STD.API/PETRO PUBL 340-ENGL 1997 EM 0732290 0572051 107 WM

Health and Environmental Affairs Department
Publication Number 340
October 1997

American
» L Petroleum
Instltute

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



STD.API/PETRO PUBL 340-ENGL 1997 WM 0732290 0572052 043 WE

Liquid Release Prevention and Detection
Measures for Aboveground Storage Facilities

Health and Environmental Affairs Department
AP] PUBLICATION NUMBER 340

PREPARED UNDER CONTRACT BY:

JOSePH S. BURKE

SPEC CONSULTING SERVICES

10 WiLbowoob COvER

PO Box 912

CuiFToN Park, NEw YORK 12065

OCTOBER 1997

)

American
l ) Petroleum
Institute

Copyright American Petroleum Institute
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale



J

()

STD.-API/PETRO PUBL 34O0-ENGL 1997 BB 0732290 0572053 TBTV-

FOREWORD

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE,
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC-
TURERS, 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 FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU-
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV-
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL-
ITY FOR INFRINGEMENT OF LETTERS PATENT.

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 Street, N.W., Washington, D.C. 20005,

Copyright © 1997 American Petroleum Institute
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EXECUTIVE SUMMARY

Preventing releases is an important aspect of day-to-day business for owners and operators of
aboveground storage tank (AST) facilities. Over the years, operating practices have been
developed and equipment has been designed to reduce the potential for releases and to protect the

environment if a release occurs.

Data collected in a 1994 API survey of aboveground tank facilities indicated that the presence of
groundwater contamination at aboveground storage tank facilities was mainly attributable to
discontinued operating practices. Respondents reported significant reductions in releases (during
the five-year period preceding the survey) because equipment, operating practices, and standards
have improved. The 1994 survey focused on groundwater protection, but current practices at
facilities address all facets of environmental protection. This report compiles information on
current industry practices to prevent or detect releases, and to protect groundwater, surface
water, and soil in the event of a liquid release. Air emissions are not addressed in this report.

Specifically, the report addresses facility tanks, piping, loading/unloading areas, ancillary
equipment, as well as facility operating systems -- or the human factor. For each of these

components, the report provides:

o A summary of the potential causes of liquid petroleum releases;

o An overview of the procedures and equipment available to operators to prevent,
detect or provide environmental protection from such releases; and

. The advantages and disadvantages of various control measures including relative
costs, as well as maintenance and operating parameters.

Much of the information presented in the document is taken from API standards and research
reports. Additionally, current industry practices and industry examples are included.

The report is not intended to provide requirements; rather, it represents a compilation of the
various methods that industry uses to prevent and detect releases. Effective operation of facilities
and release prevention involve the evaluation and use of a wide range of control measures.
Selection of appropriate measures must be made on a site-specific basis and then tailored to meet

the needs of each location.

ES-1

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



STD.API/PETR¢ PUBL 34O-ENGL 1997 W& 0732290 0572059 4TA A

The approach taken by the report is illustrated in Table ES-1, which gives an overview of types of

releases that can occur at facilities and lists some of the available control measures. The table,
which is not intended to be comprehensive, shows that multiple methods are available to address
each type of release. The objective of this report is to facilitate selection of an appropriate

measure and to help the reader better understand the variety of methods that can be used to

prevent releases or to protect the environment if releases occur.

Table ES-1 OVERVIEW OF LIQUID RELEASE CONTROL MEASURES

Aboveground Storage
Tanks

Tank overfill

» Written procedures
« Operator training
» Overfill protection systems

Bottom leaks

« Inspection & maintenance program (API 653)

« Cathodic protection (API 651)

« Floor coatings and liners (API 650, 651, and 652)
« Release Prevention Barriers (API 650, Appx )

Tank shell or shell
appurtenance release

« Inspection & maintenance program (API 653)
« Secondary containment system
» Use of API 650 design for new tanks

Piping Systems

Underground pressurized
piping

» Cathodic protection (API 651)

« Pipe coating (internal / external)

« Proper piping system design (ASME / API)

» Monitor pipe settlement

s Inspection and maintenance program per API 2610/570

Aboveground steel piping

* Visual inspection for defects

* Pipe coating

= Proper design (ASME / API)

» Inspection and maintenance program per API 2610/ 570

Underground gravity flow
piping

* Pipe coating
« Cathodic protection (API 651)
* Special gaskets

Loading Areas

Loading/unloading

« Written procedures

* Operator training
 Monitor operations

« Overfill protection systems
» Pump emergency shutoff

Ancillary Equipment

Small equipment releases
(e.g., pump, hose, flange
leaks)

* Drip pans for equipment
« Over-pressure protection

Operating Systems

Human error

» Written procedures
* Operator training
« Monitor shifts and workloads

! The control measures are not listed in prioritized order and are not intended to apply universally.

% See bibliography for source.
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Section 1
INTRODUCTION

The prevention of liquid releases from aboveground tank facilities is of concern to facility owners
and operators. Operating practices and equipment are designed to reduce the potential of such
releases. This report outlines measures currently used by industry to prevent or detect releases
and to protect the environment in the event of a release.

BACKGROUND

In 1992, API formed a steering group to evaluate the petroleum industry’s approach to
aboveground tank facility operation. The group chose two courses of action. The first involved
a reassessment of the adequacy of API standards for terminal and tank operations. The second
involved a survey of API members to evaluate the current status of facility operations and
determine the frequency of groundwater contamination.

Under the steering group’s direction, approximately 60 API standards and recommended
practices were reviewed. This activity resulted in the revision of several existing standards and
development of new ones. Most importantly, API members developed a comprehensive new
standard, Design, Construction, Operation, Maintenance, and Inspection of Terminal and Tank
Facilities (Standard 2610), which addresses the design, construction, operation, maintenance,
and inspection of all petroleum terminal and tank facilities associated with marketing, refining,
and transportation activities. The standard was designed to fill a need to combine terminal- and
tank-related standards and good operating practices into one document.

In an effort to further define the extent of operational concerns relating to tank operations and to
assess improvements, API conducted a survey of its members’ aboveground storage tank
facilities. At EPA’s request, API members in the refining, marketing, and transportation sectors
voluntarily participated in a survey of these facilities. Two purposes of the survey were to assess
recent facility improvements and to determine the relative sources of groundwater
contamination. The survey results indicated that the contribution to groundwater contamination
from almost all sources decreased during the five-year period preceding the survey. Respondents
in all three industry sectors reported significant reductions in releases because of improved
equipment and operating practices. |
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The 1994 survey focused on groundwater protection, but current practices at facilities address all
facets of environmental protection. This report summarizes the range of current industry
practices used to prevent or detect liquid releases to groundwater, surface water, and soil.

SCOPE OF REPORT

This report outlines the range of available procedures, technologies, and equipment that can be
used to prevent and/or detect liquid releases at existing aboveground storage tank facilities. It is
intended to assist in the selection of appropriate options to prevent or detect releases and to
protect the environment should a release occur. Additionally, the control measures have been
identified according to their ability to prevent or detect types of releases and to protect the

environment in the event of a release. Emphasis is given to release prevention measures.

The storage components addressed include: tankage, facility piping, loading and unloading areas,
ancillary equipment (e.g., vapor processing, additive systems, sumps), and facility operating
systems. These components are illustrated in Figure 1-1. For each of these components, the

report:
o Provides a summary of the potential causes of liquid releases;
. Presents an overview of the procedures and equipment available to operators to
prevent, detect or provide environmental protection from such releases; and
. Considers the advantages and disadvantages of various control measures including

the relative costs, as well as maintenance and operating parameters.

Additionally, the report gives an indication of the relative costs required to install or implement
the various measures. These costs are intended to be used only as a basis for comparing control
measures. Actual installation and implementation costs will vary depending on site conditions,
facility location, and regional cost factors.

Applicable federal and several state regulations were reviewed during preparation of this
document. However, specific regulatory requirements or citations are not discussed, as they are
subject to change and may not be universally applicable. Similarly, this report does not address
regulatory requirements that may be required by local jurisdictions. Federal, state and local

requirements should be taken into consideration in selecting a control measure.

1-2
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At the time this report was prepared, new release prevention technologies were being developed.
Most of these are not listed in the report because their performance has not been thoroughly
validated; however, some emerging technologies have been highlighted in the tables for the
reader’s information. The reader should confirm the suitability and effectiveness of these new

technologies prior to using them.

