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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed.

APT is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws,

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication, Status
of the publication can be ascertained from the API Upstream Segment [telephone (202) 682-
8000]. A catalog of APT publications and materials is published annually and updated quar-
terly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the standardization manager, American Petroleum Institute,
1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or
translate all or any part of the material published herein should alse be addressed to the gen-
eral manager.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable APT standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Swreet, N'W.,, Washington, D.C. 200035.

Copyright © 2001 American Petroleum Institute
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FOREWORD

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the viclation of any federal, state, or municipal regulation with which this
publication may conflict,

Suggested revisions are invited and should be submitted to the standardization manager,
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 200035.
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Recommended Practice for Design and Hazards
Analysis for Offshore Production Facilities

1 General
11 PURPOSE

The purpose of this recommended practice is to assemble
into one document useful procedures and guidelines for plan-
ning, designing and arranging offshore production facilities,
and performing a hazards analysis on open-type offshore pro-
duction facilities. This will promote safe, pollution free and
efficient production of oil and gas. This publication is only a
guide and requires the application of sound engineering judg-
ment. Furthermore, it is not intended to override or otherwise
supersede any existing code or governmental rule or regula-
tion, nor is it intended as a comprehensive document contain-
ing all useful and appropriate information.

1.2 SCOPE

This document recommends minimum requirements and
guidelines for the design and layout of production facilities
on open-type offshore platforms, and it is intended to bring
together in one place a brief description of basic hazards anal-
ysis procedures for offshore production facilities. This recom-
mended practice discusses several procedures that could be
used to perform a hazards analysis, and it presents minimum
requirements for process safety information and hazards anal-
ysig that can be used for satisfying the requirements of API
RP 75.

The concepts contained herein recognize that special haz-
ard considerations exist for offshore production facilities. As
a minimum, these include:

1. Spatial limitations that may cause potential ignition
sources being installed in or near production equipment.

2. Spatial limitations that may result in quarters being
installed near production equipment, pipeline/flow line
risers, filel storage tanks, or other major fuel sources.

3. The inherent fire hazard presented by the release of
flammable liquids or vapors, whether during normal oper-
ations or as a result of any unusual or abnormal condition.

4. The severe marine environment, including corrosion,
remoteness/isolation, and weather (i.e., wind, wave and
current, ice).

5. High-temperature and high-pressure fluids, hot sur-
faces, and rotating equipment located in or near operating
areas.

6. The handling of hydrocarbons over water.
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7. Large inventories of hydrocarbons from wells/reser-
voirs and pipelines connected to or crossing a producing
platform,

8. Storage and handling of hazardous chemicals.

9. Potential H>S releases.

This recommended practice is directed to those permanent
and temporaty installations associated with routine produc-
tion operations. The guidelines presented herein should pro-
vide an acceptable level of safety when used in conjunction
with referenced industry codes, practices and standards.

1.3 INDUSTRY CODES, PRACTICES, AND
STANDARDS

Various organizations have developed numerous codes,
practices and standards that have substantial acceptance by
industry and governmental bodies. Codes, practices, and stan-
dards useful in the design, fabrication, installation, layout,
and operation of offshore production facilities are listed in
Appendix C, These references are not to be considered a part
of this recommended practice except for those specific sec-
tions of documents referenced elsewhere in this recom-
mended practice.

1.4 GOVERNMENT CODES, RULES, AND
REGULATIONS

Government regulatory agencies have established certain
requirements for the design, fabrication, installation, layout
and operation of facilities on offshore production platforms.
These requirements may supersede the recommendations of
this document. Refer to Appendix D for applicable govern-
ment codes, rules and regulations related to the outer conti-
nental shelf of the United States.

1.5 ORGANIZATION OF TECHNICAL CONTENT

The technical content of this recommended practice is
arranged as follows:

Section 2—Introduction. Presents an overview of the gen-
eral principles of safe facilities design. It addresses the
importance of containing flammable hydrocarbons, mini-
mizing the chances of hydrocarbon ignition, preventing
fire escalation, and providing personnel escape routes.

Section 3—Basic Facilities Design Concepts. Presents a
detailed discussion on basic facilities design. It addresses
both general and special safety considerations as well as
operational and maintenance considerations.
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Section 4—Hazard Mitigation and Personnel Evacuation.
Presents a detailed discussion on mitigation and evacua-
tion, It addresses the importance of inventory reduction,
fire and gas detection, escape paths, alarm and communi-
cation systems, passive and active fire mitigation, and fire-
fighting and evacuation procedures.

Section 5—Platform Equipment Arrangements. Presents a
detailed discussion on the importance of proper arrange-
ment of production equipment. It emphasizes the impor-
tance of gafety agpects in arranging production equipment.

Section 6—Documentation. Presents a summary of the
minimum process safety information required to satisfy
API RP 75 as well as descriptions of documentation that
may be reviewed for hazards analysis and for new facility
design. A discussion of operating procedures is also
included.

Section 7—Hazards Arnalysis. Describes the principal ele-
ments of hazards analysis, methods available for perform-
ing hazards analysis, and guidelines for selecting an
appropriate method. A basic hazards analysis method
based on a checklist procedure is provided.

Appendix A—Hazards Analysis Checklists.

Appendix B—Analysis of Example Layouts.

Appendix C—Industry Codes, Guides and Standards.
Appendix D— Government Codes, Rules and Regulations.

2 Introduction
2.1 GENERAL

The possible consequences of hazardous situations that
may occur on all offshore facilities are the same: air and
water pollution, fire or explosion, and injury to personnel.
Figure 1 is a generic hazard tree that illustrates the interrela-
tionship of events, conditions and sources required to lead to
these three consequences. If, through good design, it were
possible to break each of the chainsg leading to a hazardous
situation, then that hazard could be eliminated. Unfortunately,
even the best design can only reduce the probability of a
chain occurring and cannot ensure that the chain will always
be broken.

The goal of a safe facility design is to reduce the risk of
each of the identified hazards to a reasonable level. This is
done by reducing the probability of occurrence of those
events, conditions and sources, and minimizing their conse-
quences. It can be seen that the likelihood of occurrence of
some of the paths can be minimized by providing sensors to
detect measurable changes in process parameters (i.e., pres-
sure, level, temperature). However, other chains exist that
cannot be broken by sensing process upsets; thus, human
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intervention, equipment layout and other factors must be
addressed in the design.

Design safety is comprised of three approaches: Inherent
design features, engineering controls, and administrative con-
trols. Inherent design features include designing inherently
safer facilities by reducing or eliminating hazardous materials
or processes. The first step should be the elimination of
potential hazards by improving the inherent safety of the
design and then relying next on engineering controls and
finally on administrative controls whete inherent design is not
technically or economically feasible.

The main principles for safe facilities design and operation
are: (1) Minimizing the likelihood of uncontrollable releases
of hydrocatbong and other hazardous materials, (2) Minimiz-
ing the chances of ignition, (3) Preventing fire escalation and
equipment damage, (4) Providing for personnel protection
and escape. Formal identification and assessment of hazards
are necessary for proper application of these four principles.
Proper application of these principles, along with sound engi-
neering judgment and proper maintenance and operation of
the entire production facility, should result in a safe facility.
Figure 2 is a matrix which shows the applicability of these
principles to various practices, systems and equipment.

2.2 CONTAINING HYDROCARBONS

Process equipment should be designed to contain hydro-
carbons to the greatest extent possible. The production sys-
tem should be designed for the appropriate operating
conditions with allowances for variations. Additional infor-
mation on equipment and system mechanical designs with the
goal of hydrocarbon containment is included in Section 3.
Also, see APT RP 75, Section 8, concerning quality comntrol
and mechanical integrity of critical equipment,

2.21 Mechanical Design and Quality Control

The design of production equipment should be in accor-
dance with applicable codes and standards. Matetials used
should be appropriate for the liquid or gas, temperature and
pressure service. Quality control, inspection and testing
should be part of the design, fabrication, and installation pro-
cess. Additionally, for packaged production equipment (e.g.,
pumps, compressors, generators, control systems, and
engines) the manufacturers’ recommendations regarding
proper installation of the equipment should be observed.

2.2.2 Surface Safety Systems

All production systems, no matter how well designed, are
subject to upset conditions, malfunctions and even occasional
uncontrolled flow due to accidents. Therefore, all production
systems should include safety devices and have an automatic
surface safety system designed to shut down part or all of the
production system upon the detection of process upsets or
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Figure 2—Matrix of Safe Facilities Design Principles

Facilities Features Primary Safety Purposes
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component failure. Production systems also should be pro-
tected by a manual shutdown system (e.g., manually actuated
ESD system) serving as a backup to the automatic system.
Safety systems should be tested, inspected and calibrated on a
regular basis to provide confidence that they will function as
designed.

2.2.3 Production Equipment Maintenance

Production systems require maintenance for reliable opera-
tion, Systems that are not properly maintained risk potential
failure and possible hydrocarbon escape. It is recommended
that a program for equipment maintenance be itmplemented.
This program may establish maintenance schedules, taking
into account the equipment manufacturer’s recommendations
as well as periods of reduced or increased operational activity.
Preventive maintenance techniques should be considered for
rotating and other critical equipment. Maintenance checks
should include investigation for internal and external cotro-
sion and erosion. Production systems should be designed to
provide appropriate working space to service and maintain
equipment, and allow for such other operations as cleaning
gsand or paraffin from vessels. Equipment and procedures
should be designed with lock-out, tag-out features to prevent
accidental release of fluids and to prevent injury to personnel.

2.2.4 Equipment Operation

Proper operation of production equipment is essential to
safety. Facilities should be designed to control normal opera-
tions and automate those that require quick response. Operat-
ing controls, and the sequence and logistics of operating
steps, should be arranged for ease of operation. The operator
should maintain standard procedures for the safe operation of
common devices and pieces of equipment. Operating proce-
dures should address concerns relating to facility start-ups,
normal operations and shutdowns, and should cover the oper-
ations of critical equipment, such as compressor purging,
loading, unloading and blowdown. (“Critical equipment™ is
defined in RP 75.)

2.2.5 Special Precautions

Exposure to potential damage from hydrocarbon contain-
ing equipment and piping of routinely manned spaces, egress
routes, and emergency response equipment should, as much
as practical, be located away from equipment containing
hydrocarbon and other hazardous materials. Exposure of
equipment and piping to potential physical damage from col-
lisions and dropped objects due to simultanecus drilling,
workover and logistical operations should be minimized.
Special care should be taken in the design of equipment and
systems handling toxic gases and corrosive fluids. Precau-
tions should be taken against the freezing and plugging of
process and instrumentation systems due to cold processes,
cold weather, and hydrate, paraffin or asphaltene deposition.
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2.2.6 Control of Normal Hydrocarbon Releases

Process vessels, tanks, pumps and control elements may
release small amounts of hydrocarbons to maintain produc-
tion operations or to maintain safety (e.g., prevent vessel rup-
ture). The controlled release of small quantities of
hydrocarbons is normal; however, it is recommended that
facilities be designed and operated to minimize these con-
trolled releases as much as possible and to control their loca-
tion. Some normal practices that allow hydrocarbon releases
include venting of tanks, blowdown of pressure from vessels,
bleeding of control devices, and disposing of produced water
that contains trace amounts of hydrocarbons.

2.3 PREVENTING HYDROCARBON IGNITION

In the event of abnormal release of hydrocarbons from pro-
duction equipment, the goal of safe facilities design is to pre-
vent ignition. Abnormal hydrocarbon releases can be caused
by erosion/corrosion leaks; failures of piping systems caused
by vibration and mechanical damages; fugitive emission from
flanges, fittings, valves, ete.; emergency relieving of pressure;
and operator error. Hydrocarbons released from equipment
can be ignited if exposed t0 high temperatures, flame, static
electricity, or arcing electrical or instrumentation equipment.
The intensity and size of a fire is determined by the volume
and rate of liquid or gas that could be released.

The speed and direction of a gas release as well as the flow
rate of the release can substantially influence the ignitable
concentration. Wind speed and direction should also be taken
into account. Low wind speed reduces the dispersion of gas
and extends the aerial limits over which combustion concen-
tration is likely to occur. Gases should be analyzed to deter-
mine whether they are heavier- or lighter-than-air under all
operating conditions. Mixtures often contain both lighter-
than-air and heavier-than-air components. For heavier-than-
air gas releases, potentially ignitable concentrations are most
likely found below the point of release. For lighter-than-air
gases, there is greater potential for ignitable concentrations
above the point of release. Gas releases can result in deflagra-
tion and explosive situations which could damage other
equipment due to overpressure and lead to the ignition of
other flammable/combustible materials.

Liquid leaks and spills will fall until they contact surfaces.
Liquid can then spread very quickly to pose a threat to per-
sonnel and facilities. Liquids should be channeled away to
safe locations to avoid contacting ignition sources.

2.3.1 Flare, Vent, and Drain Systems

Certain normal and abnormal releases of process vapors
and liquids are collected and directed to safe locations by way
of a facility’s gas disposal and drain systems. Both routine
and emergency relief releases from a pressurized component
or tank are potential fuel sources that should be removed from
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areas where ignition sources may exist. This is usually done
by collecting these releases in a flare or vent system and rout-
ing these releases to a safe location away from the production
facility to allow for safe disposal of vapors by burning or dis-
persion, If liquids are expected in these releases, the flare or
vent system should include provisions for liquid removal
prior to final discharge of the vapors.

Similarly, drain systems collect and direct spills or leaks to
a safe location. The liquids must be collected in order to avoid
pollution, and then must be directed to a safe location to avoid
ignition prior to being injected back into the processing
equipment. See Section 3 for further details.

2.3.2 Separation of Fuel and Ignition Sources

Protection against hydrocarbon ignition can be provided by
locating potential ignition sources away from equipment con-
taining hydrocarbons. Additionally, potential ignition
sources, such as fired process components and certain rotat-
ing machinery, should be designed to minimize the possibility
of igniting released hydrocarbons. Suitable protective mea-
sures such as insulation, barrier walls and cooling water
should be utilized to isolate high-temperatire surfaces. The
layout of equipment with the goal of preventing ignition is
discussed in Section 5.

Other potential ignition sources include appliances associ-
ated with quartering personnel (e.g., water heaters, stoves, air
conditioners, deep fat fryers, and clothes dryers). General
purpose appliances should be located in unclassified locations
as defined by API RP 500 whenever possible. If appliances
are pas-fueled and are installed in inadequately ventilated
buildings, combustible gas detector systems should be
installed to shut off the fuel supply in the event of gas accu-
mulation, The use of gas-fueled appliances inside quarters
buildings is not recommended.

Much electrical and instrumentation equipment can be a
source of ignition. Equipment placement and selection are
therefore important considerations. With careful planning,
arcing, sparking, and high temperature equipment often can
be located in unclassified locations. If that is not possible,
such equipment must be suitable for use in the specific classi-
fied location. For guidance in area classification critetia, refer
to NEC Anticle 500, API RP 500 and ISA 512.1. For guid-
ance in selecting and ingtalling electrical equipment and
instrumentation systems, refer to API RP 14F, the NEC
(NFPA 70), and ISA S12.6.

API RP 500, et al, provides a level of protection against
ignition from nominal leaks and releases. Large abnormal
releases could result in a hydrocarbon cloud being ignited by
devices located in a “safe area” outside of the “classified
areas.” Physical effects modeling may be required to assess
the potential for such releases to impact these “safe areas”
and should be considered in a hazards analysis.
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2.3.3 Adequate Ventilation

The accumulation of combustible gases in the atmosphere
on offshore platforms could create a threat to safety. Accumu-
lations are more likely to occur in enclosed areas. Methods
for increasing safety include providing adequate ventilation,
installing a combustible gas detector system for early warning
and shutdown, and providing pressurization.

Adequate ventilation is defined by API RP 500 as ventila-
tion (natural or artificial) that is sufficient to prevent the
accumulation of significant quantities of vapor-air mixtures
in concentrations above 25 percent of their lower flammable
limit. See Section 4 of API RP 500 for additional details,
including recommended methods of achieving adequate
ventilation.

2.3.4 Combustible Gas Detection

For those areas with inadequate ventilation, combustible
gas detectors may be desirable to enhance safety. Refer to
Section 4.2 for more details.

2.4 PREVENTING FIRE ESCALATION

In the event of a fire, the goal of safe facilities design is to
prevent fire escalation. Even though events of a catastrophic
nature are unlikely, all production facility designs should con-
sider the worst-case scenario. Usually, catastrophic events
occur as a result of escalations. Often, one event can trigger
another event and, if proper precautions are not designed and
planned into production operations, these escalating events
can result in a catastrophe. A fire on an offshore platform is a
threat to personnel safety and to the environment and may
cause property damage. Prevention of fire escalation, or con-
gequence mitigation, is discussed in Section 4.

2.4.1 Fire Detection

Fire detectors should be provided on offshore platforms to
sense fires immediately. These fire detectors should be inte-
grated into a system providing signals to shut down all hydro-
carbon sources (i.e., wells, pipelines, etc.), activate alarms
and initiate fire suppression equipment. Fire detection devices
should be installed in all areas classified (Division 1 or 2) by
API RP 500 and in all buildings where personnel regularly or
occasionally sleep. Equipment required to control the fire
(e.g., electric generators powering fire pumps) should not be
automatically shut down by the fire detection systems.

24.2 Hydrocarbon Inventory Reduction

One method of reducing the risk of fire escalation is to
reduce hydrocarbon inventory on a platform by providing for
minimum storage of treated production liquids and fuels, and
conduct transportation and resupply operations accordingly.
Another method of minimizing or preventing fire escalation is
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through process system depressuring. This is a procedure that
may be used to complement other fire protection systems by
mimmizing or eliminatng the quantity of pressured fuel
sources present in the production facility during emergency
situations.

2.4.3 Passive Fire Protection

Passive fire protection is defined as any fire protection sys-
tem that, by its nature, plays an inactive role in protecting per-
sonnel and property from damage by fire. Passive fire
protection is generically referred to as structural fire protec-
tion, particularly in governmental regulations, and includes
firewalls. Passive protection does not, in and of itself, provide
inherent protection and is normally effective only for a lim-
ited time period. Once passive fire protection is exhausted,
the protected structure is vulnerable to damage by fire. Exam-
ples of where passive fire protection is commonly used are:
critical structural steel, living quarters, muster areas, critical
pressure vessels, etc.

2.4.4 Active Fire Protection

Active fire protection systems are often installed on off-
shore structures to cool, control and/or extinguish fires.
Examples of active fire protection systems are firewater,
foam, gaseous and dry chemical systems. Firewater system
coverage may include platform equipment such as major
vessels, glycol regenerators, storage facilities, gas com-
pressors, shipping and process pumps, wellheads, etc.
Fixed water spray systems and fixed monitor nozzles can
be useful to protect areas that cannot be safely reached by
hand-held hose streams. In determining the size of fire
mainsg and fire pumps, consideration should be given to
simultaneous operation of two or more firewater system
components.

2.5 PERSONNEL PROTECTION AND ESCAPE

Another important goal of safe facilities design is to
provide for personnel protection and escape, since the pos-
sibility of a fire escalation cannot be totally eliminated.
The placement of fire-fighting equipment and its proper
use and maintenance are important for personnel protec-
tion. A fire-fighting and escape diagram should be devel-
oped for each platform, showing clearly all escape routes
and the location of fire-fighting equipment in the immedi-
ate area. The diagram should be prominently placed near
the exit of each cabin, mess room, lounge and work space
normally occupied by personnel. A station bill should be
posted in a highly visible location. Escape mechanisms
should be in place to allow the orderly escape of personnel
to the sea. Provisions for personnel escape are discussed in
Section 4.
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2.5.1 Personnel Escape Routes

The layout of production equipment should allow space for
personnel escape routes, as well as space for fighting fires.
Living quarters should be positioned to provide a quick and
easy escape for personnel to the boat landing or escape
devices. Production equipment should be positioned to facili-
tate access by personnel to escape routes from various loca-
tions anywhere on the production facility.

2.5.2 Fire-fighting and Other Emergency
Equipment

Fire-fighting equipment should be strategically located on
the platform to provide for both fire-fighting and escape
capabilities. The safety system should shut down all hydro-
carbon sources so that personnel who are trained in fire fight-
ing can begin fire-fighting operations immediately. Should
the fire escalate, the fire-fighting equipment could be utilized
to assist in the evacuation of personnel. Fire-fighting equip-
ment should be inspected and tested functionally on a regular
basis to provide confidence that it remains in proper operat-
ing condition.

Appropriate personnel, including contractor’s personnel,
should be trained in the proper use of fire-fighting and other
emergency equipment provided on the platform. Breathing
apparatus should be provided on the platform, especially
when production operations itvolve toxic gas. Stand-by light-
ing systems may be desirable for certain offshore locations to
illuminate escape routes during times of power failure.

2.5.3 Fire-fighting and Evacuation Procedures

All personnel nommally assigned to a facility should be
familiar with its fire-fighting and evacuation procedures. All
petrsonnel should be trained to perform theit specific duties in
the event that fire-fighting and evacuation become necessary.
Scenario drills should be conducted on a regular basis, and
training should be provided for new personnel to acquaint
them with the alarms, emergency equipment and fire-fighting
and evacuation procedures. Manned production platforms
should have a communication system to assist and direct per-
sonnel in emergencies. The communication system should be
designed to operate during an emergency. Immediately after
arrival on the platform, personnel not normally assigned to a
facility should be instructed to recognize alarms, told of the
action required of them from each alarm, and made familiar
with evacuation routes.

2.6 HAZARDS ANALYSIS

A hazards analysis should be performed for all production
facilities designated in APT RP 75, The purpose of the analy-
sis is to minimize the likelihood of the occurrence and the
consequences of a hydrocarbon release by identifying, evalu-
ating and controlling the events that could lead to releases.
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The likelihood and consequences of the failure scenarios
should be assessed using qualitative or quantitative tech-
niques judged to be appropriate. Once the hazards identifica-
tions and the risk assessment have been made, design or
operational improvements should be made to mitigate any
unacceptable risks.

The hazards analysis should use systematic approaches to
identify failure scenarios. Several widely known approaches
are presented in Section 7.

3 Basic Facilities Design Concepts
3.1 GENERAL

There are many different types of facilities in offshore pro-
ducing operations. These vary from single well structures to
multi-well, self-contained, drilling and production facilities-
and their utilities and living quarters vary accordingly. To
plan and design production facilities for offshore structures
that will provide personnel safety and protection of the envi-
ronment, many factors must be considered. Some of the more
important factors are presented in this section.

In planning and designing facilities, consideration should
be given to number and type of wells, oil and gas processing
requirements, anticipated production rates, number of people
to be housed on the structure, mitigation and evacuation phi-
losophy, type of control system, and electric power source.
Consideration should be given to other operations on the
structure, such as drilling and well workovers. The distance
between the platform and shore-side terminals or existing
transportation infrastructure is a consideration when planning
pipelines, storage of spare parts and expendables and required
on-site maintenance capabilities. Facilities installed in remote
locations require considerably more preplanning than those
located near existing transportation facilities and supply
points.

Utilities on offshore structures may include potable
water, non-potable water, diesel and helicopter fuel, elec-
tricity, fuel and power gas, treating chemicals, instrument
and utility air, sewage treatment and garbage disposal. A
single well structure may not require the installation of any
utility system; a self-contained manned structure may
require multiple utilities,

Concepts which may be justified for new designs are not
always the appropriate choice when considering the modifi-
cation of existing facilities. Marginal incteases in safety are
often more than offset by incremental safety risks associated
with performing the construction required for a modification.
Thus, while a specific design feature may be preferable to an
operator in a new design, it may be perfectly appropriate for
an operator to decide that retrofitting an existing facility to
incorporate the feature is not warranted.

The concepts discussed in this section are meant to apply
to new facilities. These concepts should also be considered
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when reviewing existing facilities. However, before any rec-
ommendations for modifying the existing facilities are
adopted, the operator should balance the risks associated with
the modification against the expected risk reduction due to the
modification. This analysis should take into consideration the
operator’s safety experience with the existing design.

3.2 APPLICABLE CODES, REGULATIONS,
STANDARDS, AND RECOMMENDED
PRACTICES

Facilities and equipment should be designed, fabricated
and installed in accordance with the latest applicable industry
standards and recommended practices, and in compliance
with current regulations of the authorities having jurisdiction.
Process systems and design aids are listed in Table 1. Some
design codes, standards and recommended practices for pro-
cess system components are listed in Table 2. These design
aids should be considered where appropriate and supple-
mented by prudent engineering judgment.

Requirements for means of escape, personnel landings,
guard rails, and lifesaving appliances normally are specified
by the authority having jurisdiction. For example, United
States, U.S. Coast Guard Rules and Regulations contained in
33 CFR subchapter N—OQuter Conrtinental Shelf Activities,
Parts 140 through 147 set requirements in offshore waters of
the U.S, Likewise, in OCS waters of the United States,
requirements are specified by Minerals Management Service,
30 CFR Parts 250 and 256, Qil and Gas and Sulphur Opera-
tions on the Quter Continental Shelf.

Discharges to the air and offshore waters must meet the
requirements of the authorities having jurisdiction. Specific
limitations may also exist on engine exhaust emissions, pro-
duced water discharges, rainwater for sumps, sanitary dis-
charges, and solid wastes such as paper, sand blasting media,
wood or plastic products.

3.3 MECHANICAL DESIGN CONSIDERATIONS

Some features of offshore production facilities require spe-
cial consideration due to the limited space on offshore struc-
tures and the physical offshore environment. The goals here
are to contain hydrocarbons within the process components
and piping systems; to prevent accumulation of combustible
hydrocarbons in the facilities areas, minimizing the chances
of ignition of flammable mixtures; and to prevent escalation
of fire. Living quarters, offices, and control rooms requite
special consideration,

Construction materials in all components and piping sys-
tems should be compatible with the fluid being processed
or handled and the offshore saltwater environment. In gen-
eral, carbon and low-alloy steels should be used for pres-
sure-containing parts in hydrocarbon service. High-alloy
and stainless steels should be used for corrosive and/or
low-temperature services; however, these materials should
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Table 1—Design Aids for Process Facilities Systems

System

Design Aids

Wellhead Accessories, Flowlines and Manifolds
Production Separation
Oil Handling

Treating

Metering

Pumping

Pigtraps and Risers
Gas Handling

Compression, including Vapor Recovery

Dehydration

Sweetening

Metering

Pigtraps and Risers
Water Handling

Treating and Disposal

Injection
Secondary Recovery

‘Water Flooding

Gas Injection
Chemical Injection

Fluid Treating

Corrosion Inhibition
Hydrate Inhibition
Heating and Cooling
Surface Safety Systems
Personnel Safety System

Fire Prevention & Control

Emergency Relief Systems

Flare and Vent Systems

Drain Systems

Utilities and Supports
Quarters, Sewage and Waste
Water, Diesel and Helicopter Fuel Storage
Utility/Instrument Air or Gas
Communications
Electrical Power and Lighting
Nav-aids
Fire and Gas Detection

Safe Welding Areas

Electrical Systems
Intrinsically Safe
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API 14E; 30 CFR 250.87, .123, .124 (MMS)
API 14E; API-MPMS,; 30 CFR 250.123.b.1 (MMS)

30 CFR 250.180; API-MPMS
API 14E
49 CFR 195 (DOT)

API 11P; 30 CFR 250.123.b.7 (MMS)

API 12GDU, 14E

42 USCA 7401-7671 (EPA—Clean Air Act)

API-MPMS; AGA Report 3; API 2530; 30 CFR 250.181 (MMS)
49 CFR 192, 195 (DOT); 30 CFR 250 Subpart J (MMS)

APIPubl. 421

API 14E
API 14C; 30 CFR 250.122,124
46 CFR 108.151-.167 (USCG); 46 CFR 108.501-.527 (USCGY); SOLAS Chapt. II-2

API 14C, 14G, 14E, Publ. 2021, Publ. 2218, Publ. 2030; 46 CFR 108.401-.499 (USCG);
30 CFR 250.123.6.8, b.9 (MMS); 30 CFR 250.124 (MMS); SOLAS Chapt. II-2.

