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Abstract: The significance of oil-spillage regulations and their applicability to electric substations 
are discussed; the sources of oil spills are identified; typical designs and methods for dealing with 
oil containment and control of oil spills are discussed; and guidelines for preparation of a typical 
Spill Prevention Control and Countermeasures (SPCC) plan are provided. This guide excludes 
polychlorinated biphenyl (PCB) handling and disposal considerations.
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discharge, oil spill, primary oil containment, retention pit, secondary oil containment, spill prevention 
control and countermeasures (SPCC) plan
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers. 
These notices and disclaimers, or a reference to this page (https://​standards​.ieee​.org/​ipr/​disclaimers​.html), 
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning 
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards 
through an accredited consensus development process, which brings together volunteers representing varied 
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers 
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not 
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE 
administers the process and establishes rules to promote fairness in the consensus development process, IEEE 
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any 
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties, 
express or implied, concerning this standard, including but not limited to the warranties of merchantability, 
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the 
use of the material contained in its standards is free from patent infringement. IEEE standards documents are 
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or 
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, 
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE 
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, 
or educational courses, an individual presenting information on IEEE standards shall make it clear that the 
presenter’s views should be considered the personal views of that individual rather than the formal position of 
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting 
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with 
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is 
important that any responses to comments and questions also receive the concurrence of a balance of interests. 
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to 
provide an instant response to comments, or questions except in those cases where the matter has previously 
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would 
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant 
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile 
and Interests area of the IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and 
data ownership in the context of assessing and using the standards in compliance with applicable laws and 
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of engineering practices and methods. By making these documents available for use and adoption 
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, 
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://​www​.copyright​
.com/​. Permission to photocopy portions of any individual standard for educational classroom use can also be 
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old 
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some 
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have 
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through 
the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. For more information 
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number and 
year of approval to access the web page of the published standard. Errata links are located under the Additional 
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically 
check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE 
SA Website at https://​standards​.ieee​.org/​about/​sasb/​patcom/​patents​.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation 
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries 
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions 
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are 
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the 
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. 
Further information may be obtained from the IEEE Standards Association.

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:30:59 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 980-2021

https://www.copyright.com/
https://www.copyright.com/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-980-2021
http://www.avadocuments.com/doc/ieee-980-2021


6
Copyright © 2022 IEEE. All rights reserved.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against 
interference with or from other devices or networks. IEEE Standards development activities consider research 
and information presented to the standards development group in developing any safety recommendations. 
Other information about safety practices, changes in technology or technology implementation, or impact 
by peripheral systems also may be pertinent to safety considerations during implementation of the standard. 
Implementers and users of IEEE Standards documents are responsible for determining and complying with 
all appropriate safety, security, environmental, health, and interference protection practices and all applicable 
laws and regulations.
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Introduction

This introduction is not part of IEEE Std 980-2021, IEEE Guide for Containment and Control of Oil Spills in Substations.

Many international governments, on federal or local levels, have implemented regulations prohibiting the 
discharge of oil into waterways and the environment. Often these regulations require the preparation of spill 
prevention and response plans for certain facilities, including electrical substations.

It is prudent to recognize that a potential for oil spills exists in almost every substation throughout the utility 
industry. It is consequently reasonable to identify the extent of the problem, if any, and to recommend plausible 
measures to control oil spills by means of an IEEE guide.

This guide was revised by members of Working Group E2—Guide for Containment and Control of Oil Spills 
(IEEE Std 980)—and is under the sponsorship of the Transmission and Distribution Substations Operations 
Subcommittee of the IEEE Power and Energy Society (PES) Substations Committee.

This revision includes metrication, a deemphasis on US regulations, containment comparison tables, and 
inclusion of updated design figures and photos. Additionally, significant historical survey data were removed 
from the text and relocated to the annex.
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IEEE Guide for Containment and Control of Oil Spills in Substations 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, 

health, or environmental protection, or ensure against interference with or from other devices or 

networks. Implementers of IEEE Standards documents are responsible for determining and 

complying with all appropriate safety, security, environmental, health, and interference protection 

practices and all applicable laws and regulations. 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This guide discusses the significance of oil spillage regulations in electric supply substations; 

identifies the sources of oil spills; discusses typical designs and methods for dealing with oil 

containment and control of oil spills; and provides guidelines for preparation of a typical spill 

prevention control and mitigation plan. This guide applies only to all types of non-polychlorinated 

biphenyl (non-PCB) insulating oil, fuel, and other oils typical of electrical substations. 

