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Chapter 1: Overview of the California  
Leaking Underground Fuel Tank (LUFT) Guidance 
Manual 
September 2012 

Intent of the California LUFT Manual  
The intent of the California Leaking Underground Fuel Tank Guidance Manual (CA LUFT Manual, Manual) is to 
provide guidance to stakeholders and to assist them in making informed decisions regarding the investigation and 
cleanup of unauthorized releases of fuels from underground storage tanks (USTs) in the State of California. The 
Manual is designed to guide its users towards solutions for fuel-impacted sites; its contents are user-friendly and 
“state of the science.” 

Introduction 
The CA LUFT Manual is intended to assist stakeholders involved in the California State Water Resources Control 
Board (State Water Board) UST Cleanup Program to meet the Program’s main objective of protecting human 
health, safety, and the environment from petroleum products and/or petroleum additives which have leaked from 
USTs and/or their associated systems. Potential risks to human health and the environment posed by these 
unauthorized releases of petroleum into the subsurface may include impacts to drinking-water wells, intrusion of 
vapors into utility lines or buildings, time and costs associated with management of contaminated soil and 
groundwater during future construction projects, and impacts to nearby surface-water bodies.  

 
While the above documents provide the legal requirements for performing investigation, cleanup, monitoring, and 
other activities at LUFT sites, they do not provide guidance on the best technical methods to perform these 
activities in the varied circumstances found at LUFT sites in the real world. This Manual provides information on 
“state of the science” technologies and implementation strategies that have been proven to be efficient and 
effective. Regulators, responsible parties (RPs), and consultants are encouraged to utilize this Manual to assist in 
their decision-making regarding appropriate methods for compliance with regulations and policies at each 
individual site.  

Background 
In mid-1985, the Department of Health Services (DHS) and the State Water Board formed a Task Force to establish 
procedures for determining whether a LUFT site was clean and safe, so as to protect public health and the 
environment. The procedures were contained in the 1989 LUFT Field Manual. 

The statutory authority used to develop the 1989 LUFT Field Manual was the Porter-Cologne Water Quality Control 
Act, which called for the protection of water with the goal of removing “all” contamination from the soil, surface 
water, and groundwater affiliated with a site. However, the Task Force recognized “that this goal is unattainable at 
many sites. Typically, due to the lack of established scientific and technical knowledge, along with limited 

Legal.  
To mitigate these potential risks, there are four primary sources where the legal requirements for investigation 
and cleanup of unauthorized releases from USTs are found: 

• UST Regulations, California Code of Regulations (CCR) Title 23, Article 5 and Article 11 
• Policies and Procedures for the Cleanup and Abatement of Discharges under California Water Code 

Section 13304 and related State Water Board Resolutions 1992-0049 and 2012-0016 
• California Health & Safety Code (H&SC) Sections 25280-25299.8, regarding public health and safety, and 

safety to the environment while dealing with underground tanks used for the storage of hazardous 
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resources available to the property owner and local, state, and federal government agencies, most cleanup actions 
cannot achieve a zero contamination level” (State of California 1989).  

Because the original Task Force recognized that corrective actions would likely yield some level of residual 
contamination, the original Task Force developed the following assumptions: 
1) “Cleanup of all contaminated soil and dissolved product in groundwater is not always necessary to protect 

public health and the environment. However, it is desirable to clean up soils and groundwater to the 
maximum extent practical to reduce any future risk. 

2) “All free product floating on groundwater should be removed to the maximum extent practicable, unless 
neither threat to beneficial uses of water nor danger to residents/workers from fire or explosion exists. 

3) “Statewide cleanup levels for contaminated soil and dissolved product are undesirable. Because conditions 
vary from region to region, the task force decided to develop a general approach that can be used to quickly 
establish site-specific levels instead of setting state-wide cleanup levels.” 

The 1989 LUFT Field Manual was intended to provide guidance on the following: 
1) Investigating suspected or known leaks at LUFT sites. 
2) Assessing risk to human health and the environment when leaks have occurred.  
3) Determining cleanup levels in soil, groundwater, and air for contaminated sites. 
4) Screening out sites which represent an acceptable degree of risk from further study. 
5) Taking remedial actions. 

The original 1989 LUFT Field Manual was intended to avoid unwarranted analysis, while ensuring that adequate 
analysis was performed to identify the extent of contamination problems; more than 20 years later, this Manual 
has the same intentions.  

Scope of the CA LUFT Manual 
Much experience, research, and knowledge has been incorporated into the CA LUFT Manual since the 
development of the 1989 LUFT Field Manual; however, the belief that removal of all contamination is unrealistic is 
still prevalent. The assumptions that were developed by the LUFT Task Force in 1989 are still applicable in 2012, 
specifically: 
1) Cleanup of all contaminated soil and dissolved product in groundwater is not always necessary to protect 

human health, safety, and the environment.  
2) Free product floating on groundwater should be removed to the extent practicable. State Water Board 

Resolution 1992-0049 directs that water affected by an unauthorized release attain either background water 
quality or the best water quality that is reasonable, if background water quality cannot be restored. Any 
alternative level of water quality less stringent than background must be consistent with the maximum benefit 
to the people of the state, not unreasonably affect current and anticipated beneficial use of affected water, 
and not result in water quality less than that prescribed in the water quality control plan for the basin within 
which the site is located.  

3) In Resolution 2009-0042, the State Water Board stated that the issues identified in the resolution are of an 
ongoing nature and that the State Water Board will take further appropriate action to improve the UST 
Cleanup Program and the UST Cleanup Fund Program. A State Water Board policy for water quality control 
that establishes criteria for closure of UST cases that present a low threat to human health, safety, and the 
environment is necessary for consistency and will facilitate the appropriate closure of UST cases and also 
improve both the UST Cleanup Program and the UST Cleanup Fund Program.  

4) State Water Board Resolution 2012-0016 approved a substitute environmental document and adopted a 
proposed water quality control policy for low-threat UST case closure on May 1, 2012. 

5) The Low-Threat UST Case Closure Policy (Case Closure Policy) became effective on August 17, 2012. This policy 
is intended to provide direction to responsible parties, their service providers, and regulatory agencies. The 
Case Closure Policy directs the Regional Water Boards and local agencies to review all cases in the petroleum 
UST Cleanup Program using the framework provided in this Policy. The Case Closure Policy also seeks to 
increase UST cleanup process efficiency. A benefit of improved efficiency is the preservation of limited 
resources for the mitigation of releases posing a greater threat to human and environmental health. 
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This Manual also has very similar goals as the 1989 LUFT Field Manual did, including: providing guidance on 
investigating LUFT sites, assessing the risk of an unauthorized release, and employing corrective actions. This 
version, submitted in September 2012, provides closure criteria for low-threat sites. This Manual is intended for 
use as a guide for investigation and/or remediation of petroleum and fuel-additive contaminants at LUFT sites 
which currently or potentially may impact human health, safety, and/or the environment. The Manual is also 
intended to provide guidance for implementing the requirements established by the Case Closure Policy.   

 
The Manual is a guidance document; it is intended to work in cooperation with existing regulations.  

Due to the diverse nature of the geology and hydrogeology throughout California, this Manual is designed to serve 
as a general resource document for UST cases throughout the State of California. It does not include information 
specific to any county or region.  

Development of the CA LUFT Manual 
The original 1989 LUFT Field Manual was the result of the best collective efforts put forth by local, regional, and 
state representatives. This Manual is also a collaborative effort but, in addition to local, regional, and state 
representatives, has included input from the United States Environmental Protection Agency (USEPA) Region 9, 
RPs, consultants, and the general public. It was important for the State Water Board to give stakeholders an 
opportunity to play a role in the development of this Manual.  

The update process began in 2009 with the State Water Board hosting four public meetings across the state to 
collect information and ideas for updating the 1989 LUFT Field Manual and to invite discussion on how to improve 
the overall process of UST investigation and remediation within the state. 

Raw input received at each of the four public meetings was consolidated into major topic areas, a Table of 
Contents was developed, and a wiki site was created to enable interested persons to contribute to the content of 
the Manual. The wiki site was open for five months, and much information was contributed from stakeholders 
across California.  

Upon closure of the wiki site, Working Groups composed of regulators, consultants, and RPs formed to further 
refine specific chapters. The Working Groups reviewed the information that had been contributed by the public, 
filled in details where necessary, and distilled redundant information.  

In August 2010, the Draft California LUFT Guidance Manual Version 1.0 was released, reflecting lessons learned 
and refinements in assessment and corrective action procedures gained since the 1989 LUFT Field Manual. Version 
2.0 of the Draft CA LUFT Guidance Manual was released shortly after Version 1.0, in October 2010, with the 
primary difference between Version 1.0 and 2.0 being updates to the LUFT-Specific Risk Screening Tools. The 
public was invited to comment on the Draft Manual, and over 400 comments were received. This California LUFT 
Guidance Manual, submitted in September 2012, reflects the input from the public participation period and also 
incorporates the consistent statewide case-closure criteria for low-threat petroleum UST sites as required in State 
Water Board Resolution 2012-0016, the Case Closure Policy. It should be noted that the LUFT-Specific Risk 
Screening Tools used in Version 2.0 have been replaced by the criteria in the Case Closure Policy.  

Content of the CA LUFT Manual  
The Manual is separated into three different sections: (1) Administration, (2) Initial Response, Reporting, and Tank 
Removal, and (3) LUFT Investigation and Remediation. The Manual is written and organized in a manner that 
encourages stakeholders to access the relevant information for which they are looking rather than requiring them 
to read the Manual cover to cover. 

Important! This Manual is not intended for use in the investigation or remediation of contaminants 
other than petroleum and fuel additives.  
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Section 1: Administration 
This section of the Manual includes information on the maintenance, performance, organization, and management 
of the State Water Board UST Cleanup Program. It includes information such as the roles and responsibilities of 
parties, a summary of the UST Cleanup Fund Program, how to use the State Water Board’s GeoTracker database, 
and provides guidance on how to proper develop work plans and reports.  

Section 2: Initial Response, Reporting, and Tank Removal 
This section discusses the types of responses needed at LUFT sites based on the threat to human health, safety, 
and the environment. It also discusses initial reporting and abatement procedures, and proper tank removal.  

Section 3: LUFT Investigation and Remediation 
This section discusses the fate and transport of petroleum in the subsurface, the crucial process of conceptualizing 
a LUFT site to make decisions, the investigation of soil, water, and soil vapor including proper laboratory analysis, 
the risk evaluation and management associated with LUFT sites, and remedial actions.  

References 
State of California. 1989. Leaking Underground Fuel Tank (LUFT) Task Force. LUFT Field Manual. Guidelines for Site 

Assessment, Cleanup, and Underground Storage Tank Closure. October.  

California State Water Resources Control Board (State Water Board), Resolution 2012-006, Low-Threat UST Case 
Closure Policy. Adopted May 1, 2012, effective August 17, 2012. 
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September 2012  

Scope of This Chapter 
This chapter describes the roles and responsibilities of parties involved in leaking underground fuel tank (LUFT) 
sites throughout the State of California.   

There are three primary parties involved in the investigation and remediation of LUFT sites: the responsible party 
(RP), the RP’s authorized agent or consultant, and the lead regulatory agency overseeing the case. Each party has 
different roles and responsibilities, as discussed in this chapter. This chapter provides information on the chief 
roles and responsibilities of each primary party, but does not list all possible roles and responsibilities.  

Other stakeholders who may be involved in LUFT sites are adjacent property owners, the California Underground 
Storage Tank (UST) Cleanup Fund (Fund), the community, real-estate developers, etc. 

Responsible Party  
According to the California Code of Regulations (CCR), Title 23, Division 3, Chapter 16, Article 11, Section 2720, 
“Responsible party” means one or more of the following. 

• Any person who owns or operates a UST used for the storage of any hazardous substance; there is an 
implied nexus requirement (must be the owner or operator at the time of the release). 

• In the case of any UST no longer in use, any person who owned or operated the UST immediately before the 
discontinuation of its use; “no longer in use” does not require temporary or permanent closure; UST can still 
contain product, but the new owner and operator must have no use for it. 

• Any owner of property where an unauthorized release of a hazardous substance from a UST has occurred 
and any landowner that owned at the time of, or following, the unauthorized release, until the site is 
cleaned up, regardless of whether owner caused or contributed to the release. 

• Any person who had or has control over a UST at the time of or following an unauthorized release of a 
hazardous substance and any person who has legal control over the source of the release and the ability to 
obviate the condition. (Example: Lessees) 

Note: Easement holders generally not RPs (not enough “control”) 
Legal Standard: Name a party as an RP if a local agency has reasonable and credible evidence to indicate a person 

meets the definition of a responsible party. 

In addition, an RP may be designated a secondary responsible party if the primary RP is performing corrective 
action, and the RP requesting secondary status did not initiate or contribute to the actual discharge. However, the 
secondary RP may become a primary RP when the other primary RP fails to perform corrective action. 

California Health & Safety Code (H&SC), §§25280-25299.8 (regarding hazardous substances and waste stored in 
underground locations) and CCR Title 23, Division 3, Chapter 16, “Underground Storage Tank Regulations,” refer to 
the RP as “owner” and/or “operator.” 

“Owner” is defined in the California H&SC as “the owner of an underground storage tank” and “Operator” is 
defined as “any person in control of, or having daily responsibility for, the daily operation of an underground 
storage tank.”  

In the following sections, “RP” will be used interchangeably with “owner” and “operator.” 

The RP is responsible for complying with California H&SC §§25280-25299.8 and Articles 5 and 11 of the CCR, 
“Underground Storage Tank Regulations.” The RP’s chief legal responsibilities are to comply with the California 
H&SC and CCR Articles 5 and 11, which include: 

• Taking corrective action in response to any unauthorized release, which includes abatement, preliminary site 
assessment, and investigation. 
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owner or operator is unable to clean up or which is still under investigation to the regulatory agency within 
eight (8) hours of detection. 

• Providing an initial report of an unauthorized release from a UST to the local agency within 24 hours and 
transmitting additional information regarding an unauthorized release to the local agency on a written form 
or using an electronic format developed by the State Water Resources Control Board (State Water Board) 
within five working days. 

• “Claim” the site or authorize an agent to do so on the RP’s behalf on the State’s LUFT tracking database, 
GeoTracker (see GeoTracker – Stakeholder Responsibilities). Provide a list of all current record owners of fee 
title of the site to the lead agency under H&SC §25297.15. 

