) may change significantly among projects, the
designer’s style remains consistent. One basic rule 1o
remember is to avoid designing one line at a time—
that is, routing a line from one piece of equipment to
another before thinking about the next one. Although
it is possible to complete an area design using this
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EXHIBIT 1-4 Plan View Layout
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approach, the result is a lack of consistency.

An overview of all the piping within a given area
should be completed before the designer proceeds
with the final arrangement. This can be achieved
through close review of the piping and instrumenta-
tion diagrams and freehand sketching of major piping
configurations to ensure that the piping will be routed
in an orderly manner.

§ a6

Plan View i.ayout

Both arrangements shown in Exhibit 1-4 are workable
piping layouts for the given equipment. The design in
plan A is the one-line-at-a-time approach. Along with
requiring more pipe fittings and steel in support 1, it
lacks consistency. Plan B was developed as a whole
unit. Lines running to the nozzles on drums D and E




EXHIBIT 1-5 Elevation Layout
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are on the outside of the pipe rack and peel off first
with flat piping turns. The lines to exchangers A, B,
and C are located to the center of the rack and can also
peel off in most cases.

This approach saves fittings and requires a shorter
steel beam to support the piping. It should be noted
that the use of flat turns in piping is not recommended
if there is a likelihood of future expansion in an area.
The alternative to accommodate future piping running
north at the same elevation is to change elevation for
the piping running east and west to the drums. Al-

Process Plant Layout and Piping Design
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though it is not lalways necessary to plan for future
€xpansion, it can| often be done with very little addi-
tional effort and cost. Each area should be thought
through on a case-by-case basis.

Elevation Layout

Exhibit 1-5 shows two workable piping layouts. The
key difference is that the arrangement on the left
shows piping running at too many elevations. With a
litle effort, this can be corrected, as shown in the




EXHIBIT 1-6
Diagonal Piping Runs
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right-hand view. Adding support steel for this prefer-
red design would require only minimal effort. The
view on the left, however, would require additional
engineering time and additional steel cost.

Diagonal Piping Runs

When lines are run in a congested area, a basic rule to
follow is to change the elevation to avoid interference
with other lines when lines are to be routed perpen-
dicular to most adjacent piping. The arrangement
shown in plan A of Exhibit 1-6 has a minimal offset
dimension, X. Running the line at the same elevation is
acceptable if it does not block the passage of a large
number of other lines. In plan B, dimension ¥ would
interfere with too many lines and should run at a dif-

ferent elevation, as shown. There is no absolute rule,
except that judgment should be Sed to produce a
neat and orderly layout as well as to occasionally save
pipe fittings when possible.

Valve Manifolds

The layout of valve manifolds is another opportunity
to exercise consistency of design. Layout A of Exhibit
1-7 uses an excessive number of fittings and indicates
a lack of proper planning. With a little thought and
extra effort, a less expensive and more practical design
can be generated, as shown in layout B. Certain piping
specifications may restrict the use of branch connec-
tions in lieu of reducers, but this option should be
considered if at all possible.
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EXHIBIT 1-7 Valve Manifolds
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Use of Space

The effective use of plant real estate provides plant
operations and maintenance personnel with the maxi-
mum amount of room in a plant, which in most cases
can be very congested. Exhibit 1-8 shows some typical
misuses of valuable real estate.
For example, the steam trap assembly shown on the
left is commonly designed in the engineering office.
This arrangement for a thermodynamic steam trap is
spread out over an area of approximately 27 in (690
mm) in length. Although this area may not seem ex-
cessive for one trap assembly, it can be avoided com-
pletely by installing the trap and strainer in the vertical
leg of the piping, as shown on the right. An additional
drain may be required, but this arrangement should
be considered as a Space-saving alternative. The steam
tracing manifold in the left-hand sketch is another
common engineering office approach that wastes valu-
able plant space. If a vertical manifold that is sup-
ported from the column is used, additional space is
available for other piping systems or operator access.
The client must live with the plant long after the
engineering and construction phases are over. The
operators will be walking through the facility each day
and will be continually reminded of who took the time
and effort to plan the project thoroughly, and they will

Process Plant Layout and Piping Design
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keep that in mind when the next expansion is
planned.

ABBREVIATIONS, STANDARDS, AND
TERMINOLOGY

This section defines and summarizes the abbrevia-

tions, standards, and terminology used throughout
this book.

Abbreviations

The following abbreviations are used in text and illus-
trations:

* AG—Above ground.

* ANSI—American National Standards Institute.

* ASME—American Society of Mechanical Engineers.
* BBP—Bottom of baseplate.

* BL—Battery limit.

* £—Centerline.

¢ EL—Elevation.

* IRI—Industrial Risk Insurers,

®* N—North.

-l 2 e
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* OD—Outside diameter.

* O—Diameter.

* NFPA—National Fire Protection Association.
* NPSH—Net positive suction head.

* OSHA—Operational Safety and Health Act.
* PFD—Process flow diagram.

* P&ID—Piping and instrumentation diagram.
* POS—Point of support.

* TL—Tangent line.

* TOS—Top of steel.

* TYP—Typical.

* UG—Underground.

Codes and Standards

This book refers to the following codes and standards,
which cover the stated areas:

* ANSI/ASME B31-3—Chemical plant and petroleum
refinery piping. '

¢ ANSI/ASME B31-4—Petroleum pipeline.

* ANSI/ASME B31-8—Gas transmission pipeline.

* NFPA 30—Tank storage.

* NFPA 58—Liquefied petroleum gas storage and han-
dling.

* NFPA 59A—Liquefied natural gas storage and han-
dling,

* OSHA 1910-24—Fixed stairs.

OSHA 1910-27—Fixed ladders.

Terminology

The terminology used in text and illustrations is de-
fined in the following sections.

Process flow diagram This document schematically
shows all major equipment items within a plant and
how they are linked together by piping, ducts, and

Process Plant Layout and Piping Design

convevors. It shows equipment numbers, flow rates,
and operating pressures and temperatures and is used
to prepare the mechanical flow diagrams (i.e., piping
and instrumentation diagrams). It is also used to pre-
pare conceptual and preliminary plot plans.

Equipment list An itemized accounting list by class
of all equipment to be used on a project, this docu-
ment gives the equipment item numbers and descrip-
tions and is generally furnished by the client or project
engineering.

Piping and instrum;l:ntation diagrams These docu-
ments schematically show all process, utility, and aux-
iliary equipment as well as piping, valving, specialty
items, instrumentation and insulation, and heat tracing
requirements.

Piping specification This document lists the type of
materials to be used for pipes, valves, and fittings for
each commodity in a plant. This listing is based on
pressure, temperatun:e, and the corrosive nature of the
flow medium. It also describes pipe wall thicknesses,
how branch connections are made, and itemized stock
codes that are used for ordering materials.

Line run This is the physical route a pipe takes be-
tween any two points as set by the plant layout de-

signer. |

Planning study or layout drawing This is an ortho-
graphic piping plan. It is usually not a finished docu-
ment, nor is it delivFrable to a client. This drawing
shows all equipment| in a given area to scale and in-
¢ludes major process and utility piping systems, signifi-
cant valving, and instruments. It notes exact equip-
ment locations and elevations, all nozzles, platform
and ladder requirements, and any pipe support data
that affects the design of equipment or structures by
other disciplines. Exhibit 1-9 is a typical example of a
planning study.
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Heat tracing In many processes, equipment, instru-
ments, and piping systems require externally applied
heat. This heat may be applied by electrical tracing
leads attached to the item or line or through a small
bore pipe or tubing that carries steam or other heating

media (e.g., hot oil). An example of a steam-traced line
is shown in Exhibit 1-10.

Inline This term refers to a component that is placed
either inside or between a pair of flanges as opposed
to one attached to a piece of pipe or equipment. An

example of inline instrumentation is shown in Exhibit
1-11.

Header block valves These valves isolate branch
lines that are not usually provided with permanent
access for plant operations personnel.

Header This line is the primary source of a commod-
ity used by numerous pieces of €quipment or service

Process Plant Layout and Piping Design

EXHIBIT 1-10
Steam-Traced Line

points in a plant. An example of a header arrangement
is shown in Exhibit 1-12.

Branch The individual piping leads between head-
ers and users are also illustrated in Exhibit 1-12.

Maintenance Equipment and its components re-
quire routine maintenance for continued reliability
and safe operation. A plant layout designer must pro-
vide unobstructed space for service equipment and
personnel to access and remove components without
removing unrelated equipment and piping.

Operation Valves, instruments, and many types of
equipment require frequent attention for operation.
These items must be accessible without impairing the
safety of plant personnel.

Safety The layout of any facility must enable plant
personnel to exit a potentially hazardous area without
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EXHIBIT 1-11
Inline Instrumentation

EXHIBIT 1-12

Header—Branch—Header
Block Valve
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injury. Planning for safety includes adding roadways to
provide access for fire fighters and equipment; strate-
gically placing fire detectors and hydrants around the
process unit; adding sufficient ladders and stairways at
structures to meet OSHA requirements; locating fur-
naces with fired burners away from potential sources
of gas leaks; and seuting the height and location of
vents to prevent injury to operating personnel.

Cost-effective Developing the most inexpensive lay-
out may not translate into the most cost-effective de-
sign for the life of the plant. A cost-effective design is

the result of a balanced consideration of initial cost,
safety, and the long-term effects of a design on opera-
tions and maintenance.

An example of cost-effectiveness is the layout of
steam-driven gas compressors. Although a grade-
mounted installation is initially less expensive to in-
stall, maintenance on such arrangements often re-
quires the dismantling of all major piping systems.
This can prolong plant downtime and translates into
lost revenue for the client. Careful consideration
should be given to all factors before the initiallv low-
est-cost solution is chosen.
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EXHIBIT 1-13  Gravity Flow
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Gravity flow When pockets must be avoided in a
given piping system, the line is labeled “gravity flow”
on the piping and instrumentation diagram. This often
results in locating equipment in elevated structures
instead of at grade, as shown in Exhibit 1-13.

Open systems An open system is one in which the
contents of a line are discharged and not recovered.
Examples of this include a relief valve discharging into
the atmosphere and a steam trap discharging onto the
ground or into an open drain.

Closed systems A closed system is one in which the
contents of relief systems or steam trap condensates

are recovered. Examples of open and closed systems
are shown in Exhibit 1-14.

Process Plant Layout and Piping Design
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Flexibility Every piping arrangement must be suffi-
ciently flexible to allow each line to thermally expand
Or contract without overstressing the pipe or equip-
ment. Exhibit 1-15 illustrates severai methods to meet
this flexibility requirement, including:

* Relocating equipment to build flexibility into the
inherent design of the line.

* Adding an expansion loop.

* Adding an expansion joint (but only if a loop will not
suffice).

* Reducing the schedule (i.e., wall thickness) of the
pipe if possible.

The designer should thoroughly review all possible
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EXHIBIT 1-14 Open and Closed Systems
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EXHIBIT 1-16
Typical Pipe Supports
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solutions with the project stress engineer before pro-
ceeding with any of these methods.

Pipe supports  These steel members are attached 10 a
pipe to hold it in place during operation. Supports are
available in many shapes and sizes and range from
those that hold a line firm enough to permit no move-
ment to those that allow movement in any direction.

Some typical pipe supports are shown in Exhibit 1-16
and include:

* Pipe shoes—These insulated lines are usuallv sup-
ported on shoes fabricated from structural shapes
(e.g., T-sections or wide flanges). A standard shoe
height is 4 in (100 mm).

Process Plant Layout and Piping Design

* Spring supports—These lines move at the point of

support as a result of thermal expansion or contrac-
tion and are generally supported by springs. De-
signed for specific pipe loads and movements, they

maintain a support under a line throughout its range
of movement.

Trunnions and dummy legs—These supports are
used for many applications and are welded to the
outside of the pipe without cutting a hole into it.

Brackets—This ‘type of support may be welded to
structural members or certain pieces of equipment.
It may have a cantilever design or knee bracing for
supporting heavy loads. Lines may be U-bolted,

guided, or hung by rod hangers from the bracket or
may rest on shoes.




EXHIBIT 1-17 Constructibility Planning
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A plant layout designer should make every effort to
know and understand the pipe support requirements
of the area being worked on so that an optimum lay-
out from a piping and a pipe support point of view can
be developed. :

Constructibility Spending additional time and effort
during the engineering phase of a project is often justi-
fied if it reduces initial construction staff time or de-
creases the potential for costly rework on piping lay-
outs. Two examples of constructibility are shown in
Exhibit 1-17. The suction piping of pump A is arranged
fitting to fitting and does not allow the construction
contracter any way to make an adjustment to a mis-
alignment between the centerline of the vessel and the

pump. Although the piping configuration is basically
correct, it ignores the constructibility of the overall
layout. Addingf a spool piece to pump B permits any
adjustment that construction may require.

The ftting-to-firing arrangement at the air cooler
inlet header poses a similar problem. Installation of
large air coolers often makes it impossible for a pre-
fabricated piping configuration to be bolted to the
nozzles, unless a spool piece of reasonable length is
included in the layout. Heat may be applied to the
problem branch lines so they can be recentered on
the nozzles. The fitting-to-fitting configuration does
not permit this flexibility to the constructor. Once
again, the constructibility factor should be considered.




Specification, as used in industrial terminology, means
the constraints under which a component should be
designed and manufactured. Almost everything that is
purchased, constructed, or designed is governed by
specifications. Specifications encourage uniformity
and improve quality throughout all industries. For the
plant layout designer, specification is an essential tool
of the trade. Ignorance of or failure to comply with the
guidelines set in the project specification could be
costly and could affect the quality of the design. Specifi-
cations set the requirements for plant equipment ar-
rangement, operation, maintenance, and safety in the
process plant layout and detail the requirements for
compliance with national codes and regulations.

THE COMPONENTS OF SPECIFICATION

This chapter defines what is included in the specifica-
tion. The plant layout designer must be aware of all
the specification components and how to work effec-
tively with the specification.

Modifications

Any revisions, exceptions, or addenda to the specifica-
tion should be highlighted in the project documenta-
tion. Except for small skid-mounted units, all clear-
ances and accesses for operation and maintenance on
equipment furnished as a regular part of a proprietary
package should be in accordance with the require-
ments of the specification.

Terms

Operator access is the space required between com-
ponents or pairs of components to permit walking,
operating valves, viewing instruments, climbing lad-
ders or stairs, and safely exiting the unit in an emer-
gency.

Maintenance access is the space required to service

CHAPTER

Plant Layout
Specification

equipment in place or to remove the unit equipment
or portions of equipment for off-site repair.

Equipment includes every component associated
with the process plant (e.g.,, pumps, towers, heat ex-
changers, and compressors).

Equipment Arrangement

General plant arrangement must be consistent with
prevailing atmospheric and site conditions as well as
with local codes and regulations. Equipment must be
grouped within common process areas to suit inde-
pendent operation and shutdown. Equipment within
process and off-site areas must be arranged to accom-
modate operational and maintenance access and to
meet the safety requirements listed in Exhibit 2-1. Un-
less required for common operation, or safety, equip-
ment is to be located in process sequence to minimize
interconnectin'g piping.

Process units, buildings, and groups of off-site areas
(e.g., tank farms) are serviced by auxiliary roads for
maintenance and fire fighting. Equipment location
must facilitate in-place maintenance by mobile equip-
ment. Process equipment must be enclosed in shelters
only when requ;lired by extreme climatic conditions or
client preferences.

In general, piping, power, and instrument cables
are to be carried on overhead pipe racks in process
units and utility plants and in grade sleepers in off-site
areas. :

Equipment Elevations

Equipment should generally be elevated a minimum
height from grade to suit process, operational, and
maintenance requirements. Horizontal drums, shell
and tube exchangers, and furnaces must be supported
from grade by concrete piers. Vertical vessels (e.g.,
towers and reactors with attached skirts) and baseplate
equipment with pumps should be supported at grade
by concrete foundations.
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Notes:

Exhibit 2-1 highlights the recommended safety distances
between equipment associated with refinery, chemical, and
petrochemical plants.

This exhibit should be read in conjunction with national and
local codes and regulations. Exceptions to this exhibit should be
by client specification only.

Dimensions shown are to the face of equipment and are
minimum.

Fixed fire water sprays should be provided over equipment that
handles lammable materials and operates at temperatures
greater than 500° F (260° C) and over equipment that handles
light hydrocarbons with a vapor pressure greater than 65 psi
(3.5 kg/cm) at 100° F (38° C) or a discharge pressure greater
than 500 psi (35 kg/cm) that is located directly beneath
air-cooled exchangers.

a. English Measurement

Large vacuum or crude towers with swagged bot-
tom sections and compressors that are to be elevated
for operational needs must be supported from con-
crete structures. EQuipment that must be elevated for
process requirements (e.g., shell and tube overhead
condensers) must be supported in structures. When
practical, air coolers should also be supported from

Process Plant Layout and Piping Design

overhead pipe racks. Equipment elevations must be in
accordance with Exhibit 2-2.

Roads, Paving, and Railroads

Process plants are to be serviced by roads adjacent to
process units, utility plants, materials-handling and
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b. Metric Measurement

loading areas, and groups of off-site equipment that
require access for maintenance and fire fighting. An
adequate road network and parking facility should be
provided at administration buildings, the main plant
control room, firehouses, and warehouses. Access
ways or secondary roads must be provided within pro-
cess units and utility plants so that equipment can be
removed for off-unit repair and chemicals and cata-
lysts can be loaded and unloaded. Roads must be
ramped over piping at intersections with grade-level
sleepers.

Paving within process units and utility plants should
also encompass all equipment, unit control room ar-
eas and the area beneath the main pipe rack. Unless
required for maintenance reasons, paving need not

extend to auxiliary roads.

Off-site area paving must be provided at groups of
equipment (e.g., pump slabs and metering stations)
but not at tank farms, inside diked areas, under pipe
racks, or in areas alongside roads, except when re-
quired for maintenance. These unpaved areas are not
surfaced. Unpaved areas within the battery limits of
process units and utility plants must be graded and
surfaced with crushed stone or a similar material. Ex-
cept for floors in control and switchgear buildings, all
indoor and outdoor paving must be sloped for drain-
age.

Curbs and walls are to be used in process units and
utility plants (oi' contain spills from equipment using
acid and other, dangerous chemicals. Earthen dikes
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Open Enclosed
Installation Installation
Item Support Reference ft mm ft mm
a Process Units and Utility Plants
Grade paving, floors High point 100’ 100,000 100°6” 100,150
Low point 996" 99,850 100°2" 100,050
Vertical vessels Bottom of base ring or 100'6" 100,150 101’ 100,300
legs
POS
Tankage Bottom 101’ 100,300 1 pl 6" 100,450
POS

Horizontal vessels

Pumps, blowers, packaged
units

Independent lubricated
compressors

Motor-driven
reciprocating
compressors

Furnaces, wall- or
roof-fired

Furnaces, floor-fired

Vertical reboilers

Pipe racks

b Off Site
Grade paving, floors

Vertical vessels

Storage tanks

Horizonial vessels

Pumps, blowers, packaged
unit

Cooling towers, clarifiers,
clear wells

Grade pipe sleepers

Bottom of saddles
€ EL.

Bottom of baseplate

Bottom of baseplate
€ shaft

Bottom of baseplate
€ shaft

Bottom of floor plate
POS

Bottom of floor plate
POS

Bottom of lugs
POS

Top of steel

High point

Low point

Bottom of base ring or
legs

POS

Top of berm or bottom of

tank
POS

Bottom of saddles
€ EL

Bottom of baseplate
NA

Top of steel

As required for NPSH or for operation
and maintenance

100°6" 100,150 101’ 100,300

As required for lube oil return piping or
surface condensers

As required for clearance at pulsation
bottles and piping

104' 101,200 NA NA
108’ 102,400 NA NA
As required to suit structure or related

tower

As required to suit clearances for
operation and maintenance access

9 230 1’3" 380

3" 75 9" 230
1'3" 380 1'9” 530
I 300 NA NA

As required for NPSH or for operation
and maintenance

13" 380 1'9” 530
As required NA NA
1 300 NA NA

EXHIBIT 2-2
Equipment Elevations

For ease of height reference and calculations. all elevations refer to 100 ft
for projects using English measurements and 100.000 mm for projects
using metric measurements. These datums correspond to the site elevation
highlighted in the project design data specification.

Dimensions shown in & (Off Site) are heights above high pont of grade

All concrete suppont elevations shown for equipment include an allowance
for grout.

All dimensions shown are minimum

must be built in off-site areas to retain spills from
storage tanks. Dikes, curbs, and walls used to contain
tank spills must be able to accommodate the volume
of the largest tank in the area. When calculating the
size of enclosure, the designer must consider the dis-
placement volume of all other tanks (i.e., to the height
of the dike) as well as an allowance for freeboard.

Process Plant Layout and Piping Design

Railroad systems that are designed for in-plant op-
eration and that intersect or form part of the main line
are to conform with standards and practices of the
main-line railroad or appropriate authority. Road, pav-
ing, and railroad dimensions and clearances should be
in accordance with the minimum dimensions shown
in Exhibit 2-3.
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Dimensions EXHIBIT 2-3

Item Description ft mm Roads, Paving, and
Railroads
Main plant roads Width 24’ 7.300
Headroom 22 6.700
Inside turning radius 22 6,700
Secondary plant roads Width 16’ 4,800
Headroom 14’ 4.300
Inside turning radius 10 3,000
Minor access roads Width 10 3,000
Headroom 11’ 3,400
Inside turning radius 8’ 2,450
Paving Distance from outside edge of equipment to edge of 4’ 1,200
paving
Railroads Headroom over railroads, from top of rail 22 6,700
Headroom over dead ends and sidings, from top of 12° 3,600
rail
Clearance from track centerline to obstruction 8’6" 2,600
Centerline distance between parallel tracks 13’ 4,000
Distance between centerline of track and parallel 23" 7,000
above ground and underground piping
Cover for underground piping within 23 & (7,000 3 900

mm) of track centerline

Platforms, Ladders, and Stairs

Platforms are to be provided at all elevated equipment
and at controls that are beyond reach from grade for
manual operation and maintenance.

Stairways must be provided to lead to service levels
in structures, buildings, compressor house decks, and
furnaces that require frequent access by plant opera-
tions personnel. Storage tanks larger than 15 ft (4,500
mm) in diameter and higher than 20 ft (6,000 mm)
also require stairs for access. Ladders must be pro-
vided for vessel platforms, secondary service levels in
structures, and furnaces and at storage tanks with the
dimensions previously mentioned. Escape ladders
must also be provided from service levels so that no
point on a platform is horizontally more than 75 ft
(22,500 mm) in walking distance from a main or sec-
ondary exit. Side exit ladders are preferred. Flare
stacks need only be provided with a single continuous
ladder for tip inspection and access to the top mainte-
nance platform. Handrails should be installed on open
sides of all platform areas and stairways. Ladders that
extend more than 20 ft (6,000 mm) above grade must
have safety cages. Self-closing gates at ladder openings
on all platforms are also required.

Vertical vessels (e.g., towers or reactors) should
generally have circular platforms supported by brack-
ets from the side of the vessel. Platform, ladder, and
stairway dimensions and clearances should be in ac-
cordance with those shown in Exhibit 2-4. (Unless oth-
erwise noted, dimensions shown are minimum.)

h

EXHIBIT 2-4 Platforms, Ladders, and Stairs

Dimensions
Item Description ft mm
Platforms Headroom 7' 2,100
Width of walkways (grade or 3 . 900
elevated)
Maximum variance berween 9" 230
platforms without an
intermediate step
Width at vertical vessels 3 900
Distance berween inside radius 10" 250

and inside of platform on
vertical vessels
Maximum distance of platform or 5' 1,500
grade below centerline of
maintenance access

Maximum length of dead ends 20’ 6,000
Ladders Width of ladders 16" 450
Diameter of cage 2'q" 710
Extension at step-off plaforms 4 1,200
Distance of bottom hoop from 8’ 2,400
grade or platform
Distance between inside radius of 12" 350
vertical vessels to centerline of
ladder rung
Maximum vertical rise of 30’ 9,150
uninterrupted ladder run
Maximum slope from vertical axis 15°
Toe clearance 8" 200
Stairs Width (back-to-back of stringer) 2'¢" 750
Maximum vertical one-flight rise 18’ 5,500
Maximum angle 50°
Headroom 7 2,100
Width of landings 3 900
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Maintenance

Adequate clearance must be provided adjacent to or
around equipment and controls that require in-place
servicing or that require removal from their fixed op-
erational location for repair.

If equipment is located within shelters, suitable fa-
cilities (e.g., trolley beams or traveling cranes) must
be provided to lift and relocate the heaviest items.
Drop areas must exist within shelters that use fixed
handling facilities. There should also be drop areas for
vertical equipment that must be lowered to grade.
There must be adequate area at all shell and tube
exchangers fof rodding or tube bundle removal and at
furnaces for coil removal. Exhibit 2-5 highlights some
of the principal maintenance activities and handling
devices associated with a conventional operating
plant.

Plant Operation

There must be clear access at grade and at elevated
platforms so that operation of the plant can proceed in
a safe and unrestricted manner. Valves and instru-
ments are to be placed so that they can be operated or
viewed but do not impede access at grade and ele-
vated walkways.

Operating valves that cannot conveniently be lo-
cated below a centerline elevation of 6 ft 9 in (2.050
mm) from grade or platform must have chain opera-
tors, extension stems, or motor operators. Except for
battery limit valves, all unit isolation valves must be
located at grade. Exhibit 2-6 highlights the minimum
requirements for operator access to controls.

Above-Ground Piping

With the exception of pipeline pumping stations,
sewers, and most cooling water systems, piping is gen-
erally run above grade in process plants. When located
below ground, process piping that has protective heat-
ing or that requires inspection and servicing should

Process Plant Layout and Piping Design

be located in trenches.

In process units and utility plants, piping to equip-
ment must run overhead to meet operator and mainte-
nance clearances. Short runs of piping (e.g, pump
suctions), however, may run at grade, where they do
not obstruct access ways. Piping in such off-site areas
as tank farms must run approximately 18 in (450 mm)
above grade and must provide adequate access to con-
trols and maintenance areas by walk-over stiles. Off-
site pipe racks must be located adjacent to storage tank
dikes. Within diked areas, piping must run by the most
direct route unless limited by flexibility and tank set-
tlement. Piping serving a tank or tanks in a common
area must not run through adjoining diked areas.

All insulated piping that passes through dikes and
all piping passing under roads or railroads must be
enclosed in metal pipe sleeves. Uninsulated piping
passing through dikes should be coated and wrapped
but not sleeved. Piping systems must facilitate the re-
moval of equipment without removing the associated
piping and controls.

Piping systems are to be arranged with sufficient
flexibility to reduce any excessive stresses and, when
possible, to accommodate expansion without using
expansion bellows. Line spacing should be based on
anticipated line movements under regular operating
conditions.

The top of stacks and continuously operating vents
that discharge hazardous vapors must be positioned at
least 10 ft (3,000 mm) above any platform within a
horizontal radius of 70 ft (21,000 mm) from the vent
or stack. Intermittent vents that discharge hazardous
vapors into the atmosphere are to be located a mini-
mum of 10 ft (3,000 mm) above any platform within a
horizontal radius of 35 ft (10,500 mm) from the vent.

The vertical distance may be reduced for vents and
stacks discharging into the atmosphere by the same
distance that a platform is outside the safety radius
from the vent or stack, as illustrated in Exhibit 2-7.
Nonhazardous vapors (e.g., air or steam) must be di-
rected away from personnel.
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Item Activity

Handling Device EXHIBIT 2-5

Maintenance access cover removal
Relief and control valve removal
Catalyst loading and unloading
Vesse! internal removal

Vertical vessels

Exchangers Cover removal (horizontal)

Bottom cover removal (vertical)
Top cover removal (vertical)
Bundle removal (horizontal)
Bundle removal (vertical)
Rodding

Air cooler tube removal

Plate removal (plate exchanger)

Pumps, compressors  Motor or largest component removal

(housed)
Motor or largest component removal
(open instaliation)

Vertical pumps
Coil removal

Filter removal
Strainer removal
Relief valves, 4 10 6 in and larger

Furnaces
Miscellaneous

Blinds, blanks, figure-8s, and valves, more
than 300 Ib (135 kg)

Small components, 300 Ib (135 kg) and
less

Maintenance

Maintenance access davit Requirements

Top head davit

Mobile crane

Top head davit or mobile
crane

Hoist trestle with load up to
2,000 Ib (900 kg) or mobile
crane

Hitch points

Mobile crane

Mobile crane and extracter

Mobile crane

Manual

Mobile crane

Manual

Trolley beam or traveling
crane

Mobile crane or hoist trestle
with load up to 2,000 Ib
(900 kg)

Mobile crane

Mobile crane

Manual or hoist trestle

Manual

Davits, hitch points, or mobile
crane

Hoist trestle

Manual or hoist trestie

L .
EXHIBIT 2-6 Operator Access to Controls

Platform Fixed
Item or Grade Ladder
Maintenance access Yes No
Level controls Yes No
Motor-operated valves Yes No
Sample connections Yes No
Blinds and figure-8s Yes No
Observation doors Yes No
Relief valves Yes No
Control valves ) Yes No
Bartery limit valves Yes No
Valves, 3 in and larger Yes No
Hand holes Yes Yes
Valves, smaller than 3 in Yes Yes
Level gauges Yes Yes
Pressure instruments Yes Yes
Temperature instruments Yes Yes
Vessel nozzles No No
Check valves No No
Header block valves No No

Orifice flanges No No

EXHIBIT 2-7 Atmospheric Vents R
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The plot plan is one of the key documents produced
during the engineering phase in any processing facil-
ity. It is used to locate equipment and supporting in-
frastructure and to establish the sequence of major
engineering and construction activities. Plot plans are
used by almost every engineering group within a proj-
ect task force from estimating and scheduling through
construction. The plot plan is developed by the plant
layout designer, usually at the proposal stage of the
project, and remains the responsibility of the designer
throughout construction. Similar process units engi-
neered for two clients may look vastly different for
various reasons, including available real estate, soil
- and climate conditions, and client philosophy on op-
eration, maintenance, and safety. For these reasons,
standardization of process unit plot plans is difficult.
Nevertheless, as most operating facilities use common
equipment (e.g., shell and tube heat exchangers, pres-
sure vessels, pumps, and compressors), it is possible
to apply a few basic rules that suit most clients and
processes and that enable the plant layout designer to
approach the task of arranging the equipment and
supporting facilities in an orderly manner.

THE PLOT PLAN IN THE PROCESS UNIT

This chapter highlights the general requirements for
process unit plot plan arrangement. It identifies the
information required to locate operating equipment
and supporting facilities to suit operator and mainte-
nance access, constructibility, process operation,
safety, and cost-effective design.

DEFINITION

The process unit plot plan is an arrangement drawing
that highlights the equipment and supporting facilities
(e.g., pipe racks and buildings). These are required for
a given process integrated within a common battery

CHAPTER

‘

Plot Plans

limit area, usually designed for independent operation
and shutdown. The final plot plan identifies all the
components by designated numbers and shows, to
scale, the basic shapes of the equipment and support-
ing facilities, locating them in both the vertical and the
horizontal planes. Generally, the arrangement is
shown in the plan with elevated views furnished only
for clarity (e.g., in the vertically structured plant). Plot
plans developed with three-dimensional CAD model-
ing have the advantage of producing multiple plans,
elevations, and isometric views with no additional ef-
fort. The plot plan is used for the functions discussed
in the following sections.

Piping design The plot plan is used to produce
equipment arrangement studies thart facilitate the in-
terconnection of above- and below-ground process
and utility piping systems and to, estimate piping mate-

rial quantities. '

Civil engineering The plot plan is used to develop
grading and drainage plans, holding ponds, diked ar-
eas, foundation and structural designs, and all bulk
material estimates.

Electrical engineering The plot plan is used to pro-
duce area classification drawings, to locate switchgear
and the incoming substation and motor control cen-
ter, to route cables, and to estimate bulk materials.

Instrument engineering The plot plan is used to lo-
cate analyzer houses and cable trays, assist in the loca-
tion of the main control house, and estimate bulk ma-
terials.

Systems engineering The plot plan is used to facili-
tate hydraulic design, line sizing, and utility block flow
requirements.

Scheduling The plot plan is used to schedule the
orderly completion of engineering activities.
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Construction The plot plan is used to schedule the
erection sequence of all plant equipment, which in-
cludes rigging studies for large lifts, constructibility
reviews, marshaling, and lay-down areas throughout
the entire construction phase.

Estimating The plot plan is used to estimate the
overall cost of the plant.

Client use The plot plan is used for safety, operator,
and maintenance reviews and to develop an as-built
record of the plant arrangement.

PLOT PLAN DEVELOPMENT

Developing a plot plan is not an exact science, because
the arrangement of the plant must be set at the begin-
ning of the project before all equipment requirements
and configurations are finalized and before all of the
mechanical problems associated with the design are
solved. Plot plan arrangement is a reflection of the
designer’s ability to anticipate mechanical problems
and provide the necessary access for operation and
maintenance as well as the designer’s general experi-
ence with plant layout requirements. The intended
goal is to produce a safe, cost-effective operational
plant, which will probably remain in use for at least 25
years. Therefore, it is important that any errors in

Process Plant Layout and Piping Design

arrangement be recognized and eliminated during the
plot plan development phase of the project because
they can be costly to correct once the plant is in opera-
tion.

Plot plans are generally developed in stages, from
the initial concept to the fully dimensioned document
at the construction issue stage.

The proposal plot plan, shown in Exhibit 31, is
developed during the estimate phase of the project
and is used to estimate bulk materials. It is also in-
cluded in the proposal as a representation of the unit
arrangement to the prospective client. The proposal
plot plan is based on limited information and gener-
ally indicates only the principal items of equipment,
main supporting facilities, and overall dimensions,

After contract award, the proposal plot plan is up-
dated to suit the latest information and is reviewed
and approved by the client. This document becomes
the basis for the plant layout phase of the project and
is called the planning plot plan. A sample planning
plot plan is shown in Exhibit 3-2. On completion of
the plant layout phase—when all the equipment has
been sized and is in the best position to suit the proj-
ect requirementts and when all access roads, buildings,
and pipe racks have been located—the plot plan is
finally issued for construction. This is illustrated in
Exhibit 3-3 as the construction plot plan.

To develop a plot plan, the designer must assemble
the information discussed in the following sections.
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EXHIBIT 3-2 Sample Planning Plot Plan
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The equipment list This document lists all the items
of equipment and buildings by number and descrip-
tion to be included within the unit battery limits. A
sample equipment list is given in Exhibit 3-4.

The process flow diagram The process flow diagram
is one of the most important documents required by
the designer to position equipment. It indicates flow
rates, temperatures, and pressures and how the vari-
ous pieces of equipment are interconnected. The pro-
cess flow diagram generally does not show utility
equipment (e.g., drives, surface condensers, and injec-
tion packages). These can be obtained from the equip-
ment list. The process flow diagram does not always
show the true representation of the equipment. A shell
and tube exchanger shown as a single item could turn
out to be two or more shells for a large load. Exhibit
3-5 shows a process flow diagram that incorporates
the items in the sample equipment list.

AREA-F AREA-E] *

The block flow diagram The block flow diagram
shows all primary interconnecting lines berween pro-
cess units, utility plants, and storage facilities. Although
not absolutely essential, it is a useful document for
equipment location.

Specifications Similar to the plant layout specifica-
tion discussed in Chapter 2, this document highlights
maintenance, operator access, clearances, and equip-
ment spacing.

Process design data The process design data gives
site information on a map or an overall existing plot
plan. The existing plot plan, or site map, shows such
geographic details as roads, railroads, rivers or sea-
shore, land contours, and inhabited areas. It also indi-
cates the location and extent of real estate available for
the new facility or expansion. The process design data
indicates weather conditions (e.g.. average seasonal
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EXHIBIT 3-4 Sample Equipment List

Item Description
Furnaces
101-F Charge furnace
Exchangers
101-E Stripper reboiler
102-E Stripper feed/effluent exchanger
103-E Stripper overhead trim condenser
104-E Reactor effluent trim cooler
105-E Stripper overhead condenser
106-E Reactor effluent cooler
107-E/A 10 H Combined feed exchangers
108-E Surface condenser
109-E Product cooler
Pumps
101-PA Charge pump
101-PB Spare charge pump
102-p Water injection pump
103-PA Stripper bottoms pump
103-PB Spare stripper bottoms pump
104-PA Stripper reflux pump
104-PB Spare stripper reflux pump
105-PA Condensate pump
105-PB Spare condensate pump
Towers
101-T Stripper
Reactors
101-R Reactor
Drums
101-D " Feed surge drum
102-D Recycle compressor suction drum
103-D Make-up compressor suction drum
104-D Water injection drum
105-D Stripper reflux drum
Compressors
101C Recycle compressor
102-Ca Make-up compressor
102-CB Spare make-up compressor
Miscellaneous
101-CLI Lube oil console
1011 Corrosion inhibitor injection system
101-H Compressor house
101-HL Overhead traveling crane

temperatures, rainfall records, and prevailing winds).
It also gives the plant elevation datum and reference
coordinates for plant location.

Equipment sizes At this phase of the project, the
equipment sizes for the plant are furnished by the
supporting groups on the basis of preliminary infor-
mation and cover such general items as floor space
requirements (e.g., for a pump of known size) or a
shell and tube exchanger with only the tube diameter
and length given. As the project progresses,.equip-
ment configurations and sizes become firm and the
plot plan is updated accordingly. Exhibit 3-6 lists sam-
ple information that must be supplied.

Materials of construction A materials specialist
marks up a process flow diagram identifying special or
critical piping materials (eg., alloy and large_heavy
wall piping). The diagram assists the plant layout de-
signer in optimizing equipment locations to suit the
most economic piping runs.

TYPES OF PLOT PLANS

Plot plans are often referred to by their process (e.g.,
an ammonia plant or hydrotreater unit) rather than by
the type of configuration of the equipment layout. In
terms of equipment arrangement, process unit plot
plans can basically be divided into two configurations:
the grade-mounted horizontal inline arrangement
seen in most refinery facilities, and the structure-
mounted vertical arrangement found in many chemi-
cal plants.

The Grade-Mounted Horizontal Inline
Arrangement

The horizontal inline unit is usually located within a
rectangular area, with equipment placed on either
side of a central pipe rack serviced by auxiliary roads.

SERe T

E ol
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EXHIBIT 3-5 Sample Process Flow Diagram
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EXHIBIT 3-6 Floor Space Sizes

Exchangers

Item Bundle Diameter Length

101-E 36 in (915 mm) 20 ft (6,100 mm)
102-E 30 in (750 mm) 20 ft (6,100 mm)
103-E 30 in (750 mm) 20 ft (6,100 mm)
104-E 24 in (610 mm) 20 ft (6,100 mm)
105-E (A/C) 30 ft (9,150 mm) 40 ft (12,200 mm)
106-E (A/C) 30 1 (9,150 mm) 20 ft (6,100 mm)

107-E (8 shells)
108-E

36 in (915 mm)
60 in (1,500 mm)

24 ft (7,300 mm)
15 ft (4,600 mm)

109-E 30 in (750 mm) 20 ft (6,100 mm)
Pumps

Item Length Width

101-Pa/b S ft (1,500 mm) 2 ft 6in (750 mm)

102-P 2 ft 6 in (750 mm) 1ft 3 in (380 mm)

103-Pasb 4 f6in (1,370 mm) 2 ft (610 mm)

104-Pa/b 4 ft (1,220 mm) 1 ft 6 in (450 mm)

105-Pasb (vertical) 1 ft 6 in (450 mm) 1 ft 6 in (450 mm)

The principal advantage of this arrangement is that the
equipment is generally located at grade, which makes
this type of plant easier to construct and more accessi-
ble for maintenance and operation. The disadvantages
are the amount of real estate required and the long
runs of cabling, utility, feed, and product piping re-
quired to service the unit. Exhibit 3-7 shows a typical
horizontal inline plot plan arrangement.

The Structure-Mounted Vertical
Arrangement

The structure-mounted vertical arrangement has
equipment located in a rectangular multileve! steel or
concrete structure. The structure can be several bays
long and either open-sided or fully enclosed, to suit
either client preference or climate conditions. Piping

and cabling usually enter and exit the structure at one
level and gain access to each floor by chases or are
supported from the outside members. Operators usu-
ally gain access to each level by stairs or by elevator.
Equipment maintenance is usually accomplished
through the use of hitch points, trolley beams. or trav-
eling cranes. An adequate area must be provided
around each item along with a clear drop zone at
grade for equipment removal. The structure is ser-
viced by access roads. i

The advantages of this type of arrangement are the
small amount of real estate required for the plant and
the ability to house the facility to suit process require-
ments or climate conditions. The disadvantages are in
the operator and maintenance access and in the con-
struction of the plant. Exhibit 3-8 shows a typical struc-
ture-mounted vertical plot plan arrangement.

EQUIPMENT LOCATION

" Various requirements dictate the location of equip-

ment and supporting facilities within the conventional
operating plant, and many factors must be considered
when the designer is locating equipment. Thev are
discussed in the following sections.

Plant Layout Specification

This document highlights spacing requirements for
equipment and access widths and elevation clearances
for operator and maintenance access. A tpical plant
layout specification can be found in Chapter 2. The
sample specification shown in Exhibit 3-9 highlights
the safety spacing requirements around a process fur-
nace.

Economic Piping

The major portion of the piping within most process
units is used to interconnect equipment and support
controls between equipment. To minimize the cost of
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EXHIBIT 3-7 Grade-Mounted Horizontal Inline Arrangement |
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this bulk material, equipment should be located in of related equipment and controls that function as a
process sequence and close enough to suit safety

subsystem within the main process unit. The compo-
needs, access requirements, and piping flexibility. The nents within the subsystem should be arranged to suit
sequential interconnection of the unit is shown on the the most economic piping runs, and the whole assem-
process flow diagram. The first step is to identify the bly should be positioned within the plot area to pro-
alloy or heavy wall Piping. The diagram should then vide the most economic interconnection between re-
be subdivided into smaller groups of process-related

lated process subsystems. Exhibit 3-10 shows a
€quipment. These 8roups should contain an assembly process flow diagram divided into subsystems, an ar-

Process Plant Layout and Piping Design




35

EXHIBIT 3-8 Structure-Mounted Vertical Arrangement
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EXHIBIT 3-10 Planning Piping with a Process Flow Diagram
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EXHIBIT 3-11
-+ Typical Gravity
TN Feed Arrangement
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rangement of a subsystemn, and the interconnection of
a group of subsystems.

Process Requirements

Equipment often must be located in a specific position
to support the plant’s process operation (e.g., for pres-
sure drop, line pocketing, and gravity feed). The plant
layout designer must be familiar with the process be-
cause the process flow diagram rarely indicates this
information. It is recommended that the designer dis-
cuss these requirements with the process engineer
before proceeding with the plant arrangement. Ex-
hibit 3-11 shows the effects of an arrangement with a
gravity feed process requirement. '

Common Operation

Equipment that requires continuous operator atten-
tion or shares common utility and maintenance facili-
ties should be located in the same area. For example,
compressors generally require 24-hour operator at-
tention. Compressors with condensing steam turbine
drives often share the same surface condenser and are
located in 2 compressor house using a common fixed
handling facility (e.g., an overhead traveling crane).
Although this arrangement is often more expensive in
terms of piping components, the use of common facil-
ities (e.g., the surface condenser, building, and equip-
ment-handling facilities) makes up the difference in

cost. Exhibit 3-12 shows a typical compressor area ar-
rangement. B

Real Estate Availability

Generally, most new process units are built wjthin an
existing facility in which a piece of land is dedieated to
the new expansion. Older process units, which have
undergone many expansions, often leave a less-than-
desirable piece of real estate for the next new facility.
This can be a problem for inline horizontal arrange-
ments but is less so for vertical structure arrange-
ments, which require less ground space. When an in-
line arrangement is constructed, it is recommended
that parts of the unit be located in elevated structures
with related equipment located adjacent to it if the
process permits. For an already-elevated plant, adjust-
ments can be made in the overall size of the structure
and extra floors can be added. Care must be taken to
adjust usual plant configurations to suit minimum
space requirements so that the plant is not too difficult
to maintain. Exhibit 3-13 shows an arrangement be-
fore and after it has been adjusted to suit minimum
space requirements.

Equipment Sizes

1deally, all the different types of equipment within the
process unit would be the same size. This rarely oc-
curs, however, and the plant layout designer often
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EXHIBIT 3-14 Fluid Catalytic Cracking Unit Plot Plan
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struggles to place a large, cumbersome piece of equip-
ment into an area while retaining the aesthetics of the
unit. Generally, most plants are dominated by conven-
tional rectangular and circular equipment of a reason-
able size. Some processes, however, require much
larger and more awkwardly shaped items (e.g., an
orthoflow converter and expander train in a fluid cata-
lytic cracking unit, as displayed in Exhibit 3-14, a re-
former furnace in an ammonia unit, or a waste heat
recovery system in a large cogeneration plant). In
these situations, the designer should place these items

7 -
CAIA%% 9%0%

\

2

first and plan the remainder of the unit around them.

Whether the planned plant is an inline arrangement
or housed in a structure, the plant layout designer
must make provisions for operator and maintenance
access. The designer must review the items of equip-
ment that are included in the process and plan for
their operation and maintenance requirements. For
example, towers must be located in a position to allow
for the removal of internals, reactors require space for
catalyst loading and unloading, shell and tube ex-
changers require space for bundle removal, and rotat-
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Access ways \‘ ’.

ing equipment needs space for drive and casing re-
moval.

All these aspects of the equipment design add to
the floor space requirements of the plant. Equipment
that requires servicing during regular operation or
planned shutdown periods should be accessible from
the auxiliary roads or internal access ways. From the
project specification, the plant layout designer should
determine operator access requirements and the de-
vices to be used for servicing before proceeding with
the plant arrangement. Exhibit 3-15 shows typical ac-
cess requirements in a vertical arrangement, and Ex-
hibit 3-16 displays an inline arrangement.

Underground Facilities

There are a variety of underground facilities that could
affect the positioning of equipment. Depending on

Process Plant Layout and Piping Design

AoixiviARY
=,

soil conditions, the foundations for the equipment are
either piled or spread footings. Spread footing founda-
tions require more space than piled applications, and
care should be taken to locate equipment so that
enough space exists between equipment for the foun-
dations of larger items. In certain cases, equipment
can be supported on a common foundation, Depend-
ing on the project specification, instrument and elec-
trical cabling can be located above or below grade. If
located below grade, adequate space should be desig-
nated during the plot plan development stage. Under-
ground piping is another factor that the designer must
consider when locating equipment. Most process units
are serviced by an underground oily water sewer,
Storm sewer, and fire water system and a chemical
drainage system if required. In addition, the unit cool-
ing system could be positioned below ground. All of
these facilities require plot space, and it is recom-
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mended that the plant layout designer investigate what
facilities are to be positioned below ground before
proceeding with the equipment arrangement. Exhibit
3-17 shows a typical elevation through a unit below
ground.

Climate Conditions

Weather conditions could influence the location of
equipment. In a severely cold climate, equipment
should be housed: this can be done by encasing

the whole unit, as depicted in Exhibit 3-18, or by in-
dividually housing groups of equipment (eg., com-
pressors or pumps), as illustrated in Exhibit 3-19. For
individual housing, consideration must be given to
locating equipment out of process sequence to mini-
mize cost.

The wind can influence the location of such equip-
ment as furnaces, compressors, control houses, cool-
ing towers, and stacks. Furnaces or other fired equip-
ment should be located so as not to allow flammable
vapors to constantly drift. Smoke from stacks or vapors

B |
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from cooling towers should not be in the direct path

of main operating areas (e.g., compressor houses; con-
trol rooms, and structures ).

PIPE RACKS

Generally, most inline plant arrangements are fur-
nished with a central pipe rack system that acts as the
main artery of the unit supporting process intercon-
nection, feeds, product and utility piping, instrument
and electrical cables, and, sometimes, air coolers and
drums. Usually, the pipe rack is made of structural
steel, either single level or multilevel, to suit the width
and capacity of the unit it is serving. The pipe rack bays
are usually spaced ar 20-ft (6,000-mm) centers. The
width is determined by such factors as the quantity of
piping and cabling to be carried on the main run of
the pipe rack (with an allowance for future €xpan-

Process Plant Layout and Piping Design

sion), the equipment and access way located beneath
the pipe rack, or the equipment (if anv) supported
above the pipe rack. The layout that results in the most
economical design should be chosen.

At the estimate|stage, when most plot plans are
developed, the pipe rack width is specified on the
basis of limited information; process flow diagrams
usually are not available to accurately work out the
€Xact requirements. Using the process flow diagram.
the designer can prepare a line routing diagram on a
print of the prelirq'inary plot plan, similar to the in-
structions given in Chapter 11. This establishes the
main process lines supported in the pipe rack for
equipment interconnection, feed, and production. An
allowance of 20% of the main lines should be added
to the total for unknowns. The pipe rack width can
be adequately sized on the basis of approximate line
sizing, utility piping, and insulation requirements
by the process system engineer; cable tray require-

G G & B B EE B B B U e
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ments by the electrical and instrument engineers: and
a 20% future piping allowance. Most typical units re-
quire a two-level pipe rack with a width of 20 fi (6,000
mm) to 40 ft (12,000 mm). If the total requirements
exceed 80 ft (24,000 mm), an extra level should be
introduced.

After establishing the pipe rack width to suit the
piping and cable requirements, the designer must
check the design for the accommodation of air cooler
support, if specified, and pumps and access ways be-
neath the pipe rack. The air cooler is specified by tube
bundle length and is established at the estimate stage
of the project. It can overhang the rack width equally
on either side. An air cooler with a 40-ft (12,000-mm)
tube bundle length can be adequately supported on a
pipe rack that is 35 ft (10,500 mm) wide. Pumps may
be located beneath pipe racks on either side of an
access way that is 10 ft (3,000 mm) wide.

The hottorn support elevation of the main pipe rack
is dictated by the maintenance and piping clearance
beneath the pipe rack. with additional levels spaced at
6-ft (1.800-mm) intervals. On projects with veny large
diameter piping. increasing this dimension to suit
clearance requirements should be considered when
pipe direction is changed. External clearances (e.g..
over main roads or intersections with off-site pipe
racks) need close attention. Exhibit 3-20 shows a nvpi-
cal pipe rack elevation.

Pipe rack configurations are dictated by the equip-
ment layout, site conditions, client requirements, and
plant economy. The ideal situation would be a
straight-through arrangement, with process feeds and
utilities entering one end of the unit and products and
disposals exiting the other end. The final layout of the
pipe rack to meet the specific requirements of the
project could result in a variery of configurations (e g..

i e i e -
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aT, L orUshape). as shown in Exhibit 3-21. Changes
of direction in pipe racks must be accommodated by
changes in elevation and are usually equally spaced
about the midpoint of the main pipe rack elevations to
suit required clearances.

Pipe racks within vertically structured or housed
facilities cannot be defined as easily as for inline ar-
rangements, because the equipment is usually located
on several levels. The vertical units are usually fed by
conventional pipe racks at established elevations en-
tering the structure at a designated area. Once inside
the structure. piping should be routed in an orderly
manner according to economic, constructibilirv, and
support requirements. Exhibit 3-22 displays a opical
process structure.

ROADS, ACCESS WAYS, AND
PAVING

For maintenance and saferv, the principal access to
and from most process units is by auxilian roads. Ide-
ally, the unit battery limits should be positioned 50
ft (15,000 mm) from the centerline of the main plant
roads. This allows adequate space for ditch drainage
and firetighting facilities and avoids obstructing roads
when such items as heat exchanger tube bundles are
removed. Access wavs or Spur roads should be pro-
vided within the unit for access to items that require
servicing or tor components that require removal
for off-site repair. Clearance according 1o project
specification should be provided over roads and ac-

Process Plant Layout and Piping Design

iso.000

cess wavs for mobile equipment access. Most clients
require that the equipment areas, the area beneath
the pipe rack, and the areas around buildings be
paved with concrete for housekeeping. Exhibit 3-23

illustrates a typical process unit road and paving ar-
rangement.

BUILDINGS

Apart from buildings that house equipment (e.g., com-
pressor houses), it is often necessary to position con-
trol houses, substdtions, analyzer houses, and operator
shelters within the process unit battery limits. Admin-
istration buildings and warehouses are generally lo-
cated away from process unit areas. Control houses
and substations are usually located at the edge of the
unit adjacent to a plant road, 50 £ (15,000 mm) from
the operating equipment. As seen in Exhibit 3-24, ana-
vzer houses and operator shelters should be located
next to the equipment that they service.

EQUIPMENT SPACING

The previous sections have outlined the information
required to locate equipment and the general content
of the typical process unit. At this stage, the plant lay-
out designer should prepare a sketch of the unit con-
figuration and a line run to confirm that the equip-
ment is positioned for the most favorable piping
interconnection. The line run can be prepared by dia-
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EXHIBIT 3-22 Typical Pipe Rack in a Vertical
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graming the principal process piping, as shown on the
process flow diagram, onto a print of the plot plan
arrangement sketch.

The final step in the plot plan arrangement is to
space equipment and supporting facilities for operator
and maintenance access, safety, piping flexibility and
support, and platforming requirements. At this stage,
the layout designer must rely on experience because
the final information is not available for calculating
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EXHIBIT 3-23 Typical Process Unit Road and Paving Arrangement
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exact distances between equipment or solving unfore-
seen mechanical problems. The spacing of the compo-
nents within the unit is an important exercise—it fi-
nalizes real estate requirements for the facilinv and
assists in the pricing of the plant. It is also used as the
basis for the plant layout design.

Before spacing the equipment, the layout designer

Process Plant Layout and Piping Design

should review the sketched arrangement of the unit to
confirm the exact requirements needed for safe and
orderly operation of the plant. Consultation with pro-
cess engineers is recommended to obtain general line
sizing requirements for control spacing allowances. At
this stage, the designer should be completely familiar
with the project speﬁ':iﬁcation requirements for safety
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and for operator and maintenance access.

In a typical tower area, depicted in Exhibit 3-25, the
tower and such related equipment as drums and heat
exchangers are located adjacent to the main pipe rack,
with maintenance access from the auxiliary road. The
associated pumps are located beneath or adjacent to
the pipe rack and are serviced by a central access way.
Shell and tube heat exchangers can be located as sin-
gle items or in pairs. If the process permits, they can
be supported vertically or located in structures to
meet gravity feed requirements. Vertical reboilers
should be supported from their related towers. Multi-
ple shell heat exchangers operating in series or in
parallel may be stacked three high if size permits.
Pumps beneath the pipe rack may, if size permits, be

paired in each bay.