It is not the intent of this guide to interpret government governmental regulations or the 

applicability of the oil containment systems presented with respect to compliance to those 

regulations. Interpretation is left to each individual user. 

Note that much of the material and information in this guide is based on discussions, experiences, 

and research conducted by the IEEE Oil Containment Working Group. Part of this research includes 

industry surveys conducted in 1992 and 2012 in an effort to determine common practices for oil 

containment and control in electrical substations. Although generally not discussed in the body of 

this guide, the detailed survey results can be found within Annex C. 
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1.2 Purpose 

Containment, control, and mitigation of oil spills are a concern for owners and operators of electric 

supply substations. The environmental impact of oil spills and their mitigation is regulated by some 

governmental agencies, necessitating increased attention in substations to the need for secondary oil 

containment. Beyond the threat to the environment, mitigation costs associated with oil spills 

continue to escalate, and the adverse community response to any spill is becoming increasingly 

unacceptable. This guide identifies some governmental regulations, the sources of oil spills, and 

typical methods and plans used to contain, control, and mitigate them. 

Note that use of the term “oil” in this document includes mineral oil and other alternative insulating 

fluids. 

1.3 Word usage 

The word shall indicates mandatory requirements strictly to be followed in order to conform to the 

standard and from which no deviation is permitted (shall equals is required to).1,2 

The word should indicates that among several possibilities one is recommended as particularly 

suitable, without mentioning or excluding others; or that a certain course of action is preferred but 

not necessarily required (should equals is recommended that). 

The word may is used to indicate a course of action permissible within the limits of the standard 

(may equals is permitted to). 

The word can is used for statements of possibility and capability, whether material, physical, or 

causal (can equals is able to). 

 

1The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe 

unavoidable situations. 

2The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact. 
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2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., 

they must be understood and used, so each referenced document is cited in text and its relationship 

to this document is explained). For dated references, only the edition cited applies. For undated 

references, the latest edition of the referenced document (including any amendments or corrigenda) 

applies. 

U.S. Code of Federal Regulations, Title 40 (40 CFR), Protection of Environment, Parts 110 and 112.3 1 

3. Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 

Dictionary Online should be consulted for terms not defined in this clause.4 2 

alternative insulating fluid: Any dielectric fluid of low relative permittivity, such as synthetic or 

natural esters, that may be used to insulate electrical current in transformers and other equipment in 

lieu of a refined high-alkane petroleum product such as mineral oil. 

collecting pit: A pit built under oil-filled equipment to collect any accidental discharge of oil from 

that piece of equipment. 

dewatering: To remove water from. 

gallon: One U.S. gallon (gal); equivalent to equals 3.785 liters (L). 

 

 

3 1 CFR publications are available from the U.S. Government Printing Office (https http://www.gpo.gov/). 

4 2 IEEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.org. An IEEE account is required for access to 

the dictionary, and one can be created at no charge on the dictionary sign-in page 

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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harmful quantity of oil: A legal term of art defined by US regulation (40 CFR, Part 110), and it is 

defined to be a discharge of oil that (1) violates applicable water quality standards, (2) causes a film 

or sheen upon or discoloration of the surface of the water or adjoining shorelines, or (3) causes a 

sludge or emulsion to be deposited beneath the surface of the water or upon adjoining shorelines. 

impervious liner: Any lining comprising woven or nonwoven synthetic fabric, compacted natural 

clay soils, or a man-made cementitious mixture that prohibits the flow of fluid from one side of the 

barrier to the other. 

oil: Any of numerous mineral, vegetable, and synthetic, or biological lipid substances and animal 

and vegetable fats that are generally slippery, combustible, viscous, liquid or liquefiable at room 

temperatures, hydrophobic, soluble in various organic solvents such as ether but not in water and 

used in a great variety of products, especially as lubricants and, fuels, and electrical insulation 

media. 

oil containment system: A system designed to collect and retain oil in order to prevent (1) its 

migration beyond the boundaries of the system and (2) the contamination of the environment 

navigable waters. 

oil spill: Any leak or spillage of oil, regardless of volume and including those that do not reach 

navigable waters. A spill includes but is not limited to any discharge, leaking, pumping, pouring, 

emitting, emptying, or dumping of oil. 

permeability: The drainage characteristic of a porous material soil that denotes its capacity to 

conduct or discharge fluids under a given hydraulic gradient. 

primary oil containment: A tank or enclosure designed for continuous containment of oil for 

operating or storage purposes. 

retention pit: A pit designed to retain (hold) oil-contaminated liquids. 

secondary oil containment: A system designed to contain the oil discharged from an oil-filled piece 

of equipment in situations of primary oil containment failure. 
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SPCC: Spill Prevention Control and Countermeasures. 

porosity void volume ratio: The volume of the void space in a porous material spaces between 

stones divided by the total volume occupied by the porous material stones in a stone-filled collecting 

pit. 