• Notify all impacted property owners of the proposed Corrective Action Plan (CAP) and proposed closure. 

The State of California retains the right to enforce penalties against the RP(s) if action is not taken or if the nature 
of the release is severe enough to warrant such action. Funding for clean-up activities may be available through 
the Fund for selected LUFT sites via reimbursement of submitted invoices. The UST Cleanup Fund chapter 
describes this process in greater detail. 

State laws outline a regulatory structure that allows an RP to conduct the necessary site investigation and perform 
corrective actions in a timely and cost-effective manner. 

RPs often contract with third-party environmental consultants to assist in the investigation and evaluation of a 
LUFT site. RPs are encouraged to work with reputable firms and to properly manage consultants to keep costs 
under control, ensure that established regulatory agency deadlines are responded to on time, and have a clear 
understanding of the project objectives. Federal and state laws require every owner or operator of a petroleum 
UST to maintain financial responsibility to pay for any damages arising from operation of that UST. The roles and 
responsibilities of the consultant are discussed below.  

 

Consultant 
The consultant is defined as a third party, a licensed and experienced professional geologist or civil engineer, hired 
by an RP to perform tasks associated with the investigation and remediation of a LUFT site. The intent of hiring a 
licensed professional is to ensure that the work required at a LUFT site is performed in accordance with the 
California Business and Professions Code (BPC) and other applicable laws and regulations. The consultant should 
address the contamination from a scientific perspective, within the legal framework of the LUFT program, and on 
behalf of the RP. In practice, consultants should make every effort to meet regulatory requirements in a cost-
effective manner. It is important to note that, even though the regulatory agency may largely interact with the 
consultant, any directives issued by the regulatory agency are officially addressed to the RP. Non-compliance 
enforcement is also ultimately directed to the RP; however, RPs rely on consultants to meet their legal 
responsibilities, which are discussed in the RP section above.   

Often, consultants are responsible for ensuring that field work is conducted in accordance with federal and state 
law. For further information, see the Health and Safety chapter of this Manual. 

Further Reading.  
Helpful resources regarding the definition of an RP are: 

State Water Board. 2006. “Notice of Responsibility for Corrective Action at Local Oversight Program Sites.” 
May. 

State Water Board. 1994. “Primary/Secondary Responsibility for Tank Cleanups.” September 22. 

State Water Board. 1994. “UST Local Oversight Program, Responsible Party Definition.” July 26. 

State Water Board. 1994. “Clarification of the Definition of Responsible Party under the Corrective Action 
Regulations.” January 25. 
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investigation, risk evaluation, remediation, and site closure to protect an RP from paying too much for unnecessary 
work or from having to request addenda to work plans which were deemed “incomplete” or “not acceptable” by 
the regulatory agency.  

Regulatory Agency  
A regulatory agency is any agency authorized to implement, administer, and enforce regulations. The regulatory 
agencies are responsible for representing the people of California. The agencies with a role in this program include 
the State Water Board, the nine Regional Water Quality Control Boards (Regional Water Boards), county-level 
Local Oversight Programs (LOPs), and county or city Local Implementing Agencies (LIAs).  

Agency Jurisdiction 

Based on the nature of the LUFT release and its impact on human health, safety, and the environment, different 
types of agencies have jurisdiction over regulation of the site and, in some cases, jurisdiction is shared between 
agencies, Regional Water Boards and local agencies, LOPs, and LIAs. 

The State Water Board and Regional Water Boards are responsible for protecting beneficial uses of water. 
Beneficial uses, which can be actual or potential, include municipal water supply, recreation, industrial water 
supply, and agricultural water supply. Therefore, the State Water Board and Regional Water Boards have 
jurisdiction over cases where there is a potential to impact groundwater quality or where groundwater quality has 
already been affected. The regulatory agency responsible for oversight of corrective actions at LUFT sites can be a 
Regional Water Board, a county agency contracted by the State Water Board to administer the LOP, or an LIA with 
the authority to oversee corrective actions at LUFT sites not under an LOP contract. Regional Water Boards and 
LOP agencies have authority to oversee corrective actions at any site under their jurisdiction. Some LIAs, with 
Regional Water Board approval, can oversee corrective actions, while others oversee actions related only to soil 
contamination and must refer cases that involve groundwater to the Regional Water Board.   

LOPs, mostly county health or fire departments including divisions such as environmental health, occupational 
health, and hazardous materials management, are contracted with the State Water Board (some since as early as 
1988) under Resolution 1988-0023 to provide oversight of LUFT cases, and are responsible for cases related only to 
soil contamination (“soils only” cases), as well as groundwater contamination cases.  

Where an LOP exists, the LOP is the lead agency for sites within the LOP’s geographic boundaries and the Regional 
Water Board provides technical support when needed, while the State Water Board handles any petitions 
regarding LOP actions or inactions. For example, if there is a conflict of opinion between the consultant and the 
LOP case worker, there can be a formal request for a meeting to address concerns or issues. A formal letter 
request should be submitted to the Regional Water Board case worker or supervisor, usually uploaded to the case 
page on GeoTracker. The LOP should be copied on the message as well, and the discussion of the issues should 
proceed. 

LIAs are county, city, or other political or municipal (i.e., water) districts and often include divisions such as 
environmental and occupational health, fire, building/planning/redevelopment, and hazardous materials 
management. Some regulate USTs as a Certified Unified Program Agency (CUPA) and may supervise soil and 
groundwater remediation, while fire departments and hazardous materials management offices also have 
responsibility for fire and explosion prevention/ control at LUFT sites. Thus, local agencies usually have primary 
responsibility for inspection, leak detection, closure, and fire/public safety. In many instances, these agencies only 
supervise “soils only” LUFT cases. The LIAs are not under a contractual obligation to a Regional Water Board or the 
State Water Board. If there is a conflict of opinion between the consultant and the LIA case worker, a request may 
be made to meet with the LIA case worker’s supervisor. If there is no resolution or willingness to discuss the issue, 
the matter may need to be decided in the courts.  

At times, agreements between local agencies and Regional Water Boards are established to allow local agencies 
regulatory authority over limited-extent, groundwater-remediation LUFT cases. Regional Water Boards have the 
authority to supervise remediation at sites referred by local agencies and to provide approval for closure on 
cleanup cases where water quality is affected or threatened. If there is a conflict of opinion with a Regional Water 
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worker’s supervisor, in an attempt to resolve the issues at that level. Second, the RP may request the State Water 
Board to review the differences. This is allowed under Resolution 1992-0049, as amended by Resolution 
1996-0079; these resolutions deal with case closure. If the issues include a technical disagreement (for example, 
deciding on the number of monitoring wells and where to install them, or selecting which remedial system to 
install), the conflict must be resolved at the local level.  

Regulatory Agency Responsibilities 

The role of these agencies is to verify that RPs follow applicable laws and regulations throughout the investigation 
and selected remediation processes.  

Regulatory agencies’ primary legal responsibility is to ensure compliance with the California H&SC, Porter-Cologne 
Water Quality Control Act, and CCR Title 23, Division 3, Chapter 16: 

• Review and concur with or reject work plans for assessment, monitoring, and remedial activities 
• Review and receive or deny electronic submittals of information uploaded by RPs into GeoTracker (see 

GeoTracker) 
• Issue directives and enforcement letters to RPs 
• Ensure that cases are moving through the LUFT cleanup process toward closure in an effective and timely 

manner 

Each corrective action required by a regulatory agency must be described in a work plan submitted by the RP. The 
regulatory agency is responsible for reviewing and approving all work plans prior to their implementation. 
Regulatory agencies are also responsible for reviewing all reports related to the required corrective actions at all 
sites under their jurisdiction. Additionally, regulatory agencies may require prior notice before any field work is 
conducted at a cleanup site, and they have the authority to be present during any field work. Regulatory agencies 
have the authority to reject analytical or field results obtained during field work if the proper inspection 
arrangements have not been made and there is a reasonable suspicion that the data are not valid. At times, 
regulatory agencies may require notice of UST inspection and remediation inspection, at a minimum of three 
business days (or other agreed-upon interval among RP, consultant, and regulatory agency).  

 

Public Participation 
According to CCR Title 23, Division 3, Chapter 16, Article 11, Section 2728, the regulatory agency with jurisdiction 
over a LUFT case must inform the public about each confirmed unauthorized release that requires corrective 
action. H&SC §25356.1 also requires the regulatory agency to involve the public in site cleanup decisions. The 

Legal.  
State Water Board Resolution 2012-0016 approved a substitute environmental document and adopted a 
proposed water quality control policy for low-threat UST case closure on May 1, 2012. The Low-Threat UST 
Case Closure Policy (Case Closure Policy) became effective on August 17, 2012 and established consistent 
statewide case closure criteria for low-threat petroleum UST sites. The Case Closure Policy is intended to 
provide direction to RPs, consultants, and regulatory agencies on the parameters that constitute a low-threat 
site. The Risk Evaluation and Risk Management Chapter provides a summary of the parameters. Annually, or at 
the request of the RP or party conducting the corrective action, the regulatory agency shall conduct a review to 
determine whether the site meets the criteria contained in the Case Closure Policy. 

Cases that meet the criteria in the Case Closure Policy do not require further corrective action. If the case has 
been determined by the regulatory agency to meet the criteria in this policy, the regulatory agency shall notify 
RPs that they are eligible for case closure and, if applicable, complete all notification requirements, monitoring 
well destruction, and waste removal, prior to issuance of a uniform closure letter consistent with H&SC 
§25296.10. 
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following ways: 
1) Publication in a regulatory agency meeting agenda; 
2) Public notice posted in a regulatory agency office; 
3) Public notice in a local newspaper; 
4) Block advertisements; 
5) Public service announcement; 
6) Letters to individual households; or 
7) Personal contact with the affected parties by regulatory agency staff. 

Information regarding the corrective action of a case is generally made available to the public once the site has 
been created in GeoTracker (see GeoTracker chapter). The site in GeoTracker will also include information on how 
the public can submit comments and also provide the deadline for comments. 

Upon the completion of the corrective action, the regulatory agency shall give public notice if both of the following 
situations exist: 

1) Implementation of the CAP does not achieve the cleanup levels established in the CAP; and 
2) The regulatory agency does not intend to require additional corrective action, except for monitoring. 

The regulatory agency shall comply with all applicable provisions of the California Environmental Quality Act 
(CEQA), Public Resources Code, commencing with §21000. LUFT sites are generally exempt from other CEQA 
requirements. 

Other Stakeholders 
Other stakeholders have a role in LUFT cases. The adjacent property owners may have an interest because their 
property/ies may potentially be contaminated. Community members may be interested because they want to 
know whether there are health and/or environmental risks to their community. Real-estate developers may have 
an interest when they have prospective projects planned for the site. Public meetings can be held with these 
stakeholders before a CAP is agreed on.  
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Chapter 3: UST Cleanup Fund 
September 2012 

Scope of This Chapter 
This chapter describes the Underground Storage Tank (UST) Cleanup Fund Program and explains its purpose, 
history, and applicability to UST sites in the State of California. This chapter is written for an audience with no prior 
knowledge of the Fund and is meant to aid responsible parties (RPs), consultants, and state and local regulators in 
their work on Leaking Underground Fuel Tank (LUFT) sites throughout the State of California.  

The Barry Keene Underground Storage Tank Cleanup Fund Act of 1989 created the UST Cleanup Fund (USTCF, also 
known as “the Fund” – these terms will be used interchangeably in this document) to help owners and operators 
of USTs satisfy federal and state financial responsibility requirements. The Fund is administered by the Division of 
Financial Assistance (DFA) of the California State Water Resources Control Board (State Water Board) as a means 
of assisting UST owners and operators in meeting federal and state corrective-action requirements. 

The USTCF’s mission is to contribute to the protection of California’s public health and water quality through 
(1) establishing an alternative mechanism to meet financial responsibility requirements for owners and operators 
of petroleum USTs, and (2) reimbursing eligible corrective action costs incurred for cleanup of contamination 
resulting from the unauthorized release of petroleum from USTs. The Fund Regulations have been revised 
periodically in response to new legislation and to address issues not anticipated when the initial Fund regulations 
were written. 

Statutes and Regulations  
To fulfill the federal financial responsibility requirements specified in 40 Code of Federal Regulations (CFR), Part 
280(H), the Fund is available to assist many thousands of individuals, small businesses, and corporations in meeting 
costs for the cleanup of contaminated soil and groundwater caused by leaking petroleum USTs. The federal 
financial responsibility requirements also require the Fund to provide coverage for third-party liability due to 
unauthorized releases of petroleum from USTs.  

In addition to tank operators and owners, the Fund provides money to the Regional Water Quality Control Boards 
(Regional Water Boards) and Local Oversight Programs (LOPs) to abate emergency situations or to clean up 
abandoned sites that pose a threat to human health, safety, or the environment as a result of unauthorized 
petroleum releases from USTs. 

 
Established by Senate Bill (SB) 299 in 1989, the USTCF statutes require every owner of a petroleum UST that is 
subject to regulation under H&SC Chapter 6.7 to pay a per-gallon storage fee. In recent years, the Fund has 
received up to $320 million annually from storage fees, of which up to $260 million were available to reimburse 
eligible claimants for the costs of ongoing UST cleanups at 4,600 sites. 

The maximum amount of reimbursement per unauthorized release occurrence is $1.5 million, minus any 
deductibles or settlement adjustments. The deductible amounts are set by statute and range from $0 to $40,000, 

Legal.  
The statutory authority for operation of the Fund and affiliated programs is contained in the California Health 
& Safety Code (H&SC), Chapters 6.75, 6.76, and 6.77. The most recent version of these code sections is dated 
January 2010. 

The Fund regulations are contained in the California Code of Regulations (CCR), Title 23, Division 3, Chapter 18 
(commencing with Section 2803). The current version of the Fund regulations is dated August 5, 2004. 

UST Cleanup Fund staff members review reimbursement, budget, and pre-approval requests in accordance 
with the requirements of Section 2808.2(b) of the UST Cleanup Fund Regulations, CCR Title 23, Division 3, 
Chapter 18. 
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based on the priority class of the claimant and any UST permit waivers. Since the USTCF’s inception in the early 
1990s, over $3.1 billion have been reimbursed to eligible UST owners and operators to clean up soil and 
groundwater contamination in the State of California.  