Compressors and their related equipment are usu-
ally located in one area for common operation and
servicing adjacent to the main pipe rack and the auxil-
iary road. The suction drum for the machine should
be positioned for flexibility in the piping and to ac-
commodate orifice run requirements. If the compres-
sor is driven by a condensing turbine, a surface con-
denser and condensate pumps are required. If
servicing one machine, the condenser may be located
beneath the turbine. If it services two or more, the
condenser must be located adjacent to the machines it
services. In both cases, space must be provided for
condenser tube bundle removal.

The condensate pumps are usually vertical pumps
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and should be located as close to the condenser as
possible to suit flexibility in the piping and vertical
removal space. The lube il console should be located
as close to the compressor as possible with operator
access on all sides of the skid, with space to remove
the cooler tube bundle, tlters, and pumps. Interstage
coolers, if needed, should be located adjacent to the

Process Plant Layout and Piping Design

compressor and suction drum. Adequate space should
be provided around the compressor and turbine for
the installation of a platform and staircase. If the facil-
ity is housed, a drop area must be provided. Exhibit
3-26 illustrates a wpi¢al compressor area arrangement.

Air coolers, shown in Exhibit 3-27, are generally
supported from the cientral pipe rack adjacent to their

s e
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related equipment and are serviced by platforms at the
header boxes and beneath the air coolers for motor
maintenance. Care should be taken to position air
coolers to allow flexibility for interconnecting piping.
A poorly positioned overhead condenser could result
in additional large overall diameter piping and expen-
sive supports. Unless furnished with fixed fire water
Sprays, pumps containing hydrocarbons and operat-
ing higher than autoignition conditions should not be

located directly beneath air coolers. Space should be
available on the plot plan for maintenance access by
mobile cranes for removal of air cooler tube bundles.

Furnaces should be located at a safe distance and
upwind from unrelated equipment containing hydro-
carbons. Steam drums or deaerators can be located as
required for operation and maintenance, Reactors can
be located closer to furnaces than other equipment
containing hydrocarbons, as long as adequate space is

— | | |
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EXHIBIT 3-29 Subsystems Within the Process Flow Diagram
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provided for catalyst loading and unloading. Exhibit
3-28 shows a typical furnace area.

SAMPLE PLOT PLAN ARRANGEMENT

The following illustrated examples show the various
Steps in arranging a naphtha hydrotreater unit and
identify the process subsystems within the process
flow diagram (Exhibit 3-29), the initial arrangement

sketch of the unit (Exhibit 3-30), the line run check
(Exhibit 3-31), land the final plot plan arrangement
(Exhibit 3-32).

This chaptertlas highlighted some of the principal
features involved in the arrangement of process
equipment with regard to operation, maintenance,
constructibility, safety, and economics. Subsequent
chapters deal with the needs of each equipment item
in more detail, thereby offering greater insight to
proper equipment location on a plot plan.
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EXHIBIT 3-30 Initial Arrangement Sketch
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EXHIBIT 3-31 Line Run Check . .
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EXHIBIT 3-32 Final Plot Plan Arrangement

250:0"/16-000
?g |0'-O73.ooo WIDE ACCESS WAY
v ¢ — T - —‘
A H _ et PIPE = ]
N log: o 0. ' o5 loo
PREVAILING ] %’ ™ ° }\\\\
WIND 101 @+ 3 n R
¢l ] AN I |
PIPE. RACK 50'4 0" Min
EL. l4'-o! | 1$do00 I "
104250 ! 8
EL 120-0T I01-PA/ ~ )
YT - - :]Q
= o " ~
50. g o - I
ol e oty | ! 9 9
4 =N\ 8
- J L I <l
. 103-PA M l04-Pa) 7 " \.\qoa \\\~ :
“ A g ‘
1] L] 9 A -. ("
| ' 3 ' o |
0
i - N . [
} Rk Rsva)
= N\ g i NNNIEYXT Y/ TREANN 1y
@< "":'/W«A/ E 3 / T
59 L Y0 9 9 L~
PLAN ABove L bd

\ cRLSHED LiGaHT /HéA!I " NAPHTHA HYPRoTREATER

2Tone PAVING PN PLANNING PoT PLan

Process Plant Layout and Piping Design

S Gl SBN AR NN MEE ONE TN NS Em =




Compressor machines are used to increase the pres-
sure of a gas by mechanically reducing its volume
within its case. Air is most frequently compressed, but
natural gas, oxygen, and nitrogen are also com-
pressed. Positive-displacement, centrifugal, and axial
compressors are the three most common types used
in process facilities and pipeline stations. They can
handle large volumes of gas in relatively small equip-
ment and may have a variety of drives (e.g., electric
motors and steam or gas turbines).

This chapter focuses on the two most common
types of compressors—centrifugal and positive dis-
placement, also known as reciprocating. Centrifugal
machines can be single stage or multistage. High-
speed impellers increase the kinetic energy of the gas,
converting this energy into higher pressures in a di-
vergent outlet passage called a diffuser. Large volumes
of gas are compressed to moderate pressures in cen-
trifugal machines. Positive-displacement, or recipro-
cating, compressors can also be single stage or multi-
stage. They are usually of the reciprocating piston-type
and are the only compressors that can compress gas to
extremely high pressures. Centrifugal and reciprocat-

‘ {*F g
i » I‘lwn"
Iy

CHAPTER

Compressors

ing compressors are available in many sizes and physi-
cal configurations. These machines, which can be used
with a variety of auxiliarv equipment, are usually
driven by steam or gas turbines or by electric motors.
Exhibit 4-1 shows a surface condenser mounted
directly below the turbine. This arrangement is used
when the condenser is designed to service only one
steam turbine. The arrangement shown in Exhibit 4-2
is generally used when several turbines are exhausting
into one condenser. Exhibit 4-3 shows the various
compressor systems and their reciprocals.

AUXILIARY EQUIPMENT

Centrifugal and reciprocating compressors arid their
drives require a variety of auxiliary €quipment 1o sup-
port their operation. The equipment for these com-
pressors is described in the following sections.

Lube oil consoles Compressor bearings receive lu-
bricating oil from the lube oil console (Exhibit 4-4).
These consolks may either stand alone or be mounted

i EXHIBIT 4-1

Elevated Centrifugal
Compressor with a Singlc
| Condensing Steam
Turbine Drive
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EXHIBIT 4-2
Elevated Centrifugal
Compressor with

Multiple Condensing

Steam Turbine Drives

EXHIBIT 4-3
Types of Compressor

Systems

a. Crade-Mounted Centrifugal Compressor

with Electric Motor Drive
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b. Grade-Mounted Centrifugal Compressor

with Gas Turbine Drive

directly onto the compressor frame.

Seal oil consoles The hydraulic seals, located at the
outer ends of the compressor shaft, receive oil from
the seal oil console (Exhibit 4-5). The seal oil equip-
ment may be configured as a console or may be de-
signed as individual pieces of equipment.

Surface condensers Surface condensers (Exhibit
4-6) reduce gas or vapor to a liquid by removing heat.
Once sufficient heat is eliminated, liquefaction occurs.

Process Plant Layout and Piping Design

Condensate pump The condensate pump (Exhibit
4-7), which is usually vertical, removes the condensate
from the hot well in the surface condenser. Conden-

sate forms during liquefaction in the condenser and is
collected in the hot well.

Air blowers  Usually motor driven, these centrifugal
fan machines (Exhibit 4-8) deliver fresh air to cool the
internally house:ij"|‘electric motors. Although this air is
delivered to the motor through ducts, its exhaust may
be sent directly into the compressor house or to the
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c. Elevated Centrifugal Compressor with Gas Turbine Drive
and Waste Heat Recovery System
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d. Reciprocating Compressor with Electric Motor Drive: .
Outdoor Installation '
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e. Reciprocating Compressor with Electric Motor Drive:
Indoor Installation

EXHIBIT 4-3

Types of Compressor
Systems (Cont)
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Lube Oil Console

EXHIBIT 4-5
Seal Oil Console

EXHIBIT 4-6
Surface Condenser
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outside in similar ducts. Not all electric motors within
houses require this cooling facility.

Inlet air filters Gas turbines require large amounts
of clean filtered air for operation. The filters (Exhibit
4-9) can be extremely large. When positioning a gas
turbine-driven compressor, the plant. layout designer
should be aware of the possible variations in orienta-
tion of the inlet and outlet ducting, as shown in Exhibit
4-10.

The optimum inlet ducting arrangement shown in
Exhibit 4-10 is in a parallel plane with the gas turbine,
which is at point A in the exhibit. Sometimes, how-
ever, the available space adjacent to the gas turbine
and air filter does not permit this optimum arrange-
ment, and alternative layouts must be considered. Ad-
ditional turns and length to the inlet ducting can de-
grade the machine’s efficiency and overall economics.

If other air inlet duct schemes (eg,B,C D, orE)in
Exhibit 4-10 are considered, a brief study should be
conducted to obtain an agreement by all principals,
including the equipment engineer, the engineering
manager, the vendor, and the client. The exhaust gas
duct has a theoretical 180° discharge orientation range
but is usually set at the left, top, or right side, shown as
F, G, and H in Exhibit 4-10.

Waste heat system  Waste heat systems (Exhibit 4-1 1)
take hot exhaust gas from gas turbines and put high
outlet temperatures, ranging from 800° to 1,200° F
(426° to 650° C), to use in various ways. Through con-
vection, it may be used to generate steam or to heat
oil, which may be used as a heating medium.

|
Compressor 'suction drum/knockout pot Because
compressors require drv gas that is free of foreign

—-
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particles, it is necessary to pass the inlet gas through a
suction drum or knockout pot (Exhibit 4-12). This ves-
sel removes moisture and particles from the gas by
passing it through a demister screen, which is located
just below the outlet nozzle.

Pulsation dampener/volume bottles The negative
effects of vibration on the life of reciprocating com-
pressors and associated piping can be minimized by
the use of pulsation dampeners (Exhibit 4-13). The
pulsation dampeners are sized by the compressor ven-
dor and are mounted directly onto the cylinder noz-
zles. Higher pressure on the outlet side, which is sub-
ject to greater pulsation and vibration, is usually on the
bottom of the cylinder. It can be held down more
easily because it is located close to grade. Volume
bottles are also used to reduce vibration. They are
located downstream of the discharge pulsation damp-
ener and are similar to snubbers but do not have such
internals as baffles or choke tubes.

CENTRIFUGAL COMPRESSORS:
NOZZLE ORIENTATIONS

Horizontal Split-Case Compressors

The selection of a single-stage or multistage horizontal
split-case compressor may depend on the design of
the compressor or preference of the nozzle location
1o suit a particular layout. If a grade-mounted com-
pressor is planned, the side or top orientation may be
selected, whereas the bottom connections are gener-
ally used for elevated compressors. During mainte-
nance, the top half of the compressor case is removed
by lifting it vertically and away from the bottom assem-
bly. This configuration is used for chemical, petro-
chemical, industrial and process air, refrigeration, and
high-volume and low- to medium-pressure gas service
applications. Exhibit 4-14 shows the variations of a
horizontal split-case compressor.

:

EXHIBIT 4-12 Compressor Suction Drum/Knockout
Pot

Vertical Split-Case Compressors

Exhibit 4-15 illustrates how this application can
come with top or bottom orientations on the nozzles.
Layout preference dictates the selection. Removal of
the rotor assembly is through the front end of the
compressor, away from the driver; the compressor
vendor supplies the removal distance to the plant lay-
out designer. This design is used for catalytic reform-
ing, gas conversion and repressurizing, processing
services, refrigeration, and high-pressure, low-volume
or high-volume, low-pressure gas service applications.
More than one compressor case may be hooked up in
tandem (see E#hibit 4-16).

TYPES OF QiOMPRESSOR DRIVES

Electric motor From a layout standpoint, electric
motors require the least amount of information to
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EXHIBIT 4-15 Vertical Split-Case Compressor

support a comprehensive design adequately. Informa-
tion is needed regarding the motor's physical dimen-
sions, largest component, weight to be maintained,
and special cooling requirements, if any. Exhibit 4-17
shows a typical electric motor.

Steam turbine There are wo kinds of steam tur-
bines—back pressure and condensing. Back-pressure
turbines are driven by high-pressure steam and do not
require surface condensers. Condensing turbines are
usually driven by low-pressure steam. Steam turbines
are currently popular because they can convert large
amounts of heat energy into mechanical work very
efficiently. The propulsion force is applied directly to
the rotating element and not through a series of links
and cams. The steam turbine also has a low vibration
level and few moving parts that require maintenance.
Finally, the wrbine’s range of speed is very wide—
some vendor turbines are rated from 1 to 100,000
horsepower. Noncondensing turbines are physically
smaller than comparable condensing units because
fewer stages are needed to let down steam that has a
lower heat drop. A typical steam turbine is shown in
Exhibit 4-18.

EXHIBIT 4-16 Tandem Arrangement

| [u=eANE
)
fﬂﬂnﬂﬂ

T

EXHIBIT 4-17 Electric Motor

Gas turbine Selection of gas turbines, like any other
drive system, is based on economics. The availability
of gas in such remote areas as deserts and offshore
platforms makes it a prime source of power in these
locations. Gas turbines are used in various applica-
tions, including gas transmission, gas lift, liquid pump-
ing, gas reinjection, and process compressors. Air is
compressed in the gas turbine by the centrifugal com-
pressor and is discharged into a reverse flow annular
combuster in which fuel is injected through nozzles.
The transition duct directs the hot gas into a gas gener-




EXHIBIT 4-18 Steam Turbine
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ator turbine, which in turn drives the compressor. The
hot gas is ducted into a power turbine and discharged
through an exhaust diffuser, The exhaust gas, which
generally ranges between 800° and 1,200° F (426° 10
650° C), is often used for steam generation and for hot
oil svstems. Exhibit 4-19 shows a tvpical gas turbine.

LUBE OIL SYSTEM

The primary function of the lube oil console is 1o
supply clean, cool lubricating oil to the bearings of the
compressor and its driver. The console is a package of
€quipment, which is supplied by the compressor ven-
dor and usually includes an oil reservoir, two pumps
(a primary and a spare), two filters or filter elements
in a duplex-type arrangement, coolers, and associated
controls. A typical lube oil console is shown in Exhibit
4-20. When placing a lube oil console around a com-
pressor, the designer must adhere to clearance re-
quirements for operation and maintenance of the unir.

First, there should be sufficient room to remove the

cooler tube bundle. Second, the space required to

pull the filter elements must be considered—there
can be no physical obstruction over the filters thar

Process Plant Layout and Piping Design

EXHIBIT 4-19 Gas Turbine

might restrict their removal. Third, when the unit will
be exposed to severely cold temperatures. a heating
coil is placed below the tank that requires mainte-
nance and must be pulled clear of the tank. Exhibit
4-21 shows a typical lube oil console piping and in-
Strumentation diagram, and Exhibit 4-22 illustrates a

typical drain linelrouting from the compressor to the

lube oil reservoi‘ tank.

SEAL OIL SYJTEM

The seal oil system supplies oil to the hvdraulic seals
of the compressor, which are located at the outer ends
of the shaft, at a constant temperature and pressure.
The oil escaping the low-pressure side of the seal re-
turns to the reservoir and js recirculated. Qi escaping
through the high-pressure side passes through sour
oil traps to the seal oil degassing tank.

There are two types of seal oil systems: gravity and
pressurized. The gravity-feed seal oil system reservoir
is mounted above and in view of the compressor,
whose elevation is set by the compressor vendor. The
sour oil traps can be integral with the lube oil console
skid or located on 2 Separate skid. The pressurized
seal oil system is a pump-around facility whose com-
ponents are integral to the lube oijl console skid or
mounted on a separate skid. If components are
mounted on a separate skid, placement must accom-
modate seal oil console operation and maintenance,
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as with the lube oil console. On some compressor
Systems, a gland condenser is required; it should be
located close to the compressor. S

supplies information regarding
other requirements of 2 seal oil loop. Seal oil facilities
are not required for reciprocating compressors. Ex-

Process Plant Layout and Piping Design

74 i

hibit 4-23 shows aseal oil tank location, and Exhibit

4-24 shows a general piping and instrumentation dia-
8ram of a seal oil console.

SURFACE CONL)ENSERS AND
AUXILIARY EQUIPMENT

Surface condensers are used in conjunction with con-
densing steam turbines that drive large centrifugal
cOmpressors. As depicted in Exhibit 4-25 the exhaust
Steam enters the top of the condenser and passes
through the shell, which is filled with tubes, Cold wa-
'er is pumped through the tubes while ho exhaust
Steam passes around the outside. Hot water, called
condensate, results and collects in the hot well at the
bottom of the condenser.

Exhibit 4-26 shows a piping arrangement typically

Lube Oil Drain Routing




67

EXHIBIT 4-24
i Seal Oil Console Piping

| and Instrumentation
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Basic Condenser
Operation




EXHIBIT 4-26
Surface Condenser and
Auxiliary Equipment
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found around surface condensers. The condensate
that collects in the hot well is pumped out and used in
the generation of steam elsewhere in the plant. A level
controller, which is mounted on the side of the hot
well, activates the control valve downstream of the
pumps when the condensate reaches a specific level in
the hot well. A wet vapor vent is run from the pump
casing back to the condenser shell to be liquefied. A
line connected to the exhaust system inlet is vented to

Process Plant Layout and Piping Design

the atmosphere through a safety valve. Condensate is
piped downstream of the valve and creates a water
seal on the valve to maintain the vacuum pressure in
the system. Ejectors pull additional wet vapor from the
condenser. As steam is fed into the end of the ejector,
the low-pressure wet vapor is sent to the inter-after
condenser, where additional liquefaction takes place
through convection with cold water. When the steam
trap is filled with condensate, it opens and the higher

- - - - M
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pressure on the inter-after condenser sends the con-
densate back to the hot well in the surface condenser.

Equipment Location and Elevation

Exhibit 4-27 illustrates how primary process consider-
ations govern the elevation of the surface condenser
and some of its auxiliary equipment. Because a pump
is needed to remove the condensate from the hot well,
the pump net positive suction head (NPSH) must be
satisfied to operate satisfactorily. Vertical pumps are
generally used in this application because the NPSH
requirement is calculated from the bottom of the
lower impeller for vertical pumps, compared with the
centerline of the inlet nozzle for horizontal pumps.
Setting the elevation of the inter-after condenser, usu-
ally located to the side of the surface condenser, can
be done with fewer restrictions. The bottom of the
inter-after condenser shell must not be more than 3 ft
(900 mm) below the condensate return nozzle on the
side of the hot well. The plant layout designer is then
free to set the elevation as high as necessary.

COMPRESSOR MAINTENANCE

Compressor installations and most other equipment
may be located either in open areas of the plant or in
structures that have a roof only or a curtain wall or are
completely enclosed. For the plant layout designer,
client preference and climate conditions are the two
primary considerations that determine the inclusion
of compressor shelters. The fact that machines may be
either elevated or grade mounted creates a variety of
maintenance problems for the plant layout designer.

Compressor Maintenance Versus
Economics

Although operation and safety are important and must
be incorporated in the design of any facility, mainte-

nance and economic factors must also be considered
when in a compressor area plan. When dealing with a
horizontal split-case centrifugal compressor, the plant
designer must determine whether the compressor
should be elevated or grade mounted. Although a
grade-mounted machine sits on a relatively low con-
crete pad, with its lube oil console close by, this ar-
rangement also has its price. Suction and discharge
piping enters and exits the compressor case from the
top, which means that piping must be removed to
perform general maintenance on horizontal split-case
machines. When a condensing turbine is used as the
driver for such a machine. the exhaust piping, which is
also run overhead, must be removed. The support
steel required for top-connected compressors is gen-
erally more extensive, and it must be placed so that
maintenance of the machine is not hindered.

For an elevated compressor with condensing tur-
bine drive, the compressor suction and discharge
(with single stage or multistage) and the exhaust out-
let on the turbine remain in place during general
maintenance. Although an elevated structure requires
a greater initial capital expenditure, the on-stream
time over the life of the plant will be greater because
of shorter maintenance turnaround and shorter down-
time.

Maintenance Impact on Shelter or
Structure Size

Exhibit 4-28 illustrates how compressor maintenance
affects the size of the shelter or structure. Although
operational access often determines floor space re-
quirements, the height of a compressor house is
strictly a function of maintenance. Consequently, the
size of the maintenance area must permit the largest
single item to pass unobstructed from one end of the
building to the other and should be set as close to the
operating level as possible. The centerline elevation of
the hook that allows all items to pass through the
maintenance urea must be set. The hook elevation.
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A curtain wall is usually a four-
above the operating floor.

B

p
LN\ \\\ LN AN

sided structure with all four sides open 8 ft (2.6 m)

Totally enclosed structures usually have siding on all four sides from grade level up. This
generally is done in severe climates.

All maintenance is handled
layout stage to allow the 1
system, if at all possible.

by a traveling crane. A clear area is reserved during the
argest piece to be removed without dismantling any piping
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EXHIBIT 4-29
Grade-Mounted
Centrifugal Compressor:
No Shelter

plus the maximum lifted load, determines the depth of
the trolley beam. The elevation of the building’s eave
is then set by allowing sufficient space for the traveling
crane to traverse the length of the building as well as
for its routine maintenance.

Maintenance Considerations for
No Shelter

When developing a compressor layout that does not
require a structure or shelter, the designer must allow
adequate room for mobile handling equipment to lift
an item, raise it to clear all obstructions (including fire
hydrants, monitors, and light poles), and back away or
swing it to where it can be placed on another vehicle.
Exhibit 4-29 illustrates a grade-mounted centrifugal
compressor with no shelter.

This installation is usually the easiest to maintain
because all the components mayv be removed with
mobile equipment. If possible. the engineering con-

tractor should be informed of the type of mobile
equipment the client will use, as well as its lifting
capacity, to develop the optimum compressor lavout.
For top-connected horizontal split-case compressors,
break flanges must be provided in the piping to allow
the removal of the top half of the compressor case.

The installation in Exhibit 4-30 is an open-sided
structure with a roof. Component removal may be ac-
complished by mobile equipment or a traveling crane.
Adequate room must be planned for removing the
largest component both in the level 1 (grade-
mounted) and level II (elevated) installations.

The compressor arrangement in Exhibit 4-31 is a
curtain wall structure with four sides, open from the
operating level to a height of 8 ft (2,400 mm). This
arrangement is often found in temperate climates.
Maintenance is accomplished with a traveling crane.
The drop zone for the equipment may be within or
outside the shelter; if the drop zone is outside the
shelter. removable panels must be furnished and iden-
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EXHIBIT 4-30

Grade-Mounted or
Elevated Centrifugal
Compressor:
Open-Sided Structure

tified on the layout drawings.

The arrangement in Exhibit 4-32 is an open ele-
vated installation. Component removal may be accom-
plished with mobile equipment or a traveling gantry,
which rides on two rails along either side of the ma-
chine. A structure must be provided to carry the rails
out to the equipment drop zone.

Process Plant Layout and Piping Design

The arrangement illustrated in Exhibit 4-28 is for an
elevated multicompressor structure; it can be
equipped with a curtain wall or totally enclosed. A
clear area must be planned early in the layout stage to
permit any machine to be maintained without disturb-
ing the piping or components of the other compres-
sors. The maintenance sequence for a multicompres-
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SOr arrangement is shown in Exhibit 4-33 and is * The item is lowered to grade, where maintenance
detailed as follows: may be performed, or set on a flatbed truck for

removal.

* The clear area allows the mobile equipment to tra-
vel to and from the drop zone.

* The component s lifted by the traveling crane and is
passed through the clear maintenance area.

* It is brought to the drop zone above the operating
floor level. If the client prefers to maintain the component on the




EXHIBIT 4-32
Elevated Centrifugal
Compressor: No Shelter
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EXHIBIT 4-33. Maintenance Sequence
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I. Piece to be maintained is lifted and passed through this area.

IL. It is then brought to the drop zone area.

LIl The piece is lowered to grade or onto a vehicle for removal
from the compressor structure.

IV. The clear area allows the vehicle to pass free of any
obstruction (e.g., equipment, piping, fire monitors, and light
poles).

Some maintenance may be done on the operating floor, but the

floor must be designed accordingly.

operating deck level, an adequate area must be pro-
vided and the structural engineers must be notified of
the size and weight of the largest item that will be scr
onto the deck.

Maintenance of reciprocating compressors  for
open and enclosed installation is shown in Exhibit
4-34. Although it is common to use permanent han-
dling facilities (eg., traveling cranes) for enclosed in-
stallations, another option is available. If the structural
engineers provide removable panels in the roof. mo-
bile equipment may be used to facilitate component
removal. %

Another important feature regarding reciprocating
compressor maintenance is shown in Exhibit 4-35. A
clear area must be provided in line with each com-
pressor cylinder to permit cvlinder removal_during
the maintenance cycle. The area berween mo mit-
chines must be common for both ovlinders.

COMPRESSOR ARRANGEMENT
AND LOCATION

No Shelter

Because many acceprable variations of a centrifugal
compressor area are possible. the version presented
in Exhibit 4-36 must be explained. Briefly. the area
includes three centrifugal machines with separate
lube 0il consoles (driven by condensing steam tur-
bines), two inter-coolers, three suction drums. a sur-
face condenser, and two vertical condensate pumps.
Because there are three condensing steam turbines
operating at low steam pressure, minimizing the
length of the exhaust line to the surface condenser
should be one of the first goals a layout designer con-
siders. The surface condenser is located just to the
south of the compressor operating platform. The lube
oil console for compressor 1 is located to the west of
the surface condenser, which permits the return line
to drain to the oil reservoir without obstruction. Con-
sequently, the area directly east of the surfice con-
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EXHIBIT 4-36
Centrifugal Compressor
Area: No Shelter
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denser can be used to pull the tube bundle.

The vertical condensate pumps are located just to
the south of the condenser and should straddle the
centerline of the hot well outlet nozzle. The distance
between the condenser and the pumps is dictated by
pump operation and maintenance requirements as
well as piping flexibility.

The suction drums for compressors 1 and 2 are
located along the equipment line just to the west of
the operating platform. Often, the outlet line of the
suction drum to the compressor suction nozzle re-
quires a flow meter with straight run lengths upstream
and downstream. This arrangement permits the natu-
ral configuration of the line to satisfy the meter flow
requirements.

The intercooler for compressor 1 is located at
grade below the platform, with clear access to the

south for tube removal. The lube oil console for com-
press 2 is located just to the east of the compressor at
grade level be low the operating platform. If there is
insufficient room to maintain the console, removable
grating must provided at the operating platform
level, which prohibits any other use for this area.

Compressor 3 has an inter-cooler mounted directly
below the machine, which is supplied by the vendor.
Again, ample access must be provided for tube re-
moval. The lube oil console for compressor 3 is lo-
cated just outside and clear of the operating platform
to the east. Again, a free-draining oil return line to the
console must be provided. The suction drum for com-
pressor 3 is on the equipment line to the east of the
operating platform.

Access to the operating platform is by two stairways
at opposite ends of the area, allowing emergency exit.
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EXHIBIT 4-37
Reciprocating

Enclosed Structure

Each machine has a control panel that is placed along
the north edge of the operating platform. Because
there is no shelter over this particular area. all major
maintenance is handled by mobile equipment.

Enclosed Structure

The arrangement shown in Exhibit 4-37 consists of
three electric motor—driven-reciprocating compres-
sors as well as air blowers, suction drums, inter-cool-
ers, control panels, and one lube oil console. Because
the compressors are two different sizes. the electric
motors have been lined up 1o permit the power-supply
conduit to run straight east and west, regardless of

Process Plant Layout and Piping Design

whether it runs dire{ctly below the operating platform
or below grade.

Compressor 1 has three cylinders with a separate
lube oil console that is located directly to the north,
below the operating platform. A removable section of
the platform should be provided for maintenance
above the unit. This area must be kept clear of any
obstruction.

Compressors 2 and 3 are identical four-cylinder
machines that have integral lube oil consoles mounted
directly onto the compressor frame. Each compressor
has a control panel located along the north wall,

An area along the north compressor wall is re-
served for the valve stems, which are located below

Compressor Area: Totally
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the floor and extend to a distance of approximately 3 ft
(1,000 mm) above the platform floor. A sleeper runs
east and west outside the north wall for all compressor
piping, which vibrates a great deal because of recipro-
cating compressor operation and therefore must be
run as close to grade as possible. If the operating
valves are located outside the building, a carwalk
should be provided to allow access during operation.
The suction drums and inter-coolers are located
across from the sleeper area.

In a totally enclosed building, all compressor main-
tenance is handled by traveling crane. The operating
floor stops one bay before the east wall, which allows
for a drop zone for maintenance. Mobile equipment
must be brought into this area from the south or east
Roll-up doors are generally provided for this purpose.

Each of the three electric motors requires air from
the outside to cool the motors. Electric motors within
buildings do not always require this type of cooling.

Access to the operating area of this structure is ac-
complished by stairway and doors along the north
wall both at the west end and close to the east end and
on the south wall at the west end. An additional stair-
way at the east end permits operators or maintenance
personnel to enter the drop zone or to access the area
under the operating floor.

ELEVATIONS OF MACHINES

This section deals with the problems that must be
addressed when the elevations of both centrifugal and
reciprocating compressors are set. When separate
lube oil consoles are used, a free-draining line from
the machine to the lube oil reservoir must be main-
tained.

Centrifugal Compressors

The type of driver and associated equipment items as
well as the straight run requirements of the compres-

sor inlet piping are the major factors that set the final
elevation of the machines. Exhibits 4-38 and 4-39 illus-
trate the following:

* Arrangement A shows bottom-mounted nozzles,
* Arrangement B shows top-mounted nozzles.

* Arrangement C shows a surface condenser mounted
directly below the turbine, which is common when
only one turbine is being serviced.

* Arrangement D shows a top nozzle that allows the
exhaust steam line to run to a surface condenser
servicing multiple turbines, as shown in Exhibit 4-2.

By selecting compressor arrangement A or.B and
placing its match line against the turbine match-line
arrangement C or D, a designer can review the gov-
erning criteria for setting machine elevations (see Ex-
hibit 4-40). In addition, consideration must be given to
miscellaneous equipment (eg., as shown in arrange-
ment A of Exhibit 4-38).

Reciprocating Compressors

Reciprocating machines are located as close to grade
as possible because of the extreme vibration in the
piping system. This minimum elevation is established
by the following steps that describe Exhibit 4-41:

1. Sleeper—Usually setat 12 to 18 in (300 to 450 mm)
above grade.

2. Header size—Established on the piping and instru-
mentation diagram.

3. Minimum distance required to enter the header
with the largest line to and from the compressor.

4. The pulsation dampener—Designed by the com-
pressor vendor.

5. Minimum clearance required between the damp-
ener and floor steel.

6. Maximum depth of floor steel—Set by the struc-
tural engineer.

SN S T R
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EXHIBIT 4-38
Setting Elevations of
Centrifugal Compressors

&
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Compressor Drive Elevation EXHIBIT 4-40
Arrangement Arrangement Governed By Remarks Criteria for Setting
Machine Elevations
A C C
A D A
A Electric motor A Motor not shown
B C C
B D NA Usually grade-mounted arrangement
B Electric motor NA Usually grade-mounted arrangement, motor

not shown

EXHIBIT 4-41
Setting Elevations of
Reciprocating
Compressors

af

eLeepea__ @ |
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7. Dimension from the centerline of the dampener to
the face of the nozzle—Set by vendor.

8. Bottom of the compressor baseplate to the cen-
terline of the compressor shafti—Set by the vendor.

INTER- AND AFTER-COOLERS

Inter-coolers Coolers are primarily used to reduce
the operating temperature within a compressor cir-
cuit, which allows the use of a smaller machine with
fewer cylinders. These coolers may vary in size and
type (e.g., shell and tube, air coolers, and U-tube) and

Process Plant Layout and Piping Design
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should be located as close to the compressor as prac-
tical. In some reciprocating compressor arrangements,
the coolers may be mounted on and directly over the
compressor by the vendor, but thev are usuallv lo-
cated by the engineering contractor close to the ma-
chine or stage suction drum. Exhibit 4-42 shows a
centrifugal compressor with its inter-cooler and inter-
connecting piping between stages as supplied by the
vendor. Exhibit 4-43 shows a reciprocation compres-
sor with all components, including the inter-cooler.
supplied separately by the contractor. Further refer-
ence o this can be seen in Exhibit 4-36, where the
intercooler to compressor 1 is mounted separately at
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grade, parallel to the compressor shaft. The inter-
cooler to compressor 3 is mounted at grade, perpen-
dicular to the centerline of the shaft, and is supplied
by the vendor.

After-coolers  After-coolers are used to reduce the
operating temperature of the gas when it leaves the
compressor, whether it continues through additional
process equipment or enters a pipeline in which it
must have a specific temperature. After-coolers may be
located farther away from the compressor than shown
in Exhibit 4-37 because the primary piping does not
return to the cooler. Exhibit 4-44 shows a wpical after-
cooler piping and instrumentation diagram,

HOUSING AND PLATFORM
REQUIREMENTS

When a compressor is covered—opartially or totally
enclosed by a shelter or structure—manv elements
determine how the lavout must be approached. The
factors to consider are:

* Operation—The plant operations personnel need
room to walk safely around the machine. They must
have access to valves, switches, and gauges and must
be able to see all gauges, lights, and dials on the
control panels.

Maintenance—All principal components to be re-
moved during major maintenance must be able to
be lifted by the traveling crane, swung laterally to
the clear area (designated in Exhibit 4-33), and re-
moved from the building.

* Climate conditions—Installation in temperate cli-
mates may require only a roof that provides limited
protection from the elements. In warmer climates, a
curtain wall structure may be the right application. A
curtain wall has a complete roof and four sides that
are open from the operating level to a height of 8 ft
(2,400 mm). The roof blocks the sun for most of the

EXHIBIT 4-42 Centrifugal Compressor with
Inter-Cooler and Piping Between Stages

(s e

day while allowing cooler breezes to pass through
the structure. This installation may also be used in
areas with significant rainfall. Totally enclosed struc-
tures are usually provided in severely cold climates.
* Safety—The housing must have easy access through-
out, ample ventilation as protection from potentially
dangerous gas leaks, and a sufficient number of
doors and stairways in the event of an emergency.

* Economics—The area inside the building should be
large enough to satisfy all other factors and no
larger, unless specifically requested by a client to
accommodate future equipment within the struc-
ture.

Exhibit 4-45 shows how to size a building, regard-
less of what type of machine is used: the example is for




EXHIBIT 443 A Reciprocating Compressor with All
Components

=

a centrifugal gas compressor. The elements to be sized
are discussed in the following sections.

Floor elevation The operating floor elevation is es-
tablished by making all standard allowances around
and above equipment and providing the usual head-
room below all horizontal piping runs and conduits,
as shown by blocks E and F and Exhibit 4-45.

Building width The width of the building is estab-
lished by first allowing space for the largest compres-
sor train. There must be adequate room between the
steam turbine, lube oil drain piping, and any miscella-
neous piping that may be arranged along the adjacent
wall, as shown by block C in Exhibit 4-45. At the com-
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EXHIBIT 4-44 After-Cooler Piping and Instrumentation

Diagram
- teregcooie | |

pressor end, there must be sufficient room for the
operators and any routine maintenance, as shown in
block B. Although the operator must have access to the
front of the control panel, it may also be necessary to
allow access to the rear of the panel for maintenance,
shown as clearance D.

Building elevation The elevation of the building is
further established by determining the size of the clear
maintenance area (shown as X by Y). This area must
accommodate the largest single piece to be maintained
at 2 minimum elevation above all operating floor re-
quirements, shown as clearance A The alternative
maintenance area mav be used if this area is clear
throughout the length of the building.

Hook centerline elevation The layout designer de-
termines the centerline elevation of the hook. The
maximum lifted load must be supplied to the struc-
tural engineer or building contractor to furnish the
correct traveling crane. The eave elevation is then set
on the basis of the clearance of the crane selected.

-
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N 1 Sizing Criteria

wash water ingo the gas Stream 1o cleap compressor
blades, a5 shown in Exhibit 4.47
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Miscellaneous Piping Connections

The plant layout designer must review both the engi-
neering contractor and the vendor piping and instry-

Primary operating valve accessibility  Al] operat-
ing valves must be accessible to the operaror from
grade or the operating platform around the machine.
Valves that are physically out of reach may be made

"
(1 EXHIBIT 4-47

Wash.-Water Injection

accessible through extension stems or chain opera-
tors. Exhibit 4-50 shows some of these variations.

High-Press_u;e Steam Inlet Piping

To streamline |the high-pressure, high-temperature
steam inlet piping 1o the turbine, the plant layout de-
signer should review the compressor outline drawing
to locate the neutral axis, At this point, the turbine is
anchored to the steel frame. As depicted in Exhibit



EXHIBIT 4-48
Inlet Line Strainers

zlean ouT CONNECTION

EXHIBIT 4-49 Maintenance Break-Out Flanges EXHIBIT 4-51 High-Pressure Steam Inlet Piping

et ,4[ am 3

kg peney 1T 7
HIGH PRESSURE:
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4-51, locating the line anchor close to this point en-
ables the designer to generate a layout with a mini-
mum amount of leg, thereby satisfving the stress and
flexibility requirements in this particular system.

Straightening Vanes

When the straight run on the inlet piping is less than
desired, a straightening vane may be installed to
smooth the flows and improve the compressor perfor-
mance. These vanes must be in accordance with ASME
or American Gas Association standards. If use of vanes
can be tolerated, the length for any arrangement (as
illustrated in Exhibit 4-46) can be divided by four.

Reciprocating Compressor Piping

Poorly designed reciprocating compressor piping
causes pulsation that can reduce machine capacity and
increase horsepower requirements. Line design
should be simple and run as low to grade as possible
to facilitate support. Once the compressor piping has ‘
been designed, the proposed configuration is sub- '
jected to an analog study that may be done by the

Process Plant Layout and Piping Design




EXHIBIT 4-52

Compressor Line
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Compressor il’ipe Supports
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Line Branches sion of damagin vibrations by isola
All branches should pe located close to 3 line Support
whenever possible, Any
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tions, Operating
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0o0r steel, or building framing
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Drain Piping

Ample drain piping must be provided on suction and
discharge piping to avoid liquid carry-over into the
cylinders. On multistage machines, care must be taken
with the drain header system to avoid piping up a low-
pressure drain into a high-pressure header. Doing so
forces the higher-pressure liquids into the lower-pres-
sure cylinders. Compressors have small amounts of
gas leakage at the stuffing box, which is usually picked
up in the distance piece between the cvlinder and the
crankcase. Gas-tight distance pieces are used for such
hazardous materials as hydrogen. The piping and in-

Process Plant Layout and Piping Design

strumentation diagram should be carefully reviewed
to ensure that all vents and drains are properly de-
signed.

This chapter has given the plant layout designer a
variety of possible solutions to successfully develop a
comprehensive compressor layout. Maximizing effi-
ciency while minimizing original capital expenditures
and ongoing maintenance costs is a demanding task.
The close coordination and cooperation of equipment
and system engineers, an understanding of the client’s
needs and preferences, and designer creativity are all
necessary elements to achieve this goal.

.
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Generally, drums are cylindrical hollow steel vessels
used in process plants as intermediate containers that
receive liquid from distillation and condensing equip-
ment. Drums also collect liquid from vapor circuits
and pump it to other process groups, disposal, or
product storage. They are also used for chemical and
catalyst storage, steam generation, and deaeration of
boiler feed water. This chapter highlights the general
requirements for drum plant layout and provides in-
fgrmation required to locate nozzles, instruments,
piping, and controls for platforming and operator and
maintenance access.

TYPES OF DRUMS

The drums discussed in this chapter are process unit
drums that are used for refluxing, surge, suction, and
general liquid collection. Drums in these services can
generally be divided into two categories: horizontally
and vertically mounted. Drum internals are far less

CHAPTER

Drums

drum, and Exhibit 5-2 shows a horizontal reflux drum.

When specified, steam drums and deaerators are
usually furnished as a proprietary item. Lavout is lim-
ited to confirmation of nozzle and support locations to
suit piping and structural configurations and platform-
ing for operator and maintenance access. Exhibit 5-3
illustrates a typical deaerator arrangement.

—

EXHIBIT 5-1 Typical Vertical Compressor Suction
Drum
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sophisticated than the components found inside the
distillation tower and are limited to demister pads,
baffles, vortex breakers, and distribution piping. Ex-
hibit 5-1 shows a typical vertical compressor suction Li@uip ouT
EXHIBIT 5-2
J:Guu_ow VAPoR ouTt Typical Horizontal Reflux
Drum
LiQuip LBVEL Level
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EXHIBIT 5-3 Typical Deaerator Arrangement
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LOCATION OF DRUMS

Drums are located within a process unit either adja-
cent to related equipment (e.g,, the reflux drum) or as
a standalone operation (e.g, a condensate collection
drum). When operating within process sequence of
related items (e.g., pumps, condensers, and towers),
the drum should be positioned to facilitate an orderly
and economic piping interconnection between itself
and those items.

Within the conventional inline process unit, drums
and their related items are generally located on either
side of a central pipe rack serviced by auxiliary roads
for maintenance access. In certain cases (e.g., for flash
drums and deaerators), drums can be located above
the pipe rack. In chemical plants, drums are generally
located at all levels of enclosed or open-sided struc-
tures. For example, Exhibit 5-4 shows the drum loca-
tion in a tower reflux system, Exhibit 5-5 shows the
typical location of feed surge and compressor suction
drums, and Exhibit 5-6 shows the drum locations in an
enclosed chemical plant structure,

Process Plant Layout and Piping Design

EXHIBIT 5-4 Drum Location in 2 Tower Reflux System
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EXHIBIT 5-5 Locations for Feed Surge and Compressor
Suction Drums
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EXHIBIT 5-6

Drum Locations in an
Enclosed Chemical Plant
Structure
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Elevation and Support

Similar to towers, drum elevations are dictated by the
NPSH, as illustrated in Exhibit 5-7, minimum clear-
ance, common platforming, and maintenance and op-
erator access. Within structures, especially chemical
facilities, drums could be elevated above the mini-
mum requirements of accommodate floor space avail-
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1
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ability. Drums for chemical collection systems are gen-
erally located below ground in concrete pits, as shown
in Exhibit 5-8.

Methods of support are influenced by the size and
location of the drum. Similar to towers, large vertical
drums are supported by skirts. If size permits, small
vertical drums may be supported by legs, as shown in
Exhibit 5-9. or by lugs if elevated within a structure, as
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EXHIBIT 5-7 Net Positive Suction Head Elevation
Requirements for a Horizontal Drum
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EXHIBIT 5-9 Sample Leg-Supported Drum
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EXHIBIT 5-8 Elevation Requirements for an
Underground Drum
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EXHIBIT 5-12 Drum Elevation Sketch
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shown in Exhibit 5-10. Horizontal drums are usually
supported bv saddles from concrete piers or steel
frames if elevated within a structure, as illustrated in
Exhibit 5-11. Leg-supported drums should not be used
in reciprocating compressor circuits.

The first step in drum layout is setting the height of

-+~ the drum. To do this, the plant layout designer re-
quires the following information:

¢ Drum dimensions.
* Type of heads.

~ e Support details.
.. ® NPSH requirements of pump.

*» Bottom outlet size.
* Minimum clearances.
* Location.

The centerline elevation of the drum, as illustrated
in Exhibit 5-12, was set using the following listed infor-
mation (it is recommended that a freehand sketch be
used for this exercise):

¢ Drum dimensions—4-ft (1,220-mm) diameter by 10-
ft (3,050-mm) length.

* Support details—Saddles and concrete piers.

¢ NPSH—9 ft (2,700 mm).

* Bottom outlet—4 in.

* Location—TFreestanding.

* Minimum clearance—7 ft (2,100 mm).

NOZZLE LOCATIONS

Drum dimensions, nozzle sizes, and, if required, inter-
nals are shown on the process vessel sketch furnished
by process engineering and included in the process

95

EXHIBIT 5-13 Typical Process Vessel Sketch for a
Horizontal Drum
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release package. Exhibit 5-13. shows a typical process
vessel sketch for a horizontal drum. The following
information is required in order to position drum
nozzles:

* Process vessel sketch.

* Instrument vessel sketch.

Piping and instrumentation diagrams.
Plant layout specification.

Nozzle summary.

Insulation requirements.
Plot plan.

Exhibit 5-14 depicts the preferred nozzle locations for
horizontal drums.

The preferred location for level instruments is away
from the turbulence at the liquid outlet nozzle. Al-
though the vessel is provided with a vortex breaker,
instruments should be set in the quiet zone of the
vessel—for example, on the opposite side of the weir
or baffle or near the vapor outlet end. Process nozzles
should be located a minimum from the tangent line.
Steam-out connections should be located at the end
opposite the maintenance access and vent in the bot-
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tom section of the drum. Pressure instruments should
EXHIBIT 5-15 Typical Hillside Nozzle be located anywhere in the vapor space, preferably at
the top section of the drum. Temperature instruments

L STANDARD P P

should be located anvwhere in the liquid space. pref-
NO22LE sTANDOULT erably at the bottom section of the drum. The vent
connection should be located in the top section of the
drum at the end opposite the steam-out connection.
The drain should be located in the bottom section of
the drum.

To facilitate specific elevation requirements for
level instruments or positioning a maintenance access,
nozzles may be located off the main axis, These noz-
zles are generally referred to as hillside nozzles. A
typical hillside nozzle is shown in Exhibit 5-15. Tall
vertical drum nozzles should be elevated and oriented
using the tower subject as a guide. It should be noted,
however, that nozzle locations are not restricted by
internal components, as is the case for the distillation .
tower. More information on vertical drums is available '
in Chapter 10, Towers.

The nozzles shown in Exhibit 5-16 were positioned

Process Plant Layout and Piping Design ' '
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EXHIBIT 5-16
Sample Nozzle Locations
and Elevations
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using the guidlines discussed in this chapter as well as * Piping and Instrumentation Diagram (P&ID)—Ex-
other information contained in this book. The infor- hibit 5-28.

mation required can be located as follows: Nozzle summary—Exhibit 5-13.

Plant layout specification—Chapter 2.
lnsulatiFn—No requirements.

[ ]

* Process vessel sketch—Exhibit 5-13.
* Instrument vessel sketch—Exhibit 5-29.

L]

Plot plan—Exhibit 5-4.
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Platforms are required at drums for access to valves,
instruments, blinds, and maintenance accesses. Ex-
hibit 5-17 illustrates a platform arrangement at a hori-
zontal drum, and Exhibit 5.18 displays the arrange-
ment for a vertical drum,
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For tall vertical drums, platforms are usually circu-
lar and supported by brackets attached to the shell of
the drum. Platforms at horizontal drums are usually
rectangular and are supported by brackets attached to
the concrete piers supporting the drum or trunnions
antached to the shell of the drum, or by structural steel
supported from grade. Drums located in structures, if
size permits, use the structure floor for access to con-
trols. Top head platforms on horizontal and vertical
installations are supported by trunnions attached to
the vessel head. Generally, access to freestanding
drum platforms is by ladder. Typical drum platform
arrangements are shown in Exhibit 5-19.

Platform elevations for drums are set by the items
that require operation and maintenance. On tall verti-
cal and high elevated horizontal drums, the platform
elevations are determined by a maximum ladder run
of 30 ft (9,150 mm). Exhibit 5-20 illustrates horizontal

drum platform and ladder elevation requirements.
Platform floor space requirements are dictated by op-
€rator access to controls, instruments, and mainte-
hance accesses. Exhibits 5-21 and 5-22 show platform
floor space requirements for horizontal and vertical
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. EXHIBIT 5-19 Typical Drum Platform Arrangements
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installations. For tall vertical drums, platforms should
be arranged using the tower subject as a guide; this is
covered in Chapter 10.

Exhibit 5-23 depicts a horizontal drum platform ar-
rangement that was designed using the guidelines in
this chapter. This information can be found as follows:

* Process vessel sketch—Exhibit 5-13.

* Drum elevation—Exhibit 5-12.

* Plot plan—Exhibit 5-4.

* Type of support—Saddles and concrete piers.

PIPING ARRANGEMENTS

Piping at drums should be arranged in conjunction
with nozzle locations, platform arrangements, and the

Process Plant Layout and Piping Design

drums’ location to related equipment. Piping should
be positioned to facilitate the installation of supports,
with sufficient flexibility to absorb any excessive
stresses during operation. Piping at tall vertical drums
should be arranged in accordance with the guidelines
given in Chapter 10.

If required, pipi&xg at horizontal freestanding
drums should be supported from the shell of the
drum, the platform steel, or the concrete piers sup-
porting the drum. Piping associated with drums lo-
cated within structures should be supported from the
structural steel. Exhibit 5-24 shows typical pipe sup-
ports at a horizontal drum, and Exhibit 5-25 shows a
typical pump suction arrangement.

Relief valves that are open to0 the aunosphere on
low elevated horizontal or vertical drums should be
positioned to allow the discharge piping to be routed

———— ~——

—
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EXHIBIT 5-22 Vertical Drum Platform Floor Space Area EXHIBIT 5-23 Horizontal Drum Platform Arrangement
Requirements
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EXHIBIT 5-25 Pump Suction Arrangement
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to a convenient, safe location. Closed system relief
valves should be located at a convenient platform adja-
cent to the drum above the relief valve header. Relief
valve inlet piping more than 20 ft (6,100 mm) long
should be checked by the systems engineering group
to determine whether the line size needs to be in-
creased for pressure drops. Exhibit 5-26 shows tvpical
arrangements for both systems.

The piping arrangement shown in Exhibit 5-27 was
designed using the guidelines in this chapter. The re-
quirements can be found as follows:

* Process vessel sketch—Exhibit 5-13.

* Nozzle locations—Exhibit 5-16.

* Instrument vessel sketch—Exhibit 5-29.
* P&ID—Exhibit 5-28.

* Equipment arrangement—Exhibit 5-4.
Platform arrangement—Exhibit 5-23.
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EXHIBIT 5-26 Relief Valve Systems
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* Nozzle summary—Exhibit 5-13.
* Drum elevation—Exhibit 5-12.
* Plant layout specification—Chapter 2.

The sample piping and instrumentation diagram dis-
cussed in this chapter is illustrated in Exhibit 5-28.

DRUM INSTRUMENTATION

Level, pressure, and temperature instruments are used
to control the operation of the drum and should be
placed in a position for optimum operation and main-
tenance. Instrument requirements are usually high-
lighted on an instrument vessel sketch furnished by
the instrument engineer assigned to the project. Ex-
hibit 5-29 is a typical instrument vessel sketch.

Level controllers, switches, and gauges are either
located individually or grouped from a common
bridle or standpipe. The controller must be operable
from grade or a platform; switches, gauges, and pres-
sure and teiperature connections may be operable
from a ladder if no platform is available at the re-
quired elevation.

The instrument arrangement shown in Exhibit 5-30
was designed using the guidelines in this chapter as
follows: :

* Nozzle locations—Exhibit 5-16.

* Instrument vessel sketch—Exhibit 5-29.
* Platform arrangement—Exhibit 5-23.

* Piping arra!ngemem—Exhibil 5-27.
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; TJo ATVeSpLERE EXHIBIT 5-28
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L' EXHIBIT 5-30
Instrument Arrangement |
=l |
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EXHIBIT 5-31 Sample Horizontal Drum Davit : EXHIBIT 5-32 Drum with Mixer l
Arrangement
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3
“ TOR
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B O EXHIBIT 5-33 Typical Drum Boot Layout
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\. For Accesy T Boor
Maintenance of drums is limited to removal of such ol —
exterior components as large relief or control valves ‘s .

for offsite repair. Handling of these items can be
achieved either by fixed davits or by mobile equip-
ment. Davit arrangements for twll vertical drums :
should be in accordance with tower requirements. Da-
vits are not usually furnished at horizontal drums; if
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-
-
« |1
el _J
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EXHIBIT 5-34

NozZzLe$ ¢ SADDles Sample Sloping Drum
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1¥v~required, they should be arranged in accordance with

those in Exhibit 5-31.

Removal space should be provided above drums
furnished with mixers. If the drum is located within a
structure, a removable section of the floor above
should be provided. Exhibit 5-32 illustrates a drum
with a mixer.

FURTHER CONSIDERATIONS

For various process reasons, horizontal drums often
are furnished with what appears to be a small vertical
drum, called a boot, attached to the underside of the
vessel. Because the boot is inaccessible to the main
drum platforming, special consideration must be

given to the arrangement of additional platforming for
access to the instrumentation on the boot. Exhibit 5-33
shows a typical drum boot layout.

In certain cases, drums must slope, as shown in
Exhibit 5-34. If the nozzles are not perpendicular to
the horizontal plane, all vertical piping runs from
these nozzles must be calculated because thev will be
offset at an angle.

The dimensions, clearances, and guidelines high-
lighted in this chapter are an example of what can be
used for drum arrangement. The plant layout designer
should be familiar with company and client standards,
however, before proceeding with drum layout and
should coordinate the effort with such supporting
groups as vessel, systems, process, and instrument en-
gineering.






Heat exchangers are similar to pumps and vessels in
that they are widely used in most process plants. The
control of heat within any facility is an important part
of plant operation, whether by direct application (eg,
in a furnace) or by heat interchange (e.g., in a shell
and tube exchanger). The principal application of a
heat exchanger is to maintain a heat balance through
the addition or removal of heat by exchange with out-
side sources or between streams of two different oper-
ating temperatures.

This chapter highlights the general layout require-
ments for heat exchangers. It also identifies the infor-

CHAPTER

Exchangers

mation required by the plant layout designer to locate,
elevate, operate, and maintain the most common ex-
changers and to position the piping and controls asso-
ciated with these items. The most common applica-
tions for heat exchangers, illustrated on a process flow
diagram in Exhibit 6-1, are:

* Cooler—Cools process streams by transferring heat
to cooling water, atmosphere, and other media.

* Exchanger—Exchanges heat from a hot to 2 cold
process stream.

* Reboiler—Boils process liquid in tower bottoms us-

i EXHIBIT 6-1
CONDENSER Exchanger Applications
Shown on a Process Flow
Diagram
iy
STEAM ——
oo
AR
bt
HEATER
f
EXCHANGER WATER
;; PRrocess
‘
Sstouts
2I1EAM CHILLER
REFRIGERANT
' — -
] I— |
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EXHIBIT 6-2 Common Heat Exchangers

a. Shell and Tube Exchanger

b. Plate Exchanger

€. Air Cooler Exchanger 'l

ing steam, hot oil, or a hot process stream as the

awures by evapor\atmg a refrigerant. 'l
heating medium.

i
* Heater—Heats a process stream by condensing

[ EXCHANGER CONSTRUCTION : l
steam. ’

4 Condenser—Condenses vapors bV [ransferring heat The most common heat exchangers used in process-
o cooling water, atmospheric air, or other media, ing facilities are illustrated in Exhibit 6-2 and dis-
* Chiller—Cools a process stream to very low temper- cussed in the following sections. l
I
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EXHIBIT 6-4 Kcy‘ltcms for a Typical Shell and Tube Exchanger
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; Shell and Tube Exchangers welded steel plates for the larger sizes. Tube bundle

\

Shell and tube exchangers are elongated steel cylin-
drical vessels containing bundles of parallel tubes. Lig-
uid passes through the inside of the shell over the
exterior side of the tubes, with another liquid passing
through the interior of the wbes, causing the neces-
sary interchange of heat between the two liquids. The
heads at the ends of the exchanger can be designed to
accommodate several passes on the tube side. Multi-
ple passes on the shell side can be achieved by install-
ing baffles parallel to the wbes. Baffles may also be
installed inside the shell, perpendicular to the tubes,
to direct the liquid in the shell against the tubes. Multi-
ple passes are used to increase the fluid velocity or to
improve the flow path, causing increased heat recov-
ery. Exhibit 6-3 shows an exchanger with two passes
on the tube side and one on the shell side.