4. Statutory requirements 

4.1 U.S. federal 

Many countries and local units of government have generally adopted regulations prohibiting 

discharges of oil into the environment, with an increased focus on waterways. These regulations 

may be more encompassing and restrictive than the US federal regulations referenced in this 

document. The applicability and requirements for spill prevention and containment plans in foreign 

countries and local government jurisdictions vary and are not discussed in detail within this guide. 

It is the responsibility of the reader to investigate and determine the applicable regulatory statutes 

and requirements within his or her own governmental jurisdiction. 

The US federal requirements of the U.S. for discharge, control, and countermeasure plans for oil 

spills are contained in the Code of Federal Regulations, Title 40 (40 CFR), Parts 110 and 112. 5 3 The 

purpose of these regulations is to prevent the discharge of oil in harmful quantities into navigable 

waters, which also includes shorelines, wetlands, or areas that would adversely affect the natural 

resources of the U.S., and to provide for containment systems in lieu of only providing cleanup 

measures after a spill has occurred. Definitions and specifics regarding navigable waters and other 

terms that are covered by these regulations are contained in the publication. The regulations are 

very dynamic and have been amended many times since their inception. They were last amended on 

November 5, 2009, and may have changed since the publication of this guide. The user is cautioned 

to check the latest regulations for revisions. 

 

5 3Information on references can be found in Clause 2. 
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The application of these federal regulations to oil-spill containment and control in substations is 

governed by several key points that have been subject to revision or interpretation. These include 

the following: 

a) Appropriate containment is required if volumes exceed the minimum storage capacity in a 

single container or the entire substation, at which level before a Spill Prevention Control and 

Countermeasures (SPCC) plan and appropriate containment is also required. Any change 

from the current limits may significantly impact the number of transformers, circuit 

breakers, and other oil-filled substation equipment where secondary containment is 

required. At the time of this publication, the current criteria are: aggregated above ground 

oil storage capacity greater than 4997 L (1320 gal) U.S. gallons, or completely buried oil 

storage capacity greater than 158 987 L (42 000 gal). 42 000 U.S. gallons. Containers with a 

storage capacity equal to or less than 208 L (55 gal) 55 U.S. gallons of oil are not included in 

the calculation of the total aggregated capacity. 

b) Regulations listed in What constitutes a bulk storage tank for which 40 CFR, Part 112, 

regulations currently require secondary oil containment. for what can be considered a “bulk 

storage tank.” The proposed rules currently indicate that transformers (and other electrical 

equipment) containing oil for operational rather than storage purposes will not be considered 

“bulk storage tanks.” 

c) The term “navigable waters”, as currently written in 40 CFR, Part 110, is broad and 

encompassing. As defined by the U.S. Environmental Protection Agency (EPA), it can 

include, in addition to the major lakes and waterways, tributaries of rivers, lakes, and 

streams, as well as mud flats and wetlands. 

d) The amount of discharged oil that constitutes harmful quantities. 

As stated earlier, Interpretation of the specific regulations is left to each individual user. 
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These regulations prohibit the discharge of oil in harmful quantities into navigable waters of the 

United States. U.S. Through the implementation of an SPCC plan, which may include secondary 

containment, the regulations require that effective containment plans be made to prevent the 

discharge of oil, and specify that a cleanup procedure or contingency plan be established to be 

implemented in the event of an oil spill. A contingency plan alone can be utilized only where 

containment is shown to be impractical. Oil containment may be deemed impractical in situations 

where constraints prevent the installation of oil-containment systems and/or it is highly unlikely that 

oil would reach and contaminate navigable waters in the event of a discharge. Financial 

considerations alone are not a valid argument for not providing oil containment, as any 

contamination of navigable waters is unacceptable. Also, the cost associated with the expeditious 

cleanup of a spill could will most likely exceed the cost of providing secondary oil containment. 