In the fall of 2007, an external Fund Stakeholder Review group was convened to discuss whether the Fund should 
be extended and, if so, whether any potential Fund improvements recommended by legislation, regulation, or 
internal procedure would be adopted. After several meetings, the participants agreed that the Fund should be 
extended for 10 years and that the current fee ($0.014 per gallon) should not be changed. Following the 2007 
review, a Consensus Report was prepared and distributed. In February 2008, legislation was introduced proposing 
the extension of the Fund. On September 30, 2008, the bill (SB 1161, Lowenthal) was signed by the Governor, 
extending the Fund until January 1, 2016. 

 
In February 2011, legislation was introduced proposing various changes to existing law pertaining to the cleanup of 
leaking USTs. Among its provisions, the bill: (1) required Regional Water Boards and local agencies with 
responsibility for overseeing the cleanup of leaking USTs to submit specified information on each UST site to the 
State Water Board electronically; (2) required UST owners and operators to submit information regarding the 
unauthorized release to local agencies in a format specified by the State Water Board; and (3) authorized the State 
Water Board to close UST sites (and thereby discontinue requirements for further cleanup) that are under the 
jurisdiction of a local implementing agency (LIA), upon petition by a UST owner/operator or as part of its regular 
review of UST sites that have been open for more than five years. LIAs are local agencies who oversee the cleanup 
of leaking USTs without contract or oversight by the State Water Board. The bill also modified eligibility 
requirements for the Fund, to allow UST owners who are directed by a federal agency to clean up leaking USTs to 
be eligible for reimbursement from the Fund. Under prevailing law, UST owners were only eligible to be 
reimbursed from the Fund if they were directed by a Regional Water Board or local agency to clean up a site. On 
October 8, 2011, the bill (AB 358, Smyth) was signed by the Governor. 

Fund Cost Guidelines 
The Fund Cost Guidelines have been developed pursuant to H&SC Section 25299.57(h). This summary of expected 
costs may be used by claimants as a guide in selecting and supervising consultants and contractors: 
http://www.waterboards.ca.gov/water_issues/programs/ustcf/docs/cost_guidelines/costguidelines.pdf. 

The primary purpose of the Fund Cost Guidelines is to provide direction to claimants for evaluating proposed and 
incurred corrective action costs at sites eligible for participation in the Fund. Specifically, these guidelines are 
intended to help claimants identify reimbursable goods and services and understand how the Fund evaluates 
activities and costs. The guidelines are also intended to assist claimants in judging whether additional justification 
will likely be required to support given costs, or whether a call for assistance from the Fund is in order. 

The guidelines do not establish reimbursement limits for the listed items and activities. They are not intended to 
remove the element of competition or freedom of choice from the industry, meaning that competitive bidding for 
work performed at a LUFT site is encouraged.  

Legal.  
On May 19, 2009, the State Water Board passed Resolution No. 2009-0042. This resolution initiated a series of 
reviews of the Fund, including the UST Cleanup Program. One of the requirements of this resolution was that a 
Task Force be created to make recommendations for improvements to the USTCF administrative procedures 
and to improve the UST Cleanup regulatory program. As a result, an audit was conducted at the Fund.  

More information on the Task Force created to make recommendations for improvements to the Fund and 
results of the audit can be found on the Fund’s website:  
http://www.waterboards.ca.gov/water_issues/programs/ustcf/taskforce.shtml 

http://www.waterboards.ca.gov/water_issues/programs/ustcf/docs/cost_guidelines/costguidelines.pdf�
http://www.waterboards.ca.gov/water_issues/programs/ustcf/taskforce.shtml�
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5-Year Review 
H&SC Section 25299.39.2(a) requires the Fund to review the case history of each claim having a Letter of 
Commitment (LOC) active for more than 5 years annually, unless the owner or operator objects to the review. This 
is known as the 5-Year Review. 

The purpose of the 5-Year Review is to determine whether a recommendation for case closure is in order, or 
whether alternative actions are appropriate. Aside from being required by law, this review is beneficial because it 
provides for an additional party to check on the progress of the case relative to the expenditure of funds and 
reduces the chance that the responsible party (RP) will run out of funds before the site is cleaned up. It also 
provides an opportunity for the Fund to track cases and better facilitate work to achieve site closure. 

The Fund’s 5-Year Review Unit reviews site case history and directives to make one of the following 
recommendations: 
1) Recommend the site for closure. 
2) Concur with the current corrective-action activities. 
3) Recommend modification to the current corrective action(s). 

The Fund’s 5-Year Review Unit reviews site case history and may request information from the regulatory agency, 
generally by scheduling an appointment to review the case file. By requesting information from the agency, the 
5-Year Review Unit can verify that there is no additional information other than what is available in GeoTracker; if 
there were, such information could potentially change recommendations. 

The 5-Year Review is issued first to the regulatory agency, which is given 45 days to respond prior to submittal of 
the 5-Year Review to the RP. This procedure is both a courtesy and a preventive measure, with the expectation 
that any errors will be noted and corrected, so that the regulatory agency will not be approached by the RP, 
inquiring as to which recommendations to follow: those in the 5-Year Review or those issued by the regulatory 
agency. Concurrent with submittal to the RP, the review is uploaded to GeoTracker as a public document. The 
5-Year Review Unit has been internally required to upload 5-Year Reviews to GeoTracker since May 2009.  

It is the responsibility of the RP to respond to the recommendations made and provide a path forward based on 
the recommendations. If closure is warranted, it is recommended that the RP or RP’s consultant assemble a 
comprehensive closure-request package for submittal to the lead regulatory agency. See the Reports chapter for 
information necessary in a Case Closure Request Report. Additionally, the RP may petition the SWRCB for a review 
of its case if the RP feels that corrective action for the site has been satisfactorily implemented, but that closure 
has been nevertheless denied. It is strongly recommended that the RP or RP’s consultant communicate as 
completely as possible with the regulatory agency to resolve issues but, as a last resort, the RP may petition the 
SWRCB for review of the case. See more information regarding closure petitions in the Help Box of this chapter. 

Cost Pre-Approval 

The Fund has historically pre-approved estimated corrective action costs to ensure that costs are eligible, 
reasonable, and necessary. Cost pre-approval was suspended in 2003 due to Fund staffing reductions, and was 
resumed in fiscal year (FY) 2006-07. 

During 2010, cost pre-approval was converted to a budget-approval process in which budgets are established for 
all planned activities for a claim covering a 12-month period. Fund technical staff place each active Priority A, B, 
and C claim in a budget category. The budget format is structured around eight standard work phases, applicable 
sub-tasks for each phase, and projections for all activities to be conducted during each quarter. For efficiency in 
processing, reimbursements are structured to directly correlate with the eight standard work phases in the 
budgets.  

As currently structured, for each new FY, the Fund will assign a budget allotment amount to each budget category. 
For sites at which a remedial system is starting up, already in operation, or getting ready for closure, a consultation 
process will occur between the Fund, the regulator, the consultant, and the claimant before any work is conducted 
or any money is spent. This process is intended to ensure that everyone agrees on the scope of work for a given 
claim. Finally, for all budget categories, it will be required that all activities proposed in the budget fit into the 
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overall road map to closure, based on the most current conceptual site model (CSM; see Conceptual Site Model 
chapter).  

GeoTracker 

Fund payment information is uploaded to GeoTracker (SWRCB’s environmental database), including the “CUF 
Claim #,” “CUF Priority Assigned,” and “CUF Amount Paid.” The “Clean-Up Fund Payment Report” in GeoTracker 
includes the total requested amount, paid amount, and date received for each payment. Most payments listed also 
include the “Clean-Up Fund Payment Detail Report,” which describes detailed invoice information and comments, 
if needed. See the GeoTracker chapter for more information on this database.  

 

 

References 
USTCF (the Fund) website:http://www.waterboards.ca.gov/water_issues/programs/ustcf/ 

Further Reading.  
Each FY, the Fund prepares a “Legislative Annual Report,” which provides a performance summary of the 
Fund’s activities. This information comes from the previous FY’s status on claims received and reimbursed, in 
addition to other historical data. This report also provides a useful summary of the major legislative changes to 
the Fund from its inception. 
http://www.waterboards.ca.gov/water_issues/programs/ustcf/legannualreports.shtml 

Help! For more information about how to file a closure petition or other UST-related petition, go to: 
http://www.waterboards.ca.gov/water_issues/programs/ust/cleanup/petitions.shtml 

For the most recent update on the availability of funding, refer to:  
http://www.waterboards.ca.gov/water_issues/programs/ustcf/paymentformsinfo.shtml  

The Fund website also has materials for Pre-Approval requests, including the necessary forms and instructions. 
To submit a Pre-Approval request (for preparation of a case closure request report) or for other related 
activities, see:  
http://www.waterboards.ca.gov/water_issues/programs/ustcf/docs/cost_preapproval/costpreapproval.pdf 

http://www.waterboards.ca.gov/water_issues/programs/ustcf/�
http://www.waterboards.ca.gov/water_issues/programs/ustcf/legannualreports.shtml�
http://www.waterboards.ca.gov/water_issues/programs/ust/cleanup/petitions.shtml�
http://www.waterboards.ca.gov/water_issues/programs/ustcf/paymentformsinfo.shtml�
http://www.waterboards.ca.gov/water_issues/programs/ustcf/docs/cost_preapproval/costpreapproval.pdf�
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Chapter 4: GeoTracker 
September 2012  

Scope of This Chapter 
This chapter presents GeoTracker, the State Water Resources Control Board (State Water Board) database, and 
explains its required use in the cleanup process of Leaking Underground Fuel Tank (LUFT) sites. It describes the 
history behind the development of GeoTracker, and the goals associated with GeoTracker’s use. The 
responsibilities of various relevant parties are defined with regard to GeoTracker. 

Background 
GeoTracker is an on-line database and geographic information system (GIS) that 1) provides access to statewide 
environmental data and 2) tracks regulatory data for the following types of sites: 

• LUFT cleanup sites, 
• Cleanup Program Sites (CPS; also known as Site Cleanups [SC] and formerly known as Spills, Leaks, 

Investigations, and Cleanups [SLIC] sites), 
• Military sites (consisting of: Military UST sites; Military Privatized sites; and Military Cleanup sites [formerly 

known as Department of Defense non-UST]), 
• Land Disposal sites (Landfills),  
• Permitted UST facilities, and  
• Other groundwater data from the Groundwater Ambient Monitoring Assessment (GAMA) Program, sites 

with Waste Discharge Requirement (WDR) permits, and farm lands.  

 

Purpose of GeoTracker 
The purpose of GeoTracker is to allow interested parties to obtain electronic data, and textual and graphical 
information about various facilities and sites with groundwater quality concerns. GeoTracker provides on-line tools 
to analyze potential threats to drinking-water sources. Additionally, GeoTracker has a graphical user interface that 
allows quick access to facility and site information over the Internet. 

GeoTracker has both public and secure pages/screens: 
• http://geotracker.waterboards.ca.gov (public)  
• https://geotracker.waterboards.ca.gov/regulators (regulators - secure login page)   

Legal.  
AB 2886 (Ch. 727, Stats. of 2000), authorized the State Water Board to establish electronic formats for 
reporting compliance data.  

On September 30, 2004, the State Water Board adopted regulations (Chapter 30, Division 3 of Title 23, 
California Code of Regulations [CCR], and Division 3 of Title 27, CCR) which required electronic submittal of 
information (ESI) for LUFT, SLIC, DOD, and Landfill groundwater cleanup programs. These regulations also 
added new Data Dictionaries (the format for electronic data submittals) to CCR Title 27, in coordination with 
existing California Environmental Protection Agency (Cal/EPA) Unified Program Data Dictionaries.   

Additionally, Section 3894 of CCR outlines the timing of electronic reporting requirements. As of January 1, 
2005, soil and water chemistry analytical data, and well data included in compliance reports, must be 
electronically submitted. Beginning July 1, 2005, submittal of a complete copy of all required reports, in PDF 
format, into GeoTracker replaced the paper copy reporting requirements (paperless reporting). 

AB 358 (Ch. 571, Stats. of 2011) requires that the owner or operator transmit additional information regarding 
an unauthorized release to the lead regulatory agency on a written form or using an electronic format 
developed by the State Water Board.  

http://geotracker.waterboards.ca.gov/�
https://geotracker.waterboards.ca.gov/regulators�
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• https://geotracker.waterboards.ca.gov/esi (responsible parties [RPs] and/or their agents - secure login page) 

Benefits of Electronic Reporting  
The implementation of electronic reporting has provided benefits for both the regulatory agencies and the public. 
Electronic reporting: 

• Provides decision-makers with accurate, up-to-date, accessible, and complete statewide information 
concerning cleanup sites where there has been an unauthorized release of contaminants. 

• Enhances the capabilities of the U.S. Environmental Protection Agency (USEPA), State Water Board, Regional 
Water Quality Control Boards (Regional Water Boards), and local regulatory agencies in monitoring and 
assessing the contaminant threat to drinking-water wells. 

Facilitates public access to information: Limits the need for interested parties to physically travel to a government 
building to review a paper copy of the case file. Concerned individuals can review and analyze available 
information over the Internet. 

https://geotracker.waterboards.ca.gov/esi�
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Chapter 4: GeoTracker 
Electronic Submission of Information 
September 2012 

Laboratory Data 
Analytical data (including geochemical data) for all soil, vapor, and water samples collected for the purpose of 
subsurface investigation or remediation are required to be uploaded into GeoTracker in the specified Electronic 
Deliverable Format™ (EDF) described at:  

http://www.waterboards.ca.gov/ust/electronic_submittal/docs/edf_gr_v1_2i.pdf 

The EDF is a comprehensive data standard designed to facilitate the transfer of electronic data files between data 
producers and data users. Laboratories can produce the electronic data deliverable (EDD) in specified Electronic 
Deliverable Format™ (hereafter referred to as EDF) through their Laboratory Information Management System 
(LIMS) software or by using the U.S. Army Corps of Engineers Loading Tool (COELT) software.  

The EDF components for laboratory data include: 
• Chain-of-Custody Information 

o Sample collection information 
o Administrative information 
o Preservatives added to the samples 
o Conditions of transport 

• Laboratory Results Information 
o Tests performed 
o Parameters tested 
o Analytical results 

• Quality Assurance (QA) Information (key to data verification) 
o Detection limits 
o Control limits for precision and accuracy 
o Narrative report explaining non-conformances 

• Built-in Guidelines and Restrictions 
• Valid Value Lists (VVLs) 

Compliance Reports 
Compliance Reports for contaminated soil, soil-gas, or groundwater sites are required to be uploaded to 
GeoTracker in PDF format. These reports should include the signed transmittal letter, professional certification, 
and all collected data.  