This report does rof cover:
* Emergency response, cleanup, remediation, tank cleaning, and decommissioning
e Health, safety and fire prevention issues
e Air emissions

FACILITIES ADDRESSED

This report addresses aboveground storage tank and terminal facilities associated with the
marketing, refining, and transportation of petroleum. The control measures discussed apply to the
tank, piping, loading/unloading systems, ancillary equipment, and facility operating practices.

The report is not intended to be used for:
e Retail service stations
e Refinery process equipment and process areas
e (il and gas production facilities, including offshore facilities and associated tanks
e Natural gas processing plants
¢ Production, pipeline, and truck crude oil gathering facilities

WHO SHOULD READ THIS REPORT?

This report is intended for use by managers, facility operators, and regulators, as well as engineers
involved in the design and selection of facility components and prevention of liquid petroleum

releases.
A NOTE OF CAUTION

The methods listed in this report do not represent a complete list of control measures. The reader
is cautioned to fully investigate the appropriateness of a control measure and to determine its
suitability to a particular facility. The retrofit cost, operating requirements, system modification

1-3

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



STD.API/PETRO PUBL 3J4O-ENGL 1997 0732290 05720L3 929

requirements, and effect on other systems are considerations when determining the suitability of a
particular measure.

Application of the options discussed in this report should be based on sound engineering judgment
and in accordance with relevant codes, standards, and manufacturers’ recommendations.

Potential health, safety, fire prevention, and fire protection requirements for each measure should
be assessed as well.

In evaluating the options presented in this document, the risks posed by potential releases must
also be considered, but a discussion of the risk assessment process is beyond the scope of this
research effort. Rather, this report is designed to show the variety of precautions and
technologies industry uses to prevent releases from occurring and to detect releases if they do
occur.

1-4
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- Section 2
SELECTION CRITERIA

GENERAL APPROACH

Preventing releases from aboveground storage facilities requires the evaluation of a range of
control measures. Generally, measures that prevent releases are the most effective in terms of
both cost and environmental protection. In operating storage facilities, the goal is to prevent
releases and to keep the product in the tank.

The effectiveness of prevention measures is illustrated graphically in Figure 2-1.

Figure 2-1. Hierarchy for Selection of Control Measures versus Remediation

Higher Higher
A A
PREVENTION
Degree of DETECTION / Cost
Environmental Effectiveness
Protection PROTECTION /
“\REMEDIATION
\ 4
\ ’
\\\ I,,I
\\ I’
Lower N Lower

The three categories of control measures addressed in this document (Prevention, Detection, and
Protection) are shown as a triangular hierarchy. The left-hand axis represents the degree of
environmental protection afforded by each control measure and increases at the top where the
emﬁhasis is on preventing releases. Similarly, the right-hand axis shows that the cost-
effectiveness increases as one moves from measures designed to protect the environment in the
event of a release to measures designed to prevent releases. A measure that is designed to
minimize the impact of a release once it occurs may require some level of cleanup; thus, it may be
more costly in the long run.

2-1
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For example, an inspection and maintenance program designed to prevent a tank release can be
more effective than installing an impermeable liner in the tankfield. The first approach prevents
the release and thus is more protective of the environment and more cost-effective. In contrast,
tankfield liners are prone to damage and generally have limited effectiveness in mitigating liquid
releases.

In operating facilities and selecting control measures, emphasis is given to preventing releases.
However, other categories of measures -- detection or protection measures -- may be required
depending on the operating circumstances. Remediation is not considered a prevention,
protection, or detection measure; thus, this report does not address the subject of remediation.

CONSIDERAT'ION OF SELECTION CRITERIA

Selection of appropriate control measures is a complex process involving consideration of several
criteria. These criteria vary from facility component to facility component; thus, the selection of
appropriate control measures is site-specific and must be tailored to meet the needs of each
location. Additionally, the selection process balances environmental concerns, operational
considerations, and business objectives.

The following list gives some examples of factors that may be considered in selecting appropriate
control measures for a facility:

Environmental & Health Factors

¢ Surrounding population, land and/or aquifer use and ecology
Distance or depth to groundwater

Aquifer location, gradient, and quality

Proximity to navigable water

Site geology, topography and drainage
Permeability of soil

Toxicological factors

Operational Factors

o Type and design of facility, tank or system
- Condition of facility and equipment
- Size and capacity
- Staffed vs. unstaffed

Copyright American Petroleum Institute
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- Maintenance practices
- Operator training and knowledge
- Extent of monitoring equipment and capabilities

¢ Remaining service life of the facility, tank or system

e Previous effectiveness of measure

¢ Type of product stored (toxicity, flammability, solubility, volatility, viscosity, etc..)
¢ Inventory turnover rate (duration of storage)

¢ Training, maintenance, and inspection program

Business Factors

e Initial cost

¢ Long-term operation and maintenance cost

¢ Inspection, maintenance, operating and testing requirements

e Company goals and objectives (e.g., anticipated change in service for a facility)

The range of factors listed above shows that operating conditions vary widely in terms of location,
product handled, business objectives, and potential environmental risk. No single combination of
control measures would be effective for all facilities, and any release prevention system selected
should be commensurate with the risk involved.
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Section 3
DESIGN OF THE TABLES

OVERVIEW

Sections 4 through 8 discuss the different components of aboveground storage facilities -- the
tanks, piping, loading/unloading areas, ancillary equipment, and operating system. Each section
contains two tables outlining:

e Release scenarios and available control measures

e References and advantages/disadvantages for the control measures

The information contained in the tables is presented in the following manner:

Release Scenarios -- Part One

The first table in each section lists the predominant sources of releases for the facility component
and also gives the major causes. For example, tank overfill is a type of release that can occur in
aboveground tanks. There are two primary causes of tank overfill: human error and equipment

failure. The table lists various control measures available to prevent such releases and labels each
measure according to its ability to prevent or detect a release or to protect the environment
should the release occur. Additionally, the first table gives information on relative retrofit costs
for existing facilities, as well as operation and maintenance costs for the control measures.

Control Measures -- Part Two

The second table provides more detailed information on the control measures listed in the first
table. It lists available industry publications or standards that can be referenced for additional
information. The more significant advantages and disadvantages of each control measure are

given. The table also gives information on operation and maintenance considerations related to
the application and/or installation of each control measure.

REFERENCES TO COST

The cost information in the tables is a relative indicator of the expense associated with the
application of the particular control measure. It is provided to give the reader some
understanding of costs when comparing the advantages and disadvantages of various control
measures within each table.

3-1
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When referring to the cost columnn in the table, the reader should note that:

¢ This document will be most widely used for existing AST facilities; therefore, references
to installation costs refer to the cost of modifying an existing facility. Typically,
installation costs for new facilities are less than the costs required to retrofit existing
systems.

e Where new construction costs are substantially less than the cost required to retrofit an
existing facility, a footnote is provided in the table.

e Operation and maintenance costs refer to the ongoing costs required for a control measure
after installation.

» Costs for control measures are intended to represent relative ranges for comparable
alternatives and are designated as low, medium, high, or very high. In general, a control
measure referenced multiple times within a table will have the same relative cost. For
example, in Table 4-1, Operator Training is listed as a control measure option for Slow
Releases and Rapid Shell Failure; in both cases, the retrofit cost is low and the operations
and maintenance cost is medium.'

! In Table 5-1, retrofit costs for identical control measures may differ substantially for aboveground piping versus
below ground piping because of the difference in retrofit requirements.
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Section 4
ABOVEGROUND STORAGE TANKS

INTRODUCTION

This section outlines potential release scenarios associated with the operation of aboveground
storage tanks and lists the corresponding measures currently available to prevent or detect such
releases. Selection of appropriate control measures is based on site-specific factors including:

design, materials, operations, maintenance history, and environmental sensitivity.

OVERVIEW

New aboveground storage tank systems and most existing petroleum storage tanks are vertical
cylinders, designed and field-erected in accordance with API Standard 650, Welded Steel Tanks
for Oil Storage. The design of a tank system is dependent on a number of factors. These include
:‘the type and quantity of product stored; weather and soil conditions; and proximity to

-groundwater.

Tank Roof Vertical storage tanks may have either a fixed or floating roof or both. Generally,
fixed-roof tanks have a cone or domed top to facilitate drainage. Roofing systems that move up
and down with the product level are known as floating roofs. These systems may or may not be
covered with a fixed roof. When covered, the system is referred to as an internal floating roof;

those that are not covered are called external floating roofs.