The shells of most heat exchangers are constructed
of seamless pipe for small diameters and shaped

sizes can vary from 8 to 96 in (200 mm to 2,400 mm) in
diameter and from 6 to 50 ft (1,800 mm to 15,000 mm)
in length. The ends of the shell can be designed 10
accommodate welded, dished, or flanged shell covers
as well as flanged or welded heads. Both the tube side
and the shell side of the exchangers have inlet and
outlet nozzles positioned to provide the required flow
through the exchanger. The unit is supported at the
shell by anached saddles for horizontal installations
and by lugs, for vertical arrangements. Tube bundles
are made up of many small-diameter tubes that are
expanded into tube sheets at each end of the bundle.
One end is usually fixed; the other is allowed to float
for expansion. For the more simplified U-tube ar-
rangement, only one tube sheet is used, which is inte-
grated with the channel head. Exhibit 6-4 shows a typi-
cal shell and tube exchanger identifying the key items
of construction.

With many shells, shell covers, and head covers
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available, exchangers can be arran ed in various com-
EXHIBIT 6-5 Typical Shell and Tube Exchanger 8 8

Arrangements binations to provide a wide range of services. The U-
tube, fixed tube, and kettle arrangements are jllus-

A i trated in Exhibit 6-5.

Plate Exchangers

Plate exchangers, shown in Exhibit 6-6, are generally
used in low-pressure, low-temperature applications

7 v ) and are made up of end covers, carrying bars, inlet

a U-Tube

and outlet nozzles, plates, and gaskets. The exchanger
plates have spacing between them for liquid flow. A
gasket, set into channels on the periphery of each
plate, directs and contains the liquid flow distribution.
Ports for inlet and outlet of both hot and cold liquids
are stamped into the corners of each plate. When
aligned, they form four distribution headers through
the plate pack. Distribution of hot and cold liquids to
alternate plate flow channels is achieved by the gasket-

& : ExPAm oo ing pattern around each port. When the liquid is in-
T — tended to flow through to the next plate, the gasket is
— left intact around the port. Alignment is achieved by
b. Fixed Tube top and bottom carrying bars and slots in each plate.

When completely assembled, the plate pack and gas-
kets are compressed by bolts between the two covers.
Support is provided by the fixed end cover and carry-
' T,LL 1T ing bar. The plate exchanger requires less installation

&

v ! and servicing space than do shell and tube arrange-
“ ments of equivalent surface.
Spiral Heat Exchangers
: &) ‘ Spiral heat exchangers are generally used in chemical ¢

i plants and are of circular construction, consisting of an
assembly of two long strips of plate wrapped to form a

c. Kettle pair of concentric spiral passages. Alternate edges of

the passages are closed, so that liquid flows through

continuous channels. Removable covers are fitted to

each side of the spiral assembly for access to the spiral

plate. As shown in Exhibit 6-7, the inlet and outlet

nozzles are integral to the plate housing and the cov-

ers. The unit is supported by legs attached 1o the plate

4,........_“.._., B SIN OGN NN N0 BON NN BN e
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EXHIBIT 6-6

EI ATE pack Plate Exchanger
1 Construction

CANPRESS | o] ag,}—_

housing for horizontal installations and by lugs for

» COVER W
' \~ J -
[ M
; % . /
covaying Pz,
EXHIBIT 6-7 Spiral Exchanger Construction

vertical installations. Similar to the plate exchanger,
the spiral exchanger is compact and requires less in-
stallation and servicing space than conventional ex-
changers of equivalent surface.

Double Pipe Exchangers

The double pipe, or fin-tube, exchanger is used when
one liquid has a greater resistance to heat flow than
another or when the surface area is small. In such
cases, the addition of fins to the inner pipe evens out
the resistance to heat flow of the two liquids. As shown
in Exhibit 6-8, the double pipe exchanger consists of a
pipe within a pipe; both pipes have a return bend at
one end. The inner pipe is fited with fins; the outer
pipe acts as the shell. The shell nozzles are mounted
vertically from the outer pipe, and the tube nozzles
are directly welded to the inner pipe ends. The units
are generally supported horizontally by brackets at-
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SHELL PPE FINNED INNER SHELL EXHIBIT 6-8 ;
coVER PiPE Noz2LE Double Pipe Exchanger '
Construction
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; Air Cooler Exchanger
FAN HOWSING / Construction
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tached to a foundation or to the side of other equip- installed and located side by side.

ment supports. Air is circulated by multiblade propeller-type fans
that provide forcedTor induced drafts. Fans can be

. supplied with eitherfdjustable-speed or variable-pitch
Air Cooler Exchangers blades. The fan blade pitch can be changed to vary the
air-flow rate to compensate for rising or falling air
temperatures. Air coolers supplied with multiple fans
may be operated with some of the fans shut down.

Air cooler units are entirely different from the previ-
ously mentioned arrangements in that the cooling
agent used is circulating air instead of a liquid. As seen

in Exhibit 6-9, an air cooler unit consists of fin-tube Dampers, baffles, and bypasses can also be used to
bundles with a header box attached to each end, sup- further control Ziquiioutlet temperature. For elevated
ported horizontally by a steel frame or structure. For installations, platforms are generally furnished for ac-
the single-pass arrangement, the inlet nozzles are cess to header boxes and motors. '

mounted on the top of the header box: the outlet
nozzles are at the opposite end and mounted on the j
bottom of the header box. For the double-pass ar- EXCHANGER LOCATION AND SUPPORT
rangement, the outlet nozzles are located at the same |
end as the inlet nozzles. For additional surface area,
more passes can be added or additional units can be

Heat exchangers are' located within the conventional
process unit plot areg, close to related equipment, to

o
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EXHIBIT 6-10
Typical Plot Plan of
Several Exchanger
Applications

EXHIBIT 6-11
Sample Exchanger
Orientation
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EXHIBIT 6-12 Sample Single and Paired Exchanger
Installation
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EXHIBIT 6-13 Parallel and Series Exchanger
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EXHIBIT 6-14 Sample Structure-Mounted Exchanger
Installation
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Support economic pipe runs, flexibility, process re-
quirements, and operator and maintenance access.
Support of the equipment (e.g, for air coolers or verti-
cal reboilers) can also influence heat exchanger loca-
ton. Exhibit 6-10 depicts a npical plot plan with sev-
eral heat exchanger applications. Horizontal shell and
tube exchangers Fhould be positioned so that the
channel end faces! the auxiliary road or maintenance
access way for tube bundle removal with adequate
space provided at the front end of the exchanger for
bonnet removal. This exchanger orientation is shown
in Exhibit 6-11.

Exchangers can be located as single items, in pairs
(this is the most common installation), or in larger
groups when no intermediate.control is required be-
tween the shell and wbe streams. The single and
paired installation is shown in Exhibit 6-12. Paired ex-
changers may operate in series, parallel, or dissimilar
services; grouped exchangers operate only in series or
parallel. Exhibit 6-13 shows samples of parallel and
series exchanger installations.

Paired or grouped exchangers should be spaced to
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allow a minimum of 18 in (450 mm) between the
outside of adjacent channel or bonnet flanges to facili-
SPACE ERAME tate access to flange bolts for maintenance. Space
. should be provided on either side of paired exchang-
ers and at both ends of grouped exchangers for con-
trol and operator access. Exhibit 6-14 illustrates a
structure-mounted installation and its required access
areas.

Horizontal exchangers may be stacked to a pre-
ferred maximum top shell centerline elevation of 12 ft
(3,600 mm) from grade or platform, as depicted in
Exhibit 6-15. Stacking of exchangers above this height

\\ ! \ may require platforming for access to channel and
SAME SERVICE \ SAME SEVICE bonnet flanges and fixed handling devices.
DsIMILAR SERVICEN Horizontal shell and tube exchangers may be lo-
cated at grade or elevated in steel or concrete struc-
tures when process requirements or space availability
dictate. Support of horizontal exchangers, as shown in
Exhibit 6-16, is by saddles attached to concrete piers
for grade-mounted installations and by saddies at-
DAVIT tached to steel frames in elevated installations. When
possible, supports should be inline for common foun-
dation design.

If process requirements permit, shell and tube ex-
changers can also be mounted in a vertical position,
supported by lugs and tower nozzles in a tower-sup-

EXHIBIT 6-15 Stacked Exchanger Installations

-

£

EXHIBIT 6-16 Typical Horizontal Exchanger Supports

' " ported installation (as shown in Exhibit 6-17), within

A @ [12/%00 concrete or steel structures (as shown in Exhibit 6-18),

K. A ' N MG and by concrete piers (as shown in Exhibit 6-19). The
CONCRETE 3%y crEARANCE same considerations for maintenance, .cont.rol, mq op-
PiERs SOTSI0E oF erator access should be given for vertical installations

FLANGE oR

as are for horizontal installations.
INSULATION

An important feature to remember when working

o with tower-supported vertical reboilers, not requiring .
MiN{MUM Dodble PiPE springs, is highlighted in Exhibit 6-17A.
ExcHANGER) 1. The layout designer must set the reboiler sup-
4 port lug elevation 1 in/.025 above the platform
steel, and not at the steel elevation.

REE 2. Before maintenance, the 1-in/.025 gap will be
suo2n shimmed, thereby enabling the reboiler load to
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EXHIBIT 6-17A
Tube Bundle
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EXHIBIT 6-18
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REMovVAL AReA

Vertical Installation

MINIMJM
LW
4-0 /I.Qoau
= (TYP)
Lues - elo'/igoo
MAXIMU M
1 - ——F
& \
' PLATFORM
1
1 '
N
o 12-0"/9600 MAXIMUM
18" /450 WITHOWT PLATFORM
MINIM UM 30900 MiNIMUM
T~

be carried by the platform steel during mainte-
nance turnaround.

3. The nozzle and channel flange will be unbolted
and the channel section removed.,

4. The tube bundle is then ready to be removed.

Spiral and plate exchangers can operate in series or
parallel, but, because of their configuration and main-
tenenace requirements, it is preferable to position
them as single items. Space is provided at both ar-

rangements for control and operator access, with
enough room allowed at the spiral exchanger to swing
the cover plates open, as shown in Exhibit 6-20, and at
the plate exchanger to remove the individual plates, as
shown in Exhibit 6-21.

Air coolers are located adjacent to the equipment
that they serve for piping flexibility and maintenance.
They can be supported from grade, at the top level of
structures, or above pipe racks, which is the most
common installation. The tube bundle bank can be
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EXHIBIT 6-19
Pier-Mounted Vertical
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FORCED DrAFET EXHIBIT 6-23
AR coolLew Typical Leg-Supported
Air Cooler Arrangement
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supported by steel legs from the air cooler vendor or
by extending the pipe rack or structure columns to the
underside of the bank. Generally, the air cooler ven-
dor furnishes header box and motor access platforms.
Ladders are provided for exit to grade to suit maxi-
mum ladder runs and safety requirements. Exhibits

-22 through 6-25 show various air cooler support and
platform configurations, which include column-sup-
ported, leg-supported, fixed-platform, and traveling-

Process Plant Layout and Piping Design

i
platform arrangements.

When designing the air cooler configuration, the
plant layout designer must consider the source of the
supporting column. |As seen in Exhibit 6-26, arrange-
ment A, developed by the contractor, allows changes
to platforming and p pe support loading late in a proj-
ect without affecting the air cooler vendor's scheduled
delivery dates to the job site. In arrangement B, any
such late changes would cause the air cooler vendor
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FoprcED DRAFT EXHIBIT 6-25
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AIPPeRTING coluiad 2

EXHIBIT 6-26
Considerations for
Vendor- or
Contractor-Supplied
Supporting Columns

SUPPPRTING 2oluii By

:ourzoc-;og 1

to redesign the support legs or platforming, causing
delays in delivery and extra costs.

NOZZLE ORIENTATION

Nozzle orientation and location can affect the piping
configurations at most exchanger arrangements. A de-
cision by the piping designer to relocate the ex-
changer nozzles can often produce a neat and cost-
effective arrangement. Although the piping designer
does not have the freedom to independently relocate
exchanger nozzles, suggested alternate nozzle loca-
tions can be made to the exchanger engineer in the
interest of improving external piping arrangements—
for example, alternative B in Exhibit 6-27 highlights an

VENTOR L

improved arrangement by relocating exchanger noz-
zles. Exhibit 6-28 shows allowable nozzle configura-
tions.

Elbow or gooseneck nozzles are especially useful
in reducing the height of large stacked exchangers.
Exhibit 6-29 highlights the effects of using elbow noz-
zles on stacked exchangers.

Air cooler nozzle locations can also affect piping
configurations. A single-pass arrangement can make
the return piping on an overhead condenser very long
and can also increase the height of the air cooler.
Reorienting the air cooler or making the unit a dou-
ble-pass arrangement can improve the piping configu-
rations. Exhibit 6-30 shows alternative nozzle configu-
rations for air cooler piping.
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ELBow
NOZ2LE S

EXHIBIT 6-29
Effect of Elbow Nozzles
on Stacked Exchangers
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EXHIBIT 6-30
Alternative Air Cooler
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EXCHANGER PIPING

Exchanger piping must be routed in such a manner
that it meets economy, flexibility, support, and opera-
tion and maintenance access requirements. Piping at
shell and tube exchangers is positioned to allow ade-
quate space for removal of channel heads and shell
covers. The free space at the side of horizontal shells
can be used for placement of controls. Piping is ele-
vated a minimum distance from grade or platform to
provide operator headroom clearances, to offer ease
of support, and to meet designated pipe rack eleva-

tions. Large-diameter or more expensive piping can-
not be set to accommodate smaller or less expensive
piping. Piping connected to channel head nozzles
should be furnished with break flanges to facilitate the
removal of the channel head.

Piping at spiral and plate exchangers is also posi-
tioned to allow the opening of covers and the removal
of plates. Controls at the spiral exchanger are located
on the ends of the unit, clear of the cover plate swing
area. :deTx[ the front and on one side for the plate
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exchanger. Piping is elevated in a fashion similar to
the shell and wbe arrangements. Piping attached to
the cover plate nozzles of the spiral units is furnished
with break flanges. Piping at air coolers is not routed
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over wbe banks or fans and should be kept clear of
the designated spe*ce for motor maintenance. Exhibits
6-31 through 6-44 'show various piping configurations
for hear exchangers.

EXHIBIT 6-31
Piping Arrangement for
e Horizontal Shell and
—_— Tube Exchangers
>
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EXHIBIT 6-32

Piping Arrangement for
Underground Cooling
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EXHIBIT 6-42 Air Cooler Piping Configurations
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EXHIBIT 6-43
Overhead Piping
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EXHIBIT 6-44
Inlet and Outlet Piping
Arrangement for a

CPERATOK Product Air Cooler
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EXCHANGER MAINTENANCE

Like an automobile radiator, the internals of heat ex-
changers require periodic cleaning and repair. It is
important for exchangers and related components to
be positioned to facilitate access to their internal parts.

For the shell and wbe heat exchangers, the tubes
and the interior of the shell can be cleaned in place
with high-pressure steam or water and rodding de-
vices. If the design of the exchanger permits, the tube
bundie can also be removed for repair or cleaning.
Tube bundles and head and shell covers can be re-
moved by built-in fixed handling devices (e.g., davits,
hitch points, pulling posts), fixed structures with trol-
ley beams and traveling gantry cranes, or by mobile
equipment (e.g., cranes and hydraulic bundle extrac-
tors). Exhibits 6-45 through 6-48 provide examples of
tube bundle removal equipment. Considerable saving
can be achieved if the plant is serviced by mobile
equipment.

Air cooler units are not furnished with fixed han-

SUPPORT LoolNG
INLET PIPING
FROM PLATFORKM
STEEL

dling devices for removal of tube bundles. Minor re-
pairs (e.g.. tube plugging) are usually accomplished
with the air cooler in place; for major repairs, air
cooler sections are removed by mobile cranes, as
shown in Exhibit 6-49. Internal servicing at plate ex-
changers can be done manually. In the event of a tube
failure. individual tubes are closed by inserting a plug
through the end of the header box and hammering it
into place, as shown in Exhibit 6-50.

The use of tube bundle extractors eliminates the
need for permanent tube bundle removal structures,
with considerable saving to the plant. These mecha-
nisms weigh seven tons and are capable of pull forces
greater than 500,000 lbs. The extractor is lifted into
position by crane and clamped to the shell flange of
the exchanger, which is stripped for bundle removal.
Held in position by the crane and balanced by the
extractor’s leveling cradle, the bundle is pulled out of
its shell with pull rod atachments that use hydraulic
force. The whole unit is then lowered to grade and can
be relifted onto a truck for off-site repair or cleaning.
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EXHIBIT 6-45
Bundle Pulling Post

EXHIBIT 6-46
Fixed Structure with a
Trolley Beam
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1 TupgE LeENGTH EXHIBIT 647
TROLLEY BEAM +2'oM(Gio) Fixed Structure with a
Traveling Gantry
e

PULLING
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EXHIBIT 6-48 Removal of a Tube Bundle by Crane EXHIBIT 649 Removal of Air Cooler Sections with a
Mobile Crane
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EXHIBIT 6-53 Tower-Mounted Air Cooler

Exhibit 6-51 illustrates an elevated exchanger with the
extractor and crane in position for bundle removal.
Exhibit 6-52 provides details of a hyvdraulic tube bun-
dle extractor.

This chapter has highlighted the principal layout
requirements for the heat exchanger configurations

Process Plant Layout and Piping Design

EXHIBIT 6-54 Stab-In Reboiler
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most commonly used in process plants. A wide range
of items, however, can be identified as heat exchange
equipment for specific situations. Generally, these
items have design features similar to those for com-
mon applications. Care should be taken to arrange the
equipment so that the basic rules for exchanger layout
are followed. Exhibits 6-53 and 6-54 show examples of
more unusual heat exchanger equipment.




Furnaces, also referred to as heaters, are one of the
main pieces of equipment in a process complex. A
furnace may raise the temperature of a gas or hvdro-
carbon liquid to meet specific processing needs or, in
the case of pyrolysis and reformer furnaces, cause a
chemical or physical change to the medium. A circular
or box-type configuration is primarily used: variations
to each design are covered throughout this chapter. In
addition, because of the various types of furnaces, this
chapter covers some basics of furnace design and dis-
cusses how to approach a piping layout as it relates to
maintenance, operation, and safety.

BASIC OPERATION AND PRIMARY
PARTS OF A FURNACE

Exhibit 7-1 illustrates the basic makeup of a furnace. As
shown in this exhibit, the basic parts of a furnace in-
clude:

* The radiant section—Houses rows of horizontal or
vertical tubes that carry the product to be heated.

* Burners—These are primarily fired by oil or gas and
are located in the radiant section.

* The convection section—Located above or down-
stream from the radiant section. It houses rows of
horizontal tubes that are heated by the hot flue
gases.

* The stack—This is usually located above the convec-
tion section and carries the flue gases to the atmo-
sphere.

* Insulation—Lines the walled surfaces of the radiant
and convection sections.

The furnace operates in the following manner. Fuel
is fed to the burners located along the furnace floor. It
is then ignited by a pilot gas line located in the burner.
The combustion air flow is regulated by adjustment of
the air registers. For proper operation within a fur-
nace, a natural draft must be maintained. As the tem-

CHAPTER /

Furnaces

perature increases, the hot flue gas rises out of the
stack and begins to exert a negative pressure within
the radiant and convection sections. For optimum op-
eration, there should be a pressure of approximately
—0.35 in of water columns just inside the air register
of the burner. There should be a pressure of —0.2 in
of water columns at the furnace floor, with a further
drop to —0.5 in at the top of the radiant section, and
—0.7 in at the base of the stack. Maintaining these
levels ensures adequate air flow to the burner. Peep
doors are provided along the radiant walls to allow
plant operations personnel to view the burners while
making fuel flow adjustments. :

A product is introduced into the radiant tubes and
is heated to the maximum operating temperatures. It
then exits the furnace. Steam enters the convection
section tubes and is raised to a superheated tempera-
ture by the hot flue gases.

The damper, which is used to control the draft in
the furnace, is located in the stack. Adjusting the
damper controls the pressure balance within the fur-
nace. The stack height is determined by the draft re-
quirements of tfe furnace but may be adjusted. Draft
gauges are used to check pressure levels.

It should be understood that there are many vari-
ables to this description. Burners may be located in
the side walls or roof of the radiant section. Insulation
may be refractory brick, ceramic fibers, or a mineral
wool blanket. The product may flow into the convec-
tion section tubes, exit that section through crossover
piping, and flow through the radiant section. Multiple
furnaces may be tied to one common stack by breech-

ing.
TYPES OF FURNACES

The principal types of furnaces are box, circular, pyro-
lysis, and reformer.

Box-type Exhibit 7-2 shows a box-tvpe furnace that
houses rows of horizontal or vertical tubes in the radi-
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EXHIBIT 7-1
Basic Furnace Operation
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EXHIBIT 7-2 Typical Box-Type Furnace

ant section. The convection section is located down-
stream from the radiant section, where flue gas may
pass in an upward or downward flow. Rows of burners
are located in the radiant section; this is the primary
source of product heating,

Circular Exhibit 7-3 illustrates a circular furnace that
houses tubes mounted vertically or helically in the
radiant section. These furnaces are generally used for
such smaller duties as start-up heaters or reboilers.
Inlet and outlet connections are usually located at the
top or the bottom of the radiant section, depending on

S
EXHIBIT 7-3 Typical Circular Furnace

L RADWNT 5&6?05
1 .

the product being heated, and are located at one end
of the convection section.

Pyrolysis Exhibit 7-4 illustrates a pyrolysis furnace
whose product tubes are placed in the center of the
radiant section because of a relatively short residence
time, high heat transfer rate, and need for even tem-
perature distribution in the tubes. An integral waste
heat recovery system that employs the use of a steam
drum and a transfer line exchanger (T1X) is also
shown. Steam decoking is required to clean the inter-
nal walls of the process tubes.
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Reformer 1In a reformer furnace. shown in Exhibit

/-5, preheated process fluid flows through catalyst-
filled tubes. which are usually located in the center of
the radiant section, This tpe of furnace may have sin-
gle or muliiple compartments; burners may  bhe
mounted in the roof. wall, or floor. Heat recovery svs-

t€ms may also be emploved through the use of waste
heat boilers or the ¢

onvection section’s steam genera-
tion coils.

TERMINOLOGY

The following sections list common furnace terms.

Blowdown steam Blowdown steam is used for tube
cleaning or removal of products from the

inlet piping
in the event of fire.

Blowdown system A blowdown system is the piping

Process Plant Layout and Piping Design
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EXHIBIT 7-4

Systém used to carrv waste away

from piping or tubes
for disposal.

Breeching Breeching refers to the duct work that

collects flue gases along the furnace box outler for
transmission to the stack.

|
Supplied! with air and fuel necessary for
combustion, burners heat the product in the tubes in
the radiant section iof the furnace. The most common
tvpes of burners are &as: air and gas; air and oil or

gas: and oil, which requires air, oil, and atomizing
steam,

Burners

Burner management package This device is de.
signed to control such burner operations as monitor-
ing purge sequence, igniter and main fuel start-up,
pilot flame, main flame, and heater conditions. Limit-
ing devices are built into the package that shut down
the furnace if unsafe operating conditions arise.

Typical Pyrolysis Furnace
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Clean-out access doors  Access is provided to the in-
terior of the furnace for maintenance personnel.

Convection section This compartment houses rows
of primarily horizontal tubes located downstream
from the radiant section that are used for additional
heating in a process unit. Passing the hot flue gases
over these tubes can provide additional duty. Exam-
ples include preheating process streams, steam super-
heating, and additional steam generation. Provisions
must be made to remove these tubes for inspection,
repair, or replacement.

Crossover piping This piping interconnects the radi-
ant and convection sections and is usually furnished
by the furnace vendor.

Damper Located in the stack or duct, this device is
used to control drafts in the furnace. Dampers are
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EXHIBIT 7-§
Steam Reformer Furnace
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¢.
usually flat plates that rotate on a shaft resting on pil-
low blocks set in the steel shell, similar to a butterfly
valve.

Decoking The coke built up in many hydrocarbon
furnace tubes during operation is removed by inject-
ing steam and air into the tubes.

Draft gauge This instrument is used to check pres-
sure in a furnace.

Explosion doors In the event of an explosion in a
furnace, doors specifically designed to blow out and
protect against a major structural failure are provided;
they act like safety valves in a piping system.

Header A header is the fiting that connects mo
tubes in a flow pattern.
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EXHIBIT 7-6
T Pigrail Detail

4 2272 77AR A
1
¢ |
ILET HeaEQ [/ |
] i
/ J‘E&i'
/
/
z
K
END VIBW SIDE VIEW

NozZzZ RADY EXHIBIT 7-7
J%Un! Ds ;M Typical Radiant Coil

Zad
N\ ﬁ e W»r
| DqH&U&GEQ

I NNEZTIONS
I ﬂ“ﬂ%
(TYPical)

seaTem weuaton—4 41

-Q-=-Q§

]
T

E?—f?ﬁ:—#‘c g
~C

Process Plant Layout and Piping Design




e s ol s

Header boxes Most ends of tubes are connected by
U-bends that make inspection difficult. Therefore, spe-
cial return fittings with plugged connections are pro-
vided that permit inspection and cleaning. Because the
removable plugs are subject to leaking, all headers
must be completely enclosed in header boxes. Snuff-
ing steam is used to suppress fire in this area.

Peep doors  Small doors are provided in the wall or
floor of the radiant section to permit visual inspection
of burners during start-up or operation.

Pigtails  Small-bore flexible piping configurations
connect the radiant tubes to the inlet and outlet head-
ers, as illustrated in Exhibit 7-6.

Radiant section The main compartment of a furnace
is the radiant section, in which process streams are
heated, usually in vertical wbes, by heat from burners
mounted in the walls, roof, or floor.

Refractory The refractory is made up of insulating
bricks capable of withstanding high temperatures in
furnaces. »

Soot blowers Soot blowers are mechanical devices
that clean residue build-up on the exterior of the con-
vection tubes. They are usually furnished when oil-
fired burners are used.

Stack Located downstream from the convection sec-
tion, the stack is designed to carry flue gases directly to
the atmosphere or to divert them through secondary
ducts to an air preheating system. Stack elevations are
usually established by a furnace designer to operate

147
EXHIBIT 7-8
Combination Oil and Gas
Burner

on natural drafts. If the height of the stack is increased
to suit safety conditions, a fan must be added. If emis-
sion probes are needed in a stack, ladders and plat-
forms are added as required.

Snuffing steam  This is steam that is injected into the
combustion chambers or header box of a furnace to
suppress a fire.

Transfer line  The outlet of the process tubes are tied
into a piping header called a transfer line, which feeds
the main process tower.

Tubes Piping within the furnace carries the medium
to be heated. A tvpical radiant coil is shown in Exhibit
7.7.

“

BURNERS

Furnace suulcture and heat-release requirements are
the determining factors in the selection of the correct
burner design. Burners are fired by a wide range of
gaseous and| liquid fuels, and a variety of configura-
tions are usTd throughout the industry. It is recom-
mended that the designer take full advantage of all
burner data available from vendors to gain a greater
understanding of the operation and maintenance re-
qQuirements of each design.

The combination oil and gas burner is shown in
Exhibit 7-8. ?ome of the features of this burner in-

!

clude:
|

*Itis desigruled to fire horizonually or vertically.

* Oil spillage in the radiant section cannot cause
burner plugging.
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EXHIBIT 7-9 Maintenance Area for 2 Combination Qil
and Gas Burner
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* It bums any oil that can be pumped.
* It bumns any fuel gas safely and quietly.

* All pants of the burner can be inspected closely
while the burner is in operation.

Exhibit 7-9 shows the maintenance area that must
be provided when developing a layourt for a combina-
tion oil and gas burner. By shutting off the oil and
steam to the oil gun, the oil tip/atomizer assembly can
be changed while the heater is in operation.

The windproof gas burner, shown in Exhibit 7-10,

Process Plant Layout and Piping Design

EXHIBIT 7-10 'Windproof Gas Burner
o
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is easy to light and fires in any position. It requires no
combustion controls to maintain maximum efficiency.
The burner may be straight or L-shaped, according to
layout requirements.

Burners may be arranged in single or multiple
rows and located in the roof, wall, or floor, as shown
in Exhibit 7-11. Many burners are operated and con-
trolled Lhroughl the use of burner management
systems.

COMBUSTION AIR PREHEATING
SYSTEMS

The overall thermal efficiency of a furnace is improved
if the air that enters the radiant section around the
burners is preheated. Economic studies are per-
formed early in a project to determine the feasibility of
such a system. The two most common preheating sys-
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EXHIBIT 7-11
Sample Burner Locations
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lems are regenerative systems and recuperative sys-
tems.

A typical regenerative system is shown in Exhibit
7-12. Hot flue gas exiting the convection section is
diverted through a duct to a heat exchanger called an
air preheater. Incoming fresh air is heated and sent by
a forced draft fan to the burner plenum, where it en-
ters the burner through the air register for combus-
tion. An induced draft fan draws the flue gas through
the preheater and sends the cooled gas back into the
atmosphere through the stack.

A conventional recuperative (closed-loop) system
is illustrated in Exhibit 7-13. Oil is circulated through
the convection section tubes, heated, and sent through
the inlet air duct, where it releases its heat. The hot air
then enters the burner for combustion, and the hot oil
is recirculated to a storage tank for recvcling From a
layout standpoint, the hot oil system with a storage

t 3

tank and pump is far less complex than the regenera-
tive system.

GENERAL ARRANGEMENT OF
FURNACES

This section describes the general arrangement of var-
ious types of furnaces and discusses how operation
and maintenance affect furnace elevation, how to plan
all necessary access, and platform requirements, asso-
ciated equipment, and stack design. Exhibit 7-14
shows a typical arrangement of a circular furnace.

Setting Furnace Elevation

The location of burners and the possible need for air
preheating ducts are two primary factors to be consid-




150

—_—_—

EXHIBIT 7-12
Typical Regenerative
A System
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EXHIBIT 7-13
Conventional
Recuperative System
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EXHIBIT 7-14
’ Typical Arrangement of a
' ' Circular Furnace
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ered when the elevation of a furnace is established. If, valves is on the firing platform at the peep doors, not
as shown in Exhibit 7-15, the burners are floor beneath the furnace. When wall-mounted burners are
mounted, the elevation should be set high enough to used, the elevation of the furnace can be lower be-
allow an operator to walk freely under the furnace or cause there are no major maintenance or operational
ducting but not necessarily under all the burner requirements beneath the furnace to be addressed.
piping. Access for operation and maintenance is a major

The preferred location of the burner operating consideration in the development of a furnace layout.

Process Plant Layout and Piping Design
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EXHIBIT 7-15

Setting a Furnace
Elevation
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Access requirements are reviewed for tube removal,
soot blowers, damper control, header boxes, burners,
and burner management skids and control panels.
Because furnace tubes must be periodically re-
placed, clear areas are provided directly in line with
the tubes. The removal mechanism may be a trolley
beam located on the stack of a circular furnace, a
crane, or a cherry picker. If only one or two tubes
require removal, a tube extractor, similar to the type
used for extracting shell and tube exchanger bundles.
may be used. As can be seen in Exhibit ~-16. radiant

tube removal in a circular furnace is accomplished by
pulling the tubes through an access door located in
the top of the radiant section. This is performed by
using a hoist attached to the circular trolley beam on
top of the stack. Once the tubes are lifted out of the
radiant compartment, they are pulled away from the
furnace and lowered to grade. The convection section
tubes are removed in a manner similar to the one
shown for the box-type furnace in Exhibit 7-17. Here
again, the access area must allow the tubes to be
pulleu clear of the furnace, permiuing the crane to
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EXHIBIT 7-16
Radiant Tube Removal in
a Circular Furnace

Process Plant Layout and Piping Design
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Convection Section Tube
Removal in a Box-Type

EXHIBIT 7-17
Furnace
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) D EXHIBIT 7-18
% Damper Mechanism
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EXHIBIT 7-21 Burner Management Control Panel

swing away and lower the tubes to grade.

Soot blowers have different access requirements,
depending on the type used. One type is fixed to the
convection section wall and occupies a relatively small
area, unlike the retractable type, which is furnished
with a horizontal support beam that enables the mech-
anism to insert the lance during operation.

Dampers, located in the stack, are usually regulated
by a device located at grade, as depicted in Exhibit
7-18. Cables strung through guides fixed to the
damper and adjustment lever, or control handle, may
be locked into various positions as desired. Air-actu-

EXHIBIT 7-20
Burner Management Skid

ated operators are less commonly used for damper
adjustments, which are routinely made during start-up
when the proper pressure balance within the furnace
must be obtained.

Header boxes, as shown in Exhibit 7-19, are enclo-
sures around the fittings that connect two tubes. The
fitings, called headers, are furnished with plugged
connections for cleaning. The header boxes are sealed
from the inside of the furnace by an insulated tube
sheet, and, because this area is a possible source of
fire, a snuffing s®am connection is provided for fire
suppression. A drain connection is also provided for
leak detection. Clear access must be provided around
the header box to permit inspection and tube cleaning
or replacement.

Burner access is required for ignition on start-up,
air flow control through register adjustment or control
handles, and oil-gun maintenance. Access is also re-
quired to allow routine operator inspection for any
sign of leaks, particularly when flexible hoses are
used.

Burner management systems are vendor-supplied
packages consisting of all primary valving and instru-
mentation necessary to start up, operate, and shut
down all burners of a furnace under regular or emer-
gency conditions. A typical burner management skid is
shown in Exhibit 7-20, and a burner management con-
trol panel is shown in Exhibit 7-21.

Platform requirements for furnaces are no different

__
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EXHIBIT 7-22

Requirements

from any other large piece of equipment that needs
operator and maintenance attention. Because each
heater is designed to meet specific process needs, may
fire with different fuels and require air preheating or
soot blowers, and is subject to client needs, each de-
sign should be approached as a unique layout, follow-
ing basic guidelines.

Process Plant Layout and Piping Design

EXHIBIT 7-23
Miscellaneous Platform
Requirements for a
Circular Furnace

A circular furnace platform layout is shown in Ex-
hibit 7-22. The firing platform, which is usually a full
360° circle, can be reached by a variety of stairway
configurations and ladders, as illustrated on the lower
plan in this exhibit. Each scheme shown may be set to
accommodate the layout as required. Stairway varia-
tions shown here are:

Circular Furnace Platform
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* Stairway A—Perpendicular, which can be set to ei-
ther side of the landing.

¢ Stairway B—Radial.
* Stairway C—Tangential.

Access to all other platforms on this type of furnace is
by ladder. indicated on the exhibit as follows:

* Ladders D and E—Limited to a 30-ft (9150-mm ) max-
imum ladder run per Occupational Safery and Health
Administration (OSHA). An intermediate platform is
required.

* Ladder F—Enables plant personnel to gain access to
both sides of the upper furnace by the convection
section platform.

Additional platform requirements—for example,
for access to soot blowers or interconnecting plat-
forms between groups of similar heaters—are shown
in Exhibit 7-23. Catwalks are planned for the firing
platform and top of the radiant section for operator
convenience.

A pyrolysis furnace, shown in Exhibit 7-24, has both
wall- and floor-mounted burners. The wall-mounted
burner piping can be operated from the firing plat-

EXHIBIT 7-24

Pyrolysis Furnace Ladder
and Platform
Requirements

form and viewed from the peep door on the end wall.
The floor-mounted burners can be operated from
grade at the edge of the furnace or from an optional
lower firing platform. Additional platforming is re-
quired for access to draft gauges. peep doors, and the
convection sect®n. Because the primary operator
level is at the burners, stairwavs are used for access
and ladders are provided for all other levels.

A reformer furnace, shown in Exhibit 7-25, has a
penthouse and roof-mounted burners. In addition to
platforms and a stairway for regular maintenance and
operation, ladders are provided in case of an emer-
gency. Other platforms are for access to peep doors,
draft gauges, and piping, as required.

Auxiliary Equipment

A soot blower mechanically cleans soot build-up on
convection section tubes in fuel-oil-fired heaters. A
soot blower essentially consists of a lance (i.e., pipe)
with nozzles specifically located for the tube section to
be cleaned and a connection for the blowing medium,
which is steam or air. There are two types of blowers:
fixed and retractable.




EXHIBIT 7-26
Fixed Soot Blowe

Reformer Furnace

Platforms

EXHIBIT 7-25
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EXHIBIT 7-27
Retractable Soot Blower

EXHIBIT 7-28

Soot Blower in Operation

A ,:: : :~“
Exprod)

/8

A fixed soot blower, shown in Exhibit 7-26, is
mounted directly on the convection section wall and is
hard-piped as shown. A retractable soot blower, illus-
trated in Exhibit 7-27, allows the lance to be removed
from the convection section during operation. Some
of the principal components are the support channel,
the gear-driven carriage, the poppet valve (used to
control the flow of the cleaning medium), and the
lance with nozzles. Exhibit 7-28 depicts a soot blower
in operation. As the lance enters the heater, the blow-
ing medium cuts a path through the deposits until the
lance reaches its apex. The lance then reverses rota-
tion and is indexed so that on the retraction path it
cleans surfaces not covered on insertion. The reversed
rotation and indexing allow the soot blower to peel
and strip all deposits efficiently and with less chance of
heater tube erosion.

An induced draft fan may be required for furnace
operation, as shown on top of the convection section

-.ll

in Exhibit 7-2%- Platforms designed specifically for
each fan configuration should be adequate for mainte-
nance and operation of the drive and fan mechanism.

Exhibit ~-30 shows a tvpical arrangement of a sin-
gle-zone pyrolvsis furnace with an integral waste heat
system. which requires a steam drum and a heat ex-
changer (often called a transfer line exchanger). Be-
cause the preheater and ducting on an average-sized
combustion air preheating system are somewhat large.
the plant lavout designer should pay extra attention to
the amount of space that is finally used for this equip-
ment. After enough room is allotted for maintenance
and operation of the forced and induced draft fans and
blowers, the distance from the outer edge of the pre-
heater to the centerline of the furnace should be kept
to a minimum, as shown in Exhibit 7-31.

Whenever furnaces are arranged in groups on a
plot plan, the plant lavout designer should consider
using a common stack, as depicted in Exhibit 7-32




Steam Drum and Transfer

Induced Draft Fan
Line Exchanger

EXHIBIT 7-29
EXHIBIT 7-30
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EXHIBIT 7-31
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EXHIBIT 7-33

Piping and

Instrumentation Diagram
@ Tovz\,:’ u‘& P for a Circular Furnace
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EXHIBIT 7-34

Piping and
Instrumentation Diagram
for a Combination Burner
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Economic constraints usually determine the feasibility
of this design feature; all furnace configurations can
use this breeching concept.

PIPING LAYOUT FOR A FURNACE

This section details the piping lavout of circular and
box-type furnaces. Although such special features as
snuffing steam are actually required for both heaters,
they are explained for one application only.

Circular Furnace Piping

Exhibits 7-33 and 7-34 present simplified piping and
instrumentation diagrams for a circular furnace. The
furnace has 6-in inlet and outlet lines, with control
valves, combination burners, and soot blowers in the

convection section. The furnace plan and elevation for
the upper level of this furnace are shown in Exhibits
~-35 and 7-36, respectively. The stack shown in Exhibit
7-36 is equipped with a trolley beam (an optional fea-
ture) that pulls the radiant tube bundles during main-
tenance. The need for platforms depends on the in-
strument requirements. The damper setting is
regulated from grade by a cable-operated mechanism
supplied by the furnace vendor.

In the convection section, three stationary soot
blowers are fed by 1.5-in leads from the fire steam
header located below them. This piping is kept close
to the convection section wall to maximize the avail-
able work area for plant personnel. The four 3-in
product inlet lines have manual control valves and
local flow indicators that must be visible when person-
nel are operating the valves. They are located at the

Frervwarces
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-— ’ EXHIBIT 7-35
: Plan for the Upper Level
of a Circulas Furnace
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EXHIBIT 7-36

Furnace Elevation for the
Upper Level of a Circular
Furnace
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EXHIBIT 7-37
Lower Plan for a Circular
Furnace
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upper platform for economic reasons—placing them
at grade would require running four individual lines
up the entire furnace. The snuffing steam lines are
grouped together for common support until they
reach the top of the radiant section. The line to the
header box on the opposite side is run radially around
the heater. Bending small lines is generally not a prob-
lem and saves fitings and welds. Platforms are de-
signed to permit plant operations and maintenance
personnel clear access to all valves, instruments, and
soot blowers.

The lower level of the circular furnace is shown in
Exhibits 7-37 through 7-39. In the radiant section, all
piping should be grouped together for common sup-

Process Plant Layout and Piping Design

port when practical, as shown in Exhibit 7-38.
Snuffing steam, which is used to suppress a fire in
the header box in the convection or radiant sections,
is supplied through local and remote manifolds. The
remote manifold should be no closer than 50 ft
(15,000 mm) from the furnace. In Exhibit 7-37, the
local manifold is located at grade, next to the interme-
diate pipe support column. If the local area is unreach-
able in an emergency, steam would be supplied from
the remote manifold. The inlet and outlet control sta-
tions are located along the pipe rack adjacent to the
furnace. This particular furnace uses manually con-
trolled valves fzolﬁ each burner. The burner supply
headers—fuel gas*‘ fire steam, and fuel oil—are run
|
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| EXHIBIT 7-38
Furnace Elevation for the
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ANAL EXHIBIT 7-40

TWIEA%’RTHZ Piping and

Instrumentation Diagram
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radially over one another to keep the ladder close to
the furnace wall. This positioning also allows the indi-
vidual burner piping leads to run adjacent to the peep
doors, creating access to the valves during operation.
as shown in Exhibit 7-39. The pilot gas valve is located
below the furnace, providing operator access during
ignition. It should be noted that although most new
furnace installations use burner management systems,
this design approach is acceptable if manual control
and ignition is required.

The fuel oil, fuel gas, and pilot gas control valves
are located at the pipe rack. The fuel gas is run sym-
metrically to provide an even gas flow to each burner.
This system must be kept dry by the elimination of low
points where condensate may collect. The header

Process Plant Layout and Piping Design

should have a drip leg to remove anv condensate
build-up by piping it to the flare system. The fire steam
line that atomizes steam must be run and insulated
with the fuel oil line to decrease oil viscosity. Atomiz-
ing steam is injected into the burner with the fuel oil
to obtain effective combustion.

The header-box drain must have a seal loop and
clean-out plug for inspection just above the drain hub
(see Exhibit 7-37). Removal of this plug permits in-
spection for small leaks in the tube headers in the
header box. _

The 360° firing platform allows full access around
the radiant section to the burner valves (at the peep
doors) and instruments. The intermediate platform is
furnished to meet OSHA requirements, which state
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that any single ladder run must not exceed 30 ft (9,150
mm). The plant layout designer must ensure that tube
removal areas remain clear of any obstruction.

Box-Type Furnace Piping

Exhibit 7-40 is a sample piping and instrumentation
diagram for a box-type furnace. This heater has 6-in
product inlet and outlet leads, a swing ell used for
decoking, a convection steam coil, and a burner man-
agement system. Exhibit 7-41 provides an overall view
of the furnace in this example and indicates the major
parts of the furnace.

Exhibit 7-42 shows the decoking operation. Product
inlet line A is shown in the decoking mode, and inlet B

EXHIBIT 7-41
Box-Type Furnace

is set for regular operation. With the swing ell bolted
to the steam and air line, the tube cleaning process
may begin. Each coil is drained and blown out with
steam. Header plugs are removed—the removable
header-box panels are illustrated in Exhibit 7-43. A
cleaning tool is used to remove coke deposits from
the inner wall of each tube. Once this is completed,
the plugs are replaced and the burners are fired,
Steam is introduced to remove any remaining coke
deposits. The stearn flow rate must be sufficient to
prevent overheating of the tube walls; air is then
added to burn off any remaining coke deposits. Steam
and air discharge to the stack above the damper
through the vent line. Steam is introduced one final
time to flush the tubes clean. All decoking flows are
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EXHIBIT 7-42 Decoking Operation for a Box-Type Furnace
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EXHIBIT 7-43
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EXHIBIT 7-44
” Convection Section
: Steam Piping with
bucieora !‘ Z —M Miscellaneous Structural
Details
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downflow operations, except the vent line to the stack.
The swing ell is positioned to be accessible 1o mainte-
nance personnel. The steam and air manual control
valves and their local flow indicators must be located
at the peep doors to allow the tubes to be viewed
during this operation because overheating can cause
damage to furnace tubes.

Process Plant Layout and Piping Design

Exhibit 7-43 also ishows the product outlet line and
its decoking hook-up. Line A is set up in its usual
operation configuration; line B is set in the decoking
mode. As the steam and air are blown through the
radiant tubes, any waste is carried to the sewer or, if
preferred, to a drum for removal. The vent line is run
to the stack. Once again, the plant layout designer

R G R N N O N N S T NN B Em O B s




175

EXHIBIT 7-46
Burner Piping
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must avoid blocking access to the header boxes when
developing the piping layout in this area of the
furnace.

Convection Section Piping

Exhibit 7-44 illustrates the convection section steam
coil piping along with some miscellaneous structural
details. The steam inlet line can be run horizontally to
the inlet nozzles because the elevation is above head-
room. The superheated steam outlet piping can be
routed below the platform so that it will not pose a

hazard to plant operations and maintenance person-
nel. The structural feature highlighted here is the ab-
sence of handrails to permit access to the decoking
piping. The plant layout designer must notify the fur-
nace vendor of this requirement on a mark-up of the
platform arrangement drawing.

Burner Management System Piping

Exhibit 7-45 is a sample piping and instrumentation
diagram of a burner management system supplied by
the burner vendor. The engineering contractor sup-




176
EXHIBIT 7-47 Transfer Line Layout

LinIE CLEONI

plies the fuel gas to the burner skid and may be re-
quired to run the fuel gas and pilot gas to the individ-
ual burners.

Exhibit 7-46 is a plan at grade of the burner man-
agement skid and control panel in relation to the fur-
nace and burners. The skid is located directly in line
with the furnace centerline to provide the most direct
piping to the individual burners. The burner manage-
ment control panel is remotely located at a minimum
of 60 ft (18,000 mm) from the furnace. Plant opera-
tions personnel may ignite the burners from this panel
by sending a spark to the igniter located at the pilot
gas tip within the burner and activating the solenoid
valves on the skid.

Transfer Line Piping

A furnace transfer line is the primary product outlet
header from a heater or furnace to a process tower. A
typical vacuum tower transfer line lavout is shown in
Exhibit 7-47. Because many transfer lines tend to coke,
the length of the line should be kept 10 a minimum.
Quench oil injection near the furnace outlet is another
means of reducing line coking. As shown in the ex-

Process Plant Layout and Piping Design

EXHIBIT 7-48 Steam-Generation Thermosiphon Circuit
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hibit, the transfer line should run horizontally and in
the most direct route possible to satisfy all stress and
flexibility requirements. The addition of line flanges
should be planned to facilitate cleaning if coking be-
comes severe.

A typical steam-generation thermosiphon circuit is
shown in Exhibit 7-48. Brieflv, this circuit is the differ-
ence of the water-steam mixture and the static head in
the downcomer that maintains fluid circulation. Locat-
ing the steam drum at the top of the furnace provides
the static head and collects the steam being generated.
Steam returns to the top portion of the drum, while
the water lines come off the bottom. Loops and pock-
ets must be avoided when laying out the downcomer,
and riser piping and any horizontal lines must slope
toward the waste heat boiler or convection coil. When
pumps are used in this circuit, it is called forced circu-
lation. _

Transfer line exchanger piping is shown in Exhibit
"-49. This example shows how the heated product
outlet of a pyrolysis furnace is used to generate steam.
The main consideration is the downcomer and riser
piping between the steam drum and transfer line ex-
changers. Lines should be run with a pronounced
slope to avoid undesirable slug flow, which tends to
occur in horizontal piping runs. Vertical expansion
loops can be easily spring-supported from the struc-
ture. The transfer line exchanger is supported by two
lugs just above the bottom channel flange, and a trol-
levy beam is provided to remove the top head for main-
tenance. In this system, the product line enters the
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EXHIBIT 7-49 Transfer Line Exchanger Piping

HEAD PEMOVAL

convection section, exits the coil into the crossover
piping, and then enters the radiant tubes through the
top of the heater. The heated product outlet from the
two rows of radiant tubes enters the transfer line ex-
changer from the bottom, transferring its excess heat

energy to the steam piping, and exits at the top of the
exchanger.

TAIL GAS INCINERATOR AND
WASTE HEAT UNIT

Waste gases containing liquids that must be disposed
of and that for|env1ronmemal or safety reasons cannot
be directed to the flare system are burned in a tail gas
incinerator, sHown in Exhibit 7-50. The horizontal in-
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I EXHIBIT 7-50

Tail Gas Incinerator
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cinerator is bolted directly to the stack. The waste
product enters the top inlet and is disposed of by a
burner firing directly into the chamber. Piping usually
associated with this equipment includes fuel gas, pilot
g8as, steam, nitrogen, and a liquid drain outlet located
in the stack.

The waste heat recovery unit. illustrated in Exhibit
7-51, uses the waste gases of 800° to 1,200° F (425° to
650° C) from a gas turbine to generate high- and low-
pressure steam for plant use. As can be seen in this
exhibit, duct burners located in the inlet of this unit
can be used if the turbine is shut down, providing a

® TS

continued heat source for steam generation. Because
the physical makeup of these waste heat units varies in
size and overall configuration, a detailed piping lavout
is not shown.

Because the configuration of equipment and associ-
ated items covered in this chapter may vary signifi-
cantly among vendors, the plant lavout designer
should study the principles outlined and adjust each
layout accordingly. Consideration for maintenance,
operation, safety, and economics, as well as the use of
common sense, results in an effective overall furnace
design.
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EXHIBIT 7-51 Waste Heat Recovery Unit
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This chapter highlights the types of pumps commonly
found in industrial plants, along with maintenance and
operation considerations for a centrifugal pump pip-
ing layout.

Exhibit 8-1 shows an electric motor—driven hori-
zontal pump that is familiar to plant layout designers.
The two primary piping connections are the suction
and discharge nozzles (ie., liquid inlet and outlet).
The impeller within the pump case draws the liquid
into the pump and sends it out at a high velocity. The
impeller shaft is sealed with a stuffing box where the
shaft exits the case to prevent the pump fluid from
leaking. Drips from wearing seals are picked up in the
stuffing box drain. The pump shaft is connected to the
drive shaft by a coupling, which is enclosed within
protective housing. Both pump and driver are
mounted on a common baseplate. Miscellaneous
pump leaks that collect within the baseplate during
operation are drained through a connection at the
front of the pump.

Pump size and configuration vary for the following
reasons:

* The commodity being pumped.
* The viscosity of the liquid.

* Capacity.

* Pressure.

* Temperature.

* Available head requirements.
Physical limitations.

Initial pump piping layouts are done with prelimi-
nary information. The equipment engineer supplies
the plant layout designer with a catalog cut of the
pump that most closely represents the one to be pur-
chased. In many cases, this data does not change sig-
nificantly if the engineer has made the correct selec-
tion. Piping layouts are started early in the study phase;
when the certified vendor drawings become available
later in the project, minor adjustments are made as

CHAPTER

Pumps

required. Dimensions of nozzle locations or baseplate
sizes may change slightly, but revisions to physical
nozzle locations (i.e., from top to side or side to front)
do not usually occur when the data is finalized. Work-
ing closely with the equipment and svstem engineers
acquaints the principal parties with the exact design
conditions and minimizes rework.

PUMP TERMINOLOGY

This section highlights some of the most common
terms that the plant layout designer encounters when
creating a pump layout.

Allowable nozzle loading The allowable nozzle
loading is the maximum amount of stress that the pip-
ing configuration may impose on the pump suction
and discharge nozzles, as set by the vendor, client, or
code. The pipe stress engineer is responsible for
working within this tolerance by coordinating the pip-
ing design early in a project and rechecking all calcula-
tions before formal fabrication issues of piping draw-
ings are made.

Net positive suction head NPSH is one of the most
important {ermsf a plant layout designer needs to un-
derstand when developing an equipment layout that
includes pumpsland vessels. The required net positive
suction head is 2 measure of the pressure drop of the
liquid as it moves from the inlet of the pump to the
eve of the impe“er. It is a characteristic of the pump
that is generally determined by testing and is ex-
pressed in “feet (of water” by the pump manufacturer.

Vapor pressure  When the pressure in the pump suc-
tion line falls below the vapor pressure of a liquid, the
liquid flashes, or changes to vapor. Because no ordi-
nary liquid pump can pump only vapor, liquid flow to
the pump falls off and the unit is said t© be vapor
bound.
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EXHIBIT 8-1
Centrifugal Pump

Mrellee

Available net positive suction head The available
NPSH is the net pressure available in a given system,
based on vessel pressure and static head. minus the
liquid vapor pressure and functional losses in the SVs-
tem. The goal is to maintain equipment heights and
minimize pump suction piping to ensure that the
available NPSH is greater than the required NPSH. In-
sufficient NPSH can reduce pump capacity and efh-
ciency and lead to cavitation damuge.

Cavitation The rapid collapse of vapor bubbles that
can produce noise, result in a loss of head and capac-
ity, and create a severe erosion of the impeller and
casing surfaces in the adjacent inlet areas.

API (American Petroleum Institute) pumps This
term refers to the horizontal, single-stage pumps
found in the petroleum industry. The standard devel-
oped by vendors, contractors, and users entitled “API
610—Centrifugal Pumps for General Refinery Ser-

Process Plant Layout and Piping Design

vice™ is used to spt%cify pumps for purchase. To a plant
layout designer, an APl pump is a large, refinery-type
pump. :

AVS (American Voluntary Standard) pumps This
standard, issued by the Hyvdraulic Institute, outlines
several pumps with standard dimensions. They are in-
terchangeuble for' a given size, regardless of who
builds the pump, with no effect on foundation, piping
design, or type of electric motor used.