Boring Logs and Well-Screen Intervals 
Boring logs prepared by an appropriately registered professional must be uploaded into GeoTracker in PDF format. 
If a monitoring well is installed, the screen depth (measured in feet from the top of casing to the top of the 
screened interval) and the length of the screened interval (also in feet) must be entered into GeoTracker when the 
well is added as a new Field Point Name to the site’s online list of Field Point Names. 

Depth-to-Water Data 
Depth-to-water information for monitoring wells (the measured depth from the top-of-well-casing to the 
groundwater surface, reported to the nearest hundredth [0.01] of a foot) must be uploaded to GeoTracker 
whenever the data are collected, even if the well is not sampled during a given sampling event. Drinking-water 
wells generally do not need to have their depths to water reported unless they are surveyed as permanent 

http://www.waterboards.ca.gov/ust/electronic_submittal/docs/edf_gr_v1_2i.pdf�
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sampling points (a “permanent sampling point” is defined as a well location that is sampled for more than a 30-day 
period). 

Locational & Elevation Data 
If samples from permanent sampling points are included in a report to a regulatory agency as part of a cleanup 
program, the geographic latitude and longitude of these sampling-point locations must be surveyed to sub-meter 
accuracy. These locations typically include any groundwater or similar monitoring points at the site or any drinking-
water wells that are included in the regulatory report. The surveyed locational coordinates for these permanent 
sampling points must be uploaded to GeoTracker in the North American Datum of 1983 with longitude and 
latitude measured in decimal degrees, reported to 7 decimal points, and longitude expressed as a negative number 
to indicate degrees west of the Prime Meridian. Transient or one-time sampling points (e.g., direct-push 
technologies, piezometers, grab samples, soil borings, stockpile samples, etc.) do not need to be surveyed.  
 
The elevation at the top-of-casing for all permanent groundwater monitoring wells must be uploaded to 
GeoTracker. Drinking-water wells included in the report do not need to have top-of-casing elevation reported 
unless they are identified as permanent sampling points (i.e., are sampled for more than a 30-day period). For 
permanent sampling points, the top-of-casing elevation must be surveyed to 0.1-foot accuracy to the vertical 
datum and within 0.01 foot of each permanent sampling point at the site.   
 
Permanent sampling points must be surveyed by a California Registered Civil Engineer or licensed professional 
surveyor.  See Site Assessment Chapter, Well Survey section for further details.   

Site Map 
An electronic, generalized site plan map must be uploaded to GeoTracker. The site map should display buildings, 
tank locations (including former tank locations), dispenser islands, streets bordering the facility, monitoring well 
locations, boreholes, and all other sampling locations where soil, water, and vapor samples have been collected. 
The site map is uploaded as a stand-alone document and may be submitted in GIF, TIFF, JPEG, or PDF format. 
Additional updated site maps may be submitted at any time as additional activities are completed, but at a 
minimum, whenever new field points are associated with the site. 

 
 

Help! The process of how to format and upload data and other technical information can be found under 
the “Electronic Submittal of Information” links at 
http://www.waterboards.ca.gov/ust/electronic_submittal/index.shtml.   

http://www.waterboards.ca.gov/ust/electronic_submittal/index.shtml�
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Chapter 4: GeoTracker 
Stakeholder Responsibilities 
September 2012 

Non-Regulatory Stakeholders  

Responsible Party (RP) 
RPs have two primary electronic reporting responsibilities: 1) “claiming” their site(s) in GeoTracker, meaning the 
RP takes responsibility for the uploading of required documentation, and 2) uploading all ESI compliance data and 
reports that have been completed since AB 2886 was adopted (see Legal box). If the RP chooses not to upload ESI 
compliance submittals personally (typically, the RP does not do the uploading), the RP may delegate all or a 
portion of the upload duties to an “Authorized RP Agent” and/or may grant secondary upload access to 
Contractors and/or Laboratories. Only RPs and Authorized RP Agents can grant secondary access to Contractors 
and Laboratories. 

In order to claim a site, the RP (or an Authorized RP Agent acting on the RP’s behalf) must create a GeoTracker 
account by submitting a Password Request, if the RP (or Authorized RP Agent) doesn’t already have one. The RP (or 
Authorized RP Agent) then logs onto the relevant GeoTracker account and searches for the site using the “Request 
Additional Facilities” option. Once the site is found, the RP (or Authorized RP Agent) places a checkmark in the 
“Add” box and clicks on “Request Checked Facilities” to request the site. (Note: After requesting the site, 
Authorized RP Agents must also email or fax a signed Authorized RP Agent Form to the State Water Board). The 
Authorization Form can be found in the “Getting Started” section on the public ESI page 
(http://www.waterboards.ca.gov/ust/electronic_submittal/index.shtml) (instructions are available in the 
GeoTracker Beginner’s Guide). If additional assistance is needed, the GeoTracker Help Desk can be contacted via 
email at: geotracker@waterboards.ca.gov or toll free via telephone at (866) 480-1028. 

Once the State Water Board has approved the request for the site by the RP or their Authorized RP Agent, the RP 
will have successfully met the prerequisite regulatory compliance requirement to “claim” the site.  

 

 

Legal.  
Section 13327 of the California WC describes the conditions to assess and determine fines based on 
Administrative Civil Liabilities. According to Section 13350 of the WC, the State Water Board or Regional Water 
Board may impose civil liability fines either on a daily basis or on a per-gallon basis, but not both. The civil 
liability on a daily basis shall not exceed $5,000 for each day the violation occurs and shall not be less than 
$500 for each day in which the discharge occurs and for each day the cleanup and abatement order is violated. 
The civil liability on a per-gallon basis shall not exceed $10 for each gallon of waste discharged. 

Important! For all open cases, timely upload of all responses to corrective action requests and of all 
other required electronic submittals is required by law. Corrective action responses are not considered 
complete until all required electronic submittals have been uploaded. The RP is out of compliance if the open 
case is not claimed in GeoTracker and the required information is not uploaded into GeoTracker; this can make 
a UST Cleanup Fund (Fund) site ineligible for reimbursements until that site is brought into compliance with 
GeoTracker data requirements and, in addition, non-compliance with State regulations can result in fines being 
assessed in accordance with but not limited to Section 13327 of the California Water Code (WC). The RP is 
ultimately responsible for making sure that an open case is in regulatory compliance. 

https://geotracker.waterboards.ca.gov/esi/password1.asp�
http://www.waterboards.ca.gov/ust/electronic_submittal/index.shtml�
http://www.swrcb.ca.gov/ust/electronic_submittal/docs/beginnerguide.pdf�
mailto:geotracker@waterboards.ca.gov�
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Authorized RP Agent 
An Authorized RP Agent is typically an environmental consulting firm whom the RP has designated to act on his or 
her behalf in fulfilling the RP’s GeoTracker electronic reporting responsibilities. An RP can still create a personal 
GeoTracker RP account even if he or she chooses to designate an Authorized RP Agent to act on his/her behalf.  

If they so choose, Authorized RP Agents can do all of the required ESI compliance uploading on behalf of an RP 
without requesting Contractors or Laboratories to perform uploads. Instructions for claiming a site on behalf of the 
RP are under the “Responsible Party” section above. 

Contractor 
An RP (or an Authorized RP Agent) may employ a number of Contractors to collect samples, perform groundwater 
measurements, survey locations and elevation, upload data and compliance reports, and manage data for facilities 
or cleanup sites. To gain access to an RP’s GeoTracker site, a Contractor logs onto their GeoTracker “Contractor” 
account, and requests access to the site (the RP or Authorized RP Agent must already have successfully “claimed” 
the site for this process to function). After the Contractor requests access to the site, the RP (or Authorized RP 
Agent) must then log onto his or her own account and approve the Contractor’s request for access.  

Laboratory 
The Laboratory is responsible for sample analysis and for providing the RP, Authorized RP Agent, or Contractor 
with data in EDF format, ready for GeoTracker upload and in some cases should provide the hard-copy of analytical 
reports.. 

In the vast majority of cases, RPs (and Authorized RP Agents) do not ask the Laboratories to upload their formatted 
EDF data files directly into the GeoTracker system. Typically, after performing an online error check, the Laboratory 
forwards the EDF files to the RP/Authorized RP Agent/Contractor, who reviews them to ensure the validity of the 
EDF data and then uploads the files to the State Water Board GeoTracker database. 

In some cases, the RP (or Authorized RP Agent) may wish to have the Laboratory submit the EDF data directly to 
GeoTracker. In these instances, the Laboratory must first gain upload access to the site, in the same way that 
Contractors gain access: by logging onto the RP’s GeoTracker account and requesting access to the site. The RP or 
Authorized RP Agent then logs onto his or her own account and approves the Laboratory’s request for access. 

Please note that GeoTracker Contractors cannot grant a Laboratory access to a site; only RPs and Authorized RP 
Agents can do so. 

Regulatory Agencies 

State Water Resources Control Board 
The State Water Board is responsible for the overall operation and maintenance of the GeoTracker system and its 
successful use by all entities involved with soil and groundwater contamination issues. The State Water Board is 
also responsible for approving RP and Authorized RP Agent requests for upload access to facilities. Additional 
responsibilities of the State Water Board include: maintaining database security protocols; providing guidance and 
tools to standardize the review and quality of electronic compliance data submitted; and maintaining user 
accounts for RPs, consultants, and regulatory agencies. 

Lead Regulatory Agency  
The lead regulatory agency (whether the Regional Water Board, Local Oversight Program [LOP], or Local 
Implementing Agency [LIA]) receives electronic data, textual and graphical information submitted by the RP or 
consultant(s) for all unauthorized releases. This “receipt of data” includes reviewing the Field Point Names in the 
EDF (to verify whether names in the hard copy report match those in the electronic data) and noting whether the 
PDF of the hard-copy report has been uploaded to the GeoTracker regulator pages. Once the data have been 
“received,” data are moved into the GeoTracker archive database and made available to the public. 

State Water Board Resolution 2012-0016, adopted on May 1, 2012, directs regulatory agencies to review all cases 
in the petroleum UST Cleanup Program using the framework provided in the Low-Threat UST Case Closure Policy 
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effective August 17, 2012. This review shall be accomplished within existing budgets and be performed no later 
than 365 days from the effective date of this policy. These case reviews shall, at a minimum, include the following 
for each UST case: 
1) Determination of whether or not each UST case meets the criteria in this policy or is otherwise appropriate for 

closure, based on a site-specific analysis.  
2) If the case does not satisfy the criteria in this policy or does not present a low threat based upon a site-specific 

analysis, impediments to closure shall be identified.  
3) Each case review shall be made publicly available on the State Water Board’s GeoTracker website in a format 

acceptable to the Executive Director. 

The lead regulatory agency oversees the RP to ensure that current and accurate data are uploaded to GeoTracker. 
The accuracy, completeness, and timeliness of the data are critical because: 
1) The data are used by the public to understand the conditions of sites; 
2) The data are used by the real-estate industry to assess the value of sites and surrounding property; 
3) The data are used by the federal, state, and local governments to make decisions related to priorities and 

funding; and 
4) The data are used by the Office of Management and Budget, Congress, U.S. Environmental Protection Agency 

(USEPA) headquarters, and USEPA Region 9 to evaluate the effectiveness of the program. 

Efficient use of GeoTracker by lead regulatory agencies can increase overall effectiveness in managing their 
caseloads. All incoming and outgoing compliance documents related to a LUFT site are included in GeoTracker, 
which makes them available to the public, other agencies, RP(s), and consultants and/or contractors who may 
work on the case. The regulators can effectively track incoming documents by their due dates and receive 
reminders when a document is past due. Used in this manner, GeoTracker assists in moving toward paperless case 
management. 

Lead regulatory agencies are requested to ensure that all their open LUFT cases are properly claimed by RPs (or, 
alternatively, by their Authorized RP Agents) and that data for open cases are being submitted regularly. 
Additionally, lead agencies ensure that the proper case status for each site is correctly entered into GeoTracker 
and updated as the case status changes (e.g., assessment, remediation, closure). 

Assistance with Use of GeoTracker 

 
References  
California Code of Regulations (CCR) Title 23 (Waters), Division 3. State Water Resources Control Board and 

Regional Water Quality Control Boards. Chapter 30. Electronic Submittal of Information. 

California Code of Regulations (CCR) Title 27 (Environmental Protection), Division 3. Electronic Submittal of 
Information.   

California State Water Resources Control Board (State Water Board), Resolution 2012-006, Low-Threat UST Case 
Closure Policy. Adopted May 1, 2012, effective August 17, 2012. 

AB 2886 (Ch. 727, Stats. of 2000). 

AB 358 (Ch. 571, Stats. of 2011). 

Help! Considerable documentation and guidance regarding GeoTracker are available at the State Water 
Board GeoTracker ESI web page:  
http://www.waterboards.ca.gov/ust/electronic_submittal/index.shtml 

http://www.waterboards.ca.gov/ust/electronic_submittal/index.shtml�
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Chapter 5: Health and Safety 
September 2012 

Scope of This Chapter 
This chapter presents health and safety considerations for leaking underground fuel tank (LUFT) sites. It describes 
the need to incorporate worker and community health and safety into the LUFT cleanup process. This chapter is 
intended to provide a number of items to consider when preparing for and conducting field work at a LUFT site; 
however, the information in this chapter is not intended to be all-inclusive, as it is recognized that each 
organization has its own health and safety program and takes responsibility for the health and safety of the 
activities conducted by its employees. 

Overview 
Health and safety must be considered a priority in planning and implementing site activities. Recommended safety 
precautions, per Occupational Safety and Health Administration (OSHA) guidelines, can be used to protect 
associated parties and the environment and avoid both present and potential hazards. Actions should be 
documented as required by federal, state, and local regulations.  

Safety Considerations 
There are many worker and public health and safety issues to be considered during any activities conducted at a 
LUFT site. These issues include: 

Transportation to and from the LUFT Site. It should be realized that there is the potential for a vehicular accident 
while driving to and from the site.  

Mobilization and Demobilization. Traffic hazards should be considered when setting up the field support zone. It is 
recommended that workers wear high-visibility safety vests. 

Personal Protective Equipment. It is important that workers at LUFT sites have the correct personal protective 
equipment (PPE).  