Tank Floor A typical tank floor consists of a single layer of steel that rests on foundation
material, the ground, a ring-wall foundation, and/or a concrete pad. Additionally, the bottom may
be equipped with a Release Prevention Barrier (or RPB). A RPB may be a second steel bottom,
synthetic liner materials, clay liners, or all other barriers or combinations of barriers placed in the
bottom of, or under an aboveground storage tank. The RPB may prevent the escape of contained
material and channel any released material for detection purposes. Methods for installing RPBs
are discussed in API STD 650, Appendix L.
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Tank Shell The tank shell is the vertical steel wall that contains the stored product. The required
steel plate thickness increases with tank height, diameter, and product specific gravity. The shell
exterior is usually painted and the interior is typically bare steel. Corrosion of the interior of the
shell is not a problem, and if it is anticipated, it can be addressed with coatings, linings, or

generally by using different construction materials.

Typical Appurtenances Attachments and appurtenances are fitted to tank parts for various

purposes. These include shell attachments, bottom connections, cover plates, roof manholes, roof
nozzles, water draw-off sumps, scaffold-cable supports, threaded connections, platforms,

walkways, and stairways.

Floor attachments and appurtenances can include sumps and striker plates. Shell attachments and
appurtenances can include nozzles and valves, thermowells, ground rods, anchor chairs, wind
girders, level gauges, stairways, access hatches, relief vents, air vents, instrumentation, mixers,
and pipe supports. Roof attachments and appurtenances can include stairs, walkways, gauge

hatches, access hatches, and vents.

RELEASE SCENARIOS
Potential sources of releases from aboveground tanks include: tank overfill; slow releases from

rapid shell failure, the bottom, the shell, or an appurtenance.

Tank Overfills A tank overfill occurs when the volume of product received exceeds the available

tank storage capacity. In such cases, petroleum is released through tank vents.

Slow Releases Slow releases from a tank can occur from several sources: the bottom, the shell,

or a tank appurtenance.
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A tank bottom release involves a loss of product through the tank floor and may result from
several factors including:
e Corrosion of the tank floor

e Structural failure caused by settlement, weld fracture or metal fatigue, damage caused
by interior structures such as internal columns

e Improper fabrication or welding

Releases from the tank shell or tank fittings typically involve a defect or a minor failure in the tank
shell or in a tank appurtenance. Examples of defects include a cracked pipe or fitting on an
external gauge tube or a crack in a tank valve or manhole gasket failure. The in-service inspection
requirements stipulated in API STD 653 and routine exterior tank inspections are effective means

for preventing and detecting these types of releases.

Rapid Shell Failure Rapid tank shell failures may occur when:

¢ A tank is over-pressurized during filling

e Service (or use) of the tank is changed without ensuring that the tank is designed to
accommodate the new conditions (e.g., changing the product stored, its temperature,
or specific gravity)

¢ Construction, alteration or reconstruction not performed in accordance with API
standards

e Earthquakes, floods, tornadoes, hurricanes, or other acts-of-God take place

RELEASE PREVENTION

A release prevention program is an integrated system that may include: proper equipment design,
construction, operator training, operating procedures, periodic maintenance, periodic inspection,
and management controls or practices. Such a program does not necessarily rely exclusively on
the use of prevention measures, but also may employ release detection and environmental
protection measures. Effective release prevention programs are designed to address site-specific

risks.
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The equipment and procedures used to maintain tank integrity form a Release Prevention System
(RPS). The following standards and recommended practices cover internal inspections, lining the

tank interior, installing cathodic protection and other facets of tank operation:

API Recommended Practice 575  Inspection of Atrospheric and Low-Pressure Storage

API Standard 620 Design and Construction of Large, Welded, Low Pressure
Storage Tanks
API Standard 650 Welded Steel Tanks for Oil Storage

API Recommended Practice 651  Cathodic Protection of Aboveground Storage Tanks
API Recommended Practice 652  Lining of Aboveground Petroleum Storage Tank Bottoms
API Standard 653 Tank Inspection, Repair, Alteration and Reconstruction

API Standard 2610 Design, Construction, Operation, Maintenance and
Inspection of Terminal and Tank Facilities

UL 142 ' Steel Storage Tanks

These documents provide a system for successfully operating and maintaining aboveground tanks
and have been instrumental in fostering ongoing improvements in technologies associated with

preventing and detecting tank releases.

API STD 653 provides specific inspection and testing requirements to ensure integrity of the tank.
- This standard includes information on inspector certification requirements. In-service and out-of-

service tank inspections can be performed to detect potential problems.

Table 4-1 presents the different release scenarios and control measures associated with
aboveground storage tanks, as well as the relative installation and operation-maintenance costs for
each control measure. More detailed information on the individual control measures is presented

1n Table 4-2.
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Section 5
PIPING SYSTEMS

INTRODUCTION

This section addresses the potential causes of releases and available control measures for facility
piping. The measures listed in this section address steel piping systems used to transport
petroleum products built in accordance with ASME B31.4 or ASME B31.3 standards.' Gravity-
flow piping systems, not intended to convey petroleum products, are also covered in this section.

Gravity-flow piping has various configurations and may be built to a variety of standards.

The piping systems covered in this section include:
e Pipe
e Pumps, meters
e Valves
e Other piping appurtenances

e Fittings, flanges, and gaskets

OVERVIEW

Pressurized Piping Systems

Pressurized steel piping is the primary means of conveying liquid petroleum to and from storage
tanks. Although most piping used to transport petroleum and petroleum products is pressurized
by a pump, some piping is pressurized by the hydrostatic head from elevated tanks. Pressurized
piping may be used aboveground or below ground:
e Aboveground piping systems are typically single-walled, appropriately supported, and
externally coated or wrapped. Such piping systems are typically welded and flanged.

¢ Underground pipe is typically single-walled, butt-welded. It may also be externally
coated or wrapped and cathodically protected. The use of flanges is usually minimized
in new underground piping.

! Additional codes and standards may apply to marine piping systems.
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Gravity-Flow Piping Systems

Underground gravity-flow piping 1s used at facilities for several different purposes: storm water
drainage, spill containment area drainage, process sewer and tank water draw-offs, effluent

wastewater drainage or line drainage.

Gravity-flow piping systems are not commonly used at aboveground tank facilities as a primary
means of conveying petroleum products. Such systems are occasionally used to transport
petroleum from proving meter vessels, tanker truck or rail tank cars, to temporary storage below
ground. However, gravity-flow piping used to convey petroleum products is typically built to

pressurized piping standards.

Pipe integrity and joint integrity is critical for gravity-flow piping systems conveying water that
may have been in contact with petroleum or petroleum products. Such piping systems are made
of a range of materials and have varying configurations. Material selection and piping layout are
based on the use of the system and the facility. Typical materials and welding methods used for

gravity-flow piping systems are:

MATERIAL TYPE OF JOINT

Welded Steel Pipe (large diameter > 27) Welded or flanged
Welded Steel Pipe (small diameter < 2”) Threaded or socket welded

Cast Iron Pipe (CIP) Coupling (with an elastomeric material located
Precast Concrete Pipe (PCP) between the bell and spigot ends)
Vitrified Clay Pipe (VCP)
Ductile Iron Pipe (DIP) Coupling or flanged connections
Polyvinyl Chloride (PVC) Pipe Coupling, flanged connections, or solvent welded
Corrugated Metal Pipe (CMP) Galvanized Collars

(typically used only for clean storm water)
High Density Polyethylene (HDPE) Coupling, flanged connections, or fusion welded
Fiber Reinforced Plastic Pipe (FRP) Coupling or resin fusion
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RELEASE SCENARIOS
Liquid releases from piping at aboveground storage tank facilities can be grouped into the
following broad categories:
1. Underground pressurized piping releases
e Corrosion (internal and external)
e Pipe shear, compression or tensile failure
e Flange or fitting failure
e Mechanical damage from excavation
2. Underground gravity-flow piping releases
e Corrosion (internal and external)
e Pipe joint leak (settlement or gasket failure)
e Mechanical damage from excavation
3. Aboveground piping releases
e Corrosion (internal and external)
e Pipe failure
o Flange or fitting failure
e Pipe or support settlement / failure
e Pressure relief system
e Mechanical damage (e.g., impact damage)
4. Operator Error

5. Environmental Factors (e.g., floods, hurricanes, earthquakes)

RELEASE PREVENTION

Proper design, corrosion protection and periodic inspection are the key elements in preventing
piping system releases. API STD 2610, Design, Construction, Operation, Maintenance, and
Inspection of Terminal and Tank Facilities addresses release prevention for aboveground tank
facilities. API 570, Piping Inspection Code: Inspection, Repair, Alteration and Rerating of In-
Service Piping Systems, provides guidance for inspection of process piping systems. Although

this document was developed for the refining and chemical process sectors, portions of it may be

Copyright American Petroleum Institute

Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



STD.API/PETRO PUBL 340-ENGL 1997 EE 0732290 057209k 375 WM

applicable to other aboveground tank facilities and may be helpful in developing a piping release
prevention program. Similarly, Recommended Practice 574, Inspection of Piping, Tubing,
Valves, and Fittings, a companion to API 570, was also written for the refining and chemical

process sectors.