Guidance and In addition to the requirements for reporting oil spills to the EPA are also 

incorporated in the regulations prohibiting the discharge of harmful quantities of oil, under 40 CFR, 

Part 112, contains requirements for reporting oil spills to the EPA. 

EPA regulations require that each qualifying facility has a site-specific plan. Sufficient detail shall be 

included in the overall plan to identify location of equipment, quantity of oil, grade and slope 

contour of the site and surrounding area, and area the drainage patterns. 

In summary, federal regulations require that each installation exceeding the specified storage 

capacity limitations be assessed for the possibility of contaminating navigable waters. If the potential 

for contamination exists, then an SPCC plan (see 8.1) shall be developed. Such a plan shall contain 

all requirements of 40 CFR, Part 112.7, including appropriate containment provisions and a 

countermeasures cleanup plan. 
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The above synopsis provides a brief regulatory overview of US federal regulations relating to oil 

containment in electrical substations. This is intended to provide a framework or background as to 

the need for oil spill control and mitigation measures at substations. Several other nations, and even 

local or state units of government, may also have similar regulations. Each user of this guide is 

encouraged to investigate the regulatory applicability of their respective operations. Many utilities 

and operators of electrical substations employ oil spill control measures as an act of corporate 

citizenship and environmental stewardship beyond just a regulatory obligation. These can also be 

motivating factors and criteria for consideration when evaluating the need for oil containment. 

4.2 Other regulations 

Other countries and U.S. state and local governments have generally adopted regulations 

prohibiting discharges of oil. These regulations may be more encompassing and restrictive than the 

U.S. federal requirements referenced in this document. The procedure for the reporting of oil spills 

to other agencies varies but generally, the procedure could be more stringent than that required by 

the U.S. federal government. The procedure usually requires a report by telephone immediately 

following the spill and a follow-up written report that includes all the details of the oil spill. With 

respect to a cleanup plan, U.S. state agencies generally require that cleanup plans for oil spills be 

developed, written, and filed with the agency. Such a plan contains a written commitment of 

manpower, equipment, and materials that would be required to expeditiously control and remove 

any quantity of spilled oil. 

5. Oil spill sources 

Within this clause Following are descriptions of various sources of oil spills within substations. 

Spills from any of these sources are possible. The user should evaluate the quantity of oil present, 

the potential impact of a spill, and the need for oil containment associated with each source of oil. 

Spills may be caused by electrical failure, leaks, vandalism, sabotage, or accident. 
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5.1 Oil-filled equipment 

Power transformers, reactors, regulators, and circuit breakers are common potential sources of both 

major and minor oil spills in substations, as shown in Figure 1, through Figure 3 since they typically 

contain large quantities of oil. 

 
(New) 

Figure 1—Oil-filled 345 kV power transformer 

 
(New) 

Figure 2—120 kV oil circuit breaker 
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(New) 

Figure 3—Ruptured transformer and resultant oil spill 

5.2 Cables 

Substation pumping facilities shown in Figure 4 and cable terminations (potheads) that maintain oil 

pressure in pipe-type cable installations shown in Figure 5 can be a are another source of oil spills. 

 
(New) 

Figure 4—Oil-filled cable pumping facilities 
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(New) 

Figure 5—Cable terminations (potheads) 

5.3 Mobile equipment 

Although mobile equipment and emergency facilities containing oil, such as portable substations 

and emergency generators, as shown in Figure 6 may be used infrequently, consideration should be 

given to the quantity of oil contained and associated risk of oil spill. 

 
(New) 

Figure 6—Containment for a mobile generator 
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5.4 Oil-handling equipment 

Oil- is filled into equipment at completion of initial installation. The filling of a transformer with oil 

is shown in Figure 7. transformers, circuit breakers, cables, etc., occurs when the equipment is 

initially installed. In addition, periodic reprocessing or replacement of the oil may be necessary to 

maintain the proper insulation qualities of the oil. Oil pumps, temporary storage facilities, hoses, 

and so on etc., are brought in to accomplish this task. Spills from these activities can occur. 

 
(New) 

Figure 7—Containment for tanker of transformer oil in the process of 

filling a transformer 

5.5 Oil storage tanks 

Consideration should be given to the presence of bulk oil storage tanks as shown in Figure 8 (either 

above aboveground or below ground) in substations. The resulting applicability of certain local or 

federal regulations, such as the 40 CFR, Part 112, rules for those storage tanks could require 

increased secondary oil containment for the entire substation facility. 
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(New) 

Figure 8—Oil/fuel storage tank 

5.6 Other sources 

Station service, voltage, and current transformers, oil circuit reclosers, capacitor banks, and other 

pieces of electrical equipment typically found in substations, may contain small amounts of 

insulating oil. as shown in Figure 9 and Figure 10. Although they may contain less oil than 

qualifying thresholds stated within certain regulations the qualified threshold in 40 CFR, they may 

be considered to be as sources of oil. 