Training. It is important that workers at LUFT sites have the proper training, including OSHA Hazardous Waste 
Operations and Emergency Response (HAZWOPER) training. More information regarding OSHA requirements is 
provided in the Worker Health and Safety Plan section below. 

Dust. It is important to minimize potential exposure to dust generated as a result of the proposed activities. 
Control methods include covering sources, misting sources with water using stationary sprayers or water trucks, 
and halting activities altogether. 

Noise. It is important to minimize the impact of noise to the workers onsite and occupants of neighboring 
properties. Make sure that occupational noise exposure standards and specifics regarding noise in 29 Code of 
Federal Regulations (CFR) 1910.120 Hazardous Waste Operations and Emergency Response (29 CFR 1910.120) are 
being met in the relevant Health and Safety Program. Note that noise ordinances are generally enforced from 
7:00 p.m. to 7:00 a.m. on weekdays, depending on the jurisdiction and zoning. Weekend work is discouraged, and 
noise standards may be more stringent during the weekend. Nearby residents will appreciate any efforts to 
minimize noise generated by site activities. 

Open Excavations. These are a risk to both workers and the public; secure fencing is recommended if excavations 
cannot be backfilled at the end of the work day. During excavation activities, the use of caution tape with 
delineators is recommended to avoid accidents near the excavated area. If workers need to enter the excavation 
area for any reason, shoring may be required; OSHA, state, and local regulations regarding shoring of excavations 
should be ascertained. Workers and onlookers who are not directly involved with the project must remain outside 
the enclosed area.  

Buried Utilities. Underground utilities present a significant risk when excavation activities are planned at a LUFT 
site. It is important to provide proper notification to the local utility company. Areas with buried utilities can be 
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located and marked by dialing 811 or 1-800-227-2600, Call Before You Dig!, a free, California utility-locating 
service. For confirmation, use of a private utility clearance company is also recommended.  

Overhead Electrical Utilities. Overhead electrical utilities are a threat at a LUFT site when drill rigs, cranes, and 
excavators are used. If overhead electrical utilities are present, call the utility company and find out what voltage is 
on the utilities. Ask whether the utility company can shut off the utilities while work is taking place near them. If 
overhead utilities cannot be shut down, ask the utility company whether it can install insulation over the utilities 
during the time work will be taking place near them. Inform workers of overhead utility hazards and the 
precautions to prevent contact. Ensure that workers are not placed in dangerous proximity to high voltage by using 
a spotter, placing warning decals on equipment and drill rigs regarding the 10-foot minimum clearance, and 
conspicuously marking and maintaining marks of the location of overhead utilities. Consider overhead utilities 
energized (“hot,” “live”) until the local electric utility indicates otherwise. 

 
Heavy Equipment. Drilling and excavation equipment used and/or stored at LUFT sites is large and hazardous. 
Operator visibility may be marginal. Workers approaching, or working around, heavy equipment should exhibit 
extreme care and always be aware of their surroundings. 

Stockpiled Soil. Stockpiled soil that has been staged for land farming or removal represents a potential hazard to 
the public and the environment if stockpiled soils are contaminated. This safety risk is best minimized by 
containing and covering stockpiles to prevent runoff and vapor or dust exposures, and by locating such stockpiles 
in a secured area of the site to prevent public exposure. 

Vapors. Good site health and safety practices include minimizing public exposure to potential vapor emissions 
resulting from site activities and monitoring hazardous atmospheres for workers while they conduct activities at a 
LUFT site. Engineering and construction practices which typically reduce such emissions include the following: 
pumping out nonaqueous-phase liquids (NAPL); covering off-gassing excavations or stockpiles; backfilling off-
gassing excavations with clean, non-impacted fill; using soils that have been stockpiled as backfill after receiving 
field confirmation (using field instrumentation) that the excavated soil is no longer off-gassing detectable vapors; 
misting excavations or stockpiles with water; covering excavations or stockpiles with foam or other vapor-
suppressing agents; locating stockpiles away from and/or downwind of public receptors; and stopping work. 

Explosion and Fire Hazard. The potential for explosion or fire hazards is of real concern at LUFT sites, due to the 
nature of working with petroleum products. It is important to properly monitor tanks, excavations, open areas, 
and enclosed spaces with a combustible gas indicator (CGI). An explosive environment is one containing 20% or 
greater of the Lower Explosive Limit (LEL). Spark and ignition sources should be avoided when an explosive 
environment is possible.  

Stormwater. The consistent use of Best Management Practices (BMP) is intended to control surface runoff in order 
to prevent or minimize the transport of pollutants to receiving waters. Practices include, but are not limited to, the 
use of hay bales, hay socks, sand bags, and high-density polyethylene plastic to cover inlets. In some cases, a 
National Pollutant Discharge Elimination System (NPDES) permit may be required.  

Investigation-Derived Waste (IDW). IDW is an additional hazard that may be present at LUFT sites. IDW can be 
different media, including (but not limited to) soil, water, and sludge. Refer to various guidance on management of 
IDW, such as the U.S. Environmental Protection Agency (USEPA) Guide to Management of Investigation-Derived 
Wastes (available online at http://www.epa.gov/superfund/policy/remedy/pdfs/93-45303fs-s.pdf).  

Important! LOOK UP! BEST SAFETY PRACTICE: NEVER GET CLOSER THAN 10 FEET 
FROM AN OVERHEAD POWER LINE! 

http://www.epa.gov/superfund/policy/remedy/pdfs/93-45303fs-s.pdf�
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Worker Health and Safety Plans 

 
OSHA requires a site-specific HASP for intrusive or other field-related work and requires that each HASP be 
appropriate for the proposed work. If the scope of work changes, a revised HASP may be required (to remain in 
compliance with OSHA regulations) before work is allowed to proceed. 

Individuals working on or visiting a site in an official capacity must study the HASP before beginning any field 
activities. They must also familiarize themselves with the emergency telephone numbers within the HASP, any 
hazards which may be encountered, and the corresponding emergency response plan. A copy of the current 
version of the HASP must be available onsite during site activities. Each person involved in the work will attest, by 
signing the HASP, to the fact that he or she understands the hazards which may be involved, is familiar with the 
emergency procedures to be followed in case of an accident, and has the proper training for the tasks to be 
performed. 

Site safety meetings to review the scope of the scheduled work, the pertinent safety concerns, and the relevant 
emergency procedures are held each day before work begins. Everyone who will participate in field activities that 
day attends this “tailgate meeting.” 

The following are the minimum OSHA requirements for inclusion in an acceptable HASP: 
• A list of the hazardous materials that may be encountered, and decontamination procedures and/or 

required emergency treatment for each material listed. 

• A Material Safety Data Sheet (MSDS) should be available for hazardous materials used or stored onsite.  
• An Activity Hazard Analysis (AHA), also known as a Job Safety Analysis (JSA), needs to be included for each 

activity that will be conducted at the site. This will include the potential hazards associated with each of the 
work activities.  

• Name and job function (e.g., site geologist, driller, etc.) of the Site Safety Officer. 
• Name and job function of the alternate Site Safety Officer. 
• Name and job function of other responsible site personnel and their alternates. 
• Addresses and phone numbers for the nearest emergency response facilities: 

o Fire Station 
o Ambulance Service 
o Police 
o Emergency Health Facility 
o Poison Control: 1-800-222-1222 

• A map showing the most direct route to the nearest emergency health facility. This map must be at a scale 
that is easily read, and the route clearly identified, so that a person not familiar with the area can locate the 
facility with minimum delay. The map should be placed in a location that can be easily seen by workers, 
should an emergency be encountered. 

• A narrative paragraph describing how to drive to the nearest emergency health facility, i.e., which roads, 
turns, and directions (left or right, and the approximate distance) are to be taken. 

• Hazard Communication Plan: This includes addresses and telephone numbers for the responsible parties 
(RPs) and regulatory agencies to which accident reports must be provided, and the lines of communication 
for reporting a hazardous incident. The parties may include, but are not limited to: 

Legal.  
Federal and State regulations require Health and Safety Plans (HASPs) for field activities where hazardous 
substances may be encountered. Language found in 29 CFR 1910.120 can be obtained from the U.S. 
Government Printing Office website: 
http://edocket.access.gpo.gov/cfr_2008/julqtr/pdf/29cfr1910.120.pdf  

http://edocket.access.gpo.gov/cfr_2008/julqtr/pdf/29cfr1910.120.pdf�
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o Federal Government: USEPA, OSHA, Centers for Disease Control (CDC), U.S. Coast Guard (USCG), etc. 
o State Government: California Environmental Protection Agency (Cal/EPA), California Department of 

Toxic Substances Control (DTSC), Regional Water Quality Control Board (Regional Water Board), etc.  
o County/City Government: Department of Environmental Health (or relevant county/city office), air 

pollution control district (APCD), etc.  
o RP and RP consultant(s).  

• Work-zone delineation, e.g., work zone, support zone, decontamination zone, restricted access zone, etc. 

• Level of PPE required. If different work activities require different levels of protection, the requirements for 
each must be specified. For cases where Level A, B, or C is appropriate, workers must be trained in the use of 
the PPE required. No worker with facial hair which might prevent the tight fit of a respirator mask is to be 
assigned to tasks requiring Level A, B, or C PPE. 

• Traffic control and site-access control procedures. 
• Air monitoring procedures and safety limits. 
• Procedures for managing weather-related problems, e.g., lightning, heavy rain, excessive heat, cold, wind, 

etc. 

• Location of emergency equipment, such as fire extinguishers, vapor-suppressant applicators, etc. The 
individuals trained in and assigned to their use must be named and must be aware of their responsibilities. 

Community Health and Safety Plans 
Some regulatory agencies require that a Community HASP be included in the work plan in situations where public 
health and safety may be at risk. It is the responsibility of property owners, RPs, consultants, and subcontractors to 
conduct on-site activities in such a manner as to avoid the creation of any public health and safety hazards or 
nuisances. Precautions and continuing care to prevent impacts to the surrounding community are an ever-present 
concern, even in the absence of a Community HASP. If there will be significant noise or any risk to the community, 
at a minimum, a notice should be sent to community members who will be directly impacted.  

References 
29 CFR 1910.120, Hazardous Waste Operations and Emergency Response. 

USEPA. 1992. Guide to Management of Investigation-Derived Wastes. January 15, 1992. 

USEPA. 1992. Guide to Management of Investigation-Derived Wastes. April 1992. Available at 
http://www.epa.gov/superfund/policy/remedy/pdfs/93-45303fs-s.pdf  

http://www.epa.gov/superfund/policy/remedy/pdfs/93-45303fs-s.pdf�
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Chapter 6: Work Plans 
September 2012 

Scope of This Chapter 
This chapter presents good practices for creating work plans used during the various phases of work at leaking 
underground fuel tank (LUFT) sites. Elements of various work plans and the work plan approval process are 
discussed. 

Introduction 
A work plan is a technical document that outlines both the scope of work (SOW) to be completed at a LUFT site 
and how the SOW is expected to be completed. The objective of the work plan should be clearly stated in scientific 
terms, not just to comply with a regulatory agency request. The work plan is also used to ensure that all parties 
involved clearly understand and agree on the SOW to be completed. A work plan provides a rationale for the 
proposed work, including sufficient information to allow the lead regulatory agency to evaluate the 
reasonableness of the proposed work. The work plan identifies the questions to be answered and how the 
proposed work/sample locations will answer those questions.  

Work plans are written for a variety of activities (e.g., site assessment, over-excavation, well installation, well 
destruction, receptor surveys, etc.), and specific work plans are required for each type of event, depending on 
direction received from the lead regulatory agency. 

Use of a CSM  
The work plan should be developed to both address the regulatory agency’s requests and to refine the conceptual 
site model (CSM). It is crucial that a CSM be used to determine data gaps and to make decisions regarding sampling 
at the site; the CSM should be updated as soon as new data are gathered, as discussed in the CSM chapter. The 
supporting data and analysis used to develop the CSM are not required to be contained in a single report and may 
be contained in multiple reports, including work plans, submitted to the regulatory agency over a period of time. It 
should be noted that, if an RP wishes to close a case under the State Water Resources Control Board (State Water 
Board) Resolution 2012-0016 adopted May 1, 2012, Low-Threat Underground Storage Tank Case Closure Policy 
(Case Closure Policy) effective August 17, 2012, a CSM must be developed. 

Note: The cost and burden of requests for work plans or further work should bear a reasonable relationship to the 
need for such reports and the benefits to be obtained from the reports (see State Water Board Resolution 
1992-0049, section III.B). If the case is regulated by the Regional Water Quality Control Board (Regional Water 
Board) and the responsible party (RP) feels the request for work is not reasonable, or if there is a failure to act by 
the Regional Water Board, the RP may be able to file a petition for review with the State Water Board (see 
California Water Code [WC] Section 13320). However, it is highly recommended that the RP try to resolve the issue 
with the Regional Water Board and that a petition be a last effort.  

 

Legal.  
The California Code of Regulations (CCR) Title 23, Division 3, Chapter 16, §2722, “Scope of Corrective Action,” 
requires that a work plan be submitted to the regulatory agency for review and comment prior to 
implementing any phase of investigation or corrective action associated with regulated underground storage 
tank (UST) systems. These laws require work plans for the following activities: 

• Post-tank-removal corrective actions 
• Interim remedial actions 
• Preliminary site assessments 
• Soil and groundwater investigations 
• Corrective action plans 
• Verification monitoring programs 
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Chapter 6: Work Plans 
Work Plans for Site Assessment  
September 2012 

Site Assessment Work Plans 
There are two types of work plans used during site assessment: fixed and dynamic. Each type should be used in 
development of the CSM.    

When a fixed work plan is utilized, the consultant/RP determines exactly where sampling will occur, how many 
samples will be collected, and the duration of the investigation. This is referred to as a “multiple-phase approach” 
to site assessment. The benefit of this type of work plan is that the stakeholders know the cost of the project and 
exactly which tasks will be conducted (with the exception of slight field variances). The drawback to this type of 
work plan is that, as the field sampling occurs, new issues may arise, but the consultant/RP cannot collect further 
samples because the sampling activities have not been approved by the regulator in a work plan.   

When a dynamic work plan (referred to as the “the Triad Approach” by the United States Environmental 
Protection Agency (USEPA) is utilized, all stakeholders agree to certain field sampling procedures and general 
sampling locations, but modify the sampling based on field conditions. This is referred to as a “single-phase 
approach” to site assessment. Because of the dynamic nature of this type of work plan, the overall process can be 
expedited, but the exact cost of the investigation is unknown prior to heading into the field. 