NPSH REQUIREMENTS

An example of how to deal with a typical NPSH prob-
lem is shown in Exhibit 8-2. The required NPSH in this
example is 22 ft (6,700 mm). If a horizontal pump is
used, the bottom tangent line of vessel A must be a
minimum of 22 ft (6,700 mm) above the centerline
elevation of the shaft. If a vertical pump is used, the

-
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EXHIBIT 8.2
NPSH Example
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vessel B tangent Jine is located closer t, grade because
NPSH s calculated from the bottom impeller of the

require less of a vessel SUPpOrt structure ang possibly
less piping, thev are more expensive 1, buy and main-
@in. Therefore, 4 horizongl pump'upplic;m(m is a
more  desirable solution in this instance. Verjcy]
pumps are berter used to draw suction from large
surface condensors that service large compressors.

TYPES OF PUMPS

Pumps are classified as centrifugal, positive displace-
ment ( reciprocating), or rotary.

Centrifugal Pumps

The majority of Pumps used in industry are centrifugal
cause of their flexibility in flow rates, pressure, and

temperature. They are usually drivep by electric mo,.
tors or ‘steam turbines. Thev may be single stage or
multistage, depending on pressure requirements ip
the system, and <an be horizonta| or vertical. Centrify-
&l pumps, unlike reciprocating ang roary pumps, op-
Crate ar constang speed and can deliver any capaciy
from zero maximum, depending on the head (e
SIgn and suctjon conditions. Exhibi 8-3 depicts some
of the more €OmMMmMon variations of centrifugal pumps.

Positive Displacement (Rcciprocating)
mps
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EXHIBIT 8-3 Examples of Centrifugal Pumps

a. Horizontal Split-Case, Double Suction Pump (!%rcc};;t:‘-‘f;ll ‘;;%Ciis"p;‘;?;g l(le:ﬁc?s)

3
-

e 5+
i

d. Horizontal Frame-Mounted Pump

[

e. Inline Process Pump

f. Vertical Sump Pump

Process Plant Layout and Piping Design
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EXHIBIT 8-6
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for lines entering or leaving the pipe rack, as shown in
Exhibit 8-8.

Pumps SA, 5B, 6A, and 6B in Exhibit 8-6 are located
outside the confines of the pipe rack. This is the usual
arrangement when hydrocarbon spills are more likely.
Pumps 7A, 7B, 8A, and 8B are located directly under
the process equipment that they serve, which is sup-

Process Plant Layout and Piping Design

ported in the stmctlure above. Drums and shell and
tube exchangers are less associated with dangerous
spills and therefore may have pumps located directly
beneath them. Supporting pump piping is also facili-
tated by the proximity of the steel.

Pumps 9A, B, and'C and 10A, B, and C are inline and
are treated basically as a piping item (e.g., a control

-
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EXHIBIT 8-10

Ma‘,’oz Sump Pump
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valve), Adequate access must he Planned t, the pump shows 4 typical condensare pump tha js located adja-
and drive, which may he removed for Mmaintenance. cent to the surface condenser j; Serves,
Exhibit 8.19 depicts 3 SUMP pump thyy jy generully
Locatin g Boiler F eed Py mps used ) femove wagge material collecrey N a conerete
or steel pit. screen at the bottom of the pump syc.
Because boiler feeq Pumps take warer from 3 deaery. tion connection redyces the POssibility thay the pump
tor and generally operge close to the Yapor pressyre will foul during operation. The discharge connection
of the liquiq, they mus; be locateq as close 1 the Mmay be piped 10 another holding vessel, g pond, or 4
deaerator 2 possible, waste-remoya) vehicle,
Centrifugy] PUmps in vacyum Service are shown in
ibit 8-11. SC the system o rates at 3 ne ative
Locating Vertical Pumpg EXhibit 811, Because rhe ysiem ope &

Pressure ang Extremely high temperatures, the loca-
Vertical Pumps are yseq when Npsy requiremengs tion of these Pumps must pe either directly under the
make using horizonga) Pumps impractica] Exhibit 8.9 tower or jys; outside the Support columpg, When the

—_—




188

b -—
_%ZME‘&I@ VACUUM TowkR

EXHIBIT 8-11
Centrifugal Pumps in
Vacuum Service
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EXHIBIT 8-12
Spring-Mounted Pump

pumps are located directly under the tower, it may be
necessary to support the pumps with springs, as
shown in Exhibit 8-12. This essentially consists of a
steel frame with four spring supports attached to the
sides. The pump is then set into the steel frame and
secured. During operation, the pump is free to move
within the design limits of the four springs, reducing
the stress imposed on the nozzles by high tempera-
tures.

PUMP PIPING

This section highlights some common pump piping
configurations. Although horizontal pumps are shown

Process Plant Layout and Piping Design

in most of the exhibits, the arrangements are typical
for all types of pump applications. Exhibit 8-13 illus-
trates the components that are usually found in pump
suction and discharge piping.

The suction lie has a positive shut-off valve: in this
example, it is a.gate valve. The temporary tee-type
strainer (shown in Exhibit 8-14) catches any foreign
matter that may vae collected in the piping during
construction. After the suction and discharge valves
have been shut off, the blind flange is unbolted and
put aside and the strainer is pulled out. This strainer is
generally used only for start-up. Exhibit 8-15 shows a
basket strainer that may also be used in a pump suc-
tion line, ‘

Although this particular strainer does not need ad-

G o A o oD EE O N R D S G N N D SN SN aae Smm  mem
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EXHIBIT 8.1 3

Components of a Typicaj
mp Suction and

ischarge Piping System

EXHIBIT 8-14
Typical Temporary
ch-Typc Strainer

EXHIBIT 8-15
Typical Basket Strainer
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EXHIBIT 8-16 Eccentric Reducers

|
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ditional fittings for its removal and cleaning if reused,
it does require additional maintenance because of the
downstream tlanges of the valve. The pump nozzle
and possibly the base support under the elbow must
be unbolted to pull the spool piece and remove the
strainer. The next common fitting is a reducer; this
should be an ecdentric type as shown in Exhibit 8-16,
with the flat side on top to reduce the possibility of
cavitation in the pump.

Piping Layout Considerations

Before initiating a piping lavout in a pump area, the
plant fayout designer must consider several factors
that are critical to optimum design. The first factor
concerns the support of the pump piping, which often
includes large expansion loops for flexibility. If the
pumps are located under a pipe rack or structure,
support is relatively easy. If not, the plant layout de-
signer must consult with the stress engineer for the
best location for dquipment such as stops and hangers.
Pumps in an open area often require a much larger
structure for pipe supports. Allowable loading on a
pump nozzle is very low, and the piping must be prop-
erly supported l()c‘I.W()id overstressing the nozzles. Ven-
dors may void pu1’np warranties if the allowable loads
are exceeded. |

Client pump and driver maintenance procedures
must also be kno{yn at this stage, especially those re-
garding how eacll' item is to be physically removed.
Very small pumps may be removed by hand; larger
pumps require the use of an A-frame, as depicted in
Exhibit 8-17. Very |large pumps may be removed by a
cherrv picker.

The next factor to consider is duplicate piping con-
figurations at groups of pumps of similar size. For
example, a new chemical plant had 203 pumps, of
which almost 75% required piping ranging from 114
in to 3 in in diameter and had a maximum operating
temperature of 230° F. A layout designer, working with
a stress/support engineer, designed the piping with a

' I
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EXHIBIT 8-18
Standardize Pump
Lavour

ML

ﬂexibih’ty loop that wag based on 4 3-in line Operating project. If the Pumps in the designer’s areq fell into the
at 230° F. Thijs lavout wag duplicated f,r 76 pairs of 3-in, 230°Foperating temperatyre category, the design
PUMPs, or 152 tora] Although the Piping as designed was copied €xactly. The 157 pumps were designed

Was conservative ang slightly more costly for the 11 and supporteq once and in ap identical manner,

in and 2.jp pumps, €ngineering, fabrication, and con- Um’formity of design in Piping, SUPPOIts, and steel
Struction time couyjq be reduced through Standardizg- were the results of thinking ahead. This js what a clien;
tion. A fully dimensioned sketch of this particular Pays for when hiring ap engineering contractor.

sStandard design wag given 1o euch designer on the .\'pcnding more on cngincering may redyce construc-
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EXHIBIT 8-19 Maintenance and Operational Access
Requirements

ANNN

EXHIBIT 8-20 Primary and Standby Pump Arrangement

Process Plant Layout and Piping Design

EXHIBIT 8-21 Block Valve Handwheel Elevations

a. Preferred
Arrangement

b. Alternative
Arrangement

tion costs, or spending more on materials may save
both engineering and construction costs. A pump lay-
out should be viewed not on an item-by-item basis but
s a whole area. Exhibit 8-18 shows an example of a
standardized pump layout. The designer must also be
aware of all operation and maintenance concerns with
all pump layouts. Maintenance and operational access
needs are illustrated in Exhibit 8-19.

When develop)ng an equipment arrangement in
pump areas, the Livout designer must envision poten-
tial obstructions around the pumps (e.g., large block
valves, steam turbine piping, and tee-type pipe sup-
ports from grade ). Four feet ( 1,200 mm) is a generally
accepted  distance  berween pumps  or associated
piping,. .

When cxpunsk!m loops are required between
pumps, it is nccesi;ary to partially run the lines over
the pump and dri ver. Every effort must be made 1o
minimize maintenance obstructions by running the
piping either outside the area directly over the pumps,
or at a high enough elevation to permit the removal of
the pump or driver.

Orientation of block valves must minimize the plot
drea required. Elevation of the valves should generally

be as low as possible and common in both lines when
practical.

Multiple-Pump Piping Arrangements

There are many ways to design multiple-pump hook-
ups. This section discusses several configurations that
satisfy various conditions. The primarv and standby
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EXHIBIT 8-22

Two Primary Pumps ang
One Common Standb_v
Pump

IVE

¥/

shown in Exhibit 827 In larger Jine Sizes with higher !
pressure ratings, the vajves place the horizontal piping
100 high, especially jf they are beneath the pipe rack.
Therefore, the alternative arrungemeny shown i the
exhibit solvey the layoyy problem.

Exhibit 82> Mustrates how: 4 commaon standby:
PUmMp is used for WO primany Pumps: this s the ideal
lavout, wigh ﬂexihility loops added 45 required. E.
hibit 8-23 shows how the suction line for service B s
tied into the suction line for Service A below: o down.
Stream from ¢y block valve and upstream from e
Strainer. The discharge line for Service B s tied
downstreqm from the check valve.

Pumps for oy slurny serviee Mav be contigure in
another manner, as showy jpy Exhibit 824 Because e
line requires a large flexible loop, the ANOUNt of ey
leg in the line for the Nonoperating Pump mug e

PUMPp arrangemeny, illustrated jn Exhibit 8-2¢ indicates Minimized. The blant lavour designer Should discyse
WO ways in which the Pumps may be (e together. this particylyr an";mgemem With the vesge] engineer,
Although the preferred hookup i directly acrosg and When the vessel data sheets are sent out for quotation,
over headroom, the Operating lmperature of many the splic bottoms outlet connection i included in the
PUMpS requires the addition of 5 flexibility loop 1 basic design. Making this tvpe of decision oo late can
reduce stresges on the PUMp nozzles. The loop need be very costly and may delay deliveny (f the vessel.
not take the routing as shown, byt j; should be conA- The designer should noy just take Information gy but
8ured so that the Piping receives optimum supporrt. should Jook for WaYS 10 improve the overall design o
Another concern is the elevation of the block valve lower the Cost of the plany in all disciplines,

handwhee| in the discharge line, which must be Pumps whoge Suction lines come from below grae
within the reach of plang operations personnel—the are shown jn Exhibit 8.25. This is the one time that the

preferred arrangement ang an alternatjve lavour are reducer uhwimcly must have the 1y side on top 1o




EXHIBIT 8-25 Primary and Standby Pump with
Below-Grade Suction

avoid cavitation. Use of a basket strainer is more prac-
tical in this case because the spool piece containing
the strainer could be lified out, as illustrated in Exhibit
8-26.

Avoiding cavitation in a pump is a concern in all
services but particularly when the liquid operates
close to the vapor pressure. Boiler feed pumps, shown
in Exhibit 8-27, generally operate close to the vapor
pressure of the feed water. As a result, it is imperative
that changes in direction be minimized. Designers
may add flexibility to the suction line when it is con-
venient to support it, but this may disrupt the flow and
increase the possibility of cavitation. The preferred

Process Plant Layout and Piping Design

EXHIBIT 8-24
Primary and Standby
Pump for Hot Slurry
Service

EXHIBIT 8-26 Spool Piece Removal

N l\sz}-«ﬂzasa
Mmgmﬂ [

/‘, 1'%« Bocy volve

%erk fuppem? | ~(

arrangement has a maximum straight drop out of the
deaerator down to where the flexibility loop is re-
Quired. Although support may be more difficult, opti-
mizing the operation of the pump is of primary con-
cern and should take precedence.

There are many solutions that can remove CQO,
from process gas, some of which operate close to the
vapor pressure of the liquid. Exhibit 8-28 shows one
way to solve this problem. The use of multiple nozzles
reduces the changes in direction in the suction line.
Extending the nozzies to a maximum distance before
exiting the skirt above headroom and adding a slight
slope to the horizoptal run also helps streamline the
piping. The suction strainer must be located away
from the pump, as shown in the vertical portion of the
line, and placed low enough to maintain. Once again,
early planning by [hF plant layout designer allows this
additional nozzle feature to be added to the quote
documents. |

When sidesuction nozzles are used on centrifugal
pumps, a minimum of five diameters of straight run is
added to the line before it enters the nozzle. This
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EXHIBIT 8-27
Boiler Feed Pumps

ey

Steam condensate into th

€ turbine cage, which coulq
damage the blades. A Wpical turbipe arrangemen jy
shown in Exhibit 830,

The steam Supply comes off the top of the supply

header and reduces condensate qarry-over into the

Steam Turbh:se Pip ing turbine. The block valve isolates the trbine when it js

gcmen NOt in use, A drip leg s provided at the jop, point of

When 2 Steam turbipe piping arrangement js being the System to remoy any condensage. A contro] valve
developed 1is importang ¢, avoid the introduction of

is placed adjacent 1, the turbine, The steam exhaus
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EXHIBIT 8-28
CO; Medium Pumps

Process Plant Layout and Piping Design




EXHIBIT 8-29
Sidcé&ucxiun Nozzies on a
(Icmritugul Pump




EXHIBIT 8-30
' Sl Typical Steam Turbine
\ % Piping Arrangement
N

—— £TEM Exilayer

435
eloag val. \'Y %/M\AVE
Aol vale % ———zeligp valve

EXHIBIT 8-31
Improper Valve and
Steam Trap Location

Process Plant Layout and Piping Design




haust vajve pe closed before cutting off the Steam sup-
Ply. This line Must vent to 3 safe location away from
plang personnel. Additiona] consideration must he
8iven 1o accegs to the turhjne for Maintenance (o in-
SPection of lube ] connections, Packing glands, 4ng
the governor.

Exhibit 8.3 shows an improper Steam supph fine
arrangement; the Steam trap does Ot come off the J g
point in the system. The condensate thy, builds up
above the block valve enters the wrbine when the
valve s opened, dumaging the blades This Configury-
tion must be avoided.

Removal of condensate g Multistage turbines js 4.
other serigys concern becayse if the wager slugs. the
thrust bearings cap fail. A Opical methoy of safely re.
Mmoving excess condensate without end;mgering the
OPerator who drajng the line g shown in Exhibir 8.3
A temperatyre indicator, which js visible from the
blowdown valve, indicates the presence of water jp
the svstem, Opening the valve refegses the hot con-
densate ing, the exhaug; stack. The ho Steam can thep
vent safely Overhead, and the condensare jg dumpe ¢,
grade or directly 1o 4 drain systern,

delivers cooling water 1, mechanicaj seals, bearings
stufing boxes, gland quench, and lantern ring flush
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EXHIBIT 8-32
(J(mdcnsa(c Blowduwn
Lin¢

and may e Tun o the PUmMp suppore Pedestal for
high-tempemmrc services,

Pump vendorg usually supply the duxiliary Piping
to the mechanicy) seals through 4 harness. When
Pump fluid jg used, a line js attached ) the vent con-
nection on the Pump case. The circulated seq) fluid
MUst be sent hyck o the PUmp stream o returned
through the seal 1o Pump interpy) clearances, Vis-
cous or hr‘gh-rcmpcrurure hydrocarbon liquids, the
seal fluid medium circulates from 4N external soyree
through connections op the pump seal. This medijum
may be 4 clean 845 0il In all cages of duxiliary pump
Piping, the plant lavoy, designer myg carefully review.
the vendor drawing ang Piping and instrumemu[i()n
diagrams ¢, €nsure thar yjj fequirements f,r cooling
or seals have been Covered by ope of these docy.
ments. Exhibj; 8-33 shows 4 tvpical auxiliany pump
Piping arrangement. The cooling water N and our of
this particylyr Pump is from above grade. however,
many cooling wager SYstems are helow 8rade, and the
plant layoy, designer must find 3 Suitable location for
this connection,

the most IMportang considerations illustrated Ex.
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EXHIBIT 8-33
Auxiliary Pump Piping

Eocrling WATER (iN- auT)

]
/4 o

hibit 8-34: supporting the suction line under the el-
bow and supporting the discharge line within five di-
ameters of the top elbow.

The suction line is commonly supported under the
elbow adjacent 1o the pump nozzle. This may be a
hard support (i.e.. pipe or a structural steel member),
adjustable type, or spring support for high-tempera-
ture pumps. If pumps are located in poor soil areas or
where differential settlement may occur, extending
the pump block foundation may be necessary to pick
up the base support. The stress/support engineer and
civil engineer need 10 be part of this decision.

The discharge line should be supported as close to
the top elbow as possible and should be within tive

Process Plant Layout and Piping Design

diameters of that elbow. Pump nozzle loading falls
under the API-610 code. There are two wavs of sup-
porting the discharge line. One is to sit the spring
support on the steel with a rod hanger and clamp; the
other version is to place a base spring on the steel with
the discharge line resting directly on the load flange of
the spring. Becau:‘se the hanger rod could pose a dan-
ger during a fire, each project should be reviewed for
such concerns. Loading on steam turbine nozzles falls
under the NEMA-SM-21 code, which is different from
the allowable nozzle loads on pumps.

Inline pumps do not require a direct support but
are held in place by the suction and discharge line
supports, as shown in Exhibit 8-35.
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EXHIBIT 8-34

Turbine Support
Consideran'ons
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EXHIBIT 8-35

Typical Inline Pump
L g L 3 Support
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Catalysts thyy Promote chemicyj transformation of
feeds Or as agents remove unrequired materialy
from feeds, Reactors are generally vergjcq) steel hollow
vessels and often operate under very high tempery.
tures and pressures. Onpe (of the principal layout fey.
tures of the reactor js the fequiremeny fr Catalyst

vessels are essential 1o modern Processes ang have
found widespread application jp the Production (f
chemical apg refinery products.

This chapter highlighes the genery requiremeny
for reactor plant layoy; design. 1t provides instructions

PROCESSs OPERATION

There are many catalyst-charged vessels within the cat-
egory of reactors, mainly becayge their characteristics
and layoy fequirements yre similar, Examples of
these are desulfurizers, merhanutors, and guard cham-
bers. The desulfurizer, which usually operages with g
twin vessel g Tesponsible for the removal of syify,
from feedstock by absorbing the sulfur on the inter-
nally loadeq catalyst. When the catalyst becomes satu-
rated with sulfur, fegeneration ke Place and the
Spent catalys; becomes refurbished. Exhibit 9.1 shows
a typical desulfurizer process arrangemen;.

he reactor used in 3 typical hydrotreager unit js
more versatjle In the hydrotreating process, the

CHAPTER

Reactors

* Some of the nitrogen j converted ¢, dmmoniy,

* Any mery]s entrained in the oil are deposited o the
Catalvst.

* Some of the Olefins, aromatics, ang naphthenes pye.
Ome hydrogen Sturated and some cracking takes
place, causing the formation of butanes, propane,
and lighter 8ases. Exhibit 9.2 shows 4 tpical hyvdr,.

- treater procesy arrangemen.

Catalysts PIomote a reacrion but do ney react in any
Wy themselves. The catalvst used inside reacrors is
generally byl or pellet shaped ang, dcpcnding on the
0ope of service, can b made from variety: of mgge.
rials, induding aluminu, zin¢ oxide, or even such gp
EXpensive mery) s platinum,

DESIGN CONSIDERATIONS
FOR REACTORs

Ahhough Some reactors ¢ €8, those use in methang)
and catahyic reforming units) are Spherical, myy are
vertically mounfy vessels with elliptical heads. There
are fewer connections for the plang layout designer r
be concerned wir, than there are with the distillation
tlower, Gencm”_\x connections gre limited y, inlet ang
outler, maintenance access, unk)ading, sample, ang
temperature Imerna“_\', reactors are furnished with

d supports, screens, injer baffles, ougler collectors,
catalysts, ang Mert materijgls, Exhibit 9.3 depicts 4 tvpi-
cal reactor and its Principal Components,

feactor process ve.jsel sketch, and Exhibit 9.5 shows 3
high~pressure reactor.
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- EXHIBIT 9-1
FEED }5{ Desulfurizer Process
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EXHIBIT 9-2 Hydrotreater Process
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CHARGE
Pumpsy

FEED EXCHANGERS

LOCATION OF REACTORS

Reactors are located within a process unit adjucent to
related equipment and in a suitable position for oper-
ation and catabyst loading and unloading. A reactor
operates in sequence and close to a furnace because
expensive high-temperature piping runs must be min-
imized. Exhibit 9-6 illustrates a partial plot plan of a
hydrotreater unit.

SUPPORT AND ELEVATION

There are four principal methods of support for reac-
tors: a skirt from a concrete foundation, lugs from

Process Plant Layout and Piping Design

S S
EXHIBIT 9-3 Typical Reactor
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concrete piers, a ring girder from a concrete table top,
and a skirt from a concrete wble top. Exhibit 9-7 de-
picts these four arrangements.

Reactor elevation is dictated by the catalyst's un-
loading nozzle or Iclearance for the outlet piping,
whichever results in the lower tangent line elevation.
The tangent line elevation, however, could be much

higher to suit speciﬁc client unloading requirements
I

* ) l
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EXHIBIT 9.4
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Process Vessel Sketch
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EXHIBIT 9-7 Methods for Reactor Support

REACToR
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~ T SKIRT

a. Skirt Supported (Foundation)

i
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H
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¢. Ring Girder Supported
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’F_%‘ REACTEOR
r{ Luas

& " CONCRETE
PIERS

b. Lug Supported

DGR L LORNZEr7 N\

d. Skirt Supported (Table Top)
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EXHIBIT 9.8
Minimum Reactor
Elevation Requirements

MINIMUM To sur

Pipe SupPPoRT

° o Low-po,r DR aw

4l~

(e.g., truck unloading). Exhibit 9.8 depicts minimum \
elevation fequirements, yng Exhibit 9.9 shows direct EXHIBIT 9.9 py :

unloading ingg 3 truck. To set the elevation of reactors,
the plant layour designer requires the following infor-
mation:

* Reacror dimensions.

* Type of heads,

* Support details.

* Bottom outler size.

* Unloading nozzle size.

* Client preference for catalyst handling,

NOZz1E LOCATIONS AND
ELEVATIONS

Nozzles are located o § it process operation and
maintenance féquirements ang to facilitate an eco-
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MANTENMKE INLET Nozale EXHIBIT 9-10
Acce 9% (s!.e CHAPTER 10, TowaclS) Top-Head Nozzle
Arrangements
| =8 4 et ? -
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INLET NOZZLE
MAINTENMICE
Access
TR 4 T :
1 Py
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4 gL |
|
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GLEVATION Praw |

nomic and orderly interconnection of piping between
the reactor and related equipment. The following in-
tormation is required to locate and elevate reactor
nozzles:

* Process vessel sketch.

* Instrument vessel sketch.

* Piping and instrumentation diagram.
* Piping line list.

* Nozzle summary.

* Pl lavout specification.

¢ [nsulation requirements.

The process inlet is focated at the top head of the
reactor along with maintenance access, which is used
for catalvst loading. On small-diameter reactors whose
space is limited, the inlet nozzle can be integral with
maintenance access. Exhibit 9-10 shows typical top-
head arrangements.

The process outlet and the catalyst unloading noz-

Process Plant Layout and Piping Design

zle are located ‘'on the bottom head of the reactor. If
the reactor is skirt supported, the outlet is arranged
like a tower bogtoms outlet. If supported by lugs or by
a ring girder, the nozzle is vertical on the centerline of
the vessel that [terminates at the nozzle flange. The
catalyst unloading nozzle is angled from the bottom
head to clear the skirt and is positioned between the
piers on lug-supported reactors and below the table
top on ring girder—supported reactors. Exhibit 9-11
depicts tpical bottom-head arrangements. In certain
cases. especially with stacked reactors, catalyst unload-
ing nozzles are located in the side shell of the reactor,
as shown in Exhibit 9-12.

Temperature instruments are usually required at
reactors; they are used o meuasure the temperature (it
different levels of the catalyst bed. These instruments
can be individual nozzles located at various levels on
the shell of the reactor or, w minimize multiple con-
nections, immersed in a well from the top of the reac-
tor, either on an individual nozzle or through the
maintenance access. Instrument requirements for re-

C
)
}
1
I
I
1
i
I
i
!
1
}
C
I
)
[
I
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¥
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EXHIBIT 9-11
Bottom-Head Nozzle
UNLoADING Arrangements
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actors are usually highlighted on 2 vessel instrumen un]o;zding. Platform elevations are determ
sketch that js furnished by the instrument engineer. items
Exhibit 9.13 illustrates sjde

ned by the
aintenance: on tall
Tt to accommodate
30 f (9,150 mm).
dder elevation re.

that require operation and m
reactors, platform elevations gre se

4 maximum ladder run length of
Exhibit 9-16 sh

OWs platform and Jy
quirements,

shell-mounted tempera-

ture instruments, ang Exhibit 9-14 shows the top-head
vertical arrangement,

Sample probe conn

Specified, are usually

vessel as shown in Ex

ections, which
located on the
hibit 915,

are sometimes
side shell of the

» sample probes,
rzzles at stacked vessels, and mux-

Because of the €conomics of plag.

ng or client preference, however,
must: sometimes he Surrounded by

catalyst unloading n¢
imum ladder runs.

form bracket weldi
reactors

| steel
i

|
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EXHIBIT 9-12 Side Shell-Mounted Catalyst Unloading

Nozzles
—
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TR

EXHIBIT 9-13  Side Shell-Mounted Temperature
Connections

\

\ WITHORAWA L

SPaAc B

structures with stairs for operator and maintenance

access. On reactors shorter than 30 fi ( 9,150 mm), only
a top-head platform is needed. Exhibits 9-17 through
9-21 show typical reactor platform arrangements.

PIPING ARRANGEMENTS

Reactor piping must be arranged for ease of support
and positioned to suit interconnection with related

Process Plant Layout and Piping Design

EXHIBIT 9-14 Vertically Mounted Temperature
Connection
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EXHIBIT 9-15 Sample Probe Connection
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EXHIBIT 9-17 Vessel-Supported Platform Arrangement EXHIBIT 9-19 Structure-Supported Platform
Arrangement
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EXHIBIT 9-18 Single Platform Arrangement
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EXHIBIT 9.2
Top Platform
Arrangements
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EXHIBIT 9-23
Reactors in Series:
Manually Operated valve
Manifold
EL EVATIoN
a%%
EXHIBIT 9.24

Reactors in Series:
Remotely Operated Valve
Manifold
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EXHIBIT 9-25 Davit Arrangement

RELEF VALVES

DAVIT

LoADING AND\
UNLOADIWNG AREA

can be located at the top-head platform, as shown in
Exhibit 9-24.

Relief valves are usually furnished as part of the
reactor piping system and should be located in accor-
dance with the arrangements shown in Chapters 5
(Drums) and 10 (Towers).

MAINTENANCE

Handling such removable items as relief valves and
valve drives for off-site repair and catalyst loading can
be achieved by fixed handling devices or by mobile
equipment. Fixed handling devices can be davits or.
for structure-mounted reactors, trolley beams. Exhibit
9-25 depicts a typical davit arrangement, and Exhibit
9-26 shows a trolley beam arrangement.

Catalysts are loaded through the top-head mainte-
nance access of the reactor after removal of the inlet
nozzle if integral to the maintenance access cover
flange. If the catalyst is not supported on a fixed grat-
ing and screen assembly, which would be fabricated

Process Plant Layout and Piping Design

D E———————
EXHIBIT 9-26 Trolley Beam Arrangement

KRELIEF VALVES

_ Loaping
-Q? N NOoZZLE
\ \‘y/'
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+| ]
- TRoOLLEY
‘/\\- BEAMY

LOADING AND
HNLOADING AREA

with the vessel, the first step is to load the bottom head ~

and unload the nozzle with inert material. The inert
material could be silica pellets or alumina balls. which
are usually larger than the catalyst and support the
catalyst bed. The inert material is then covered with
the bottom floating screen. The catalyst is first sieved
through a mesh screen to remove the finer particles. It
is then loaded into a bucket or sock and lowered
through the maintenance access, where it is manually
distributed in layers until the reactor is filled to the
required capacity. The top and botom lavers of catu-
lvst are usually a larger mesh than the main bed. The
top tloating screen is then installed and covered with
an additional layer of inert material that is used to hold

down the screen assembly during regeneration and

eliminates inlet'gas turbulence during operation.
The catalyst is removed infrequently. Removal is
accomplished during shutdowns after cool-down by
allowing the catalyst to exit through the bottom un-
loading nozzle. After removal of the tlange cover on

4N o it s S e S SE Sk Ak SEn AnS S Sl SaE St NS 2R D N
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INLeT EXHIBIT 9-2v
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the unloading nozzle, the catalyst can be allowed to
free fall 10 a temporary containment areq or be re-
moved using an industria] vacuum, or a temporary
valve may be used to control the unloading rates. Ex.
hibits 9-27 through 9-30 are examples of less common
reactor arrangements

The dimensions, clearances, and guidelines

high-

lighted in this chapter are examples of reactor ar-
rangements. The plant layout designer, however,
should be familiar with company and client standards
before proceeding with reactor layout and should co-
ordinate this effort with such supporting groups as

vessel, systems, process, civil, and instrument engi-
neering,
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EXHIBIT 9.2
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Towers, also referred 10 as columns, are one of the
principal pieces of equipment of any processing facil-
ity. Towers are cvlindrical steel vessels that are used
for distilling raw materials in the production of such
products as gasoline, diesel, and heating oil. The plant
layout designer must understand the internal structure
of a tower and how it operates to produce a satisfac-
tory design.

This chapter highlights the general requirements
for tower plant layout design. It describes the internal
workings of towers and provides the information re.-
quired to orient nozzles; locate instruments, piping,
and controls; and provide platforms and ladders for
Operator and maintenance access,

THE DISTILLATION PROCESS

Crude oil is of little commercial use; when separated,
or broken down, however, oil becomes one of the
most valuable commodities in the world. Crude oil s 2
mixture of hydrocarbon compounds with a wide
range of boiling points from 100" (38 C) to 1,400° F
(760° C).

Separation, or distillation, is a process by which a
liquid mixture is partially vaporized. The vapors are
then condensed, separating the individual compo-
nents of the mixture. As the temperature of crude oijl is
raised, the initial boiling point (IBP) is reached. As
boiling continues, the temperature rises. The lightest
material, butane, is produced first, at IBP, just below
100" F (38" C); the heavier materials are produced be-
low 800" F (427° C). The residue includes everything
above 800" F (427" C). Exhibit 10-1 shows the distriby-
tion of the different products at the various tempera-
ture ranges.

The evolution of distillation towers is best ex-
plained in three basic steps:

* The batch shell still process.
* The continuous shell still process.

CHAPTER
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* The fractional distillation process.

Batch Shell

In the batch shell stjl process, the still is partially filled
with a set feed called a barch, The feed is then heated
to the temperature required to produce a specific
product from the overhead vapors. This process js
repeated each time for each product until the barch
reaches the maximum temperature for the range of
products specified. The feed remaining in the still js
then pumped out, and the still is allowed to cool. It is
then refilled, and the whole process is repeated. Not
only is this process time consuming, but the product is
not always of high quality. Exhibit 10-2 shows the
batch shell stil] process, which was one of the earliest
used for liquid mixture separation.

Continuous Shell

In the continuous shell still process, several shell stills
are linked in series to form 2 battery. Fresh feed con.
tinuously enters th¥® first still, which is kept at the low-
esttemperature for the lightest overhead product. The
bottoms from the first stil] are fed to the second still,
which is kept at the temperature for the next highest
boiling overhead product, and so on. The number of
stills required depends on the number of products
needed. If the feed and the temperature of each stjll
remain constant, the finished product is of satisfactory
qQuality. Exhibit 10-3 depicts the continuous shell still
process, which is an improvement over the batch shell
still operation.

Fractional Distillation

Similar to the continuous shell still, the fractional dis-
tillation process is made up of several stills linked
together in series. The main difference is that all the
liquid condensate is returned to the upstream still. As
the feed is partially vaporized in the first still, the va-
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EXHIBIT 10-1 Crude Distillation of Products Across EXHIBIT 10-2 Batch Shell Still Distillation Process
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pors rise, travel through the overhead line, and come still. As vapors rise in the first still, they meet the in- :
into contact with the liquid in the second still. Because coming liquid from the second still. This causes vapor-
the temperature of the liquid in the second still is ization of the incoming liquid from the second still 'l
lower than the incoming vapors from the first still, the and condensation of the rising vapors in the first still.

vapors partially condense. At the same time, liquid
from the second still enters near the top of the first

Process Plant Layout and Piping Design

The same reaction takes place in all the downstream
stills. This process improves on previous operations in

H
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EXHIBIT 10-5 Fractionator Tower
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terms of quantity, quality, and a feduction in the en-
ergy needed to heat the raw materials, Exhibit 10-4
illustrates the multiunit fractional distillation process.

All three process arrangements are satisfactory op-
erations and play an important part in the develop-
ment of the modern distillation tower. The final step
in combining these operations into one single compo-
nent is achieved by stacking the stills on top of each
other and installing an internal device between each
still to allow the liquid to flow down and the vapors to
rise. This means that the single unit can function in a
way similar to the multishell unit for less capital and
operational cost. Exhibit 10-5 shows a single fractiona-
tor tower with the corresponding still numbers and
temperature ranges of the multistill unit, The reflux
return line controls the temperature of the fluids in
the upper portion of the tower,

Vapor and Liquid Flow

One of the most common internal devices that allows
the single tower to function similarly to the multistill
unit is the tray, illustrated in Exhibit 10-6. Slots and
holes in the trays allow the Vapor to rise and the liquid

EXHIBIT 10-6 Vapor Liquid Flow

to flow down. 7

Rising vapors in the tower pass through slotted
bubble caps and come into contact with liquid flowing
around the caps, Liquid flowing down from trays
above fall througf downcomers and over and around
the bubble caps en route to the next downcomer. In
this manner, the light boiling fractions in the down-
flowing liquid are vaporized by the heat from the ris.
ing vapors, and heavier boiling fractions in the vapor
are condensed and flow down the tower. This process
of vaporizing and condensing throughout the tower
allows the feed to be separated into the required boil-
ing-range fractions, which are drawn off from the side
of the tower at the appropriate locations.

TYPES OF TOWERS

Towers are named for the service or type of unit they
are associated with. For example, a stripper is used to
strip lighter material from the bottoms of a main tower
Or a vacuum tower. It is generally used in a vacuuny
crude unit for distilling crude bottoms residue under
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EXHIBIT 10-7 Vacuum Tower and Stripper
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vacuum pressure. Exhibit 10-7 shows a typical vacuum
tower and stripper.

From the outside, tower configurations are similar
in appearance, varying only in dimension; some tow-
ers have swaged top and bottom sections. The princi-
pal difference among towers is the type and layout of
the internal components that control the vapor-liquid
contact.

This chapter describes the internal and external
plant layout requirements for the two most common
types of tower: the trayed and packed arrangements.
Exhibit 10-8 depicts a typical trayed tower with some
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EXHIBIT 10-8 Trayed Tower
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of its associated components.

In a packed tower, instead of having trays, the units
are packed with beds of metal rings. On entering the
tower, the liquid passes through a distributor that
routes the liquid evenly down through the packed
beds of metal rings. Rising vapors passing through the
beds come into contact with the descending liquid. In
a manner similar to trayed tower operation, the liquid
is partially vaporized by the heat from the vapors and
the vapors are condlensed by the cooler liquid. Exhibit
10-9 illustrates a typical gas-liquid packed tower and
its principal components.
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EXHIBIT 10-9 Packed Tower
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DESIGN CONSIDERATIONS
FOR TOWERS

Towers are not a standalone operation; they are usu-
ally located within a process unit adjacent to related
equipment and in a suitable position for operator and
maintenance access. A tower operates close to such
related items as pumps, reboilers, drums, and con-
densers and should be positioned to facilitate an or-
derly and economic interconnection between itself
and that equipment.

Within the conventional inline process unit, towers

and their related items are located on either side of a
central pipe rack, serviced by auxiliary roads for main-
t€nance access. In plants in which the related equip-
ment is housed, the tower js often located adjacent to
the building or structure containing the equipment.
Exhibit 10-10 shows a process flow diagram of a tower
and its related equipment, a typical plan arrangement
of the same €quipment, and the €quipment in eleva-
tion.

TOWER ELEVATION AND SUPPOR'I_'

Tower elevation is the distance from grade to the bot-
tom tangent line of the vessel, Support is the means by
which the vessel is retained at the required elevation.

_Exhibit 10-11 shows an €xample of elevation and sup-

port.

Although tower elevation must satisfy minimum
NPSH requirements, it can be set by a combination of
the following constraints—whichever produces the
minimum tangent line elevation:

* NPSH (Exhibit 10-12)

* Operator access (Exhibit 10-1 3).

* Maintenance access (Exhibit 10-14).
* Minimum clearance (Exhibit 10-15).
* Vertical reboiler (Exhibit 10-16).

* Common access (Exhibit 10-17).

A skirt is the most frequently used and most satis-
factory means of support for vertical vessels. It is at-
tached by continuous welding to the bottom head of
the vessel and is furnished with a base ring, which is
secured to a concrete foundation or structural frame
by means of anchor bols. In most cases, the skirt is
straight, but on tall, small-diameter towers, the skirt
could be flared. Access openings are required in ves-
sel skirts for inspection and, when possible, should be
oriented toward the main access way. Exhibit 10-18
shows a typical skirt arrangement.
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EXHIBIT 10-10 Tower Arca
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EXHIBIT 10-

11 Considerations for Tower Elevation
and Support

EXHIBIT 10-13 Operator Access
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EXHIBIT 10-15 Minimum Clearance
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EXHIBIT 10-16 Vertical Reboiler
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EXHIBIT 10-17 Common Access
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The first step in tower layout is setting the bottom
tangent line elevation. This step assists civil engineer-
ing in foundation design, vessel engineering in sup-
port design, systems engineering in line sizing, and
rotating equipment engineering in pump selection. To
set the elevation of a tower, the plant layout designer
requires the following information:

* Tower dimensions.
* Type of heads.

* Support details.

* NPSH requirements.
* Bottom outlet size.

* Reboiler details.

* Foundation details.

* Minimum clearqnces.

For example, the tangent line elevation of the tower
as shown in Exhibit 10-19 has been set using the fol-
lowing information and the guidelines in this chapter:

* Configuration—Exhibit 10-13 (operator access).
* Tower dimensions—4 ft (1,200 mm) in diameter by

-
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EXHIBIT 10-18
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| EXHIBIT 10-20
40 "P Process Vessel Sketch
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60 ft (18,300 mm) in length.

* Type of heads—2 : 1 elliptical.

* Support—Straight skirt with base ring.

* NPSH—6 ft (1,800 mm) minimum.

* Bottom outlet size—6-in diameter.

* Foundation—Concrete point of support elevation of
101 ft (100,300 mm).

* Operator clearance—7 ft (2,100 mm).

A freehand sketch should be used for this exercise.

Although the minimum NPSH requirement was a
key factor in elevating the tower in this example, the
height was finally dictated by operator access clear-
ance, which was the greater of the two dimensions. If
the configuration shown in Exhibit 10-12 ( NPSH) had
been used, the tangent line elevation would be 1085 ft
(102,600 mm).

Process Plant Layout and Piping Design

Tower Internals

Towers have a variety of internal devices for vapor-
liquid contact and feed distribution that affect the exte-
rior layout of the vessel. There is a wide range of
designs for trays, which are the principal internal com-
ponent of the trayed tower. The two most frequently
used are the single-pass bubble cap tray and the dou-
ble-pass bubble cap tray. Other trays (e.g., sieve or
perforated trays) are similar in design to the bubble
cap tray and do not affect the layout of the tower. Tray
configurations and dimensions are furnished by pro-
cess engineering and are included in the process re-
lease package. Exhibit 10-20 illustrates a process vessel
sketch, Exhibit 10-21 shows the tray details, and Ex-
hibit 10-22 depicts single-pass and double-pass trays.
Towers have the same tray configuration for the
whole length of the tower. Some towers, however,
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% EXHIBIT 10-21
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EXHIBIT 10-22 Examples of Downcomer Trays
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[ EXHIBIT 10-27
__r’/%’ Liquip Packed Tower
PiaTo. g Components
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a. Packed Bed Section
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especially those with enlarged sections, could change
from single-pass 1o double-pass tray configurations.
Exhibit 10-23 shows 2 tvpical arrangement at a tower
transition section. The chimney tray, if specified, is
another device that could change the tray configura-
tion. The chimney tray is a solid plate with a central
chimney section and is usually used at draw-off sec-
tions of the tower. Exhibit 10-24 identifies a typical
chimney tray arrangement.
The plant layout designer
along with the tower nozzles t
arrangement. The trays can be at any angle as long as
the downcomers directly oppose each other. Exhibit
10-25 shows a typical example of Oopposing down-

must orient the trays
O suit the best exterior

Two main items that influence tray

orientation are
maintenance access ways and reboile

rs. The process

Laup

¢. Packing Suppofrt Grid

e

vessel sketch (Exhibit 10.2
draw-off nozzle is located
comer of tray 27, and the plan arrangement (Exhibit
10-10b) indicates that the reboiler is located on the
west side of the tower and that the maintenance road
is south of the tower. Therefore, because the tower
reboiler nozzle s generally on the same side as the
reboiler and the maintenance access way is best lo-
cated on the maintenance side, the trays are automati-
cally positioned about 2 north/south centerline. Ex-
hibit 10-26 illystrates a plan view of the arrangement.
The principal difference between trayed and
packed towers is that the packed tower uses metal

0) shows that the reboiler
directly below the down.

rings instead of trays for vapor-liquid contact. The

metal rings are dumped or packed into specific sec-
tions of the tower, called bed

grid bars spaced to preven

s, and supported by cross
t the rings from falling
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EXHIBIT 10-28
— r Elevation and Orientation
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through. The supports are designed to allow vapor to
rise and liquid to flow down. Liquid is fed into the
vessel at the top of each bed through a liquid distribu-
tor. Unlike the trayed tower, there are no special con-
siderations for orientation of the beds, the distributor,
or the packing supports. Exhibit 10-27 shows these
three packed tower components.

NOZZLE ELEVATION AND
ORIENTATION

Nozzles must be elevated to meet the internal require-
ments of the tower and oriented for maintenance and

Process Plans Layout and Piping Design

operational needs. Their position must also facilitate
€conomic and orderly interconnection of piping be-
tween the tower and related equipment.

A maintenance access is usually located in the bot-
tom; top, and intermediate sections of the tower and is
used to gain entry to the tower during shutdowns for
internal inspection and component removal. Mainte-
nance accesses must not be located at downcomer
sections of the tower. Care must be taken at sections of
the tower that contain internal piping to avoid block-
ing the maintenance access entrance. Exhibit 10-28
shows typical elevation and orientation requirements
for maintenance accesses.

Feed connection$ to trayed towers usually must be
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EXHIBIT 10-29

Reflux: Alternative
_\ Arrangements

FIXED ORIENTATION

Powncomer

NOZZLE DIAMETER
+ 57175 MINIMUOM

N

i

LU j‘_"]r

FIXED ORIENTATION

|

o\

x=
-1

LRE = Lowg RAOWS Erbow —Z— |

MULTIPLE cHolIcE ORIENTATION




234

EXHIBIT 10-30 Feeds: Alternative Arrangement
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located in a specific area on the trav by means of
internal piping, which can restrict nozzle orientation
options. The restrictions are minimized by optional
routing of the internal piping to facilitate the most
economic exterior arrangement. Internal feed piping
to packed towers is piped directly to the distributor
and can be oriented ar any angle. Exhibits 10-29
and 10-30 illustrate several options for internal feed
piping.

If specified, reboiler connections are usually lo-
cated at the bottom section of the tower. For the hor-
izontally mounted thermosiphon reboiler, the draw-
off nozzle is located just below the bortom tray. For
the vertically mounted recirculating thermosiphon re-
boiler, the draw-off nozzle is located at the bottom
head. For both systems, the return nozzles are located
just above the liquid level. Exhibit 10-31 shows both of
these arrangements.

The vapor outlet is usually a vertical nozzle located
on the top head of the tower. It is usually a single
nozzle, but in certain cases ( €.g.. towers with very
large diameters), more than one nozzle is specified.
On large-diametel vapor lines, the vessel connection
could be butt-welted instead of flanged. In addition,
the vent and relief valve could be located on the top
head instead of artached to the overhead piping. Ex-
hibit 10-32 shows a tvpical top head arrangement.

The liquid outlet is located on the bottom head of
the tower. If the tower is supported by a skirt, the
nozzle is routed dutside the skirt. As with the vapor
outlet, more thanCLone nozzle may be specified. The
elevation of the nozzle is dictated by the constraints
discussed previously in this chapter. The orientation
can be at any angle, but generally it is dictated by
pump suction piping flexibility. Exhibit 10-33 shows a
typical bottom head arrangement.

Temperature- and pressure-instrument connec-
tions are located throughout the tower. The tempera-
ture probe must bé located in a liquid space, and the
pressure connection in a vapor space. Exhibit 10-34
shows the preferred location for both connections.

HE A TR O DR B OGN B OF BN O O B DD B O N am =
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EXHIBIT 10-32
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Level instruments are located in the liquid section of
the tower, usually at the bottom. The elevation of the
nozzles is dictated by the amount of liquid being con-
trolled or measured and by standard controller and
gauge glass lengths. This information is furnished on

flange. To set top- and bottom-head nozzle elevations,
the type of head must be specified. This information is
highlighted in the process vessel data. The WO most
commonly used are flanged-and-dished and 2 : 1 ellip-
tical heads. Exhibit 10-38 shows approximate dimen-

the instrument vessel sketch. Exhibit 10-35 illustrates sions for these heads.

level instrument requirements. As an example, the nozzle elevations shown in Ex-
When nozzles, especially those with internal pip- hibit 10-39 have been set using the following guide-

ing, are positioned, the plant lavout designer must lines:

allow adequate clearance at tray support steel. Exhibit N

10-36 illustrates approximate tray support beam sizes. * Process vessel sketch (Exhibit 10-20).

Standouts, shown in Exhibit 10-37, are measured from * Tray details (Exhibit 10-21).

the internal diameter of the vessel to the face of the * Type of heads—2 : 1 elliptical

Process Plant Layout and Piping Design
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) mpme EXHIBIT 10-40
PREFERRED LOCATION AccEos Typical Platform
NOT REQUIZED POST STANDPIPE Arrangement
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Accese

* Bouom tangent line elevation (Exhibit 10-19).
* Nozzle summary (Exhibit 10-20).
* Instrument vessel sketch (Exhibit 10-58).

* Piping and instrumentation diagram ( Exhibit 10-56).

* Plant layout specification—Chapter 2.
* Insulation—None required.

PLATFORM ARRANGEMENTS

Platforms are required on towers for access to valves,
instruments, blinds, and maintenance accesses. Plat-
forms are usually circular and supported by brackets

Process Plant Layout and Piping Design

BERACKETS

attached to the side of the tower. Generally, access to
platforms is by ladder. Exhibit 10-40 depicts a typical
platform arrangement.

Platform elevations for towers are set by the items
that require operation and maintenance and by a max-
imum ladder run of 30 ft (9,150 mm). Exhibit 10-41
shows platform and ladder elevation requirements.

Platform widths are dictated by operator access. For
intermediate platforms with no controls required and
platforms with controls located to the side or the edge
of the platform, the width must be a minimum of 3 ft
(915 mm). At congested platforms with controls lo-
cated over the platform, the width must be a minimum
of 3 ft (915 mm) plus the width of the controls or

- I Gk N B I B EaEE e

. 5+ trp——n i
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EXHIBIT 10-42 Platform Width Requirements
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projections. Exhibit 10-42 shows these two arrange-
ments.

At maintenance access platforms, adequate space
must be provided to swing the maintenance access
cover flange open for storage against the face of the
tower. Top head-mounted maintenance accesses

Process Plant Layout and Piping Design

EXHIBIT 10-43 Maintenance Access Arrangements
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must be from thrée sides. Exhibit 10-43 displays tvpi-
cal maintenance access arrangements. Top head plat-
forms are requir |d for access to vents, instruments,
and relief valves and are supported from the head by
trunnions. Exhibit' 10-44 shows typical top head plat-
form arrangements. Access between towers, if lavout
permits, is provided by common platforming. The
platform elevations can be within a maximum differ-
ence of 9 in (230 mm) but must be connected by
mechanical joint. Exhibit 10-45 shows a common top
head platform arrangement.

Brackets for side-mounted platforms are evenly
spaced around the tower and, when possible, straddle
both the main axes. Oddly angled brackets can be
used for small platform extensions as long as the
bracket clip does not interfere with the adjacent sup-
port. Exhibit 10-46 is an approximate guide to bracket
spacing.

When a common ladder serves two or more plat-
forms, the ladder rungs must be level with the plat-
forms they serve. The platform elevations must be in
even increments to suit the standard 12-in (300-mm)
ladder rung spacing. Exhibit 1047 illustrates this re-

——
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EXHIBIT 10-44 Typical Top Head Platform Arrangements
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EXHIBIT 10»45 Common Platforms

quirement. Ladders at tower transition sections and at
flared skirts may be sloped, if required, to a maximum
angle of 15° from the vertical. Offsets in ladders
should be avoided. Exhibit 10-48 shows a typical slop-
ing ladder arrangement,

On very wide platforms or those that support heavy
piping loads, knee bracing is required in addition to
the usual platform steel, as illustrated in Exhibit 10-49.
The potential obstruction immediately under the knee
brace must be kept in mind during platform design.

b. Multinozzle Top Head Platform

For example, the platform elevations shown on the
process vessel sketch in Exhibit 10-39 are the minij-

TOWER PIPING

Tower piping is located in conjunction with tray, noz-
zle, and platform orientation. When possible, the pip-
ing is grouped for ease of support and positioned to

ment and the pipe rack. Exhibit 10-51 shows the pre-
ferred areas of division for piping, platforming, and
ladders.

Adequate space must be provided berween piping
and between the back of piping and the tower shell to
facilitate the installation of Pipe supports, which are
attached to the tower. Exhibit 10-52 displays some typ-
ical supports for tower piping.
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EXHIBIT 10-46 Bracket Spacing : EXHIBIT 10-48 Sloping Ladder '
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EXHIBIT 10-51 Tower Areas of Division
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Tower piping should be arranged with sufficient
flexibility to accommodate tower growth and to allow
interconnection to equipment during regular operat-
ing conditions. Exhibits 10-53 and 10-54 show typical
overhead vapor line and pump suction arrangements.

Relief valve systems that are open to the atmo-
sphere are located at the top of the tower; closed sys-
tems are located a minimum distance above the relief
header. Exhibit 10-55 shows a typical arrangement for
both systems.

As an example, the piping arrangement shown in
Exhibit 10-57 has been designed using the following
information and the guidelines in this chapter:

* Process vessel sketch (Exhibit 10-20).

* Tray details (Exhibit 10-21).

* Nozzle elevations (Exhibit 10-39).

* Instrument vessel sketch (Exhibit 10-58).

* Piping and instrumentation diagram (Exhibit 10-56).
* Equipment arrangement (Exhibit 10-10b).

* Platform arrangement (Exhibit 10-50).

* Nozzle summary (Exhibit 10-20).

* Plant layout specification—Chapter 2.

Process Plant Layout and Piping Design

EXHIBIT 10-52 Tower Piping Supports
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TOWER INSTRUMENTS

Level, pressure, and temperature instruments control
the operation of the tower and must be placed in a
position that enhances operation and maintenance
without obstructing operator access. Instrument re-
quirements for towers are usually highlighted on an
instrument vessel' sketch furnished by the instrument
engineer. Exhibit 10-58 is a typical instrument vessel
sketch.

Level controllers, switches, and gauges are either
located individually or grouped on a common bridle
or standpipe. The controller must be operable from
grade or a platform; gauges and switches may be oper-
able from a ladder if no platform is available. Exhibit
10-59 illustrates arrangements for level instruments.

Like level gauges, temperature and pressure instru-
ments can be operable from a ladder if a platform is
not available at the required elevation. They can be
read locally or in the main control room. Locally
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PiPE RACK OVERHEAD coNDENSER EXHIBIT 10-53
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PPE RAZK N EXHIBIT 10-54
- Pump Suction
l { Arrangement
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N EXHIBIT 10-57
i Tower Piping
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EXHIBIT 10-58
Instrument Vessel Sketch
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mounted indicators are available in a variety of styles,
with straight or swivel heads that can be positioned for
clear dial visibility. Exhibit 10-60 shows typical tem-
perature and pressure connections.

The instrument arrangement shown in Exhibit
10-61 has been designed using the following informa-
tion and the guidelines in this chapter:

* Nozzle elevations (Exhibit 10-39).
¢ Instrument vessel sketch (Exhibit 10-58).

Process Plant Layout and Piping Design
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* Platform arrangement (Exhibit 10-50).
* Piping arrangement (Exhibit 10-57).
* Level instrument locations (Exhibit 10-35).