 

(New) 

Figure 9—Capacitors containing dielectric oil in storage 
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(New) 

Figure 10—Oil/fuel storage containers 

6. Criteria 

Based on the applicability of the latest regulatory requirements, or when unacceptable risk factors 

have been identified, a program may be put in place to mitigate the risk of a spill to the 

environment. problems. Typical criteria for implementing oil spill containment and control 

programs include equipment type and oil volume, potential environmental impact, severity of 

potential damage, adjacent natural features, incorporate regulatory requirements, corporate policy, 

frequency and duration of occurrences, cost of occurrences, safety hazards, severity of damage, 

equipment type, potential environmental impact, substation location, and quality of service 

requirements. 
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The decision to install secondary containment at new substations (or to retrofit existing substations) 

is usually based on predetermined criteria. Based on industry feedback, historical The 1992 IEEE 

surveys (Annex C) survey addressed the factors used to determine where oil spill containment and 

the research conducted by control programs are needed. Based on the IEEE Oil Containment 

Working Group, 1992 survey the criteria in Table 1 are commonly considered when evaluating the 

need for secondary oil containment. A similar survey was distributed among IEEE members and 

industry peers in 2012 (see Annex C). This survey represented a much smaller sample set than that 

of the 1992 survey (only 27 respondents); however in general, the results generally supported the 

conclusions of the 1992 survey. 

Rarely is all of the equipment within a given substation provided with secondary containment. 

Table 2 identifies equipment for which secondary oil containment is commonly provided. The 

greatest focus is on equipment that contains the largest quantities of oil. 

Table 1—Common secondary oil-containment evaluation criteria 

 
(New) 
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Table 2—Common equipment for which secondary Secondary oil 

containment is provided equipment criteria 

 
(New) 
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(Deleted) 

Other criteria not captured in Table 1 2, but considered common in industry practice reported by 

some respondents in the 2012 survey, include (1) modeling software to determine the potential for 

oil spills to migrate off-site and into surface water and (2) the individual piece of electrical 

equipment being equipped with supervisory control and data acquisition (SCADA) monitoring 

capabilities. 

Each substation should be evaluated by considering appropriate criteria to determine the need for 

oil-containment systems (both new and retrofit). Use of electrical criteria (e.g., phase-to-phase 

voltage) is discouraged because nonelectrical characteristics (e.g., oil volumes) are more important 

when judging the risks of oil spills. Substations with planned equipment replacements change-outs 

may be considered for retrofits at the time of the change-out. 

6.1 Probability of oil spills 

Both The frequency and magnitude of oil spills in substations reaching navigable waters or 

adjoining shorelines can be considered very low based on historical survey results. The probability 

of an oil spill at any particular location depends on the number and volume of oil sources and their 

volume in addition to other site-specific conditions. The probability of a spill was surveyed verified 

by the results of two questionnaires submitted in 1977 to utility members of the IEEE Substations 

Committee by the Oil Spill Prevention, Control, and Countermeasures Task Force of the 

Environmental Subcommittee. 
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The information gathered from responding utilities showed that during the ten-year period from 

1965 to 1974, these utilities had a total of less than one discharge for each 330 pieces of equipment in 

service. Over the two-year period from 1975 to 1976, these utilities had less than one discharge for 

each 1200 pieces of equipment in service. The figures also showed that during the 10 ten-year 

period, from 1965 to 1974, responding utilities had less than one discharge per 330 pieces of in-

service, oil-containing equipment. For the same period, reaching a reached a waterway was even 

less likely, with less than one discharge reaching a navigable waterway for each 5275 pieces of in-

service, oil-containing in service. During equipment. 

Over the two-year period from 1975 to 1976, responding utilities had less than one discharge 

reached a waterway for each 1200 pieces of equipment in service. For the same two year period, less 

than one discharge for every 6640 pieces of in-service, oil-containing equipment. The 2012 reached a 

navigable waterway. 