 

Elements of a Fixed Work Plan 
The following elements should be considered when developing a fixed work plan. Each work plan will vary, based 
on the necessary activities, and should be specific to site conditions. The level of effort and details in a particular 
work plan are determined by the responsible professional in charge of the investigation, with input from 
regulatory agencies as appropriate. 

Proposed Work and Technical Approach 
The proposed work needs to include details such as proposed sample locations, number of samples, analyte list for 
samples, field quality control (QC) samples, laboratory QC samples, and justification for the proposed work in 
sufficient detail to allow the regulatory agency to evaluate the rationale of the proposed work and conformance 
with minimum locally accepted professional practices and standards; and will consider the criteria of the Case 
Closure Policy when applicable. 

The work plan describes anticipated methodologies and procedures. This Manual recommends that Standard 
Operating Procedures (SOPs) be included as an appendix to the work plan. If there are any planned deviations from 
accepted practices, this Manual recommends that reasons for their selection be provided. Methodologies and 
procedures for work plans include, but are not limited to: 

• Underground utility locating, 
• Drilling, 
• Well construction and development (if monitoring wells are, will be, or are expected to be installed), 
• Sampling, and 

Important! The expedited site assessment (ESA) process is a framework for rapidly characterizing UST 
site conditions for corrective action decisions (USEPA 1997). This concept has been described by other names, 
including: accelerated site characterization, rapid site characterization, and expedited site investigation. 
 
More information on the ESA process and how to develop a work plan can be found in the Expedited Site 
Assessment Tools for USTs: A Guide for Regulators, at the following website: 
http://www.epa.gov/oust/pubs/sam.htm  

http://www.epa.gov/oust/pubs/sam.htm�
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objectives be clearly defined, because the constant flow of decisions that need to be made will be based on the 
goals and objectives of the work. 

For additional information, see the USEPA guidelines at http://www.epa.gov/tio/download/char/dynwkpln.pdf . 

Pros and Cons of Dynamic Work Plans  
Advantages of dynamic work plans include:  

• Site assessment can be accomplished more rapidly. 
• The cost of field work is often reduced because the process is condensed. 
• The number of borings may be reduced because real-time feedback of analytical results facilitates more 

appropriate location of subsequent samples. 
• The cost of preparing documents is reduced because only one (or possibly two) work plan(s) and assessment 

report(s) is(are) necessary. 
• The assessment process has less impact on the environment (i.e., it is a greener process) because of the 

reduced number of mobilizations. 

• Remediation of the site can commence sooner, so that constituents of concern (COCs) may not have spread 
as far from the source, which will limit the area to be remediated. 

Disadvantages of dynamic work plans include:  

• It may be difficult to estimate the cost of the sampling effort. 
• Field sampling equipment may be less precise than fixed-laboratory analysis.  
• The RP and consultant(s) may be reluctant to choose this strategy because the cost and scope of the project 

are undefined. That is, more or less sampling may be required than originally thought. 

References  
California Code of Regulations (CCR) Title 23 (Waters), Division 3. State Water Resources Control Board and 

Regional Water Quality Control Boards. Chapter 16. Underground Tank Regulations Article 11. Corrective Action 
Requirements §2722. 

California Water Code (WC), Section 13320.  

California State Water Resources Control Board (State Water Board), 1992-0049, amended October 2, 1996. 

State Water Board, Resolution 2012-006, Low-Threat UST Case Closure Policy. Adopted May 1, 2012, effective 
August 17, 2012. 

U.S. Environmental Protection Agency (USEPA). 1997. Expedited Site Assessment Tools for Underground Storage 
Tank Sites - A Guide for Regulators. Available at http://www.epa.gov/oust/pubs/esa-ch2.pdf. Accessed on 
24 March 2011. 

USEPA. 2001. A Guideline for Dynamic Workplans and Field Analytics. Available at 
http://www.epa.gov/swertio1/download/char/dynwkpln.pdf . Accessed on 24 February 2010. 

http://www.epa.gov/tio/download/char/dynwkpln.pdf�
http://www.epa.gov/oust/pubs/esa-ch2.pdf�
http://www.epa.gov/swertio1/download/char/dynwkpln.pdf�
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 Chapter 7: Corrective Action Plan 
September 2012 

Scope of This Chapter 
This chapter presents good practices for creating a Corrective Action Plan (CAP) to be used during mitigation 
measures. Elements of a CAP include an assessment of the impacts, a feasibility study, and applicable cleanup 
levels and goals. A CAP may include goals to satisfy criteria under the Low-Threat Underground Storage Tank Case 
Closure Policy (Case Closure Policy) (see criteria in the Risk Evaluation and Risk Management chapter).  

Some possible objectives of a CAP are to:  

• Provide a Conceptual Site Model (CSM) to support the proposed corrective action, as required to meet the 
general criteria of the Case Closure Policy, and is not required to be contained in a single report;  

• Provide a feasibility study explaining how and why the proposed corrective action is practicable, appropriate, 
and cost effective;  

• Identify the limitations of the corrective action;  
• Provide a conceptual design of the corrective action and a description of the tasks necessary to implement 

the corrective action;  

• Provide detailed design plans, schedule, and specifications, including an operation and maintenance (O&M) 
manual for the corrective-action system and emergency contingency plans in the event of any significant 
failure of the corrective-action system; 

• Identify the necessary easements and permits required to implement the corrective action; 
• Set the remedial action schedule and objectives; 

• Provide a plan for performance evaluation during the entire life cycle of the remediation system; in other 
words, parameters to be reported and planned reporting frequencies to monitor the effectiveness of the 
corrective action and to describe incremental reductions of contaminants in soil and groundwater; 

• Identify the residual contaminant concentrations in soil and groundwater that meet the criteria of the Case 
Closure Policy; and  

• Establish criteria for ending corrective action.  

CAP Preparation 
Preparation of a CAP is predicated on the basis that the site assessment and CSM are complete to the point that 
initiating remediation will be feasible based on site conditions. Some forms of remediation can be implemented 
without full delineation and still attain remediation goals (see Rapid Response/Interim Remediation section in the 
Release Response Prioritization chapter).   

 

Legal.  
As defined in the Underground Storage Tank (UST) Regulations, California Code of Regulations (CCR) Title 23, 
Division 3, Chapter 16, Article 11, §2725, the responsible party (RP) shall propose a CAP based on the 
information obtained during the site investigation and with concurrence from the lead regulatory agency. The 
CAP shall include an assessment of the impacts, a feasibility study, and applicable cleanup levels.  
UST Regulations, CCR Title 23, Division 3, Chapter 16, §2722 (c) states that the RP shall submit the CAP to the 
regulatory agency for review and concurrence, and shall modify the CAP in response to a final regulatory 
agency directive.  
The RP must notify all impacted parties of the proposed CAP (Health and Safety Code [H&SC] §25297.15). The 
public will also need to be updated on the corrective actions proposed (see Public Participation in the Roles 
and Responsibilities chapter). 
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 CAP Implementation 
The responsibility for implementing the CAP lies with the RP. The RP shall monitor, evaluate, and report the results 
of the implementation of the CAP on a schedule agreed to by the lead regulatory agency. Annually, or at the 
request of the RP or party conducting the corrective action, the lead regulatory agency shall conduct a review to 
determine whether the site meets the Case Closure Policy criteria. The RP shall maintain the corrective action until 
the applicable goals have been met.  

 
A RP may begin cleanup of soil and water before regulatory concurrence if the lead regulatory agency has not 
provided a response within 60 calendar days of CAP submittal. In this situation, the RP must still notify the 
regulatory agency of his/her intention to begin cleanup and to comply with any conditions set by the regulatory 
agency, and shall modify or suspend activities when directed to do so by the regulatory agency. It is recommended 
that regulatory approval be received prior to beginning work, as this may assist with the overall cost-effectiveness 
of the corrective action.  

 

Example CAP Contents 
The lead regulatory agency must be consulted to determine its requirements for the organization and submittal of 
the CAP. Some agencies require the CAP to be submitted in the form of separate documents, e.g., a Feasibility 
Study and a Remedial Action Plan. Additionally, some agencies refer to the Feasibility Study as a “CAP” and will 
require a subsequent Remedial Action Plan to complete the CAP requirements. The following items are points to 
be considered when preparing a single CAP document: 

Introduction 
Introductions should include the purpose of the corrective action and the site description, including geologic and 
hydrogeologic information.  

Summary of Previous Work 
The goal of this section is to describe the previous site work, identify the major conclusions of each phase of work, 
and reference the reports containing the details. This section does not necessarily require a restatement of all the 
details of each past report or laboratory results for each sample. The primary objective of this section is to include 
relevant prior data in context with the goals of the CAP. This section may include work performed to date to assess 
and mitigate the release, evaluation of risk, and feasibility of cleanup methods. 

Justification of Cleanup Goals 

This section of the CAP should discuss the cleanup goals that the lead regulatory agency, RP, and consultant 
determine to be appropriate and achievable. Additionally, the lead regulatory agency, RP, and consultant should 

Legal.  
According to CCR Title 23, Division 3, Chapter 16, UST Regulations, Article 11 §2726, the RP shall monitor, 
evaluate, and report the results of implementation of the CAP on a schedule agreed to by the lead regulatory 
agency. 

The UST Cleanup Fund Regulations, CCR, Title 23, Division 3, Chapter 18, Article 4 §2811(a)(5) specify that, for a 
case that has been accepted into the UST Cleanup Fund, corrective-action costs incurred after December 2, 
1991, are reimbursable only if the work is completed in compliance with applicable corrective action 
requirements “including the implementing regulations in CCR, Title 23, Division 3, Chapter 16, Article 11.” The 
requirement to prepare a CAP before initiating corrective action is described in Article 11. The regulations in 
Article 11 are explicit about the minimum requirements for a CAP. Different regulatory agencies may have 
additional requirements, or clarifications, on what they expect a CAP to include. 

Important! During implementation and progression of the CAP, remember to re-evaluate and update 
the CSM to incorporate new data and any new understanding(s) of site conditions.  
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 evaluate criteria required for closure under the Case Closure Policy. Cases that meet the general and media-
specific criteria described in this policy pose a low threat to human health and safety or the environment, and are 
appropriate for closure pursuant to H&SC §25296.10. Additionally, State Water Board Resolution 1992-0049 is a 
state policy for water quality control and applies to fuel UST cases.  This resolution directs that water affected by 
an unauthorized release attain either background water quality or the best water quality that is reasonable if 
background water quality cannot be restored. Any alternative level of water quality less stringent than background 
must be consistent with the maximum benefit to the people of the state, not unreasonably affect current and 
anticipated beneficial use of affected water, and not result in water quality less than prescribed in the water 
quality control plan for the basin within which the site is located. The resolution does not require, however, that 
the requisite level of water quality be met at the time of case closure. It specifies compliance with the cleanup 
goals and objectives within a reasonable timeframe.  

If there are future development, land-use changes, and/or beneficial use changes, the site risk and potential future 
receptors may need to be re-evaluated. Collaboration with the lead regulatory agency is suggested to determine 
how to incorporate potential future risk into the CAP.  

See the Risk Evaluation and Risk Management chapter for more information regarding the process of evaluating 
and managing risk at a leaking underground fuel tank (LUFT) site, including a detailed discussion of the Case 
Closure Policy criteria should the site qualify following remediation activities. 

 
Corrective Action Selection 
When evaluating potential corrective actions, it is important to compare different technologies to determine which 
method is the best for site conditions and achieves either cleanup goals or compliance with Case Closure Policy 
criteria in a reasonable time period with reasonable costs. It is prudent to compare at least three technologies. If 
these goals cannot be achieved, it may be appropriate to demonstrate the technical infeasibility of implementing 
cleanup and look to other available methods to mitigate human or environmental risk at the site. 

• Include results and data obtained from any treatability or pilot study. These data are the basis for the 
remedial design and demonstrate the effectiveness of the proposed remediation system(s). Data analysis 
includes evaluation of suitable corrective actions and the residual contaminant concentration associated 
with each evaluated corrective action.  

• Provide the anticipated amount of time to achieve the proposed cleanup goals for each proposed corrective 
action.  

• Provide a cost comparison of the various methods. Cost analyses include all aspects of the proposed 
corrective action (e.g., planning, construction, operation, maintenance, reporting, verification monitoring, 
disposal, and decommissioning).  

Recommended Corrective Action 
This section describes how the best available, most cost-effective remedy is expected to reduce subsurface 
concentrations of constituents of concern (COCs) to cleanup goals or Case Closure Policy criteria. Supporting 
evidence is needed to justify a high level of confidence that the goals will be met. 

System design and plans of the recommended corrective action should include: 

Legal.  
According to UST Regulations, CCR Title 23, Division 3, Chapter 16, Article 11 §2725, “for waters with current 
or potential beneficial uses for which numerical objectives have been designated in water quality control 
plans, the [RP] shall propose at least two alternatives to achieve these numerical objectives. For waters with 
current or potential beneficial uses for which no numerical objectives have been designated in water quality 
control plans, the [RP] shall recommend target cleanup levels for long-term corrective actions to the 
regulatory agency for concurrence. Target cleanup levels shall be based on the impact assessment.” 
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 • A description of the remediation process and an overview of the equipment required. Remediation design 
elements may include construction plans (electrical one-line drawings, construction drawings in plan view 
and/or details, piping or wellhead construction details, remedial well design detail, shoring/grading plans), 
and other engineering documents.  

• A description of the expected pumping rates, treatment efficiencies, etc. 
• Certification of the plans by an appropriate registered professional (e.g., a professional certified electrical 

engineer prepares or stamps electrical one-line drawings). 

Endpoint for Remediation 
This section describes the criteria for remediation completion and site closure. It includes a description of how 
remediation system performance will be documented, and how the progress of the remediation process is 
monitored. The CAP needs to discuss contingency measures for addressing residual plume components if the 
proposed method is unsuccessful in meeting the remediation goals. If there are future development, land-use 
changes, and/or beneficial use changes, the site and potential future receptors may need to be re-evaluated. 
Collaboration with the lead agency regarding inclusion of this into the CAP is suggested. The Remedial 
Effectiveness section in the Remediation chapter provides parameters and considerations for determining the 
effectiveness of a corrective action.  