API 520, 521, 14E; 30 CFR 250.123.6.1 (MMS)
API 14E
API 14E; 30 CFR 250.40.b.4-.5 (MMS)

API 14E; 46 CFR 108.193-215 (USCG}); SOLAS; 29 CRF 1910, 1926 (OSHA)
API 14E; 46 CFR 103.237 (USCG)

API 14E

FCC, FAA for Towers

API 14F; NFPA 70 (NEC); API RP 500, [EEE 446

33 CFR 67.01-.30 (USCQG); SOLAS Chapt. 5

Federal Register Volume 37, No. 132, Part IT; API 14C, 2031; NFPA Codes; 30 CFR
250.123-.124 (MMS); SOLAS Chapt. I[-2,

30 CFR 250.52 (MMS); ISA 812.13; ISARP 12.13, ISA §12.15, ISARP 12.15, APIRP
14F; APIRP 55

I[SA RP 12.6, NFPA 70 (NEC), Article 504

I nformati on Handl i ng Services
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Table 2—Design Aids for Facilities Components

Component Design Aids

Pressure Vessels

General ASME Code, Section VIII; ANSI B16.3

Separator API 12], Publ. 421

Indirect-type Oil Field Heaters API 12K, 12N

Emulsion Treaters API 12L
Storage Tanks ANSI/AWWA D103; APT 12B, 12D, 12F, 12P, 12R1, Std. 2000, Publ. 2210
Engines ANSI 7B-11C, 1B; ASME PTC 17-73
Aerial Coolers API 11K, 631M, 661, 632
Wellhead S8V’s API 14D, 14H; 30 CFR 250.122 (MMS)
Pipe, Valves Fittings ANSIB31.3, B31.4, B16.5, B31.8; API 6D, 14E, Publ. 2028, Std. 590
Instrumentation ISARP7.1,RP12.1,12.2,574,5124
Cranes API2C
Heliports API 2L; Louisiana DOT, Offshore Helipott Design Guide Information Publ.; 46 CFR

Part 108.233,.235,.235 (USCG)

Relief Valves/Vent Systems API 520, 521
Vent Tank API 2000
Centrifugal Pumps API 610; Hydraulic Institute Stds.; ANSI B73.1, B73.2
Gas Turbines API 616; ASME PTC 1-86, PTC 16-38
Centrifugal Compressors API 617; ASME B19.3D-90, PTC 10-65
Reciprocating Compressors API 618; ASME B19.3D-90, PTC 9-70
Shell-and-Tube Heat Exchangers API 660; TEMA Std.
Reciprocating Pumps API 674; ASME PTC 7-49, PTC 7.1-62
Rotary Pumps API Publ. 676
General-Purpose Gear Units API 677
Packaged, Centrifugal Air Compressors APL672; ASME B19.1-90
Packaged, Reciprocating Air Compressors API 680; ASME B19.1-90
Glycol Dehydration API 12GDU
Rotary Type Positive Displ. Compr. APIG19
Generators and Motors NEMA and UL standards
Generators, Emergency [EEE 446
Transformers IEEE C57
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be selected and specified with care as some can pit from
proximity to the offshore saltwater environment, Since cast
iron may crack if suddenly cooled by water when fighting a
fire, and may burst if water in the produced fluids freezes, it
is only used for certain compressor and pump parts where
other materials are unavailable. The use of low melting
point materials such as brass; copper and aluminum should
be limited for hydrocarbon service since they can fail
quickly when exposed to fire. The use of fiberglass pipe
and tanks is becoming more popular because of its resis-
tance to both external and internal corrosion. However, its
use for fluids containing hydrocarbons should be restricted
because unless properly installed, it can weaken rapidly in
a fire.

With the exception of corrosion resistant materials, mate-
rial thicknesses should include a corrosion allowance based
on the corrosivity of the fluids, the inhibition program and the
design life of the facility. Lacking this information, consider-
ation should be given to providing a higher corrosion allow-
ance than the minimum required by code for the full well
stream piping systems. Protective coatings (external and/or
internal, where appropriate) should be applied to all surfaces
except corrosion resistant material surfaces. Protective coat-
ings should be compatible with the offshore environment and
the fluids being handled. Anodes and/or intemal coatings
should be considered for use in the water handling compart-
ments of vessels and tanks.

Capacity, pressure and temperature ratings should allow
for anticipated conditions over the life of the facility, includ-
ing start-up, shutdown and upset conditions. In capacity siz-
ing calculations, an appropriate surge factor should be added
to the anticipated steady flowing conditions, particularly for
components and piping systems receiving satellite produc-
tion. Pressure and temperature ratings should be suitably
above and below the anticipated operating range to allow for
variations from the anticipated conditions, and to allow for
adequate range between alarms and primary and secondary
safety devices.

Environmental factors (wind loads, icing, earthquakes,
etc.) and support conditions should also be considered when
selecting the design criteria for components and piping sys-
tems. In general, equipment items should be solidly sup-
ported by structural members, not placed on deck plate or
grating, External attachments to equipment should be seal-
welded where practical to prevent corrosion.

All exposed rotating parts (couplings, shafts, gears, belts,
sheaves, etc. on pumps, compressors, coolers, engines, etc.)
should be provided with guards for personnel protection.
Exposute to equipment sound pressure levels should comply
with local regulations. Acceptable practices include sound
proofing equipment or providing personnel hearing protec-
tion devices.

COPYRI GHT Anerican PetroleumInstitute

I nformati on Handl i ng Services

3.3.1 Wellheads, Flowlines, and Headers

The wellhead area on a platform should receive special
consideration. The wellhead valve assemblies, flowlines and
headers are subjected to large liquid and gas (and, in some
instances, sand) flows. The corrosive/erosive action of pro-
duced oil, gas, condensate, salt brines, sand and various other
trace compounds such as COs,, along with the usually high
pressures associated with the well stream, make these high
risk components. Once the general physical characteristics of
the drilling equipment and its support needs are known and
the number and capacity of wells projected are determined,
the design, spacing and layout of the components can begin,

The design, materials of construction, fabrication, inspec-
tion and testing of wellhead assemblies should be in accor-
dance with API Specifications 6A, 6D, and RP 14H.
Flowlines and headers should be designed in accordance with
APIRP 14E,

3.3.2 Pressure Vessels

The design, materials, fabrication, inspection and testing
of pressure vessels not subjected to the addition of heat
should be in accordance with the ASME Boiler ard Pressure
Vessel Code (ASME Code) for Unfired Pressure Vessels, and
vessels should be ASME Code stamped. The minimuim
thickness of any pressure containing part of a pressure ves-
gel should be established—yplus specified corrosional allow-
ance. Pressure vessels subject to vacuum should be
designed for full vacuum.

In addition to the required surface safety system instru-
ments and controls, connections for level, temperature and
pressure indicators should be installed to provide for monitor-
ing of operating conditions, as necessary. Where possible,
instrument connections should be sized to minimize the use
of 3/, inch x 1/, inch bushings. Temperature indicators should
be located in the liquid sections, and pressure indicators
should be located in the vapor sections. Appropriate nozzles
and openings should be provided for the process, ingpection
and maintenance operations. Flanges should be considered
for all connections that are two inches and larger. Vessels in
dirty or sandy service may require connections to flush or
remove contaminants. Skirts and saddles should allow for
protective coating inspection and maintenance.

The installation of level control and monitoring devices on
external control columns or bridles should be considered so
as to facilitate testing, inspection and maintenance. Steel
encased gauge glasses with safety check gauge valves should
be provided. Pump suction shutdown valves should be
installed as close as practical to vessel nozzle connections.
Vortex breaker baffles should be considered on all flowing
liquid outlet nozzles. With regard to vessels having devices
such as mist eliminators in which fouling or plugging can
restrict flow, a relief valve should be installed in the vapor
gpace upstream of the device.
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3.3.3 Atmospheric Tanks

The design, materials, fabrication, inspection and testing
of tanks should be in accordance with established engineer-
ing standards or practices such as API Standard 650 or 620
or Specifications 12B, 12D, 12F, 12P, or 12R1, where appli-
cable.

Adequate vacuum prevention due to pump or gravity
draining rates, as well as pressure build-up during filling
operations, gas blow-by from pressurized equipment, and
heating of contents from fire or other causes should be ana-
lyzed (see Section 3.3.10). Consideration should be given to
installing internal downcomers in tanks containing flamma-
ble or combustible liquids with top fill connections to mini-
mize the potential for fire or explosion due to static
electricity discharge.

Air exclusion methods, such as blanket gas systems,
should be utilized on tanks storing high vapor pressure lig-
uids or liquids subject to degradation in a moist air environ-
ment. Gas blanketing also provides a good means of
controlling corrosion in the vapor space of atmospheric
tanks. Where blanket gas or make-up gas regulators are
installed, the failure of the regulator should be considered in
vent system design,

In addition to the required surface safety system instru-
ments and controls, connections for level, temperature and
pressure indicators should be installed to provide for monitor-
ing of operating conditions, as necessary. Where possible,
instrument connections should be sized to minimize the use
of 3/4 inch x !/, inch bushings. Temperature indicators should
be located in the liquid sections, and pressure indicators
should be located in the vapor sections.

Tank overflows should be routed to a containment area and
should be designed to prevent siphoning, Shutdown valves
installed on pump suctions should be connected directly, or as
close as practical, to the tank nozzle. Vortex breaker baffles
should be considered on all flowing liquid outlet nozzles.

3.3.4 Direct-Fired and Exhaust-Heated
Components

There are no specific codes covering design, materials,
fabrication, ingpection and testing of direct-fired and
exhaust-heated components containing process fluids.
Applicable portions of the ASME Code for Unfired Pressure
Vessels and the ASME Code for Power Boilers can be used
for guidance. Other applicable documents, such as the
Tubular Exchanger Manufacturers Association (TEMA)
Standards should be referenced when specifying the heat
exchangers. All pressure containing components of exhaust
heating units should be ASME Code stamped. Refer to Sec-
tions 3.3.2, 3.3.8, 3.3.12, and 3.3.16, herein, for guidance to
applicable pressure vessel, heat exchanger, piping and elec-
trical design considerations.
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3.3.5 Pumps

Although many types of pumps are found in offshore facil-
ities, centrifugal and reciprocating units are routinely utilized.
The following may be considered in the design, materials
selection, fabrication, inspection, and testing of these pumps:
API Standard 610 or ANSI B73.1 or B73.2 for centrifugal
pumps and API Standard 674 for reciprocating pumps. Many
reciprocating pumps used on production facilities do not con-
form to all of the requirements of this latter standard. Opera-
tor experience and preference as well as manufacturer
standards and warranty should be considered in the selection
of such units,

Centrifugal pumps are the most commonly used pump for
almost all services other than those characterized by
extremely low flow rates combined with very high differential
pressures. Reciprocating pumps are usually used for those
applications requiring a combination of high differential pres-
sure and relatively low fluid capacities. Typically, critical ser-
vice pumps are spared, such as installing two 100 percent
capacity pumps or three 50 percent capacity pumps.

Produced liquids normally contain dissolved gases which
will flash at some reduced pressure. It is critical to the perfor-
mance and life of pumps to maintain a vapor-free suction to
the pump. This is accomplished by making the piping self-
venting and maintaining adequate net positive suction head
(NPSH). The use of large suction piping with minimum
length, size changes and number of fittings; elevated pump
suction tanks or vessels; suction stabilizers; and/or charge
pumps should be evaluated to maintain adequate pump suc-
tion pressure and minimize vapors from flashing. Pump suc-
tion piping should never be smaller than the pump inlet. If a
reducer is required in the suction piping, an eccentric fitting
should be used with the flat side on top to prevent the accu-
mulation of vapors.

Pumps and drivers should be mounted on a common rigid
base plate or structural steel skid with drain lip or drain pan
and drain connections. Base plate or skid design should pro-
vide sufficient rigidity to maintain pump and driver alignment
for the worst combination of pressure, torque or allowable
piping loads. Pump suction and discharge piping should be
adequately supported so as to minimize forces and moments
on pump casings. Piping should be securely anchored and
braced to prevent piping damage from fatigue due to vibra-
tions. To reduce pulsating forces and piping vibrations, pulsa-
tion suppression devices should be considered for both the
suction and discharge connections of all reciprocating pumps.

When pumps are driven by engines or turbines, exhaust
silencers should be provided. Also, exhaust silencers and pip-
ing should be insulated to reduce the probability that these
hot surfaces will be a source of ignition for hydrocarbons that
may contact them. Electric motors should be installed at an
elevation to prevent motor damage from a flooded deck.
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In addition to the recommended surface safety system
instrumemnts and controls, pressure indicators should be
installed in the discharge piping of all pumps to monitor per-
formance. In some applications, pressure indicators in pump
suction piping should also be considered. Vibration sensors
should be considered to shut down the driver on high vibra-
tion on reciprocating pumps and large high speed centrifugal
pumps. Pump suction piping should have the same pressure
rating as the discharge piping or be protected by a relief
valve. Pump suction piping may be equipped with temporary
in-line strainers to prevent contaminants from entering the
pump during start up.

Single mechanical seals should be considered on centrif-
ugal pumps in low-pressure hydrocarbon service. Consider-
ation should be given to the use of tandem mechanical seals
in high pressure hydrocarbon applications. Seal arrange-
ments should be compatible with API Standard 610, and
external cooling systems should be provided for hot service
applications.

Where a minimum flow is recommended by the pump
manufacturer or where there is a possibility of a control valve
blocking the discharge of the pump without shutting down the
pump, a minimum flow by-pass back to the pump suction
source or other approptiate location should be incorporated
into the design for each pump to protect the pumped fluid
from overheating and vaporizing.

3.3.6 Compressors

Some of the types of gas compressors that are utilized in
offshore production facilities include integral engine-driven
reciprocating units; low, medium and high-speed separable
reciprocating units; and centrifugal units. Compressor drivers
include reciprocating engines, gas turbines and electrical
motors (single speed or variable speed). The following may
be considered in the design, materials selection, fabrication,
inspection and testing of compressors: API Standard 618 for
reciprocating compressors, API Standard 617 for centrifugal
comptessors, and API Specification 11P for packaged high-
speed separable engine driven reciprocating gas compressors.
However, since there are so many different designs and man-
ufacturers, many requirements of the standards may not be
applicable. Operator experience and preferences should be
applied to the design as appropriate.

For separable units, the compressor, gear unit (if applica-
ble) and driver should be mounted on a rigid structural steel
gkid. The skid design should provide sufficient rigidity to
maintain compressor, gear and driver alignment and prevent
local resonance. Compressor skids, integral units or compres-
sor packages should be adequately connected to the support-
ing platform’s structure in a manner that will provide
continuity of structural action. Compressor suction and dis-
charge piping should be adequately supported while compen-
sating for mechanical and thermal loads so as t0 not impose
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undue forces and moments on the piping, compressor cylin-
ders and frames. Piping should be securely anchored and
braced to prevent piping damage from fatigue due to vibra-
tions or pressutre pulsations. Consideration should be given to
providing overhead access for maintenance of compressors,
drivers and all ancillary equipment.

Mechanical and acoustical pulsation studies which include
all piping, vessels and coolers should be considered for recip-
rocating compressors. Pulsation suppression devices may be
installed on suction and discharge of the compressor cylin-
ders where appropriate. Pulsation suppression devices should
be accessible for inspection and fitted with connections for
routine checking of liquid build up.

Inlet piping and equipment to each stage should consider
designs to prevent liquids from entering the compressor suc-
tions. If possible, suction scrubbers should be located close to
the compressor to minimize overhead piping and supports.
Compressor suction piping should have the same pressure rat-
ing as the discharge piping or be protected by a relief valve,

Compressor stations or each stage of compression should
be supplied with recycle valves (surge valves on centrifugal
compressors) to protect the compressors from mechanical
damage.

In addition to the recommended surface safety system
instruments and controls, vibration sensors should be consid-
ered to shut down the driver on high vibration. Pressure and
temperature indicators should also be considered in the suc-
tion and discharge of each cylinder as a way to monitor per-
formance. External pressure connections on suction and
discharge may be provided by the manufacturer for both the
head and crank ends of each cylinder for compression test
equipment. Compressor inlet connections should be provided
with temporary screens Or strainers to prevent contaminants
from entering the compressor during start-up. All compressor
instruments and controls should be mounted and supported in
a manner 8o as to provide for proper operation of the devices
without damage due to vibration.

When compressors are driven by engines or turbines,
exhaust silencers should be provided. Also, exhaust silencers
and piping should be insulated to reduce the probability that
these hot surfaces will be a source of ignition for hydrocar-
bons that may contact them. Electric motors should be
installed at an elevation to prevent motor damage from a
flooded deck.

3.3.7 Pipelines and Pipeline Risers

Pipelines, pipeline risers, and related systems such as pig
launchers, receivers and their valving components require
special attention for safety. These components are normally
associated with large volumes of hydrocarbons at relatively
high pressures, and their isolation from the various other
platform components and protection from damage should
be carefully considered early in the planning stages of a
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facility. Guidance in locating these components can be
found in Section 5.8.

The design and safety regulations regarding these compo-
nents are normally specified by the regulatory agency or
agencies having jurisdiction, and these should be consulted
early to avoid conflicts. In OCS, Gulf of Mexico waters, 49
CFR parts 190 through 193 and part 195, as well as 30 CFR
part 250 Subparts H&J should be consulted.

Evaluations should be made to determine if shutdown
valves or flow safety valves, or a combination, are appropriate
to provide protection to the facilities, in the event of damage
to the pipelines. Both incoming and departing field gathering
and transportation lines should be evaluated.

3.3.8 Heat Exchangers

There are many different types of unfired heat exchangers
used in the production of hydrocarbons on offshore facilities.
Some of these types include: shell-and-tube, air-cooled and
plate heat exchangers. The design, materials, fabrication,
ingpection, and testing of heat exchangers should be in accor-
dance with Section VIIL Division 1, of the ASME Code for
Unfired Pressure Vessels, where applicable. Other documents,
such as Tubular Exchanger Manufacturers Association
(TEMA) Standards and API Standards 660 and 661, should
be referenced when specifying heat exchangers.

Tubes and tube side components should be designed to
withstand the maximum internal or external pressure that
may exist when the shell or other side is reduced to atmo-
spheric pressure—or to its design pressure if lower—while
the tube side remains at its maximum allowable working
pressure. Maximum allowable working temperature of parts
subjected to both shell and tube fluids should be the greater of
ghell or tube design temperature. Requirements for expansion
joints should be determined by using the most adverse combi-
nation of shell and tube side allowable working temperatures.
Packed joints should not be used.

Tube leakage and rupture should be considered when
selecting the operating pressures of heat exchanger sections.
If leakage or rupture occurs, the higher pressure fiuid will nat-
urally be commingled with the lower pressure fluid and the
lower pressure side will be exposed to the higher pressure
source. These failure modes should be considered in the
design of heat exchangers, piping and relief systems.

Air-cooled heat exchangers should be located on the facil-
ity in locations that provide for maximum available fresh, dry,
clean, non-recirculated air. Measures should be considered to
provide protection from dropped objects.

In addition to the recommended surface safety system
instruments and controls, temperature and pressure connec-
tions should be installed in all inlets and outlets, where
applicable, to check heat exchanger performance. Vibration
switches for each fan drive should be considered for air-
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cooled heat exchangers to shut down the drive on high
vibration.

Appropriate nozzles and openings should be provided for
process, inspection and maintenance operations. Flanges
should be considered for all process connections that are two
inches and larger. Valves should be installed on vent and drain
connections at high and low points on both fluid sides of heat
exchangers. Heat exchanger supports should allow protective
coatings inspection and maintenance. Insulation for process
and energy conservation should be considered. Insulation
supports should be considered where insulation is required on
vertical units. External surfaces 160°F and hotter should be
insulated or otherwise protected against direct contact by per-
sonnel. Piping should be designed to allow for thermal expan-
sion and contraction without imposing excessive forces and
moments on the heat exchanger (see NEMA SM-23, “Allow-
able Forces on Moments and Nozzles”). Plate heat exchang-
ers in hydrocarbon service should be provided with a metal
shroud covering the sides and top of the heat exchanger to
confine leakage from a gasket failure.

3.3.9 Vent, Flare, and Emergency Relief Systems

Systems for discharging gas to the atmosphere provide a
means for conducting gas from process components under
normal operations and abnormal conditions (emergency
relief) to safe locations for final release. In vent systems, the
gas exiting the system is dispersed in the atmosphere. Consid-
eration should be given to a means of visually warning heli-
copter pilots and marine vessel crews of vent stacks. Flare
systems generally have a pilot or ignition device that ignites
the gas exiting the system. Flare and vent systems require
attention to flashback protection (the possibility that the flame
will travel upstream into the systern).

Gas disposal systems and devices should be designed in
accordance with APT RP 520 and 521, Specification 2000 and
the ASME Boiler and Pressure Vessel Code—Section VIIL,

A. Purposes. A flare or vent system is a system for collect-
ing and discharging gas from atmospheric ot pressurized
process components to the atmosphere during normal
operations. This discharge may be either continuous or
intermittent. Gas disposal systems for tanks operating
essentially at atmospheric pressure are often called “atmo-
spheric” vents or flares; those from pressure vessels,
“pressure” vents or flares. A flare or vent system from a
pressurized source may include a control valve, collection
piping, flash-back protection and a gas outlet. A scrubbing
vessel should be provided to remove liquid hydrocarbons.
A flare or vent system from an atmospheric source may
include a pressure-vacuwm valve, collection piping, flash-
back protection and a gas outlet. The actual configuration
of the flare or vent system will depend upon the assess-
ment of hazards for the specific installation.
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A relief system is an emergency system for discharg-
ing gas during abnormal conditions, by manual or con-
trolled means or by an automatic pressure relief valve,
from a pressurized vessel or piping system to the atmo-
sphere for the purpose of relieving pressures in excess of
maximum allowable working pressure. The relief system
may include the relief device, the collection piping, flash-
back protection and a gas outlet. A scrubbing wessel
should be provided for liquid separation if liquid hydro-
carbons are anticipated. The relief system outlet may be
either vented or flared. If designed propetly, vent or flare
and emergency relief systems from pressure vessels may
be combined.

Some facilities include systems for de-pressuring pres-
sure vessels in the event of an emergency shutdown. The
de-pressuring system control valves may be arranged to
discharge into the vent, flare or relief systems,

Consideration should be given to the possibility of
freezing and hydrate formation during high pressure
releases to atmosphere.

. System Design. The pressure developed in the collec-

tion piping as a result of a disposal event is a critical
design parameter that must be checked for any flare or
vent system. For any reasonable scenario of gas disposal,
the pressure at the outlet of every relief device should be
less than the maximum allowable working pressure of the
disposal system components when calculated, assuming
maximum ingtantaneous flow and including inertial
forces. In addition, the back pressure at the outlet of every
relief device should be such that the device can handle its
design capacity with the calculated back pressure using
design relief conditions.

Atmospheric and pressure gas disposal systems should
be separate. Atmospheric tanks are susceptible to damage
from even very low back-pressures. Even when calcula-
tions indicate they can be combined, separate systems are
desirable because atmospheric tanks can be affected if
there are small inaccuracies in the calculations.

Back pressures in the system connecting high pressure
vessels can be higher than those in the system connecting
low pressure vessels. Often when there is a large design
flow rate of high pressure gas, it is desirable to separate
the piping to the scrubbing vessel into “high pressure” and
“low pressure” systems.

To avoid valve chatter, inlet pressure drop to a pressure
relief valve should not exceed three percent of set pres-
sure.

The temperature rating of materials should be suitable
for the flowing conditions, particularly if gas is to be
relieved from incoming subsea flow lines or if low tem-
perature effects (significant expansion cooling) are
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expected. The choice of material should also take into
account the process fluid properties.

Gas disposal piping should not contain any low point
where liquids could accumulate and block the relief pas-
sages. If a scrubbing vessel is installed, the piping should
be designed to be self-draining toward the vessel from
both sides. Pressure relief valves should be located above
relief headers where practical. If low points can not be
avoided or if a scrubbing vessel is not installed, traps
drains should be installed to keep the pockets free of lig-
uids. See Section 5.9 for location of final discharge point.

. Flare and Vent Scrubbers. Scrubbing vessels (scrub-

bers) should be adequately sized for all continuous or
intermittent releases from the gas disposal systems. A
scrubber should be a pressure vessel designed to handle
maximum anticipated pressure. The scrubber should be
sized for at least 400-500 micron droplet removal from
the gas stream. The scrubber should be sized for retention
of liquids during upset conditions and should have a high
level sensor which shuts in the total facility. The retention
capacity of the scrubber should allow sufficient time for
shutdowns to be effected or operators to intervene without
liquid carryover. If the scrubber has an internal compo-
nent, such as a mist extractor, or an external component,
such as a back pressure control valve or flame arrestor,
then a relief device should be installed in order to bypass
these components, should they become plugged.

. Flashback Protection. Flashback protection should be

considered for all gas disposal systems, since flashback
can result in pressure build up in piping and vessels.
Flashback is more critical where there are tanks or pres-
sure vessels with MAWP less than 125 psig and in flare
systems. Flashback protection is discussed in API RP 520
for pressure vents and flares, and in API RP 2000 for
atmospheric vents and flares. API RP 14C recommends
that vents from atmospheric vessels contain a flame arres-
tor. Because the flame arrestor can plug, a secondary pres-
sure-vacuum valve without a flame arrestor should be
considered for redundancy. The secondary system should
be set at a high enough pressure and low enough vacuum
so that it will not operate unless the flame arrestor on the
primary system is plugged.

Pressure vents with vessels rated 125 psig and above
do not normally need flashback protection. In natural gas
streams, the possibility of vent ignition followed by flash-
back pressures above 125 peig is considered minimal.
When low pressure vessels are connected to pressure
vents, molecular or fluidic seals and purge gas are often
used to prevent flashback, If pressure relief valves are tied
into the vent, the surge of flow when a relief valve opens
could destroy a flame arrestor and lead to a hazardous
condition. Also, there is potential for flame arresters to
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become plugged. A means of flame snuffing should be
considered for vent systems.

Flares have the added consideration of a flame always
being present, even when there is a very low flow rate.
They are typically equipped with molecular or fluidic
seals and a small amount of purge gas to protect against
flashback.

3.3.10 ReliefValve Sizing

Sizing equations for pressure relief valves are included in
API RP 520. Single or multiple pressure relief valves may be
utilized to protect each component, The size of the pressure
trelief valve(s) in the system should be checked for the follow-
ing conditions:

A. Blocked Discharge. It is possible to isolate a compo-
nent or piping segment for maintenance by blocking all
inlets and outlets. On start-up, all the outlet valves could
inadvertently be left closed. If the inlet source can be at a
higher pressure than the maximum allowable working
pressure of the component, only a properly sized pressure
relief valve could keep the component from rupturing due
to overpressure. Thus, one design condition for the pres-
sure relief valve is to assume that it must handle the total
design flow rate (gas plus liquid) into the component. This
is called “blocked discharge.”

B. Gas Blow-by from Upstream Vessel. On tanks and
low pressure vessels normally receiving liquids from
higher pressure upstream vessels, often the maximum
flow rate through the relief valve is determined by “gas
blow-by.” This situation occurs when the level controller
or level control valve of the upstream vessel fails in the
open position, or a drain valve from an upstream vessel is
inadvertently left open, allowing liquid and/or gas to flow
into the component being evaluated. Under blow-by con-
ditions, it can be assumed that both the normal liquid and
gas outlets on the component being evaluated are func-
tioning properly. However, the flow of gas into the com-
ponent could greatly exceed the capacity of the normal
gas outlet. This excess gas flow must be handled by the
relief valve to keep from exceeding the MAWP of the
component.

Gas blow-by conditions can also occur when a pres-
sute regulator feeding a component fails in the open posi-
tion, creating a higher than design inlet flow rate of gas.

Gas blow-by rate is the maximum that can flow given
the pressure drop between the upstream component and
the component being evaluated. In computing the maxi-
mum rate that can flow due to pressure drop, consider-
ation should be given to the effects of control valves,
chokes and other restricted onfices in the line. A more
conservative approach would be to assume that these
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devices have been removed or have the maximum size
orifice which could be installed in the device,

C. Fire/Thermal Expansion. The pressure in process
components exposed to the heat from a fire will rise as the
fAuid expands and the process liquid vaporizes. For tanks
and large low pressure vessels, the need to vent the liber-
ated gas may govern the size of the vent or pressure relief
valve. Fire sizing a pressure relief valve only keeps pres-
sure build up to less than 120 percent of the MAWP. If the
component is subjected to a fire for a long time, it may fail
at a pressure less than MAWP because a metal’s strength
decreases as temperature increases. See Section 4 regard-
ing blowdown considerations.