The following concepts and control measures can be used to form a release prevention program
for piping systems:
o Design system in accordance with appropriate standards such as ASME B31.3 or
ASME B31.4;
e Provide adequate pressure relief;
e (Coat exterior pipe and maintain coating;

¢ Evaluate the use of cathodic protection for underground piping per API 570;

o Establish an inspection program that utilizes the appropriate concepts outlined in API
STD 2610, Design, Construction, Operation, Maintenance, and Inspection of
Terminal and Tank Facilities and/or API 570, Piping Inspection Code, or implement
a programmed, preventive maintenance plan, that includes flanged connections or
other mechanical systems connected to the pipe (e.g., valve stems, pump seals, air
eliminators, etc.); and

o Protect piping from potential collision or impact, and monitor contractors working on
or near buried piping systems.

These methods focus on preventing piping releases. Leak detection systems or pressure testing
methods vary in cost, provide only a snapshot view of the system integrity, and are not predictive
for preventing future releases; however, they may provide some benefit when properly integrated

with other inspection programs.

Double-walled piping has been accepted for use in retail service station systems; however, there
are significant differences between retail service stations and aboveground storage facilities. Most
retail service stations use short lengths of small-diameter, low-pressure, non-metallic pipe. On the

other hand, aboveground storage facilities have long runs of large-diameter pipe tied into other

5-4
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pipe would be extremely difficult and costly. Additionally, double-walled pipe has several distinct
disadvantages:

¢ Renders cathodic protection of the inner product pipe ineffective
e May accelerate the corrosion rate of the inner product pipe

e May allow accumulation of explosive vapors within the annular space and create a fire
hazard

e Is difficult to install in existing systems and difficult to alter once installed

Pipe sleeves may be appropriate at dike penetrations for road crossings or as casing pipe for rail

crossings.

Table 5-1 presents different release scenarios for facility piping systems. For each type of release,
available control measures, relative costs to install the measure at an existing facility, as well as
operation and maintenance costs are provided. Detailed information on individual control

measures is presented in Table 5-2.
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Section 6
LOADING AND UNLOADING SYSTEMS

INTRODUCTION

The practices and control technologies available to prevent and detect releases during loading and
unloading operations vary depending on the product being transferred and the mode of transport
used by the facility. The four primary methods of petroleum transport are tank truck, rail tank
car, marine vessel, and pipeline. Because pipeline transfers occur within a closed system, they are
not addressed in this section. (Section 5 - Piping Systems gives information on control measures

for pipeline transfers).

The probability of a release occurring is minimal for many facets of a transfer operation; therefore,
when selecting control measures, the selection process should evaluate the most likely sources of

releases.

OVERVIEW

Product transfer operations occur at all aboveground tank facilities and involve either the receipt
of product (unloading) or the distribution of product (loading). Depending on the facility
location, tank trucks, rail tank cars, or marine vessels may be used to deliver product to storage
facilities. Tank trucks are the primary means of distributing product from the facility. Typically,
transfers to and from tank trucks and rail cars take place at loading/unloading racks, which
contain the equipment needed for the transfer. Such transfer operations involve the use of
connective couplings, loading arms, hoses, control devices, and meters located at the point of
transfer. Marine vessels are generally equipped with pumps and hoses for transferring product to

on-shore facilities.

Pipeline transfers -- which take place in a closed system -- do not involve loading and unloading

operations and are not covered in this section.
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RELEASE SCENARIOS
Product releases can occur during either loading or unloading operations.
The primary release mechanisms during /oading include:

¢ Overfill of the tank truck, rail tank car, or marine vessel

¢ Loading connection leak or failure

¢ Leak or spill when breaking the loading connection

e Tank truck or marine vessel damage to the loading system

o Failure of the spill containment system or spill collection system

e Container shell failure due to over-pressurization of the receiving container

The primary release mechanisms during unloading include:
e Overfill of the receiving tank (refer to Section 4 - Aboveground Storage Tanks)
® Vacuum failure of the vessel being unloaded
e Unloading connection leak or failure
o Leak or spill when breaking the unloading connection
e Tank truck or marine vessel damage to loading system

o Failure of the spill containment pad or spill collection system

RELEASE PREVENTION
There are several measures available to address potential releases for each facility. However,
when loading or unloading petroleum products, the following are key elements to consider:

e Using automatic shut-off based on meter count

o Using high-level alarms or high-level shut down systems

o Ensuring the receiving vessel is capable of holding the volume being transferred

e Monitoring transfers

¢ Maintaining written procedures and ensuring operators are trained

e Using proper connections and ensuring their integrity
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Additionally, an ongoing preventive maintenance program is an important element in preventing
releases. Such a program addresses:

¢ Integrity of fittings, pumps and connectors

¢ Loading and unloading hose / arm inspection and testing

¢ Loading rack spill containment system integrity

e Tank truck container or rail car vessel integrity inspection and testing

¢ Loading rack control system interlock maintenance and testing

¢  Overfill protection system maintenance and testing

e Pressure relief system testing

The facility operator plays a central role in the prevention or minimization of releases during
loading and unloading. Having trained facility personnel familiar with the equipment and prepared

to respond in the event of a release is important.

Table 6-1 presents different release scenarios for loading and unloading systems based on the
method of product transfer. This table also includes a list of available control measures and the
relative costs to install, operate, and maintain the measure at an existing facility. More detailed

information on each individual control measure is presented in Table 6-2.
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Section 7
ANCILLARY FACILITY EQUIPMENT

INTRODUCTION

The major facility components are discussed in Sections 4 through 6, covering tank and
associated piping, as well as loading and unloading systems. A typical facility has several other
kinds of equipment or systems that are not easily categorized. This equipment is referred to as
ancillary facility equipment. As with all equipment, ancillary equipment may be a potential

source of a release under certain conditions.

OVERVIEW
Release sources and offsetting control measures associated with ancillary equipment are presented
in Table 7-1, which also gives the relative costs for installing and maintaining the control

measures. More detailed information on each control measure is presented in Table 7-2.

The ancillary equipment presented in this section includes:
e Vapor processing units
e Water treatment equipment
e Storm water equipment
e Additive systems
e Terminal maintenance garages
e Truck wash facilities
¢ Product sampling facilities
e Laboratory facilities
¢ Liquid phase remediation treatment systems

e Tank cleaning operations
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Some facilities also conduct specialized operations. For purposes of this report, these specialized
functions have been grouped with the ancillary equipment and include:

e Asphalt processing

e Lube blending and packaging

e Aviation fuel handling

RELEASE SCENARIOS
Because of the variety of equipment covered by this section and because the cause of a release
may vary depending on the equipment involved, release scenarios are not listed. However,

available control measures for typically used ancillary equipment are listed in Table 7-2.

RELEASE PREVENTION

An effective release prevention program focuses on those features that are unique to the specific
equipment. However, preventing releases from ancillary equipment does not necessarily create
redundant systems. For example, equipment used to inject additives may be a potential source of
releases at loading rack boards. Installation of drip pans below the boards may be a prudent and
effective control measure. On the other hand, if the injector boards are located inside the
secondary containment system of the truck loading area, drip pans are normally unnecessary.
Therefore, the release prevention programs covered in Sections 4 through 6 may also apply to

ancillary equipment at many facilities.