Part of preparing a CAP is identifying the life-cycle expectations for the remediation process, including appropriate 
means of documenting progress and criteria for the remediation endpoint. It is wise for regulators, RPs, and 
consultants to agree on the conditions under which the operation of the remediation system will be stopped 
before initiating active remediation. 

Additional Implementation Details 
The following data may be included in the CAP or as part of a subsequent document, as required by the lead 
regulatory agency: 

Remediation Equipment, Specifications, and/or Materials 
This section includes a brief description of equipment specifications or materials to be used during remediation. 
Appendices may include: 

• Manufacturer specification sheets 
• Detailed engineering calculations (flow rates, pipe sizes, discrete vapor samples, water table draw-down, 

effective radius of influence, etc.) 

• Copies of design drawings 
• Process flow charts 
• Permits 
• Dedicated well head equipment 
• Logic control settings (pulse extraction events) 

Waste and/or Materials Management 
This section describes any waste or materials-handling requirements associated with the remediation process; for 
example, management of: 

• Granular activated carbon 
• Extracted groundwater 
• Excavated soil 
• Used oil from remediation equipment 
• Construction debris from remediation system installation 
• Soil cuttings from remediation wells 
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 • Hydrogen peroxide used for advanced oxidation 
• Nutrients for bioremediation 

Wells or Other Subsurface Features 
This section describes the number and placement of remediation wells necessary for an effective cleanup process 
or, if a remediation trench is to be installed, a description of its construction and placement. 

Permits and Schedule for Implementation 

Permit Examples 

• Air: Air Pollution Control District (APCD) Permits (Permit or Authority to Construct or Permit to Operate, or 
other). Generally, any type of air discharge requires a permit. 

• Water: Publicly Owned Treatment Works (POTW) (Sewer Discharge) (City or County) or National Pollutant 
Discharge and Elimination System (NPDES) Permit (Storm Drain Discharge) (Regional Water Quality Control 
Board). 

• Waste Discharge (required by some Regional Water Quality Control Boards for injection processes). 

• Well Permits (obtain from the Public Works Agency, local City or County well ordinance or equivalent): 
Groundwater well permits and groundwater well abandonment permits, boring permits 

• City or County Building, Electrical, Encroachment, Planning, Noise, or Fire Department Permits 

• Shoring/Grading Permits 
• Access agreement 

Schedule 
A schedule should be included with the CAP. The following milestones are examples of points to consider when 
developing the schedule:  

• CAP concurrence by agency. 
• Remediation design/plan completion.  
• Any required Access Agreements for private property.  

• Emissions or discharge permits. 
• Construction bid/procurement (consultants or specialty construction contractors, including drillers). 
• Building/construction permits.  
• Any required well or drilling permits. 
• Construction of remedial technology onsite. 
• Startup and shakedown and/or baseline sampling. Schedule for submitting results of start-up sampling.  

• Transition to routine O&M. At this stage, the site transitions from the startup phase to routine operations. 
Schedule for submitting sampling data prior to system status reports.   

• Estimated time to verify completion of project, remove system, prepare a No Further Action (NFA) Request, 
and for the lead regulatory agency to issue an NFA letter. 

 

References  
California Code of Regulations (CCR) Title 23 (Waters), Division 3. State Water Resources Control Board and 

Regional Water Quality Control Boards. Chapter 16. Underground Tank Regulations Article 11. Corrective Action 
Requirements §2722. 

California Health & Safety Code (H&SC), Section 25295. 

Note. The lead regulatory agency will be able to provide agency-specific requirements for the schedule as 
well as any other additional requirements for the CAP. 
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 California Water Code, Section 13320.  

U.S. Environmental Protection Agency (EPA). 1997. Expedited Site Assessment Tools for Underground Storage Tank 
Sites - A Guide for Regulators. Available at http://www.epa.gov/oust/pubs/esa-ch2.pdf. Accessed on 24 March 
2011. 

EPA. 2001. A Guideline for Dynamic Workplans and Field Analytics. Available at 
http://www.epa.gov/swertio1/download/char/dynwkpln.pdf . Accessed on 24 February 2010. 

California State Water Resources Control Board (State Water Board), Resolution 1992-0049, amended October 2, 
1996.  

State Water Board, Resolution 2012-006, Low-Threat UST Case Closure Policy. Adopted May 1, 2012, effective 
August 17, 2012. 

http://www.epa.gov/oust/pubs/esa-ch2.pdf�
http://www.epa.gov/swertio1/download/char/dynwkpln.pdf�
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Chapter 8: Reports 
September 2012 

Scope of This Chapter 
This chapter discusses some of the reports needed during the various phases of work at leaking underground fuel 
tank (LUFT) sites. The specific reports described in this chapter are Underground Storage Tank (UST) Removal 
Reports, Site Assessment Reports, Monitoring Reports, and Case Closure Requests.  

Many different reports are required to present the results of work performed at LUFT sites. These scientific 
documents are used to determine the direction of the project and to provide verification of the various phases of 
investigation, assessment, remediation, monitoring, and closure. Reports are used to present information to 
stakeholders regarding the status of the various phases of work conducted at LUFT sites. The main elements of a 
technical report are data, data analysis, conclusions, and recommendations. 

Reporting Schedule 
Technical reports are to be submitted to the regulatory agency case worker by the assigned due date, as required 
by the regulatory agency (California Code of Regulations [CCR] Title 23, 2652d). If the report cannot be submitted 
by the assigned due date, the responsible party (RP) or consultant may submit a written request for extension, 
citing the specific reason for the extension request and an anticipated date by which the report can be submitted. 
It is the RP’s responsibility to provide acceptable justification for an appropriate proposed extension. 

Concurrence with Reports 
The agency case worker reviews reports to determine whether the activities associated with various phases of 
work at a LUFT site have been conducted and completed as set forth in the respective work plan. The agency is to 
consider the conclusions and recommendations presented in the report and determine whether further work is 
required. Based on the agency’s assessment, the case worker will provide direction to the RP/RP’s consultant on 
how to proceed.  

GeoTracker Reporting Requirements 
All reports need to be uploaded to GeoTracker, an on-line tool for submitting data and reports electronically within 
the State of California, as discussed in the GeoTracker chapter of this Manual.  
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Chapter 8: Reports 
Specific Report Types 
September 2012 
This section provides some examples of specific report types that may be required for work performed at a LUFT 
site. This is not intended to be a complete list of the applicable reports, nor is it intended to list every detail that 
may be required for each report. It is important that the RP/consultant work with the regulatory agency 
overseeing the case to agree on the expectations for reports and level of detail for the various phases of work at a 
LUFT site. Additionally, it is important to understand agency expectations regarding whether the various reports 
need to be signed by a California licensed professional geologist or engineer. It is the responsibility of the RP to 
check with the respective lead agency for its specific requirements.  

UST Removal Reports 
A UST Removal Report is generated when a UST is permanently removed from its existing location. The process of 
removing a tank is discussed in the Tank Removal and Closure in Place chapter of this Manual. The report 
customarily includes the following sections:  

Signature Page 
Some agencies may require supervision of UST removal by a California-licensed professional geologist or engineer. 
The registered professional may need to sign off on the provided UST Removal Report. It is the responsibility of the 
RP to check with the respective lead agency for its specific requirements. 

Introduction 
Background information is provided in the UST Removal Report, including the site description, locations of the UST 
and appurtenances, type and size of UST, and original date of tank installation. Figures show site location and 
locations of tank(s) and appurtenances.  

Description of Removal Activities 
• Permits:  There are different permit requirements depending on the location of the site and the 

associated agency jurisdiction. This section of the report sets forth how the RP and/or the consultant 
have complied with the permit requirements. 

• UST Content Removal and Cleaning:  Describes the procedures employed for cleaning the UST, the 
quantity of wastewater, and disposal manifest. 

• Excavation:  Includes the dimensions of the excavations required to remove UST and appurtenances, 
the condition of soil (odor, staining, visual inspection), and description of the type of soil. Accounts for 
sampling and tracking of uncontaminated and contaminated soil stockpile(s) to determine re-usability, 
if any. It also provides information on over-excavation for areas with contaminated soil and disposal 
manifests (as applicable).  

• UST and Appurtenance Removal:  Includes the date of removal and description of how the tank was 
rendered inert; also includes oxygen, carbon dioxide, and lower explosive limit (LEL) readings collected 
in the tank, the excavation, and the breathing zone. This discussion may also include a description of 
the tank condition upon removal, location of tank disposal, and a disposal manifest. It is desirable to 
map the known locations of UST and appurtenance releases, if possible. 

• Confirmation Sampling:  Describes where the soil and groundwater (if standing water was encountered 
in the excavation) samples were collected, the sampling and handling procedures, and summarizes the 
analytical results. See the Tank Removal and Closure in Place chapter for the definition and strategies 
for confirmation sampling. 

• Backfill:  This section reports whether the excavated soil is useable for backfill, and includes the 
analytical results for soil samples to support either a positive or negative verdict on the soil’s usability. If 
“new” fill material is needed, the source and type of soil, as well as the analytical data on the fill, are 
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included. The procedure for backfilling is discussed, and compaction testing is also included. Note: It is 
highly recommended that regulatory concurrence be obtained to backfill with excavated soil from the 
tank pit. 

Conclusions 
This section summarizes the activities performed during the UST removal. It also indicates whether further 
assessment and remediation activities are recommended based on the analytical results obtained during the 
removal, tank structural failure, and/or other visual observations during the tank-removal process, or whether the 
tank meets tank-closure criteria. If the UST is determined to be leaking, an Unauthorized Release Report (Health 
and Safety Code [H&SC] 25295 (a)(1)) will be submitted by the RP or consultant, and a LUFT case opened up by the 
regulator within GeoTracker.   

Site Assessment Reports 
A Site Assessment Report is prepared to report on the investigative activities performed at and analytical data 
gathered from a LUFT site. The following items may be included in Site Assessment Reports:  

Signature Page 
A California licensed professional geologist or engineer may need to sign off on the Site Assessment Report. It is 
the responsibility of the RP to check with the respective lead agency for its specific requirements. 

Presentation of Historical and Recent Site Data 
• Site plan with locations of all borings, wells, and other sampling points. 
• If previous site assessment data exist, include maps and cross-section(s) showing the soil and bedrock 

characteristics, and the distribution of contaminants, in both soil and groundwater. 

• Table(s) of soil analytical results (in milligrams per kilogram [mg/kg], with both recent and historical 
data in chronological order. 

• Table(s) of groundwater analytical results (in micrograms per liter [µg/L], with both recent and historical 
data in chronological order and tabulated by well number. 

• Maps and/or cross-sections of soil and groundwater analytical results for different analytes. Estimated 
plume maps may be drawn to illustrate where data are extant and where there may be a lack of data. 

• Boring logs and well logs of the most recent site-assessment work. Description of the site-specific 
geology and hydrogeology, updated with the most recent investigative results. See Site Assessment 
chapter. 

• Revision(s) to the Conceptual Site Model (CSM), which resulted from the current phase of work, are 
presented and discussed in the report text. 

Description of Site Assessment Activities 
• Investigative procedures used, including soil, groundwater, and/or vapor sampling. 
• Description of locations and the number of all borings, wells, and other sampling points. 
• Description of groundwater-well installation as applicable. Guidelines for monitoring well design and 

construction for hydrogeologic characterization can be found at: 
http://www.dtsc.ca.gov/SiteCleanup/upload/SMP_Monitoring_Well_Design.pdf. 

• Analytical methods used. 
• Changes, if any, to the scope of work, and rationale for any such changes. 
• Decontamination procedures. 
• Waste management (including stockpiles) and disposal procedures. 

• Storm water pollution prevention procedures. 

http://www.dtsc.ca.gov/SiteCleanup/upload/SMP_Monitoring_Well_Design.pdf�
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Interpretation of Data 
It is necessary to interpret the analytical and visual data collected during the investigation to identify source and 
release areas, delineate the extent of contamination, and establish plans for mitigation. This is accomplished by 
comparing the data results to the criteria established in State Water Resources Control Board (State Water Board) 
Resolution 2012-0016 adopted May 1, 2012, Low-Threat UST Case Closure Policy (Case Closure Policy) effective 
August 17, 2012, when applicable. For sites that do not meet the parameters of the Case Closure Policy, a site-
specific risk assessment may be recommended (see the chapter on Risk Evaluation and Risk Management for more 
details). 

The interpretation of data generally includes a statement about data validation, conformance with quality 
assurance / quality control (QA/QC) limits or data quality objectives (DQOs), acceptable reporting limits, etc. If 
DQOs have not been met, a statement is provided regarding whether the data are still valid and useable, and the 
underlying rationale for the conclusion. This section of the Site Assessment Report may also include an assessment 
of residual concentrations for constituents of concern (COCs) in soil and/or groundwater. 

Conclusions and Recommendations 
The technical report presents pertinent conclusions based on the interpretation and analysis of site-specific data 
by the RP or its consultant. The technical report also proposes recommendations for the next phase of work at the 
site or, if appropriate, presents a request for case closure if the criteria established in State Water Board 
Resolution 2012-0016, the Case Closure Policy, have been satisfied or a risk assessment has indicated that the site 
poses no significant risk to human health, safety, or the environment (see Risk Evaluation and Management 
chapter and Case Closure Request section below). 

All conclusions should be supported, not merely listed. This section should also:  

• Discuss whether the work satisfied the work-plan objective(s);  
• Indicate which case-closure criteria were satisfied; and  
• Indicate which (if any) significant data gaps remain to satisfy case-closure criteria. 

Monitoring Reports 
Periodic monitoring at LUFT sites may be needed; for example, to monitor the stability of a groundwater plume 
and/or ascertain the performance of the remedial system(s) installed. A report is submitted to the regulatory 
agency in a timely fashion after each monitoring event. For a remedial system(s), the monitoring report includes 
information on system status and operation, monitoring records, and an evaluation of progress for targeted areas, 
including volumes treated, and amount of hydrocarbons removed. Any changes, modifications, or other significant 
information which may affect the remedial design modifications are also reported. The frequency of monitoring 
and reporting intervals may change, based on direction from the lead regulatory agency. It is important that 
licensed professionals review and sign reports that contain an accurate interpretation of the groundwater 
monitoring, sampling, and laboratory data; conclusions about the data; and recommendations for future corrective 
action. 