MAINTENANCE
|

Tower maintenance is usually limited to removal of
exterior items (e.g, relief or control valves) and inte-
rior components (e.g., trays or packing rings). Han-
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LEVEL coNTRoLLER COVER SWING AREA EXHIBIT 10-59
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dling of these items is achieved by fixed devices (e.g., the back of the ;tower that is accessible from the plant
davits or trolley beams) or by mobile equipment (e.g., = auxiliary road. Exhibit 10-62 depicts a typical davit ar-
cranes). When davits or beams are used, they are lo- rangement, ExH,ibit 10-63 shows a typical trolley beam

cated at the top of the tower, accessible from a plat- arrangement, Exhibit 10-64 portrays a planned drop
form, and designed to lower the heaviest removable zone, and Exhibit 10-65 shows mobile equipment.
item to a designated drop area at grade. When mobile In certain cases, stiffening rings are specified as

equipment is used, a clear space must be provided at additional strengthening for the tower shell, especially
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EXHIBIT 10-65
Mobile Equipment
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for towers in vacuum service. Care must be taken in
positioning the rings to allow adequate clearance at
nozzles, plaforms, ladders, and clips. A tower section
with stiffening rings is shown in Exhibit 10-66. Be-
cause of size, towers can be shop fabricated in two or
more sections for shipment in one piece or in sections
for field welding. As with stiffening rings, allowances
for clearances must be made between weld seams and
attached fittings. The vendor’s vessel fabrication draw-

ings show the'location of weld seams; Exhibit 10-67
illustrates typical weld seams.

Utility stations are required at tower platforms that
have maintenance accesses. Steam and air risers are
the two services required and must be positioned dur-
ing the tower layout stage so that adequate clips can be
furnished for support. Exhibit 10-68 shows utility sta-
tion requireménts. Such towers as demethanizers op-
erate under extremely cold conditions and sometimes
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EXHIBIT 10-66 Stiffening Rings
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EXHIBIT 10-68  Utility Station Requirements

2" eiseee SUPPORT

require increased standout dimensions for nozzles,
platforms, and ladders to clear extra-thick insulation
and to prevent frost on supporting steelwork. Polyure-
thane insulators are usually furnished between trun-
nions and support brackets. Exhibit 10-69 shows typi-
cal cold-service tower requirements,

The dimensions, clearances, and guidelines high-
lighted in this chapter are an example of those to be
used for tower arrangements. The plant layout de-
signer, however, t'pust be familiar with company and
client tower standards before proceeding with tower
layout and should coordinate the effort with such sup-
porting groups as :vessel, systems, process, and instru-
ment engineering.‘
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A pipe rack is the main artery of a process unit. It
connects all equipment with lines that cannot run
through adjacent areas. Because it is located in the
middle of most plants, the pipe rack must be erected
first, before it becomes obstructed by rows of equip-
n:>nt. The corresponding piping drawings are also re-
quired early for the same reason. Pipe racks carrv
process and utility piping and may also include instru-
ment and electrical cable trays as well as equipment
mounted over a! of these. This vital area requires
considerable planning and coordination with other
technology groups regarding construction because
costs are so high.

This chapter explains what is required to finalize
the pipe rack width, number of levels and elevations,
and bent spacing and addresses pipe flexibility and
access and maintenance concerns for each item lo-
cated within the pipe rack area.

The primary data required for the detailed develop-
ment of a pipe rack includes the following:

* Plot plan.

* Piping and instrumentation diagrams.
* Plant layout specification.

* Client specification.

* Construction materials.

* Fireproofing requirements.

ESTABLISHING WIDTH, BENT SPACING,
AND ELEVATIONS

The first step in the development of any pipe rack is
the generation of a line-routing diagram, shown in
Exhibit 11-1. A line-routing diagram is a schematic rep-
resentation of all process piping systems drawn on a
copy of the plot plan. Although it disregards exact
locations, elevations, or interferences, it locates the
most congested piping bent in the pipe rack. Usually,
the information available on early piping and instru-

CHAPTER 1

Pipe Racks

mentation diagram issues covers only commodity, line
number, and preliminary sizes.

Process flow diagrams provide insight to operating
temperatures and identify the need for insulation.’
Once the routing diagram is complete, the develop-
ment of rack width, bent spacing, and numbers of
levels and elevations may proceed.

Bent Spacing

A pipe bent consists of a vertical column or columns
and a horizontal structural member or members that
carry piping svstems, usually above headroom. The
line sizes that are installed in the rack establish the
bent spacing. Exhibit 11-2 is a typical pipe span chart
and shows how far a particular line can span on the
basis of size, schedule, liquid or vapor, and insulated
or bare pipe. Pipe racks are tailored to a specific plant:
pipe sizes in chemical plants are smaller than those
found in refinery units. If a plant requires a 16-fi
(4,900-mm) spacing, the variation in Exhibit 11-3 al-
lows for a 32-ft (9,700-mm) spacing by adding inter-
mediate bents supported from spandrels. Spandrels
are horizontal structural members located aleng the
longitudinal centerline that are used for structural sta-
bility, pipe support. or intermediate pipe bents. Dou-
bling the column spacing as shown in 2A of Exhibit
11-3 may be required to cross roadways or avoid un-
derground obstructions. The civil and structural engi-
neers should be consulted to review the economics of
the approach.

Setting the width of the pipe rack may then pro-
ceed. With the routing diagram, a dimensioned cross
section is developed at the bent that will carry the
most piping, which is bent No 12 in the example
shown in Exhibit 11-4. Usually, pipe racks carry pro-
cess lines on the lower level or levels, and the utility
lines on the top level. Instrument and electrical trays
are integrated on the utility level if space permits or
on a separate level above all pipe levels. Any pipe rack
design should provide for 20% future growth. When
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EXHIBIT 11-1 Line-Routing Diagram
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EXHIBIT 11-2 Basic Pipe Span Table

Vapor Line Liquid Line
Insulation (Span) Insulation (Span) Bare Pipe (Span)
Size Schedule  Corrosion 351°t0  601° to 351°tc  601°to Empty Water Filled Size
(inches) (inches) Allowance To 350° F 600° F 750° F To 350°F 600° F “50° F (to 350° F) (10 350° F) (inches)
3/4 40 0.05 12 n 8 12 10 - T4 13 3,4
1 40 0.05 14 13 10 14 12 9 16 14
112 40 0.05 18 14 14 i 15 12 19 1" 112
2 40 0.10 18 16 11 17 15 1 21 18 2 |
212 40 0.10 23 19 16 19 18 13 23 2] 2172 i
3 40 0.10 24 21 18 21 19 16 26 2 3
4 40 0.10 2" 25 22 23 23 19 29 25 4
6 40 0.10 33 31 28 29 2= 25 34 29 6
8 40 0.10 39 36 33 33 32 129 +0 33 8
10 40 0.10 4 42 39 3- 33 34 46 38 10
12 38w 0.10 4 45 42 39 38 36 49 10 12
14 3B w 0.10 49 47 44 40 39 3" 52 41 14
16 38w 010 33 50 4 42 41 39 52 43 16
18 38w 0.10 S0 54 30 44 43 40 36 43 18 !
20 38w 0.10 59 57 53 46 43 4] 62 46 20 '
24 38w 0.10 65 62 S8 +8 4" 43 6R 49 24
34 80 010 12 10 - 11 10 6 14 13 34
1 80 010 14 12 10 13 12 9 1o 14 1
112 80 0.10 1 16 14 16 15 "3 16 - 112
2 80 0.10 19 1™ 14 18 16 13 23 19 2
212 80 0.10 22 20 18 20 19 1” 23 21 212
3 80 0.10 24 22 20 22 21 19 2 23 3
4 80 010 2 26 23 25 24 22 29 26 +
6 80 0.10 34 32 30 31 29 28 3< 3l 6
8 172w 0.10 39 37 35 33 33 32 40 36 8
10 12w 0.10 44 42 39 38 3" 3 43 39 10
12 12w 0.10 4 45 43 41 40 38 19 42 12
14 172w 0.10 50 48 45 42 41 40 33 4 14
16 172w 0.10 53 sl 49 ++ 43 42 32 +6 16
18 172w 0.10 57 55 52 4" 46 44 39 48 18
20 12w 0.10 59 57 55 49 4+ 46 62 19 20
24 12w 0.10 65 63 60 52 50 49 68 52 24
1 XXS 0.25 14 13 10 13 12 10 15 14 1
1122 XXS 0.25 17 16 14 16 15 14 18 17 112
2 XXS 0.25 20 18 15 18 1" 15 21 19 2
212 160 025 21 19 17 19 18 16 23 21 212
3 160 0.25 24 22 20 22 21 19 25 23 3
4 120 0.25 27 26 23 25 24 22 29 26 4
6 80 0.25 33 31 28 28 27 126 35 29 6
8 12w 0.25 38 34 33 32 30 ' 40 34 8 8
10 172w 025 43 41 38 36 35 133 45 37 10
12 V2w 025 47 45 41 38 37 {35 49 39 12
14 12w 0.25 49 47 44 39 38 l37 52 40 14
16 172 w 0.25 52 50 48 41 40 '39 55 42 16
18 172w 0.25 56 53 50 43 42 i 40 59 47 18
20 12w 0.25 59 56 53 45 44 42 62 45 20
24 2w 0.25 64 60 58 47 46 45 68 48 24




EXHIBIT 11-3
Pipe Rack Column
Spacing

' A EXHIBIT 11-4

Pipe Rack Cross Section
(at Column 12)
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the electrical conduit trays are located on the top level
and a row of motor-driven pumps is located beneath
the rack at grade, a 6-in (150-mm) slot should be pro-
vided to allow the conduit to run in the most direct
manner and avoid running to the outside of the rack
and back to the pumps. This feature is illustrated in
Exhibit 11-5. Once future rack growth and conduit
have been allowed for in the plan, the spacing may be
set with the line spacing chart in Exhibit 11-6.

When flanges or flanged valves are required on mo
adjacent lines, the flanges are staggered as depicted in
Exhibit 11-7. Thermal expansion or contraction must
be accommodated, as shown in Exhibit 11-8. When all
the distances have been established between all lines
on each level, including allowances for future growth
and conduit, the only remaining dimension to be set is
the distance from the first line in the rack to the verti-
cal column centerline. Column sizes are furnished by
the civil/structural engineers.

The last step is to add up all the dimensions and
round off to the next whole number—for example, 20

ft (6,100 mm) rather than 19 ft 3 in (5.850 mm). To
illustrate, if the pipe requires a much greater area in
the rack, the designer would work with the structural
engineers to determine whether the pipe rack should
be mo 30-ft (9.150-mm) wide levels or three 20-fi
(6,100-mm) wide levels. This decision affects the cost
of the structure and pipe and must be made carefully.

After the bent spacing, rack width, and number of
levels are established, the elevation of the levels must
be set. As discussed in Chapter 2, the plant lavout
designer must know the minimum clearances to set
the elevations. Plant roads, type of mobile equipment,
and equipment located beneath the pipe rack can in-
fluence the pipe rack elevation. Usually, space is al-
lowed below the pipe rack for equipment, with a mini-
mum clearance of 10 ft (3,050 mm).

The next factor to consider is the dimension be-
tween the bottom of a line in the rack and the bottom
of a branch as it leaves the rack. For example, if a
review of the largest lines in the entire pipe rack
indicates that there are o or three large-diameter
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EXHIBIT 11-6 Line Spacing Chart
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Large-Diameter Lines
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lines (e.g., 18, 20, or 24 in) and the remaining lines are
12 in, the exit level above and below the rack can be 3
ft (915 mm). The dimension from the end of a 90°
butt-weld elbow to the centerline of a 12-in line is 18
in (457 mm). Exhibit 11-9 illustrates how to handle the
large-diameter lines by using a 45° elbow or trimming
an elbow to a more shallow angle. If the instrument
and electrical conduit are installed on a separate level,
the estimated dimensions of each tray must be ob-
tained from the instrument and electrical engineers to
ensure that adequate space is provided.

The design of the pipe rack is now complete with
the exception of installing equipment over the rack.

SETTING LINE, VALVE, AND
INSTRUMENT LOCATIONS

Many factors must be considered when locating each
line, valve, and instrument in a pipe rack. Exhibit 11-10

EXHIBIT 11-11
Pipe Rack Meter Runs

is an example of a typical layout.

A common arrangement of a standard process unit
pipe rack is one in which the process lines are on the
lower level or levels. The utility piping is on the top
level, which carries piping Electrical and instrument
cable trays are located on the top level with the utility
piping or on a separate level above the utility piping,
depending on the extent of cable tray area required.
The plant layout designer must consult the electrical
and instrument engineers early in the pipe rack layout
to establish these requirements.

When locating lines in the rack, the plant layout
designer should run the largest lines near the outside
where possible to reduce the overall load on the sup-
porting beams. Meter runs should be installed directly
next to the columns so that access is available by porta-
ble ladder or mobile platform, as shown in Exhibit
11-11. Meter runs are located in the pipe rack only
when absolutely necessary.

Many relief headers must be located above the top

ot e b i s
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EXHIBIT 11-13 Alternative Pipe Rack Expansion
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level of the rack to allow the line to drain to the blow-
down drum. The designer should avoid locating the
line over the centerline of the column for support so
that the columns can be extended for future rack ex-
pansion. Exhibit 11-12 shows a suggested location for
the relief header that does not impede future expan-
sion.

Shut-off valves at utility headers are located inside
the rack area in the horizontal position, directly above
the header if room permits. Operating valves must be
accessible from platforms or by chain operators. The
location of the valve must also permit the chain to fall
free of obstructions that would hamper operation. An
additional 20% of space must be allowed for future
pipe rack growth. An alternative approach to such ex-
pansion is shown in Exhibit 11-13.

Because space in the pipe rack is limited once the
design is set, it is important to route lines to avoid

Process Plant Layout and Piping Design

EXHIBIT 11-12
Relief Header Location

EXHIBIT 11-14 Hose Station at a Pipe Rack Column
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dead spaces. The designer can minimize runs in the
rack by consulting ith the adjacent-area designers to
identify which lines lcan run within the areas. Because
the development of|a pipe rack often includes swap-
ping lines, it is advised that the designer draw the lines
lightly until satisfied with the design. Once the layout
is optimized, the line definition can be finalized.

A pipe rack composite is shown in Exhibit 11-5.
This view highlights features mentioned previously
and clarifies additional considerations, For example,
the width of the acce: 3s way is determined by the space
needed to maintain |the equipment located at grade
below the pipe rack. k"or process or cost reasons, shell
and tube exchangers may be located under a pipe rack
in certain process units. Allowances must be made to
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maintain such units (e.g., providing a hitch point over
the channel end to facilitate its removal). Once again,
it is extremely important to know exactly what kind of
mobile handling equipment the plant will use.

The vertical drop of lines outside the rack, although
usually 2 ft (610 mm), is once again set by the average
line size in the unit. If the average line size is 2 in, a 12-
in (300-mm) drop may be sufficient. This view also
shows how the electrical conduit can be run directly
to the pump starter switch.

Exhibit 11-14 shows a typical arrangement for a
hose station. Battery limit valving for a single-level
pipe rack is shown in Exhibit 11-15. The valves are
staggered on either side of the carwalk, and hand-
wheel extension stems are furnished when necessary
to facilitate operation. Exhibit 11-16 also displays a
single-level rack. Here, however, an elevation change
is required berween the process unit and the off-site
pipe rack. This design has the block valves installed in
the vertical portion of the line, which allows for rela-
tive ease of operation.

Exhibit 11-17 illustrates a two-level process unit
pipe rack; the elevation change to the off-site area is
either above or below the process unit pipe rack.

PIPE FLEXIBILITY AND SUPPORTS

Although conducting the final stress analysis is the re-
sponsibility of the mechanical or stress engineer, the
pipe rack designer makes preliminary calculations us-
ing relevant books and nomograms to ensure that the
design will not require major rework during the for-
mal stress check. Exhibit 11-18 highlights the steps
involved in making a preliminary flexibility check,
which are discussed in the following sections.

Establishing potential flexibility problems The lines
that would most likely require expansion loops
should be defined. Steam headers in the top level of
the pipe rack are such examples.

EXHIBIT 11-15 Battery Limit Valving: Single-Level Rack
(Process/Off-Site Common Elevation)
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EXHIBIT 11-16
Battery Limit Valving:
Single-Level Rack
(Process/Off-Site
Elevation Change)
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EXHIBIT 11-17
Battery Limit Valving:
Two-Level Rack
(Process/Off Site .
Elevation Change)
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i Flexibility Check Steps
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EXHIBIT 11-19
Pipe Rack Anchor Bent

Ill

Determining line growth The growth of such utility
headers should be determined by multiplying the co-
efficient of expansion by the length of the line. The
coefficient of expansion is based on a particular mate-
rial operating at a specific temperature. Upset temper-
atures take precedence over operating temperatures.

Determining whether one anchor point will suffice
Assuming that an anchor is located in the center of the
header, the designer should calculate the growth of
various branches to determine whether they have
enough flexibility to absorb the header growth. If not.

two anchor points approximately one-quarter of the
distance from each end of the header should be tried.
Using the nomograms, the designer can calculate the
amount of expansion leg required to satisfy all flexibil-
ity requirements.

Arranging lines in proper sequence The line that
requires the largest leg must be located on the outside
of the loop. Placing the headers along one side of the
pipe rack allows the expansion loops to sit with a
slight overhang along the adjacent side of the pipe
rack. Exhibit 11-19 show's such an arrangement. As a
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EXHIBIT 11-22 Intermediate Pipe Support

result of imposing stop loads on a particular bent,
bracing may be required to grade, prohibiting the lo-
cation of any equipment in that particular bay. A
means of removing condensate build-up must be pro-
vided on either side of the expansion loop. The most
common way to accomplish this is to add drip legs and
traps, as shown in Exhibit 11-20.

Header growth causes another problem that is of-
ten not as obvious. The line spacing chart may have
been used to set distances between lines, or lines may
have been set close to a column. Exhibit 11-8 reveals
that the movement of a line must not be restricted by

Process Plant Layout and Piping Design

EXHIBIT 11-20
Steam Line Drlp Legs

EXHIBIT 11-21
Proper Line Support

an adjacent line or column, because it will act as a line
stop and could cause a problem. Enough space must
be provided for the line to move its maximum
distance and still have an ample clearance of 3 in
(75 mm).

Exhibit 11-21 shows the correct way to support a
line that has exceeded its allowable span. A common
mistake is to extend the 10-in process line over the
rack bent and cap it, when the line should have been
run as if a support problem did not exist. A smaller
piece of pipe or dummy leg could then be welded to
the elbow for support (a hole should not be cut in the
process line).

Exhibit 11-22 shows how larger lines in a pipe rack
are used to support a group of smaller lines that may
not be adequately supported because of the bent spac-
ing. The uninsulated line is U-bolted to the supporting
steel; the insulated line has its shoe welded to the
steel. The smaller lines then rest on the steel. When an
insulated line is used for suppor, the growth of the
line at the proposed support point must be checked.
Its growth could become restricted by this type of
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EXHIBIT 11-23
Pipe Rack Spandrel

P
1o B Location

support, and it may be better to use another line for
this application.

STRUCTURAL CONSIDERATIONS

Most lines require support when leaving or entering a
pipe rack. Structural members called spandrels are the
most common means of satisfyving this requirement.
After all the lines have been run in the pipe rack, the
plant layout designer must begin to locate the span-
drels necessary to support all of these lines. Exhibit
11-23 shows how the requirement can be handled. If
the structural engineers require additional spandrels
for stability of the pipe rack, they should bring this
requirement to the attention of the plant layout de-
signer. Exhibit 11-24 shows some variations of span-
drel design.

The plant lavout designer should be aware that pre-
cast concrete pipe racks require structural members
that are much larger than most designs. Exhibit 11-25
illustrates a precast column with an embedded steel

EXHIBIT 11-24
Pipe Rack Spandrel
Varijations

|~

member for the spandrel support. The spandrel also
has an embedded steel member that is bolted to the
column and eventually grouted in. An installation se-
quence for a precast pipe rack is also shown in Exhibit
11-25.

Such equipment as drums and deaerators is often
located above pipe rack columns. To avoid wasting
valuable rack space with the large support columns.
the inside face of the pipe rack column must line up
with the inside face of the equipment support column,
as shown in Exhibit 11-26, This approach also allows
the feed-water outlet piping to run vertically down to
the pump before the expansion loop is added.

Fireproofing of pipe rack columns is shown in Ex-
hibit 11-27. If hydrocarbons are prevalent, it is com-
mon to fireproof the columns to a level just below the
lower rack support beam. If air coolers or other
equipment is located above a pipe rack, the fireproof-
ing is extended to the equipment support beam. This
issue must be reviewed with the client; allowances
mayv need to be made for as much as 4 in (100 mm) of
fireproofing.

I
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a. Precast Concrete Pipe Rack

b. Installation Sequence

Process Plant Layout and Piping Design

EXHIBIT 11-25
Precast Concrete Pipe
Rack Considerations
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EXHIBIT 11-26

Equipment Support
Column Location
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EXHIBIT 11-27
Fireproofing
Requirements
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EXHIBIT 11-28
90° Pipe Rack Turns

EXHIBIT 11-29
Rack Intersection

a. Rack Intersection Layout

OTHER CONSIDERATIONS

on the left side of the rack must remain constant as
long as flat turns are used. A different elevation must
be used at a 90° turn in the rack if the sequence must
change, as shown on the right side of the diagram.

This approach must be well thought out before it is
used.

Occasionally, a situation arises in which a flat-turn
pipe rack may be employed. This often happens near a
dead-end area where the potential for problems is
minimal. As shown in Exhibit 11-28, the line sequence

Process Plant Layout and Piping Design
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EXHIBIT 11-29
Rack Intersection (Cont)
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b. Rack Intersection Detail

The secondary pipe rack intersection is shown in
Exhibit 11-29. There is a right and a wrong way to set
this location. Although it may seem more uniform to
set the secondary rack directly south of the main
north/south rack during the plot plan development
stage, Exhibit 11-29 also clearly shows why this should
be avoided. The lines heading north off the main easv
west rack restrict the lines from the south from en-
tering this common area. Therefore, the secondary
rack should be shifted east one bay to eliminate the
problem.

Alternative pipe rack expansion of the individual
levels can be accomplished by adding a cantilever
beam as required on the outside of the column. The
only problem with this approach is that, if not planned
for, the vertical risers commonlyv found outside the
pipe rack use a considerable amount of the space of
the extension, as shown in Exhibit 11-13.

Pipe rack additions are shown in Exhibit 11-30.
Area A shows a standard two-level pipe rack, as
planned. Because it is always possible for the pipe rack
to be expanded in the future, the area over the
columns must be kept free of piping and conduit. The
future expansion may include another new level (B),
an air cooler (C), or a series of shell and tube exchang-
ers (D). The preferred location of a relief header
above a pipe rack is illustrated in Exhibit 11-12.

Lighting panels and welding receptacles also must

7‘
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EXHIBIT 11-30 Pipe Rack Additions
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! EXHIBIT 11-31
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EXHIBIT 11-32
Operator Access

be planned for during the early stages of a pipe rack
layout. They are mounted directly on pipe rack
columns; their location must be recorded on the ap-
plicable documents. Electrical engineers designate
where the regular and emergency panels are located;
construction personnel select the preferred location
for the welding receptacles (see Exhibit 11-31). When
locating piping manifolds, control stations, instru-
ments, and pull boxes along the pipe rack columns,

the designer should avoid blocking access from under
the pipe rack to adjacent equipment areas by leaving
clear space, as illustrated in Exhibit 11-32.

Overall pipe rack design must meet the current
needs of a client as well as any expansion plans with-
out making major modifications to existing facilities.
Available space in the pipe rack must be considered
valuable and used to the utmost advantage of present
and future needs.
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Structures are used in most industrial facilities to ac-

commodate equipment and associated components to -

suit specific process, real estate, climatic, and client
requirements. A structure can be designed to support
one or two pieces of equipment or an entire process
plant and can be open or enclosed. The principal ob-
jectives in the layout of structures are to optimize all
available space and to support safety, maintenance,
operation, cost, and constructability.

This chapter highlights the general requirements
for structure layout. It covers the most common struc-
tural details and discusses equipment placement,
maintenance, and operational considerations.

DESIGN FEATURES

Many design features must be considered before a
structure layout is begun, including:

* Steel or concrete design.

* Open or enclosed structure.
¢ Siding requirements.

Type of flooring.

* Access.

* Braced or rigid frame.

* Fireproofing requirements.
* Equipment maintenance.

* Type of roof.

After these basic parameters have been established,
the layout may proceed. Besides real estate restric-
tions, allowable pressure drop, gravity flow condi-
tions, and NPSH requirements may require equipment
to be elevated; however, each piece of equipment
must be set as close to grade as possible to minimize
the overall height of the structure. If the structure is to
be elevated, the following points must be addressed:

* Handrails are required around all operation and

H
CHAPTER

Structures

maintenance platforms.

* Structures that contain equipment that does not
need daily operator attention can be serviced by
ladders.

* Equipment requiring regular operator attendance is
serviced by stairways.

* Service to large structures may require an elevator
or traveling belt lift.

* Because equipment may need to be removed for
major maintenance (e.g., exchanger bundles), struc-
tural members or handrail sections may need to be
removable.

* Monorails or hitch points may be required for main-
tenance.

* Main structures of concrete do not use bracing but
should be constructed with a rigid frame design.

* When fireproofed steel construction is used, pipe
support steel must be installed before the steel
columns, beams, and braces are fireproofed. Other-
wise, the fireproofing must be chipped away down
to the steel member. This chipping is costly and
should be avoided.

STRUCTURAL TERMS

Terms commonly used in structure layout are defined
in the following sections.

Braced or ﬁgjd frames The design of any elevated
structure must take into account the size and weight of
the equipment to be supported and operation and
maintenance requirements as well as wind load and
earthquake zone considerations. Of these points, op-
eration and maintenance play a large role in determin-
ing the need for a rigid or braced frame. A rigid frame
design requires no additional horizontal or vertical
Cross bracing’, permitting maximum access to equip-
ment and piping. The plant layout designer must rec-
ognize frame requirements early in the development
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EXHIBIT 12-1
Typical Ladder Detail
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EXHIBIT 12-2 Preferred Positions for Ladders,
Stairways, and Ramps
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of a structure and consult with the structural engineer
before proceeding with the design.

Equipment load This is the weight of equipment
with all dead load attachments.

Dead load Dead load is the weight of all structural
members within the structure, including the fireproof-
ing.

Live load This comprises the superimposed loads on
platforms or floors as a result of operation and main-
tenance. It is usually a minimum of 50 Ib per square
foot. Live load does not include the weight of equip-
ment, piping, or storage of materials.
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Pipe load Pipe load refers to the weight of all piping,
valves, fittings, and insulation, including the weight of
contents during test or regular operation, whichever is
greater.

Earthquake load This is the specific seismic data for
a particular site.

Wind load Measured in miles per hour, wind load is
the force applied to a structure at a given site.

Exchanger bundle removal load This is half the
weight of the tube bundle.

Thermal expansion load The effects of thermal ex-
pansion must be accommodated by equipment sup-
port structures and elements.

Pipe anchor load The force calculated to resist load-
ing in anchored piping systems, the pipe anchor load
is added to the thermal expansion loads of the equip-
ment.

EXHIBIT 12-3
Stairway Dimensional
Detail

Dynamic lo:{lding This is the response of structures
and their components to the cyclical loading pro-
duced by rotating or reciprocating equipment.

STRUCTURAL DETAILS

A typical ladder detail is shown in Exhibit 12-1. Lad-
ders with elevations of a maximum of 20 ft (6,100 mm)
above grade do not require a safety cage. An 8-in (200-
mm) open area behind the ladder should be main-
tained for I(Te clearance. Any obstruction within this
distance is a| potential tripping hazard.

The preferred positions for ladders, stairways, and
ramps are illustrated in Exhibit 12-2. It is recom-
mended that ladders be run vertically to a maximum
angle of 15°. Stairways should be limited to a maxi-
mum angle of 50° off the horizontal plane, but they
should not be used for less than a 15° incline. Ramps
should be limited to a 15° maximum incline. A stair-
way dimensional detail is shown in Exhibit 12-3. The
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EXHIBIT 12-4 Traveling Belt Lift
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location of the steps are usually set by the structural
engineer.

Exhibit 12-4 shows a traveling belt lift. This device
consists of an electric drive belt with steps and hand
grips. It is constantly in motion at a slow rate. The lift
provides rapid access to a large structure without the
need for a standard elevator.

A grating platform is depicted in Exhibit 12-5. When
this type of platform is used, the platform top-of-steel
elevation does not include the thickness of the grating.
Moderate pipe support loads can be imposed on this
design; holes for piping should be banded for rein-
forcement. A deck plate pladform is shown in Exhibit
12-6. This commonly used form of decking is V4 in (10
mm) thick.

Fireproofed steel is shown in Exhibit 12-7. The
plant layout desigher obtains the required fireproof-
ing thickness for particular structure at the outset of
the design. Fireproofing thickness usually varies from
2 in (50 mm) to 4 lin (100 mm). Bracing, illustrated in
Exhibit 12-8, is fabricated from a variety of structural
shapes or piping. Because the size of the gusset plates
varies widely, final|dimensional data must be obtained
to check for possible interference berween piping and
steel gussets. .

A concrete platform is illustrated in Exhibit 12.9.
Like steel platforms, the concrete platform has a 4-in
(100-mm) toe plate installed around its edge. A con-
crete platform for acid service is shown in Exhibit
12-10. Acid-resistant brick is used when specifically
required, as shown in Exhibit 12-11. A curbed area is
provided around the equipment most likely to leak
during operation and maintenance. Shields are pro-
vided for flanges in acid service outside the curbed
areas. |

Exhibit 12-12 illustrates structural siding. Siding
may be fabricated Prom lightweight aluminum or Lu-
cite. Siding support steel should never be used to sup-
port piping. Piping jmay penetrate the siding through
an opening slightly larger than the pipe or insulation,
if applicable.

B N e
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EXHIBIT 12-7
Fireproofed Steel

EXHIBIT 12-8
Bracing
j'
| i
1
EXHIBIT 12-9 |
Concrete Platform

- EXHIBIT 12-10
Concrete Platform for ’
cUuRp, r ! Acid Service
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ACIO— | EXHIBIT 12-11
e T T Acid-Bearing Equipment
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EXHIBIT 12-12
Structural Siding
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EXHIBIT 12-14
Monorail Layout

LI
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Exhibit 12-13 provides three variations of equip-
ment support. Detail A is a kettle supported on lugs at
floor level; the major portion of the vessel sits below
the supporting floor. Detail B illustrates an exchanger
supported by lugs below the floor, with a steel frame
hung above the equipment to secure it at the required
elevation. Detail C shows a common method of sup-
porting horizontal equipment. In this application, the
main structural steel members must be located under
the saddles. Additional steel may be required between
the supporting beam and the saddle to achieve the
desired elevation, or the exchanger saddle may sit di-
rectly on the structural beam.

A monorail layout is depicted in Exhibit 12-14.
When equipment requires constant maintenance, a
monorail is often used to service it, not necessarily in a
straight line. Client input is required before this fea-
ture is added, because mobile handling equipment
may be an alternative to this approach. When a mono-
rail is planned, the plant layout designer highlights the
lifted load on the drawing to signifi the maximum

load to be maintained by the monorail.

A pipe chase, shown in Exhibit 12-15, is usually
found within a building or structure with concrete
floors. The chase on each floor is lined up free of any
obstructions and allows utilitv and process piping to
run berween all floors with minimal changes in direc-
tion. Individual lines should penetrate the floor at the
desired locations and do not use a pipe chase.

SMALL STRUCTURES

Exhibits 12-16 through 12-20 show variations of small-
structure design. The physical size of any structure
should be strictly limited to the space required for
equipment operation and maintenance. The first
small-structure scheme, in Exhibit 12-16, illustrates a
common approach, in which one piece of equipment
is set above another to accommodate a gravity-flow
system. Although the design appears reasonable, there
mav be an alternative to consider.
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EXHIBIT 12-16 Small Structure
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EXHIBIT 12-15
Pipe Chase Detail

P

In Exhibit 12-17, the exchanger is set above the
drum as in the previous design, but it is supported in a
completely different manner. By consulting with the
vessel engineer, the plant layout designer may be able
to support the exchanger and platform from the vessel
shell as shown, with the drum supported from con-
crete piers. This adplication should be considered
whenever it is economically practical.

A single-level, one'-bay structure is shown in Exhibit
12-18. In this design, the elevation of the upper-level
platform is determined by the following conditions:

* The drum elevation must adhere to NPSH require-
ments.

* The platform on t(ﬁp of the drum must allow ade-
quate headroom for operations personnel and space
for the piping and for the structural beam.

A single-level, two-bay structure is illustrated in Ex-
hibit 12-19. As previously mentioned, equipment sad-
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EXHIBIT 12-17
Alternative
Small-Structure Design

EXHIBIT 12-18
Single-Level, One-Bay
Small Structure
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EXHIBIT 12-19
Single-Level, Two-Bay
Small Structure
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dles are located on main structural beams whenever
possible to minimize the need for additional steel. At
grade, equipment is lined up along a regular equip-
ment line; however, equipment in structures must fol-
low an equipment line that accommodates the main
support location, which may vary. Removable hand-
rails must be provided in front of shell and wbe ex-
changers when tube bundles must be removed.
Awo-level structure is shown in Exhibit 12-20. The
exchanger tube bundle maintenance on level 1 is the
focal point of this exhibit. The size of the exchanger to
be maintained determines the need for a tube removal
structure. If such a structure is required, it should have
a beam directly opposite the exchanger from which
the bundle can be pulled. The structure must also
have a trolley beam across the top of the upper level
and directly over the exchangers. If a tube removal
structure is not used, a trolley beam located directly
over the channel end of the exchangers on level |

Process Plant Layout and Piping Design
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must project out tio allow mobile equipment to pick
up the bundle and lower it to grade.

MEDIUM-SIZED STRUCTURES

When designing a structure. a plant layout designer
must often satisfy restrictive process conditions (e.g., a
minimal pressure drop within a system). Exhibits
12-21 and 12-22 show how one €quipment arrange-
ment may satisfy that requirement. Preferably, the
shell and tube exchangers (E1 through E6 in Exhibit
12-22) are set vertically in the structure, which uses
the least amount of platform and may significantly re-
duce the area needed for the maintenance of the ex-
changers. Although the tube bundle removal structure
is higher for the vertical configuration, the drop zone
at grade is at its absolute minimum.

As illustrated in Exhibit 12-22, the platform area for
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EXHIBIT 12-20
Two-Level Small
Structure

EXHIBIT 12-21
Horizontal Arrangement




298

EXHIBIT 12-22
Vertical Arrangement
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the vertical layout is significantly smaller than for the
horizontal one. If 4 traveling crane is used in the hori-
zontal arrangement, a slightly larger drop zone is
needed. If individual trolley beams are used over each
exchanger, the area required at grade is significantly
increased and can become a costly real estate prob-
lem. Solving it requires the participation of the struc-
tural engineer and the exchanger engineer.

LARGE STRUCTURES

Many process plants have equipment located in large
structures. The reason these structures are preferred
over grade-mounted installations is that a significant
number of small pieces of equipment are used. Many

Process Plant Layout and Piping Design

ANNNN NV

g il oL oo -
| . |00.0c00
X7 3 ANNNNNY

gravity-flow systems and a great deal of small piping
need the natural support that a large structure can
offer. Exhibit 12-23 illustrates a large structure. Factors
that must be considered during the development of an
equipment arrangement and piping layout in a pro-
cess plant include:

* Finished grade within a structure should be 12 in
(300 mm) higher than grade outside to avoid drain-
age problems.

* Pipe racks and electrical and instrument cable travs
should be located jin the same general area. prefera-
bly down the middle of the structure.

* Freestanding process towers should be located adja-
cent to the structure to facilitate operator access
from the tower platforms to the structure.
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EXHIBIT 12-23 Large Structure
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‘r EXHIBIT 12-24
Structure Cross-Section
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* A clear access way is needed for equipment mainte-
nance or removal.

* Adequate clearance should be provided around all
equipment for operation, maintenance, and safety.

* Adequate stairways and escape ladders are needed
10 meet OSHA requirements,

Open-sided and enclosed structures fall under differ-
ent governing codes.

Hitch points and trolley beams are also required to
facilitate maintenance. The lified load requirement
should be indicated on the lavour drawing (as shown
in the structure cross section in Exhibit 12-24) to show
the maximum weight to be lifted at that point for the

Process Plant Layout and Piping Design

I

structural engineer's information. Main pipe routing
elevations must be lestablished early. Flat piping turns
should be used with caution. The use of pipe chases
for grouped piping configurations should be consid-
ered for structures that have concrete floors 1O mini-
mize individual holes through the floor.

When designing a large structure, the plant layout
designer must observe how various pieces of equip-
ment are erected during construction. Exhibit 12-25
shows one such sequence. The lift structure is erected
adjacent to the prd?cess structure, and a temporary
track is run between them. The vessel is brought into
place and lifted off, the rail. It is then raised to the
desired elevation. With the outside beams vet to be

|
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installed, the vessel is moved laterally into place; the
beams are then installed. This is one method for set-
ting large or heavy equipment in structures.

STAIR STRUCTURES

When complex equipment (e.g., a converter and frac-
tionator in a fluid catalytic cracking unit) is designed, a
stair structure with a vertical pipe rack must be located
between both vessels, as shown in Exhibit 12-26. Al-
though elevators are often used, client approval must
be obtained before they are included. The optimum
layout includes arranging the vessel platforms for easy
access from the structure. Clearance between the ves-
sel and structure platforms must accommodate the
growth of the vessels, which should be calculated to
satisfy safety concerns. This structure eliminates the
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EXHIBIT 12-25
Setting Heavy Equipment
in a Large Structure

need to route lines and support them from their re-
spective towers. The structure should be looked at as a
vertical pipe rack and used to its maximum advantage
to allow sufficient flexibility in the piping systems
between the stationary structure and the movable
towers.

DRILL STRUCTURES

Exhibit 12-27 illustrates two variations of the structure
generally found in a coker unit. As can be seen, the
main operating valve platform is the only platform
supported from the elevated concrete deck in both
arrangements. In one variation, the operator’s pent-
house is supported from the top of the vessel, along
with the entire drill structure above the penthouse.
This layout requires the coke drums to be designed to
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- EXHIBIT 12-26
AR 2 Stair Structure
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“ EXHIBIT 12-27
— Structures in a Coker
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EXHIBIT 12-28 Operations Structure
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support the penthouse and drill structures as well as
the piping loads.

The alternative arrangement is one in which the
entire structure is supported from the elevated con-
crete deck. Although the vessel wall can be thinner
than in the first arrangement, this design requires
more steel and greater attention to pipe support and
flexibility because the tower operation is cyclic as a
result of decoking requirements. The coke that builds
up during operation is removed by high-pressure wa-
ter flowing through a pipe rope supported within the
drill structure. Before either of these arrangements is
used, an economic study must be performed and re-
viewed by the client.

OPERATIONS PLATFORMS

Most large vertical vessels have platforms that are sup-
ported directly from the vessel shell. Some vessels
have a great deal of associated piping and instrumenta-
tion; Exhibit 12-28 illustrates how much platform may
be required for operation and maintenance. The top
head platform is necessary for catalyst loading, and the
monorail is used |to hoist the catalyst from grade. At
each level, the piping and instrumentation require-
ments need constant operator attention. Supporting
large platforms from the vessels is often impractical,
and a structure such as the one shown in this exhibit is
best suited for support.



Underground piping applies to any piping system lo-
cated below grade. Buried or in trenches, under-
ground piping systems within a processing complex
consist of gravity flow drainage systems that carry pro-
cess waste, spills, hydrocarbons to be reclaimed, and
sanitary and storm water, along with pressurized water
systems for process, fire, and drinking to meet the
operational needs of the facility.

This chapter highlights the general step-by-step
procedures to follow for each system when an under-
ground piping layout is being developed. Local codes
and regulations and specific client requirements gov-
ern the design of any underground piping system.

INDUSTRY STANDARDS

The following list represents the most commonly used
industry standards for developing underground pip-
ing systems:

* ASTM A74—Cast iron soil piping and fittings.

* ASTM A120—Steel, black and hot-dipped, zinc-
coated (galvanized), welded and seamless pipe, for
ordinary use.

* ASTM A746—Ductile iron gravity sewer pipe.

* ASTM C425—Compression joints for vitrified clay
pipe and fiings.

* ASTM C700—Vitrified clay pipe (extra strength, stan-
dard strength, and perforated).

* ASTM Di785—Polyvinyl chloride (PVC) plastic pipe
(schedules 40, 80, and 120).

* ASTM D3034—Type PSM PVC sewer pipe and fit-
tings. '

* DIN 1230—Clayware for sewerage systems.

* SAS 14—Pipes of unplasticized plastic (polyvinyl
chloride) for potable water.

* SAS 236—Clay pipes for draining sewage and water.

CHAPTER

Underground
Piping

TERMINOLOGY

Terms used in underground piping systems are de-
fined in the following section.

Invert elevation This term, usually associated with
any underground line, refers to the elevation of the
inside bottom of the sewer line, as shown in Exhibit
13-1. Because of the wide range of materials used in
drainage piping systems with varving wall thicknesses,
it is the constant that is used to set the elevation on
construction drawings.

Sewer main This is the primary drain line in a sys-
tem: it is separated into sections for safety reasons by
sewer boxes.

Laterals Laterals are drain lines collecting from wo
or more sublaterals. They discharge into the sewer
main through a {seal.

Sublaterals These collect branch lines and sealed
sewer boxes into laterals.

Branches Branéhes collect all the various drain
points within a plant (e.g., from catch basins and drain
hubs) and tie into sublaterals.

Lift station This is an underground structure (eg,a
sump) used to pump effluent to a higher elevation,
which may be in a gravity sewer system, or to the
battery limit. |

i
Catch basin This device is used to collect surface
drainage, with an' outlet liquid seal and sediment trap.

Cleanout A cleanout is a piping connection in a
sewer system that is located at grade level for inspec-
tions or for cleaning the system.
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EXHIBIT 13-1 Pipe Elevations
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Drain hub Usually a 4-in open pipe connection lo-
cated approximately 4 in (100 mm) above grade or
platform in a concrete structure, a drain hub is used to
collect drips or effluent from pumps, piping, or equip-
ment drains.

Trench This is usually a three-sided concrete trough
located in the ground whose top is flush with grade. It
is used to house piping systems below grade and may
require heat tracing or operator access.

Sewer boxes Used in oily water sewer svstems,
sewer boxes:

¢ Permit access for inspection and cleaning the sewer
main.

* Allow a lateral to be sealed as it ties into a main
sewer. '

* Are required at intersections and changes of line
size in sewer mains every 200 ft (61 m) in process
units and every 400 ft (122 m) in off-site areas.

* Are sized to permit a worker to enter and inspect or
remove any obstruction—They should have a mini-
mum diameter of 48 in (1,200 mm).

* Do not require ladders as part of the design.

* Must have sealed covers in all sewer systems, with
the exception of those in storm water sewers located
in nonhazardous areas, which may have open grat-
ing covers—Sewer boxes located in hazardous ar-

Process Plant Layout and Piping Design

eas must have a 4-in vent line that discharges to the
atmosphere at|a safe location.

All lines entering sewer boxes within a process unit
must have a 6-in (150-mm) minimum water seal. For
off-site sewer boxes, a straight-through flow for sewer
mains is permitted, provided that laterals from other
areas do not enter the sewer box or mains. The inside
top of the outlet line is installed at or lower than the
elevation of the inside top of the lowest inlet line
before sealing. ;

Seals These devices isolate the potential spread of
fire from one area of a plant to another in a sewer
system.

Angle of repose| Concrete foundations must remain
on undisturbed soil and must not be undermined by
underground piping or conduit. In Exhibit 13-2, the
angle of repose extends down at a 45° angle from the
outer extremity of the foundation: nothing should be
located within this area. Projects that use piles under
foundations do not need to consider the angle of re-
pose because the piles are carrving the load of the
foundation, as depicted in Exhibit 13-3.

TYPES OF SYSTEMS

This section focuses on the various types of under-
ground systems used in processing plants.

Uncontaminated Storm Water

This system generally collects all service water from
process equipment areas, access ways, and roadways
adjacent to such equipment. This collection is
achieved through the use of area drains, catch basins,
roof leaders, ditches, or swales. Spent process water is
injected into this system if it is proved to be free of
hydrocarbon contamination. In addition, the system

must be sized to accommodate rain or fire water,
|
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EXHIBIT 13-2
Angle of Repose
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whichever is greater. In most cases, the latter will gOv-
ern the line-sizing criteria.

Contaminated Storm Water

This system collects surface drainage from areas con-
taining hydrocarbon-bearing equipment. This water
must pass through a treatment facility before being
discharged into an uncontaminated system or natural
body of water (e.g., a river or stream).

Oily Water Sewer

This system collects waste, drips, and leaks from
equipment and piping in areas that contain process
equipment in noncorrosive services. The plant lavout
designer must consult with the systems engineer to

4%,
ey

fully identify all such equipment and provide a drain
hub at each item.

Chemical Sewers

This system recovers acid or chemical drains from
equipment and piping as well as surface drainage
around such equipment and piping through the use of
curbed areas and drain hubs. This system may be
routed to a sump for disposal or may be passed
through a neutralization facility and discharged into an
oily water system.

Combined Sewer

Process oily water sewers and storm water mav be tied
Into a common system.
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Sanitary Sewer

This system collects raw waste from lavatories, If not
discharged to the unit limit or lift station for disposal,
it is routed to a septic tank or leeching field.

Blowdown System

This system picks up drains around boilers and steam
drums and is run as a separate system, preferably to
the battery limit. It is permissible to tie into a sewer
box in the oily water sewer system as long as it is
located downstream from any sewer box that collects

Process Plant Layout and Piping Design

drainage from a furnace. This sewer box has an air-
tight cover and vents to the atmosphere if located

within a minimum distance of 50 f (15 m) from a fired
heater.

Pump-Out System

This system is shown on the piping and instrumenta-
tion diagrams. Although it does not need to slope,
pockets must be avoided. Because it is common to
pump out hot piping systems, adequate means must
be provided to allow for line expansion or growth.
Although trenches are generally used, buried pump-
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out lines are covered with a mixture of sand and ver-
miculite.

Solvent Collection System

Many solvents are used to remove CO, from gas
streams. These solvents are reclaimed in a separate
drainage system and are also shown on the piping and
instrumentation diagrams. The pipe is usually made of
carbon steel and is run to an underground sump,
where it is eventually pumped out.

Cooling Water

This system supplies water to such process equipment
as surface condensers, coolers, and pumps through an
underground header system.

Fire Water

This system consists of a loop around a process unit or
equipment, with branches as required for hydrants or
monitors, to protect the unit in case of fire.

Potable Water

This water is used for drinking, emergency eyewashes,
and shower facilities.

CONSTRUCTION MATERIALS

Materials selection is the responsibility of the piping
specifications engineer and depends on service, oper-
ating pressure and temperature, durability, eco-
nomics, and availability. Some of the materials and
their uses commonly found in underground systems
include:

* Carbon steel—For closed drain systems, cooling.
and fire water.

* Stainless steel—For closed chemical drains.

* Cast iron (or grey iron)—Often used in handling
storm and oily water drains. Cast iron is very resis-
tant to corrosion. The hub and spigot design is fabri-
cated in 5- and 10-ft lengths, which may be modified
with a special cutting tool.

* Ductile iron—:~Has a higher stress value than cast
iron. It is also used for hub and spigot as well as
process water service.

* Concrete pipe—Used for surface drainage and for
15-in and larger pipes. Although it is available in
smaller sizes, economics may limit its use.

* Fiberglass reinforced pipe—Used in corrosive ser-
vice. It is limited to low-pressure and low-tempera-
ture systems. When fabricated, it is designed to meet
very specific needs. For example, it may need to be
able to withstand outdoor exposure or burving or
may need to be sun retardant or made to project-
specific dimensions.

* PVC pipe—Commonly used for corrosive service.

Vitrified clay pipe—Used in gravity drain systems

that handle sanitary or surface drainage. It cannot be

subjected to any significant loads (e.g., under build-

ings, paved areas, or roadways). It generally has a

maximum operating temperature of 200° F (93° C).

* Glass pipe—Used for floor drains in processing
plants, especially for acid service.

OILY WATER AND STORM
WATER SYSTEMS

The initial layout of any oily or storm water under-
ground piping system usually takes place after the pre-
liminary plot plan is generated. Even though some
equipment locaﬁ'ions may be tentative, the plant layout
designer can begin to spot the oily water and storm
water mains, locate sewer boxes, and establish the
invert elevationi of these systems at each end of the
unit.
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EXHIBIT 13-4 Below-Grade Obstructions

-

t

|
N
| LpER peR NG

-~
- 0 - ——

\

=

o= AN,
PLAaN

As with any piping layout, information for an under-
ground gravity flow drain svstem is often less than
what is required at the outset of a project. A list of the
most preferred information includes:

* The underground specification.

* The plot plan.

* Above-ground piping studies.

* Local codes and regulations.

* The location of potential site obstructions.

* Local site data, including topographic information,
maximum design rainfall, and frost depth.

Electrical and instrument conduit locations if the

Process Plant Layout and Piping Design

piping is routed underground.
|
* Fire water requirements.

* The type of system required (e.g., separate or com-
bined oily and storm water system).

* The invert elew;ation of lines at the process unit bat-
tery limit, as preferred by the client.
* The extent of paving.

* The extent of pipe trenches that carry heat-traced
drain systems.

* Preliminary foundation sizes and depths.

* Continuous process discharge that enters the sys-
tem.

Using a copy of the plot plan, the piping designer
should outline all underground obstructions, includ-
ing equipment and structure foundations, proposed
routing of major electrical and instrument ducts as
developed by the electrical and instrument engineers,
or any existing underground piping, trenches, and
light pole stanchions. A typical example is shown in
Exhibit 13-4.

A decision must be made on whether to route the
oily and storm water drains as separate systems or
combine them. A combined system is the most com-
mon. It requires seals to prevent the spread of hydro-
carbon vapors or fire throughout the unit. A combined
system must pass through a treatment facility outside
the process unit before entering any outside body of
water. Because the sewer must be run past the cooling
water system, under the pipe rack, along with some
electrical ducting and the major portion of the cooling
system run outside the equipment, the combined oily
and storm water sewer system is routed between the
pipe rack columns and the equipment. The extent of
all paving, curbed and diked areas, roadways, access
ways, and equipment lay-down areas should be
shown. i

A high point of paving of 100 ft 1 in (100.025 mm) is
set down the center of the area directly below the pipe
rack before the unit is subdivided into areas serviced
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Catch Basin
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by a single catch basin. The area under the pipe rack
toward the center of the high point is included in each
area run-off calculation. The suggested maximum area
per catch basin is 5,500 sq ft (510 sq m) for paved
areas and 3,500 sq ft (325 sq m) for unpaved areas.

Cricket lines are drawn around each area 1o indi-
cate the high point of paving or grade. The diagonal
cricket lines from the corners of the area 1o the catch
basin must slope at a rate of 1 in per 120 in; the
maximum allowable drop should not exceed 6 in (150
mm). The maximum length of this diagonal cricket
must not exceed 60 ft (18.25 m). Its length and eleva-
ton difference is calculated point to point and does
not account for such obstructions as equipment foun-
dations.

In paved areas with a high concentration of equip-
ment, the allowable area per catch basin should not
exceed 3,000 sq ft (270 sq m). When practical, these
areas are arranged to collect drainage from common
equipment. Catch basins are located as required, pro-
vided that the difference between the long and the
short diagonal cricket line is no greater than 2 to 1.

When possible, catch basins are located near the cen-
ter of the drainage area, preferably not under stair-
ways. structures, or equipment. A typical catch basin is
illustrated in Exhibit 13-5, and the extent of these areas
is shown in Exhibit 13-6.

A tenuative location and invert elevation of the drain
system is established at the unit battery limit from the
site data supplied by the client. If the information is
unavailable, the end of the unit that the svstem exits
should be obtained from the client. The west batterv
limit and an invert elevation of 94 ft 6 in (99.850 mm)
is used as an example. The two sewer mains running
€ast and west through the unit are located in the most
direct route possible, with the depth of all under-
ground obstructions on the way taken into consider-
ation. The designer must avoid locating any line below
the angle of repose of a foundation. Another concern
is possible interference at the point at which any two
underground lines intersect. It may not be obvious
what the exact elevation of each gravity drain line is at
the point of intersection. The following criteria deter-
mine the need for sewer boxes:
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EXHIBIT 13-6 Plot Subdivided into Drainage Areas
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* At the beginning and at the end of each main. Sewer boxes should be made of precast reinforced
* At the intersection at which a branch line must be ~ concrete pipe a minimum of 48 in (1,220 mm) in
sealed from the header. diameter. The system engineer establishes the need

* At anv change in direction or elevation in the main. for sealed sewer boxes. Tbose cqntammg clegn storm
: i . or fire water do not require sealing, but toxic hydro-

Every 300 ft (91 m) for lines of 15 in and larger. carbon-bearing run-off requires a sealed sewer box
Every 200 ft (61 m) for lines of 12 in and smaller. that is vented to a safe location, as shown in Exhibit

Process Plant Layout and Piping Design
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8 EXHIBIT 13-7
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EXHIBIT 13-8
Cleanout Connection

13-7. * Provision should be made for the removal of foreign
Before the gravity drain system is routed, the fol- matter that may block a sewer—This is achieved bv
lowing basic rules must be applied: rodding or ﬂ:Lshmg

* Main lines sHould be rodded or flushed between

* Drain hubs should be provided at all equipment sewer boxes.

except that equipment whose contents flash at atmo-

spheric temperature or equipment that carries water * Branch sewer lines that terminate at main sewers

or highly viscous materials (e.g., slurry). may be rodded or flushed from the hub where they
* Miscellaneous small bore drains that are used infre- originate.

quently do not require hubs, as long as there is a * When the cumulative total of bends in a sewer line

hub within 50 ft (15 m) and they can be serviced through which rodding or flushing is performed ex-

with 2 hose. ceeds 180° an additional cleanout must be pro-
* Sanitary tees should be used instead of laterals in vided, as shown in Exhibit 13-8.

free-flowing sewers to eliminate the need for addi- * Cleanouts for branch sewers should be located

tional fittings. more than 100 ft (30 m) apart.

* P traps must not be used. * Connections used for cleanout only are sized as fol-
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lows: should be installed with the centerline of the pipe
—CQCast iron, concrete, and vitrified clay tile must be located at or below the frost line as indicated in the
4 in.

—Carbon and stainless steel and lined pipe must be
line size, with a maximum of 3 in and a minimum
of 2 in.

For ground cover for underground and gravity pip-
ing systems, the following information should be used
in conjunction with the chart in Exhibit 13-9:

* Sewers, drain systems, and process water systems
usually have a minimum of 12 in (300 mm) of cover,
except when foundations (e.g., spread footings) or
other obstructions located in nontraffic areas dictate
otherwise.

Process and fire water piping, without exception,
have a minimum cover of 2 ft 6 in (750 mm).

If cast iron, concrete, or clay tile pipe that passes
under roadways and other tucking areas does not
conform to minimum cover requirements for load-
ing conditions, shown in Exhibit 13-9, the pipe must
be encased in a suitable protective housing.

* The frost line is considered when elevations in
freezing climates are established.