Copyright American Petroleum Institute

Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



HONONASUOD MaU J0f 2.nsDatu 1041400 aan22[f? 150D,
2MSDIPY UO1I]0LJ=04d ‘10121 pup w02 SIPIAOId= did ‘uonvae=q ‘uonuanaid=4 *a)qoonddy 10N=V/N ;240 3]qD] S1y1 U} pasn SucHDINAIGQY,

STD.API/PETRO PUBL 34D-ENGL 1997 ER 0732290 0572131 27T WA

Mo YS14-waipay L1 o1g [usem Yonn] wasds yuswurejuoy) -
Wnipay 4ty 12 014 L WRIsAS Tesodsip pue jususean ‘Surpuey Isiem ysem pajesipa(] »
Mo WNIPaJ-Mmo| T ad suonoadsut pajusurnoap pue pauueld sipoua]
mo] wnIpa|y g€ d sainpasoid Junerado uapupy .
watpa Mo YE d dururen JojeradQ . Iojem ysem Jonij,
wnipajy WP 0z o1d "¢ Waishs dunpuey pue 93e10)s ‘uono3[00 [094]3 / [10 pasn PaleIIPI(] «
Mo Yoy 61 oxg sued dup / sped ndg »
M0 WINIPaJA-MOT] T ad suopoadsut poyuswinoop pue pauwue(d o1potad
uonBZII
Mo wnpsy d¢ d d)sem / Jusurodeueul o)sem Ut sarnpaoord Suneredo usyup . ofened
wngpoj Mo vE d sornpaooxd juswoSeuew ojsem Jodoid uy Suturen 1ojeradg » | soueusiUTEWw [eUTULIE ],
SUOIORUUOD
Mo MO 61 o1 8urpeo] pue sdwind ‘spreoq 10309fur Yyiesusq pajeao] sued du(g »
SIINSEIUI [OU0D FUTpEO[UR SATIPPE I0] g UONISS 0] JAJOY «
sornseaw jonuod Jurdid 107 ¢ uonoas 0) 19Joy
$OINSLAU [O[UOD JUe) 10] { UOHIAS 0] 19JaY « | OSEa[al UId)sAS sALIPPY
SOLIR A ssuep | eoualajoy oN d syuowannbor o8 reypdsip j9ows o) pannbai se sarnseaus joquo)) «
Mo V/N b a/d oseajal o) Jourd uonsadsut fenstp « | 98IRyOSIp Jojem WIOYS
M0 YStH-wntpapy Ll 014 [WSISAS JUBLILTEIUO)) «
Mo WINPSA-MO] €1 /d WdISAS YOOI / WIETE [IH2AQ) »
WINIPSIA-M0T Y3TH-wnipajy 1 d Iojeredss p\/O 10] uone[ndar jonuos mofy Supnpout urais sedor « UOIBIPaWY o
wInipajAl YSIH-wnIpajy g d JoueudUrews danEIusAad Jo pawwerSord « Iaem
Mo WnIpay g€ d sainpasord Sunjerado uepupy 19E1U0D WINS[ONI] «
707 WNIPAA-MO] $1 d suonoadsur pajustunoop pue pauued sipouta Mj12a0
wnipay M0 vE d Sururen 1ojeradpy Jojeredas Ioem/MIQ -
WNIPSA-MOT Mo 4z d s{oo[11ul uonusaa1d [fIjIaA0 Joniy, o JUSLLIEIY JABM
Mmo] Y31H-waIpajy] Ll 01 JU9IsAs uswuTEIUO) -
MO winIpspy 91 oiJ 3ue] J003oouy .
Mo WRIPaJA 81 o1d Surdid yonpord ur saafea yoorg o
Mo WINIPIA-MOT €1 a/d Ur2)SKS YOO[I)UL / WIIETe [IIBAQ) » [eseaja1
Mo Mo 9 d juawdinbo 3uissooosd zodea yo uonoadsur oipouiay wnajonad pinby] aseapy
Mo WINIPIA- MO vz d saAfea pajerado 1010w 10 soatea o2y Jodea yoe1 Suipeo] « nun 3uissacord 1odep 10 dg

(SOLIEURDS asea[ay juswidinby £ypoey Liejouy

I-L3lqeL

7-3

Copyright American Petroleum Institute
Provided by IHS under license with API

Not for Resale

No reproduction or networking permitted without license from IHS




STD.API/PETRO PUBL 34O-ENGL 1997 W 0732290 0572132 13- MR

PNeq| ydiy 2 oid . [ewdinbe uoneipswal 10§] wysks ywawurejuos / sped mds «
Mo Mo Sl a SWITEE UOLOURJlRW WIAISAS o
WNIPaIA-MOT] Mo ral d 1onpoid paiaaosal 10y sa31a0p uonuaadld [puIeAQ »
Mo Mo 11 d Amquedwods reusyew 1adoxd amnsug » SWwoysAs
Mo wnipapy de d sa1npadold Junerado uspuip . JUSUNEIN UOTIEIPIIAT
wnpay #mo] L4 d Juiuren JojesedQ o aseyd prnbrg
, swiaysAs Jumongal
Mo ysiy @ o1d [Awowdinbs 101y [ony 10j] WasAs ywawureuo / sped uds JeIdIe 10 JueIpAy
Mo wnipapy d¢ d sainpasold Sunerado uanuip, - JO 2AISN[OX? SANIIOE)
winipap mog \£3 d Suutey 1ojeladQ . dumony uoneray
Mo ysry 7z o1d Iseare 3uipuoiq 1o] wayss Juawurejuos / sped mdg »
Moy no S d sa1npadold uonyusaald aseajar Suipeoj dog, «
wnps VIN g9 d syue) pue Suidid uryim uoisoliod pajerajadde 10§ uondadsul JipoLIa] »
wnipey VIN V9 d HOIEINSUT I9pUn Uoisonos Joj wieidoxd uonoodsur aipouad «
Mog WNIPIA-MO] ol d sasoy Jo suonoadswun Ljudsjug oipouag » sauIMoe)
Mo| wnips |y qae d soinpasord Sunesado uspupy « | Swidexyoed yo sarsnpoxe
winipajy Mo A4 d duiuren Jojesadgy - SanMoe) o 3qn]
WnIpap V/N q9 d syue) pue Suidid uiyiim UOISOLI0D pajeIa[adde 10j uoljoadsul JlpoLad «
WInIpay] V/N V9 d uonE[ASUT Jopun uolsoxios Joj weidoxd uonoadsur apouo «
Mo Moy S d sasnpadold uonuaaaid aseajas Butpeoj dog, » sonioe) yeydsy
M0 WNIPIAN-M07] (4| ﬂ.—\& m:OﬁOQ&m:,_ pajuswinoop pue g::ﬂ—n— alpolad
Moy WPOIA 8 d sa[dures yonpoid pue sjuadear L10je10qe] jo JuswoSeuew sodoly .
Moy WNIPaJA- O] 6 d salnpasold 3urpuelj 9)sem / SISUTEIUOD JISEA, «
Mo wnpa g€ d sainpasord Suneredo uonup
wpa Moy vE d Juiunen lojeradQ - £moej A1ojeroqer]
Mo YSiH-wnIpop £z o1d ed ds / pays uonasjold Jayieap «
Mo WRIPIA-M07] ¥i a/d suonoadsur pajuawundop pue pauuv(d JIpoLiag «
Mo wnipay L d swiaysds Juprdures dooj pasojy «
Moy WP~ M0 6 d sainpasoid Surpuey a)sem’/ SIBUTRIUOD dJSEAL *
Mo WP d€ d sainpasald Jumpesado uonuipy » (A1uo 1onpoid)
WNIpA]y Mo Ve d duiuren JojeradQy . Aimoey urdureg

;SOLIBUADS aseddY Juawdinby Lye Ligjpuy

I-L9lqeL

7-4

Copyright American Petroleum Institute

Provided by IHS under license with API

Not for Resale

No reproduction or networking permitted without license from IHS




STD.API/PETRO PUBL 3I4O0-ENGL 1997 MR 0732290 0572133 072 MR

WInIpaN-M a/d SUONORSUL PAJLAWINOOP pire pouue|d sipousad »
ol ivv_z.BoQ vw d sasnpasord Sunpuey 9)sEMm / SIOUTEIUOD JISBA »
ol A, d Suneiodo uanuiygy » suoneiado
mo] wnipo qg¢ d $2INPadoId sul) NUM g 1
. . U ue
wnipa]y Ly | Ve d 3uyuren Joeredo ueapd Jue ],