On components that can be isolated from the process,
it is possible for the process fluid contained in the compo-
nent to be heated. This is especially true for cold (relative
to ambient) service, or when the component is heated
(such as a fired vessel or heat exchanger)—and it is also
true for compressor cylinders and cooling jackets. The
pressure relief valves on such components should be sized
for thermal expansion of the trapped fluids. This will not
normally govern the final size selected unless no pressure
relief valve is needed for the other conditions.

3.3.11 Drain Systems

Planning and construction of offshore production facili-
ties should include methods to collect and direct escaped
liquid hydrocarbons to a safe location in an “open drain”
(deck or drip-pan drainage) system., All components subject
to leaks or overflow should be protected by curbs, gutters or
drip pans that drain to a sump. Solid deck areas are often
drained to a gutter and routed through a system of gutters or
piping to a central point. This may also be done by provid-
ing a number of drain openings in the decks which are then
piped to a central point. Deck areas that have a source of oil
leakage, spills or drips should be liquid tight, with the
periphery surrounded by curbing or a continuous gutter.
Alternatively, drip pans may be installed under equipment,
provided liquids are routed to a central point. Structures that
do not have process vessels or other equipment subject to
leak or overflow (e.g., structures with only wells, headers,
pipelines, cranes and/or instrument gas scrubbers) often do
not have open drain systems.

The collected liquids from an open drain system should be
discharged into a sump tank, where separation occurs accord-
ing to specific gravity differences. The sump tank should be
equipped with an automatic discharge system. Liquid hydro-
carbons can then be skimmed off and routed back into the
production system. Thus, the highly cotrosive, oxygenated
rainwater is separated from the fluids pumped back into the
process system.
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Since liquid drained to the sump may contain hydrocarbon
gases that could flash, the sump should have an adequately
sized gas disposal system (refer to Section 3.3.9).

The design of the overall open drain system should include
at least one liquid seal to prevent gas from the sump from
migrating into the drain system. Care should be taken not to
locate buildings and other enclosures on top of drain openings
as gas may migrate through the drain piping from other areas
into these spaces. Likewise, drain systems from enclosures
should not be tied in directly to deck drain systems, Instead,
there should be a break in the piping with a liquid seal on one
side, and a method should be devised for operators to verify
that the liquid seal is maintained. Liquid seals are also desit-
able to isolate open areas of the platform from each other to
prevent gas migration via the drain system. Refer to APT RP
14C and RP 500 for additional guidance.

Drain piping should be adequately sized and sloped to pre-
vent plugging and, under design conditions, to minimize the
back-up of liquids on decks or in drip pans. Tums in drain
headers can be constructed with tees, with one outlet blind
flanged to facilitate cleaning. Similarly, laterals can be tied
into headers with crosses to facilitate cleaning.

Separate closed (pressurized) hydrocarbon drain systems
and sump tanks are sometimes used to drain pressure vessels.
Since this liquid can contain hydrocarbons which flash in the
drain system, closed draing should be separate from open
drains. In closed drain systems, there should be no block
valves between vessel drain valves and the sump tank, unless
the entire system upstream of the block valve is pressure rated
for the highest working pressure connected to it (See Section
3.3.12). Also, consideration should be given to the possibility
of freezing or plugging of the drain system and the generation
of steam and pressure due to the draining of hot liquids.

3.3.12 Piping Design

All platform piping should be designed and installed in
accordance with API RP 14E. It is essential that piping be
designed to withstand the maximum pressure to which it
could be exposed. Section 1.6 of API RP 14E provides guid-
ance for pressure rating of piping systems and defines the
demarcation between systems with different pressure ratings
(““spec break” locations). Facility piping systems should be
rated to the maximum pressure capable of being developed
by a source (e.g., a well, pump, compressor), or should be
equipped with pressure relief valves that can handle the total
throughput in the event that the flow is blocked. Either the
source pressure or the pressure setting on the pressure relief
valves will determine the piping pressure rating required. Pro-
cess pressure reductions and increases can occur throughout a
facility. Pressure reductions normally take place at chokes,
control valves and dump valves, while pressure increagses can
occur at pumps or compressors. Both reductions and
increases can be a reason to change the pressure rating of a
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piping system. These “spec break™ locations should be cho-
sen to accomplish the facility’s objective prudently while pro-
tecting each piping section and component from
overpressure. Pipe, fittings and valves should be designed to
withstand the maximum pressure possible due either to leaks
of control valves and check valves or to the inadvertent open-
ing or closing of manual valves. Care should be taken in the
placement of block valves, since they may isolate portions of
piping systems from critical relief devices which may be a
factor in determining the pressure rating of that section of
pipe.

In determining the proper maximum allowable pressure to
use in designing a segment of a piping system and the loca-
tion of spec breaks, the following assumptions should be
made:

1. Check valves may leak or fail open and allow commu-
nication of pressure from the high side to the low side.
{Check valves should still be used as required by API RP
14C to minimize back flow in case of a leak, but cannot be
relied upon to prevent over pressure.)

2. Control valves, including self-contained regulators, can
be in either the open or closed position, whichever allows
the piping segment to be exposed to the maximum
pressure.

3. Block valves can be positioned in either the open or
closed position, whichever position creates the highest
pressure. Locked open (or closed) valves can be consid-
ered always open (or closed), if the lock and key are
maintained in accordance with a proper lockout and
tagout procedure. A hazards analysis should be performed
to determine if the risk associated with relying on the
lockout/tagout procedure is justified.

4. High-pressure sensors alone do not provide sufficient
protection from over pressure. The one exception is that
APT RP 14C allows the use of two independent sensors
that operate independent isolation valves on production
flowline segments. This should be approached with cau-
tion after thorough consideration of other alternatives.

5. Pressure relief valves and rupture discs will always
work due to the high reliability of their design. (In critical
gervice, some operators require a back-up [relief valve or
rupture disc] to the primary relief device to increase reli-
ability or to provide a spare).

In checking for spec break locations, it is easiest to start at
a primary pressure relief valve (one designed for blocked dis-
charge) and trace the upstream piping (including all branches)
to the first block valve or control valve. It is then assumed the
valve is closed, and the line is followed further upstream
(including all branches) to the next pressure relief valve or the
source of pressure. The piping from the first block valve to
the upstream pressure relief valve or source of pressure
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should be rated for the setting of the pressure relief valve or
maximum pressure of the source if no pressure relief valves
are present. Each branch upstream of the first block valve
should be pressure rated at this highest pressure at every loca-
tion, where it can be isolated from any downstream pressure
relief valve.

Figure 3 shows an example of spec break locations deter-
mined in this manner, Figure 4 shows how the spec breaks
change if Valve “5” is added on the inlet to the LP separator.
Note this changes the ratings of Valves B, D, and F in the
manifold, as well as that of Valves 1 through 4 on the liquid
outlet of the HP separator. Figure 5 shows that the pressure
rating of Valves 1 through 4 do not need to be changed if the
location of Valve 5 is changed. Figure 6 shows an alternative
pressure rating scheme brought about by adding a relief valve
upstream of Valve 5.

3.313 Corrosion and Erosion Prevention

The control of corrosion and erosion is an integral part of
failure prevention, pollution control and safety. Most of the
control and maintenance techniques developed and utilized
onshore apply in offshore operations. However, due to the
increased consequences of leaks and failures, design and
inspection are more important offshore. In general, the more
critical the piping, the more consideration should be given to
mitigating corrosion and erosion, Space limitations, the salt
air and marine environment and other special requirements
inherent to offshore facilities make it important that they be
considered in initial planning and design. Corrosion due to
heat-exchange media, dehydration media and fuels should be
considered as well as corrosion due to produced fluids.

A. Internal Corrosion/Erosion. The prevention of inter-
nal erosion/ cOIrosion in process systems requitres that
equipment and piping be properly designed and moni-
tored for loss of wall thickness. In some conditions, corro-
sion resistant materials, coatings, cathodic protection and/
or provisions for inhibition of corrosion may be required.
A monitoring program may include sand probes, corro-
sion coupons, radiographic examination or ultrasonic test-
ing. The type fluids being handled should be considered
and allowance made for fluids that are particularly cotro-
give, erosive, or that have a tendency to form scale. The
exposure of some metals to hydrogen sulfide can cause
stress cracking, accelerate corrosion, or cause hydrogen
embrittlement. Therefore, NACE Standard MR-01-75
should be consulted when selecting materials and design-
ing weld procedures for H>S service. Erosion of piping
can be minimized by limiting the number of bends and the
length of piping, using flow tees or long radius bends, and
by designing for reasonable flow velocities. Particular
attention should be given to piping configurations imme-
diately downstream of pressure reductions where veloci-
ties are highest. Care should be taken to eliminate dead
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spaces in piping systems. Recommendations for the
design and installation of piping systems, including corro-
sion/erosion design, are contained in API RP 14E,

Congideration should be given to providing space,
clearance, fittings, etc., for such operations as injection of
inhibitors, insertion and removal of internal monitoting
and safety devices, collection of samples, internal
cathodic protection, and non-destructive methods of
inspection. Some type of monitoring program is desirable
to locate points of potential internal erosion/corrosion.

B. External Corrosion. The minimizing of external corro-
gion failure requires selecting proper materials and exter-
nal coatings. External coatings should be properly applied
and failures correctly repaired as soon as practical. In
wave splash zone areas, consideration should be given to
the use of special coatings and/or extra wall thickness for
corrosion allowance. Designs should allow easy access
for inspection and maintenance, with priority given to
process piping and pipeline risers.

The proper securing and support of piping systems and
process equipment is also important in preventing failures
due to external corrosion and wear. Pipe supports should
be designed to avoid abrasion of external coatings. Sur-
faces in close proximity or contact that prevent the appli-
cation of protective coatings may be seal welded if this
will not induce overstresses due to reduced flexibility.

Surfaces of piping and equipment on lower platform
deck levels that are not exposed to rainwater can accumu-
late material that can lead to corrosion. Consideration
should be given to fieshwater wash down systems on plat-
forms to extend their life.

3.3.14 Surface Safety Systems

A properly designed safety system will sense an abnormal
operation or equipment condition and react to this condition
by shutting in or isolating necessary system components or
the entire system. Other actions—such as sounding alarms,
starting fire extinguishing systems, and depressurizing equip-
ment—may also be initiated by the safety system. Recom-
mendations for designing, installing and testing basic surface
safety systems on offshore platforms are contained in API RP
14C. Systems should be designed to minimize the need, time
required, or risk of bypassing safety devices for equipment
start-up, maintenance or device testing.

Care should be taken in the material selection and place-
ment of surface safety devices. For example, relief valves
should be located upstream of vessel mist eliminators that
could plug. Sensors should not be remotely mounted if the
sensing lines are susceptible to plugging. Also, materials in
safety devices should be suitable for the application and resis-
tant to the fluids being handled and the temperatures
expected.
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Inspection and testing of safety devices should be consid-
ered in planning surface safety systems. Locations and instal-
lation details of safety devices for easy access for the required
inspection and testing should be included in planning produc-
tion facilities arrangements.

3.3.15 Programmable Electronic Systems (PES)
and Remote Operations

Programmable Electronic Systems (PESs) are commonly
used for control systems; safety systems; annunciation sys-
tems; and supervisory, control and data acquisition systems
(SCADA). The PES may be a distributed control system
(DCS), programmable logic controller (PLC), personal com-
puter (PC), main frame computer, customized electronics
unit, or a combination thereof communicating with each
other over a network.

When designing PESs, consideration should be given to
numerous subjects including those detailed below. Additional
guidance is given in [SA 584-01.

A. “Availability” of the System to Function upon
Demand. In many cases, the use of redundant equip-
ment, “hot standby™ units and fault tolerant systems may
be utilized to increase the system’s availability and
dependability. Required availability of system should be
based on acceptable risk factors.

B. Selection of Components. Selection of the proper
PES components, as well as their configuration and inter-
connection, is crucial to the proper operation of the sys-
tem. This includes proper selection of the PES hardware,
end devices, wiring and user interface.

C. Failure Modes of the System’s Components. The
system design should consider the safety of personnel and
the prevention of pollution in case of a component failure.
If possible, all components should fail to a predetermined
safe state.

D. Utility Design. Careful consideration should be given to
the design of the utility systems for the PES, A primary
concern is availability of the power supply for the PES.
Other concerns are voltage, frequency tolerance and har-
moni¢c wave form. Critical systems are commonly pow-
ered from a DC power supply or an uninterruptible power
supply (UPS). In either case, adequate battery backup
should provide for either continued normal operation for a
limited period of titme or a predetermined shutdown
sequence. Installing noncritical systems that operate on
AC power on the same power supply as the PES should
not be done without careful congideration. Other utilities
to consider include the instrument air (or instrument gas)
system and the hydraulic system, if these are being uti-
lized by the PES.
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E. Software Design. The programming of any PES should
be performed only by personnel trained to work on the
particular system. Software changes and additions to the
software should be controlled and decumented. Access to
the internal PES programming should be limited. Com-
mon ways to accomplish this include the use of passwords
or keyed access. An up-to-date listing (with changes and
modifications) of the application program should be avail-
able at the site of the PES. The systemn user should imple-
ment a management of change program to evaluate,
approve, document and audit system changes.

F. Remote Control. It is not uncommon for processes to
be controlled from a remote location by a PES. For these
systems, additional consideration should be given to the
configuration of both the local and remote system and the
points selected to be monitored and controlled.

G. Inspection, Testing, Maintenance, and Documen-
tation. With any PES, ingpection, testing and mainte-
nance procedures should be established and personnel
adequately trained to petform these tasks. Prior to instal-
lation, testing procecdures and intervals for testing and
maintenance should be developed. Documentation on the
gystem configuration, components and programming
should be kept up-to-date.

3.3.16 Electrical Systems

Electrical systems and instrumentation systems that utilize
electricity (regardless of voltage and current levels) should be
designed and installed in accordance with API RP 14F. This
document recommends minimum requirements and guide-
lines for the design and installation of electrical systems on
fixed production platforms, and it is intended to bring
together in one document a brief description of basic desir-
able electrical practices for offshore electrical systems. The
recommended practices contained in this document recognize
that special electrical considerations exist for offshore pro-
duction platforms due to the following:

1. The inherent electrical shock possibility presented by
the marine environment and steel decks.

2. Space limitations that require equipment to be installed
in or near classified areas.

3. The corrosive marine environment.

API RP 14F emphasizes safe practices for classified areas
on offshore production platforms but does not include guide-
lines for classifying of location. For guidance on the classifi-
cation of areas, refer to API RP 500.

3.3.17 Living Quarters

Living quarters should be protected from external fires,
explosions and noise. Where living quarters are located on a
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drilling or production platform, a firewall or adequate space
should be considered to separate the quarters from areas con-
taining hydrocarbon sources. For a new facility, the firewall
should have a rating of at least 60 minutes in a hydrocarbon
fire, The firewall may be an integral part of the quarters build-
ing. Windows and other openings facing the hydrocarbon
sources should be minimized, and those that are installed
should have the same ratings as the firewall. The interior of
the quarters building should have an adequate exhaust system
to preclude accumulation of smoke and odors. Smoke detec-
tors should be provided. For guidance on smoke detector
location, refer to APT RP 14C, Appendix C, and RP 14G,

Pagsageways should have stand-by lighting and illumi-
nated exit signs. To provide safe egress, walkways should be
constructed on the exterior sides of the quarters’ building
opposite the operational areas.

3.4 SPECIAL SAFETY CONSIDERATIONS

The design and equipment layout of production systems
are usually complex. Design personnel should be knowledge-
able of special safety considerations conceming simultaneous
operations, toxic gas and gas processing when these are part
of the production operations.

3.4.1 Simultaneous Operations and Multiple Use

Design personnel should take into consideration that the
facility could be used to support drilling, production, reme-
dial well work and occasional construction activities. Activi-
ties that make up the simultaneous operations are covered in
Section 5.1.6 and the reader is referred to that section for
information on layout consideration.

It is important in the early stages of design to consider
protection of the components of the facility from falling
objects or collision, and to develop procedures, if necessary,
to maintain this mitigation effort. It is equally important to
shelter components and work areas from corrosive fluids,
solids and other deleterious materials (such as abrasive grit)
that may be used in drilling, remedial, production or con-
struction operations.

During simultaneous operations, crew staffing is normally
expanded and significant demands are imposed on the facili-
ties. Systems should be designed to be flexible and expand-
able for interfacing with any temporary buildings or added
support equipment,

3.4.2 Toxic Gas Considerations

Production of liquid and gaseous hydrocarbons containing
hydrogen sulfide in significant amounts can be hazardous to
personnel and can cause failure of equipment. Hydrogen sul-
fide gas detectors should be installed on offshore production
platforms where concentrations of hydrogen sulfide gas may
reach hazardous levels. The presence of hydrogen sulfide also
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presents the possibility of exposure to sulphur dioxide, which
is produced from the combustion of hydrogen sulfide. Sulfur
dioxide monitoring equipment should be utilized when flar-
ing operations could result in personnel exposure to hazard-
ous levels. It should be recognized that HpS gas has an
ignition temperature about half that of methane gas. When
evaluating the risk from H,S, consideration should be given
to potential sources within the process and utility systems
where H,S can be concentrated above 50 ppm (such as low
pressure or utility systems, water treating units or produced
water tanks where H»8S is present, etc.). See API RP 14C, RP
35, 30 CFR 250 and NACE Standard MR-01-75 for further
discussions on toxic gas congsiderations.

Accumulations of gases or vapors are more likely to occur
in poorly ventilated areas, particularly enclosed areas. Meth-
ods for increasing safety include providing breathing (respira-
tory protection) equipment, improving ventilation, installing
toxic gas detector (OSH) systems and providing personnel
monitors. Toxic gas detector systems should alert personnel
by unique audible or visual (as most appropriate for the area)
alarms to the presence of low level concentrations of toxic
gases. Also, since many toxic gases are flammable, sources of
ignition should be removed if concentrations approach the
lower flammable limit (LFL) of the gas present. All detectors
should be designed, installed and maintained in accordance
with API RP 14F and RP 14C. For additional guidance, refer
to ISARP 12,15 Part IL.

3.4.3 Gas Processing

When planning an offshore process facility, special consid-
eration should be given to the increased hazards that are asso-
ciated with *““gas processing” equipment installed to lower the
hydrocarbon dew point of gas. These processes produce low
boiling point liquids that are handled and stored at pressures
above atmospheric. Released vapors are heavier-than-air and
are difficult to disperse, thus increasing the potential of a fire
or an explosion. Should a fire occur around a vessel, it could
lead to a so-called “boiling liquid expanding vapor explo-
sion” (BLEVE). This phenomenon is usually catastrophic in
nature. Consequently, the type, amount and complexity of the
equipment should be evaluated for process safety. Dispersion
and fire/explosion modeling may be useful to help understand
the potential consequences of a release.

Special metallurgy may be required due to the low temper-
ature processes employed. Attention should be given to the
increased potential for extremely low temperatures in the
pressure relief system caused by autorefrigeration.

3.44 Human Engineering

It should be recognized that adherence to this Recom-
mended Practice, referenced codes and standards does not
guarantee that equipment or software will be designed so as
to match the workers’ physical and mental capabilities and
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lirnitations. For years, human etror has been cited as a cause
of industrial accidents and incidents. Human error can be
induced by deficiencies in design that require mental or phys-
ical behaviors from the worker that contravene well estab-
lished culturally or genetically based human behavioral
patterns ot that are beyond the normal human being’s physi-
cal or mental capabilities.

A specialized engineering discipline called Human Engi-
neering (Ergonomics), which combines traditional engineer-
ing training with special knowledge of human and mental
capabilities and limitations, can assist in eliminating man/
equipment mismatches. For guidance on general human engi-
neering design criteria that incorporate human capabilities
into a design, refer to ASTM F1166, Standard Practice for
Human Engineering Design for Marine Systems, Equipment
and Facilities.

4 Hazard Mitigation and Personnel
Evacuation

41 GENERAL

A primary objective in the design, maintenance and opera-
tdon of offshore preduction facilities is to minimize the risks
associated with hazards, This risk minimization is referred to
as hazard mitigation. Two major goals of a safe design are
prevention of fire escalation and providing for personnel
evacuation of the platform when required. This section
reviews some of the key aspects of accomplishing these two
goals.

It is recommended that an overall philosophy of hazard
mitigation and personnel evacuation be developed for an off-
shore production facility in the early phases of equipment
selection, arrangement and design, This philosophy should
consider whether the platform is continuously attended, the
number of personnel generally in attendance, the platform’s
distance from nearby platforms and the coast, environmental
conditions, the types of operations to be performed, the avail-
ability of boat and air transportation, and the size and type of
the platform. Once this philosophy is developed, it will
impact equipment selection and spacing, location of walk-
ways, positioning of escape paths, and the designs of many
emergency related systems.

The hazard mitigation and evacuation philosophy should,
at a minimum, consider the subjects of fire and gas detection,
alarm and communication systems, personnel escape paths,
fire-fighting and evacuation procedures, passive and active
fire mitigation schemes, and the reduction of hydrocarbon
inventory., Examples of passive fire mitigation schemes are
fire walls and insulation. Examples of active fire mitigation
schemes are water deluge, spray and foam systems, dry
chemical extinguishing agents, and gaseous extinguishing
gystems.
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4.2 FIRE AND GAS DETECTION, ALARM/
COMMUNICATION SYSTEMS

On manned platforms, or on platforms where personnel are
frequently in attendance, personnel should quickly be made
aware of a potential emergency situation by a hazard detection
and alarm system. Alarms should warn personnel of fires, gas
releases and other events, It also is essential that personnel be
able to communicate with others as an emergency develops,
so that plans can be made to cope with the situation or to
evacuate. The detecton, alarm and communications systerns
should be continuously powered and protected to reduce the
likelihood that they will be rendered inoperable by the event.

Platforms can be equipped with both manual and auto-
matic fire detection and alarm systems. Automatic fire detec-
tion and alarm systems are best used in areas where a quick
response significantly reduces the extent of damage and
increases the safety of personnel. One widely used method of
automatically detecting fires is a pheumatic fire loop system
containing strategically located fusible elements. In addition
to pneumatic fire loop systems, electrical systems that detect
heat or flame (i.e., UV/IR or thermal) and smoke are com-
monly used on offshore production platforms. These devices
activate alarms, initiate shut-in actions, and/or activate fire
suppression systems (e.g., CO,, dry chemical agents and
water system). Equipment required to control the fire should
not be shut down. Manual fire detection and alarm systems
should be incorporated to complement automatic systems
when operating personnel are available on a routine basis. For
more discussion on the types of fire detection and alarm sys-
tems, locations and suggested design features, refer to API
RP 14C, RP 14F, RP 14G and applicable regulatory require-
ments.

Gas detection systems should be provided in areas where
adequate ventilation cannot be achieved or in areas where
personnel are frequently in attendance, such as quarters,
offices, and switchgear rooms. The gas detector system
should alert personnel by audible and/or visual alarms to the
presence of low level concentrations of flammable and/or
toxic gases or vapors and should activate valves that shut off
gas sources. Also, consideration should be given to eliminat-
ing all sources of ignition if the concentration approaches the
lower flammable limit (LFL) of the gas. Recommended prac-
tices for sensor locations and operation of combustible and
toxic gas detectors are presented in AP RP 14C. For addi-
tional information concerning the selection and installation of
gas detection systems, refer to API RP 500, RP 14F, RP 14G,
RP 55, ISA RP 12.13 (Part II), and ISA RP 12.15 (Part II) and
applicable regulatory requirements.

Pneumatic or electrical alarms should alert personnel to a
potential emergency situation. Where practical, defined
alarm tones (i.e., to indicate gas, fire, and abandon platform)
should be consistent within an operating company from
platform to platform.
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Systems for communication between locations on a plat-
form should be included if the size, complexity, number of
personnel or type of operations warrant. Generally, continu-
ously attended platforms should have a paging and local
communication system with stations at important operating
locations on the platform. Communications equipment
should be provided to allow coordination of activities
between the platform, boats, helicopters, other nearby plat-
forms and onshore bases. Communication systems utilizing
microwave or cellular transmission methods may also be
considered. All communications systems should have a
source of backup power in case of the loss of primary
powet.

For platforms which do not have a permanently installed
communications system, portable equipment can be used
when personnel are onboard.

4.3 ESCAPE PATHS

It is essential that personnel on multi-leg structures have at
least two paths by which they can escape. The escape paths
should be located so that it would be very unlikely for a single
event to block both paths. Primary escape paths should be sit-
uated along the outboard edge of the platform, if practical, to
reduce the problems caused by smoke. Primary escape paths
should be designed to minimize the exposure of personnel to
potential heat and flame sources. Escape paths should have
adequate headroom, ample width and be free of obstructions
to quick departure. Also, consideration should be given to
marking escape paths with emergency lighting and/or mark-
ings on the floor.

On large platforms, high risk facilities or where environ-
mental conditions make escape to the sea difficult, the evacu-
ation philosophy may include a temporary mustering area. A
temporary mustering area is a location where personnel can
gather and develop plans to either contend with the emer-
gency or evacuate. Commonly designated temporary muster-
ing areas are the living quarters, control room, or lifeboat
station areas. The mustering area should provide protection
for personnel for an amount of time consistent with the plat-
form evacuation philosophy. At the designated temporary
mustering area, there should be offshore survival gear and
lifeboats, rafts or capsules available for all personnel to utilize
in the event of an evacuation. From the temporary mustering
area, there should be at least two independent paths to the sea
(e.g., davited life boats and stairs to the boat landing). Facili-
ties with H,S should have an escape route to the helipad since
H,8 is heavier than air.

All living quarters should be provided with two indepen-
dent paths of escape, with at least one path of escape to the
sea. If there is a nearby mustering area, there should be two
independent paths from the quarters to the mustering area.
For existing facilities, where it may not be practical to pro-
vide two independent paths, the quarters egress provisions
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should be sufficiently secure and protected to allow for per-
sonnel evacuation in the event of an emergency. Consider-
ation should be given to constructing walkways on the
exterior sides of the quarters building opposite the operational
areas. Locating walloways here will facilitate safe egress from
the quarters building.

4.4 FIRE-FIGHTING AND EVACUATING
PROCEDURES

All personnel normally assigned to a facility should be
familiar with its fire-fighting and evacuation procedures. All
personnel should be trained to perform their specific duties in
the event that fire fighting and/or evacuation becomes neces-
sary. Drills should be conducted on a regular basis, and train-
ing should be provided for new personnel to acquaint them
with the emergency equipment and fire-fighting procedures
they ate expected to perform. Personnel should be familiar
with various emergency alarms and know their specific duties
during an emergency. Manned production platforms should
have a communication and public address system to assist
and direct personnel in emergencies. All personnel should be
familiar with the various escape devices and know their spe-
cific duties during the evacuation of the platform. Personnel
not normally assigned to a facility should be instructed to rec-
ognize alarms, be told of the action required of them from
each alarm, and should be made familiar with evacuation
routes immediately after arrival on the platform, For addi-
tional guidance refer to AP1 RP 14C and RP 14G.

4.5 PASSIVE FIRE MITIGATION

Passive fire mitigation techniques are defined as any fire
protection system that does not have to be activated to play a
role in the protection of personnel or property from fire, or in
the prevention or delay of fire escalation. Passive fire protec-
tion could also include the physical separation of equipment
according to service insofar as practical. Generally, passive
fire protection is not the only means of fire protection, but it is
used in concert with active fire protection systems. This ratio-
nale is necessary because passive fire protection does not, in
and of itself, provide inherent protection and is normally
effective only for a limited time period. Once passive fire pro-
tection is exhausted, the protected structure is vulnerable to
damage by fire. Examples of passive fire protection systems
are fire walls, spray-on insulating materials, and insulating
blankets of fireproof materials. Examples of where passive
fire protection is commonly used are: critical structural steel,
living quarters, mustering areas, critical equipment, structural
suppotts, ete. For more guidance refer to API RP 14G.