* Continuously flowing main water and sewer lines

Process Plant Layout and Piping Design

project data.

Stagnant lines (e.g,, fire water or cooling water not
equipped with an antifreeze bypass) and lines with
intermittant flow:should be installed with the top of
the pipe located at or below the frost line.

Branch lines in water service with a constant flow
may be installed above the frost line.

* Branch lines in sewer service are installed with the
centerline at or below the frost line, with the excep-
tion of lines required only for housekeeping drains,
which may be installed above the frost line—An ex-
ample of a housekeeping drain is one in which the
outlet from vessel-level instruments is collected and
routed to a drain hub at grade.

The starting invert is set with the equipment drain
located the greatest distance away from the ultimate
point of disposal, hub A of Exhibit 13-10. This hub is
set with a 12-in (300-mm) cover from the low point of
paving to the top of the pipe.

As a rule, the slope of sublaterals is set to V4 in per
foot (6 mm per 300 mm), and laterals are set at 18 in
per foot (3 mm per 300 mm). All inverts are rounded

to the nearest 12 in! (10 mm) less than the calculated
|
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EXHIBIT 13-10 Oily Water and Storm Water System
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value as displayed in Exhibit 13-11.

The piping designer should locate the oily water
drain hubs using the above-ground piping studies, set-
ting each invert elevation and routing sublaterals, lat-
erals, and headers. Each fiting (e.g., Y branches, 18
bends, and ¥4 bends) must be identified. Headers and
laterals should be reduced, when possible, to 4 in

LoUTH B5T ey LRAIT

before cleanouts are installed. All laterals entering
sewer boxes are sealed.

Qily or chemical lines should not be routed over
the top of potable water lines. Local plumbing codes
should be used for actual requirements. When oily
and process systems drain to a sump or storage con-
tainment, the storage capacity is determined from the
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EXHIBIT 13-11 Lateral and Sublateral Detail
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inlet and below. Under no conditions should any Sys-
tem run flooded, uniess approved by the client. Eleva-
tions for sewer systems are shown only at key intersec-
tions, sewer boxes, and the starting and termination
points of lines.

When all mains, laterals, and sublaterals have been
routed, the line-sizing calculations can proceed. The
System must be checked for excessive quantities of
hydrocarbons that may suddenly discharge into the
oily or storm water drain system as well as for any
continuous discharge that exceeds 100 gallons (378.5
liters) per minute (gpm). (For simplicity’s sake, the
remainder of this chapter deals only with gallons.)
These quantities are added into the line-sizing calcula-
tions and are furnished by the systems engineer. If
excessive discharges are expected, it may be advanta-
gE€Ous o run a separate branch line directly to the
nearest sewer box. The outlet line of a sewer box is

sized based on the total effluent into the sewer box
from all sources.

Process Plant Layout and Piping Design

Line Sizing

This section outlines the criteria and formulas that are
commonly used for developing line sizing for oily and
Storm water sewer systems,

Oily water and storm water sewers are sized to
handle the calculated rainfall plus process water drain-
age or the fire water plus process drainage, whichever
results in the greater quantity. Rainfall rates are ob-
tained from the project design data, and process water
drainage quantities are obtained from the systems en-
gineer. When client input on fire water quantities is
unavailable, a decision is made jointly by the systems
and project engineers. When specific considerations
(e.g.adeluge system) are not required, the fire water
flow rate for each area is set at 1,000 gpm. The maxi-
mum fire water figured into line-sizing calculations for
4 process unit should not exceed 2,000 gpm. Local

rainfall charts are reviewed before any line sizes are
calculated.

|



EXHIBIT 13-12 Rainfall Intensity and Frequency
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Fifteen-minute rainfall, in inches, to be expected
once in two years.

Eventually, the sewer line must be sized for a com-
bination of rainfall and fire water. Sewers containing
combined rainfall and process water are designed to
run 75% full, which allows additional capacity for
short but heavy rainfalls. This amount is calculated by
multiplying the actual runoff rate by a factor of 1.1. For
example, if the actual runoff rate were 1,500 gpm, that
figure would be multiplied by 1.1 and the resulting
1,650 gpm would be used in the line-sizing calcula-
tion. Sewers containing combined fire water and pro-
cess water are designed to run full. The following co-
efficients are used for surface drainage runoff:

* Rainwater, paved area—90% (0.9).
* Rainwater, unpaved area—50% (0.5).
* Fire water, all areas—100% (1.0).

Sewers running at the maximum flow rate are de-
signed with a maximum velocity of 9 ft (2,700 mm) per
second and a minimum velocity of 3 fi (900 mm) per
second. The size of pipe depends on the coefficient of
roughness, 7, when run at a given slope. Although it is
preferable to stay at the lower values of 7 for the most
economical sizing, it is important to select the proper
n value on the line-sizing chart. Based on these pipe
types, the design value # is as follows:

* Clean, coated cast iron—0.012.

* Clean, uncoated cast iron—0.013,
* Concrete—0.013.

* Painted steel—0.013

* Vitrified clay tile—0.013.

¢ Galvanized iron—0.015.

¢ Corrugated steel—0.025.
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Fifteen-minute rainfall, in inches, to be expected
once in five years.

The runoff rate for each area, as initially outlined in
Exhibit 13-5, may now be calculated by using the mod-
ified rational formula:

Q =KICA
where:

Q = the runoff rate in gpm (converting to cubic
feet per second can be done by multiplying
gpm by 0.00223)

K = the conversion constant (0.01039 for flow in
gpm)

I = rainfall intensity for the storm duration in
inches (or decimals of an inch) per hour, as
shown in Exhibit 13-12

C = the runoff coefficient

A = the area of surface to be drained in square
feet

For example, the runoff rate for a paved area can be
calculated with the following data:

* Area = 80 ft X 75 ft (6,000 sq ft).
* Rainfall = S in per hour.

* Fire water = 1,000 gpm.

* Process water = 150 gpm.

* Pipe material = 4 in to 15 in, cast iron; 18 in and
larger, concrete.

* Velocity = 3 10 5 ft per second.
Therefore, K = 0.01039, I = 5 in per hour, C = 0.9

(data was supplied), and A = 6,000 sq ft. The runoff
rate in gpm (Q) is calculated as follows:

0.01039 X 5 in X 0.9 X 6,000 = 280 gpm

The total area runoff is the total process water (150
gpm) plus the total rainfall runoff (280 gpm). or 430
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FLOW FOR CIRCULAR PIPE FLOWING FULL EXHIBIT 13-13
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EXHIBIT 13-14 Calculation Chart
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gpm. To convert 430 gpm to cubic ft per second (cfs),
it is multiplied by 0.00223, vielding 0.959 cfs.

To calculate the total amount of water that would
result if the pipes were running 75% full, 0.959 cfs is
multiplied by 1.1, for a result of 1.05 cfs. The com-
bined fire water and process water is:

1,000 gpm + 150 gpm = 1,150 gpm, or 2.56 cfs

The larger total of the two, 2.56 cfs, would be used for
sizing.

Now that a flow rate of 2.56 cfs has been estab-
lished, the actual line calculations can be developed
through the use of graphs based on the Manning for-
mula, illustrated in Exhibit 13-13. First, a line is drawn

across the chart/from lefi to right at the flow rate previ-
ously calculated, 2.56 cfs. As can be seen on the chart,
several line sizes could handle the flow in the desired
velocity range of 3 10 5 fi per second. A 12-in line
would flow at 3 ft per second if the slope were set at
0.42 ft per 100 ft; a 10-in line would flow at 4 ft per
second at a slope of 1 ft per 100 ft; and an 8-in line
would flow at 5 ft per second if the slope were set at
2.1 fu per 100 ft. Higher velocities are attainable but at
much greater slopes, which may not be practical.
Therefore, the actual line-size selection must be made
on the available slope within the system (from the
farthest catch basin to the final invert elevation at the
battery limit) and on the desired flow rate. It must be
remembered that, in this example, the flow rate can-
not be set at less than 3 ft per second.

The runoff rate calculated in each area of the unit
must be recorded on a chart similar to the one shown
in Exhibit 13-14. Because each section of sewer main
is sized to handle the total accumulation that could
possibly enter the line, it is important that all -total
flow-rate quantities are recorded not only for line siz-
ing but for use during a mechanical check or audit of
the system. Sizing gravity flow drain systems is a give-
and-take situation. As the west battery limit is ap-
proached, it may be necessary to readjust some previ-
ously selected linesizes, flow rates, or slopes 1o avoid
an underground obstruction or other gravity flow
drain system within the unit. There are no absolutes,
just many alternatives that must be explored before
the line sizing of the oily and storm water drain system
is finalized.

As the invert elevations of the main at the sewer
boxes are confirmed, the actual elevations are re-
corded on the orthographic piping plan drawing,
which is shown in Exhibit 13-7.

As the details for each sewer box become available
(e.g., main inlet and outlet sizes and invert elevations,
auxiliary inlet elevation, top and bottom elevations,
and the diameter), the information is recorded on a
sewer box schedule. as depicted in Exhibit 13-15. This
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information is used to requisition the necessary mate-
rials and provide the construction contractor with a
tabulation of all sewer boxes on the project. As noted,
the minimum inside diameter of sewer boxes is 48 in.
The formula used 1o size sewer boxes depends on the
inlet line configuration—a 90° entry and a 45° entry
are shown in Exhibit 13-16.

For the 90° entry sewer box, the sum of one half the
diameter of each of the largest two lines adjacent to
each other is added to 12 in. That sum is then multi-
plied by 4 and divided by = (3.1416 is used here):

(9in+61in + 12 in)4
31416

=343 in

For the 45° entry sewer box, the sum of one half the
diameter of each of the largest two lines adjacent to
each other is added to 12 in. That sum is then multi-
plied by 8 and divided by 7 (3.1416 is used here):

(9in+75in+ 12 in)8
3.1416

=7257in

Process Plant Layout and Piping Design

CHEMICAL AND PROCESS
(CLOSED) SEWERS

Many industrial plants have multiple process or chem-
ical drain systems. These systems are designed to col-
lect all corrosive or toxic chemical waste as well as
surface drainage around the equipment bearing these
materials. Exhibit 13-17 displays a tvpical piping and
instrumentation diagram for a chemical drain system.
Depicted on this ﬂow diagram are those pieces of
equipment bearing the material to be collected: the
actual number of drains is determined by the low
point in each piping configuration. Exhibit 13-18
shows a plan of thé entire svstem.

Because many of these systems are of PVC, carbon,
stainless steel, or fiberglass reinforced pipe, the key
elevations are set by working point centerlines. With
the individual sublaterals, or leads, sloped to ¥4 in per
foot, the only working point elevations required for
this particular systém are at the beginning or high
point, at the chang{e in direction at the east battery

2 N e
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EXHIBIT 13-16 Scwer Box Sizes
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EXHIBIT 13-17 Process Drains: Closed System
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limit, and at the point at which the header enters the neer. A typical sump is depicted in Exhibit 13-20. The

sump. Exhibit 13-19 illustrates a typical cross section civil engineer sizes the sump on the basis of the quan-
of what a closed or chemical drain system consists of. tity expected to be collected, as supplied by the sys-
The large end of the hub, or reducer, is sized to suit tems engineer. The discharge of the sump pump is
the number of drain leads entering the hub. The re- piped to an on-site storage tank or to a truck that is

mainder of the system is sized by the systems engi- brought in periodically 10 remove the contents.
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EXHIBIT 13-18 Plan for a Closed Drain System :
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PROCESS AND POTABLE * Cooling water for temperature control of process
WATER streams in exchangers.

* Condensing steam Ixhaust in surface condensers of
Process and potable water are two common commodi- low-pressure steam systems,
ties found in most industrial plants. Some uses of pro- * Chemically treated water used as boiler feed water.

cess water include the following: * Cooling water for pump and compressor seals.
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EXHIBIT 13-19
Closed Drain System:
Cross Section
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EXHIBIT 13-20
Closed Drain System
Sump
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Potable or drinking water is used by plant personnel
and also is supplied to emergency eyewash and
shower installations.

The layout of a comprehensive pressurized water
system follows some basic guidelines. In freezing cli-
mates, the centerline elevation of a water line should

not be set above the frost line as determined by the
project design data.

Parallel cooling water and hot water return headers
must be kept a minimum of 12 in (300 mm) from the
outside of the pipe diameters. Running these two
headers too close together may affect the temperature
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EXHIBIT 13-21 Process Cooling Water and Potable Water System
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EXHIBIT 13-22 Cooling Water Crossover Piping

Process Plant Layout and Piping Design
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of the cooling water supply line, which in wrn may
hamper the ability to control the temperature of the
process stream in the exchanger. As a pressurized sys-
tem, the piping may run as required to clear any grav-
ity flow drain system that crosses its path, by passing
over or under the obstructing line.

An example of process cooling water and potable
water layout is shown in Exhibit 13-21. As with most
piping layouts, the lines are run in the most direct
route possible to each of the water users (shown
shaded in the exhibit). The locations where the cool-
ing and hot water lines enter and leave the unit are
usually set by the cIicf:nt or by the location of any exist-
ing supplyv and return headers. In this case, the west
battery limit has been selected. Both lines run at the
same elevation, as shown in Exhibit 13-22 When
branch lines must Cross over supply headers, they
should return to the elevation of the higher branch
line, unless the distance is so short that it would be
impractical to do so. |

Because the cooling water inlet nozzle is located on

|
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EXHIBIT 13-23
Cooling Water at
e Exchangers
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EXHIBIT 13-24

Cooling Water at Pumps
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the bottom of the exchanger channel. the inlet header
must be located directly under this nozzle. as illus-
trated in Exhibit 13-23. This arrangement allows for
the most direct hookup. The underground portion of
the fabricated pipe includes the flange to be bolted to
the block valve: the hot water outlet line should termi-
nate 12 in (300 mm) above grade with a bevel end.
The above-ground piping takes over from this point.

If the water users are located in a structure, the
underground portion of the lines should terminate
with bevel ends 12 in (300 mm) above grade. Cooling
and hot water headers to the pumps are run under the
pipe rack, between the rows of pumps, as Exhibit 13-
24 shows. A self-draining hydrant valve is used if the
installation is in a freezing climate; this detail is dis-
played in item 8 of Exhibit 13-25.

The potable water line also enters the unit at the
west battery limit and is run to the emergency eve-
wash and shower installation. A typical arrangement of
this facility is illustrated in Exhibit 13-26. The under-

ground portion of this line should terminate at a point

agreed to by both the above-ground and the

under-
ground plant layvout designers. N

FIRE WATER SYSTEM

Every industrial plant is protected by a fire water SVS-
tem that provides water to each piece of equipment
through hvdrants, monitors, or deluge spray systems.
Each process unit has its own underground piping
loop system, which is adequately valved to protect the
system from a failure in any part of the line or isolation
because of maintenance. Although each piece of
equipment must be protected by one hydrant or mon-
itor, client specifications often override this rule and
require two sources of fire water for each piece of
equipment. Basic fire protection equipment consists
of fire hydrants, hydrants with monitors, grade-level
and elevated monitors, hose reels, and deluge and
spray systems.

All hvdrants iand monitors and their shut-off valves

I
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EXHIBIT 13-27 Typical Fire Hydrant
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EXHIBIT 13-26
Emergency Eyewash and
Shower

must be located a minimum of 50 ft (15 m) rom a
potential source of fire. A typical fire hydrant is shown
in Exhibit 13-27. Although the hvdrant dimension
above grade is standard, the dimension below grade
varies, depending on the proximity of the line to ve-
hicular traffic and the potential for freezing. In cold
climates, the centerline of the inlet to the hydrant must
not be above the frost line, which is the lowest point
below grade at which water freezes.

Exhibit 13-28 shows a typical hydrant installation.
Proper drainage of the hydrant barrel after the hydrant
is closed is essential to prevent freezing in cold cli-
mates. Drainage is provided by crushed stone around
the base of the hydrant and extending above the lower
barrel flange. The amount of crushed stone required
depends on Lhe nature of the soil. Loose sandy soil
requires a smdller drainage bed than claylike soil,
which absorbs | ater very slowly. The project civil en-
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EXHIBIT 13-28
A Hydrant Installation
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gineer should be consulted before this detail is pre-
pared. If the soil conditions prohibit the proper drain-
age around the hydrant, a drain 1o the nearest clean
water or drainage ditch must be provided.

Exhibit 13-29 illustrates some additional features
that the plant layout designer should consider when
selecting and planning the installation of fire hvdrants
and monitors, including:

* Protecting the valve bonnet and extension stem with
a buffalo box, which is a piece of pipe that sits on the
valve and extends approximately 9 in (230 mm)
above grade.

* When required, orienting the pumper connection
nozzle toward the fire truck access wav.

* If hydrants are vulnerable to damage, providing
guard posts for protection.

* Coating and wrapping the buried portion of the hy-
drant.

If not specified by the client, a typical hydrant has a
6-in inlet line size with two 2V2-in hose connections.
Hydrant locations must permit clear access during a
fire and be no more than 25 ft (7.5 m) from where a
pumper may be required to hook up a suction hose.
In remote areas of an industrial plant (e.g.. around

WeAD BURIED PoRTIon
T op dYbzauT

tank farms or truck loading areas), hvdrants are lo-
cated every 300 ft (90.5 m).

Fire monitors are used to direct streams of water to
burning pieces of equipment in a plant. Before moni-
tors are selected and located, several factors must be
considered. Fire monitors are lever operated, have a
full 360° range. and mayv be locked in anv desired
position. They mav be located at grade, approximately
4 ft (1,200 mm) above the ground, elevated to heights
of 100 ft (30 m) or more, or mounted on a hydrant.
The sprayv pattern of fire monitors depends on water
pressure and flow rate. If vendor data is not available
when preliminany fire water lavouts are made, the
chart in Exhibit 13-30 can be used to determine the
effective fire water monitor range. This chart is based
on a water pressure of 150 psi and a flow rate at the
nozzle of 500 gpm.

Typical monitors are shown in Exhibits 13-31
through 13-33. The grade-mounted monitor shown in
Exhibit 13-31 has the block valve located above grade,
but it would be buried below grade in a freezing cli-
mate. The method of supporting an installation of this
type is determined by the civil engineer.

A typical elevated monitor is displayed in Exhibit
13-32. When grade-mounted monitors cannot direct
water to all pie’ces of process equipment because of
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EXHIBIT 13-29
Hydrant and Monitor
Installations
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EXHIBIT 13-32
Typical Elevated Monitor
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EXHIBIT 13-33 Typical Fire Hydrant with Monitor
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obstructions (e.g., large structures), an elevated moni-
tor may be required. Although nozzles can be set 100
ft (30 m) above grade. the vendor should be consulted
before this design is finalized The equipment ar-
rangement drawing shown in Exhibit 13-34 is an ex-
ample of how a large process structure blocks the fire
water from monitor 1, which is directed at the air
cooler located over the pipe rack. Therefore, monitor
2, supported from the process structure, may be di-
rected at the air cooler and locked in position. As
illustrated in Exhibit 13-35, monitor 4 may be required
to cover additional air coolers or very large process
towers.

Monitors and hydrants are the most common indi-
vidual firehghting system components. The client,
however, may request that a hydrant and monitor
combination be used, as shown in Exhibits 13-29 and
13-33. ‘
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EXHIBIT 13-34 Seclecting Elevated Monitors

EXHIBIT 13-35
Grade-Mounted and
Elevated Monitors
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EXHIBIT 13-36

Systems

g

% @ A X77
e waTeR o oy
ﬂJPpL\r

Deluge and Spray Systems

Deluge and sprav svstems are generally used when
process equipment cannot be reached by fire moni-
tors Or requires a great quantity of water to protect it
from a fire in the local area. Typical deluge and spray
systems are shown in Exhibit 13-36. The storage bullet
is protected by a ring header around the vessel, with
spray nozzles equally spaced to provide appropriate
coverage. Two storage sphere arrangements are
shown in the exhibit. One has wo open-ended pipe

Process Plant Layout and Piping Design

4 %0®
BING HEATED

connections that flood the sphere in the event of fire;
the other has a horizontal 360° ring header and verti-
cal leads that are approximately 6 in (150 mm) from
the sphere shell, all with equally spaced spray nozzles.
This type of fire protection is often subcontracted to
companies that specialize in this particular service.

Fire Water System Layout

The layout of a fire water system in a process unit is

usually accomplish}ed in the following way:
@

Typical Deluge and Spray
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EXHIBIT 13-37 Fire Water System Layout
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— EXHIBIT 13-39
' s
r é? ij Cast Iron Ficings

a. Quarter Bend b. Eighth Bend c. Sixth Bend d Slxtee:nth Bend

j j

‘ 4
R, R,
€. Quarter Bend f. Quarter Bend 8. Quarter Bend
with Low Heel Inlet with High Heel Inlet Reducing

i. Single Hub
Return Bend

j- Straight Tee

m. Combination Y

n. Upright Y
and Eighth Bend

* A reproducible copy of the plot plan is used to pre-
pare the initial layout. as depicted in Exhibit 13-37.

* A complete loop is drawn around the unit, with the
line run along the edge of the plant road.

* To provide a margin of safery in the fire water SVs-
tem, the fire water loop is fed from opposite ends of
the unit—Enough block valves are provided to en-
sure the overall firefighting capabilities of the SVS-
tem in the event of a rupture in the fire water loop.
The number of valves placed in the header is subjec-
tive and is submitted to the client for approval.

* The effective fire water range is then established

Process Plant Layout and Piping Design

k. Sanitary Tee

NN B

0. Sanitary Cross

1. Sanitary ¥

p- Tapped ¥

through vendor data or the chart in Exhibit 13-30—
If a compass is set to the maximum effective range,

monitor 1 can be |positioned showing its full cover-
age area. |

Monitor 2 is located east of monitor 1 to cover all
equipment not protected by monitor 1, and monitor

3 is located to caver equipment not protected by
I

monitor 2. |

Monitor 4E is an elevated monitor that is trained on
the air cooler over the pipe rack, the large process
tower, or furnaces.

Monitors 5 and 7 adequately cover the remaining
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r. Reducer

g

q. Double Y

s. 45° Offset

v. Running Trap
with Hub Vent

EXHIBIT 13-39
Cast Iron Fittings (Cont)

t. Double Hub

== —1
L —1

w. Double Hub

-

[

x. Cast Iron Soil Pipe

equipment on the north half of the plot.

* Monitors 6E and 8E are elevated and can cover the
air coolers over the pipe rack as well as the pipe
rack itself.

Although each plant must conform to local firefight-
ing rules and regulations, client interpretation of those
regulations can produce vastly different fire water sys-
tem layouts. Early consultation with each client is
strongly suggested before a complete systems layout is
developed.

UNDERGROUND ELECTRICAL AND
INSTRUMENT DUCTS

At the outset of a project, a decision must be made on
where the major electrical and instrument conduits
will run—above ground in the pipe rack or buried
below grade. If the underground route is selected, the
plant layout designer must confer with the electrical
and instrument engineers about the optimum layout
of the ducts, where the conduits enter the unit. and

where best to locate the pull boxes. (There may not be
a box per se, but it is the point at which the conduit
exits the underground and serves all other users.) It is
important that this space be left free of piping. equip-
ment. or associated maintenance access. The conduit
in Exhibit 13-38 is encased in red concrete for protec-
tion and located under the main pipe rack, bemeen
the o rows of pumps. Both the electrical and the
instrument engineers are responsible for providing
the estimated size of the duct, and the plant lavout
designer sets the elevation to best suit the gravity flow
drain systems throughout the unit.

UNDERGROUND DETAILS

Variations of pipe fittings, catch basins, sewer boxes.
trenches, sumps, and lift stations are only a sample of
what a plant layout designer encounters in the devel-
opment of an underground piping system. Available
vendor data for fittings, catch basins, and sewer boxes
must be used as a reference. Typical cast iron fittings
are shown in Exhibit 13-39. The list of labels for these
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UNPAVED AREA

EXHIBIT 13-42
Sewer Box
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finings is different from that used for fittings above
grade. A 90° change in direction is not a 90° elbow but
a quarter bend, indicated as “4B on a piping plan
drawing. A lateral is called a Y branch.

Concrete pipe, which is commonly used in oily and
storm water sewer systems in sizes of 15 in and larger,
is illustrated in Exhibit 13-40. Use of cast iron pipe
smaller than 15 in is determined by economics.

Trench piping is shown in Exhibit 13-41. Occasion-
ally, drain piping or process piping must be run below
grade but not buried. The example shows two insu-
lated lines, A and B, running below grade to a drain
tank. The top of the trench is covered with grating but
could be covered with deck plate or concrete slabs,

depending on the traffic anticipated in the area or
particular process concerns. The width of the trench
should allow adequate clearance to valves and drains
as required. Miscellaneous details are displaved in Ex-
hibit 13-25.

A typical sewer box is displayed in Exhibit 13-42. As
mentioned previously, all pertinent information for
each sewer box must be recorded on the sewer box
schedule, shown in Exhibit 13-15, for transmission to
the construction contractor. Exhibit 13-43 illustrates a
variation to thel inlet piping at a sewer box where
provisions are made to rod the line near the sewer
box. The systems engineer should be consulted as to
whether this feature is required.
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EXHIBIT 13-43

LA CEIET SR IS DR Sewer Box with Line
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Buried Insulated Piping
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Exhibit 13-44 shows one way to burv a hot line slope or impossible to tie into existing plant facilities
underground. The line should be backfilled with a without the installation of a pump in the system. A lift
mixture that is equal parts sand and vermiculite, allow- station is shown in Exhibit 13-46. It basically consists
ing for a thickness of at least 4 in (100 mm ) around the of a concrete sump (sized by systems engineering)
entire line. The line is anchored as required bv the and a vertical pump. The discharge line of the pump is
stress engineer, through the use of concrete thrust run as desired because it is now a pressure svstem.

blocks. This insulating mixture of sand and vermicu-
lite allows the line to expand as necessary.

A diked area drain is shown in Exhibit 13-45. Be- DOUBLE CONTAINMENT—
cause dikes are designed to hold the contents of a UNDERGROUND SYSTEMS

storage vessel in the event of a rupture, area drains

must be kept closed at all times. A drain valve operates New and more stringent environmental laws through-
just outside the dike wall so that plant personnel can out most of the world are impacting many operating
see when the contents have been drained and the process plant underground systems. As an example, in
valve may be reclosed. the United States, the Environment Protection Agency

When gravity flow drain systems are developed, it has promuilgated several standards applicable to the
may be impractical to continue with the required transfer of waste operations in refineries. The NESHAP

Process Plant Layout and Piping Design
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| EXHIBIT 13-45
Diked Area Drain
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EXHIBIT 13-46
Lift Station
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(National Emission Standards for Hazardous Air Pol-
lutants) standard for benzene are likely 10 impact
many refineries. If determined to exceed the allow-
able content of benzene in waste water svstems, some
form of change must occur in the design of effluent
waste svstems.

Process drains normally run below grade mav be
pressured to remote treatment facilities through
above-ground piping. Another solution is possibly to
double-contain the gravity flow drain system carrying
the contaminant. It is suggested all local environmen-
tal laws be thoroughly reviewed by the operating com-
pany before any decision is made on this vital matter.
Should double-containment be the selected means of
satisfving such regulations, the following exhibits are
some suggested ways of dealing with the lavour.

FABRICATION

Many shop fabricators are capable of supplving pre-
fabricated components of these systems. However, be-
cause of the numerous material combinations one may
be faced with, consideration should be given to work-
ing with vendors who specialize in providing this ser-
vice. FRP, lined, and PVC pipe are just a few examples
of available prefabricated double-containment piping
systems. Primary drain lines, sometimes called carrier
pipes, come fully fabricated with supports within the
secondary pipe or containment line. This service
greatly reduces field installation time that can translate
into significant cost savings.

Exhibit 13-47 is a composite schematic sketch of the
various containment features covered in the followiing
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exhibits. Exhibit 13-48 is a drain hub with a P- -Trap.
The secondary containment line should be sealed to
the drain line approximately 1 fv300 below finished
grade because it is not likely that any liquid entering
the drain pipe would ever reach this elevation. As with
many aspects of underground systems, it is important
to understand client philosophy on providing a vapor
seal. Solutions may include use of a P- -Trap, Running
Trap, Sewer Box seal, or insertion of a commercially
available seal into the effected drain hub.

Process Plant Layout and Piping Design

Because it is possible to suck the water seal out of
a P-Trap caused b'y the introduction of variable flow
rates downstream, it is important to vent underground
drain systems properly Exhibit 13-49 shows how the
vent is branched off the clean-out line. The vent line
may discharge into the atmosphere or closed system
for disposal. :

Exhibit 13-50, a:commercially available component,
is a suggested medns of effectively providing a seal to
new or existing underground systems. It comes in
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varving sizes and is inserted into a hub and sealed with
a caulking compound. A clean-out plug is provided to
flush out any debris that may collect in the system.

Exhibit 13-51 highlights a number of features for a
designer to consider. A prefabricated section of pipe is
imbedded into the concrete wall. A V2 in/015-thick
plate is welded to the secondary line to act as a water
seal. A 1-in drain line is provided to remove any leaked
material from the containment line. The exterior wall
of the sewer box is covered with a polyethylene mem-
brane liner that acts as a condary containment barier.
Exhibit 13-52 shows one means of dealing with any
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EXHIBIT 13-50 Vertical Pipe Trap

coulLkL

EXHIBIT 13-52 Sewer Box
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spilled liquids or vapors that may have entered the
secondary containment pipe. An internal dip collec-
tion line is precast into the sewer box, and should be
large enough to permit cleaning if required. A 1-in
vapor leak detector line should be run from the top of
the effluent carrier pipe, through the top of the sewer
box. A portable leak detection device can routinely be
attached to check the integrity of the system. Perma-
nent detection devices are also available.

These few sketches are just some examples of how
the new and changing environmental laws may impact
the design of underground piping systems.
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UNDERGROUND COMPOSITE

Exhibit 13-47 is a composite of the various under-
ground piping systems discussed in previous sections
of this chapter. The circled numbers refer to details
shown in Exhibit 13-25. Shop-fabricated piping sys-
tems are the only underground lines assigned line
numbers. All other piping is fabricated and installed
from information supplied on this drawing. When pre-
paring this drawing, the plant layout designer should
double-check the following:

* All above-ground piping layouts to ensure that all
drain points have been picked up.

* Coordination of the locating dimensions, interface
point, flange size. rating and elevation, and bevel
end schedules and elevations.

Process Plant Layout and Piping Design

* All spread footing sizes and elevations to ensure that
a foundation has not been undermined by entering
the angle of repose.

* Spacing provided between lines and cover.

* The data transferred from the drawing to the sewer
box schedule to be used by the construction con-
tractor.

* All line-size calculations from the data recorded in
Exhibit 13-14.

* All piping interface points between the new facility
and any existing piping at the site.

* The issued construction piping and instrumentation
diagrams to ensure that all lines have been ac-
counted for on the underground piping plan.



Instruments play an important part in the operation
and control of modern process plants. Instruments
indicate, record, and control such process and utility
flows as liquid volume, temperature, and pressure
conditions within equipment and piping systems. Al-
though the instrument engineer is responsible for de-
signing the instrumentation to operate and control the
plant, the plant layout designer must understand the
system to position the associated controls.

This chapter highlights the general requirements
for the layout of instruments. It also discusses what
information is required to locate, operate, and main-
tain the most common types of instruments associated
with these facilities.

Instruments give information about the internal
conditions of piping and vessels and, when required,
about control temperatures, pressures, liquid levels,
and process flow. Temperature, pressure, and level
gauges are regarded as locally mounted systems and
are placed in piping systems and on vessels to facilitate
visual readout. Instruments can also be monitored
from a control panel adjacent to the components or

EXHIBIT 14-1 Locally Mounted System
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Instrumentation

from a panel within the control room. This is achieved
by a mechanical, pneumatic, or electrical connection
from the instrument-sensing element. These arrange-
ments are referred to as local and distributed control
systems. Exhibits 14-1. 14-2, and 14-3 show typical pip-
ing and instrumentation diagram arrangements for
these systems.

TYPES OF INSTRUMENTS

Most process plants have many instrument compo-
nents that must be incorporated into the design by the
plant layout designer. The most common are vessel
level instruments. pressure and temperature indica-
tors, control valves, and flow elements.

Control valves are installed in piping svstems to
automatically control the flow of process and utility
gases and liquids. This control is achieved by com-
mands from the sensing elements through transmit-
ting and controlling devices. The body of the valve is
similar in design to the conventional globe valve and

EXHIBIT 14-2 Local Control System
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EXHIBIT 14-6 Transmitter
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EXHIBIT 14-5
Flow Instruments

can be manufactured to suit most ratings and end con-
nections (e.g., flanged, butt welded, socket welded,
and screwed). The principal difference between the
valves is that most control valves are furnished with a
diaphragm actuator for automatic operation rather
than a stem and handwheel for manual operation.
When control valves are specified for both manual and
automatic operapon, they are equipped with a hand-
wheel and a diaphragm actuator. Exhibit 14-4 shows
examples of control valves and their accessories.
Flow instruments are installed in piping systems to
indicate, record, and assist in the control of process
and utility media. The most common component used
is the orifice flange assembly, which consists of a pair
of flanges tapped to receive the sensing connections,
orifice plate, bolts, and gaskets. Other items (e.g., An-
nubars {Pitot averaging devices] and venturis) are also
used as flow instruments. The sensing connections
(usually ¥ in) are connected to a transmitter. The
transmitter is located adjacent to the assembly before
it is connected to the remote pane! and controlling
device (e.g. a control valve or vessel level controller).
Exhibit 14-5 illustrates these components; Exhibit 14-6
shows a transmitter, which is located by the instru-
ment engineer.



a. Gauge Indicator

EXHIBIT 14-8 Skin Temperature Attachment

EXHIBIT 14-9 Pressure Measurement Instruments

a. Pressure Gauge
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b. Dual Pressure System
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EXHIBIT 14-7
Temperature
Measurement
Instruments
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b. Thermocouple

Temperature measurement for piping and vessel
internal media is achieved either by the installation of
local gauge indicators or by distributed control sys-
tems. The gauge indicator consists of a metallic probe
for insertion into the pipe or vessel, with an attached
gauge and indicator showing the required tempera-
ture range. The gauge is fixed or swivel-headed for
specific visual readout angles. Thermocouples are
used for distributed control systems or when the tem-
perature must be read remotely. Like the gauge indi-
cator, the thermocouple has a metallic probe, with
a thermowell if required, but instead of a gauge in-
dicator attached to the opposite end, it has a terminal
head that houses' the conduit connection used for in-
terconnection to, the remote panel. Both gauge in-
dicators and thermocouples are generally flanged or
screwed, and their pipe and vessel connection sizes
range from Yz irq to 2 in. Exhibit 14-7 illustrates both
applications; Exhibit 14-8 shows a skin temperature
attachment.

Pressure measurement for piping and vessels is
achieved by the linstallation of dial indicators or by
distributed control systems. The piping and vessels are
tapped at the required location and furnished with a
¥a-in threaded or flanged connection and a block
valve. The dial indicator is screwed into the block
valve; if a remote readout system is required, the valve
becomes the sensing connection. Like the thermocou-
ple, the dial can be either fixed or swivel-headed to
facilitate readout. A dual local indicator and transmit-
ter system needs only one tapping point. Exhibit 14-9
depicts a typical pressure gauge and a dual pressure
system hookup.

Level gauges are installed at vessels to check the
liquid level visually. They consist of metallic box seg-
ments with heavy-duty glass insertions and Y%-in
threaded end connections. A ¥4-in-by-V2-in threaded
angle valve is used for the connection between the
gauge glass assembly and the vessel. Generally, a ¥4-in
block valve is required between the angle valve and
the vessel;, the vessel connection is threaded or
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EXHIBIT 14-11
External-Cage Level
Controller and
Transmitter
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EXHIBIT 14-12
External-Cage Level
Switch

ENCLOSING TUBE
TUBING

MAGNETIC SLEEVE

ENCLOSING TUBE
MOUNTING NUT

FLOAT STEM

FLOAT

FLOAT CHAMBER

flanged. Exhibit 14-10a shows a typical level gauge
assembly. It should be noted that if reflective glass is
specified, it can only be viewed from one side, as
shown in Exhibit 14-10b.

Aside from the level gauge, which is a local visual
readout instrument, many devices are installed at ves-
sels to control and record liquid levels. The displacer-
type level controller or transmitter and switches are
the most common. Basically, these operate by a float
or displacer in a chamber that reacts to the changing
levels of the liquid in the vessel and, in turn, operates

the sensing device. This device is connected to the
control valve actuator directly for local control or to
the control room for remote recording and control.
The liquid flows through the chamber to the vessel by
two flanged or screwed connections that are mounted
on the vessel's side or on its top and bottom (or both).
The size of the connections usually ranges from 1 in to
2 in; a block valve is installed between the vessel and
the chamber to suit maintenance requirements.
Another type of level control instrument is based
on an internal ball, which is generally used in vessels



a. Switch

EXHIBIT 14-14 Top-Mounted Internal Level Switch
and Transmitter

LEVEL
DIFFERENTIAL

a. Switch b. Transmitter

conaining viscous liquids. Unlike the housed dis-
placer, the ball or float is immersed directly inside the
vessel through a flanged connection, which is large
enough for the assembly to be withdrawn for mainte-
nance. These instruments have no block valves and are
installed on the side or on the top of the vessel. Ex-
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EXHIBIT 14-13
Side-Mounted Internal
Level Switch and
Transmitter

b. Transmitter -

hibits 14-11 through 14-15 display typical examples of
these applications. :

Exhibit 14-16 illustrates the level control operating
principle. A directly acting proportional controller is
illustrated. A decrease in vessel outflow causes the
liquid level to rise. Buoyant force on displacer C in-
creases, unloading range spring E, which causes the
displacer to rise. Attraction ball J rises inside the en-
closing tube G. Magnet H follows and rotates cam L
clockwise. Flapper M moves closer to pilot nozzle K,
increasing pressure in chamber A of relay B. The pres-
sure increase opens check valve S, increasing output
pressure to the control valve, which throttles, decreas-
ing flow into the vessel. Simultaneously, feedback bel-
lows D senses the increased pressure and expands
against proportional band spring N, ending pressure
buildup in chamber A by driving pilot nozzle K away
from flapper M. As a result, the liquid level is stabilized
at a high point within the proportional band and ves-
sel outflow again equals inflow. The reverse cycle
takes place on a falling liquid level,

INSTRUMENT LOCATIONS

It is the responsibility of the plant layout designer to
locate instrument components (e.g., control valves, or-
ifice flanges, vessel level instruments, and temperature
and pressure indicators) within piping systems and on
vessels to accommodate process conditions and pro-
vide access for operation and maintenance. Such in-
strument components as individual transmitters, pan-
els, and pneumatﬁ;c piping are located by the
instrument designer. The piping and instrumentation
diagrams highlight the instrument requirements for
each piping systemn and all equipment; the instrument
engineer furnishes specific dimensional requirements
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(e.g. for level. pressure, and temperature instruments
on vessels).

Control valves are located as single items in piping
svstems or are furnished with up- and downstream
block valves and a bypass valve. These multivalve ar-
rangements are called control valve stations. The
blocks and bypass valves are used so that the system
can continue to operate during maintenance work on
the control valve. In the most common control valve
station arrangements, the block valves are located in
the vertical section of the assembly, with the control
and bypass globe valve in the horizontal section. The
globe valve can be used to regulate line flow manuallyv
while the control valve is out of service. For other
arrangements (e.g., the steam control valve station),
the upstream block valve is also located in the hori-
zonwal leg of the piping to accommodate adequate
condensate removal. Low point drains and trunnion
base supports are also furnished at control valve sta-
tions. Exhibits 14-17 through 14-20 show various con-
trol valve station configurations.

Control valve stations are preferably located at
grade for the inline unit and at main operating levels
for the vertical arrangement. It is not absolutely neces-
sary to locate control valve stations in such a way that
pneumatic or electrical interconnections are kept to a
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—— \_;," £ gt::gz:d Control Valve
DES
AWIing
' 3
Block
‘ VALVE
TRUNNION
! BAsSE
| SUPFPORT
\ s L
\ RE A\ \N
Low PoiNT DRAIN o 2 REDUCER
=T
" ther side of the access aisles, adjacent to equipment
EXHIBIT 14-18  Single Control Valve Station and structural columns. When locating control valves
with valve positioners, the plant layout designer must
! allow adequate clearance between structural columns
and vessels.
Orifice flanges need not be accessible from grade
or a platform but should be positioned at a location
HANDWHEEL and elevation that can be reached by a portable ladder.

/

BREAK FLANGES
==~ |k REQUIRED

minimum; usually, however, the control valve is lo-
cated in the same area as its source of control—for
example, to facilitate the connection between the ves-
sel level controller and its associated control valve.
The prime considerations, however, are cost and, for
the more expensive piping systems, accessibility. Con-
trol valve stations are located within process areas for
ease of operation and maintenance, preferably on ei-

Process Plant Layout and Piping Design

Care must be taken at horizontal banks of lines w0
allow for adequate space for side-oriented taps and,
when required, close-coupled transmitters. Depend-
ing on service, orifice flanges can be mounted in the
vertical and horizonual sections of piping, as shown in
Exhibit 14-21, or with specific upstream and down-
stream dimensional requirements, as shown in Exhibit
14-22. For less common flow instruments (e.g., Pitot
tubes and Annubars), advice from the instrument engi-
neer is necessary for location and dimensional re-

quirements. |

Instruments at vﬂ:ssels (e.g., level control instru-
ments and temperature, pressure, and level gauges)
are positioned in coj:‘unction with the instrument en-
gineer’s requiremer*ts for the project. Examples of
these requirements arnd information relating to vessel
internals and access and maintenance for vessel instru-
mentation are highlighted in Chapters 5 (Drums), 9
(Reactors), and 10 (Towers).

The location of pressure instruments on piping sys-
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EXHIBIT 14-21 Straight Run Requirements
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1. Multiple fittings may be considered as single bends there is an interference between the valve and the
when all but one line is usually blocked off. measuring device, the minimum distance between the

intermediate interference and the measuring device is
required by the applicable detail—that is, the
measurement of material flowing inside a pipe should
be made downstream from the interference. The
remainder of the 39 diameters is between the valve
and the intermediate interference.

2. The length of run upstream from the orifice must be
equal to or greater than the number of diameters
required by any fitting upstream from pipe segment x.

3. If a control or other throttling valve must be installed
upstream from a flow measuring instrument, the

minimum straight run requirement is as shown. If



Orifice Flanges Venturl Tubes Tap Location EXHIBIT 14-22
Upstream and
Clean liquid Horizontal or vertical' Horizontal or vertical® Horizontal Downstream Dimensional
Liquid with solids Vertical? Horizontal or vertical® Horizontal Requirements
Steam Horizontal or vertical? Horizontal or vertical Horizontal
Dry gas or air Horizontal or vertical® Horizontal or vertical® Vertical
Wet gas or air Horizontal or vertical? Horizonual or vertical® Vertical
! Upward flow only
? Downward flow only
* Upward or downward flow
EXHIBIT 14-23
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Pressure Tap Locations

—®
@

EXHIBIT 14-2% Internal Clearance

FLANGED
TEMPERATUIRE

CONNELTION

CHECK CLEARANCE
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EXHIBIT 14-26 Alicmativc Instrument Details
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tems is not considered a major function during the
plant layout phase of a project. Nevertheless, the plant
layout designer must consider pressure requirements,
especially between components or at junctions, to al-
low for sufficient space to include pressure taps. An
allowance of at least six pipe diameters should be
made for the inclusion of the pressure tap after a con-
trol valve or a pipe intersection. Generally, pressure
gauges should be accessible from grade or a platform
or at least from a portable ladder. In both cases, the
gauge must be readable from the operating level with-
out a portable ladder. Pressure gauges in piping sys-
tems at such equipment as pump discharge lines must
be located as close to the equipment as possible. Ex-
hibit 14-23 shows examples of these locations.

Like pressure instrument location, temperature in-
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EXHIBIT 14-27
Analyzer House

strument location is not a major function of the plant
layout phase of a project. The designer should give the
same considerations to temperature instruments
when locating between components, at equipment,
and for accessibility. To secure maximum mixing of
two or more incoming streams and to promote accu-
rate readout, temperature connections are located a
minimum of eight pipe diameters downstream from
the stream intersection, as illustrated in Exhibit 14-24.
Minor process connections (€.g., pressure taps or ther-
mal relief valves) can be located within this section of
pipe. Such additives as flushing oil are located down-
stream from the temperature connection.

The location of temperature instrument connec-
tions must provide adequate clearance for probe and
dial or thermocouple head removal. On small piping
systems (e.g., less than 4 in in diameter), it may be
necessary to increase the size of the line near the
insertion point of the probe or to locate the instru-
ment in an elbow to maintain adequate clearance be-
tween the end of the probe or well and the inside of
the pipe, as displaved in Exhibit 14-25. Alternative in-
strument configurations are shown in Exhibit 14-26.

MISCELLA&EOUS

Another responsibility of the plant layout designer is
to establish the location of the instrument cable trays
and analyzer houses. Both items are coordinated with
the instrument engineer during the early phase of the
job. The main instrument cable runs are located either
in elevated trays, generally in the pipe rack, or below
ground in cable trenches. These requirements are dis-
cussed in Chapters 11 (Pipe Racks) and 13 (Under-
ground Piping).

Analvzer houses in today’s facilities contain a wide
range of instrumentation, including portable sampling
devices, washing facilities, and sophisticated mass
spectrometers. These structures can be as large as 200
sq fi and are often located in a controlled environment
containing blowers and air-conditioning units. A tvpi-
cal analyzer house is shown in Exhibit 14-27.

This chapter has covered the most common instru-
ment requireﬁnems found on a conventional project.
The plant lavout designer should always discuss spe-
cial instrument requirements with the project instru-
ment engineer.







Steel containers are used for storing liquids in a pro-
cess plant. Although many such vessels are found
within the contines of a process unit. most vessels and
tanks are located in areas commonly referred o as off
sites or tnk farms. The two most important factors
governing these lavouts are safen and economics. Anv
comprehensive design must consider local codes and
regulations, client specifications, topographv. adjacent
process units, and neighboring commercial or resi-
dential property as well as maintenance, operation,
and constructibility. This chapter discusses the most
common types of storage vessels. plot plan arrange-
ments. safety considerations. spill containment. pump-
ing, and general piping lavout. A

CODES AND REGULATIONS

The plant lavout designer should review codes and
regulations of the National Fire Protection Association,
the Occupational Safery and Health Act, and local juris-
dictions.

National Fire Protection
Association Codes

The latest issue of the following National Fire Protec-
tion Association (NFPA) codes should be reviewed be-
fore storage layout is begun:

* NFPA 1l1—Low-expansion foam and combined
agent systems.

* NFPA 30-—Flammable and combustible liquids
code.

* NFPA 58—Storage and handling of liquefied petro-
leun gas.

* NFPA 59A—Production, storage, and handling of lig-
uefied natural gas.

* NFPA 321—Basic classification of flammable and
combustible liquids.

" .
CHAPTERZ E
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Process Liquid
Storage Tanks

All NFPA codes are recommended as a basis for
legal regulations. They are intended to reduce poten-
tial hazards to public safery, but compliance does no
eliminate such hazards as those that occur when flam-
mable and combustible liquids are stored in process
fucilities.

The Occupational Safety .
and Health Act

The main considerations in the lavout of storage facili-
ties that fall under Occupational Safery and Health Act
(OSHA) regulations are personnel. access ladders, and
stairways and catwalks.

Local Codes and Regulations

All documents concerning local codes and regulations
should be reviewed before any off-site lavout is begun.

TERMINOLOGY

The terminology used in text and illustrations is de-
fined in the following sections.

Atmospheric tank  This is a tank that operates at pres-
sure levels ranging from atmospheric pressure to 0.5

psi.

Barrel A barrel is a standard unit of liquid volume in
the petroleum industry that is 42 US gallons at 60° F.

Bullet This term describes a high-pressure horizon-
tal storage vessel shaped like a bullet.

Cone-roof tank This is a low-pressure storage tank
that has a fixed, cone-shaped roof.

Dike A dike is a barrier designed to contain liquid
spills within a given area for safety reasons.
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Distribution system This comprises equipment. pip-
ing mains, and services that carnv and control gas sup-
plies.

Diversion channel A diversion channel directs dan-
gerous product spills away from primarv diked areas
to remote holding ponds.

Diversion dike This is a barrier designed to divert

spills from other storage tanks: it uses natural terrain -

to direct liquids to a-sump area.

€
Double-wall storage tank A double-wall storage tank
has an inner wall to contain a liquid. an annulus space
usually filled with insulation. and an outer wall for
spill containment.

Fixed roof This is a low-pressure tank with a roof
that is welded to the shell regardless of roof design or
method of support.

Flame arrester In the event of lightning or another
source of vapor ignition. a flame arrester in the vent
line of a storage tank prevents flames from flashing to
the vapor inside the tank.

Flame snuffer This is a device in a tank vent line that
can be operated manually to snuff out a flame at the
open end of the vent.

Floating-roof tank A floating-roof tank is designed to
conserve vapor loss and minimize fire hazard.

Foam This is a solution with a density lower than that
of oil and water. It is used o form a blanket over
dangerous vapors and thereby reduce the risk of ex-
plosion. ‘

Foot valve This valve is found at the bottom of a riser
in a tank, where a submersible pump can be housed.
During regular operation, the weight of the pump

Process Plant Layout and Piping Design
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keeps the foot valve open. When the pump is re-
moved, the spring-operated foot valve closes the riser

pipe.

Heaters These are heat exchangers used inside large
storage tanks. They heat viscous materials using steam,
hot water, or other heating fluids.

Hortonsphere This spherical vessel is used to store
liquids and gases at high pressure.

Intermediate holding tank  This tank is used for tem-
porarily storing a liquid until it reaches a specified
state. at which time it is pumped downstream in a
process.

Remote impounding basin Used for temporarv stor-
age of potentially dangerous liquids. a remote im-
pounding basin is a containment area located away
from a process or off-site facility.

Sediment  This sludge accumulates in tanks and pip-
ing. It consists of dirt. wax, and mill scale and must be
disposed of periodically.

Sleeper  Sleepers are steel or concrete SUPPOTrts usu-
ally located within 18 in (450 mm) of grade for piping
systems commonly found in off sites.

Sump This is the low point within an area used to
collect liquids for removal.

Tank farm A location with many storage tanks is of-
ten called a wank farm.
TYPES OF TANKS
Storage tanks come in many shapes and sizes, accord-

ing to the type of product to be stored, its potential for
fire. and the amounit to be held. This section discusses
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EXHIBIT 15-1 Cone-Roof Tank
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the most common tpes of vessels found in Most pro-
cess facilities.

Cone-Roof Tank

This low-pressure tank (see Exhibit 15-1) is used for
countless products, including petroleum, chemicals,
petrochemicals, food products, and water. Another
low-pressure storage vessel is the flat-roof tank.

Floating-Roof Tank

The roof of this tank (see Exhibit 15-2) rises and
lowers with the stored contents, thereby reducing va-

EXHIBIT 15-3| Low-Temperature Storage Tank

por loss and minimizing fire hazard. It is commonl
tound in oil refineries.

Low-Temperature Storage Tank

This tank (see Exhibit 15-3) stores liquetied gases at
their boiling point. Products found in such tanks in-
clude ammonia (~28° F), propane (—43.7° F), and
methane (—258° F).

Horizontal Pressure Tank (Bullet)

Bullet tanks (see Exhibit 15-4) are usually shop-fabri-
cated vessels used to store products under high pres-

¥~[
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EXHIBIT 15-5 Hortonsphere Pressure Tank

sure. The heads of these vessels are either elliptical or
hemispherical. the later being used when higher
pressures are required.

Hortonsphere Pressure Tank

This tank (see Exhibit 15-5) is used to store large
quanites of liquids and gases under pressure. Limited
road access to a plant site mav make 1t more advanta-
geous to erect a Hortonsphere in the field o store
products under pressure.

SPILL CONTAINMENT

Because of the real risk of failure of storage tanks and
primary piping svstems. means must be provided to
conuain the resulting spills. Containment mav be a sec-
ond tank wall around the vessel holding the liquid or a
continuous dike designed to hold all of the liquid
stored in the largest tank. Dikes may be constructed of

Process Plant Layout and Piping Design

]
‘

earth. steel. concrete. or solid masonry. Thev mav be
square. rectangular. circular. or irregular in shape.
conforming to the natural terrain around them. Dikes
mav hold one or many tanks. NFPA 30 should be con-
sulted for matters that concern the diking of flamma-
ble and combustible liquids.

One common design is to make the dike out of
earth. as shown in Exhibit 15-6. Dike heights nypically
range from 3 ft to 6 ft (0.900 m to 1.800 m) above

. Interior grade. The width of the dike at the top should

be a minimum of 2 ft (0.600 m) unless it is designed to
accommodate vehicular traffic. The dike slope must be
consistent with the angle of repose of the material;
otherwise. industry dike slopes are usuallv 1.5 1 (ie..
for every foot of dike height. the toe of the dike is 1.5 ft
from its top edge)

Another dike design commonly found in restricted
or tight areas is the concrete wall. shown in Exhibit
15-7. The location of storage tanks often must be
within the battery limits of a process unit. and earthen
dikes are not practical for this application.

Should it be necessary to store liquefied gas close
to a population center, double continment (see Ex-
hibit 15-8) should be considered. This containment
method uses a circular concrete wall surrounded bva
conventional earthen dike. It provides for complete
spill conainment should the primary dike fail.

Another method of containment for use with tall
concrete dikes is shown in Exhibit 15-9. Adding an
earthen berm on either side of the concrete wall al-
lows the thickness of the concrete wall to be reduced.

Tanks are often located in sloped or hillv areas.
where square or rectangular dikes would be impracti-
cal. The designer should consider using the natural
terrain for a group of tanks, as shown in Exhibit 15-10.
In addition, roadways and pumping facilities must be
located 1o suit the terrain.

Exhibit 15-11 shows how natural terrain is used to
direct spills from spheres of highly volatile liquid to
flow to a single sump. This is done by installing a
diversion dike berween the spheres to reduce the risk

.

|
l
l
l
I
|
l
I
1
1
]
i
]
i
i
]
]
i
i
4



363
1%) ; EXHIBIT 15-6
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\
(A
7 == wy
veE! ”
) \ - ew s SIS ““\:“ Lol
EXHIBIT 15-7

i . ‘[—L ; : Concrete Dike
. —hez

= EXHIBIT 15-8
E-'éﬂj_’;l Double Containment
Diking Method

EXHIBIT 15-9
Earthen and Concrete
[ —

Combination Dike
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EXHIBIT 15-10
Natural Terrain Diking

://\

EXHIBIT 15-11 Natural Terrain Diking with Tanks Containing Highly Volatile Liquids
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EXHIBIT 15-12
Plant Topography
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of a fire spreading from one sphere to the other. As a
result of the natural terrain, the spill is directed to its
safest point within the dike.