[SOLIBUADG ISBIPY juawdinbg Anpoey Asepuy

1-L 3qeL

7-5

Copyright American Petroleum Institute

Provided by IHS under license with API

Not for Resale

No reproduction or networking permitted without license from IHS



STD.API/PETRO PUBL 340-ENGL 1997 WM 0732290 0572134 TO9 WM

(uopuasatrd)
aouBULUTEW
PRIGTILEIN danejuaaoId
7-8 9lqe] JO g# W) 01 12JaY, | Jo § wayf 0} 1050y | 1o powuwrerdory ¢
(uopuasaiy)
sainpaosord
8 UONIAS Sunerado
T8 9JGR], JO P W2 0) 10JoY 4 | JO p WA 0} 12 uenlm e
(uopuaad L)
8 Uonoag duiuren
Z-8 9lQBL JO [# W) 0} 19JoY 4 | Jo | W) 0) JojoYy Jojeradg VE
(uopuaraiy)
M0 Juipeoj SYo0jIR)U
wiayshs soury Jodea ur winajonad pasuspuos 0) anp saurj Jodea ur wnajonad uonuaaaid
i Yoot 1593 pue 1adsul Affesipouad « JO UONEIRUINDOE. SSIIPPE 10U SA0(] » JO uonejnwnode afqissod sjusadLd « L1940 Yonu ) tdz
(uopuaadsg)
1odea 10 jonpord Jo 9sEa[al SJUIAI] saajea pojerado
JUOUISAOW YONJ] WOLj 10J0W JO SIATRA
woyshs saun] Jodea W winsjonad pasudpuod y¥oe1 Surpeo] Yany je suoydLUN0d ¥ooyo Jodea
Yoo 353) puw Joadsut AffeatpoLiag - JO UORE[RWNDIE SSAIPPR JoU SA0(] » | pue sasoy Jodea 0) adewep sjudAdL] « Yoe1 Surpeor] 44
Ia)em Jo Junoure
aY) saseaIoul UaleIdfE ANIpoe)
10 ULIO}S USISap SY) SPIADXI JUDAD
urel 2Y) uaym 1olem 3Yy) afeuew o)
S|O1U0D puk $21nPas0old 10§ SIPIACIY » (uopudAg)
a[puey ues Jojeredas uey) Jojeredas
1218213 smoyy syuaaard uordinsal 1M /1o
ajel mO[J pue uYys K3ojo1pAy uwrej auij 10 U0JIE)S JJT] © BIA JORQUOD MOL] Ioj uonejn3dal
10J mopj 931eyosip Joayd A[fesipoudd » jue) Jo sisAjeue pafiejop somnbay » 958321 MO[HAC 10 jonuod
onpoid pajenwinose wreansdo fio jo a3reyosip Jnoy)im smop) udisap Mof[J duipnjown
10} Joreredas 1ajem/[I0 100dsul AfjeatpoLing o 1a1em Jo Juawpunodun asnes Aejy « a|puey ued Jojeredas Jey) SAINSUY o 209t 190d 1dV 3uizis sodoig I

saunseapy joauo)) judwdinby £jpoe,y LsejRuy

<-L3qe]

7-6

Copyright American Petroleum Institute

Provided by IHS under license with API

Not for Resale

No reproduction or networking permitted without license from IHS



LN
o
o
LN
m
~
n
?
n
[mm]
[om]
o
r
rn
m
r~
a
—.{
o
o
~
wd
(G
=
Lol
[}
[am ]
-
m
|
m
=2
o
<
14
T
ul
o
~
=
a.
<
[=]
T
%]

undwes {uopuaraid)
10J Wid)sAs paso]3 A[[e10} € SapIaol] » wioIsAs
SAAJEA pojdwes aq 03 sauT Teau sdey Sundures uado undures
pue saurf jo uonzadsut stpouad utopad « | pateco) aq 01 sary sanmoe) Sudweg . £q pesnes sqids pue sdup sjusaasg « dooy pasol) L
(uonuasdag)
yswdinbs
aoeds paurjucd Buissasord
Swuren Ayages sjendordde Sutpnjoun ojut Anua annboi suoyoadsut feureyu] . 1odea
Jouuosiad uondadsin uren Ljzadorg « ERIPNEN Ludau Jo uonoadsun
yun Jodea jo uonsadsut sipotrad WO » WO Jun jo [eaowal axnbor Kepy » Wa)sAS JO UONEDIJLIdA SAPIAOI] » alpoLIa | 79
(uoppuaAaLf)
snedar Aressaoou wialsAs amua 3y} Jo aanejuasadar joE}jE UOISOLIOD JO SBIIE PIIE[Osl Syue) pue
PUILIWO3] PUE SI|RSIT JUSWINDO(] 2q 0} PAIOPISUOD OFe YIIYM SEIIe 1o uoneperdap [eisuad 1005p [[Im Surdid utjum
seome aanejuasaldal [reuss o) pajuy st uondadsut Affens) « jue) pue odid jo uonoadsut fewaiu] UOISOLIOD
Jo uonoedsul fensia WIOMDJ o 20BLINS [E)OW spnpord paleIafade
poueR3d pue Jo 3uures|d 9aIsUIX? sannbas udjjQ winajoxnad pajesy Wolj UOISOLIOD 0LS IdV 10§ uonoadsui
pendua ‘pajefost aq 0) sey jassaa Joadig » wuopiad o3 ynoygip K197 « | pojeIsjesoe Jo WISdUD Y] SISSAPPY $LS dd 1AV stpoLad €19
snedal Aressaoou (uopuasdsy)
PUSLLILLODL PUR S)|NSAT JUSWINIO(] « uone Rsul
(jue) Jo Ul 1aMO] ‘s)uswioeYE SBAIG POTIBI0] Iapun UCISOLIOD
‘syoddns adid -a77) 1ojem 2BINUINSOE ut Affenueisqns ATeA Ued suonipuoy) « UOIPUO) UOISOLIOD [ejoWl oy wreidoxd
0} A[9Y1] Seare Je 10 UOHE|NSUl paqinisip adid payensui sy; 19adsut [ensia 0} paAOWIAL ST ue) JO 0LS IdV uonoadsu
10 Yeom uo uondadsur fensia wopiad « | Jooqdwes [qews K14 € sassaippe AuQ « | odid uo uonensul Jo sUONOYS [RRWS o LS Jd 1dV atpoLIag v9
(uopudAdL])
3urpeoy doy yo asueunopiad ay) Sutpredal Appoinb puodsasx Suipeoay doy yonpoid sainpasoid
sotorjod pue samnpesoid w Juipeo] 0} AqIeaul 9q 0} 9ARY [QUUOSId] « Kavoay wioly sj1j 1940 jusaaid uonuaaaxd
doy Suruiopad [ouuosiad fe wie1], « pamo[[o} 0} seInseaul [0RQUod parsauldus jo asesjal
ampesold 3uperado mofjog « AT101ys 2g 0} 2ARY SAINPIJVIJ » peajsut sainpasold usim sap1aol] o 0192 A.LS 1dV Suipeo; doj, c
aomma uLo)s (uonaaPRq
porefnunooe uo juasaid st uaays JuopuALd)
J]gISIA OU Jey) wjuod jauuosiad aseaa1 0)
a3reyosip 0} pedmeyodsip oq pinod uopdadsu Jumerado Juiaey £q sedreyosip Joud uonoadsut
1oud Iojem pajepnuindoe pajoadsun [ensip o JensIA Jo13e SULLINDOO saseafay o o1 Jouxd Ayenb 19jem soIIoA » Z09Y 19nd 1dV TensiA v