4.6 ACTIVE FIRE MITIGATICN

Active fire mitigation systems can be water only, water
with a foaming agent, chemical only, or a combination of
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watet, foams and chemical. Active fire mitigation systems are
recommended on all platforms with process equipment
whether continuously attended or not. Active fire mitigation
gystems can also include an inert gas for enclosed spaces and
can be manually or automatically activated. For more details
refer to API RP 14G.

Active fire protection systems are installed on offshore
platforms to cool, control and/or extinguish fires on platform
equipment (i.e., wellheads, pumps, separators, tanks and fired
vessels) and on main structural members. The basic compo-
nents of a fire water system are the fire water pump, the distri-
bution piping, hoses with nozzles, fixed nozzles and
monitors. Fire water hoses with nozzles allow one or two
people to fight a fire from up to 100 feet away. Fixed water
spray systems and fixed monitors can be useful to protect
areas that cannot be adequately reached by hand-held hose
streams, The fixed spray and monitor systems can be used in
combination or separately. Portable pressurized water extin-
guishers are used to extinguish cellulose fires that could occur
in quarters buildings.

Foam-forming additives can increase the effectiveness of
water in controlling liquid-hydrocarbon fires. Foams may be
employed using hose stations, fixed systems, or portable
extinguishers. The foaming agent may be applied by directly
introducing foam concentrates into the fire water system, or it
may be applied as a premixed solution of concentrate and
water. Foaming agents are especially useful on liquid hydro-
carbon pool fires but are not effective on grated areas or for
gas pressure fires.

Dry chemical fire-fighting systems effectively extinguish
fires; however, the dry chemieal agent must be matched to the
type or class of fire, Dry chemical agents may be applied by
portable extinguishers, hand-held hose lines or fixed nozzles.
A major advantage of dry chemical systems is their self-con-
tained feature, which does not rely upon an external energy
gource. Dry chemical agents are suitable for use indoors or
outdoors and can generally be applied on most platform
equipment.

Gaseous extinguishing agent systems are especially suit-
able for enclosed locations such as control or switchgear
rooms and engine drivers. (Gaseous extinguishing agents are
electrically nonconductive, leave no residue, and may be
applied using portable extinguishers or fixed systems.

4.7 HYDROCARBON INVENTORY REDUCTION

The inventory of hydrocarbons produced, processed, trans-
ported and stored on an offshore production facility repre-
sents a potential major hazard. The primary hydrocarbon
inventories on an offshore production facility are connected
wellbores, pipelines, pressure vessels and associated process
piping, produced fluid storage tanks, fuels and flammable
chemicals, It is important to minimize the available hydrocar
bon inventory in the event of emergency.
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Treated liquid storage tanks represent a large volume of
hydrocarbons. These tanks should be sized to store and pro-
¢ess the minimum volume consistent with operational and
measurement considerations and pipeline pumping equip-
ment designs. Where pipeline transport systems are not avail-
able for continuous pumping, trade-offs on inventory storage
and location will have to be made.

The hydrocarbon inventory can be reduced in an emer-
gency through isolation of hydrocarbon sources, gaseous
depressuring, and liquid dumping. One or more of these
schemes can be used on a platform.

Isolating hydrocarbon sources is commonly done to reduce
hydrocarbon inventories. Wellbores are required to be iso-
lated in a emergency. Also, consideration should be given
during an emergency to isolating other major hydrocarbon
gources such as pipelines.

Another method of minimizing gaseous hydrocarbon
inventory is process system depressuring. This is a procedure
to minimize or eliminate the quantity of pressured gaseous
sources present in the production facility during emergency
gituations. Also, depressuring results in the reduction or
elimination of pressure-induced stresses at a time when a
pressure vessel is weakened by elevated temperature. An
example would be to depressure hydrocarbon processing
equipment and/or vessels to a vent system when a shutdown
occurs. This is a common practice on large gas compressors.
However, these benefits should be weighed against discharg-
ing large volumes of gas in a short period during an emer-
gency situation. For additional information concerning
depressuring system philosophy and design considerations,
refer to API RP 14G.

Finally, in some special situations, dumping hydrocarbon
liquids from a tank or vessel to a safer location may be war-
ranted. This method of hydrocarbon inventory reduction
should be carefully designed to limit the impact to the envi-
ronment and to assure that greater hazards are not introduced
through the use of this method.

5 Platform Equipment Arrangements
51 GENERAL

A general rule for equipment layout planning is to keep
potential fuel sources (any combustible material) as far from
ignition sources as practical. The primary goals of this sepa-
ration of equipment are to prevent hydrocarbon ignition and
fire escalation. Vertical as well as horizontal spacing between
fuel and ignition sources should be considered in equipment
layouts. Examples of fuel and ignition sources are listed in
Table 3.

It is not always possible to separate fuel and ignition
sources completely. For example, engine driven pumps and
gas compressors are both a fuel and an ignition source. In
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the final analysis, any equipment layout must be a compro-
mise, taking into account the associated risks and possible
consequences.

Platform equipment can be arranged in groups according
to nine specific categories, as described in Table 4. Comments
pertaining to the location of each category are discussed
below.

Adequate space between equipment categories is an impor-
tant factor in promoting a safe operation. Factors such as plat-
form design, water depth, size and extent of the hydrocarbon
reservoir, method of operation, governmental regulations,
ete., will influence the number of equipment categories and
the location of equipment on a particular structure.

5.1.1 Wind Direction

Equipment arrangement should take advantage of the pre-
vailing winds to minimize the chance that escaping or vented
hydrocarbon vapors will be carried toward potential ignition
gources on the platform. Such sources would include fired
process equipment, combustion engines, living quarters and
helidecks. In general, atmospheric vents, flare systems and
emergency gas release vents should be placed so that prevail-
ing winds will carry heat and/or unburned gases away from
the platform. Air intakes of fired process equipment, combus-
tion engines, air compressors and HVAC systems should be
located so as to provide the greatest amount of isolation from
sources of flammable gas.

5.1.2 Firewalls and Barrier Walls

Separation of ignition sources from fuel sources is an
essential safety consideration. If the necessary physical space
to satisfy this need is unavailable, fire walls or barrier walls
may be considered. Barrier walls can impede escaping gas or
liquid leaks from entering an area with a potential ignition
source, Fire walls can provide a heat shield to protect equip-
ment and allow personnel to escape without being subjected
to radiant heat from a fire.

Fire walls or barrier walls are often used to separate well-
head areas from process areas, to separate process areas from
storage tanks and to separate living quarters from any poten-
tial external fire.

Fire walls and barrier walls have the disadvantage of
restricting natural ventilation and hampering escape. For
these reasons, they should be used only where it is impracti-
cal to adequately separate fuel from sources of ignition.
While fite walls and barrier walls can decrease the conse-
quences of fires and explosions, they may increase the over-
pressure created by an explosion, thereby increasing damage
to piping and equipment in other areas of the platform. If
spaces are confined, blast protection should be considered.
Great care should be taken to minimize the impact of explo-
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sions on escape routes. Due consideration should be given to
the placement of shutdown or isolation valves on lines that
penetrate fire or barrier walls. These could help to isolate
sources of fuel in the event of a fire.

5.1.3 Process Flow

Equipment areas are sometimes initially located so as to
streamline the process flow and to simplify piping systems.
Simplifying piping contributes to safety by minimizing the
potential for operator error. Reducing the length of piping
reduces the potential for leaks. However, the other safety
aspects of equipment separation discussed in this section
should also be considered.

5.1.4 Maintenance of Equipment

Sufficient space should be considered for easy access to
each piece of equipment to provide room for operating petr-
sonnel, for inspection and maintenance and for painting. For
example, space should be allowed for:

1. Pulling fire tubes from fired heaters.
2. Pulling tube bundles or plates from heat exchangers.
3. Removing compressor cylinders.

4. Replacing generators, engines, air compressors and
pumps.

5. Pulling vertical turbine or can-type pumps.
6. Removing plate packs from plate coalesces.

7. Pig insertion and removal (including more lengthy
“gmart” pigs).

8. Changing filter elements and filter media.
9. Removing and installing bulk storage containers.

10. Opening and removing inspection plates and
manways.

It may be necessaty to provide supplementary overhead
cranes or lifting frames for heavy equipment that cannot be
reached by the platform crane.

5.1.5 SafeWelding Areas

On platforms, safe welding areas may be designated where
minor construction or routine maintenance can be performed.
These could be simply an open area with solid floor and ade-
quate access from the platform crane, or a fully equipped
maintenance shop with overhead crane, lathes, welding
machines, etc. Safe welding areas should be separated from
fuel sources and adequately ventilated. On small platforms,
barrier walls are often used to separate safe welding areas
from potential fuel sources. Drains from welding areas should
be isolated from other drains that could contain hydrocarbon
VAPOLS.
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Table 3—Fuel and Ignition Sources

Fuel Sources Include:

Ignition Sources Include:

Wellheads

Manifolds

Separators and scrubbers
Coalesces

Oil Treaters

Gas Compressors

Liquid Hydrocarbon Pumps
Heat Exchangers
Hydrocarbon Storage Tanks
Process Piping
Gas-Metering Equipment
Risers and Pipelines

Vents

Pig Launchers and Receivers
Drains

Portable Engine-Driven Equipment

Fired Vessels

Combustion Engines
(including gas turbines)
Living Quarters

Electrical Equipment

Flares

Welding Machines

Grinding Machinery

Cutting Machinery or Torches
Waste Heat Recovery Equipment
Static Electricity

Lightning

Spark Producing Hand Tools
Portable Computers

Cameras

Cellular Phones

Portable Fuel Tanks Non-intrinsically Safe Flashlights
Chemical Storage
Laboratory Gas Bottles
Sample Pots
Table 4—Equipment Categories
Area Location Objective Example Equipment Types
Wellhead Minimize sources of ignition and fuel supply Wellheads, Chokes, Manifolds, Headers (all F)
Protect from mechanical damage and exposure
to fire
Unfired Process Minimize sources of ignition Manifolds and Headers, Separators, Gas Sales Station, Pig Traps,
Heat Exchangers, Water Treatment Equipment, Pumps, Compres-
sors, LACT units (all F)
Hydrocarbon Minimize sources of ignition Storage Tanks, Gunbarrel Tanks, Tanks Sump Tanks, Produced
‘Water Treating Tanks, (all F)
Fired Process Minimize fuel supply Fired Treaters, Line Heaters Glycol Reboilers (all I)
Machinery Minimize fuel supply Generators, Electric Hoisting Equipment Type A or B, Air Com-
pressor A or B, Engines, Turbines (all I)
Quarters Personnel safety
Minimize sources of fuel Living Quarters, Maintenance Areas/Building, Sewage Disposal,
Water Maker (all I)
Risers Minimize sources of ignition Risers, Pig Launchers, Pig Traps (all F) Protect from mechanical
damage and exposure to fire.
Vents Minimize ignition sources Discharge Point
Flares Minimize fuel Sources Discharge Point
(F)—Fuel Source
(I)—Ignition Source

Equipment (Type A)}—Manual, fluid powered, or explosion proof electric motor powered
Equipment (Type B)—Internal combustion engine or electric motor powered
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5.1.6 Simultaneous Operations

Offshore structures often are used for multiple operations
to support drilling, production, remedial well work and occa-
sional construction activities for modifications, additions or
upgrades. During a platform’s active life, all these activities
may exist either in conjunction with others or as a specific
phase. While the specific placement and arrangement of drill-
ing, workover or other remedial well equipment is beyond the
scope of thig RP, full consideration should be given to this use
when planning the arrangement of production, compression
and support equipment such as generators, cranes, quarters,
heliport, etc. Simultaneous operations pose additional com-
plexities to the use of the facilities whenever two or more of
the following operations occur:

. Production.
Drilling.
. Completion.

. Wireline.

. Snubbing unit work.
. Congtruction activities.

1
2
3
4
5. Pumpdown.
6
7
8. Surface preparation and painting.
9

. Removal or installation of well head equipment.

10. Installation of conductor pipe.

Workover and drilling rigs, wireline and snubbing units,
and construction equipment requite considerable space.
Lavout arrangements for simultaneous operations should be
considered during the planning stages to ensure that ade-
quate space for these operations are incorporated in the
original design. Once an acceptable process equipment
arrangement is determined, various combinations of simul-
taneous operations can be overlaid to check that adequate
space is available.

In conjunction with the major components of the drilling
tigs, construction and remedial equipment, adequate space
for consumables and support items, such as drilling crew’s
living quarters, welding machines, air compressors, genera-
tors, and mixing pits should be anticipated. Adequate crane
aprons and “stacking areas” should be identified and noted on
drawings.

5.2 WELLHEAD AREAS

The location of the wellhead area(s) on a structure is influ-
enced by several factors. Wellheads should be located where
they will be accessible to the drilling rig and remedial equip-
ment, and where adequate structural support can be provided.
Wellheads should be separated or protected from sources of
ignition, other large inventories of fuel, machinery and
dropped objects. Equipment and piping in, and adjacent to,
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the wellhead area should be protected from the adverse
effects of drilling and completion fluids.

The highest pressures encountered on an offshore platform
will normally be associated with the wellheads. Uncontrolled
flow from the wellheads can be very difficult to contain.
Therefore, protection of the wellhead areas should receive
high priority.

Wellhead ateas should have adequate ventilation and
should be separated from large inventories of fuel such as
hydrocarbon or methanol storage tanks or pipeline risers.
Long-term exposure to fite could seriously reduce the ability
of the wellhead to contain pressure,

To provide for either fire fighting or personnel escape,
wellhead areas should permit access to and egress from the
wellheads on at least two sides of the wellhead area. Well-
heads should be separated from living quarters by the maxi-
mum distance practicable.

5.3 UNFIRED PROCESS AREAS

Equipment located in this area may be a potential source of
fuel and should be protected from ignition sources. Equip-
ment should be located so as to provide adequate horizontal
and vertical separation from other sources of fuel and igni-
tion. Unfired process equipment should not be placed directly
above or below ignition sources without special protection.
Liquid leaks could fall on ignition sources located below the
unfired process area, and gas leaks could be ignited by igni-
tion sources above the area.

Unfired process equipment may be located adjacent to
wellhead areas since equipment in both areas are potential
sources of fuel and should contain no sources of ignition.
The normal flow pattern is from the wellheads to the headers
and manifolds, and then to the unfired process vessels. Plac-
ing these areas near one another should simplify intercon-
necting piping. Care should be taken in locating this
equipment to protect against objects dropped in drilling and
servicing operations.

5.4 HYDROCARBON STORAGE TANKS

Hydrocarbon storage tanks are potentially hazardous due
to the inventory they contain. Hydrocarbon storage tanks
should be separated from wellheads, pipeline risers and
potential ignition sources, and should not be located directly
under the control room or living quarters.

Precautions should be taken to prevent spilled hydrocarbon
liquids from flowing imo other production equipment and
personnel areas.

Hydrocarbon storage tanks should be protected from crane
loads and separated from machinery areas where movement
of equipment or material could lead to accidental puncturing
of the tanks.
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5.5 FIRED PROCESS AREA

Equipment located in the fired process area can be consid-
ered a potential source of ignition, as some sources of fuel
will be present. Fired process vessels should be remote or
protected from any area that is a source of fuel, whether lig-
uid, gas or vapor.

If fired vessels are located on the same structure with other
process equipment, the potential ignition hazard should be
lessened by installing the safety devices discussed in API RP
14C. In addition, the use of barrier walls to separate the fired
equipment from sources of fuel should be considered.

5.6 MACHINERY AREAS

Machinery may be classified as potential ignition sources
although some source of fuel may also be present. The
machinery area should be remotely located or otherwise pro-
tected from other sources of fuel like wellheads, unfired pro-
cess equipment, risers and hydrocarbon storage tanks.

Machinery, equipment that does not contain hydrocarbons
and living quarters are similar in type and degree of hazard;
all may be regarded as sources of ignition and, therefore, may
be located in proximity to each other.

Machinery areas containing gas- or oil-fired engines will
have sources of fuel and ignition in close proximity to one
another - and therefore represent a higher risk of fire than
unfired hydrocarbon processing equipment. Combustion
engine driven hydrocarbon pumps or natural gas compressors
represent an even higher risk of fire.

All combustion engine driven equipment should be ade-
quately separated from wellheads, risers, hydrocarbon stor-
age tanks and living quarters. If spatial limitations do not
allow adequate separation, further igsolation can be achieved
by utilizing individual enclosures, enclosed rooms or build-
ings to house such machinery. Enclosing machinery reduces
ventilation and allows combustible gases to accumulate.
These enclosures should therefore be provided with fire and
gas detection systems and should be adequately ventilated to
dilute and remove hazardous vapors from enclosed spaces.
Consideration should be given to the use of suitable fire sup-
pression systems within these enclosures.

Consideration should also be given to providing enclosed
machinery areas with positive differential air pressure to help
prevent the migration of combustible gases into such areas
where sources of ignition exist. Accordingly, ventilation sys-
tems should derive their intake air from uncontaminated
sources to minimize the probability of ingesting contami-
nated air during either normal or abnormal operating condi-
tions. Consult APT RP 500 for ventilation recommendations.

In addition to the above precautions, further steps may be
deemed necessary to provide adequate protection. These
could include the use of gas detectors near the intake to the
ventilation system and within the enclosure to be protected.
Such enclosures may also be equipped with fire detectors and
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systems to automatically shut down the engines and the venti-
lating system if a fire or high concentrations of combustible
gases are detected. Also, automatically controlled dampers
and shutters on the ventilating system supply and exhaust
ports could further isolate this enclosed space by reducing the
amount of air available to support combustion, or by prevent-
ing the ingestion of air contaminated by combustible gases.

Electric motor-driven hydrocarbon pumps and compres-
sors may be installed in the process area if the electrical
equipment components are suitable for the area classification
per APL RP 500.

5.7 LIVING QUARTERS AREA

The location of living quarters should take into account
the direction of the prevailing winds so as to protect per-
sonnel from hydrocarbon vapors, external fires, explosions
and noise. Consideration should be given to the possibility
of external fires and explosions and noise from adjacent
equipment.

Living quarters should be isolated from fuel sources to the
greatest extent practicable, because they contain multiple
sources of ignition. The potential for the entry of gas or
smoke into the quarters should be minimized. In addition to
smoke detection, the same general considerations for ventila-
tion, gas detection and fire detection mentioned above for
machinery areas also apply to living quarters.

Utilities such as electrical switching equipment, sewage
treatment facilities, and air conditioning equipment may be
located in the same area as the quarters, if the electrical
equipment is suitable for the area classification as per APIRP
500. Precautions should be taken to control noise and
unpleasant odors so they do not cause unpleasant living con-
ditions in the quarters.

5.8 PIPELINES AND RISERS

Riser areas may be potentially hazardous due to possible
uncontrolled flows of hydrocarbons from incoming or
departing pipelines in an emergency. Risers should be pro-
tected or separated from ignition sources, boats and falling
objects. Risers should not be placed adjacent to or under liv-
ing quarters unless appropriate mitigation methods have
been implemented.

Pipelines, risers and related systems such as pig launch-
ers, receivers and their valving components pose special
design problems. These transportation system components
are normally associated with large volumes of hydrocarbons
at relatively high pressures. Their isolation from the various
other platform components and protection from damage
should be carefully considered early in the planning stages
of the facility.

Once transportation agreements are confirmed and tie-in
arrangements are decided between an operator and the trans-
porter or buyer, plans should be made to review the pipeline
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route and determine the impact of this route on the orientation
and operation of the facilities in general. Pipeline routing
should not interfere with access to the facilities by marine
support equipment and mobile drilling equipment. The route
chosen should minimize proximity of both the submerged
portion of the pipeline and its riser system to logistical opera-
tions and unloading operations.

Once a route is agreed upon and a riser location deter-
mined, care should be taken to position the riser to protect it
from environmental loading and marine vessels. Adequate
horizontal and vertical support, as well as access at the splash
zone, is important for inspection and operational needs. As a
further precaution, riser guards may be installed to protect
against mechanical damage.

Because of the large volumes normally associated with
these systems, evaluations should be made to determine if
shutdown valves are appropriate to provide protection to the
facilities should damage occur to the pipelines, or to isolate
these large hydrocarbon inventories should damage occur to
the facilities. Both departing and boarding field gathering and
transpottation lines need to be evaluated to determine if con-
ventional flow safety valves (i.e., check valves, or shutdown
valves) are appropriate.

Pig launcher and receiver devices require significant space
for access and maintenance. For large diameter lines, han-
dling equipment for pigs may be required. Launchers nor-
mally require less physical space than receivers and may be
placed in the vertical position to conserve platform space and
allow for gravity assistance in inserting pigs. Adequate lateral
and vertical space for maintenance and use is necessary as
lines may require frequent pigging to prevent slug flow,
remove paraffinic deposits, etc.

Launcher and receiver areas should be located away from
potential ignition sources, highly traveled personnel routes,
and material handling areas such as crane aprons or overhead
storage racks to the extent practicable. Launcher or receiver
doors should face outhoard of the platform to minimize the
possibility of any projectiles hitting personnel or other
equipment,

Automatic shutdown valves on incoming risers should be
located close to the point where the risers come on to the plat-
form. Consideration should be given to protecting the shut-
down valve and upstream valves and piping from the effects
of long-term exposute to fire. Similatly, check valves or shut-
down valves on departing risers should be located as close as
possible to the point where the riser departs the platform, and
the piping downstream of the check valve should also be pro-
tected from long-term exposure to fire.

Shutdown valves should be accessible for service or test-
ing, yet isolated from potential hazards. The area of the plat-
form between the splash zone elevation and the lower process
deck elevation has proven effective for the location of shut-
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down valves. The area should be chosen carefully to both iso-
late the piping and provide access for inspection and
maintenance of isolation valves, instrumentation and shut-
down valves, as applicable.

Protection of riser valves from explosive blast pressures or
falling debris generated in a fire should be considered. Care
should be taken to eliminate features such as drip pans or
access platforms where liquid hydrocarbons can accumulate
near or under riser valves. These hazards could jeopardize the
integrity of the riser system.

5.9 FLARES ANDVENTS

The normal and abnormal releases of process vapors are
collected and directed to safe locations by way of a facility’s
gas disposal systems. Both emergency relief and routine
releases from a pressurized component or tank vent are
potential fuel sources that should be removed from areas
where ignition sources may exist, This is usually done by col-
lecting these releases in a flare or vent system and directing
the release to a safe location away from the production facil-
ity to allow for safe disposal of vapors by buming or disper-
gion. If liquids are expected in these releases, the flare or vent
system will usually allow liquid removal prior to final dis-
charge of the vapors.

Flares are a source of ignition and are generally cantile-
vered off the main platform or located on a separate structure.
In some cases a vertical flare tower on the main platform is
used.

The permissible distance from the flare tip to various loca-
tions on the platform is determined from radiant heat calcula-
tions, or, if the flare has been extinguished, from gas
dispersion calculations.

Procedures for performing these calculations are contained
in API RP 521. All wind velocities and directions should be
considered in the design.

Flares should be designed to minimize the possibility that
liguid carryover will fall on the platform or on boats or
barges. Liquid knock-out drums should be installed if liquid
carryover can be expected.

Hydrocarbon vents are a source of fuel. They may be
located either on the main platform or on a separate structure.
The minimum distance from the vent tip to potential sources
of ignition is determined by dispersion calculations. It is also
necessary to check radiant heat for flares, in case the vent is
accidentally ignited. This latter calculation may control the
location of the vent tip.

In most cases, the final discharge of a gas disposal system
(gas outlet) should be an upward vertical or cantilevered pipe.
The final discharge point should be located where the gas can
be bumed safely, or where it can be diluted with air to below
the lower flammable limit {(LFL) before reaching sources of
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ignition. The following should be considered in selecting a
safe discharge point:

1. Personnel safety.
2. The discharge volume and toxicity.

3. The location in relation to other equipment, particu-
larly fired vessels or other ignition sources, personnel
quarters, fresh-air intake systems, helicopter and boat
approaches, drilling derricks, other elevated structures and
down wind platforms.

4, Prevailing wind direction.

Vents should be designed so that accidental liquid carry-
over will not fall on hot sutfaces or personnel areas.

Local venting of non-process and low-volume sources
(e.g., storage tank vents, surge tank vents, etc.) is acceptable
provided that items 1 through 4 above are considered in the
location of the discharge point.

5.10 PRACTICAL LIMITATIONS

Appendix B gives examples of equipment arrangement.
These arrangements shown possible variations in accordance
with this RP and indicate the trade-off's which must be made
when these concepts are applied to practical problems. Other
arrangements which satisfy this RP are also acceptable.

6 Documentation
6.1 GENERAL

The amount of documentation required for the safe design
and operation of an offshore production facility depends upon
the type of facility and the purpose for the information, Dif-
ferent levels of documentation may be required for develop-
ing operating procedures and for training personnel than for
design or hazards analysis. Information necessary for one
purpose (e.g., design) may be helpful for another purpose
(e.g., hazards analysis)—but may not be necessary to develop
and maintain if such information is not readily available.

The purpose of this section is fourfold: to outline the mini-
mum documentation which should be maintained in accor-
dance with the safety and environmental information
requirements of API RP 75, to outline what additional infor-
mation may be considered for performing a hazards analysis;
to provide guidelines for design documentation that should be
considered for new designs; and to provide guidelines for
developing operating procedures.

6.2 SAFETY AND ENVIRONMENTAL
INFORMATION

API RP 75 requires that certain safety and environmental
information be developed and maintained for all facilities.
The purpose of this information is to provide the basis for
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hazards analysis, for developing operating procedures, for
training personnel and for implementing the other program
elements in a safety and environmental management program.

The following mininmun safety and environmental infor-
mation should be maintained: a simplified process and instru-
ment diagram (P&ID), process design information, relief
valve sizing information, process safety information, layout
drawings, fire protection and safety equipment information,
hazards analysis information, and material safety data, as dis-
cussed below. The operator may elect to develop and main-
tain additional documentation. However, to meet the
recommendations of API RP 75, it is not necessary that this
additional documentation be maintained to reflect the condi-
tion of the facility or that it be readily available.

6.2.1 Simplified (P&ID) Process and Instrument
Drawing

The simplified P&ID should show equipment and inter-
connecting lines including relief, vent and drain systems, It
should include all control valves and controllers, manual
valves, check valves, relief valves and safety shutdown sen-
gors. Set points of relief valves, maximum allowable pressure
ratings of equipment and pressure ratings of piping systems
should also be shown.

It is not necessary to show utility systems, details of instru-
ment hookup, line numbers, valve types, individual instru-
ment tag numbers or other such information.

6.2.2 Process Design Information

Process design information should include design flow
rates, fluid properties, pressures and temperatures used to size
the different subsystems or individual pieces of equipment.
This can be done in a separate process flow diagram, as notes
on the simplified P&ID, or in a separate narrative.

Because of the widely varying flow conditions to which
production facilities could be subjected, it is not necessary to
have a detailed material balance. The intent of the design flow
data is to document the information required to adequately
size relief valves and other critical components for the most
critical service from a safety standpoint.

Often, detailed information on the composition of the fluid
is not available. The fluid properties can be approximated
with sufficient accuracy from an estimate of the specific grav-
ity. However, acid gas concentrations which could affect
material selection or endanger personnel should be indicated.

6.2.3 Relief Valve Sizing Information

Relief valve information should include valve characteris-
tics and the basis for sizing, This could be included in a sepa-
rate form, as notes on the simplified P&ID, as patt of hazards
analysis report, or in any other manner deemed appropriate
by the operator. Refer to Section 3.3.10.
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6.2.4 Process Safety Information

Process safety information should include an AP1 RP 14C
SAFE Chart. All safety devices listed in the SAFE Chart
should be shown on the simplified P&ID.

6.2.5 Layout Information

Layout drawing or drawings should show the location of
all major process, utility and life support equipment, quarters,
risers, escape paths, evacuation equipment, and fire and blast
walls. Areas of electrical classification should be shown.

6.2.6 Fire Protection and Safety Equipment
Information

Drawing(s) should show the locations of the fire-fighting
equipment and other safety equipment, such as ESD (Emer-
gency Shutdown) stations and fire and gas detectors. The
locations of equipment such as fire extinguishers, firewater
pumps, deluge areas, hose reels, monitors, life jacket boxes,
ring buoys, life rafts, and escape devices should be shown if
they are provided on the facility.