When the overall plot plan for a process facility is
developed, off-site storage should be set at a lower
elevation than the process unit whenever possible.
This approach (see Exhibit 15-12) provides an addi-
tional margin of safety in the event of a major rupture.

Contsinment of potentially dangerous liquefied
natural gas spills is a significant concern to anv operat-

EXHIBIT 15-13 i
Earthen and Concrete
Containment for Buried
Low-Temperature Tank

EARTHEN
@guvﬁa\q

ing facility. Therefore, extreme safety measures are
emploved, as shown in Exhibit 15-13. The inner tank is
heavily insulated from the outer concrete containment
and is buried in an earthen containment.

Developing a lavout for buried storage tanks in an
existing chemical plant often poses special problems.
It may not be possible or practical 10 move existing
underground obstructions in the area in which the
tank must be located. One solution to this problem is
to bury the wnk above grade in a concrete contain-
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EA EXHIBIT 15-14
Tank Buried Above
EiLL Grade

ment. as shown in Exhibit 15-14. Pumps. maintenance
access. and all appurtenances must be installed in the
roof of the tank.

Spills that pose a high risk to adjacent facilities must
be diverted to a remote holding area. One method
would be 10 erect a concrete diversion canal (see Ex-
hibit 13-13). Drain valves that are located outside the
diked area usually would be closed but would be
opened in the event of a critical spill. Sump drain lines

discharge into the concrete diversion canal and flow

downward to a holding basin.

DIKE ACCESS

Consideration must be given to providing vehicular
and personnel access into diked areas. A typical ar-
rangement is shown in Exhibit 15-16. The mainte-

Process Plant Layout and Piping Design

nance vehicle ramp should have a maximum grade of
15%. It should be located on the side opposite the
pump area. Personnel access should be by stairways
designed according to OSHA standards. A single stair-
way located at the pump area provides access to a
carwalk located on top of the dike. Two other stairways
provide service access to the dikes. as shown in Ex-
hibit 15-16. |

When a lavout of a tank farm must be developed at
an existing facility, unmovable objects or structures
may obstruct the !dike area. Exhibit 15-17 shows how a
dike may be designed to accommodate obstructions.
Such designs are routine, but the spacing between the
outside shell of the tank and the obstruction must
meet NFPA or otr'\cr governing regulations.

When initially ltrying to establish a tank farm layout,
the designer should consult NFPA codes and local
codes and regulations. Rules for spacing between
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EXHIBIT 15-15
Congcrete Diversion Canal
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EXHIBIT 15-17 Building Dikes Around Obstructions

tanks and all adjacent facilities usually can be found in
the latest issue of the Industrial Risk Insurers “General
Recommendation for Spacing™ pamphlet

The NFPA will indicate what the designer should
consider when grouping several tanks within a single
dike or whether the tanks should be individuallv
diked because of large capucities. There is no simple
answer to this lavout problem. Each plant site is
umque. with different products. tank capacities. fire-
prevention requirements. terrain. and adjacent com-
mercial or residential property.

After the diking arrangement has been established.
there are a few additional factors to plan for. The
grade sloping awav from the tunks to a sump must be
determined: minor spills and rainwater mav have to
be pumped from the sump 10 a treating pond. Dike
heights must also be established on the basis of inven-
tories and available real eswte.

Process Plant Layout and Piping Design

SIZING TANKS AND DIKES

Development of Iopu’mum sizes for tanks and dikes
comes through trial and error. Considerations include
the availability of real estate, the possible use of stan-
dard-sized tanks for smaller capacities. and the nature
of potential foundation design problems caused by
early tank-size selections. The designer should refer to
APl 12F for standardized shop-fabricated tank sizes.
Larger field-fabricated storage tanks must be sized to
suit each site.

As an example of how to develop tank height and
dike size, a 150.000-barrel (42 gallons per barrel), 150-
foot-diameter tank is used. The first step is to convert

the tank volume into cubic feet. as follows:
150.000 X 42
= 842.245 ft® of liquid

Tank height is calculated according to the following
equation:

where:
b = height
D = diameter
V = volume (in' cubic feet)

Therefore:
4 X 842245
T (3.1417X1309)
= 47.66 ft or 48 ft high

The volume of the tank berm is calculated as fol-
lows, using the data shown in Exhibit 15-18:

mh s
V=S (M + R+ R

where:
r = top of berm radius (78 f1)
R = bottom of berm radius (79.5 ft)
b = berm height (1 foot) '
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EXHIBIT 15-18 Tank Berm Volume

Therefore:

_ 31417 X 1
- 3

= 1.047 X 18.60%

19.479 ft® of soil in the berm

Calculation of the volume required in the diked
area is as follows:

842,245 ft> of stored liquid
+ 19,479 ft®> of berm soil
861,724 dike area required

The chart in Exhibit 15-19 is used to find the di-
mensions of a square dike. For example, for a dike
height of 6 ft, the designer first finds the 6-foot dike
data line that corresponds to 861,724 ft> and then reads
directly left to the vertical axis to find the dike dimen-
sions. In this example, a 390-square-foot dike would
contain the liquid. K is the volume of liquid held within
a dike that is constructed to a 1.5:1 slope.

The exhibit may also be used to calculate the di-
mensions of a rectangular dike. First, the designer lo-
cates the point on the vertical axis for the known
length of one side of the rectangle—for example, 425

1% (6.084 + 6.201 + 6,320)

ft. Next, the designer reads to the right until the de-
sired capacity (861,724 ft*) is found and then reads
down vertically until the 6-foot dike data line is
reached. Finally. the designer reads left to the vertical
axis of the chart to find the missing dimension of the
rectangle, 350 ft in this example.

Dikes containing multiple tanks are sized to hold
the capacity of the largest tank. For the dimensions of
dikes containing more than one tank, it is necessarv
not only to subtract the volume of each tank from the
dike’s capacity but to subtract the volume of the soil in
each berm. 2

TANK DETAILS

After primary liquid-transfer line connections have
been located. roof access ladders (or stairwavs) and
side shell and roof maintenance access connections
should be located. Exhibit 15-20 addresses these is-
sues.

If tank heaters are emploved, mobile maintenance
equipment should be located in the most convenient
area. Tank maintenance includes such activities as in-
ternal inspection. cleaning, and repairs to internals.
roof supports, and level instruments. Setting entrances
to stairway or ladder areas at grade is the most conve-
nient choice for operations personnel. It should be
noted that stairwavs are not recommended for tanks
whose diameters are less than 15 ft 6 in (4.7 m).

For saferv, handrails should be added along the
tank roof edge on both sides of the ladder or stairway.
Level instruments with internal floats are usually lo-
cated in this area, as are roof maintenance access
openings, which are convenient for inspections, re-
pairs, and cleaning of instruments.

Two types of itank-shell maintenance access open-
ing are shown in Exhibit 15-21. The standard, round
opening is a minimum of 18 in (0.460 m) in diameter.
The larger, oval-shaped, flat-botom opening is more
commonly used on large tanks or those that use inter-




EXHIBIT 15-19 Dike Volumes and Heights

370

Ty T .
, 4 1w_ ,V.M .W o
') TR ?
M . Mr ©
y 0,
*.
| V| 4
.F?&w 4 ‘ 71 g -
+ M i
] , I ). £
_ WW VV/ | . e M
,_,_. wm‘w\ 7D ,, e £
. N 4 ;o &
Vs . &
, 2 i 3
Q—m ..... : 8
v ‘ T
e |8
T H
,,,,,,,, e 3
i I
| W W L [0 | iEIE m
] | "
L i 1 X a1
H A.ﬁmmmv S3AA 40 Hldaim ﬂ HLONIT
o~
~




371
EXHIBIT 15-20 Tank Details
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EXHIBIT 15-22
Valve Access Catrwalks

EXHIBIT 15-23
Tank Mixers
— MIXER ZEM.
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| .
nal heaters. The lavout designer must keep the area ation must be given to the elevation of all valve hand-
immediately around access openings free of such ob- wheels in relatiqn to the carwalk. Adding extension
structions as large pipe supports. piping. and light stems to smaller valves will facilitate opening or clos-
poles. ing such valves.
Valve access carwalks can be seen in Exhibit 15-22.
It is of utmost importance to give operations person- Tank mixers A tank mixer, shown in Exhibit 15-23, is
nel adequate access to priman tank valves. Consider- another auxiliary piece of equipment found in tanks

Process Plant Layout and Piping Design
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EXHIBIT 15-24 Typical Tank Heaters
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EXHIBIT 15-25 Floating-Roof Tank Access
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with highly viscous fluids. Adequate area must be pro-
vided for removal of tank mixers.

Tank heaters Tank heaters come in various sizes and
shapes, as shown in Exhibit 15-24. Sufficient unob-
structed space must be provided outside access open-
ings to permit removal of heaters.

Floating-roof tank access Access to floating-roof
tanks is shown in Exhibit 15-25. The straight stairway
on the left of the diagram can be used for tanks of all
diameters. Each stairway must have a landing outside
the tank wall that allows adequate space for the stair-
way, provided by the tank vendor, down to the floating
roof.

For storage areas with many small or medium-sized

T

F
RECOMMENDED
TAN B

RIaMETER)

tanks, consideration should be given to designing in-
terconnecting catwalks for operator convenience. The
limiting factor is catwalk length, as shown in Exhibit
15-26. Travel distance to exits in high-hazard industrial
occupancies shall not exceed 75 ft (23 m). Additional
length can be accommodated by adding ladders or
stairways.

Because of the need to avoid imposing heavy loads
on the external tank or containment walls of most low-
temperature tanks, consideration should be given to
using access towers (see Exhibit 15-27). The rectangu-
lar tower on the left of the diagram supports all piping
and a conventional stairway; the circular tower on the
right carries all piping inside with a spiral stairway on
the outside. Both provide access to the operations
platform at the top of the tank. Economics and client
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EXHIBIT 15-26 Interconnecting Carwalks
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preference usually dictate design selection.

Another approach to accessing tank roofs is shown
in Exhibit 15-28. In this design, the interior dike eleva-
tion is lower than the outside grade. and all tank con-
nections are on the roof. Therefore. considerauon
should be given to adding a catwalk over the dike
parallel to the piping. Plant personnel use a stairw- av
on the dike's outside wall to reach the carwalk. which

connects to a ladder to the operations platform on top
of the tank.

TANK SUPPORTS

Four common tank support designs are shown in
Exhibits 15-29 through 15-32. The civil engineer is
responsible for determining the most cost-effective
design, on the basis of available data about soil condi-

Process Plant Layout and Piping Design

tions. Lavout designers should understand the funda-
menal nature of each design to optimize piping. stair-
way, and ladder locations without creating problems
for construction or plant personnel.

A concrete ring wall is shown in Exhibit 15-29. The
tank is supported by Class | compacted structural fill as
well as a ring wall that is 12 in (0.300 m) thick.

Compacted granular fill support is shown in Exhibit
15-30. The top of the tank berm is 3 ft (0.900 m) wide,
slightly sloped away from the tank wall, and coated
with asphaltic concrete for weather protection.

A low-temperature tank foundation design is shown
in Exhibit 15-31. This particular design emplovs a con-
crete slab supported by columns, providing an air
space under the slab. This air space helps raise the
temperature of the slab during a failure in the primary
ank.

A more conventional low-temperature tank founda-
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EXHIBIT 15-29
Ring Wall
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ton is shown in Exhibit 15-32. This design has an
embedded heating element for use during possibly
damaging spills. Consultation with civil engineers be-
fore any tank lavour is undertaken 15 necessany 1o ef-
fectively use each design.

To establish the optimum location for pumps. con-
sideration must be given to potential hazards and to

Process Plant Layout and Piping Design

caLuuﬁ

client preference. Exhibit 15-33 shows the pump Io-
cated in the earthen diked area. surrounded by a
curbed wall that is 15 1o 18 in (0.380 to 0.460 m) high.
This design protects the pump from minor spills
within the dike and enables the discharge piping to
exit the dike over the wall, thereby eliminating the
need for dike-penetration seals. Piping outside the
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EXHIBIT 15-32
Low-Temperature
Tank Foundation with
Embedded Heating
Element
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EXHIBIT 15-33
Pumps Inside Diked Area
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| EXHIBIT 15-34
Pumps Outside Diked
Area
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dike may run on a pipe rack or sleepers.

Pumps located outside the dike are shown in Ex-
hibit 15-34. Tank outlet piping can either penetrate the
dike or pass over, as shown in this exhibit. The later
approach would usually be considered if the maxi-
mum dike height were 6 ft (1.83 m) and if the mini-
mum liquid level in the tank would not cause damag-
ing cavitation in the pump. The designer must
carefully examine each lavout before emploving this
design. The location of an elevated pipe rack or
sleeper relative to the pumps should account for plant

|

maintenance iphilosophy. Sleepers  permit  unob-
structed pump access when located between the
pump and the dike wall. Pumps located under pipe
racks support discharge piping but limit access to
pumps durinh maintenance. Prime consideration
should be given to providing an ample maintenance
area around and above pumps.

Locating pumps inside a concrete diked wall is
common in many process plants. The approach shown
in Exhibit 15-35 shows the pump block set at the same
clevation as the dike. With this contiguration, the
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pump would not be submersed during a spill inside
the dike This configuration enables a close-coupled
Piping arrangement. Providing for differential settle-
ment allows the discharge line to be run to the pipe
rack over the dike wall. This approach should be ap-
proved bv the clierru.

An alternative arrangement in routing product lines
to pumps from very large tanks is shown in Exhibit 15-
36. With the pumps located outside the earthen dike,
the transfer piping lis routed underground after allow-
ances are made for differential settlement. This ap-
proach reduces potential damage to suction lines
when extremely lai‘ge inventories are involved.

Lines penetrating concrete dike walls mav be se-
cured against leakage by using commonly available
seals. The design shown in Exhibit 15-37 perrmits mi-
nor axial movement. The seal shown in Exhibit 15-38
is used when an insulated line runs through a larger
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EXHIBIT 15-38

Flexible Dike Seal
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EXHIBIT 15-39
Differential Settlement
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pipe sleeve that must be sealed on the inside of the
dike. This design permits minor line movement. A
stress or support engineer should be consulted when
the designer is planning its application.

Differential settlement This concern must be ad-
dressed early in the layout of any process unit or tank
farm. Exhibit 15-39 illustrates differential settlement,
The foundation of any process facility will eventually
settle or sink to some extent, depending on the weight
it carries and the condition of the soil. To determine
where pipes may be supported safely without impos-
ing excessive stress on equipment nozzles, a civil engi-
neer and soils experts must work together to deter-
mine how much the foundation is likely to settle.
Subtracting sleeper settlement (distance B) from tank

e e

‘v

Y//,‘ I

\\\\—L _
&E PER

SETTLEMENT
L] -

settlement (distance A) vields the differential settle-
ment between the two. By figuring line size, wall thick-
ness, and allowable stresses. distance C can be estab-
lished. Differential settlement can also be caused by
tilting of the tnk, by out-of-plane settlement, or by
dishing of the tank bottom (which is a result of greater
settlement at the center of the tank than at the edge).

The optimum piping arrangement in a tank farm. as
elsewhere in a process facility, is the most direct route
between two points, allowing for normal line expan-
sion and stresses. Exhibit 15-40 illustrates piping be-
tween tanks and pumps. Anchor points, or places
where piping movement is restricted, must be estab-
lished. Tank nozzles are one such anchor point. The
second anchor point may be the pump nozzle if line
growth is permited through the dike, or it mav be
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EXHIBIT 15-40
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amywhere along the piping within the dike or at the
point of dike penetration. To minimize the potential
for tank spills. expansion joints should not be used.

Exhibit 15-41 shows how to accommodate line ex-
pansion between tank nozzles and a manifold header.
Expansion loops may be added at the sleeper level. as
shown for lines A and B. Expansion mav also be al-
lowed for by running line C directly over the header,
perpendicular o the portion of the line causing the
expansion.

Exhibit 1542 illustrates a cross section of piping,
pumps. dikes. and a primany pipe wav that is npical of
what might be found in a wank farm. Because the pri-
mary pipe way is located to the left of the roadway,
pump-discharge lines across the road must be routed
to the headers in one of wo wavs: by burving them

Process Plant Layout and Piping Design

under the road. making allowances for vehicular loads
imposed on the pipe, or by placing them over the road
on a pipe bridge 'Client preference should be consid-
ered in this design. Adequate access to pumps on the
side of the pipe way opposite the road must also be
provided.

A bullet-tank piping lavout is shown in Exhibit 15-
43. Tanks are set at the lowest possible elevation to
satisfy pump he:lcli requirements. A catwalk is located
across all four tanks to provide sufficient access to
operating valves and instruments. Liquid outlet piping
to the pumps should allow for differential settlement
and line flexibilitv. A fire water Spray protection svs-
tem for bullets is shown in Exhibit 13-36.

A tpical piping arrangement for a high-pressure
Hortonsphere is shown in Exhibit 15-44. Lavout factors
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EXHIBIT 15-41
Tank Piping Lavout
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EXHIBIT 15-45
Liguefied Natural Gas
T Tank Layout
—
——

(4)

JIB cRANE

e

for spheres include:

* Tank elevation should be kept low but not less than
5 ft (1.525 m) above grade.

* Ideally, each tank should have its own stirwav—
Exhibit 15-44 shows an acceptable alternative ar-
rangement.

* Valves should be installed as close as possible to all
nozzles.

Tvpical layouts of liquefied natural gas tanks in an
earthen embankment are shown in Exhibits 1545 and
15-46. Features of this arrangement include:

* The secondary containment is a steel-lined concrete
structure.

* There is heavy crvogenic insulation between the pri-
mary and secondary containers.

* The earthen embankment provides an acceptable
margin of safety in the event of tank failure.

* Submersible pumps are located at the bottom of the
pump shaft.

* The roof is steel domed.
* The operations platform, piping, and jib crane are
supported from the concrete containment wall.

The stairway on the pipe trestle provides access o

opERanoNs Fisgpgm

L

qgawa#

I
the operations platform and tank roof. Additional lad-
ders are provided from the circular access road
around the wnk to the carwalk. This platform provides
access to relief valves. vacuum breakers, maintenance
access openings. and instruments.

If an above- grade more conventional lavout is pre-
ferred for liquetied natural gds tanks, a lavout similar
to that shown |m Exhibit 15-47 mayv be used. NPSH
requirements usuall\ necessitate locating the pumps
in a pit when the tank is above grade. A submersible
pump and its motor are located within a containment
vessel and supboned on lugs. An adequate clear area
directly over the pumps must be maintained to allow
pump removal for maintenance. Motor-operated
header valves are located at grade and made accessi-
ble by platforms. Individual suction and discharge
valves are located near the nozzle connections in the
pit. Safety requires that a water-deluge fire-fighting
system be included in this layout as well as a sump and
sump pump to [remove unwanted water.

When high—g'ressure bullet tanks are located close
to a process unit, a protection berm is often used (see
Exhibit 15-48). berm length is slightly longer than the

width of the tank area, and the berm height is roughly
equal to the height of the tanks. These berms offer
some protection in the event of an explosion.
Although foam fire-fighting svstems are often sup-
plied by companies specializing in fire protection. a
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DicE ) EXHIBIT 15-47
Above-Grade Liquefied
Natural Gas Tank Layout
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EXHIBIT 1549 Foam Injection into Tanks '
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basic understanding of such svstems is beneficial to a
lavout specialist. Exhibit 1549 shows an arrangement
in which foam concentrate is pumped with water from
atruck to a storage tank. The piping usually has quick-
connect coupling located outside the dike. The line is
routed to the tank wall. A foam maker—which essen-
tally consists of a pressure gauge. an air strainer. and a
check valve—is located in the vertical riser. The foam
solution enters a foam chamber located at the edge of
the tank roof and then discharges across the top of the
liquid in the tank.

Another way of injecting foam into a tank is shown
in Exhibit 15-50. Foam concentrate from a truck or
tank is supplied to a foam maker located outside the
dike wall. The foam mav be injected into the regular
product transfer piping or routed directly to the stor-

vaccxl’lantlayoutand?lpiubedgn

age wank through a permanent line especially for that
purpose.

An alternative to mobile fire-fighting equipment,
permanent hvdrants and monitors mav be used for
fighting fires in storage wnk areas. Local codes and
regulations as well as the latest issue of NFPA must be
consulted to establish the appropriate coverage of wa-
ter for a given lavout. Exhibit 15-51 shows how fire
hvdrants and monitors may be arranged in a tank farm.
The fire water Piping around this area must come
from two supply sourc, should any part of the systemn
fail. i

Exhibit 15-52 illusttates an effective overall lavout
of a process and off-site plot plan. The administration
area is immediately inside the plant’s main entrance,
as are maintenance an:d fire-fighting €quipment. Pro-
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EXHIBIT 15-52 Overall Process and Off Site Plot Plan
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cess units and the utiline plant are located in the cen-
tral and eastern section of the plot. and allowances for
future expansion are made. Storage tanks are located
in the western and southern sections of the plot. Truck
and rail loading and unloading areas are located to-
gether in the south and southwest corners of the plot.
A flare stack. a cooling tower. and treating ponds are in
the southeast corner.

Process units are located as far away as is practical
from the storage wnks and product-loading areas. In
cold climates. the wind will carny exhaust gases from

Process Plant Layout and Piping Design

the cooling tower. across the storage tanks. and away
from busy process units.

Tank farms can occupy vast areas of valuable real
estate within a process facility. Development of the
optimum design. considering all applicable codes and
regulations. is achieved only through close attention
to safery and economics. Although many solutions to
lavout problems are possible, a mixture of proven
methods—along with the commonsense lessons of
trial and error—will produce the optimum design.

|




INTRODUCTION TO PIPING STRESS

The impact of high piping stresses on operating piping
systems can be dramatic and costly. Yet for many pip-
ing designers, piping stress analvsis is the least-
understood area of piping knowledge. A thoroughlv
analyzed plant will last longer and be more cost
effective. Neglecting the impact of the weight of pipe
and the thermal expansion of hot pipe can cause sig-
nificant maintenance problems. Some examples of typ-
ical maintenance problems due to high piping stress
are the following:

* Pump bearings wearing out.

* Hairline cracks developing in vessel and nozzle junc-
tures.

* Flanges leaking flammable liquids.
* Pipe permanently deforming.

The piping layout designer and the stress engineer
must work together as a team during the design cvcle.
This team is critical to successful stress analysis. It is
critical because the solution to many pipe stress prob-
lems is an adjustment of the pipe lavout.

This chapter’s purpose is to reduce the cvcle time
between the layout designer’s proposed lavout and
the stress engineer’s approved lavout. This section will
accomplish this goal by providing stress background
and easily used stress analysis tools to the designer.
Using these tools will assure the designer that his or
her proposed layout will need little or no revision
because of a stress engineer’s comments.

We define pipe stress as the force per unit area ap-
plied to the cross-section of a piping component. En-
gineers typically express stress in pounds per square
inch (psi). Many of the codes limit the design stress on
carbon steel pipe to 20,000 psi or less. This limit is
associated with stress due to pressure and weight. This
allowable can change based on attached equipment,
temperatures, load applications, and many other fac-

CHAPTER

Stress Analysis

tors. Some allowable stresses expressed in this chap-
ter are not addressed or defined by the code. Rather,
we chose some of these lower limits to assure a high-
quality, cost-effective, piping lavout.

Before going further with stress analysis itself, let us
first address the work process.

PIPE STRESS ANALYSIS WORK PROCESS

There are many steps in understanding how torlay out
a plant with minimal piping stress revisions. The first
step is to understand the work process on a project.

The steps the designer takes to assure quality stress
analysis during the design of a petrochemical plant
may vary. The steps vary with the size and complexity
of the plant. Client requirements also can affect the
work process. The process described in the following
steps is a typical process for a plant design resulting in
3.000 isometrics. Other processes may work equally
well.

Critical Lines List

Exhibit 16-1 shows that the first step in the stress anal-
vsis work process is to identifv the lines on the critical
lines list. The critical lines list is a list of line numbers
that are likely to receive formal calculations bv the
stress engineer. This list of lines is important to the
designer. It identifies those lines that have the most
potential for lavout revision requests. The revision
requests typically come from the stress engineer on
the project. The designer will usually apply the tech-
niques described later to the lines in the critical lines
list.

The stress engineer normally supplies the critical
lines list. At times the critical lines list is not available.
The designer can then use the following tables as a
guideline. There are two tables used for determining
the critical lines. The designer uses the first table for
lines attached to rotating equipment, such as pumps,
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EXHIBIT 16-1 Pipe Stress Work Process Flow Diagram

Attachment A: Pipe Stress Work

Process Flow Diagram

l

i
i

Develop Critical Review Stress
Lines List {sometric
P
Review and Review 3D Review and
S el e R
Studies Scheme isometrics

as shown in Exhibit 16-2. He uses the second table for
all other lines as indicated in Exhibit 16-3. Because
pumps are more sensitive to pipe loading than other
equipment, pump lines are often more difficult to lay
out. Many of the lines on a critical lines list will be
pump suction and discharge lines.

To read the chart, the designer aligns the pipe size
(not the nozzle size) and the upset line temperature.
If the intersection of the two lines is not in the shaded
area then the line is critical.

Stress Isometrics

The stress engineer uses the stress isometrics to serve
as the basis for a formal calculation. The piping lavout
designer draws the preliminary isometrics as shown in
exhibit 16.4.

The creation of these isometrics is the step in the

Process Plant Layout and Piping Design

j
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work process that ‘iequires most of the designer’s
stress knowledge. A good layout at this stage reduces
turnaround time between the stress group and the
design group. |

Analysis and Revision

The stress engineer will usually analyze critical lines
with 2 computer. Over the last decade, the piping in-
dustry has made significant progress in computer-
aided engineering (CAE) programs. The CAE
programs have resulted in stress engineers analyzing
increasing amounts of linear footage. Stress engineers
are also performing more iterations of analysis on the
same stress isometric., Lower costs in computer equip-
ment and increasing lhardware performance are the
primary reasons for this increased level of analysis.
What is the impact to Lﬁe designer? The impact is more
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EXHIBIT 16-2

Pipe Stress Review
Criteria Rotating

Operating Temperature Equipment Piping

500

400

Computer Anatysss

300 Detoied Moc'r\ud Anolyss

200

100

’ f
Computer Anaiyss
(100} e -r/ or
Detailed Monual Analysiy

(200)

«@ 2 3 . [ ] 0 12 “ % L] - 2

Pipe Sze (Nominal Diameter)
Temperatures in Fotvenheit

revisions to his or her original design as the stress
engineer attempts to improve the computer results.
This step in the work process requires close teamwork
between the designer and the responsible area stress
engineer.

Conceptual. Studies

The piping layout designer will generate conceptual
orthographic drawings (planning studies) based on
good layout practice and the recommendations of the
pipe stress engineer. The plant design supervisor cir-
culates these documents to the other disciplines. The
stress engineer will often write requests on this doc-
ument for additional steel, additional nozzle reinforce-
ment, critical pipe support locations, and other items.
Refer to Exhibit 19 for an example of a “planning
study.” Feedback from the different engineering de-
sign groups concerning stress analysis requests may
change the designer’s piping lavout.

Up to this point the stress engineer has reviewed

24 aABQVE

only the critical lines. The conceptual study contains
layouts for noncritical as well as critical lines. There-
fore, the layout designer may receive a stress engj-
neer’s feedback on the noncritical lines ar this stage.
The authors designed the tools given in this chapter to
reduce this feedback to a2 minimum.

Three-Dimensional (3-D) Modeling

The 3-D designer builds the 3-D models based on the
approved conceptual studies. The designer includes
the pipe supports in the model. At this point, revisions
to layout due to stress problems are unusual.

Isometric Extraction and Approval

Plant design extracts the isometrics from the 3-D elec-
tronic model au%tomatimlly. The isometric checker re-
views each isometric. The stress engineer then signs
off on the isometric. The extracted isometric also in-
cludes pipe supports.
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. EXHIBIT 16-3
Pipe Stress Review
Criteria All Piping Except

Expansion Temperature Rotating Equipment

. ‘ Piping
; Cormg’m Analyss
I Owetailed Manuol Analyss

400

%o

20 Veud Anatysis

o
Juagement
00
o
U S |
(200) i 1 = i i I Il 1 1 L
< 2 3 4 s . 10 12 14 18 " 20 2 2 asove
Pipe Size (Nominal Diameter)

Temperatures In Fahventet,

IMPACTS OF EXCESSIVE PIPE STRESS

We have discussed why stress analysis is important.
We have also reviewed the work process steps the
designer and the stress engineer take to accomplish
a quality stress analysis. The next step is to address
what the stress analyst specifically looks for when
analyzing pipe. This section will provide the basis
for understanding what stress analysis tools the lay-
out designer should use when performing piping
design.

The following paragraphs discuss the three basic
types of problems that the stress engineer faces. These
three problems are overstressed piping components,
overstressed vessel nozzles, and overloading the noz-
zles on mechanical equipment. There are a wide va-
riety of other problems that the stress engineer
addresses on a typical petrochemical project. How
cver, these three types of problems are often the cause
for piping layout revisions.

Process Plant Lavout and Piping Design

Overstressing Piping Components

The first item a stress engineer avoids is overstressing
a piping component. Various forces act on a pipe from
its own weight, thermal growth, wind, and other
causes. As the forces are applied, the piping system
begins to deflect or sag. The more forces, the more the
pipe deflects. The greater the pipe deflection, the
higher the stress becomes in the pipe material. Once
the stress in the pipe reaches a maximum limit, the
deflection becomes permanent. By “permanent deflec-
tion” we mean, when the cause of the deflection is
removed, the pipe will not return to its original shape.
The stress engineer calls this phenomenon yielding.
This is what he seeks to avoid.

To avoid yielding a piping component during oper
ation, the stress engineer manipulates the layout and
the supporting scheme of the piping system. His goal is
to keep the pipe stress below the limits described in the
ANSIASME B31.3. Code. This is the code used for pet-
rochemical projects‘in the United States.

Canpg'o.m
Ddd.dMa'ndm

i
e EE——,—— e
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EXHIBIT 16-4
Stress Isometrics

W

Overstressing Nozzles

The second type of problem the stress engineer seeks
to avoid is overstressing vessel nozzles. The nozzle it-
self typically is not the problem. It is the junction be-
tween the nozzle and the vessel wall. As a pipe cvcles

from cold to hot to cold again, it will push and pull on
the nozzle. szy cycles of this force loading can cause
cracking in the vessel wall. The reader can observe this
type of failure when bending a paper clip. When the
reader bends the paper clip the first time, the clip per-
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manently deforms (vields) but does not break. Re-
peated bending of the paper clip will eventually crack
and break it.

Impacting Mechanical Equipment

For this section, we will define mechanical equipment
as equipment that rotates or reciprocates. The most
common example of this type of equipment on petro-
chemical projects is a centrifugal pump. The stress
engineer’s goal is to limit the amount of force the pipe
pushes on the mechanical equipment nozzle. When a
piping system pushes a pump nozzle, the force de-
flects the linkage between the pump and the pump
motor. Excessive deflection (misalignment) of this
linkage causes rapid wear of the bearings and other
parts of the pump. This extra wear results in extra
maintenance effort on the pump.

Who defines what an excessive force on a mechan-
ical equipment nozzle really is? Typically, the manu-
facturer lists allowable loads for his piece of
equipment. In some cases, the vendors build the
equipment to a standard specification. An example is
the APIG10 specification for centrifugal pumps. In
these cases. the standard specification defines the al-
lowables.

These allowable forces on mechanical equipment
nozzles often result in an equivalent pipe stress that is
small. This equivalent pipe stress is tvpically a small
portion of the allowable stress for the pipe. Therefore,
it is sometimes difficult to achieve a piping lavout that
will satisfy the manufacturer's maximum allowable
forces on a nozzle. The stress engineer on a tvpical
Petrochemical project spends much of his time on
solving this type of problem.

CAUSES OF PIPE STRESS

There are manv causes of pipe stress in a piping svs-
tem. The two most common causes are weight and

Process Plant Layout and Piping Design

thermal causes. These two causes are also the most
common reason for loads on equipment nozzles.

Weight

Weight causes the pipe to sag, which puts stress into
the piping material and forces onto equipment noz-
zles. Proper spacing and design of supports. and care-
ful attention to concentrated loads can take care of
most weight problems.

Thermal

When a piece of pipe gets hot, it grows. The pipe itself
physically becomes longer as the temperature of the
pipe material gets hotter. As the pipe grows it pushes
against the nozzles and supports that restrain it from
moving. With an |improperly stress-analyzed system,
this “pushing™ will cause pump bearings to wear out
quicker, vessel nozzles to leak, and perhaps even the
pipe or vessels themselves to rupture. Also, the re-
straint of this growth causes the pipe to deflect in
directions different from an unrestrained pipe. This
“unnatural” deflection causes additional stress in the
pipe.

Other

of the pipe stress effort. However, there are other
causes. The following paragraphs list some of these.

Wind pushing on a pipe can exert large forces on a
piping system. Exhibit 16-S shows the approximate
forces exerted on| different pipe sizes 100 fi above
ground during a hurricane force wind of 75 miles per
hour (mph). :

These loads increase with higher elevations of pipe
and with insulated. pipe. The Code requires that the
designer considers the wind in the design of piping
systems. Wind loading that reaches 70 mph is not un-

|
The first two t}pe:%Jof pipe stress problems cause most
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EXHIBIT 16-5 Wind Force on Pipe

NOMINAL DIAMETER 2 3 4 6
WIND FORCE LB/LIN IN

0.08 0.12 0.16 0.22

8 10 12 14 16 18 20 24
0.29 0.36 0.43 0.47 0.55 0.60 0.68 0.81

usual. Piping guides and anchors resist the wind load-
ing on the piping system.

The petrochemical piping codes require that the de-
signer considers the loads due to earthquakes. The
Code allows a simplified version of seismic analysis for
petrochemical plants, otherwise known as a static anal-
ysis. For areas of high earthquake activity, static analysis
usually results in lateral loads that are about a third of
the piping system weight. Pipe support engineers de-
sign pipe anchors and guides to resist these forces.

There are some dynamic loads that a petrochemical
stress engineer encounters regularly. Pulsation load-
ing due to reciprocating compressors is a common
stress concern. The back-and-forth motion of the com-
pressor pistons compresses the gas. The compressor
pushes the gas into the piping system in pulses. The
pulses usually happen around six times a second. This
means that the pulsing frequency is six pulses per
second. As a tuning fork has a natural vibrating fre-
quency, every piping system has a natural vibrating
frequency. If the piping system natural frequency is
the same as the compressor pulsing frequency, large
piping deflections occur. The stress engineer strives to
make the piping system frequency different from the
compressor pulsing frequency by adding and subtract-

ing supports.

LAYOUT SOLUTIONS FOR WEIGHT
STRESS

Pipe stress engineers can resolve most weight stress
problems by the addition of pipe supports. For the
piping layout designer, this solution may change the

routing of the piping system. Layout problems due to
weight stress typically arise for piping systems that the
designer has elevated. The pipe stress engineer can
easily support systems that are close to the ground by
using foundations or paving. When the piping lavout is
higher than 6 fi, the stress engineer usually supports
from existing structures. Therefore, the layout de-
signer must route the piping svstem close to these
Structures. Except piperacks, a designer will want to
avoid a situation in which construction would have to
build a structure to support one or two lines. .

So, how often does a designer have to provide pipe
SUppOrt access to an existing structure? What is the
allowable span for piping systems? The answers to
these questions depend on the way the designer
routes the system, the size of the pipe, the contents of
the pipe, the pipe material, the temperature of the
pipe, the insulation on the pipe, what the pipe con-
Nects to, and several other factors.

For our purposes here, we will make conservative
assumptions about many of these variables. Let us fo-
cus on the different types of pipe routing and the im-
pact different pipe sizes have on the span. The
designer will use different piping spans for each size
of pipe for three basic types of pipe routing. These
three types of routing are piperack spans, branch
spans, and unsupported overhang spans.

Piperack Pipe Allowable Spans

The first type of pipe routing typically encountered is
pipe that is “continuously supported.” This is the tvpe
of routing associated with pipes in a piperack. By con-
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tinuously supported. we mean there are ar least mo
identicallv supported spans on either side of the span
in question as shown in Exhibit 16-6.

This npe of routing provides a balance in loading
on either side of the support point. This allows a
greater span than what the designer will observe with
“free-to-rotate” end conditions. Exhibit 16-~ gives the
allowable spans for the continuously supported pipe
routing situation. We should note here that although
we have used the piperack routing as a tvpical exam-
ple. the designer usually spaces piperacks at 20 ft or 25
ft bertween bents. This is partly to accommodate the

EXHIBIT 16-6 Continuously Supported Spans
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smallest diameter of piping ovpically allowed in a rack.
which is 2 inches.

For example, for a 6-inch diameter pipe thart fits
within the parameters defined in notes 1 and 2 in
Exhibit 16-7, the allowable span is 44 ft.

Branch Pipe Allowable Spans

The second type of pipe routing that affects the allow-
able span is pipe that is “simply supported.” This is the
tvpe of routing associated with branch lines coming out
of a piperack. What'this means is that either end of the
Span in question is free enough to rotate slightly about
the support point. There is no span on the other side of
the support to hold the end of the span from rotating.

This situation makes the end conditions of the span
‘free.” Therefore, it makes the allowable span for
branches smaller than the allowable span for piper-
acks. In Exhibit 16-8, you can see that the simple span
does not have completely free ends. The span has an
elbow for each end, The vertical piece of pipe at each
end acts as a support. However, an elbow has much
more flexibility than a straight piece of pipe. There-
fore, the designer can consider the elbow as a hinge.
This makes this span simply supported.

Exhibit 16-9 gives the allowable span for branches,

For example, for a 10-in diameter pipe that fits
within the parameters defined in notes 1 through 4 in
Exhibit 16-9, the allowable span is 40 ft.

|
Unsupported Overhang Allowable Spans

The third tvpe of routing that impacts the allowable
spans is “unsupported overhangs.” This is the tvpe
of routing a designer sees at turning points of
piperacks. The supported piping has different lengths
of pipe hanging ovlker the last support beam. The
pipe then turns up or down and then travels at a right
angle to the next subport as shown in Exhibit 16-10.

In this case, one end of two connected straight
spans of pipe is not supported. Where the line turns
up or down, there is no support. Note that the end of
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EXHIBIT 16-7 Allowable Spans for Continuously
Supported Pipe Routing

MAXIMUM ALLOWABLE SPAN IN A PIPEWAY*

PIPE SIZE 2 3 4 6 8 10 12

14

16 18 20 24

SPAN (FT) 25 30 36 44 48 55 56

57

59 61 66 70

1. Calculations of pipe spans are based on the following:
2" through 6" pipes, Wall Thickness Schedule 40
8" through 12" pipes, Wall Thickness Schedule 30
14" through 24" pipes, Wall Thickness Schedule 20

2. The table assumes that pipes are filled with water and insulated for 450°F.

3. The spans in the table above are limited by longitudinal bending stress of <= 9,000 péi and by
acceptable pipe deflection between supports determined from past experience. !

4. Supporting of the end span of a continuous run of pipe in the main pipeway shall be given spe-

cial consideration.

* NOTE: Normal spans for general pipeway design shall be within 20 to 25'.

the overhang is free to rotate and deflect. This type of
routing is acceptable, but the allowable span for each
overhang is smaller than both the simply and contin-
uously supported spans described earlier.

The designer will use a graph to determine the
allowable span for unsupported overhangs. This is be-
cause the allowable span for one overhang changes
with the span of the attached overhang. The two over-
hangs impact each other.

For example, for a 6-in diameter pipe that fits within
the parameters defined in the notes in Exhibit 16-11,
the allowable A span is 18 ft when the allowable B
span is 13 ft. A “B” span greater than 13’ would re-
quire additional support.

Breaking Up a System into Its Spans

The designer can break up most piping systems into
one of the three different span types. Exhibit 16-12
gives an example of this.

Once the designer has identified the system as a col-
lection of one or more of these three types of routing,
then it is a simple matter for him or her to apply the
correct table and determine the location of the support
points. Once the designer has the support points de-
termined, he ot she has the responsibility to make sure
that there is a structure available for the support to use.

|
Other Weigit Stress Problems

So far when determining the span, we have only con-
sidered the pipe stress due to the pipe weight. There
are two other points a designer also should consider:
first, the significant effect concentrated weights such as
valves and pipé risers can have on auxiliary steel lo-
cations; and, second, the impzct of large weight loads
on equipment nozzles.

Solving concentrated weight problems A common
problem facing|a stress analyst is how to support con-
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EXHIBIT 16-8
Simple Supported Span

ﬁ—”ﬁ\

~

centrated weights. We can define concentrated weights
as a portion of the piping system that weighs signifi-
cantly more per linear foot than than the pipe itself.
The most common example is a valve. Another exam-
ple is a pipe riser. Stress analysts consider risers (o be
point loads. The designer should try to picture the
piping system in a plan view. From the plan view, a
pipe riser is a point load equal to the pounds per foot
of pipe times the total length of the riser.

Process Plant Layout and Piping Design

The usual support solution for concentrated loads
is to provide a support as near to the concentrated
load as possible. Therefore, the designer should try to
provide “pups” 0‘; support access to the pipe near the

location of concentrated loads as shown in Exhibit
16-13. '

Weight on nozzlés The allowable load on a nozzle
varies with the type of equipment. Centrifugal pump
nozzles are more sensitive to loads than vessel noz-
zles. Good general practice for a pipe designer is to
provide a layout that will allow a stress analyst to re-
duce the load on a nozzle. On pumps this usually
means an adjustable support within a few feet of the
nozzle. Therefore, the designer must provide some
room on the pipe free of fittings, drains, and instru-
mentation. The support designer will use this space to
attach a support near the pump nozzle. The pipe sup-
port engineer does not typically provide maintenance
supports during the pipe support design. However,
there is an exception to this rule. Support designers
normally provide an adjustable support next to the
centrifugal pump nozzles. As described earlier, the
piping layout should provide for a pipe support at-
tachment near the nozzle. Exhibit 16-14 shows a rec-
ommended routing for a vertical discharge pump.

LAYOUT SOLUTIONS FOR THERMAL
LOADS !

There are many chapenges a designer faces when lay-
ing out a piping systrem. One of the biggest challenges
is to develop a layout that will satisfy the requirements
for acceptable thermal loads on equipment nozzles.
The following section will try to give the designer the
tools and skills necessary to accept this challenge. This
section first shows the designer how to calculate the
amount of axial thermal growth on any straight piece
of pipe. To satisfy the equipment nozzle allowables,
the designer can then go to nomographs. The nomo-

|

|
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EXHIBIT 16-9 Allowable Spans for Branch Lines

MAXIMUM ALLOWABLE SPANS FOR BRANCH LINES

PIPE SIZE Y 1 11% 2 3 4 6 8110

12 | 14 | 16 | 18|] 20 | 24

SPAN (FT) 10 | 13 |17 | 20 { 25 | 30 | 35 | 35 | 40

40 ) 45 | 45 | 45| 50 | SO

1. Calculations of pipe spans are based on the following:
2" through 6" pipes, Wall Thickness Schedule 40
8" through 12" pipes, Wall Thickness Schedule 30
14" through 24" pipes, Wall Thickness Schedule 20

2. The tble assumes that pipes are filled with water and insulated for 450°F.

3. The spans in the table above are limited by longitudinal bending stress of <= 9,000 psj and by
acceptable pipe deflection between supports determined from past experience. '

4. Supporting of the end span of a continuous run of pipe in the main pipeway shall be given spe-

cial consideration.

graphs will determine how long the other pieces of
pipe in the svstem need to be.

Determining the Thermal Growth of a
Pipe

The first step is to determine the amount of pipe
growth in a given direction for a piping system. This
calculation is in two parts. First, determine the tem-
perature to use. Second, determine the overall growth
between the anchors for each global direction (north-
south, east-west, and up-down).

Temperatures to use Choosing the correct temper-
ature is critical to successful stress analysis. For pre-
liminary layout purposes, the designer should use the
operating temperature for piping attached to rotating
equipment nozzles. For other piping systems, the de-
signer should use the maximum upset temperature.

Unfortunately, the documentation of all tempera-
ture cases is not always available at the preliminary
piping layout stage. If this is the case, use the temper-
ature shown on the process flow diagrams. Typically,
the design temperatures shown on pieces of equip-
ment are too conservative for this effort.

1

EXHIBIT 16-10 . Unsupported Overhang

UNSUPPORTED
OVERHAN G f

%
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EXHIBIT 16-11

Unsupported Overhang Allowable Span
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EXHIBIT 16-12 |

CONCENTZATED WeigdT |

’dJ'P?alzT W

Growth charts Once the designer determines the
temperature, he or she goes to the growth charts. The
designer must know the temperature and the material
of the pipe. With the temperature and the material the
designer looks up the growth per 100 linear ft of pipe
(reference Exhibit 16-15).

Piping System Showing
Three Different Span
Types

Checking the Piping Layout on Rotating
Equipment

To determine the amount of leg needed to satisfyv the
pump nozzle allowables, the designer must first know
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EXHIBIT 16-13 Supporting Concentrated Loads

N

83

3
P

WMM\I/ Lece

the nozzle allowable loads. Once the designer knows
the rotating equipment allowable loads, he can enter a
nomograph and determine the amount of leg needed
1o satisfy the loads.

Rotating Equipment Nozzle Allowable Loads As dis-
cussed earlier, the designer should use the equipment
manufacturer’s published allowable loads. However,
these loads may not be available at the “planning”
stage of piping layout. For this example, we will make
the following assumption. The maximum allowable
force on steel rotating equipment nozzles is (200 Ib)
X (the nominal nozzle size). The maximum limit for
the allowable load is 2,000 Ib.

Example of Allowables Calculation

2-in, 300# RF, CS nozzle 200 x 2 = 400 Ib
18-in, 150# RF, CS nozzle 200 x 18 = 3,600 Ib,
exceeds the allowable limit. Use 2,000 Ib.

Process Plant Layout and Piping Design

|
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The maximum allowable force on cast iron equip-
ment nozzle is (50 Ib) X (nominal nozzle size). The
limit is 500 Ib.

Example of Allowables Calculation

4-in, 125# FF, CI nozzle 50 x 4 = 200 Ib
12 in, 250# FF, CI nozzle 50 x 12 = 600 Ib,
exceeds the allowable limit. Use 500 Ib.

Rotating Equipment Nozzle Example Calculation
This section describes how to determine the pipe
length required for achieving a flexible pump layout.
(Reference Exhibit 16-16 for example diagram.)

Step 1.0
Calculate the allowable force on the pump.

(10-in pump nozzle) x (200) = 2,000 Ib maximum
force allowed

Step 2.0

Calculate the expansion in the north-south direction.
The 15 ft 6 in leg is the only run in the north-south
direction. (Reference Exhibit 16-15 for thermal growth
table.)

(15 ft 6 in) X (0.046) = 0.713 in expansion

Step 3.0

Calculate the total absorbing legs that are 90° to the 15
ft 6 in leg. These legs are the east-west leg (11 ft) plus
the vertical leg (7 ft 3 in). Due to the rigid valves and
nozzles in the system, neglect the 6’-8' vertical leg.

(11ft) + (73 in)
18 ft 3 in

total available absarbing legs

Step 4.0

Apply the chart shown in exhibit 16-17 to determine if
the absorbing leg required is less than the total avail-
able absorbing legs determined earlier. Refer to the
circled numbers on the chart.

|
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EXHIBIT 16-14
Pump Piping

fUMF Deainee.
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Step 4.1
On the Force scale locate the maximum allowed
force on pump nozzle: 2,000 Ib. (point 4.1)

EXHIBIT 16-15 Thermal Growth Chart Table

Step 4.2 Notes:

Qn the Touﬂ Thermal 'Emes.ion scale locate expan- 1. Carbon steel (CS.) = Carbon-moly steels ( through 3% Cr.)

sion in inches: 0.713 in. (point 4.2) 2 Low chrome (L.Cr.) = Intermediate alloy steels (5% Cr. Mo,
through 9% Cr. Mo.)

Step 4.3 . _ ) i 3. High chrome (H.Cr.) = Straight chromium stinless steels;

Draw a line from point 4.1 to point 4.2. Where this 12% Cr., 17% Cr., and 27% Cr.

line crosses the Pivot Line, locate point 4.3.

Step 4.4 F_|Cs |LCr |HCn | F [ cs. | Lcn | Her

On the Nominal Pipe Diameter scale, locate the line 100 | 0003 | 0003 | 0003 || 800 | 0.067 | 0061 | 0.056

size 12 in. When the schedule of the pipe is other 200 | 0010 | 0009 | 0009 || 900 | 0078 | 0071 | 0065
than the standard weigh[, use the Plpe Moment of 300 | 0018 | 0017 | 0016 1,000 | 0089 [ 0081 | 0.074
Inertia scale. 400 | 0027 | 0.025 | 0023 |[1,200 | 0100 | 0.091 | 0.083

300 | 0036 | 0.034 | 0.031 [11,200 | 0.111 | 0.100 | 0.092
Step 4.5

_ . ) . i 600 | 0046 | 0.042 | 0039 [[1,300 | 0122 | 0311 | 0101
Draw a line from Point 4.3 on the Pivot Line to point 700 | 0056 | 0051 | 0047 [|1.400 | 0133 | 0121 0310
4.4 on the Nominal Pipe Diameter scale. This locates

point 4.5 on the Pipe Length scale. Read 23 f on the Inches of growth per linear foot

Pipe Length scale as the minimum required absorb-

ing pipe length.
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: A EXHIBIT 16-16
Example Thermal
- . 2[97540 Calculation for Pump

-MaTeziAlL = ASD R B

» DESIEN TaUPEZSTURE.
Zeook
; A - CCEPEICIENT oF
4 % BN 2046
-~ INCHES PER boet
=
/,f!/,,
Step 4.6 Step 5.0 ,
The available absorbing leg 18 ft 3 in (see step 3.0) Calculate the absorbing leg required for the expan-
is less than 23 fi. Therefore, the designer must add sion leg in the east-west direction.
a minimum of 5 ft to the vertical or east-west direc- The 11 ft leg is the only run in the east-west di-
tion. By adding this extra leg the designer will be rection: (11 ft) X (0.046) = 0.506 in expansion. Fol-
within the maximum allowable force on the pump low the procedure described in steps 3.0 and 4.0 to
nozzle. The 6’-8" vertical leg previously neglected find the minimum required absorbing pipe length (21
may be sufficient flexibility, despite the presence of ft).

rigid valves and nozzles.

Process Plant Layout and Piping Design
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Nomograph for Absorbing Leg on Pump Piping

EXHIBIT 16-17
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Step 6.0
Calculate the absorbing leg required for the expan-
sion leg in the vertical direction.

(2fi9in) + (6ft8in) + (7ft3in) + (1 ft4in)
X (0.046) = 0828 ft '

Follow the procedure described in steps 3.0 and 4.0 to

find the minimum required absorbing pipe length

(25.0 ft).

Checking the Piping Layout on Other
Equipment

To determine the amount of leg needed to satisfy the
vessel nozzle allowables, the designer must first know
the allowable vessel nozzle loads. Once the designer
knows the allowable loads, he or she can enter a no-
mograph and determine the amount of leg needed to
satisfy the loads.

Vessel equipment nozzle allowable loads The max-
imum allowable load on a nozzle of a vessel is ex-
pressed in stress. Earlier, we expressed the rotating
equipment allowables in pounds. However, for this
section it is useful to express vessel nozzle allowable
in pounds per square inch or stress.

The maximum allowable stress on a steel equip-
ment nozzle is 14,000 psi.

Vessel equipment nozzle example calculation This
section describes how to determine the pipe length
required for achieving a flexible piping layout that will
have a minimum impact on the attached vessels. Ref-
erence Exhibit 16-18 for the example diagram.

Step 1.0

Determine the amount of expansion in the north-south
direction. The distance to consider is from the an-
chored side of the exchanger to the centerline of the
vertical vessel. Reference Exhibit 16-15 for the thermal
growth table.

(10 ft) x (0.0065) + (20 ft + S ft) x (0.003) +
(6 ft) x (0.0065) = 0.1790 in

Process Plant Layout and Piping Design

Step 2.0
Next, determine the length of the absorbing legs. The
two legs 90° to the north-south expansion are the east-
west leg (25 ft) plus the vertical legs (80 ft + 4 ft).

total available absorbing legs = (25 ft) + (80 ft +
C 4f)=109ft

Step 3.0 :
Given these numbers and the known allowable of
14,000 psi for vessel nozzles, we can now enter the
nomograph shown in Exhibit 16-19 and determine if
the available absorbing legs we summed earlier is suf-

ficient. i

Step 3.1
On the pipe stress scale locate the maximum allow-
able stress on the steel equipment: 14,000 psi (point
3.1). |

Step 3.2 _
On the Total Thermal Expansion scale locate the
expansion in inches: 0.179 in (point 3.2).

Step 3.3
Draw a line from point 3.1 to point 3.2. Where this
line crosses the Pivot Line locate point 3.3.

Step 3.4
On the Nominal Pipe Diameter scale locate the line
size: 30 in (point 3.4).

Step 3.5

Draw a line from point 3.3 on the Pivot Line to point
3.4 on the Nominal Pipe Diameter scale. This locates
point 3.5 on the Pipe Length scale. Read 18 ft on the
Pipe Length scale as the minimum required absorb-

ing pipe length.
Step 4.0 !
Now we determ{ne the amount of expansion in the

east-west direction. The 18 ft leg is the only run in the
east-west direction.

(25 ft) x (0.003) = 0.075 expansion. Say — 0.1 in.

"
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EXHIBIT 16-18
Example Thermal
Calculation for Vessel
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Step 5.0
Follow the procedure describe in step 3.0 to deter-

mine that the minimum required absorbing pipe
length is 13 ft.

Step 6.0
The last step is to determine the vertical expansion
and its impact on the vessel nozzles.

(20 ft) x (0.046) + (30 ft) x (0.027) + (25 ft) x
(0.0065) — (80 ft + 4 ft) x (0.003) — (6 ft) x
(0.0065) = 1.6015-in expansion

Follow the procedure described in step 3.0. The
minimum required absorbing pipe length is 52 ft. The
available absorbing leg is (20 ft) + (25 ft) + Sft =50
ft. These absorbing legs are smaller than the minimum

...




Nomograph for Absorbing Leg on Vessel Piping

EXHIBIT 16-19
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required pipe length. Therefore, add at least 2 ft in the
north-south or east-west direction to be within the max-
imum allowable stress on steel equipment nozzles.

Checking the Piping Layout in Piperacks

This section will describe how to size a piperack loop.
The first step is to determine the location of the an-
chors and loops in the line. Once the designer locates
the anchors, he or she will design preliminary loop
sizes and locations. Once he places the loops, the de-
signer can check the stress in the pipe.