saunsedA [04juo)) Judwdinby Anpoey Liejppuy

"L3lqeL

i

Copyright American Petroleum Institute

Provided by IHS under license with API

Not for Resale

No reproduction or networking permitted without license from IHS




STD-API/PETRO PUBL 340-ENGL 1997 WM 0732290 0572L3L AA&1 WA

SAINSBIA [0.pu0)) yudwdinby Lpoe, Lrepuy

(uopuaaaiyg)
onpoid
2OUBUBIUTEW PaI12A0dal
pue uonerado wyshs ur siojesedo urer], « dwind © umop dumnys 10} SI0IAIP
wss uoyuaaaxd : 10 9ATeA € Sullinys uej ojul molj uonuaaaid
31240 159 Jofpue joodsul Affesipoliag « Suuonuow sannbs1 wajsg « Sunoinsal £q 1240 JUe) SIUSAII] « 0S€Z AN IdV TMH2A0 Al
95BIJ21 B 2snEd A8l JUINIISU0D
2SS € jO SUOHENUIIU0D 3 Ie|
JIOJUNOIUD YOIy 10 SUOHRIUIOUOD
[oAS[- 0] 10§ pauBisop swaIsg « PRIBIUNOIUS 2q 0} 1onpoid (uopudaaly)
PRISIUNOOUD 3 0) SUOLEIUIIUCD JORISUOD O) JNIAJIP wimsjonad ayy Y djquedwos s Limaguedwos
pue sjonpoid ay) yim ajqueduwios aq Lew winojonad Jo suonenuUadU0 *0)3 ‘sTeas ‘Teusjew adid ‘sjaysed se fedajew
9Ie STELIajeW [ESHLD [ Jey) 2InSuy . ApPYT[un 1o} paudisap swayskg » Yons STELISe [EONLD JBY) SOINSUY o ZELE JYW IdV 1adoid amnsug 1
109)9p AJ[Ensia (uopuaadayg)
0} [Tewss 00} 2q el $]09Jop WS » sasoy
sprend amydma Jo suonoadsin
sasoy 2SOY 10 S9A9[S ‘LIP 0} NP M3IA 01 Joud asoy U1 s}oajep 10919p Audau
Jo uonvodsu pensia sipouad uLopIa g « WOIj USPPIY UDJJ0 IE S109Jap 2WoS « |  Ud}jo s sasoy Jo uondadsul fensip « alpoudd ol
resodsip (uonuaraL])
pue uonezLREIRYd ‘Suroqe] sainpasoid
Tesodstp o} zoud pajoajord aq 0y ‘a3eiois Surpnjoun padeuew Kpradord Sunpuey ojsem
sIauteluos a)sem Sunoojord pue dAeY SIOUTEIUOD PUE SIAUTEIUOD PISUL ame suonelado Sutues|d yue) Suunp 209¢Y 19nd AV / sIauTejuod
duipuey Joj sarnpasord Aueduiod mofjod « | pooeid AQnjeres oq o} sey a3pnys Jue] » pojeIsuad sajsem Jey) saInsug » 8€91 LM IdV asem 6
(uopudAdL])
sojdwes
onpoid
papiaoid s1oumejuod 29 sjuadeas
Surpuey d)sem pue sanoe] [e1oads « A1oje10q¥]
SUBIDIUYOI) soueunopad 1edoid 10§ ueroiuyoo) aseajai 10 [esodsip ajsem Jo uswadeuew
ypae Afesipousd pue Suiuten wUopD g o qej uodn juspuadop st wioisAg « pire yonpoad sodosdun sjusaarg « 8€91 d¥ IdV sodorg 8

¢-Lalqel

Copyright American Petroleum Institute

Not for Resale

Provided by IHS under license with API

No reproduction or networking permitted without license from IHS



[paso[o 1o uado]
uontsod 1edoxd a1 wr are pue potpuapt
Apedod are saaea Joo[q ainsug

Sunooso
WI0IJ 9se9[0) © Juaaa1d Jou ABIA

jun 1odea oy woyy

(uonpoajory)
Sudid jonpoid

STD-API/PETRO PUBL 340-ENGL 1997 EE 0732290 0572137 714 WM

SAINSLIA [onpu0)) judswidinby Lyoe Legpuy

o | sour wnsfonad Jo UOHEIOST SAPIADI] » PLS JU 1AV ul 2aLeA NO0|g 81
SPIjOS pajeurursiuod jonpoid UOLBUTLUBIUOO JOJEM / [IOS SJUSADI] «
10 saxnpasord Surpuey [eroadg . P
Jolem WHIO)S 9[puel] 0) paoN *s105s21dW0D ‘S3A[eA ‘sjojeuTWIT]d (uononoayg)
Ajournor ureip pue joadsuy . SUONE|NWIRDOE S[pUEl] 0) PION « | Jre ‘s1oyy ‘sdwind woij syeo 1o sdup wRIsAs
wawdinba jo asurus UTEW MO[fe O [EISU] » 1431 pinbry doay o3 pesN « Teus JO JUSWIUTRIUOD I0] JqeNns « 0197 ALS IV JUSUIUTEIUOD) Ll
sjuawannbal
Yuey ssaooxd ySnory-moyy
1onpoid pojernuwinooe jno dwng YIM 90UBPIOIIE UL PAUBisap aq ISnj » 10npoId pasuapuod sureuey) « (uonjaajos])
A[ounInox sjusju0d ue) 10adsuy . uonoadsut aumnol sonnboy . [[1}19A0 [BJUSPIOOE UE SUTEIUOD) + Jure} Jnoyoouy| 91
(uondaa(g)
wayshs uLrefe padsut pue 359 AfeotpoLing « suLee
asuodsar pamnbai pue ulree sy) Kousserdwios 1ojerado 15150 ARy - uondunjew
JO oInieu oY) Ul pauteq 9q o} sey lojeiad() « uone Jojerado sonnbay . Jojerado spapy . WajsAg 9!
(uonoaaqy
uonuIAL])
suopnosadsu
pajuaWInOop
pue pouueyd
-8 9qe], JO p# W) 01 Iojoy Jipousd vi
(uondajaqy
UONUIANMLY)
Lu2)sAs
Foo[iaur
T-v3lqel Jo g€ % VE# SWal] 0 1)y 0SET dU IV | /WREYLAQ €l

¢ L3lqeL

7-9

Copyright American Petroleum Institute
Provided by IHS under license with API

Not for Resale

No reproduction or networking permitted without license from IHS



STD.API/PETRO PUBL 34O0-ENGL 1997 0732290 0572138 LSy

awnjoA aseajas pajedionue oy 9jpuey
0} PaZIs 3 0} dARY SEATE JUSWIUTEIUO]) »

o
PR[IONUOD € U] 35E3JaJ J1f) SUTRIUO))
Sased[al

Idjea pajejnuinooe adeuew Lj1adoxd QUIN[OA JUWIUTRJUOD 2WNoA 23 1¢] JO JUUITRIUOD IO (uopadnoag)
pue Wwnajonad pajenunose 9A0WIY yueorudis apiaoid you op sped dg » syes] Jo sdup 10§ JoLireq © Sop1ACL] wiaysks
Il Iotem pajeawInode pedeweus jiadord aq 0} aaey aseojol € Aq pajoedun 3uiaq JUaWUTRIU0D
10 Jonpoid ponds 103 yoadsun Afesipotiag « sponpoid winajonad / 1o1em poxiy » wio1) vare Juipunouns oy s199)01J 0192 (LS IdV / sped pds T
S3[21YaA ysem o) paanbai Jajem
dnayew Jo ownjoa 9y asea109p
ued suonesado 204093 pue 194039y o
sjuade
fesodsip pue ugpuey feroeds Suidpspnws 9)qissod jo uononponul
ajpuey o) paudisop onnbol Leus Jojem ysem pue o3pn[g « ay) Bunuaaaid £q wisysAs Jurgpuey
sea WAJsAS 3Y) SSIUN WAYSAS Jojem uonoadsur pue Iojem a)sem ANfIoe) 19410 wolj (uopaajosd)
diseMm A)I0B] JO Jojem ULIO)S pIek ojul soueuajurew orporiad sannbay wiashg » uonejosi pue Ljuour suTeUTE widysks fesodsip
I0JUD J0U S0P 1JBM (SBM By} INSUF » Sa[OIYdA JO 9718 pue 95€213 puE I0 PAJIS[NLLD UTE)UOD PUE JUdW)EIR
osn Iaquinu pojedidljue 3y} ajepowiIodde Kew yoym Ja)em ysem sadeuew ‘Jumpurey 1ajem
__ urRsAs 10j a1npacoid Sunerado mofjog » 0) PoZIs 3q 0} Sey WiasAs « Apadoad pue sjoo[02 ‘sureluo)) « 8691 dM 1AV | usem pajeaipa(q 1z
(uopaajosq)
urei3oid [esodsip PaIoA0aal wo)sks
10 3unpohaos e dojoasp 0) 9aeH Apadoxd are sponpoud sainsug « Bumpuey
JOPUDA PISING YUm soseajal juaaaxd 10 10 [094]3 a[ohaal pue a3ei0)s
100413 / pio pajasqiod jo dnyord ajnpaydg « 0} pedeuew aq 0} aAey seare 23e101S 10 1240921 0} AJIqeded sapiaol] » ‘uondefjod
10 0943 / 10 pajasj0o jJo seore odelols S[euRew 109413 / o
Sumpofoor appousd untopad pue sfnpoyog « punsip pue ajenedas om) sannbay .« 210]S 0) UOHEIO] 2INIIS € SIPIAOI] o pasn pajesipa(] 0z
apew a3q ues siedar mun ’
saxIul 12jem / wingjonad adeimw Aprodoig o s3ed] Sumsixa Sumjonuos 1oj poijaws SUOI}O3UU0D
Aressaoou se idwyg « Axe1odwia) € s8 pasn 8q AjUo pinoys « aso0y 1o sadueyj ‘sjeas duind Jopun (uondaj04g)
winajonad 10 19)em pajEinWINOOe sannuenb seate ut sdup frews 3unaaqjod Jof sued dug
JIEWUS 9)EpOluWIoaae AJUo ue) « POL[IOW JEIILOUO3 PUB 9A11301J « / sped mds 61