6.2.7 Hazards Analysis

A summary of any hazards analysis performed on the
facility should be maintained, describing the method
employed, potential problems identified and the final resolu-
tion of these problems. It is not necessary to maintain all
working documents, back-up calculations, etc., used in the
hazards analysis.

6.2.8 Material Safety Data

Safety data should be maintained for chemicals used in the
facility. This data should include: toxicity information, per-
missible exposure limits, reactivity and corrosivity informa-
tion, thermal and chemical stability, and measures to be taken
if physical contact or airborne exposure occurs. Material
Safety Data Sheets (MSDS) forms provide the necessary
information.

6.3 DOCUMENTATION FOR HAZARDS ANALYSIS

The minimum safety and environmental information of
Section 6.2 forms the basis of any hazards analysis. Addi-
tional information may have to be developed to perform the
analysis, to answer specific questions raised by the analysis,
or to evaluate potential mitigation scenarios indicated by the
analysis. The type of documentation requited depends on the
specific analysis technique employed and on the specific risk
assessments and mitigations that are to be evaluated.

Appendix A contains two example checklists which
tequire different minimum documentation. Additional docu-
mentation may be required to perform risk assessment and
mitigation analyses. The documentation required for analysis
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is useful information which could minimize future work
under the management of change and audit requirements of
API RP 75, The operator may wish to keep this information
readily available, and update it petiodically.

6.4 DESIGN DOCUMENTATION FOR NEW
FACILITIES

In addition to the recommendations in Sections 6.2 and 6.3
above, the design of a new facility should be clearly docu-
mented to provide a record of the desigh parameters, calcula-
tion methods, codes and standards used. The documentation
should include the basis for the facility design, as well as the
corresponding component sizing calculations and drawings.
Vendor information for equipment and components should be
included. The record of any hazards analysis done on the
facility should also be included in this documentation.

There is no requirement that this information be kept up-
to-date and readily available (other than as discussed in Sec-
tion 6.2); however, this information will save considerable
time and effort if it is later necessary to perform a hazards
analysis, in order to manage change, ot to perform an audit
of the safety and environmental management system. This
documentation may not be available for existing facilites,
and it may not be necessary to recreate it to perform a haz-
ards analysis.

6.4.1 Design Basis

In developing the design basis for new facilities the follow-
ing should be considered:

L. Design flow rates of oil, water and gas form the basis
of the design requirements for a facility. Nominal rates of
anticipated production are normally estimates based on
reservoir study and comparison to similar fields.

2. The physical characteristics and properties of the oil,
water and gas may have to be obtained from records of
prior production of similar reservoirs. These physical
characteristics and properties may be as critical as the
nominal rates and in some cases influence design parame-
ters more than the rates themselves. This is especially true
for high-pour point crudes, viscous crudes and acid gases.

3. Expected flowing and shut-in pressures and tempera-
tures from the wellhead will have to be estimated, based
on well test information and/ot prior operating experience.

4. The platform control philosophy (human intervention
in a manual facility or remote electronic/pneumatic inter-
vention for an unmanned facility) needs to be established
and will form the basis of the control system that will be
used. Questions concerning electronic versus pneumatic
and local versus remote operation need to be addressed
and fit into the operating philosophy chosen by the pro-
duction personnel.
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5. The platform shut down and hazard mitigation philoso-
phy (shut-down hierarchy, depressurization, passive fire
protection and active fire mitigation) needs to be
established.

6. Proposed sales agreement requirements need to be
reviewed, such as maximum water content and vapor
pressure of the hydrocarbon liquids and, for gas, accept-
able heating value, dew point, maximum temperature and
minimum pressure. Regulatory requirements for water
disposal should also be reviewed.

7. Environmental design conditions need to be identified
and documented, as dictated by the geographic area or
regulatory restrictions imposed by either internal com-
pany policy or government agencies having jurisdiction.
Severe weather design requirements (such as extreme heat
or cold and hurricanes) may impose facility constraints
that affect areas of design.

8. Utility system requirements for electricity, communi-
cations, fuel, chemicals, instrument air and water should
be established.

9. Accommodations requirements should be established.
These will depend not only on the number of operating
personnel, but also on the number and type of support per-
sonnel required. Existing infrastructure, vessel support
and frequency of re-supply should be considered.

10. The storage and operating space necessary for con-
sumables used in the operation of the facility should be
established. This requirement will be determined by the
supply frequency for consumables such as food, fuel and
lube oil, which will normally be dictated by the remote-
ness of the location, available infrastructure, weather and
other demands on the existing transportation network.
These conditions will determine the storage and operating
space necessary for the consumables used in the opera-
tions of the facility.

11. Plans should consider providing adequate space or
capacity for future expansion. As an example, the produc-
tion of *“oil rims” in initial phases of a gas reservoir could
lead to the “blow down™ of the gas caps of an oil reservoir
later in the production life of the facility.

12, The need for future drilling and remedial well work
capability should be considered.

6.4.2 Supporting Calculations

The various components and piping systems that may be
found on offshore facilities can be sized using many different
methods and philosophies. It may be beneficial to maintain
the design criteria and sizing calculations for the processing
and safety components of new facilities. This information i
often useful for future modifications and for performing haz-
ards analysis.
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Supporting calculations for the emergency relief systems
should be retained. Supporting calculations which were
developed for any other equipment such as wellhead flow-
lines, headers, pressure vessels, atmospheric vessels or tanks,
heat exchangers, pumps, compressors, pipeline, process pip-
ing, control valves, fire-fighting system, instrumentation and
control systemn, and electrical system may also be useful.

6.4.3 Drawings

The documentation should include process flow diagrams
(PFDs), process and instrument diagrams (P&IDs), SAFE
Chart, equipment layouts, and electrical area classification
drawings. The design documentation should be cross refer-
enced with the drawings so that the various process, safety
and fire-fighting components can be identified.

A process flow diagram should show, at a minimum, major
process equipment, their interconnecting lines and how major
process variables (e.g., pressure, level, and temperature) are
controlled. The basis for sizing the equipment should be indi-
cated. Tt is not necessary to show utility systems and instru-
ment details.

Detailed P&IDs should show equipment and interconnect-
ing lines, including relief, vent and drain systems. These
drawings should include all control valves and controllers,
manual valves, check valves, pressure relief valves and safety
shutdown sensors. Set points of pressure relief valves and
maximum allowable pressure raungs of piping systems
should also be shown. Utility systems, line numbers, valve
types and individual instrument tag numbers should be indi-
cated. Details of instrument hook-up are often shown on other
drawings.

A SAFE Chart, as recommended by API RP 14C, should
be prepared and should reflect current information. Shut-in
sensors and shutdown valves listed in the SAFE Chart should
be shown on the P&ID. Cause and effect charts, logic dia-
grams, and other drawings are sometimes helpful.

Equipment arrangement drawings should show the loca-
tion of all major equipment, escape paths, evacuation equip-
ment, and any fire and barrier walls. These drawings should
also indicate the area classification of all areas of the plat-
form. On more complex platforms, it may be desirable to
have several layout drawings and to identify area classifica-
tion on a separate set of drawings. The location of quarters,
heliports, boat landings, cranes, risers, wellheads, and flare
and vent discharge points should be shown.

A drawing showing the location of the fire fighting equip-
ment should be developed, and it can be expanded to include
other safety equipment such as ESD stations, fusible plug
loops, smoke detectors, and fite and gas detection systems.
The fire-fighting equipment drawings should show the loca-
tion of firewater systems, including deluge areas, hose reels,
monitors, and foam stations, The location of fire extinguish-
ers and automatic chemical units should be indicated.
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6.4.4 Vendor Supplied Information

Operating procedures written for each facility should be
supplemented with the operating and maintenance instruic-
tions fumished by equipment vendors or manufacturers.
These should include maintenance procedures and materials
and spare parts lists, especially for equipment critical to
safety. In order to give operators a complete understanding of
the facility and aid in overall maintenance and troubleshoot-
ing, the vendor information should include final drawings
(including internals) and material lists for fabricated equip-
ment (pressure vessels, tanks, heat exchangers, etc.).

6.5 PRE-START-UP REVIEW

Prior to the initial start-up of a new facility, or after a mod-
ification of an existing facility as defined under “Management
of Change” in API RP 75, certain items should be completed
to prepare the facility for safe operation. The following is a
list of general areas that should be reviewed:

1. Necessary hazards analysis recommendations have
been included in the facilities.

2. Construction has been completed according to design
specification. Equipment commissioned in accordance
with the manufacturer’s recommendations.

3. Piping is routed and valved according to the P&IDs.

4. Nondestructive testing requirements have been
completed.

5. All protective shipping brackets and packing have been
removed from controllers, instruments and other
equipment.

6. Pre-service recommended by vendors has been
performed.

7. All safety and control devices are set and operate prop-
erly (API 14C Appendix D outlines the proper testing of
safety devices).

8. Actual device function tests are performed, and control
and safety system logic match the design requirements.

9. Utility, fire-fighting and personnel safety equipment
are functional.

10. Maintenance procedures are in place.

11. Written start-up, operating and shutdown procedures
are in place, and personnel are trained.

12, Emergency response and evacuation procedures are
in place, and personnel are trained.

6.6 OPERATING PROCEDURES

Operating procedures should be written, addressing activi-
ties for safe start-up, normal operations, and shutdown. Pro-
cedures should include adminigtrative controls to assure the
gafe and environmentally sound operation of the facility.
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6.6.1 Start-up Procedures

The procedures for start-up should include the sequence of
events required to bring the various components up to their
intended operating conditions in a safe and orderly manner.
Vendor information conceming start-up of components
should be included in the procedure. As a minimum, the fol-
lowing items should be covered in start-up procedures:

1. To the extent possible, both safety and control systems
and relief and vent systems should be in service before
hydrocarbons are brought into the facility.

2. Systems should be flushed to remove debris in piping,
as needed, and purged to avoid explosive mixtures. Flush-
ing is normally done using water; it is required to remove
welding slag and other trash particles that can clog filters,
prevent control valves from properly seating, or severely
damage rotating equipment., Some special components
such ag high speed turbine compressors or critical fuel
systems may require a gas or diesel flush, Purging can be
accomplished by continual gas purge or by displacement
of the system with an inert medium such as nitrogen or
water. The object is to remove oxygen from the system
prior to pressurization and start-up.

3. Vessels should be intermally inspected for debris and
loose intemals, then closed and filled, where possible,
with the proper amounts of water or process fluids to
enable initial level controller settings. Some three-phase
components (such as separators or skimmers) require a
water “prime” to avoid being inadvertently filled with oil
and causing problems downstream.

4. Pressurization of components should be done in stages,
and the system should be checked for leaks at incremental
pressures. Gas and oil leaks can develop even afier
hydrotesting due to vibration, viscosity and temperature
differences.

5. Lighting of fired components should be done only after
the unit is purged (to avoid backfire) and in strict adher-
ence to the manufacturers instructions. All safety devices
should be functional, and the fluid level should cover the
fire tube.

6. Starting of rotating equipment should be done only
after the pre-service recommended by the vendor has been
completed. This may include checking for proper rotation
and alignment, flushing and filling with fluids and check-
ing the lubrication system, Manufacturer’s literature
should be reviewed to avoid equipment damage or person-
nel injury.

7. Loading sequence for compressors is often automated
and controlled by the unit’s panel board. This sequence
would normally consist of opening the loading valve, pos-
gibly through a smaller restricted flow orifice, opening the
discharge valve, and closing the blowdown valve. The
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start-up and loading procedure, including pre-lube, should
be posted on the unit’s panel board.

8. Proper warm-up of heated items should be done
according to the vendors recommendations and under the
close watch of operators. Gradual warm-ups minimize
differential thermal stresses in the component and piping.
Monitoring will allow for early detection of leaks caused
by thermal expansion.

9. The proper sequence of start-up of the various compo-
nents on a facility should be predetermined and
communicated to all personnel involved. A final check
should be made that all valves are in their proper open or
closed position. The flow path will govern this sequence
to an extent, but the communication of the planned flow
and disposition of the initial hydrocarbons through the
facility is essential to a safe and orderly start-up.

6.6.2 Normal Operating Procedures

The procedures for normal operations should include the
proper process parameters and their tolerances. The design
conditions and safety device set points should be listed for the
various process components so that operations personnel will
have a clear understanding of the normal operating conditions
and their maximum safe range.

Procedures for adjustments, testing, inspection, and routine
maintenance should be included, including those recom-
mended by vendors, Each component should have the impor-
tant operating parameters (such as pressute, temperature,
flowrate, level, speed, or other parameters) clearly defined so
that the operators are aware of what should be monitored.

The expected causes and results of each process parameter
going out of range may also be identified in order to assist
operators in determining and solving process upsets. Correct
response procedures to out of range alarms or shutdowns
should be included.

6.6.3 Shutdown Procedures

The written shutdown procedures should include both
emergency and routine procedures to stop operations safely.
The emergency shutdown procedures should outling the
sequence of events that will happen if the facility’s automatic
system is activated. This should identify the closing of auto-
matic valves, stopping of rotating equipment, and whether
vessels are depressurized. The failure mode of control valves
as well as any equipment left in operation should be identified.

The normal shutdown procedures should outline the
sequence of events to perform the same items as listed above
manually or under the control of operators. These procedures
should cover the draining, flushing and depressuring of the
various process components. Any requited cooling, lubrica-
tion or post-operational procedures recommended by vendors
of specific components should be included.
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7 Hazards Analysis
71 GENERAL

Hazards analysis is a systematic procedure for identify-
ing, evaluating and controlling potential hazards in a facil-
ity. A hazards analysis program should be applied to all
phases of the life of a facility from project inception through
abandonment to assess potential hazards during design, con-
struction and operation., A thorough and accurate assess-
ment of the potential hazards in a facility will minimize the
risk of personnel injuries, loss of equipment, and damage to
the environment.

A hazards analysis alone does not ensure that an adequate
level of safety is provided for a facility. It is only a part of an
overall safety management system. Other areas that must be
addressed include operating procedures, safe work practices,
training and emergency response. Refer to API RP 75 for a
description of how hazards analysis fits in the safety manage-
ment system,

The following sections describe the principal elements of
hazards analysis and the various methods available, discuss
review procedutes to be followed, and outline the guidelines
for selection of an appropriate method.

The minimum acceptable hazards analysis for offshore
production facilities should provide a check for compliance
with standard practice. The use of checklists is the normal
method for reviewing for compliance with standard practice.
Example checklists for hazards analysis of offshore produc-
tion facilities are provided in Appendix A. Drilling, well ser-
vicing and construction ecquipment and activities are not
covered.

7.2 INTRODUCTION

Most of the literature on hazards analysis has been devel-
oped for use by the chemical and petrochemical industries
because of their potential for catastrophic events. In most
cases, these plants house complex processes that frequently
involve new configurations, new feed stocks and products,
and untried operating conditions. Also, the plants frequently
deal with toxic, reactive, unstable and explosive materials that
could present an extreme hazard to plant personnel, the envi-
ronment and the public,

The general direction of hazards analysis has been towards
procedures identifying unforeseen hazards associated with
the process (i.e., reactions, corrosion, decomposition and fail-
ure of controls) and procedures for detailed evaluation and
assessment of the risk associated with the hazard. Most of
these techniques are complex, time consuming and expen-
sive, but they are justified by the degree of hazard and the
consequences of accidents.

In determining appropriate hazards analysis methods, it is
important to consider the differences between these complex
industrial plants and a typical production facility. Compared
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to other industrial plants, production facilities are generally
simple, standard processes with a vast amount of operating
experience and a relatively low inherent risk. This risk is
dependent, to some extent, on location and environment. All
hazards analysis procedures apply to production facilities;
however, the direction and level of effort devoted to hazards
analysis should be relative to the inherent risk. In general, the
more sophisticated techniques for hazards analysis will be the
exception rather than the rule for production facilities.

Hazards analysis alone does not ensure a safe operation.
For most accidents on offshore production facilities, unsafe
work practices, poor operating procedures, poor management
of change and poor maintenance and testing have been con-
tributing factors. These areas must be addressed through
safety management systems before a hazards analysis will be
of much benefit.

7.3 APPLICATION

Hazards analysis is applicable to all phases in the life ¢ycle
of a facility: from project inception through design, construc-
tion, operation and abandonment. It is important to identify
hazards as early as possible; time is needed for adecuate
study and evaluation before determining the most appropriate
golutions to identified hazards. It is relatively easy and inex-
pensive to make modifications early in the design stage of a
project, when changes can be incorporated with minimal
effect on cost or schedule.

Hazards analysis can also be applied to existing facilities;
however, modifications are more difficult and expensive than
during design. In some cases, changes that are justified dur-
ing design may not be practical for an existing facility. As an
example, improvements in layout concepts are not practical
for existing facilities. In fact, the act of making a modifica-
tion to an existing facility introduces an additional risk of an
accident.

The following is a list of hazards analysis activities associ-
ated with phases in the life cycle of a facility:

1. Project Inception
Develop hazard criteria.
Examine for inherent hazards.
Identify additional study or research.
Risk comparison of alternative development concepts.
Identify major safety requirements.
Identify and schedule future safety activities.
2. Preliminary Design
Safety considerations in trade-off studies.
Design requirements and standards.
Define safety systems (e.g., fire and gas).
Preliminary hazards analysis.
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3. Detailed Design
Formal hazards analysis.
Address future change orders.
Develop start-up and commissioning procedure.
Develop hand over procedure.
Develop safety information package.

4. Pre-Start-up
Audit for compliance with codes and standards.
Confirm facility built as designed.
Verify all hazard review recommendations are resolved.
Audit for adequacy of:
Start-up and commissioning procedures.
Operating, maintenance and testing procedures.
Operator training.
Pre-start-up checks and equipment testing.

5. Operation
Periodic hazards analysis.
Management of change.
Periodic audit and update of policy and procedures.
Incident investigations and statistics.

7.4 HAZARDS ANALYSIS CONCEPTS

There are two fundamental steps associated with a hazards
analysis of any process. The first step is hazard control
through compliance with standard practice. The second step
is predictive hazard evaluation, which is required for pro-
cesses without sufficient previous experience or that present
an unusually high risk, The guidelines for selection of one of
the methods for hazards analysis are presented in Section 7.7
based on this concept.

7.4.1 Compliance with Standard Practice

The experience gained by industry in the design and opera-
tion of process plants, including offshore structures, has been
compiled in a series of standard procedures, recommended
practices, company standards, and regulatory requirements
that represent good practice. These documents incorporate
the lessons learned from previous designs and hazards analy-
ses, and accident and incident investigations.

These standard practices have a “built-in” hazards analysis
since the inherent hazards have already been identified and
the standard methods for control of the hazards have been
defined. A high level of safety can be achieved by checking
for compliance with these standard practices in design, con-
struction, operation and maintenance.

Once a process has been thoroughly evaluated, the hazards
are identified, and the controls are defined. Then subsequent
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similar processes can be analyzed by checking that the stan-
dard controls are installed.

A good example of safety through standard practice is
given by API RP 14C, Recommended Practice for Analysis,
Design, Installation, and Testing of Basic Surface Safety Sys-
tems for Offshore Production Platforms. This document was
prepared by first analyzing the basic hazards inherent in pro-
duction facilities and defining the standard measures to con-
trol the hazards.

For example, the hazards associated with production head-
ers have been identified from previous analysis as over pres-
sure and leak. API RP 14C presents guidelines for protective
devices for these hazards including pressure pilots and pres-
sure relief valves to protect against these hazards. Thus,
checking for compliance with these guidelines indirectly pro-
vides a hazards analysis and eliminates the need for a sepa-
rate analysis to identify and evaluate hazards.

The normal method for hazards analysis by compliance
with standard practice is using checklists. The checklists help
determine that design standards and practices are met and that
previously recognized hazards are properly addressed. They
are quick and easy to use and are very effective for control of
common hazards. However, checklists do not provide a cre-
ative format for identifying or evaluating new hazards where
previous expetience is lacking.

7.4.2 Predictive Hazards Analysis

Predictive hazards analysis is an additional step designed
t0 analyze new or significantly different materials, equip-
ment, processes or procedures where compliance with stan-
dard practice may not be sufficient. Predictive hazards
analysis is used to identify and evaluate previously unfore-
seen hazards and unintended events that could lead to an
accident.

Predictive hazards analysis can be viewed as a series of
steps to minimize the inherent risk of a facility by reducing
the probability and consequences of accidents. The natural
order of steps are:

1. Identification of potential hazards.
2. Consideration of risk acceptability.
3. Elimination or mitigation of the hazards.

The results of each step of the process will assist in deter-
mining whether the risk is acceptable or whether the hazards
analysis should continue.

The first step, and by far the most important, is to identify
the types of hazards that are likely to exist based upon the
physical and chemical properties of the fluids being handled,
equipment arrangement, operating and maintenance proce-
dures and the processing conditions.

The second step is to evaluate the risk that an identified
hazard presents to personnel, the facility and the environ-
ment. This normally includes identifying initiating events,
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identifying the accident sequence, estimating the probability
of the accident event sequence and the magnitude of the con-
sequences, and judging the acceptability of the risk,

The final step is to eliminate or mitigate hazards where the
risk is determined to be unacceptable. This consists of identi-
fying opportunities to reduce the probability and/or conse-
quence of the accident. Examples of methods of risk
reduction include;

Changing the process or mechanical design.
Additional hazard detection and protection systems.
Improvements in equipment layout.

. Depressuring systems.

Improved impoundment systems.

Decreased population counts,

. Increased inspection and testing frequencies.

Fa@ o e oo

. Increased audit frequency.

7.4.3 Application to Offshore Operations

Standard design practices evolve with time, based on prior
hazard analysis and review of incidents and near misses.
Therefore, the basic approach to hazards analysis for offshore
facilities should be compliance with standard practice. The
hazards inherent in these facilities are well known, and the
consequences of accidents are generally much less severe
than other industries.

The potential hazards that are associated with an offshore
oil and gas facility arise from the fluids being produced, pro-
cessing systems (particularly systems such as LPG recovery
or gas treating), limited space, and procedures used for oper-
ating and maintaining the facilities.

For production facilities:

a. The basic hazards are flammable and toxic materials, such
as HzS.

b. The initiating event is loss of containment.

¢. The consequences are fires, explosions, personnel injury
and pollution.

d. The mitigation steps are relief and drain systems, fire and
gas detection and protection systems, emergency shutdown
systems, and emergency response procedures.

The recommended approach to hazards analysis on off-
shore facilities is to concentrate on the areas that present the
greatest risk. For low risk facilities, such as unmanned well-
head platforms with minimal processing equipment, the
review should concentrate on checking that the facility will
shut-in upon detection of unsafe conditions. For moderate
risk facilities, such as unmanned production and processing
platforms, the review should additionally concentrate on miti-
gation of an accidental release. This should include fire and
gas detection/protection and ignition prevention.
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For facilities that present the highest risk, such as produc-
tion or processing platforms with living quarters, the review
should additionally concentrate on the effects of an uncon-
trolled release on personnel. This should include layout, fire
or explosion effects, escape and rescue, and emergency
response.

Guidelines for selecting a hazards analysis method for off-
shore production facilities are provided in Section 7.7.

7.5 HAZARDS ANALYSIS METHODS
7.51 Checklist

A checklist is commonly used to verify compliance with
minimal standards and to identify areas that require further
evaluation. A checklist is easy to use and can be used during
any stage of a project life cycle (design, construction, start-
up, operation, and shutdown). A checklist is a convenient
means of communicating the minimal acceptable level of
hazard evaluation that is required for any job.

The checklist is prepared by experienced personnel famil-
iar with the design and operation of the facilities and with
company and industry standards and procedures. Once the
checklist has been prepated, it can then be applied by less
experienced personnel. Checklists are limited by the experi-
ence of the authors and diligence of the users. Checklists
should be audited and updated regularly to incorporate new
experience by the company and industry, including the results
of accident and incident investigations.

A checklist can be as detailed as necessary to satisfy the
specific situation, and it should be applied conscientiously in
order to evaluate whether standard procedures are being fol-
lowed and to identify problems that require further attention.
A checklist is generally the quickest and easiest method of
hazards analysis and is very effective for control of standard
hazards.

Checklists provide a guide to the evaluator of items to be
considered in performing the hazards evaluation. The actual
procedure by which these items are considered and the man-
ner in which it is documented that they have been considered
can vary widely and are at the discretion of the operator.
Appendix A contains two example checklists. These check-
lists should be modified to reflect the operator’s standards,
philosophy and experience.

7.5.2 “What If” Analysis

The “what if” procedure is an unstructured method for con-
sidering the results of unexpected events that could lead to an
undesirable result. This method uses questions that begin
with “what if...” For example, consider a condensate barge
loading operation:

1. What if the loading pump fails to shut down?
2. What if the shutdown valve fails to close?
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3. What if the high-level alarm on the barge fails?
4. What if barge personnel ignore the high-level alarm?
5. What if the barge drifts off location while loading?

This method is not overly concerned with how the “what
if” situation develops. For example, above it is postulated that
the barge high-level alarm can fail, but its exact mode of fail-
ure i not important to this analysis. The analysis team should
be careful not to become unrealistic and begin postulating
unlikely scenarios. Questions should be realistic and be seri-
ously investigated. The questions should be based on the pre-
vious experience of the analysis team and will vary for each
process system. The analysis is only as good as the analysis
teamm is experienced.

The “what if”” analysis can be applied to the design, modifi-
cation or operation phase of an offshore facility. Data utilized
may include process flow diagrams, P&IDs, layout drawing
and operating procedures. The result is a list of problem areas
that potentially lead to accidents and suggested methods/
changes for preventing or mitigating the accidents.

Frequently the “what if” analysis is combined with the
checklist technique. This is referred to as the “what if—
checklist” method.

7.5.3 Hazard and Operability (HAZOP) Study

The HAZOP technique was developed to identify hazards
in all types of process/plants/ facilities, including offshore
platform facilities, and to identify problem areas regarding
the operability of the facility.

A HAZOQP study uses a multi-disciplinary team that works
together to identify hazards and operability problems using a
formal, structured form of the “what if” analysis. The team
leader should be experienced in the HAZOP technique in
order to guide the team through the analysis with “guide
words™ and “process parameters.” The team normally con-
sists of five to seven engineering, operations, and health,
safety, and environmental staff depending on the size and
complexity of the facility. The team members should be very
knowledgeable about the process, equipment and operations.

The guide words and process parameters are applied at
“study nodes” (i.e., specific lines or locations) in the facility
to identify potential problems at those nodes. For example,
the guide word “high” combined with the process parameter
“level” results in questions concerning possible “high level”
deviations from design intent. The team analyzes the effects
of any deviations at the point in guestion (study node) and
determines possible causes for the deviation (e.g., operator
inadvertently opens valve and barge overflows into the
water). If the causes, probabilities and consequences are real-
istic and significant, they are recorded so that further actions
can be taken outside the HAZOP study.

This method can be used during design, modification or
operation of a facility. It ig particularly usefiul during the
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detailed design phase, after P&IDs are complete. It produces
a list of problem areas that could lead to potential hazards or
operability problems, and a list of recommended changes,
suggestions or actions to improve safety or operability.
Requirements include a complete set of process flow dia-
grams, P&IDs, plot plans, equipment layouts and operating
procedures.

Time requirements and effectiveness are directly related to
the size and complexity of the facility and the experience of
the team. Generally, HAZOP is a time consuming method.

7.5.4 Failure Modes and Effects Analysis (FMEA)

FMEA is a tabulation of facility equipment items, their
potential failure modes, and the effects of these failures on the
equipment or facility, The failure mode is simply a descrip-
tion of what caused the equipment to fail. The effect is the
accident, consequence or system response to the failure.

The FMEA identifies single failure modes that can cause-
or contribute to the cause of- an accident. The FMEA is not
useful for identifying combinations of failures that can lead to
accidents. The FMEA may be used in conjunction with other
hazard identification techniques such as HAZOP for special
investigations such as critical or complex instrumentation
systems.