Piperack allowable loads There are different types of
allowables for each phase of the piperack design. For
the location of the anchors, the allowable movement is
6-in maximum pipe movement at the loops and 5-in
maximum movement at changes of direction.

For the sizing of the pipe loops in a rack, the de-
signer uses a maximum pipe stress allowable. The
maximum primary stress in a loop is 20,000 psi for
most temperatures encountered (reference ANSI
B31.3, Appendix A for more detailed information).

Piperack loop example calculation The following
example describes how to size a piping loop in a pip-
erack. Reference Exhibit 16-20 for a diagram of the
example.

Step 1.0

Determine the location of the anchors and loops for
this 500° F carbon steel line.

Step 1.1
Calculate the total expansion in the east-west direc-
tion.

(500 ft) x (0.0362) = 18.1 in

Step 1.2

Locate a preliminary location for the loops and an-
chors based on inspection.

The designer should locate anchors such that the
expansion going into the loop does not exceed 12
in. Also, the total unbalanced forces at the anchors
will be within the limiting criteria. Locate anchors at
125 ft from points A and B.

Step 1.3
Calculate the expansion going into the loop. Refer-
ence Exhibit 16-15 for the thermal growth chart.

{(500 ft) - (2 x (125 f))} X (0.036) = 9.00 in

Step 2.0

Determine the minimum size of the loop based on the
allowable stress.

Step 2.1
Determine the amount of expansion in each leg of

the loop lperpendicular to the direction of pipe ex-
pansion:

A'= Tortal expansion into the loop
: 2

A=9/2=45in

Step 2.2 -

Enter the table “DETERMINING LENGTH OF LEG IN
A PIPERACK LOOP” listed as Exhibit 16.21. Locate
the expansion of 4.5" on the X-Axis.

Step 2.3

Draw an imaginary line vertically from the 4.5” mark
to the line labelled “12" nominal diameter. Next
draw a hdrizontal imaginary line from this intersec-
tion point to the vertical axis. Read the loop leg
length as 24 ft.

Step 2.4

Try to make the width of the loop approximately 20
feet wide for pipe sizes between 3 in. and 20 in. For
pipe sizes above 20 in. make the loop 30 ft wide.
Note that the leg length is dependent on the as-
sumption that the pipe is standard wall and the al-
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EXHIBIT 16-20
Piperack Loop Sizing
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lowable stress is 20000 psi. Consult the Stress
Engineer for exceptions.

Cold Springing the Piping System to
Reduce the Loads on Equipment Nozzles

Cold springing a pipe is the act of cutting short a
section of a piping svstem and then “pulling” the two
ends together to make the final weld. This places a
prestress in the piping svstem that is opposite to the
stress imposed on the system when it is hot. Per the
B31 Code, the stress engineer can take no credit for
cold spring when he considers the maximum stress in
the system. However, the piping code does allow the
stress engineer to apply two-thirds of the calculated
reduction in nozzle loads to the impacted nozzles.
Therefore, the benetit to cold spring is some reduc-
tion in nozzle loads on critical equipment.

Why does the code only allow the stress engineer to
consider two-thirds of the calculated benefit of cold
spring? The reason is it is very difficult to install prop-

Process Plant Layout and Piping Design

erly a cold-sprung system. This is also why we do not
recommend cold sf)ringing as a piping layout solution
for thermal loads. Another reason is the difficulty of
maineining accurate cold-spring records over the op-
erating life of the plant. Future maintenance efforts
may not consider the original cold spring when dis-
connecting the piping system.

On petrochemical projects, cold springing is very
rare. However, if the piping designer is considering
this option, we recommend the client approves the
procedure before proceeding with the final piping lay-
out design. '

LAYOUT SOLUTIONS FOR OTHER
STRESS

Layout solutions for stress problems due to recipro-
cating equipment, wind, or earthquake are similar in
nature to the solutions provided for weight stress
problems. Thus, most solutions revolve around rout-
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EXHIBIT 16-21

.5 2 25 3 4
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ing a piping system such that there is existing steel or
concrete within reach of the support scheme. This
section primarily addresses the spacing of anchors and
guides so that these other types of stress do not ad-
versely impact the piping system.

Checking the Piping Layout for
Reciprocating Equipment

As described earlier, routing pipe to satisfy thermal
criteria usually involves adding more absorbing legs
and reducing the number of guides and anchors. This

makes the svstem looser, and therefcre lowers the
system stress. However, on reciprocating svstems
there is an additional problem. The pipe can vibrate
with the compressor pulsations. To resist this vibra-
tion, stress engineers often ask for stiffer systems with
more guides and anchors. These opposite types of
solutions for different problems provide the challenge
for a stress engineer. The resolution to this routing
challenge is first to rout to satisfy the thermal problem
(using the methods described earlier) and then solve
the vibration problems. Normally, the stress engineer
will go throligh a series of iterations working the two
npes of stress concerns.
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EXHIBIT 16-22
Piperack Loop Sizing

Oz % U - X%

Once a line is routed for access and thermal con-
siderations, the piping layout designer considers the
vibration problem. The designer will determine the
forcing frequency of the compressor. With the forcing
frequency known, the designer will use a nomograph
that will show the allowable spacing for the vibration
restraints. He can then rout the piping to assure that
the needed restraints will be accessible to structural
steel and concrete.

Allowable natural frequencies in a reciprocating com-
pressor piping system  For initial routing on a typical
multistage reciprocating compressor, the designer can
use the following formula for an allowable natural
frequency of the piping system.
allowable nawral frequency = 4 x (motor rpm /
60)

Reciprocating equipment piping example calculation
The following example will calculate the appropriate

Process Plant Layout and Piping Design
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span for a typical reciprocating compressor piping
system.

Step 1.0
Determine the reciprocating compressor forcing fre-
quency. Often, the motor speed is around 360 rpm. If
we use this value in our example, then we get the
following:

4 X (360 rpm / 60) = 24 cycles per second

Step 2.0
Determine the allowable span for a “clamped” end
condition using exhibit 16-23.

Step 2.1

Draw a line from the lamda(\) frequency factor
(equal to approximately 14 for clamped end condi-
tions) to the allowable frequency of 24 cps. Extend
this line through the Reference Line.
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Nomograph for Determining the Allowable Span for a
Reciprocating Compressor Piping System.
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EXHIBIT 16-24.

Guide Spacing for Vertical and Horizontal Pipe

PIPE SIZE Ya 1 e |2 3 g4 6 8 10 12 14 16 18 20 24 &
up
Moo 0 15 120 125 125 30 130 35 (35 [40 |40 |40 |40 |40 | ss
?ﬁgz\%w‘“ 20 |30 3s 5 150 |60 |8 120 | 200 | 200 | 200 {200 |200 | 200 | 200
Step 2.2 must place guides pn the pipe at intervals smaller than

Draw a line from the pipe size (assume 6-in pipe)
on the Radius of Gvration (K) line through the in-
tersection on the Reference Line. Extend this line
through the Length of Leg (L) line. Read the  di-
mension of 16 ft. This is the allowable span for a
steel pipe with no concentrated weights.

Step 2.3
Similarly. check each of the portions of the pipe
routing for the correct span.

Checking the Piping Layout for Wind
Stress

Depending on the location of the plant, the designer
can design piping systems to withstand more than 100-
mph winds. The designer must place guides on the
pipe at regular intervals to help brace the piping svs-
tem. Piping systems that travel down vertical columns
are particularly susceptible to vibrations because of
high winds. To prevent this vibration. the designer

Process Plant Layout and Piping Design

the guide spacing ?Ifor horizontal pipe.

Layout suggestions for reducing wind stress Al-
though most wind guides placed in a system have little
impact on proposed piping routing, vertical pipe on
columns requires some special consideration. Guides
on vertical pipe are physically larger than guides on
horizontal pipe. Also, the guide spacing is smaller on
vertical pipe than on horizontal pipe. Therefore, the
piping layout designer must carefully consider where
the support designer will place the guides. Some col-
umn piping such as overhead vapor lines are large,
therefore generating large lateral loads. These loads
can result in very large structural guides that may im-
pede access on column platforms.

Exhibit 16-24 is a suggested spacing chart for guides
on vertical column piping. Also provided for compar-
ison is the spacing chart for horizontal lines. The pip-
ing layout designer should consult with the pipe
support designer to confirm the guide locations. This
should happen during the preliminary layout phase of
the piping design.




CHAPTER /

Computer-Aided Design

Today’s rapid changes in computer technology de-
mand that industry adopt formal means of educat-
ing future designers. Many engineering contractors
as well as operating companies are now committed
to establishing a position in this rapidly develop-
ing technology. Computer-aided design (CAD) sup-
ports the entire engineering work flow from process
simulation to mechanical design. This chapter
provides an overview of the tools used and how
they benefit the engineering and construction con-
tractor.

Applications range from the basic use of standard
symbols and details to sophisticated 3-D graphics mod-
eling with associated data bases, extracted reports, and
drawing generation. The use of these tools results in a
higher-quality engineering design at lower overall
cost. The enhanced quality results from improved ac-
curacy, greater consistency, improved constructibility,
and enhanced operability and maintainability; lower
costs are a result of fewer engineering staff hours, less
field rework, lower material surpluses, and shorter
schedules.

BASIC CAD APPLICATIONS

Graphics Symbols

Each engineering technology group has designed ex-
haustive libraries of standard graphics symbols. These
range from simple arrowheads to entire mechanical
assemblies, from schematic equipment symbols to
drawing title blocks and borders.

The most significant immediate benefit of using
standard symbols is the lower engineering costs as a
result of reduced designer time and better overall effi-
ciency. The other major benefit is consistency. Sym-
bols appear exactly the same every time, as shown in
Exhibit 17-1. Overall drawing presentation is dramati-
cally improved. An indirect advantage is the ability to
customize these symbols easily for particular project

needs. Even existing drawings mav be easily regener-
ated with revised svmbols.

Standard Drawings

Extensive libraries of standard drawings and details
have also been developed. These range from electrical
lighting fixtures and pipe support details to commonly
used process flow diagrams or contractor proprietary
vessel assemblies. Each represents the cumulative ex-
perience of many contractors over decades of engi-
neering design. They conform to major industry codes
as well as the contractor's own design practices.
Exhibit 17-2 shows an example of a CAD-generated
drawing,

The most important benefit of standard drawings is
quality. Each detail for each project initiallv reflects the
latest engineering design technology and is custom-
ized to meet particular client needs as well as special
code or material requirements. Drawings are laid out
well. and because CAD is used, lines and text are clear
and uniform. Standard svmbols are also used.

Layering

Computerization also takes practical advantage of
graphics lavering (the placement of different elements
of a drawing on different lavers) and overlays in a
single drawing file as well as overlays, or referencing,
of entirely separate files. For example. piping lavout
drawings are referred to bv various downstream func-
tions that develop pipe support location plans, electri-
cal and instrument cable and conduit routing plans,
steam tracing plans, and others, as Exhibit 17-3 dem-
onstrates. Reproducible copies of piping drawings
were often used in the past. If equipment was moved,
new drawings were made and overlay drafting redone,
or each downstream function revised its drawing. With
CAD, these groups may begin work much earlier.
When changes are made, they need only reference the
latest revisions.
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i EXHIBIT 17-1

) Standard Symbols for
Foundations Detail
Drawings
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Scanning and Translation

With graphics scanning, manually drafted documents
may be converted to an electronic CAD file. Tvpical
applications include the modification of existing client
piping and instrumentation diagrams or piping draw-
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ELEVATION

ings for plant en!:E:cements. Generally, blueline
prints are actually scanned, although microfilm aper-
ture cards may be scanned as well. The edited image is
converted to a CAD system for actual design work, as
Exhibit 17-4 shows. This method may be preferred by
clients who have adopted CAD systems of their own
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EXHIBIT 17-2 Standard Vessel Clip Details
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and desire their drawings in that format.

Although a contractor may select a particular CAD
system, the client may use another. Therefore, it may
be necessary o translate files between the two CAD
systems for direct communication.

Automated Drawings

For years, contractors have used computer programs
to create certain engineering designs. Many generate
most of the data needed to produce the drawing. In

EXHIBIT 17-3 Portion of Pipe Support Location Plan
Using a Referenced Piping Layout Drawing
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the past, the engineer made a sketch based on design
results and passed it to a draftsperson. With the advent
of CAD, graphics symbols libraries and standardized
drawing formats were developed to expedite the de-
sign effort. i

Special programs have been developed to aid in
interfacing the ¢ontractor’s design programs with the
graphics system, Programs were enhanced 1o generate
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EXHIBIT 17-4
Scanning Comparison
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b. After Scanning into CAD System

special graphics data files. and applications were writ-
ten to format these drawings. Thev also select and
place appropriate graphics svmbols, add dimensions
and text, perform material scheduling and take-off cal-
culations, and execute plots.

Automated programs are now available for many
heat exchanger senting plans and tube lavout sketches,
electrical one-line and control wiring diagrams, fur-
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nace mechanical drawings, foundation detail draw-
ings, and structural pipe support schedule drawings.
Exhibit 17-5 shows an example of such a plan.

The advantages of automated drawing systems are
significant. The drafting effort is radically reduced or
entirely eliminated in terms of design staff hours and
graphics terminal time. Engineering cost reductions
are substantial, and valuable schedule time is saved.
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EXHIBIT 17-5 Automatically Generated Heat Exchanger Setting Plan
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Errors are reduced through direct electronic data
transfer and automated materials scheduling and take-
off. Drawing formats are consistent and engineered to
ensure excellent layout using standard graphics svm-
bols. Flexibility is maintained through the capability to
easily customize referenced graphics symbol libraries
and, in some cases, drawing arrangements.

INTEGRATED MODELING
SYSTEMS

The applications discussed in the previous section pri-
marily use the basic graphics capabilities of CAD. Inte-
grated modeling systems, however, make extensive
use of graphics data bases. They are structured so that
most of the data is collected in the process of con-
structing 3-D electronic plant models. Most of the en-
gineering documents (e.g., drawings and data sheets)
are extracted from the graphics models or automati-
cally generated from the data bases.

SYSTEMS ENGINEERING AND
INSTRUMENT DESIGN

Many computer vendor data base svstems are initial-
ized during the svstem engineering design of the pip-
ing and instrumentation diagrams. Line or nomencla-
ture lists and other reports can be extracted from this
data. Data consistency checks are made throughout to
ensure that the information is complete and accurate.

The data base is further expanded by instrument
engineers and can then support the generation of in-
strument line lists and data sheets. It can be used to
assign and track cabling between individual instru-
ments, field junction boxes, and control room mar-
shalling racks and can reference appropriate graphics
elements for the generation of instrument loop dia-
grams. Exhibit 17-6 illustrates this process. This pro-
cess requires about half the staff hours and much less
graphics terminal time than previously expended by
manual development of CAD drawings. Moreover,
loop drawings mav now denote additional component
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EXHIBIT 17-6 Typical Plant Design System—Generated Instrument Loop Diagram
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information (e.g.. calibration data. manufacture and
model number, cross references to installation details
and original purchase orders, and input and output
signals) from the data base. which is useful for plant
maintenance.

There are three consecutive phases—conceptual
planning. dewiled planning. and detailed engineer-
ing—for which different modeling tools are used.

Conceptual Planning

Conceptual planning is the process of optimizing
equipment lavout relative to the available real estate
and overall construction and operating costs. Many
CAD users write their own modeling software specifi-
cally for conceptual modeling. An example of such a
program is an advanced lavout and design interface. in
which plot modeling is built around the basic graphics
svstem. It provides the plant lavout designer with the
ability to create and locate equipment, pipe racks. and
simple structures using specially designed menus at
an alphanumeric terminal. This supports the designer
in building a 3-D equipment plot model, illustrated in
Exhibit 17-7. Input parameters, basic equipment types,
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and dimensions are kept to a minimum. It is easy for
the designer to relocate, copy, or revise equipment in
the plot. Both two-dimensional (2-D) and 3-D plots
are developed simultaneously on separate graphics
layers of the same file, as Exhibit 17-8 illustrates.

The conceprual plot plan is simply extracted by
viewing the model from the top and turning off the
3-D laver. Plot m del development is very fast. and the
3-D rendering is vastly superior to the purely 2-D plot
approach. As Exhibit 179 shows, the issue document
becomes a report that accurately reflects the model.
Extraction of a complete equipment list is 2 useful bv-

product. |

Detailed Plann;.ing

The deuilea planning phase basically expands the
equipment plot model by the addition of major pip-
ing. An efficiently advanced lavout and design 1nter-
face system can be used for pipe routing. Piping is
placed in a single-line represenuation for simplicity,
but dimensional data is included for batch process-
ing double-line shaded renderings later on, as de-
picted in Exhibit 17-10. If equipment is moved, asso-
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EXHIBIT 17-8 3-D Equipment Plot Mode! with 2-D and
3-D lLayers

ciated piping is automatically rerouted with the same
basic configurations. Complex piping assemblies
(e.g., piping control stations) that are used more than
once are easily duplicated as a unit through macros.
The piping model geometry is interfaced with a pipe
stress analysis program to ensure adequate piping
flexibility.

The major advantages of this system include:
* The simplicity of pipe routing.
* Automated rerouting with equipment changes.
* The ability to extract preliminary piping material

quantities to support defined estimates and early
orders.

* The ability to extract the detiled lavout drawings
directly from the model.

s, A

Using Plot Modeling

EXHIBIT 17-7
Equipment Plot Modet
I
| Software

{

i

Detailed Engineering

During the deuiled engineering phase, exhaustive
analysis and designs are performed. The resulting doc-
uments are those actually used to requisition, fabri-
cate, and construct the plant.

Equipment is modeled in more detail, followed by
the piping lavout. This process is expedited in the
plant design system by the fact that routing informa-
tion may be transferred directly from the planniirvl‘g
model. Piping parameters are downloaded from the
system data base, which also ensures that all piping
specified in the piping and instrumentation diagrams
is accurately accounted for; even small bore lines are
run.

At this point, an exhaustive piping component cata-
log and specification data base are used. Only compo-
nents approved for the project mayv be entered. The
software automatically checks for compatibility be-
tween adjacent components—for example. to ensure
that a flange piece is not placed against a nonflanged
component. Parts are placed to dimensional toler-
ances of less than a millimeter on the basis of catalog
values. Materials (e.g., piping, flanges, gaskets, nuts,
bolts, washers, and insulation) are tracked per specifi-
cation.

Steel structures are modeled initially by centerline
representation, then with preliminary member sizes.
An elecrronic interface to finite element structural

- analysis programs allows the project to proceed to

detailed design.
Sructural component catalogs of steel shapes are
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referenced for final member sizing in compliance
with engineering specifications and design codes. A
return interface is then made to upgrade the graphics
layout model to that of the final design. as shown in
Exhibit 17-11. Foundations and concrete structures
can be added as designs are completed through the
use of a foundation modeling system. Piles are placed
in a 2-D model at grade for subsequent drawing ex-
traction. The entire underground can be modeled, in-
cluding electrical and instrument conduits as well as

423

“

EXHIBIT 17-10
Partial Planning Model

piping. In addition, the automated system is a much
more valuable tool for plant maintenance and future
expansion because, unlike the above-ground struc-
tures, the actual installation cannot be seen except by
computer once it is in place.

Each engineering function (e.g., civil, structural,
and piping design) builds its portion of the model
with the ability to view but not change the other func-
tions’ work. An example of this detailed engineering
model is depicied in Exhibit 17-12.



424

EXHIBIT 17-11 Structural Stee! Model
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Model Review

The capability of reviewing the CAD 3-D model has
been greatly enhanced by the ability to download the
model files at various stages of a project to a specially
configured high-performance workstation. The intent
of the system is to provide an alternative to the use of
plastic models for teviewing integrated models that
can be easilv used by project team members and client

- personnel. There are no special computer skills re-

quired to complete the short training session on learn-
ing to operate the svstem.

The composition of the model can be controlled
using various features. such as level-control and
display-set manipulations. Highlighting and color ren-
dering can also be used to separate specific files from
the remainder of the model. With the use of these
features, clutter and confusion can be kept to a mini-
mum.

The system allows for a view from any point of the
model to be quickly generated. Various techniques
can be used to set the evepoint to any position within
the model area and view anv direction that is desired.
Also the package allows a “step through™ of the model
in any direction and increments.

Any problem areas detected while reviewing the
model can be tagged with a number and description
of the problem. Saved views of these tags can be gen-
erated and brought back at a later time for resolution
by the area designer.

Interference Checking

Once completed. a batch process is run to identifv all
component interferences for the entire model, as
shown in Exhibit 17-13. It also checks for such inter-
ferences as pipes that cross a designated clear space
(e.g., a walkway or eqpipmem maintenance area). Be-
Cause these problems can be resolved before docu-
ments are extracted. an extremely small number of
interference reports during construction are now gen-
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3 EXHIBIT 17-12
Detailed Engineering
Model Using a Plant
Design Systemn

EXHIBIT 17-13 Example of a Component Interference EXHIBIT 17-14 Isometric View :

Problem
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erated, significantly lowering fixed field and refabrica-
tion costs and enhancing the ability to adhere to crit-
ical schedules.

Issue Documents

The real return on investing resources to construct an
electronic model is the ability to generate issue docu-
ments quickly and accurately. Plot plans and piping lay-
out drawings are taken directly from the model by
specifying plan and vertical boundaries, as shown in Ex-
hibit 17-15. Elevatiort views are produced in the same
way. These are often augmented with isometric views
of especially complex piping configurations to aid in
visualization and construction, as illustrated in Exhibit
17-14. Such downstream disciplines as electrical, in-
strument, and piping engineering then refer-ence
these drawings to generate their own data and reports.

The largest benefit of the system is the ability to
automatically generate piping isometrics complete
with detailed bills of materials, as Exhibit 17-16 shows.
The designer merely indicates breakpoints for each
sheet. Process plans require thousands of isometric
drawings, and the svstem cross checks the model to
ensure that sections of pipe are neither omitted nor
duplicated. Structural steel erection drawings, plans,
and elevations are extracted and annotated, and mate-
rial summaries are automatically produced. Founda-
tion and pile location plans are extracted in much the
same way the equipment plot plans are. Pile counts by
tvpe are automatically created, and foundation and pile
data sheets are generated for internal checking,

Automating take-off material quantities offers a great
productivity gain. The material quantities are com-
pletely specification driven, which ensures conform-
ance with project requirements and precise assembly
breakdowns. Because quantities are computed directly
from the model data base, accuracy has improved,; this
has allowed some standard surplus order rates to be
reduced.

Graphics modeling also allows the schedule se-

Process Plant Layout and Piping Design

quence to better :reﬂect a project’s critical path. Mate-
rial quantities 'may be extracted at anyv stage for
estimates or early orders. As soon as the model is
completed, piping isometrics and other fabrication
drawings are extracted, followed by orthographic
views for construction. (Manual drafting methods re-
quire the reverse order.) .

Finally, materials reports may be directly interfaced
with the contractor's materials control system, which
automates much of the requisitioning, tracking, field
inventory control, and cost reporting.

ELECTRONIC SPOOL SHEETS

Electronic spooling is the term used for automatically
generating spool sheets, complete with bills of mate-
rial (BOM), for pipe spool fabrication. Pipe fabrication
shops have traditionally hand drafted these sheets us-
ing isometrics as a reference, but are now developing
computer programs to interface with contractors iso-
metric data files directly.

The programs used for this system are capable of
reading input data generated from a CAD 3-D model
using interface software provided with the 3-D model.
The first step in generating a spool sheet is to convert
the input data into a standard format for processing. The
3-D model is then restored with all of the branches and
connectivity esmblEshed‘ The model is then transversed
and broken into sheets to suit prelocated field welds or
natural material breaks. Finally, the material require-
mentsforeachshegtarematchedwiththepipefabricators
computerized warehouse or material information.

The geometry of the sheet is then evaluated, and a
best view is determined. Scaling and drawing compo-
sition requirements are automatically considered and
appropriately set.|Using the necessary software, the
spool-sheet design file is then created with compo-
nents, piece mark numbers, dimensions, title block,
and a BOM. The spool sheet can then be automatically
plotted, checked, and issued to the shop floor for fab-
rication, illustrated in Exhibit 17-17.
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Figure 17-17.
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CAD BENEFITS SUMMARY

CAD users generally believe that the benefits of a prop-
erly executed computer-aided design program result
in higher quality at lower installed cost. Higher quality
is a result of the following: '

¢ Improved accuracy—Because of automated tasks
and electronic data exchange between design, mod-
eling, and drawing systems.

e Consistency—In standard drawings and symbols,
well-designed document formats, and automated er-
ror checking.

* Flexibility—In project specification customizations.

* Improved constructibility—As a result of standards
that reflect contractors’ cumulative expertise and
fewer errors to construction.

Process Plant Layout and Piping Design

Improved operability and maintainability—Because
of readily available engineering information (model,
drawing, and data base files).

Lower installation costs are a result of the following:

Fewer engineering staff hours—Because of auto-
mated task and electronic data exchange.

Less graphics terminal time—As a result of using
alphanumeric terminals for most data entry and au-
tomated drawing generation.

Less field rework—Because of reduced engineering
error rates.

Lower material surpluses—As a result of more accu-
rate take-offs.

Shorter schedules—As a result of all of these factors.
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Abbreviations
definitions of terms 8-10
Above-ground piping
plant layout specification 24
Access requirements
inline arrangement 471
vertical arrangement 40
Access ways
plot plans 44
Acid-bearing equipment 291
A-frame
for pump maintenance 190
After coolers 82-83
Air blowers
compressors 56-59
Air cooler
exchanger construction 114
exchangers 114
nozzle configurations 127
piping configurations 133
removal by mobile crane 137
spacing 50
tube plugging 138
Air cooler arrangement
column-supported 121
fixed-platform 123
leg-supported 122
traveling platform 124
Allowable nozzle loading 181
Analyzer house 357
Anchor points
pipe racks 275
Angle of repose 307
definition of 306
API (American Petroleum
Institute) 182
Atmospheric vents 25

- Index

{alic monbers mdxcate dhesranons |

Automated drawings
CAD applications 417419
Auxiliany equipment
compressors 55-61
furnace 159-165
Auxiliary pump piping 199, 200
Available net positive suction head 182
elevation requirements for a
horizontal drum 94
AVS (American Voluntan' Standard )
pumps 182

B

Basket strainer 189
Baich shell
still process 219, 220
Bantery lima vahaing
single-level rack ( process off site
commoan eievation) 271
single-level rack ( process off site
elevanon dange ) 272
wo-level rack ( process off-sie
elevanon dhange) 273
Below-grade abstructions 370
Belt lit 288
Bent spacing
pipe racks 261-269
Block flow diagram
plot plan development 29
Block valve handwheel devations 792
Blowdown seam 144
Blowdown system 144, 308
Boiler feed 95
et
Bouom head arrangemens 236

Box-type furace 141143, 143, 177

decokung aperatons for 172

piping 171-175
piping and instrumentation diagram
170
Braced frames
detinition of 285-286
Bracing 290
Bracket spacing 244
Branch
definition of 12, 305
Branch pipe 3%
Break-out flanges 88
compressor layout 85 - ,
Breeching 144
Bridle-level instrument arrangement
254
Building elevation
compressor housing 84
Buildings
locations 47
plot plans 44
Building width
compressor housing 84
Bundle pulling post 136
Bundle removal
with extractor and mobile crane
138
Burner locations 149
Burner management
control panel 157
skid 157
system piping 175-176
Burner management package 144
Burner management skid
piping and instrumentation diagram
174
Burner piping 175
detail 169
Burners 144
furnaces 14-148
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C Closed drain svstem 322 centrifugal compressors: nozzle
. . cross section 323 orientation 61
&?';;;&ng{:temldm design stump 323 elevated 70

automated drawings 417-419
graphics svmbols +15
lavering 415
scanning and translation 416-417
standard drawings 415
Cast iron fitings 336
Catch basin 311
definition of 305
Cavitation 182
Centrifugal compressors 79
nozzle orientations 61
Centrifugal pump 182, 183
examples 184
in vacuum service 188
Chemical sewers 307, 320-321
Chimney trav arrangement 230
Circular furnace 143
arrangement for 152
furnace elevation for lower level
169
furnace elevation for upper level
167
lower plan 168
piping 165-171
piping and instrumentation diagram
164
platform requirement 758
upper level plan 166
Civil engineering
plot plan 27
Cleanout
definition of 305
Cleanout access doors 145
Cleanout connection 313
Client
plot plan 28
Climate conditions
equipment location 41-42

Closed systems 15
definition of 14
CO, medium pumps 196
Codes and regulations, liquid storage tanks
local 359
National Fire Protection Association
codes 359
Occupation Safety and Health Act 359
tanks 359
Codes and standards
definitions of 10
Coker unit 303
Cold-service tower requirements 259
Cold spring 410
Combination burner
piping and instrumentation diagram
165
Combined sewer 307
Combustion air preheating svstems 163
furnaces 148-149
Common access
towers 226
Common operation
equipment location 37
Common platforms
towers 243
Common stack for multiple furnaces 163
Common standby pump 193
with two primary pumps 193
Component interference 425
Compressor area arrangement 38
Compressor drives
tvpes of 61-64
Compressor pipe supports
compressor lavout 89
Compressors
arrangement and location 75-79
auxiliary equipment 55-61

Index

elevation of machines 79-82
general compressor lavout 85-90
housing and platform requirements
83-84 .
. inter- and after-coolers 82-83, 84
| lube oil svstem 64
' maintenance 69-75
~ reciprocating with all components 84
| seal oil svstem 6466
| shelter 85

| spacing 49
i suction configurations 86
surface condensers 66-69
' tvpes of compressor drives 61-64
| with inter-cooler and piping between
- siages 83
Compressor suction drunvknockout pot
59-61
Compressor systems 56
Computer-aided design
basic CAD applications 415-419
benetits of 429
integrated modeling systems 419
systems engineering and instrument
design 419-428
Conceprual studies 391
Concrete pipe 338
Concrete platform 290
for acid service 290
Condensate blowdown line 199
Condensate pump 56
Condenser operation 67
Cone-roof tank 361
Constructibility
definition of 17
planning 77
Construction
of exchangers 110-114
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Construction (cont)

plot plan 28
Construction materials

underground piping 309
Contaminated storm water 307
Continuous shell

still process 219, 220
Contractor-supplied supporting columns

125

Control and operator access

in a plate arrangement 121

in a spiral arrangement 120
Control valves and accessories 346
Control valve station

elevated 355

single 354

standard 354

steam 355
Convection section 145
Convection section piping 174, 175
Convection section tube removal

in box-type furnace 155
Cooling water 309
Cost-effectiveness

definition of 13
Critical lines list 389
Crossover piping 145
Crude distillation of products across
temperature range 220

D

Damper 145
mechanism 156
Davit
arrangement 216
horizontal drum 106
Dead load
definition of 286
Deaerator 92
Deck plate plaform 289
Decoking 145

Deluge and spray systems 334
Design
reactors 203
structures 285
towers 223
Desulfurizer process 204
Diagonal piping runs 7
Dike access
building around obstructions
366-368, 368
tanks and 366-368
vehicular and personnel 366, 367
Diked area drain 341
Dikes, types of
buried low-temperature tank 365,
365
buried low-temperature tank above
grade 365-366, 366
concrete 362, 363
diversion canals and 366. 367
double containment method 362,
363
earthen 362, 363
earthen and concrete combination
362, 363
natural terrain 362, 364
natural terrain with volatile liquids
362-365, 364
plant topography and 365, 365
Distillation process
towers 219-221
Double pipe exchangers 113-114
Downcomer trays 230
Downstream dimensional requirements
356
Draft gauge 145
Drainage areas 312
Drain hub
definition of 306
Drain piping
compressor lavout 90

Drill structures 301-304
Drums
boot lavout 106
elevation sketch 95
feed surge and compressor suction
drum locations 9.2
in an enclosed chemical plant
structure 93
instrumentation 103, 105-106
in tower reflux svstems 92
location of 92-95
maintenance 106-107
nozzle locations 95-97
piping arrangements 100-103, 704
platform arrangements 98-100
process vessel sketch 95
tvpes of 91
Dvnamic loading
definition of 287

E

Earthquake 395
Earthquake load

definition of 287
Eccentric reducers 190
Economic piping

equipment location 33-37
Elbow nozzles

effect on stacked exchangers 127
Electrical engineering

lot plan 27

Electric motors 63

corflpressor drives 61-63
Elevated centrifugal compressor

no shelter 74

open-sided structure 72
Elevation
furnace 149-159
pipe racks 261-269
reactors 204-207
towers 223-232
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Elevation lavout 6-7
Emergency eyewash and shower 328
Engineering
systemns engineering and instrument
design 421-423
Engineering model
detail 425
Equipment arrangement
plant layout specification 19
Equipment elevations
plant layout specifications 19-20, 22
Equipment houses 43
Equipment list 37
definition of 10
plot plan development 29
- Equipment load
definition of 286
Equipment location
climate conditions 41-42
common operation 37
economic piping 33-37
equipment sizes 37-40
plant layout specification 33
process requirements 37
real estate availability 37
underground facilities 4041
Equipment plot model
plot modeling software 421
Equipment sizes
equipment location 37-40
plot plan development 31
Equipment spacing 20, 21
plot plans 44-51
Equipment support 292
column locations 279
Estimating
plot plan 28
Exchange nozzles
alternative locations 126
Exchanger applications 709
Exchanger bundle removal load

definition of 287
Exchanger installation
parallel and series 116
single and paired 176
stacked 717
structure-mounted 116
Exchanger orientation 715
Exchangers
construction 110-114
location and support 114-125
maintenance 135-140
nozzle orientation 125-127
piping 127-134
Explosion doors 145

External-cage level controller and
transmitter 350

Externalcage level switch 357
F

Feeds
alternative arrangements 234
Fire fighting, foam svstem
foam injection into tanks 383-386,
386

semiportable foam system
386, 387
Fire fighting water system 386, 387
Fire hydrant 328
deuails 330
installation 329
with monitor 332
Fire monitor 330
elevated 332 333
grade-mounted 331, 333
range chart 331
selecting 333
Fire water 309
Fireproofed steel 290
Fireproofing requirements 279
Fire water system 325-337
deluge and spray systems 334

Index

fire water system lavout 334-337
" Flexibility
+ check steps 274
definition of 14-16
pipe racks 271-277
Floating-roof tank 367
Floor elevation
compressor housing 84
Floor space
comparison 38
 sizes 33
Flpw instruments 347
Fluid catalviic cracking unit plot plan 39
Foundation detail drawings
 standards symbols 416
Fractional distillation 219-221
Fractionator tower 221
Furnace elevation 153
Fulmace operation 142
Furnaces
basic operation 141
burers 147-148
combustion air preheating systems
| 148-149
general arrangement of 149-165
piping lavout for 165~177
spacing 50
tail gas incinerator 177-179
terminology 144-147
wpes of 141-144
waste heat unit 177-179

G

Gas turbine
compressor drive 63-64

Grade-mounted centrifugal compressor,
no shelter 77

Grade-mounted compressor, curtain wall
. shelter 73

Grade-mounted horizontal inline
1 arrangement
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plot plans 31-33, 34
Grade-mounted or elevated centrifugal

compressor, open-sided structure
72

Graphics symbols

CAD applications 415
Grating platform 289
Gravity feed 37
Gravity flow

definition of 14
Guide spacing 414

H

Head dimensions 238
Header 145
definition of 12
Head block valves
definition of 12
Header box detail 156
Header boxes 147
Header-branch-leader block valve 13
Heat exchangers 110
Heat exchanger setting
automatically generated 419
Heat tracing
definition of 12
High-pressure reactor 205
High-pressure steam inlet piping
compressor layout 87-88
Hillside nozzle 96
Hook centerline elevation
compressor housing 84
Horizontal exchanger support 117
Horizontal pressure tank (bullet)
361
bullet-tank piping layout 380, 382
protection berm and 383, 385
Horizontal reactor 217
Horizontal reflex drum 91 ‘
Horizontal split-case compressor 61. 62
Hortonsphere pressure tank 362

Hortonsphere piping lavout 380-383,
38
Hose station at pipe rack column 270
Housing and plaform requirements
compressors 83-84
Hydrotreater process 204
Hvdrotreater unit plot plan 205

1

Induced draft fan 762
Industry standards
underground piping 305
Initial arrangement sketch 52
Inlet air fikters 60
compressors 59
Inlet dua 60
Inlet line strainers 88
Inlet piping
centrifugal compressors 85
Inline
definition of 12
instrumentation 73
Inline pump support 201
Instrumentation
drums 103
locations 352-35”
tvpes of 345-352
Instrument details
alternative 356
Instrument engineering
plot plan 27
Instrument locations .
pipe racks 269-271 ;
Instruments ‘
distributed control system 346
local control system 345
locally mounted systems 345
towers 246-252
Instrument vessel skeech 252
Integrate modeling svstems
computer-arded design 419

Inter- and after-coolers
compressors 82-83
Interference checking
svstem engineering and instrument
design 424428
Internal clearance 356
Internal level switch and transmitter
side-mounted 352
top-mounted 352
Internally generated engineering data 3
Invert elevation
definition of 305
Issue documents |
svstem engineering and instrument |
design 428 |

K
Knee brace 244

L

Ladder
detail 286
plant lavout specification 23
preferred position 286
rung spacing 244
sloping 244
Large-diameter lines 267
Large structures 298-301
setting heavy equipment in 301
Lateral and sublateral detail 316
Laterals
definition of 305
Lavering
CAD applications 415
Layout draining
definition of 10-11
Layout philosophy
diagonal piping runs 7
elevation lavout 6-°
plan view lavout 5-6
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Lavout philosophy (cont)
valve manifolds ~
use of space 8
Leg-support drum 94
Level control operating principle 353
Lavel gauge assemblies 349
Level instruments
arrangements for 253
locations 237
Level transmitter control diagram 353
Liz station 341 A
definition of 305 ¥
Lighting panels 282
Line arrangement
pipe racks 275-277
Line branches
compressor layout 89
Line locations
pipe racks 269-271
Line growth
pipe racks 275
planning for 267
L.x-routing diagram 262
Line run
heck 53
Jefinition of 10
Line sizing
oilv and storm water svstems
316-320
Line spacing chart 266
Line support 276
LiGuid storage tanks
codes and regulations 359
dike access 366-368

liquefied natural gas pump and piping

layout 383, 383, 384, 385
process and off-site plot plan, overall
layout 386-388, 388
sizing tanks and dikes 368-369
spill containment 362-366
tank details 369-374

tank supports 374-388
terminology 359
vpes 360-362
Live load
definition of 286
Location .
exchangers 114-125
instruments 352-357
pumps 185-188
reactors 204
Logic diagram 3-4
Low-temperature storage tank 361
Lube oil consoles 58
Lube oil drain routing 66
compressors 55-56
maintenance 65
piping and instrumentation diagram
65
Lube oil system
compressors 64
Lug-supported drum 94

M

Maintenance
compressors 69-75. 75, 76
definition of 12
drums 106-107
exchanger 135-140
plant layout specification 24
reaciors 216-218
requirements 25
towers 252-259
Maintenance access
towers 225, 232, 242
Maintenance and operational access
requirements
pumps 192
Manning formula 318
Materials of construction
plot plan development 31
Medium-sized structures 296-298

horizontal 297
vertical 298
Minimum clearance
towers 226
Mixer
with drum 106
Mobile equipment 257
Model review
system engineering and instrument
design 424
Modifications
to plant lavout specification 19
Monorail 293
Multibed reactor 218
Multiple-pump piping arrangements
192-195
Multiple reactor arrangement 214
Multiunit fractional distillation process
220

N

Ner positive suction head (NPSH) 181,
. 225
Nomograph
for absorbing leg on pump piping
05

for absorbing leg on vessel piping
408

for piperack loop sizing 411
(for reciprocating compressor piping
| spans 413
for unsupported overhang span 400
Nozzle elevation, locations, and
orientation
drums 95-97
exchangers 125-127
reactors 207-209
towers 232-240
Nozzles 393
Nozzle standouts 238
NPSH example 183



NPSH requirements
pumps 182-183
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Oil and gas burner 147
maintenance area 748
Oily water sewer 307
Oily water systems 375
line sizing 316-320
underground piping 309-320
Open systems 15
definition of 14
Operating valve accessibility 88
Operation
definition of 12
Operations platforms structure

Operations structure 304
Operator access

pipe racks 283

to controls 25

towers 225
Opposing downcomers 230
Outlet duct 60
Overhead arrangement

towers 247
Overloading 394
Overstress 392

P

Packed tower 223
Packed tower components 2371
Partial conceptual plot plan 422
Partial piping layout drawing 426
Partial planning model 423
Paving 23
arrangement 46
plant layout specification 20-22
plot plans 44
Peep doors 147

Pier-mounted vertjcal installation 720
Pigails 746, 147
Pile-supported foundations 308
Pipe anchor load
definition of 287
Pipe chase detail 294
Pipe elevations 306
Pipe load
definition of 287
Pipe racks 261-283
additions 287
alternative pipe rack expansion 270
anchor bent 275
column spacing 264
composite 265
configurations 45
Cross section 264
elevation 44 -
intersection 280
layout 268
90° turns 280
plot plan development 42-44
spandrel location 277
Spandrel variations 277
vertical arrangement 45
Piperack 39¢
Pipe span table 263
Pipe stress 389
Pipe stress work process 390
Pipe support location plan
reference piping lavout drawing 417
Pipe supports
compressor 89
definition of 16~17
intermediate 276
Piping
buried, insulated 344
cover for buried 314
exchanger 127-134
pumps 188-197
towers 243-246

~ Piping and instrumentation diagrams

definition of 10
Piping arrangements
drums 100-103
€conomy 130
feed exchangers 132
for horizontal shelf and tube
exchangers 128
for steam and condensate system 129
for underground cooling water
system 129
high-temperature, high-pressure feed
exchangers 137
horizontal reboiler 739
inlet and outlet for product air cooler
135
overhead for condensing air cooler
134
plate exchangers 133
reactors 210-216
spiral exchangers 132
supports for 130
vertical reboiler 130
Piping connections
compressor lavout 87
Piping design
plot plan 2~
Piping isometric drawing 427
Piping lavour
furnaces 165-177
Piping layout mode| ,
auxiliary isometric view 425
Piping specification
definition of 10
Plan
view layout 5-6
Planning
Systems engineering and instrument
design 42042
Planning study
definition of 10-1]

437
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Plant design system
CAD generated 420
Plant layout design
basics of 1~17
philosophy 4-8
project input data 2-4
role and functions of designer 1-2
terminology and standards 8-17
Plant layout designer
function of 1-2
role of 1
Plant layout interface 2
Plant layout specification
components of 19-25
equipment location 33
Plant operation
plant layout specification 24
Plate exchanger construction 713
Plate exchangers 112

Platform and ladder elevation requirements

towers 241
Platform arrangements
drums 98-100
reactors 209-210
towers 240-243
Platform orientation 245
Platforms
plant lavout specification 23
Platform width requirements
towers 242
Plot plans
buildings 44
construction 30
definition of 27-28
development of 28-31
equipment location 3342
equipment spacing 44-51
exchanger applications 715
final arrangement 54
in the process unit 27
pipe racks 42-44

planning 29
proposal 28
roads, access ways, and paving 44
sample arrangement 51
tvpes of 31-33
Positive displacement pumps 185
Positive displacement (reciprocating)
pumps 183
Potable water system 309, 324
Precast concrete pipe 278
Preliminary piping and instrumentation
diagram
towers 250
Pressure measurement
instruments 348
Pressure tap locations 356
Primary and standby pump
arrangement 192
for hot slurry service 194
with below-grade suction 194
Probe connection 210
Process and potable water 322-325
Process (closed) sewers 320-321
Process cooling water system 324
at exchangers 325
at pumps 325
crossover piping 324
Process design data
plot plan development 29-31
Process drains: closed system 321
Process flow diagram 32
definition of 10
planning piping with 36
plot plant development 29
Process operation
reactors 203
Process requirements
equipment location 37
Process unit road 46
Process vessel sketch 205
towers 228

Index

Product outlet and decoking piping 173
Project design data 3
Project input data

in plant layout design 2-4
Pulsations 395

Pulsation dampenerivolume boule 61, 62

Pump
and turbine support 201
discharge location 187
layout 191
suction and discharge piping system
189
Pump locations
- plan 186
' elevation 186
Pump-out system 308-309
Pumps
locations 185-188
NPSH requirements 182-183
| piping 188-197
terminology 181-182
types of 183-185
Pump suction arrangement 248
Pyrolysis furnace 143, 144
ladder and platform requirements 759

R
Radiant coil 146
Radiant section 147
Ra?iam tube removal

lin a circular furnace 154
Railroads 23

\plant layout specification 20-22
Rainfall calculation chart 379
Rainfall intensity and frequency 317

ps
Elreferred position 286
ors 204

design considerations for 203
elevation requirements 207
location of 204




Reactors (cont)
maintenance 216-2}g
nozzle locations and elevations
-209
Piping arrangemens 210-215
platform arrangements 209-210,
211
process operation 203
Support and elevation 204-207
unloading 207
Reactors in serjes
manually operated valve manifold 215
remotely operated vahe manifold 275
Real estate availability
€quipment location 3~
Reboiler
arrangement 230
connections 235
Reciprocau‘ng compressor piping
compressor layour 88-89
Reciprocating €quipment Piping lavout
411

Reciprocating Compressors ~9-g2
Recuperative system 157
Reflux
alternative arrangements 233
Reformer furnace 144
platforms 760
Refractory 147
Regenerative system 150
Relief header location 279
Relief valve systems 249
Rigid frames
definition of 285-28¢
Roads 23
Plant layou Specification 20~
plot plans 44
Rotary pumps 185
Rotating €quipment layour 4¢;

Rotating equipment nozzle allowable
loads 402

S

Saddle-suppored drum 94
Safety
definition of 12-13
spacing requiremen;s 35
Sanitary sewer 308
Scanning and translation
CAD applications 416417
Scanning Comparison 418
Scheduling
plot plan 27
Seal oil console 5
compressors 56 v
Piping and instrumentation diagram
7
Seal oil system
Compressors 6466
Seal oil tank location 66
Seals
definition of 306 |
Sewer box 339 _—
definition of 306 i
detail 373
schedule 320
Sizes 3271
with line cleanoy; 340
Sewer main '
definition of 305 i
Shell and rube exchangers 111-11) ‘
arrangements 772 i
Side shell-mounted catalvst unloading ‘
nozzes 279 |
Side shell-mounted temperature |
onnections 210 !
Side-suction nozzles on centrifugal pumﬂ)
197 !
Single platform arrangement 2712
Single-reactor Piping arrangemen; 214
$izing tanks and dikes 368-369
dimensions, chary for square dike
370

dimensions, Square dike 369
volume of tank berm 368-369. 369
Skin temperaryre atachment 34g
Sloping drum 106
Small strueryre 293-296
alternative design 295
single-leve] one-bay 295
single-leve], wo-bay 296 ,
two-level 297
Snuffing steam 147 f
Solvent collectign System 309 :
Soot blower 147
fixed 760 4
in operation 161 :
retracable 767 ‘
Space
use of 18
Specifications
plot plan development 29
Spherical reactor 217
Spill Containment, see g5, Dikes, types of
tanks and, 362-36¢
Spiral exchanger construction 773
Spiral heat exchangers 112 13
Spool piece removal 794
Spring-mounted pump 788
Stab-in rebojler 140
Stack 147
Stacked reactors 218
Stairs
Plant layouy specification 23
Stair strucryges 301, 302
Stairway
dimensional detaj] 287
preferred position 286
Standard drawings
CAD applicangs 415
Steam drum ang transfer line exchange
162

Steam-generaripn thermosiphon drcuit
176

D —
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Steam line drip legs 276
Steam reformer furnace 145
Steam-traced line 12
Steam tracing manifold 9
Steam trap assembly 9
Steam turbine 64
compressor drives 63
piping arrangements 195-199
Stiffening rings 258
Storm water svstems 375
line sizing 316-320
underground piping 309-320
Straightening vanes
compressor lavout 88
Straight run requirements 355
Stream intersection 356
Stress example calculation
other piping 406
piperack 409
reciprocating compressor 412
rotating equipment 402
Stress isometrics 390
Structural considerations
pipe racks 27°-279
Structural details
of structures 287-293
Structural siding 291
Structural steel mode +24
Structure cross section 300
Structure-mounted vertical arrangement
npes of plot plans 33, 35
Structures
design features 285
details 287-293
drill structures 301-304
large structures 298-301
medium-sized structures 296-298
operations platforms 304
small structures 293-296
stair structures 301
terminology 285-28~

Structure-supported platform
arrangement 212
Structure-supported vertical installation
119
Sublaterals
deftition of 305
Subsvstems
within process flow diagram 51
Suction line strainers
compressor lavout 85
Sump pump 187
Support
reactors 204-207
pipe racks 271-277
towers 223-232
Support spacing
branch lines 399
piperacks 397
unsupported overhang 400
Surface condensers 56, 58
compressors 66—69
elevation 70
with multiple condensing steam
turbine drives 56

with single condensing steam turbine

drive 55
Svstems engineering and instrument
design
conceptual planing 420
detailed engineering 421-423
detailed planning +20—421
interference checking 424
issue documents 428
model review 424, 428
plot plan 2~
System types
underground piping 306-309

T

Tail gas incinerator
furnaces 177-179

Index

Tandem arrangement 63

" Tank access

elevated pipe way and carwalk 374,
375
i floating-roof tank access 373, 373
interconnecting carwalks 373, 374
maintenance access 369-372, 371
* piping and personnel access tower
373-374, 375
valve access catwalks 273, 372
Tank details 369-374
tank access 269-375
tank heaters 373, 373
tank mixers 372-373, 373
Tank heaters 373, 373
Tank maintenance 369-374, 371
elevated pipe way and catwalk 374,
375
floating-roof tank access 373, 373
interconnecting carwalks 373, 374
' piping and personnel access tower
I 373-374, 375
valve access catwalks 372, 372
Tank mixers 372-373, 373
Tanks
codes and regulations 359
dike access 366-368
pipes and 379-382
process and off-site plot plan, overall
I lavout 386-388. 388
" pumps and 376-378, 388, 377
 sizing tanks and dikes 368-369
spill containment 362-366
-tank details 369-374
Itank supports 374-388
i terminology 359
| tvpes of 360-362
Tanks and piping 379-382
' alternative piping lavouts 379-380,
[ 380

"bullet-tank piping layout 380, 382
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Tanks and piping (cont)
buried product-transfer piping 378,
378
differential settlement and piping 379,
379
dike-penetration seal 378, 378
flexible dike seal 378-379, 379
Hortonsphere piping layout 380-383,
382
liquefied natural gas pump and piping
layout 383, 383, 384, 385
pipe way and pumping Cross section
380, 381
piping layout 380, 381
Tanks and pumps 376-378, 377, 378
pipe way and pumping Cross section
380, 381
pumps inside concrete dike 377-378,
378
pumps inside diked area 376-377,
377
pumps outside diked area 377, 377
Tanks, types of 360-362
cone-roof ank 361, 361
floating-roof tank 361, 361
horizontal pressure tank (bullet)
361-362, 361
Hortonsphere pressure tank 362,
362
jow-temperature storage tank 361,
3061
Tank supports 374-376
compacted fill tank pad 374, 376
elevated concrete base 374, 376
embedded heating element 374-376,
377
ring wall 374, 376
Tank terminology
atmospheric tank 359
barrel 359
bullet 359
cone-roof tank 359

dike 359
distribution svstem 360
diversion channel 360
double-wall storage tank 360
fixed-roof tank 360
flame arrester 360
flame snuffer 360
floating-roof tank 360
foam 360
foot valve 360
heaters 360
Hortonsphere 360
intermediate holding tank 360
remote impounding basin 360
sediment 360
sleeper 360
sump 360
tank farm 360
Tee-type strainer 189
Temperature measurement instruments
348
Temperature and pressure instruments
arrangement for 254
Temperature and pressure locations 237
Terminology
in plant lavout design 10-17
of structures 285-28"
underground piping 305-306
Thermal 394
Thermal expansion load
definition of 287
Thermal growth 399
Thermal stress solutions 398
3-D equipment plot model 421
Top head arrangement 236
To head nozzle arrangement 208
Top platform arrangement 213 -
Tower-mounted air cooler 140 |
Towers
area 224
areas of division 246

davit arrangement 255
design considerations 223
distillation process 219-22]
drop zone 256
elevation and support 223-232
elevation sketch 227
intervals 228-232
maintenance 252-259
nozzle elevation and orientation
232-240
piping 243-246
piping arrangement 251
piping supports 246
platform arrangements 240-252
skirt 227
spacing 48
tower instruments 246-252
transition section 230
trollev beam arrangement 255
tvpes of 221-222
weld seams 258
Tower-supported vertical installation
118
Transfer line 147
Transfer line lavout 176
Transfer line piping 176-177
Traveling gantry 137
Tray details 229
Trayed tower 222
Tray support beam sizes 237
Trench
definition of 305
Trench piping 338
Trolley beam 136
arrangement 216
Tube and shell exchanger passes 111
Tube bundle extractor details 139
Tube bundle removal
by crane 137
Tube exchangers 111-112
Tubes 147




442

Tvpical top head platform arrangements
towers 243

U

Uncontaminated storm water 306-307
Underground cable duct 335
Underground composite 3+4
Underground detils 337-340
Underground drum
elevation requirements 94
Underground electrical and instrument
ducts 337
Underground elevations 42
Underground facilities
equipment location 40—41
Underground piping
chemical and process (closed) sewers
320-321
construction materials 309
fire water svstem 325-337
industry standards 305
oily water and storm water systems
309-320
process and potable water 322-325
system types 306-309

terminology 305-306

underground composite 3++
underground details 33™-340
underground electrical and
instrument ducts 337

Unit encasement 42

Unsupported overhang 396

Upstream dimensional requirements 356

Ctility station requirements 258

Vv

Vacuum tower and stripper 222
Valve locations
pipe racks 269-271
Valve manifolds ~
Valve and steam trap
improper location 198
Vapor and liquid flow 221
Vapor pressure 181
Vendor data 3
Vendor-supplied supporting columns
125
Vertical compressor suction drum 91
Vertical condensate pump 187
Vertically mounied temperature

Index

connection 210
Vertical pumps 59
locating 187-188
Vertical reboiler 226
- Vertical split-case compressor 61. 63
| Vessel clip details
- standard 417

i\:'essel-supponed platform arrangement
212

W

Wash-water injection 8~
Waste heat svstem 59
Waste heat unit

furnaces 177-179
‘Weight 394
Weight stress solutions 395
Welding recepiacles 282
Width

pipe racks 261-269
Wind 394
Wind force on pipe 395
Wind load

definition of 287
Wind piping lavout 414
Windproof gas burner 748
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