1o} sued dup 3o0yd Afeoipolidg «

o

sainseay [onuo)) yudwidinbyg Aypey Liejpouy

0197 ALSIdV

f5s £

-L3lqeL

7-10

Not for Resale

Copyright American Petroleum Institute

Provided by IHS under license with API

No reproduction or networking permitted without license from IHS



STD-API/PETRO PUBL 340-ENGL 1997 HR 0732290 0572139 590 4

qQels J00[J jo uonoadsut alporred ULONS «

woss [earnoae Joord-uoisojdxs
pue uonemuaa saanbar ey «
PAYS UL SUOKEIIUIOUOD
Jodea snoprezeyj e dojoaap Aey «

BaIE qef Wwolj Jjjount
I2jeM ULIO)S POJBUILUBIUOD SJUIASI] «

(uonaasjoly)
ped nds / pays
uonosjord
Toyleap €T

saunsedJ] [onuo)) juawidinby Lypoeg Liepouy T-L31qBL

7-11

Copyright American Petroleum Institute

Provided by IHS under license with API

Not for Resale

No reproduction or networking permitted without license from IHS




0732290 0572340 20C @A

STD-API/PETRO PUBL 3I4O0-ENGL 14997 Ha

Section 8
OPERATING SYSTEMS

INTRODUCTION

Previous sections of this document outlined engineered and non-engineered controls available to
facility owners and operators. This section addresses the human factor -- or operating systems --
involved in conducting sound facility operations. Employee performance, as well as policies and
procedures, act as control measures. In many instances, the use of such controls is as effective as
strict reliance on engineered controls. Conversely, misapplication or lack of an effective operating

system can be the direct or indirect cause of a release.

OVERVIEW
Personnel at an aboveground tank facility perform a range of activities. Facility personnel job

activities may be grouped as shown below:

CATEGORY RESPONSIBILITIES

Operations Operation of storage facilities, pipeline facilities, or marine transfer systems;
loading and unloading of vessels, railroad tank cars, and tank trucks

Maintenance Facility maintenance and repair

Other Activities ~ Construction, maintenance, system upgrades, environmental and waste
management services, and facility housekeeping.

Operations and maintenance personnel may be employees of the operating company or contract

employees.

Facility staffing requirements vary widely and are generally based on the facility size, location,
amount of product stored, degree of automation and other factors. In many instances, a
continuous staff is not required, and release prevention and detection is handled by a combination
of continuously automated systems with periodic human review. For facilities with minimal

staffing requirements, the observations of this section may not always be applicable.
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An effective program addresses training, knowledge, skills, and ability for all personnel activity.
The facility operator can ensure that personnel:

¢ Are trained in appropriate work practices and procedures

o Adhere to established operational and maintenance procedures and policies

o Perform periodic physical inspections

e Operate and maintain systems in a manner consistent with established procedures
e Support or augment engineered controls

e Are actively involved in preventive maintenance

¢ Areinvolved in an established system for reviewing, approving, and documenting changes
to process equipment prior to construction or return to service

e Are trained and prepared to respond to a release

RELEASE SCENARIOS
Releases resulting from an operating system failure can be grouped into the following broad
categories:

Operational Practices: Releases may be attributable to errors or omissions by facility personnel.

Examples of such errors include tank overfills or incorrect use of equipment. Facility personnel

errors and omissions also may be related to inattention to policies and procedures.

Maintenance Practices: Releases may be attributable to errors or omissions in facility

maintenance practices. Proper maintenance ensures operationally sound equipment, controls, and

alarm systems.
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RELEASE PREVENTION
Use of the operating system to prevent releases is based on the following elements:
| e Management commitment

e Defined job duties and responsibilities

e Documented operating procedures

e Personnel training programs

e Supervisory oversight

o Evaluation and feedback for personnel

Management controls and appropriate staffing by trained personnel can be the central components

of an effective operating system.

Causes of potential releases and available control measures associated with the facility operating
system are presented in Table 8-1, which also gives the relative costs for installing and
maintaining the control measures. Information on the application of the various control measures

is presented in Table 8-2.

8-3
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Appendix A
ABBREVIATIONS

Aboveground
Aboveground storage tank
Cast iron pipe

Cast in place concrete pipe
Corrugated metal pipe
Detection control measure
Ductile iron pipe

Fiber reinforced plastic
High-density-poly-ethylene
Prevention control measure
Prevention and detection control measure
Pre-cast concrete
Protection control measure
Poly-vinyl chloride

Release Prevention Barrier
Release Prevention System
Spill Prevention Controls and Countermeasures
Underground

Underground Storage Tank
Vitrified clay pipe

Welded steel pipe
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Appendix B
DEFINITIONS

Terms used within this report have the following meaning:

Aboveground Storage Tank (Vertical and Horizontal).

An atmospheric vertical or horizontal, cylindrical, closed-top or open-top, steel or
fiberglass aboveground storage containers of various sizes and capacities over 1100
gallons (4164 liters) and whose entire bottom is supported uniformly on the ground,
completely on saddles, or other supports

Control Measure

The available practices, procedures, technologies, and equipment that can be used in AST
facilities to prevent or detect a liquid release or protect the outside environment from a

release.

Detection

Any device, equipment, procedure, or operating practice whose primary function is to
identify a release or the potential of a release of liquid petroleum outside the primary
containment system.

Dead Legs

A section of unused liquid-filled petroleum piping that branches off the main pipe. Dead
legs are often the inadvertent result of piping system alterations.

Engineered Control

Any control measure that involves use of equipment whose function is to serve as a
release prevention, detection or environmental protection measure.

Facility

Refers to the physical property, equipment, buildings, structure, pipelines or other physical
features associated with aboveground storage tanks referred to in this report.

Liquid Release

The abnormal discharge, spill, leak or release of liquid petroleum products outside their
primary containment system.
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Non-Engineered Control or Procedural Control
Any control measure that involves the use of policies, procedures or personnel to prevent,
detect or protect the environment from a release.

Operator

The person responsible for the performance of the specific task. For example, the driver
performing the loading or unloading operation is the operator.

Practice or Procedure

Refers to operating, maintenance, testing, and inspection methods or policies that are used
to prevent, detect or protect the environment from a liquid petroleum release.

Prevention
Any device, equipment, procedure, or operating practice whose primary function is to
avert a release of liquid petroleum outside of the primary containment system.
Primary Containment

The system such as a tank or piping whose purpose is to hold liquid petroleum.

Protection

Any device, equipment, procedure, or operating practice whose primary function is to
minimize the impact of a release on the surrounding soil, groundwater or surface waters.

Release Scenario

Various potential sources or causes for the discharge or the potential of discharging liquid
petroleum outside the primary containment system.

Release Prevention Barrier (RPB)

Refers to the items covered in the non-mandatory Appendix I of API Standard 650 and
includes steel bottoms, synthetic materials, clay liners and all other barriers and
combination of barriers placed in the bottom of or under an aboveground storage tank that
have these functions: (a) preventing the escape of contaminated material, and (b)
containing or channeling release material for leak detection. Application of RPBs is
limited to aboveground storage tanks only.

Release Prevention System (RPS)

Refers to API Standards designed to maintain aboveground storage tank integrity, thus
protecting the environment. These standards cover such things as frequency of internal
inspections, lining the bottom of the tank interior, fitting the tank with RPBs, installing
cathodic protection or some combination of these measures, depending on the operating
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environment and service of the tank. Application of RPSs is limited to aboveground
storage tanks only.

Secondary Containment

The means available to retain a release of petroleum from impacting the soil, groundwater
or surface water adjacent to the facility in the event a release of petroleum occurs from a
tank, vessel, loading, unloading or piping area. This may involve the use of dikes, remote
impoundment, drainage, knockout tanks or other means that will hold the anticipated
volume of petroleum. The requirements for secondary containment vary based upon the
regulatory jurisdiction and applicable code. For detailed requirements on secondary
containment, refer to NFPA 30, the Uniform Fire Code, the Federal SPCC Regulations
(29 CFR 112), the Oil Pollution Act of 1990 and the specific state regulations where the
facility is located.

Vadose zone

The subsurface soil area of aeration above the atmospheric groundwater table. The
vadose zone includes the area where the soil is less than 100 percent saturated and the
capillary water area where water is held against the soil by capillary forces.
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