The purpose of a FMEA is to identify equipment failure
maodes and the effect of each failure mode on the process sys-
tem. In the design phase, FMEA can be used to identify the
need for additional protective systems or redundancy. During
facility modifications, FMEA can be used to identify the
effects of field modifications to existing equipment. The
FMEA is also useful during operation to identify single fail-
ures that could result in significant accidents. Because
FMEAs are subjective, the technique requires at least two
analysts who are familiar with the process and the equipment.
The analysts may change from one section of a facility to
another.

A “failure modes, effects, and criticality analysig”
(FMECA) is the same as an FMEA except that the relative
ranking (criticality) of each failure mode i included in the
analysis.

7.5.5 FaultTree Analysis (FTA)

FTA is a deductive technique that focuses on one particular
accident event, often called a top event, and then constructs a
logic diagram of all conceivable event sequences (both
mechanical and human) which could lead to that accident
event. The fault tree is a graphic illustration of various combi-
nations of equipment faults, failures and human errors that
could result in an accident.

As a qualitative tool, FTA is usefull because it breaks an
accident down into the basic failures and errors that could
cause an accident. Tt also allows the analyst to determine the
effect of changing or adding components to a system; e.g.,
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supplying redundant, independent high-level alarms or shut-
downs.

The FTA can be used during design, modification or opera-
tion of a facility. It can be especially useful in analyzing new
or novel processes for which there is no operating history.
The procedure results in a set of logic diagrams that illustrates
how certain combinations of failures and/or etrors can result
in gpecific accidents. The results of a FTA are qualitative, but
can be made quantitative if failure rate data are available for
the failure events. Data requirements for FTA include P&IDs,
equipment drawings and specifications, operating procedures,
knowledge of failure modes, and, where applicable, failure
rate data. Normally, one person is assigned to prepare a single
fault tree for a given accident. This person should have a thor-
ough knowledge of the facility processes. The preparation of
fault trees can be very time consuming for large or complex
facilities.

7.5.6 Other Methods

There are many other hazards analysis methods available
and in use by industry. They include methods such as Event
Tree Analysis, Cause Consequence Amnalysis, and Human
Error Analysis, They vary in purpose, nature of results, man-
power requirements, and time and cost requirements, For
mere in-depth study of other hazard evaluation procedures
refer to “Guidelines for Hazard Evaluation Procedures™ by
the Center for Chemical Process Safety (CCPS).

7.6 REVIEW PROCEDURES
7.6.1 Organization

A hazards analysis is normally performed by a team, but it
can be performed by an individual for simple facilities. The
team or individual should be person(s) knowledgeable in
engineering, operations, design, process and other specialties
deemed appropriate. The effectiveness of a hazards analysis
depends on the skills, knowledge and efforts of the analysis
personnel. At least one person on the team should be inti-
mately familiar with the hazard evaluation procedure being
employed. The size and the complexity of the facility should
dictate the experience bage and number of team members. For
example, a large multi-well processing facility will require
more team experience and members than a single-well facil-
ity. If only one person is employed in the evaluation, that per-
son should not have participated in the original design of the
facility and should be qualified per API RP 75.

7.6.2 Hazards Analysis

Once the hazards analysis team has identified the hazards,
it should evaluate them in terms of the risk they present to
personnel, environment and the facility, It is important to con-
gider a wide range of possible solutions to identified hazards
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and not to expect that every hazard must be controlled by an
alteration in physical design.

The hazards analysis team should make recommenda-
tions to management for mitigating hazards. In most cases,
mitigation of the hazards is simple or obvious and involve
medifications to comply with standard practice. Recom-
mendations are based on the team’s own qualitative risk
assessment. For more significant items, the team may rec-
ommend further investigation or quantitative risk assess-
ment by some other group. Risk assessment considers both
probability and consequence.

7.6.3 Documentation

A written hazards analysis report should be prepared. The
tepott should identify the hazards procedure utilized; identify
the potential hazards; describe any risk assessments; and
include recommendations for application of appropriate safe-
guards, alternatives or corrective actions as may be necessary
for risk mitigation. Management should establish a system to
address the report’s findings and recommendations, docu-
ment the actions taken, and communicate the findings and
recommendations to appropriate personnel.

7.6.4 Corrective Action

Implementing recommendations and preparing follow-up
documentation are normally not the responsibility of the haz-
ards analysis team. However, it is not unusual for members of
the evaluation team to be consulted and even to participate in
this step.

7.7 GUIDELINES FOR SELECTING AN ANALYSIS
METHOD

There are numerous methods available for conducting
hazards analysis on operating facilities or new projects. The
different methods have various applications and benefits, and
they require different levels of effort and resources. Selecting
an appropriate method depends on the level of risk inherent
in the facility. Examples of factors that influence the risk
include size and complexity of the facility, types of hazards,
personnel exposure and proximity to environmentally sensi-
tive areas.
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A hazards analysis that checks for compliance with stan-
dard practice is the minimum requirement for review of oftf-
shore facilities. In general, the checklist method provides this
minitmum level of review for most offshore facilities. In addi-
tion, past incidents and near misses at existing facilities
should be reviewed.

The following guidelines should be used for selecting the
minimum appropriate hazards analysis method:

1. The checklist method for hazards analysis should be
performed regardless of any additional technique that will
be applied. Additional techniques should be used only to
supplement the checklist analysis. (An altemative tech-
nique can be used in lieu of the checklist method if the
technique checks for the same level of compliance with
standard practice).

2. Low risk facilities such as single well caissons and
most unmanned wellhead platforms with minimal process
equipment can be analyzed using a simplified checklist
such as the one shown in Appendix A.1.

3. Higher rigk facilities, including all manned facilities,
can be analyzed using a more detailed checklist such as
the one shown in Appendix A.2,

4, When the checklist analysis identifies areas that cannot
be resolved and require further evaluation, other methods
such as What-If, HAZOP, or Fault Tree can be used. These
methods should be utilized to analyze specific areas or
events and not as a complete analysis in themselves. They
should generally be limited to analyzing the following
areas:

New processes.

Complex control systems.

Toxic material processes.

Unusually high rigk to personnel or environment.

5. When a facility containg new equipment or processes
without previous experience, a HAZOP or FMEA should
be considered to identify hazards associated with these
areas.

6. If a specific undesirable event is to be studied more
closely, a Fault Tree Analysis or other methods should be
considered.



APPENDIX A.1—EXAMPLE SIMPLIFIED CHECKLIST

This example simplified checklist is intended for hazards analysis of low risk facilities such as
single well caissons and most unmanned wellhead platforms with minimum process facilities.
The primary concer in these types of facilities is that production is shut-in on detection of an
abnormal condition.

This checklist should be modified to incorporate the operator’s design standards, philosophy,
and experience. The modified checklist should be updated to incorporate changes in standard
practices and results of accident and incident investigations.

The checklist may be used by an individual if the individual is experienced in the applicable
codes, standards and regulations and is familiar with the operator’s facilities. The analysis should
be documented to show who conducted the analysis, when it was conducted, what information was
covered and any recommendations.

The safety information normally required for this review includes an up-to-date P&ID, SAFE
chart, MAWP of any process equipment, details of any relief or vent system, and a platform layout.

Checklist Questions

1. Is the safety system designed in accordance with API RP 14C? The first step in the review
should normally involve a review of the SAFE chart for compliance.

2. Is piping designed for the maximum shut-in pressure of any input source or adequately pro-
tected per API RP 14C?

3. Do all SDVs fail in the safe position?
4. Are pipeline riser SDVs or FSVs located below the lowest process level if practical?

5. Have relief and vent systems (if any) been determined to be adequately sized and properly
located?

6. Are there adequate start-up, operations, shutdown, maintenance, inspection, and testing pro-
grams and procedures in place?

7. Are there any unusual materials, equipment or circumstance that may require additional
review?

Note: It is not the intention of API to present this as an approved checklist. This checklist is included to illus-
trate the types of things the operator might wish to consider but is neither all inclusive nor mandatory.

Each operator should develop its own checklist which may or may not reflect the specific ques-
tions included in this appendix. The checklist should represent the operator’s judgement of what is
necessary to establish compliance with good engineering practice. It is anticipated each operator
will develop its own checklist system which could contain questions not included in this appendix,
not include questions contained in this checklist, or be organized in a form that the operator finds
eagier to complete and audit.
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APPENDIX A.2—EXAMPLE DETAILED CHECKLIST

Page No
INTRODUCTION ...oecveerecreeresiesiestessessssssasrssassassassassassssssssssssassansansansasessessessesssssssassassasssssssssssestansansansansbeareareareatermareareantenssassasrass 44
REQUIRED INFORMATION/SCOPE ... oovveeeceeeeseeerassssersesensssasssesseasessestsssssssssmssnssssssesesssssassostsssorassssssessonsesessesessonssassnses 44
PROCEDIURRE ......ociieierierrerieresrisresressessessessssioniosiosiosssssssssssssassstostontonssnssnssmssmasssrsssasssssasassassassassassassassassis st nsansarsssassassestesassassassns 44
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Note: It is not the intention of API to present this an as approved checklist. This checklist is included to illustrate the types of things the operator
might wish to consider but is neither all inclusive nor mandatory.
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The checklist should represent the operator’s judgement of what is necessary to establish compliance with good engineering prac-
tice, It is anticipated each operator will develop its own checklist system which could contain questions not included in this appen-
dix, not include questions contained in this checklist, or be organized in a form that the operator finds easier to complete and audit.
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INTRODUCTION

This appendix provides an example detailed checklist for
hazards analysis of medium to high risk offshore production
facilities. The checklist and methodology presented below
attempt to identify design errors and potential safety hazards
through the use of a list of questions intended to stimulate
thought and discussion,

This example checklist should be moedified to incorporate
the operator’s design standards, philosophy, and experience.
The modified checklist should be updated to incorporate
changes in standard practices and the results of accident and
incident investigations.

The example checklist questions provided in this appendix
cover areas where errors have occurred. Many of the ques-
tions are a result of problems identified in previous reviews or
incidents. This checklist does not cover areas where errors are
seldom made by design personnel. Consequently, a check-
list should be used only for reviewing a thorough and
complete design, and not as a method for designing a
facility.

REQUIRED INFORMATION/SCOPE
The following information may be required by this check-
list procedure:

Basis of Design Piping and Valve Specifications

Material Safety Data Sheets* Flare and Vent System Data
Electrical One Line Diagram*  Logic Diagrams*

Electrical Area Classifications  Process Flow Diagram and P&IDs

Equipment Arrangements SAFE Charts
Fire Protection and Safety Cause and Effect Charts*
System Layout
Building Plans* Equipment Data Sheets
Operating Procedures® PSV and Conirol Valve Data
Sheets

* These documents may not be required to perform the minimum
hazards analysis for a facility. These documents should be reviewed
if they exist, but developing these documents may not be justified for
facilities where they do not already exist. Some of this information,
if not available, may have to be developed if identified as a concern
during the review.

It is recommended that this package be maintained
throughout the life of a facility to provide the basis for future
modifications and hazards analyses.
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PROCEDURE

The hazards analysis should begin at the earliest opportu-
nity to minimize the effects of any changes in the design. For
new projects, the hazards analysis team should be organized
at the beginning of the detailed design phase of the project.
The documents in the Safety Information Package can be
reviewed individually or in groups as soon as they are in final
form.

The team should consist of project personnel, operations
personnel and at least one experienced person not involved
directly in the design or operation of the facility. The bulk of
the analysis may be performed by individuals or small groups
organized by discipline. The analysis should be conducted or
chaired by an individual other than the originating engineer.
The example checklist is organized into the following areas to
facilitate discipline reviews:

Review Content Useful Documentation
General General Basis of Design
Layout Material Safety Data Sheets
Emergency Process Flow Diagrams (PFDs)
Response Equipment Arrangement
Escape and Rescue
Process SAFE Chart PFDs and P&IDs
Piping and Valves SAFE Chart
Equipment Cause and Effect
Flare and Vent Equipment Data Sheets
Systems PSV and Control Valve Data
Drain Systems Flare and Vent System Design
Piping and Valve
Specifications
Systern Surface Safety SAFE Chart
Systems Cause and Effect Chart
P&IDs
Logic Diagrams
Electrical One Line Diagrams
Area Classification Drawings
Equipment Arrangement
Fire and Process Area Equipment Arrangement
Gas Buildings and Fire Protection and Safety
Enclosures System Layout
Quarters Building Plans
Mechanical Construction Equipment Data Sheets
Materials Equipment Arrangement
Piping Piping and Valve Specifica-
Quarters tions
Helidecks
Structural
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Each question in the checklist should be studied closely to
stimulate thought and to identify potential problems. There is
no requirement to document that each question has been
answered “yes” or “no.” The evaluators should use the check-
list questions as guides.

The checklist questions are not necessarily meant to be
“requirements for safe design.” In many cases they are pro-
vided to encourage evaluators to consider options. [t should
be expected that a review of an existing facility will result
in more undesirable answers than a review of a new design
because of the additional safety risk associated with field
modifications. The operator should carefully review the
need to modify existing facilities to meet current design in
light of manning levels, complexity of operations, ade-
quacy of operating practices and procedures, level of opera-
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tor training, and additional safety risk associated with field
modifications.

REPORTING

The analysis should be documented to show who con-
ducted the analysis, when it was conducted, what information
was covered, and any recommendations. Identified hazards
and recommendations resulting from the checklist questions
could be summarized on a form similar to the example pre-
sented at the end of the example checklist. Each entry refers
to the corresponding checklist question number where the
problem was identified. These entries are based on the haz-
ards analysis team’s assessment and the discussions with the
project team or operations and engineering staff involved.
Entries should only be made for areas of concern.
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1. GENERAL FACILITY CHECKLIST
LA General.

1Al

LA2

LA3

LA4

1LAS

Have the following hazards been adequately
addressed? Have methods of eliminating or
controlling these hazards been considered?

Blowout.

Wellhead and process fires and explo-
sions.

Pipeline riser failure.
Weather.

Impacts and collisions.
Falling objects.
Human etror.

Site specific conditions.

Is there anything unusual about the facility,
such as new equipment or processes, com-
plex control, ete., that may require a more
thorough safety review (e.g., HAZOP)?

Has the operability of the process been con-
sidered in the design? (Systems that are com-
plex, difficult to operate, maintain, or could
result in excessive shutdowns will likely be
operated incorrectly or disconnected.)

Have safety system testing requirements
been defined? Does the design allow these
requirements to be met?

Have all materials in the process been identi-
fied and classified as “hazardous™ and “non-
hazardous?” For each hazardous material:

* Has the material safety data sheet been
reviewed?

* Have the hazards associated with transfer
and storage of the material been
addressed?

* Has a handling procedure been developed
to protect personnel?

1.B Layout.
General

1B.1

Are living quarters, control room, radio
room, etc., located to reduce exposure to
potentially hazardous process equipment, the
wellhead area, and from high noise sources
and hot exhausts?
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1.B.2

1B.3

1.B4

1.B.5

1.B.6

1LB.7

1.B.8

1.B.9

1.B.10

1B.11

Are there any fired equipment, compressors,
generators, or engine exhaust equipment
located where the exhaust could affect heli-
copters? Is the helideck located on the pre-
vailing upwind side of the platform?

Do any pipeline risers come up the structure
below the living quarters area? If so, what
protection against riser failure has been pro-
vided?

Has the installation of future equipment,
platforms or pipelines been considered?
{Past experience has shown that laying pipe-
lines or maneuvering matine equipment near
an existing facility can be very difficult if
pipeline laying equipment or anchor lines
have to cross existing pipelines.)

Has the separation of fuel and ignition
sources been considered in the layout of plat-
form equipment?

Have the sources of ignition been minimized
in the process and wellbay areas?

Have means of “natural ventilation™ been
considered for wellhead areas, pig launchers
and receivers, and equipment exhausts?

Have the effects of prevailing winds been
considered on escaping hydrocarbons or
gases from the flares, vents, wells or other
equipment?

Has routing of hydrocarbon piping through
utility and life support areas been mini-
mized?

Are the cranes located so the supply boats
and laydown areas are reached with a mini-
mum of lifting over process and wellhead
areas, or over any equipment or piping which
contain hydrocarbons? If this is not possible,
has dropped-object protection been consid-
ered for critical equipment?

Have the following requirements been met:

* Crane cabin(s) located so the crane opera-
tor has free view of all areas?

« Adequate lighting provided for crane
operations?

= Hatches or deck extensions provided for
cargo handling?

* Adequate reach and capacity for process
and utility equipment maintenance?
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Egress

1.B.12 Are there two paths of escape?
LB.13 Have the following requirements been met:

« All doors open in the direction of the
escape routes?

= All stairways, passageways and boat
landings are illuminated?

« Do major passageways and stairs allow
for means for the evacuation of personnel
on stretchers?

1.B.14 Are all escape paths from the quarters ade-
quately protected from fire to allow for safe
evacuation of personnel?

L.B.15 Have firewater hose stations been positioned
outside the gquarters to provide maximum
coverage and to provide for safe evacuations?

1.C Emergency Response/Medical.

1.C.1 Have provisions been made to accommodate
personnel in the event of an emergency (bad
weather, delayed transportation, required
overnight surveillance of an operation/test,

etc.)?

1.C.2 Have the following requirements been met;
*  Medical cabinets/kits for each location?
* Stretchers?

= Byewash stands and showers near batter-
ies and near chemical storage and purmp-
ing areas?

« Capability to communicate with the cen-
tral facility/complex from an unmanned
platform?
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LD

+ Capability to communicate with vessels
or shore?

1.C.3 Have provisions have been made for emer-
gency care during installation, hook-up and
commissioning?

Escape and Rescue,
Survival Crafts/Lifeboats/Liferafts

LD.1 Is the capacity of survival crafis and lifeboats
or liferafts sufficient for 100% of the maxi-
mum number of personnel on the facility at
one time, including visitors?

LD.2 Are the survival crafislifeboats/liferafts
located in positions to maximize the escape

routes provided?

1.D.3 Has consideration been given to using knot-
ted ropes as a last-resort form of escape in
situations where other means of escape may

not be accessible?
Survival Equipment
1.D.4 Have the following requirements been met;

 Life jackets for maximum number of per-
sons on the platform?

* Storage bins for the life jackets?

LD.5 If survival kits are being provided for the
personnel, has adequate space been provided
in the quarters or mustering areas to store
these kits? (A survival kit could be any com-
bination of a life jacket, smoke hood, emer-
gency Dbreathing apparats, flashlight,
survival suit, etc.)
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2. PROCESS CHECKLIST
2.A SAFE Chart.

2A1

Has a review of the SAFE chart been per-
formed to check for compliance with API RP
14C?

Do major process headers such as produc-
tion, gas lift, and injection headers comply
with API RP 14C, Section A3.2, and are they
covered in the SAFE charts?

Has the double PSH/SDV concept for pres-
sure protection of pipelines and manifolds
been carefully considered? (This may not be
as reliable as pressure relief valves. Pressure
switch settings are frequently changed over
the life of a field.)

Has an evaluation been made to determine if
SDVs, FSVs, or a combination should be
installed on departing pipelines?

Piping, Valves and Instruments.

Piping

2B.1

Have production headers been designed for
the maximum pressure of any incoming pro-
duction well/riser or process stream up to the
separator inlet? If not, are there any valves
that could isolate the header from the pres-
sure protection?

Where spec breaks are found downstream of
control wvalves, is overpressure protection
provided before the next downstream block
valve or restriction?

Are bleed valves installed on segments of
piping that can be isolated between block
valves?

Are there situations where piping may be
exposed to temperatures well below or above
design due to:

* Auto-refrigeration of light ends? (This
can be a problem with large pressure
drops across control valves in high pres-
sure gas and condensate service.)

+ Failure of a temperature control loop?

Is heat tracing specified for piping where
water freezing is possible due to accumula-
tion or intermittent service in cold weather?

Will the inadvertent operation of a manual or
automatic valve or combination of valves
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2.B.7

(including valve leaks) result in overpressure
of piping or equipment?

Have connections between the process and
service water been avoided? (For example,
inadvertent operation of block valves in a jet
water system could allow crude to get into
the service water system and subsequently
contaminate the toilets or firewater system.)

Are all vents and drains specified?

« Are their ratings consistent with the ves-
sel design pressure and temperature?

+ Are all drains valved and, where requited,
plugged. capped or blinded?

« Are double valves provided on regularly
used pressure drain connections for ves-
sels with quick-opening valves nearest the
vessels?

* Are vents that are not normally or fre-
quently opened plugged, capped or
blinded?

+ [s there an adequate vent (or vent capabil-
ity) on all vessels that are planned for
manual entry?

Check Valves

2.B.9

2.B.10

2.B.11

2.B.12

2.B.13

For each check wvalve, will failure of the
check valve to seal result in overpressure or
other hazard? (Check valves are used to min-
imize backflow and should never be
depended upon to completely isolate a part
of the system from another part that remains
under pressure. A check valve should be
assumed to leak.)

Are check valves installed and properly
located, such as:

«  Downstream of control valves?
* In pump discharge lines?
*  Where lines tie into common headers?

Are the check valves designed to work in the
installed position (e.g. vertical/horizontal)?

Control Valves

On failure of control medium or signal, does
the control valve fail in the least hazardous
position?

Have provisions been made in the design for
failure of a single control valve in which the
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2.B.14

valve sticks in the opposite position from the
design failure position?

Will any mode of control valve failure result
in overpressuring ot other risk to equipment
or piping, downstream or upstream? For
example:

+ Are upstream vessels between a source of
pressure and the control valve designed
for the maximum pressure when the valve
closes?

+ Can the design temperature be exceeded?

2.B.15 Can the pressure rating of the downstream
gside of self-contained regulators be
exceeded?

Locked Valves

2.B.16

2B.17

For locked-open or locked-closed valves:

+ What is the justification for having the
valve locked?

* Has a system for communicating the rea-
sons for locking each wvalve been pro-
vided?

» Are the procedures for unlocking the
valve clear?

Have any temporary valves been installed to
facilitate future tie-ins? Have they been
capped, plugged or blinded?

Pressure Relief Valves (PSVs)

2.B.18

2.B.19

2.B.20

Are PSV set points staggered in multiple
valve installations? (Staggering will reduce
chattering and minimize relief losses and
upsets for relief situations lower than the
design capacity. ASME allows a set pressure
of 105% of MAWP and an accumulation
pressure of 116% of MAWP for multiple
valves. One PSV must be set at or below the
MAWP.)

Are provisions made for testing and mainte-
nance of PSVs?

Are PSVs sized for the worst case failure
scenario, including:

= Isolation of both liquid and gas outlets?
« (Gas blow-by from upstream separators?
« Failure of upstream control valves?

+ Thermal relief for fire exposure?
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2.B.21

2.B.22

2823

2.B.24

2.B.25

«  Utility failure?
* Failure of blanket gas regulators?

(Designs which depend on a check valve to
provide isolation should be carefully scruti-
nized, especially if failure of the check valve
could significantly increase the total flow to
the relief device.)

In situations where flow restrictions due to
piping, an orifice, or a control valve limit the
required capacity of a PSV, have the effects
of future modifications been considered?
(API Standards allow consideration of flow
limitations due to upstream equipment when
determining the required capacity of a PSV.
However, future operating parameters may
require changing valve trims, orifice sizes,
ete.)

Is PSV installed upstream of the mist elimi-
nator on vessel?

Are thermal PSVs installed for fire exposure
or liquid expansion on sections of process
piping that;

* Are isolated from other PSVs by auto-
mati¢ valves on an ESD and,

* Contain large volumes of hydrocarbons
ot,

*  Are liquid packed?

Are thermal PSVs installed for liquid expan-
sion on equipment where an increase in tem-
perature might exist or develop, after
shutdown, between the trapped process lig-
uid and its environment? (A component con-
taining a cold liquid that is isolated on a
shutdown could easily result in overpressure
as the liquid warms to ambient temperature.
The failure of a check valve to hold a tight
seat should not be counted as a means of
limiting pressure increase from thermal
expansion.)

In cases where a single PSV protects multi-
ple lines and vessels, are there any scenarios
where one component could be isolated from
the PSV due to:

*  Maintenance isolation?
+ Plugging from hydrates or sand?

* Inadvertent closing of a manual valve?
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2.B.26

Does the PSV setting allow for static head
and frictional losses upstream and down-
stream of the PSV?

Application. Have the following general con-
cerns been addressed:

« [Is PSV materials selection consistent with
corrosiveness, auto-refrigeration, etc.?

+ Is heat tracing required to avoid inlet
plugging by congealing/freezing?

» If balanced bellows or pilot-operated
PSVs are considered for congealing or
viscous liquids services, are they ade-
quately adapted for these severe condi-
tions?

« In toxic service, are vents from balanced
bellows or pilots routed to a safe location?

2.B.28 For PSVs with an upstream rupture disk

(PSE):

+ [s the piping between the PSE and PSV
continuously vented to atmosphere to pre-
vent pressure build up?

» [If vent contains excess-flow check valve,
18 a pressure gauge provided?

+ If a burst disk (PSE) is installed in the
PSV inlet, is the capacity of the PSV and
burst disk, in combination, derated to
90% of the rated PSV capacity?

2.B.29 Piping

* Are inlet and outlet line diameters the
same or larger than PSV inlets and out-
lets?

« Are inlet and outlet line ratings consistent
with the PSV nozzle ratings?

« Are all maintenance isolation valves on
PSV inlets or outlets locked open and
covered by a locked valve procedure?

* [g the PSV inlet line pressure drop less
than 3 percent of set pressure or is the
PSV a remote sensing or a modulating
pilot operated relief valve designed to
prevent chatter?

» Is the maximum built-up back pressure at
the PSV outlet less than 10 percent of set
pressure? (Less than 50 percent for bal-
anced bellows or pilot operated?)
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« Do PSV outlet lines enter the sides or top
of the relief header?

+ Are inlet lines off process lines located in
active flow portions of the lines, and do
they come off the sides or tops of the
lines?

2.B.30 Where PSV outlet line velocities are greater

than 75 percent of sonic, has the superim-
posed back pressure been adequately evalu-
ated?

2.B.31 Have back pressures been calculated for the

actual PSV sizes and associated flow rates
for the piping configuration installed?

2.B.32 For PSVs with atmospheric discharge:

« Is there adequate liquid capacity above
the high level shutdown on vessels to
allow time to shut off inflow before liquid
is carried over?

+ Are PSV discharges piped to a safe area?

* Has ignition of the discharge been con-
sidered?

2.C Flare and Vent System.

2C1

2.C2

2C3

2.C4

2.C5

2.C.6

2.C.7

Have scrubbers been provided where needed
to prevent liquid carryover? Are lines self-
draining towards the scrubber?

Have multiple high and low pressure compo-
nents been tied into the same flare or vent
gystem, without taking worst case back pres-
sure into account?

In flare/vent system design, has provision
been made for:

* Low temperature effects?

« Line and scrubber supports to withstand
acceleration forces created by high veloc-
ity liqquid slugs?

Are flame arresters installed on atmospheric
vents? Are they located at the discharge of
vents or designed for self-draining of down-
stream condensation?

Are flame arresters accessible for routine
inspection and maintenance?

Would ignition of the vent not expose per-
sonnel to excessive thermal radiation rates?

Are flame arresters tested and approved for
the specific application?
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2D

2C8

2.C9

Is purge gas provided for vent and flare head-
ers?

Have extinguishing systems been provided
for the vent tip?

Drain System.

2D.1

2D.2

2.D.7

Are open and closed drain systems com-
pletely segregated?

Are open drains from classified and unclassi-
fied areas segregated?

Are there any block valves in the drain sys-
tem located downstream of pressure compo-
nents that could result in over pressure? Has
hydrate plugging been considered?

In closed drain systems, have the down-
stream sump and vent systems been designed
to adequately handle the maximum rates
from drain valves that are inadvertently left
open? Is the header rated for the maximum
built-up back pressure due to open drain
valves on high pressure components?

Are any draing from pressurized process
lines and vessels piped directly into atmo-
spheric (open) hydrocarbon draing or sewer
systems?

On closed drain headers:

» Is the header material suitable for the
maximum and minimum temperatures
expected from discharging into it (includ-
ing auto-refrigeration)?

* Is heat tracing required because the sys-
tem may receive heavy crude or water {(or
moisture) which may solidify?

Are all vents and drains specified?

+ Are their ratings consistent with the ves-
gel design pressure and temperature?