A survey conducted in 2012 by the IEEE Oil Containment Working Group, along with evidence 

gathered during Working Group meetings, showed similar results. While in that it can be concluded 

is rare that an oil discharge actually reaching reaches a navigable waterway or adjoining shorelines; 

could be considered rare, however the survey results also indicated that is not uncommon for more 

minor oil spills and discharges to occur within substations,. Note that this could also be the result of 

oil containment being more of a common practice in substation design and planning within the 

utility industry, thus lowering the probability of an oil spill reaching a waterway although a 

waterway is rarely affected. 

The task force concluded that, while available this empirical data was not precise, it clearly indicated 

that the probability of spills per piece of equipment in service per year is low small. 

Computer-based modeling software is available to assess the probability of oil migrating off-site and 

reaching navigable water. Such tools can be useful for determining a specific oil containment 

strategy for a substation. 
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6.2 Application determination 

After determining the requirement for oil containment, the design process may include a 

consideration of cost analysis, operations and maintenance considerations, review of applicable 

governmental regulations, and consideration of community acceptance. 

6.2.1 Economic aspects 

Economic aspects can be studied considered when determining which containment system or 

control method to employ. The initial installation cost, as well as the operating and maintenance cost 

associated with the containment method, may be considered. Also, Factors such as proximity to 

waterways, volume of oil, and utility response time following a spill may allow for the use of 

alternative methods at some locations. 

6.2.2 Governmental regulations 

Due to the changing nature of environmental laws regulations, some methods described in this 

guide may could become in conflict with governmental regulations or overlapping jurisdictions. 

after publication. Therefore, determination of which containment system or control method to use 

should always include research into and confirmation of current applicable laws and regulations. 

6.2.3 Community acceptance 

Community acceptance of the oil spill containment and control methods may also be considered. 

Certain levels of unacceptability are intangible and may be dictated by company policies, 

community acceptance, and customer relations. Additional information on this topic can be found in 

IEEE Std 1127™ [B8 B3].6 4 

 

 

6 4The numbers in brackets correspond to those of the bibliography in Annex D. 
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6.3 Performance monitoring 

Some means should be put in place for evaluating the effectiveness of any containment and control 

measures that have been applied. Records should be kept for each substation to record the method 

used, date of application, and the history of oil spills. A record assists monitoring helps monitor the 

performance of applied methods method to evaluate the feasibility of future applications. Selection 

and type of record keeping should be determined by the individual owner/operator. Performance 

testing of secondary containment may be modeled after existing testing procedures, such as ACI 

350.1 [B2] for concrete containment structures and Chapter VI and Chapter VII-Part 10 of ASME 

B31.3 [B3] for pipes. 

7. Containment 

There are Many systems and strategies that can be used utilized to provide secondary containment 

for oil-containing electrical equipment at substations. The containment systems and strategies can 

prevent or mitigate the environmental impacts of a release or spill. These impacts can range from 

increased operating costs due to the clean-up and mitigation involved to contamination of 

private/regional domestic water sources and fish and/or wildlife mortalities. As there are many 

approaches to providing secondary containment, each site should needs to be evaluated based on 

potential environmental impacts in the vicinity of the site, soil characteristics, topography, response 

time, and the type of equipment containing the material. In some cases, providing containment for 

individual pieces of equipment might be the best approach, whereas while in other cases providing 

a single site-wide solution or drainage control might better fit the aspects of the site. Economics and 

constructability are also integral factors when considering secondary containment, especially for 

retrofit installations. There is no universal solution for secondary containment or containment 

dewatering, and each site should be evaluated for site-specific solutions. 
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It is beyond the scope of this guide to make specific recommendations as to which type of oil-

containment system is best suited for specific instances due to the wide range of site variables that 

can exist. However, as an aid to those engaged in the design of oil-containment systems, this clause 

provides information on factors that may be considered in the design of containment and 

containment dewatering systems and gives examples of various types that have been used utilized 

in the industry. 

Based on industry feedback, historical survey results (Annex C), and the research conducted by the 

IEEE Oil Containment Working Group, no single containment system or discharge control method is 

preferable or fits all situations. However, all methods listed in Table 3 have been used successfully. 

All users need to determine which method applies best to their containment need and site 

conditions. Constructability, installation restrictions, future maintenance requirements, and cost all 

need to be considered by each user. The U.S. Department of Agriculture, Rural Development 

Utilities Programs, Bulletin 1724E-302 [B14 B7], provides additional information on oil containment 

methods in substations. 

Table 3—Containment method utilization (1992 survey) 
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Table 3―Containment method utilization (1992 survey) (continued) 
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