= Are all drains valved and, where required,
plugged, capped or blinded?

« Are double valves provided on regularly
used pressure drain connections for ves-
sels with quick-opening valves nearest the
vessels?

* Are vents that are not normally or fre-
quently opened plugged, capped or
blinded?
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+ Is there an adequate vent (or vent capabil-
ity) on all vessels that are planned for
manual entry?

2.E Equipment.
Pipelines and Risers

2E1l

2E2

2E3

2EA4

Are SDVs and FSVs on pipeline risers
installed below the lowest process level, or
otherwise protected against thermal and/or
mechanical damage?

Are all connections (i.e., pressure taps)
installed on the inboard side of an incoming
or departing pipeline SDV? (Depressuriza-
tion of the pipeline cannot be controlled if an
outboard connection fails.)

Are suitable provisions made for pressuriz-
ing and blowing down of pipelines?

Are rigers suitably protected from collision
from boats?

Pressure Vessels

2ES

2.E.6

2.E7

2ES

If installed, are shutdown valves located as
close to the vessel outlet nozzles as possible?

Has automatic or remote manual vapor
depressurization been installed for pressure
vessels? (If depressurization is utilized, see
Section 4.7 of this RP)

Are vessels designed for full vacuum where:

* Failure of downstream equipment, such
as a recycle valve failure on a compressor,
could impose a vacuum?

* Improper pump out or draining could
impose a vacuum?

Are safety devices (pressure, temperature,
level, flow, etc.) installed in locations and
with set peints that will effectively prevent
an unsafe situation before it occurs? For
example:

* Are high (or low) level shutdowns located
below (or above) the elevation of the out-
let it is trying to protect?

+ Are pressure sensing devices and PSVs
located upstream of mesh pads or other
restrictions?

+ Are shutdown devices located to allow
sufficient time to isolate the source of the
problem (e.g., close an SDV) before car-
ryover or blow-by occurs?
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« Are instrument bridle connections located
to avoid plugging?

Atmospheric Vessels

2.E9

2.E.10

2E.11

Is adequate vacuum protection provided on
atmospheric  vessels? (Failure scenarios
which could cause abnormal liquid draw-
down or vapor evacuation should be investi-
gated, Many atmospheric tanks have been
collapsed due to improper manual draining
procedures.)

Have liquid overflow lines been adequately
designed to prevent siphoning?

Are liquid inlets located to prevent static
electricity build up during filling?

Centrifugal Pumps

2.E12

2E13

Is the pressure rating of pump discharge pip-
ing suitable for the greater of:

»  Normal pump suction pressure plus maxi-
mum differential pressure developed by
the pump (e.g., blocked discharge)?

+ Maximum pump suction pressure (e.g.,
suction vessel relieving pressure) plus
normal differential pressure developed by
the pump?

*+ Maximum specific gravity of pumped
fluid combined with either of the above?

Are suction piping and valves rated for full
discharge pressure or are other means of suc-
tion over pressure provided (e.g., relief
valves):

+ Where one pump in a set of parallel
pumps is shut down?

* Where there is an altemate source of
pressure at least equal to pump discharge
pressure in the discharge line of a single
pump?

*  Where the discharge line volume is suffi-
cient to overpressure the suction piping if
the pump is shut down and a suction valve
is closed?

2.E.14 s a discharge check valve installed to pre-

vent backflow?

2.E.15 Is a minimum flow recycle provided to pre-

vent pump damage due to low flow and over-
heating?
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2.E.16

2.E17

Are multiple seals and inner seal failure sen-
sors installed on high pressure liquid hydro-
carbon pumps to minimize leaks?

Are start-up suction screens provided?

Positive Displacement Pumps

2.E.18

2.E.19

2E20

2.E.21
2.E.22

2E.23

2.E.25

2.E.26

Is the pump discharge piping protected by a
relief valve upstream of the first block valve?

Are suction piping and valves rated for full
discharge pressure or are other means of suc-
tion overpressure provided (e.g., relief
valves)?

Is there a discharge check valve to prevent
backflow?

Are start-up suction screens provided?

Do all pumps handling combustible or toxic
fluids have cast or forged steel fluid ends?

If pump is V-belt or chain driven, is there a
completely enclosed guard?

Are drain and vent connections on pumps
handling toxic or combustible fluids tied to
the closed drain system?

Are pump motors and controls designed
propetly for the area classification where
they are installed?

Are both the pump and driver adequately
protected from pressure fluctuations by pul-
sation devices on the suction and discharge
of the pump if required?

Is the fluid velocity in the suction and dis-
charge piping within the guidelines of API
RP 14E?

Are both the pump and driver protected by
vibration sensors?

Are screwed connections adequately braced
for vibration?

Centrifugal Compressors

2.E30

2.E31

Is suction over pressure protection provided
for:

«  Maximum settle-out pressure after a shut-
down?

« Backflow via recycle loop?
= Surge valve failure?

Is discharge over pressure protection pro-
vided for:
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2.E.32

2.E.33

2E34

2.E.35

2.E.36

COPYRI GHT Aneri can

« Anticipated in  molecular

weight?

*  Overspeed?

changes

+ Blocked discharge at maximum suction
pressure?

Is high temperature protection provided for;
= Loss of process cooling?

* Changes in molecular weight?

Is there chance of mechanical damage from:
« Liquid carryover?

+  Surge?

¢« Reverse rotation? (Are check valves
installed on each stage discharge?)

* Air entry into machine?

« Excessive Speed? (Is overspeed cutout
provided?)

Is the potential for a leak and fire limited by
providing;

+  Remote shutdown?
« Isolation valves?

Are shutdown valves located outside of any
enclosure?

For centrifugal compressor seal oil systems
with overhead seal oil and run down lube oil
tanks:

+ Is overflow protection provided for the
geal oil overhead tanks?

(The comipressor can lose its seal if the over-

head tank overflows, This can result in oil
flowing to the compressor case and conse-
quent damage to the compressor, possibly
leading to the release of hydrocarbon gas.)

= Are all overhead seal oil tanks designed
for maximum seal oil pump discharge
pressure for compressor trains with multi-
ple stages on a common shaft?

{Overhead seal oil tanks are typically sup-
plied from one seal oil pump. As such, the
pump must be capable of delivering oil to the
overhead tanks with the highest operating
pressure, which would be the tank for the
highest stage. The lower stage overhead
tanks must be suitably protected against
overpressure from the seal oil pump.)

PetroleumInstitute
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2.E37

2.E38

* Has the effect of seal oil dilution on the
seal oil overhead tank level control
scheme been considered when processing
a gas stream containing heavy gas com-
ponents?

(Level control malfunction [due to seal oil
dilution with condensation from heavy
hydrocarbons in the reference gas line] may
occur if the seal oil overhead tank tempera-
ture is below the hydrocarbon’s dew point.
Loss of level may result in loss of seal in the
compressor with subsequent damage and
possibly a gas release.)

For centrifugal compressor seal oil systems
with backup seal oil pumps:

+ I3 the power supply independent so that
the pump will function regardless of the
cause of compressor shut-in?

For all compressor seal oil systems:

» Is seal oil degassing tank vent line capac-
ity adequate to handle blow-by from a
seal oil trap?

(The pressure rating of the seal oil reservoir
is typically given in inches of water. Blow-by
gas from a seal oil trap can be driven by sev-
eral thousand psi. The reservoir vent must be
sized to handle corresponding flow rates
without overpressuring the reservoir.)

= Is the seal oil reservoir designed to pre-
vent static charge accumulation?

Positive Displacement Compressors

2.E.3%

2E40

Is overpressure protection provided for:
* Backflow through recycle loop?

— PSVs for low pressure stages sized for
maximum recycle,

— Consideration of parallel machines.

— Restriction to limit recycle flow - high
pressure machines

* Blocked discharge (PSV required)?

Is protection provided to reduce the possibil-
ity that the design temperature is exceeded
from:

* Loss of cooling?
— Feed or recycle gas.

— Cylinder jacket cooling water.
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« Running on total recycle?
+ Low suction pressure?

2.E.41 Is protection provided to reduce the possibil-
ity of mechanical damage from:

+ Liquid carryover?
» Air entry into machine?

2.E42 Are shutdown valves located outside of any
enclosure?

Heat Exchangers

2.EA43 Is adequate overpressure protection provided
for:

« Shutoff against maximum pressure
source?
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— Upstream, downstream, thermal
expansion (trapped cold side).

* Extemnal fire contingency?
« Tube leak or rupture?
2.E.44 Can design temperatures be exceeded from:

+ Maximum upstream temperature at
source?

* Bypassing of upstream heat removal
equipment?

+ Loss of flow on cold side?

2.EA45 Are shell and/or tubes rated for vacuum,
where required?
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3. SYSTEMS CHECKLIST

3.A Surface Safety System.

Shutdown Valves

J.All Have wvalve testing requirements been
accounted for in the valve actuator and pilot
valve configuration? In the access to the
valve?

3.A.2 Are external environmental conditions con-
sidered in the shutdown valve design? For
example,

» Salt air comosion of actuator spring
return.,

+  Mechanical damage to pilot valve or sole-
noid valve.

« Damage or corrosion to air accumulator
tank, if used.

« Damage or corrosion to phneumatic or
hydraulic tubing and connections.

Motor Control

3.A.3 Have Hand/Off/Auto control switches been
specified? If so, can the safety system over-
ride a motor left in the Hand position?

Input Sensors (Transmitters, Transducers,
Switches)

3J.A4 Does the installation of sensors put priority
on minimizing process lags, eliminating
plugging and freeze-up problems, etc.?

3.A.5 Areigolation valves in plain sight and acces-
sible for operation?

J.A.6 On critical sensors, can the process signal to
the sensor be independently checked (by a
pressure gauge, for example)? Can sensors
be easily and accurately calibrated?

A7 Are low flow detection devices located
downstream of points where leakage is the
greatest concern?

3.A8 Are temperature sensing devices located in
continuously active flowstreams?

System Hardware

3.A9 Are process control and safety systems sepa-
rated? This includes:

«  Sensing devices.

+ Power supplies.
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* Branch air regulators (beyond main distri-
bution header).

* Process sensing lines (valved level bri-
dles, pressure taps).

3.A.10 Have components that could hinder or defeat
the shutdown function through improper
adjustment been identified and minimized
and a system implemented to prevent unau-
thorized or undocumented changes? Such as:

« Timing relays?
* Restriction orifices, needle valves?

= Trip function requiring multiple pressure
switches set at the same value?

3.A.11 Is the system designed to clearly indicate its
status? Examples:

+  Normal/bypass.
*  Running/tripped.
»  System fault/system OK.

3.A.12 Can the system give clear (first out) indica-
tion of the cause of shutdown?

3.A.13 Where maintenance bypasses are used, do
they bypass the minimum number of func-
tions to allow on-line maintenance? Have
timed bypasses been considered?

Logic Philosophy

3.A.14 Has the system logic considered offsite con-
ditions? Examples:

» Shutdown on adjacent platforms.

» Bridge landing ESD stations.

* Import/export pipeline upset.

«  Utilities failures (partial and total).

3.A.15 Where the operator is required to manually
respond to emergency conditions, has con-
sideration been given to the following:

* Does he/she have sufficient information
to correctly interpret the condition?

+ Is the information presented in a simple,
direct format allowing for stressful condi-
tions which may be present?

* Do alarm settings, location of controls,
etc., allow enough time to respond?
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3B

Logic Development

J.A16

3.A17

3.A.18

3.A19

Do all elements of the shutdown system,
including controls on packaged units, follow
the same philosophy?

Has the control logic provided positive lock-
out after shutdown? Does the tripped indica-
tion inform the operator that a reset step is
required?

Is the reset procedute clear and simple,
reducing the need for resetting several differ-
ent pieces of equiptment?

Is “first out” annunciation indicated?

Electrical System.
Area Classification

3B.1

3.B.2

3B3

3B4

3.B5

3.B.6

3.B.7

Are extents of Class 1, Division 1 and Divi-
gion 2 areas clearly shown on area classifica-
tion plans and elevations?

Are flammable liquids, gases, and vapors
handled, processed, and stored away from
areas in which unclassified equipment is
located?

Has vapor tight design/construction of walls
and barriers that form division boundaries
been confirmed?

Have drilling and recompletion-remedial
work been considered in the electrical equip-
ment layout? (During drilling/well workover
operations, all available deck space is often
used for extra tanks, piping, trailers, logging
equipment, etc. This equipment could corm-
promise the “normal operating™ conditions
on which Area Classifications are based.)

Has normal maintenance been considered in
determining area classification?

Is process gas being used as supply for
instruments? If so, was this considered in
determining area classification?

Have decisions been made involving
whether or not any areas should be classified
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3B3

3.B.9

as “enclosed” and whether all enclosed areas
are adequately ventilated in determining area
classifications?

If adequate ventilation and/or pressurization
is the technique used to reduce area classifi-
cation or de-classify an area, is the source of
fresh air outside the classified area? If so, has
automatic shut-off of electrical power to
potential arcing devices been provided on
detection of loss of ventilation pressurization
resulting in an accumulation of gas or
vapors?

Are combustible gas detection devices used
to reduce the clagsification of enclosed
areas? If so, do they shut-off electrical power
to all devices which would not be suitable for
the classified area if gas detectors had not
been installed?

Equipment

3.B.10

3.B.11

3.B.12

3.B.13

3.B.14

3.B.15

3.B.16

Have equipment -certification/labeling/list-
ing requirements (¢.g., NRTL listing) been
checked?

Is all electrical equipment installed in classi-
fied locations suitable for the location?

Are Class 1 gases and vapors grouped and
identified per Table 3.5 of API RP 500 (e.g.,
Group A, B, C or D)? If so, are thermal rat-
ings of electrical devices in accordance with
NEC Table 500-3(d)?

Have Hand/Off’Auto control switches been
specified? If so, can the safety system over-
ride a motor left in the Hand position?

Has access to emergency shutoff devices
been considered in design?

Do all disconnect switches and breakers have
lockout provisions?

Are all non-cutrent carrying metallic parts of
the electrical system properly grounded?
(This can be achieved through proper
grounding of connected cable and conduit
gystems.)
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4. FIRE AND GAS SYSTEM CHECKLIST
4.A Process Area.
Fire and Gas Detection

4.A.1 Does the detection system provide the fol-
lowing:

= Isolation of the hydrocarbon sources?

+ Indication of the location of undesirable
event?

« Activation of an adequate audible/visual
alarm system?

4.A.2 If fusible loop heat detection is used, have
zone layout and panel construction allowed
for periodic testing and inspection?

4.A.3 Is fusible loop tubing well protected from
mechanical damage, especially in well bays?

4.A.4 If optical flame detection is used, does the
installation avoid false alarms due to light-
ning, flares, etc.? (False alarms undermine
operator confidence and encourage system
bypassing/ignoring.)

4.A.5 Is the bypass status of the fusible loop panel
indicated to the operator at all times?

Fire and Gas Protection

4.A.6 Has deluge been considered for any vessel,
header, equipment or wellhead areas that
contain high inventories of hydrocarbons?

4.A.7 If a deluge system is installed:

+ Are deluge valves installed to permit test-
ing?

* If deluge valves are isolated or bypassed,
is this properly indicated to the operator?

+ Have provisions been made to prevent
plugging of deluge lines and valves due to
sediment or cotrosion products?

4.A.8 Has the use of firewalls been considered to
separate the higher risk areas, such as fired
equipment, from the unfired process equip-
ment and storage tanks? (Has the use of fire-
walls between decks been considered as
well?)

4.A.9 Can the effectiveness of firewalls be compro-
miged in any way, such as by a door remain-
ing open?
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4B

4.A.10

4.A.11

4.A.12

4.A.13

4.A.14

4.A.15

4.A.16

4.A.17

4.A.18

Can all areas of the platform be protected
from two different directions? (Protection
methods could include fire hoses, fire moni-
tors, wheeled extinguishers, etc.)

If provided, are fire monitors located in the
most effective locations? Will the stream
path be blocked by any other equipment such
as a wellhead, a manifold or a structural
member? Can a person easily get to and
away from the monitor?

Are fire hoses located near all stairways and
exits?

Are the dry chemicals on the structure com-
patible with their intended use?

Is there an ABC dry chemical extinguisher or
equivalent located on at least one stairway
exit from the helideck? (There must be one at
all fueling stations.)

If the platform is manned, is there a fire
pump(s) capable of maintaining the water
discharge at the required rate and pressure?
(The system could include the deluge, fire
monitors and fire hoses.)

Is the fire pump caisson(s) protected from
collision?

Do the AFFF reels have the capability to
switch between a water stream only and a
water-foam stream?

If fire-fighting clothing is provided, are the
responsible personnel trained in its use?
(Past experience indicates that fire-fighting
clothing and equipment are burdensome and
awkward to those who are not propetly
trained in their use.)

Buildings and Enclosures.

Fire and Gas Detection

4B.1 Do zone layouts of building fire detection
systems provide for clear identification of
alarm source?

4.B.2 Are normally unattended areas covered?

4B.3 Is the system compatible with platform

alarms for other facilities within the same
area of operation?

*  Alarm tones?
* Manual stations?

*  Alarms transmitted to central points?
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4.B.7

4.B.8

Does a detector fault initiate an alarm?

Are air intakes located to minimize ingestion
of smoke or flammable gases and located in
unclassified locations? Have combustible gas
detectors been considered for air intake
areas?

Is there sufficient back-up power (e.g., a bat-
tery) to the electrical source supplying the
detection system?

Are manual fire alarm stations located at
each exit?

Have provisions been made to maintain and
test the detection system?

Fire and Gas Protection

4.B.9

4.B.10

4.B.11

4.B.12

4.B.13

Has consideration been given to the isolation
of air intakes if fire or gas is detected?

Does gas detection isolate electrical power to
eliminate ignition sources?

Is an automatic inverting or extinguishing
agent system installed? [s a tme delay pro-
vided to allow personnel to escape before the
system is discharged?

Are all pathways to exits free of obstruc-
tions?

Are windows, doors and the material in fire-
walls of the same fire or blast rating as the
firewallg?
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4.B.14 If an enclosure contains a potentially explo-

sive substance, has a means of venting the
explosion been provided?

4,C Quarters.
Fire and Gas Detection

4.C.1

4.C.2

Are heat detectors located in hallways ade-
quately spaced? Are smoke detectors located
in each sleeping room? Do equipment and
other rooms comntain potential ignition
sources?

Can the audible fire/smoke alarm(s) be
prominently heard from all locations within
the quarters?

Fire and Gas Protection

4.C3

4.C4

4.C.5

4.C.6

Are fire and smoke barriers fitted in appro-
priate positions in the void spaces of the
quarters ceilings to prevent migration?

Are all escape paths from the quarters ade-
quately protected from fire to allow for safe
evacuation of personnel?

Have the appropriate number and type of
portable or semi-portable fire extinguishers
been provided within the quarters?

Have firewater hose stations been positioned
outside the quarters to provide maximum
coverage and to provide for safe evacua-
tions?
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5. MECHANICAL CHECKLIST

5.A Construction Materials.

5.A.1 Have steel materials been used in hydrocar-
bon service, where feasible (no aluminum,
brass, cast iron, etc.)?

5.A.2 Are materials in sour service in accordance
with NACE requitements?

5.A.3 Are material specifications in accordance
with ANSI B31.3 and ASME Boiler and
Pressure Code, Section VIII?

5.A4 Are there other special requirements for
matetials which should be addressed?

5.B Piping.

5.B.1 Have stresses and movements due to thermal
expansion Or contraction been considered in
piping systems?

5.B.2 On piping that operates above 160°F, has
adequate thermal protection for personnel
been provided?

5.B.3 Are all vent, flare and relief lines self-drain-
ing?

5B.4 Have all packing vents, vents from pilot-
operated PSVs, etc., been routed to a safe
location outside of any enclosure?

5.B.5 Have dead legs been avoided to prevent cor-
rosion?

5.B.6 Are all walkways firee of obstructions?

5.B.7 Have the number and length of high pressure
pipelines that cross the working areas been
minimized?

5B.8 Are supports on PSV discharge piping
designed for the fluid reaction force when the
PSV operates?

5.B.9 Is there access to critical valves for operation
and maintenance?

5.B.10 Is all piping in vibrating service adecuately
supported? Has screwed piping been
avoided?

5.C Quarters.

General Layout and Design

5.C.1 Is a suitable fire wall provided on the side
facing the process area?
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5.C.2 Are there at least two primary means of
escape from each floor?

5.3 Do exits give ready access to life-saving
equipment?

5.4 Have adequate medical treatment facilities
been provided? Is the entrance to the treat-
ment facility situated to allow the easy trans-
port of a person on a stretcher?

5.C.5 Are the following designed to meet building
requirements for width, height, incline, etc.:

*  Stairways?

+ Aisles and passageways?
* Hatches?

« Railings?

» Elevators, if applicable?

5.C.6 Has adequate space been made available to
store personnel protective gear, such as life
vests, emergency breathing apparatus, ete.?

5.C.7 Have walkways on the exterior sides of the
quarters building opposite the operational
areas been considered to provide safe ave-
nues of egress?

5.C.8 Has the use of windows, especially on the
process side of the quarters, been minimized
as much as possible?

Construction and Materials

5.C.9 Have fireproof materials been used for con-
struction of the quarters?

5.C.10 Have non-skid materials been used on stairs
and in entry ways? Shower and washing
areas?

Emergency Exits

5.C.11 Are exits on the same floor located as far
opposite each other as practical? Are the exit
paths laid cut in such a way as to avoid dead
ends?

5.C.12 Do common areas exceeding 300 ft2, or hav-
ing an occupancy capacity of 50 persons or
more, have a minimum of two doors, located
at opposite sides of the room?

5.C.13 Do the doors used for emergency exits open
outward in the direction of escape? Are they
equipped with safe opening mechanisms?

5.C.14 Are all exits properly marked and lighted?
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5D

Lighting
5.C.15 Has adequate lighting been provided at all
entry ways, passageways and stairs?

5.C.16 Is emergency lighting along exitways located
such that evacuation of the quarters can be
executed safely?

5.C.17 Ts emergency lighting provided in key areas
(such as the medical treatment room, offices
and galley) to allow for continued operation
or proper execution of emergency proce-
dures?

5.C.18 In the event of total power failure, including
main and emergency, have provisions been
made for lighting in the quarters to facilitate
an orderly exit?

Utilities

5.C.19 Have the hazards associated with any fuel
gas to the quarters been addressed?

35.C.20 Is there an alarm installed on the incoming
fuel gas system to detect pressure loss/
increase?

5.C.21 Do hot water heaters have a combination
thermal/pressure valve that is set to relieve at
the water tank design working pressure or
126 psig and 210°F, whichever is the lesser?
Does the relief vent terminate at a safe loca-
tion outside the building?

5.C.22 Are gas-fired heaters equipped with an auto-
matic shutoff and manual reset for fuel gas
and pilot gag upon loss of the pilotflame?

5.C.23 If storage spaces are provided within the
quarters, have provisions been made to elim-
inate the storage of flammable or toxic mate-
rials there?

Helidecks.

General Design

5.D.1 Is the helideck designed to accommodate the
largest sized helicopter expected to land on
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S.E

it? Has consideration been given to handling
two helicopters if the need arises?

5.D.2 Is the approach path obstruction free? Have
any obstructions been adequate marked?
Have precautions been taken so that a crane
that can reach the approach path will not be

operating during landings and takeoffs?

5.D.3 Has a non-skid type surface that adheres to

the deck been used?
Accessories
5.D.4 Have the following requirements been met;

« Safety fence or solid safety shelf around
the perimeter of the helideck?

+ Tie-down rings for the applicable number
of helicopters?

«  Wind indicator?
+ Lighting (for night operations)?

5D.5 If a fueling system is being provided, is it
located on a separate level from the
helideck? Is it located so as to minimize the
rigk of damage in the event of a helicopter
crash?

Structural.
5.E.1 Have the following requirements been met:

* Non-skid surfaces on all steps and land-
ings for stairs and ladders?

* Railings around permanent openings in
the decks, walkways, platforms and stair-
ways?

S5.E.2 Have railings with toeboards been pro-
vided for any area on the outside perimeter
of all decks or passageways (with the
exception of the helideck) which are
located over frequented arcas and/or are
over open sea?



HAZARDS ANALYSIS WORKSHEET
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Page ____of ____

Figure A-1—Hazards Analysis Worksheet
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APPENDIX B—ANALYSIS OF EXAMPLE LAYOUTS

In designing a platform, the need to separate fuel from
ignition sources by the greatest distance practical, and to sep-
arate a concentration of personnel (as in the living quarters)
from fuel sources and machinery areas, is inherently incom-
patible with the limited space available, Equipment that
would be separated by large distances (i.¢., tens, hundreds or
even thousands of feet) onshore because of availability of
space or for convenience, must be accommodated within a
limited amount of space offshore. Safe offshore platform
design requires considerable thought and application of
guidelines that, no matter how carefully applied, will inevita-
bly result in trade-offs or compromises.

Three representative deck layouts follow. Each illustrates
the trade-offs involved in developing a design based on the
recommendations of this RP. The advantages and disadvan-
tages of each design are listed—but are not exhaustive. The
main purpose of the analyses is to demonstrate that no design
can be free of disadvantages; the best that can be hoped for is
an acceptable compromise with a relatively few number of
disadvantages.

B.1 Figure B-1
B.1.1 NEGATIVE POINTS
B.1.1.1 Main Deck

1. The gas compressor is located on the main deck relatively
close to the living quarters. An alternate location that
would overcome this disadvantage would be at the other
end of the platform, with the compressor cantilevered out-
board of the well bay area. However, in this location, a
compressor package would block access to the wells
when using a jack-up unit,

Methods of mitigation for the compressor in the location
shown would include fire detection and automatic water
deluge. The firewall shown provides additional isolation
between the living quarters and the compressor.

2. The fired oil treaters and the fired glycol reboiler represent
additional instances where sources of fuel and ignition
cannot be separated. To reduce the consequences of a fire
or explosion, it may be advisable to install a firewall to
isolate these vessels from the living quatters and the com-
pressor, and to provide additional fire detection and auto-
matic fire water deluge.

B.1.1.2 Cellar Deck

1. Electric motor-driven hydrocarbon handling equipment
{oil shipping pumps, LACT units, vapor recovery units,
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etc.) may be a major source of fuel and ignition. When
seals and bearings become worn, leaks occur and heat is
generated. Fuel may come into contact with hot surfaces,
causing hydrocarbon fires to occur even though the motor
is properly rated for the environment in which it is placed.
This hazard can never be eliminated and can only be miti-
gated through inspection, proper preventive maintenance
and by having a fire detection and suppression system
installed in appropriate proximity to this equipment.

2. The air compressor is located in relatively close proximity
to unfired process equipment, which through malfiunction
could become a source of hydrocarbon vapor that could
be ingested into the cylinders of the air compressor,
resulting in combustion. To reduce the chance of this
occurring, it may be advisable to install gas detectors on
the suction inlet to the air compressor. This gas detection
gystem could then be used to shut down the air compres-
sor. Alternatively, a remote source of inlet air could be
considered. A fire detection and automatic fire water del-
uge system may also be used as a further precaution.

3. Oil and gas pipeline risers are located in the middle of the
platform in close proximity to other scurces of fuel such
as separators and LACT unit. A rupture of a riser and
subgequent fire might eventually involve these fuel
sources. Moving the pipeline risers closer to the wellhead
area would mean that the wells could be endangered, and
moving them closer to the other end of the platform
would place the risers closer to the living quarters. Plac-
ing the risers at the opposite end of the platforms from
the quarters may be an acceptable compromise except in
the case where the subsea lines may be endangered by a
jack-up rig.

B.1.2 POSITIVE POINTS

B.1.2.1 Main Deck

1. The well bay area is located at opposite end of the plat-
form from the living quarters, providing the maximum
separation practical.

2. The area around the well bay area is adequate for access
by a jack up drilling or workover rig.

3. All fired vessels are on main deck. In the event of a fire,
flame would not impinge on overhead equipment,

4. The living quarters are cantilevered to provide maximum
separation both horizontally and vertically from hydrocar-
bon sources and machinery.
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B.2 Figure B-2
B.2.1 MAIN DECK

B.2.1.1

1.

Negative Points

The generator, a source of noise, ignition, and fuel, is part
of the living quarters package. Mitigation methods would
include gas and fire detection and fire suppression.

. The flare scrubber and tower at the wellhead end of the

platform impede access to the wells by jack up or on-
board drilling rig.

. The gas compressor, a source of noise, fuel, and ignition,

is relatively close to the living quarters, A firewall would
provide greater isolation.

Unfired process vessels (high and low pressure separa-
tors) are close to machinery areas and living quarters.

B.2.1.2 Positive Points

1.

Heat recovery on the compressor can be used to eliminate
direct fired process vessels.

. A generous amount of space has been provided for lay

down area for crane loads.

. The living quarters are located in corner of the deck as far

as practical from machinery and process equipment. The
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4.

quarters building is equipped with firewalls on the two
sides facing machinery and process equipment.

Escape routes from the quarters are not blocked by
machinery or equipment.

B.2.2 CELLARDECK

B.2.21 Negative Points

1.

The well bay area is almost enclosed on its three outboard
gides by well manifolds and other equipment that would
impede egress or access in case of a blowout or well fire.

. Test separators are located in the well bay area and could

be relocated to the unfired process area on the cellar deck.

The large oil storage tank represents a significant source
of fuel located in the center of the platform. Possible miti-
gation measures may include fire detection and suppres-
sion (e.g., aqueous film-forming foam).

The fire pump is located in close proximity to hydrocar-
bon handling equipment. It should be better isolated from
source of fuel and ignition.

The work shop area is in relatively close proximity to the
hydrocarbon processing area, placing sources of ignition
close to sources of fuel.
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B.3 Figure B-3
B.3.1 NEGATIVE POINTS

1.

The well bay area is immediately adjacent to the living
quarters building—a detriment in case of well blowout
and fire. A firewall offers some protection.

. The wellhead area is largely enclosed by the living quar-

ters, machinery and process vessels and piping, thereby
restricting egress and access in case of a well fire or blow-
outs.

. The oil processing area is in close proximity to the gas

compressor. A firewall separating the two may offer some
protection.

Fire detection and suppression are options which may
mitigate some or all of the above.

The electric generator (a source of both fuel and ignition)
is located in the base of the living quarters building. Miti-
gation could include fire detection and suppression.
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Center bay layout of wells impedes access by jackup-rig,
onboard drilling rig or workover rig.

The gas compressor is located directly beneath oil treaters
and gas scrubbers. A solid deck could separate the com-
pressor from the equipment above it, and fire detection
and automatic fire water deluge may be installed to miti-
gate the effects of fire above and below this separating
deck.

B.3.2 POSITIVE POINTS

1.

The pipeline riser and flare tower are at the opposite end
of the platform from the living quarters.

. Process machinery and process vessels are relatively far

away from the living quarters.

Located in the base of the living quarters, the fire pump is
isolated from the process area.

Heat recovery units for the glycol reboiler and oil treating
eliminate the need for fired process vessels.
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APPENDIX C—INDUSTRY CODES, GUIDES, AND STANDARDS*

A. American Bureau of Shipping (ABS)

1

2.

Rules for Building and Classing Mobile Offshore
Drilling Units

Rules for Building and Classing Steel Vessels

B. American Iron and Steel Institute (AISI)

AISI Steel Products Manual, Stainless and Heat
Resisting Steels

C. American National Standards Institute (ANSD)

1.

10,

11,
12,
13.

14,

15.
16.

*The

ANSI/IEEE Std. 100-1984. IEEE Standard Dictionary
of Electrical and Electronics Terms

ANSI B2.1, Pipe Threads

ANSI B16.5, Steel Pipe Flanges, Flanged Valves, and
Fittings

ANSI B16.9, Factory-Made Wrought Steel Buttweld-
ing Fittings

ANSI B16.10, Face-to-Face and End-to-End Dimen-
stons of Ferrous Valves

ANSI B16.11, Forged Steel Fittings, Socket-Welding
and Threaded

ANSI Bl16.28, Wrought Steel Buttwelding Short
Radius Elbows and Returns

ANSI B31.3, Petroleum Refinery Piping
ANSI B31.4, Oil Transporiation Piping

ANSI B31.8, Gas Transmission Piping and Distribu-
tion Piping Systems

ANSI B36.10, Wrought-Steel and Wrought-Iron Pipe
ANSI C2, National Electrical Safety Code (NESC)

ANSI C84.1, Voltage Ratings for Electric Power Sys-
tems and Equipment (60 Hz)

ANSI C57.12.70, Terminal Markings and Connec-
tions for Distribution and Power Transformers

ANSIY14.15, Electrical and Electronics Diagrams

ANSI Y32.9, Graphic Symbols for Electrical Wiring
and Layout Diagrams used in Architecture and Build-
ing Construction

user should use the latest edition of these codes, guide-

lines and standards.
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D.

17.

18.

19.

ANSI Y32.11, Graphical Symbols for Process Flow
Diagrams

ANSI Z21.52, Standards for Gas Fired Single Fire
Box BRoilers

ANSI Z32.2.3, Graphical Symbols for Pipe Fittings,
Valves, and Piping

American Petroleum Institute (APT)

1.
2.

10.

11.

12,

13,

14.

15.

16.

APT Spec Q1, Specification for Quality Programs

API RP 2A-LRFD, Recommended Practice for Plan-
ning, Designing, and Constructing Fixed Offshore
Platforms

API RP 2D, Recommended Practice for Operation
and Maintenance of Offshore Cranes

API RP 2L, Recommended Practice for Planning,
Designing, and Constructing Heliports for Fixed Off-
shore Platforms

API RP T-2, Recommended Practice for Qualification
Programs for Offshore Production FPersonnel Who
Work with Anti-Pollution Safety Devices

API Bul 5A2, Bulletin on Thread Compounds for
Casing, Tubing, and Line Pipe

API Spec 3B, Specification for Threading, Gaging,
and Thread Inspection of Casing, Tubing, and Line
Pipe Threads

API Spec 3L, Specification for Line Pipe
API Spec 6A, Specification for Wellhead Equipment
API Spec 6D, Specification for Pipeline Valves

API Spec 11P, Specification for Packaged High Speed
Separable  Engine-Driven  Reciprocating Gas
Compressors

API RP 11R, Recommended Practice for Eleciric
Submersible Pump Installations

API Spec 12B, Specification for Bolted Tanks for
Storage of Production Liquids

API Spec 12D, Specification for Field Welded Tanks
Jor Storage of Production Liquids

API Spec 12F, Specification for Shop Welded Tanks
Jor Storage of Production Liquids

API Spec 12P, Specification for Fiberglass Reinforced
Plastic Tanks
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17

18.

19,

20.

21.

22,

23,

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

COPYRI GHT
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. API RP 12R1, Recommended Practice for Setting,
Maintenance, Inspection, Operation and Repair of
Tanks in Production Service

API Spec 14A, Specification for Subsurface Safety
Valve Equipment

API RP 14B, Recommended Practice for Design,
Installation, and Operation of Subsurface Safety
Valve Systems

API RP 14C, Recommended Practice for Analysis,
Design, Installation and Testing of Basic Surface
Safety Systems for Qffshore Production Platforms

API RP 14E, Recommended Practice for Design and
Installation of Offshore Production Platform Piping
Systems

API RP 14F, Recommended Practice for Design and
Installation of Electrical Systems for QOffshore Pro-
duction Platforms

API RP 14G, Recommended Practice for Fire Pre-
vention and Control on Open Type Offshore
Production Platforms

API RP 14H, Recommended Practice for Use of Sur-
Jace Safety Valves and Underwater Safety Valves

Offshore

API RP 55, Recommended Practice for Oil and Gas
Producing and Gas Processing Plant Operations
Involving Hydrogen Sulfide

API RP 75, Development of a Safety and Environ-
mental Management Program for Quter Continental
Shelf Operations and Facilities

API RP 500, Recommended Practice for Classifica-
tion of Locations for Electrical Installations at
Drilling Rigs and Production Facilities on Land and
on Marine Fixed and Mobile Platforms

API RP 505, Recommended Practice for Classifica-
tion of Locations for Electrical Installations ar
Petroleum Facilities Classified as Class 1, Zone 0,
Zone 1 and Zone 2

API RP 510, Pressure Vessel Inspection Code

API RP 520, Recommended Practice for Design and
Installation of Pressure-Relieving Svstems in Refiner-
ies, Parts Land Il

API RP 521, Guide for Pressure Relief and Depres-
suring Systems

API Std 526, Flarnged Steel Safety Relief Valves

API RP 540, Recommended Practice for Electrical
Installations in Petroleum Processing Plants
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34.

35.

36.

37.

38.

39,

40.
41,

42,

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

APL RP 550, Manual on Installation of Refinery
Instruments and Control Systems, Parts I and IT

API Std 600, Steel Gate Valves (Flanged or Buttweld-
ing Ends)

API Std. 602, Carbon Steel Gate Valves for Refinery
Use (Compact Design}

API Std 617, Centrifugal Compressors for General
Refinery Service
API Std 618, Reciprocating Compressors for General
Refinery Service

API Std 620, Design and Construction of Large,
Welded, Low-Pressure Storage Tanks

API Std 650, Welded Steel Tarnks for Oil Storage

API Std 660, Shell-and-Tube Heat Exchangers for
General Refinery Service

API Std 661, Air-Cooled Heat Exchangers for Gen-
eral Refinery Service

API 5td 1104, Standard for Welding Pipelines and
Related Facilities

. API RP 1111, Recommended Practice for Design,

Construction, Operation and Maintenance of Off-
shore Hydrocarbon Pipelines

API Std 2000, Venting Atmospheric and Low-Pres-
sure Storage Tanks

API RP 2003, Protection Against Ignitions Arising
Out of Static, Lightning, and Stray Currents

API Guide for Inspection of Refinery Equipment,
Chapter VI, Pressure Vessels (Towers, Drums, and
Reactors)

API Guide for Inspection of Refinery Equipment,
Chapter IX, Fired Heaters and Stacks

API Guide for Inspection of Refinery Equipment,
Chapter XII1, Afmospheric and Low-Pressure Storage
Tanks

API Guide for Inspection of Refinery Equipment,
Chapter XV, Instruments and Control Equipment

API Guide for Inspection of Refinery Equipment,
Chapter X VI, Pressure-Relieving Devices

API PSD 2216, Ignition Risk of Hot Surfaces in Open
Air

API Medical Research Report EA 7301, Guidelines
on Noise

Fugitive Hvdrocarbon Emissions from Petroleum
Production Operations, Volume I and Volume I1
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E. American Society of Heating, Refrigeration, and Air

Conditioning Engineers (ASHRAE)

1. ASHRAE Handbook and Product Directory, Systems

Volume

2.  ASHRAE Handbook—Fundamentals

F. American Society of Mechanical Engineers (ASME)
1. ASME Boiler and Pressure Vessel Code—Section I,

Power Boilers

2,  ASME Boiler and Pressure Vessel Code—Section TI,

Material Specifications

3. ASME Boiler and Pressure Vessel Code—Section IV,

Heating Boilers

4, ASME Boiler and Pressure Vessel Code—Section V,

Nondestructive Examinations

5. ASME Boiler and Pressure Vessel Code—Section
VTII, Pressure Vessels, Divisions I and IT

6. ASME Boiler and Pressure Vessel Code, Section IX,
Qualification Standard for Welding and Brazing Pro-
cedures, Welders, Brazers, and Welding and Brazing

Operators

G. American Society of Testing and Materials (ASTM)
1. ASTM AS3, Specification for Welded and Seamless

Steel Pipe

2. ASTM AI105, Specification for Forgings, Carbon

Steel, for Piping Compornents

3. ASTM AI106, Specification for Seamless Carbon
Steel Pipe for High-Temperature Service

4. ASTM A153, Specification for Zinc Coating (Hot-

Dip) on Iron and Steel Hardware

5. ASTM A193, Specification for Alloy-Steel and Stain-
less Steel Bolting Materials for High-Temperature

Service

6. ASTM A194, Specification for Carbon and Alloy
Steel Nuts for Bolts for High-Pressure and High-Tem-

perature Service

7. ASTM A234, Specification for Piping Fittings of
Wrought Carbon Steel and Alloy Steel for Moderate

and Elevated Temperatures

8. ASTM A333, Specification for Seamless and Welded
Steel Pipe for Low-Temperature Service

9. ASTM A354, Specification for Quenched and Tem-
pered Alloy Steel Bolts, Studs, and Other Externally

Threaded Fasteners
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10. ASTM D-323, Standard Test Method for Vapor Pres-
sure of Petroleum Products—The Reid Method

11. ASTM F1166, Standard Practice for Human Engi-
neering Design for Marine Systems, Equipment and
Facilities

H. Canadian Standards Association (CSA)

1. CSA Standard C22.1 Canadian Electrical Code, Part 1

2. CSA Standard C22.2 No. 30, Explosion-Proof Enclo-
sures for Use in Class I, Hazardous Locations

3. CSA Standard C22.2 No. 157, Intrinsically Safe and
Nown-Incendive Eguipment for Use in Hazardous
Locations

4. Hazardous Locations, a Guide for the Design, Con-

struction, and Installation of Electrical Equipment,
John Bossert and Randolph Hurst

Factory Mutnal Research Corporation (FM)

1. Approval Standard 3600, Electrical Equipment for
Use in Hazardous (Classified) Locations, General
Requirements

2. Approval Standard 3610, Intrinsically Safe Apparatus
and Associated Apparatus for Use in Class I, II, and
I, Division I, Hazardous (Classified} Locations

3. Approval Standard 3611, Electrical Equipment for
Use of Class I, Division 2, Class I, Division 2, and
Class III, Divisions 1 and 2, Hazardous (Classified)
Locations

4. Approval Standard 3615, Explosion-Proof Electrical
Equipment General Requirements

5. Approval Standard 3620, See NFPA No. 496

6. Approval Standard 3810, Electrical and Electronic
Test, Measuring, and Process Control Equipment

7. Approval Standard 6310-6330, Combustible Gas

Detectors

J. Gas Processors Suppliers Association (formerly Natu-

ral Gas Processors Suppliers Association)

Engineering Data Books

K. Hydraulics Institute

1. Standards for Centrifugal, Rotary, and Reciprocating
Pumps

2. Pipe Friction Manual
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L. INuminating Engineering Socicty (IES)

1.

2.

3.

TIES RP-1, American National Standard Practice for
Office Lighting

IES RP-7, Americarn National Standard Practice for
Industrial Lighting

IES Lighting Handbook

M. Institute of Electrical and Electronics Engineers
(IEEE)

L.

10.

11.

12.

IEEE Std. 45, Recommended Practice for Electric
Installations on Shipboard

IEEE Std. 141, Recommended Practice for Electric
Power Distribution for Industrial Plants

[EEE Std. 142, Recommended Practice for Ground-
ing of Industrial and Commercial Power Systems

IEEE Std. 242, Recommended Practice for Protection
and Coordination of Industrial and Commercial
Power Systems

IEEE Std. 303, Recommended Practice for Auxiliary
Devices for Motors in Class I, Groups A, B, C, and D,
Division 2 Locations

IEEE Std. 315, Graphic Symbols for Electrical and
Electronics Diagrams

IEEE Std. 383, Standard for Type of Test of Class IE
Electric Cables, Field Splices, and Connections for
Nuclear Power Generating Stations

IEEE RP 446, Recommended Practice for Emergency
and Standby Power Systems for Industrial and Com-
mercial Applications

IEEE 8td. 450, Recommended Practice for Mainte-
nance, Testing, and Replacement of Large Lead
Storage Batteries for Generating Stations and
Substations

IEEE Std. 484, Recommended Practice for Installa-
tion, Design, and Installation of Large Lead Storage
Batteries for Generating Stations and Substations

[EEE Std. 485, Recommended Practice for Sizing
Large Lead Storage Batteries for Generating Stations
and Substations

IEEE Std. 515, Recommended Practice for the Test-
ing, Design, Installation, and Maintenance of
Electrical Resistance Heat Tracing for Industrial
Applications
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N.
1.
2,

10.

11.

12,

13.

14.

15.

16.

0.

Instrument Society of America (ISA)
ISA RP 7.1, Preumatic Control Circuit Pressure Test

ISA RP 12.1, Recommended Practice for Electrical
Instruments in Hazardous Atmospheres

ISA S8 12 .4, Instrument Purging for Reduction of Haz-
ardous Area Classification

ISA RP 12.6, Recommended Practice for Installation
of Intrinsically Safe Systems for Hazardous (Classi-
fied) Locations

ISA § 351,
Identification

ISA 5 12,12, Electrical Equipment for Use in Class 1,
Division 2 Hazardous (Classified) Locations

ISA § 12.13, Part 1, Performance Requirements for
Combustible Gas Detectors

ISA RP 12.13, Part II, Installation Operation and
Maintenance of Combustible Gas Detection
Instruments

Instrumerntation  Symbols  and

ISA § 12.15, Part 1, Performance Requirements for
Hydrogen Sulfide Detection Instruments (10-100
ppm)

ISA RP 12.15, Part II, Installation, Operation and

Maintenance aof Hydrogen Sulfide Detection
Instruments

ISA RP 42.1, Nomenclature for Instrument Tubing
Fittings
ISA RP 60.9, Piping Guide for Control Centers

ISA S 20, Specification Forms for Process Measure-
ment and Control Instruments, Primary Elements and
Control Valves

ISA S 51.1, Process Instrumentation Terminology

Electrical Instruments in Hazardous Locations,
Emest C. Magison. ISBN: 87664-376-4

Electrical Systems for Oil and Gas Production Facili-
ties. ISBN:1-55617-127-7

National Elecirical Manufacturers Association

(NEMA)

1
2.

NEMA MG 1, Motors and Generators

NEMA MG 2, Safety Standard for Construction and
Guide for Selection, Installation, and Use of Electric
Motors and Generators

NEMA MG 10, Energy Guide for Selection and Use
of Polyphase Motors

NEMA VE 1, Cable Tray Systems
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NEMA ICS 2, Standards for Industrial Control
Devices, Controllers and Assemblies

NEMA ICS 2.1, Seismic Testing of Moior Control
Centers

NEMA ICS 6, Enclosures for Industrial Controls and
Systems

P. National Association of Corrosion Engineers (NACE)

1.

2.

NACE Std. MR-01-75, Sulfide Stress Cracking Resis-
tant Metallic Materials for Oil Field Equipment

NACE Std. RP-01-76, Corrosion Control on Steel,
Fixed Offshore Platforms Associated with Petroleum
Production

Q. National Fire Protection Association (NFPA)

1.

10.

11.

12.

13.

14,

NFPA No. 30, Flammable and Combustible Liquids
Code

NFPA No. 37, Standard for the Installation and Use
of Stationary Combustion Engines and Turbines

NFPA No. 69, Explosion Prevention Systems
NFPA No. 70, National Electrical Code

NFPA No. 77, Recommended Practice on Static
Electricity

NFPA No. 78, Lightning Protection Code

NFPA No. 90A, Standard for the Installation of Air
Conditioning and Ventilating Systems

NFPA No. 91, Standard for the Installation of Blower
and Exhaust Systems for Dust, Stock and Vapor
Removal or Conveying

NFPA No. 101, Life Safety Code--Code for Safety to
Life from Fire in Buildings and Structures

NFPA No. 321, Standard on Basic Classification of
Flammable and Combustible Ligquids

NFPA No. 325M, Fire Hazard Properties of Flamma-
ble Ligquids, Gases, and Volatile Solids

NFPA No. 493, Standard for Intrinsically Safe Appa-
ratus and Associated Apparatus for Use in Class 1, 11,
and III, Division I Hazardous Locations

NFPA No. 496, Standard for Purged and Pressurized
Enclosures for Electrical Equipment in Hazardous
(Classified) Locations

NFPA No. 497 A, Recommended Practice for Classifi-
cation of Class I Hazardous (Classified)} Locations for
Electrical Installations in Chemical Process Areas
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15.

16.

17.

18.

19,

20.

NFPA No. 497M, Manual for Classification of Gases,
Vapors, and Dusts for Electrical Equipment in Haz-
ardous {Classified} Locations

NFPA SPP-11A, Industrial Heating and Pressure
Equipment

Electrical Insmallations in Hazardous Locations,
Schram & Eatley, First Printing, December 1988.
ISBN:0-87765-356-9

Electrical Installations in Hazardous Locations, P. ].
Schram and M. W. Earley

National Fire Code Volume 6, Sprinklers, Fire Pumps
and Water Tanks

National Fire Code Volume 8, Portable and Manual
Fire Control Equipment

R. Underwriters Laboratories, Inc. (UL)

1.

10.

11.

UL 595, Standard for Marine-Type Electric Lighting
Fixtures

UL 674B, Safety Standard for Electric Motors and
Generators for Use in Hazardous Locations, Class 1,
Groups C and D

UL 698, Safety Standard for Electric Industrial Con-
rol Equipment for Use in Hazardous Locations,
Class I, Groups A, B, C, and D, and Class I, Groups
E Fand G

UL 783, Electrical Flashlights and Lanterns for Use
in Hazardous Locations, Class I, Groups C and D)

UL 844, Standard for Electric Lighting Fixtures for
Use in Hazardous Locations

UL 1604, Electrical Equipment for Use ir Hazardous
Locations, Class I and II, Division 2, and Class III,
Divisions I and 2

UL 913, Standard for Intrinsically Safe Apparatus
and Associated Apparatus for Use in Class I, I, and
III, Division 1, Hazardous (Classified) Locations

UL Product Directories (Red and Green Books)

Bulletin of Research No. 58, An Investigation of Fif-
teen Flammable Gases or Vapors with Respect to
Explosion-Proof Electrical Equipment

Bulletin of Research No. 58A, An Investigation of
Additional Flammable Gases or Vapors with Respect
to Explosion-Proof Electrical Equipment

Bulletin of Research No. 58B, An Investigation of
Additional Flammable Gases or Vapors with Respect
to Explosion-Proof Electrical Equipment
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APPENDIX D—GOVERNMENT CODES, RULES AND REGULATIONS

A. Code of Federal Regulations (CFR)

. Title 29, Part 1910, Occupational Safety and Health

Standards

Title 30, Part 230, Qil and Gas and Sulphur Opera-
tions on the Outer Continenial Shelf

Title 33, Subchapter C, Aids to Navigation, Part 67,
Aids to Navigation on Artificial Islands and Fixed
Structures

Title 33, Subchapter N, Outer Continental Shelf
Activities, Parts 140 through 147

Title 33, Part 153, Control of Pollution by Oil and
Hazardous Substances, Discharge Removal

Title 40, Part 110, Discharge of Oil
Title 40, Part 112, Oil Pollution Prevention

Title 46, Shipping Subchapter I-A, Parts 107-108,
Mobile Offshore Drilling Units (United States Coast
Guard)

Title 46, Shipping Subchapter I, Electrical Engineer-
ing, Parts 110 through 113 (United States Coast
Guard, CG259)
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C.

D.

E.

10.

11.

Title 49, Part 192, Transportation of Natural and
Other Gas in Pipeline: Minimum Federal Safety
Standards

Title 49, Part 195, Transporiation of Ligquids by
Pipeline

United States Department of the Interior

Bureau of Mines, Flammability Characteristics of
Combustible Gases and Vapors, Bulletin 627. Note:
No longer available from Bureau of Mines, but
included as an Appendix in ISA RP 12.13 Part II.

U.S. National OCS Orders

MMS Federal and Regional Notices to Lessees and
Operators of all Federal Oil, Gas, and Sulphur Leases
on the Outer Continental Shelf.

Environmental Protection Agency (EPA)

Document AP-26, Workbook of Atmospheric Disper-
sion Estimates

State, municipal, and other local regulatory agencies,
as applicable



COPYRI GHT Anerican PetroleumInstitute

Li censed by Information Handling Services



American Petroleum Institute

Avallable through Global Engineering Documents

Publications Order Form - 2001

Phone Orders: 1-800-854-7T179 (Toll-free in the U.S. and Canada) + 303-397-T956 (Local and International) * Fax Orders: 303-397-2740

Online Orders: www.global.ihs.com

(1 APl Member ((Ged if ¥s)

Invoice To (1 Cedhaeif samreas “Ship T

Ship To (USwil not diver toa PO B

MNine Nine
Tite: Tille
Gorpory: Garpny:
Dipartrent: Diertrent:
Altess Ates
Gity: Siate Provine Gy StateProvince:
ZpPstal (o CGantry: Zplatal (e CGontry:
THahae THehoe
Fax Fax
Quantity |Product Number Title S0* Unit Price Total
AP RP 14C, Analysis, Deslgn, Instaliation and Testing of Baske Surface Safety
G14C07 : an Offshore Production Plath $ 143.00
APL RP 75, Development of & Safely amd Envirosmental Management Program for
G75002 Outer Continental Shelf Operations and Faclfities $ 99.00
(] Payment Enclosed [ P.0. No. (FdaeGpy) Subtotal
(1 Charge My Global Account No. Applicable Sales Tax (wx helou)
Rush $hipping Charge (s below)
1 visA 1 MasterCard ] American Expross ] Discaver
Shipping and Handling (sx belou?
Checit Grd Na:
Total (in US Dollars)
Narre (A1t Agpears on Gind):
*To be placed on Standing Order for future editions of this
Biration Die publication, place a check mark In the 50 column and sign here:
Sigratune

Pricing and avaliability subject io change without notice.

Mall Orders - Payment by check or money order in U.S. dollars is required except for established accounts. State and local taxes, plus 5% for shipping and handling, must be added.
Send mail orders to: APl Publications, Global Engineering Documents, 15 Inverness Way East, M/S C303B, Englewood, CO 80112-5776, USA.
Purchase Orders - Purchase orders are accepted from established accounts. Invoice will inglude actual freight cost, an $8.00 handling fee, plus state and local taxes.
Telephone Orders - If ordering by telephone, an $8.00 handling fee and actual freight costs will be added to the order.

Sales Tax - All US. purchases must include applicable state and local sales tax. Customers claiming tax-exempt status must provide Global with a copy of their exemption

certificate.

Shipping (U.S. Orders) - Orders shipped within the U.5. are sent via traceable means. Most orders are shipped the same day. Subscription updates are sent by First-Class Mall.
Other options, Including next-day service, alr service, fax transmission, and electronic dellvery are avallable at additional cost.
Shipping (International Orders) — Standand intemational shipping is by air express courier service. Subscription updates are sent by Werld Mail. Normal delivery is 3-4 days from

shipping date.

Rush Shipping Fee = In addition to the carrier charges, the following charges will be added: Next Day Delivery orders placed prior to 2:00 p.m. MST - $10.00 / Next Day Delivery

orders placed after 2:00 p.m. MST - $20.00 {if time is available for order processing)

Returns - All retums must be pre-approved by calling Global's Customer Service Department at 1-800-624-3974 for infonmation and assistance. Thera may be a 15% restocking fea.

Special order items, electronic documents, and age-dated materials are non-ratumable,
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'The Arerican Petrdeum Institute provicks additional resources
and prograns to industry vhich are based an A1 Standarcs

For more infonration, contact
o Trairine Wil Py
Fax
* Ingpector Cortification Prograns P
Fax
» Averican [FerdeumIndtitute h
Qality Regjstrar Fax
* Minogramlicensing Program glx;
* Fngine(l Licensingand h

AP-682-864
2A2-962-497

A2-682-8161
209624739

2AP-682-8574
2A2-682-800

2AP-962-4791
20-682-800

2A-682-8233
2A0-962-4739

Todbtain a free aopyof the AT Piblications, Prograrns,
and Sarvices (atalog; call 22-682-8375 ar fax your request
to2A2-962-4776. (O} see the anline inferactive version of the

catalag on our web site at viwwap.orgCat.

iy
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Helping You
Get The Job
Done Right =

10.1.99



05/01

COPYRI GHT Anerican PetroleumInstitute

Li censed by Information Handling Services



Additional copies are available through Global Engineering
Documents at (800) 854-7179 or (303) 397-7956

Information about APl Publications, Programs and Services is
available on the World Wide Web at: http://mww.api.org

Petroleum  Washington, D.C. 20005-4070

LI American 1220 L Street, Northwest
Institute 202-682-8000

Product No. G14J02
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