 
Case Closure Request 
When the RP has performed corrective actions (including assessment, remediation, and/or monitoring, as 
applicable) required by the lead regulatory agency to ensure that the site meets the criteria of the Case Closure 

Legal.  
Per State Water Board Resolution 2009-0042, quarterly groundwater monitoring was reduced to semi-annual 
or less frequent monitoring at LUFT sites. However, the initial reporting frequency as established in the 
Corrective Action Plan, which could be quarterly or even monthly, may change over time, and be reduced to 
semi-annual or even annual reporting at some point later in the assessment process. If more than semi-annual 
monitoring is required for a case, the RP and State Water Board shall be notified of the rationale by the lead 
regulatory agency, and the notice posted on GeoTracker. 
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Policy and/or poses no significant risk to human health and/or the environment, as proven in a site-specific risk 
assessment, the RP or its consultant prepares a technical report justifying the request for case closure. It is also the 
responsibility of the RP to notify all impacted parties of the proposed closure (California Health & Safety Code 
[H&SC] 25297.15).   

Effectiveness of Remedial Actions 
This section identifies cleanup levels, the areas and media targeted by the remediation, the type of remediation 
used, the period of time over which various remedial options have been implemented, and the effectiveness of the 
remedial action(s) in reducing the concentrations of COCs and meeting remedial objectives. System operation and 
maintenance (O&M) data, and monitoring and verification sampling data are presented to substantiate the 
conclusions presented in this section. 

Summary of Case Closure Request Elements 

Completeness in closure reporting helps the closure process proceed more efficiently, so it is recommended that 
the lead agency be contacted for its closure reporting requirements. The following are elements that may be 
included in the Case Closure Request:  

• Site history and background information pertinent to closure concerns; 
• Identification of receptors within ½ mile of the site, including a vicinity map clearly identifying the site, the 

receptors, and surrounding land use; 
• Service area of public water system; 
• Distance to nearby surface water and water supply wells; 
• Identification of current and future land use at the site and surrounding properties; 
• Cumulative tables with groundwater information (analytical results and depth to groundwater), discussions 

regarding trends in current and historic groundwater conditions, and historic groundwater flow directions 
plotted on a site map; 

• Cumulative tables with all soil sampling results; 
• Tables showing the maximum soil and groundwater concentrations detected at the site, as well as tables 

showing the highest soil and groundwater concentration levels and deepest soil and groundwater 
concentrations remaining at the site after remediation; 

• Site maps showing maximum detected groundwater concentrations and current groundwater conditions in 
each well; 

• Site maps and cross-section(s) showing lithology, boring and well locations and depths, sampling results, 
contaminant contours, and remediation locations; 

• Tables and graphs showing vapor concentrations as well as periodic and cumulative vapor hydrocarbon 
removal rates and volumes, if vapor extraction has been conducted at the site; 

• Tables and graphs showing periodic and cumulative free product and groundwater removal rates and 
volumes, if free product and/or groundwater remediation has been conducted at the site; 

• Calculated mass remaining in situ and contaminant degradation rate; 
• Disposal information concerning any impacted materials generated at the site, such as manifests (when 

available); and 
• All current record owners of fee title to the site must be identified and notified of the closure request – this 

documentation must be included in the Case Closure Request to confirm that this task has been completed. 

References 
State of California State and Consumer Services Agency. 1998. The California Board of Geologists and 

Geophysicists. Guidelines for Groundwater Investigation Reports. 
http://www.sawpa.org/documents/roundtable/Salinity/groundwater_guidelines.pdf. July. 

California State Water Resources Control Board (State Water Board), Resolution 2012-006, Low-Threat UST Case 
Closure Policy. Adopted May 1, 2012, effective August 17, 2012. 

http://www.sawpa.org/documents/roundtable/Salinity/groundwater_guidelines.pdf�
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Chapter 9: Green and Environmentally Responsible 
Cleanups 
September 2012 

Scope of This Chapter 
The use of environmentally responsible, or “green,” strategies to remediate contaminated Leaking Underground 
Fuel Tank (LUFT) sites is encouraged. Although cleanup improves the local environment at the site by removing 
health threats and restoring contaminated land and water to beneficial uses, remedial activities can impact the 
global climate through high energy use, release of greenhouse gases, and the generation of waste. It is important 
to try to balance the cost and benefits to the local and global communities by considering sustainable strategies 
that reduce total carbon emissions during cleanup activities. This chapter is intended to provide a brief, general 
framework for using strategies, practices, and technologies that reduce the environmental footprint of LUFT 
cleanups. 

First and foremost, the State Water Resources Control Board (State Water Board) is concerned with meeting all 
statutory and regulatory requirements for LUFT cleanups. Additionally, the State Water Board encourages the use 
of environmentally responsible cleanup strategies for corrective actions. The UST Cleanup Fund (USTCF or “Fund”) 
has reimbursed green cleanups when such strategies are consistent with the “eligible, reasonable, and necessary” 
corrective-action cost standards the Fund uses to determine cost reimbursement (see the Fund Cost Guidelines 
section in the UST Cleanup Fund chapter of this Manual and Reimbursable Costs section of the Fund’s Program 
Summary: 
http://www.waterboards.ca.gov/water_issues/programs/ustcf/docs/claim_application_forms/program_summary.
pdf.) Environmentally responsible strategies can be integrated into cleanup actions using a range of practices and 
technologies, as shown below, in the associated reference documentation, and in standard guides. 

RPs who implement environmentally responsible cleanups should seek opportunities to optimize and encourage 
innovations related, but not limited, to the following areas: 

• Reducing energy use 
• Reducing the generation of air pollution and emission of greenhouse gases 

• Reducing water use and impacts to water resources 
• Considering land use and protection of ecosystems 
• When generating waste: Reduce, Reuse, and Recycle materials and waste 

Environmentally responsible strategies should be considered for all stages of the cleanup process, including site 
assessment, system design and installation, system operation, and site closure. The scope of applicability of green 
options can vary, from considering the direct impacts of on-site activities and transportation to performing a life-
cycle analysis of the cleanup. However, due to the relatively small size of LUFT sites and fairly uniform remediation 
options, the most efficient way to proceed is usually towards a quick and simple analysis which, at a minimum, 
considers direct impacts to the environment and impacts from transportation. 

Quantitative calculators or life-cycle analysis tools can be used to apply measures during remediation to maximize 
environmental sustainability benefits. These tools can help analyze the manufacture, use, and transport of 
materials, products, equipment, and wastes associated with all phases of a cleanup. They may allow for quick and 
easy identification of those activities with the most significant impacts. The results of a life-cycle analysis can 
illuminate ways to reduce environmental impact with minor to moderate changes. 

Practices, Strategies, and Technologies 
to Support Environmentally Responsible Cleanups 
Energy Use 

• Minimize energy consumption (e.g., use energy-efficient equipment) 

http://www.waterboards.ca.gov/water_issues/programs/ustcf/docs/claim_application_forms/program_summary.pdf�
http://www.waterboards.ca.gov/water_issues/programs/ustcf/docs/claim_application_forms/program_summary.pdf�
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• Power cleanup equipment through on-site renewable energy sources 
• Purchase commercial energy from renewable resources 
• Adapting soil and groundwater remediation systems using less petroleum-intensive power generation 

Air Toxics and Greenhouse Gas Emissions  

• Minimize use of heavy equipment 
• Maximize use of machinery equipped with advanced emission controls 

• Use cleaner fuels to power machinery and equipment 
• Sequester carbon dioxide onsite (e.g., soil amendments, re-vegetation) 
• Minimize dust generation and airborne transport of contaminants 
• Minimize number of trips to the site and number of vehicles required for cleanup 

Water Use and Impacts to Water Resources  

• Minimize water use and depletion of natural water resources 
• Capture both clean and treated water for reuse (e.g., aquifer recharge, irrigation, consumption) 
• Minimize water demand for re-vegetation (e.g., native species) 
• Employ best management practices for stormwater 

Land Use and Protection of Ecosystems  
• Integrate anticipated site use or reuse plans into the cleanup strategy 
• Minimize areas requiring activity or use limitations (e.g., destroy or remove contaminant sources) 

• Minimize unnecessary soil and habitat disturbance or destruction 
• Restore or create habitat using native species and local materials (e.g., rock) 
• Minimize noise and lighting disturbance 
• Prevent the release of contaminants 

Waste Management: Reduce, Reuse, and Recycle Materials and Waste 

• Minimize consumption of virgin materials 
• Minimize waste generation 
• Use recycled products 
• Segregate and reuse or recycle materials 

References 
California Department of Toxic Substances and Control (DTSC). 2009. Interim Advisory for Green Remediation. 

Available at: http://www.dtsc.ca.gov/omf/grn_remediation.cfm 

U.S. EPA Office of Solid Waste and Emergency Response (OSWER). 2009. Principles for Greener Cleanups. Available 
at:  http://www.epa.gov/oswer/greenercleanups/principles.html 

U.S. EPA Region 9. 2009. Greener Cleanups Policy. Available at: 
http://www.epa.gov/region9/climatechange/pdfs/greener-cleanups-policy.pdf 

 

http://www.dtsc.ca.gov/omf/grn_remediation.cfm�
http://www.epa.gov/oswer/greenercleanups/principles.html�
http://www.epa.gov/region9/climatechange/pdfs/greener-cleanups-policy.pdf�
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Chapter 10: Initial Reporting and Abatement 
September 2012 

Scope of This Chapter 
Federal and State agencies require owners or operators to respond to an unauthorized release from an 
underground storage tank (UST). This chapter provides owners and operators a guide on how to identify and 
confirm a release and determine what steps to take as an immediate response to stop further impacts to the 
surrounding environment.  

An unauthorized release, as defined by California Health and Safety Code (H&SC) §25295, is a release which 
1) escapes from a UST’s secondary containment, or from the primary containment, if no secondary containment 
exists, 2) increases the hazard of fire or explosion, or 3) causes any deterioration of the secondary containment of 
the underground tank system. 

An unauthorized release can happen at any moment—during tank fueling or by failure of a tank wall, from the 
piping, at the dispensers, or from waste-oil tanks at service stations. Regardless of how or where the unauthorized 
release occurs, it is the responsibility of the owner or operator to respond and to report the release to state and/or 
federal agencies.  

Initial Response 
Once an unauthorized release is detected, the first step is to take immediate action to stop the leak and prevent 
further release. This may require removing the residual product from the equipment in question. It is critical to 
determine whether or not any fire, explosion, or vapor hazards are present and, if so, to mitigate them. 

Tank owners or operators shall provide an initial report to the local agency within 24 hours and then follow up with 
a full written report within five working days. Owners and operators shall transmit information regarding an 
unauthorized release to the local agency on a written form or using an electronic format developed by the State 
Water Resources Control Board (State Water Board) and approved by the Secretary for Environmental Protection. 

 

The lead agency is determined based on the volume of the spill and the impacted medium/media. The responsible 
party (RP) first reports to the agency that has issued UST-related permits at the affected site, usually the local 
Hazardous Materials agency (Certified Unified Program Agency [CUPA]), which may also act as a Local 
Implementing Agency (LIA), or the Local Oversight Program (LOP) for soil and groundwater investigation and 
remediation, to determine whether one of them has jurisdiction over the release. If the local Hazardous Materials 
agency is not an LIA or LOP (or located within the geographic boundaries of an LIA or LOP), the case will fall under 
the jurisdiction of the Regional Water Quality Control Board. 

 

Legal.  
As defined in the UST Regulations, California Code of Regulations (CCR) Title 23, Division 3, Chapter 16, 
Article 5, §2650, the owners or operators shall report to the local agency any unauthorized release described in 
Sections 25295 and 25295.5 of the California H&SC.  

AB 358 (Ch. 571, Stats. of 2011) requires that owners or operators transmit certain information regarding an 
unauthorized release to the local agency on a written form or using an electronic format developed by the 
State Water Board and approved by the Secretary for Environmental Protection. 

Leak Reporting. The Unauthorized Release Form can be downloaded as an Adobe PDF and Microsoft 
Word document from the State Water Board website: http://www.swrcb.ca.gov/ust/forms/. 

http://www.swrcb.ca.gov/ust/forms/�
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Reporting 
An Unauthorized Release Report needs to include information regarding an unauthorized release to the local 
agency on a written form or using an electronic format developed by the State Water Board and approved by the 
Secretary for Environmental Protection. The report should include, but is not limited to, the following: 

• The Facility/Site name, address, and telephone number; 

• Discharge date or discovered date, and report date; 
• Discharge cause and discharge source 
• Any further corrective or remedial actions, including investigative actions, that will be needed to clean up 

the unauthorized release and abate the effects of the unauthorized release; 

• A time schedule for implementing the actions specified above; 
• The UST system’s record of compliance with California H&SC Chapter 6.7, including data on equipment 

failures; 

Any other information the State Water Board deems necessary to implement or comply with California H&SC 
Chapter 6.7, Chapter 6.75 (commencing with Section 25299.10), or the 40 Code of Federal Regulations, 
Subtitle F. 

The lead agency may request that the RP conduct an initial site characterization to make a rapid determination of 
how the release may have occurred and its estimated quantity.  

Initial Abatement Actions 
Unless otherwise directed by the lead agency, owners and operators are required to perform these initial 
abatement measures in response to an unauthorized release: 

• Remove as much of the substance as possible from the UST system to prevent further impact to the 
environment; 

• Visually inspect for substance release above- and below-ground, and attempt to prevent further substance 
migration into the surrounding soils and groundwater; and 

• Continue to identify, monitor, and mitigate any additional fire or safety hazards posed by potentially 
migrating vapors or free product from the UST excavation zone.  

References 
California Code of Regulations (CCR), Title 23, Division 3, Chapter 16, Article 5. 

California Health & Safety Code (H&SC), §§25291, 25292, 25294, and 25295. 

40 Code of Federal Regulations, Subtitle F. 

U.S. Environmental Protection Agency (EPA), Office of Environmental Guidance, Resource Conservation and 
Recovery Act (RCRA) Subtitle I. 
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Chapter 11: Release Response Prioritization 
September 2012  

Scope of This Chapter 
This chapter discusses the various types of responses that occur as a result of an unauthorized release. The threat 
to human health, safety, and the environment will determine whether an urgent, interim, or long-term response is 
appropriate.  

Urgent Response 
Urgent response includes scenarios where an imminent threat to human health or the environment results from 
sudden and/or large releases of fuel products, such as a tanker truck or rail car overturning. Because this Manual 
addresses issues pertaining to leaking underground fuel tanks (LUFTs), the most likely urgent-response scenario is a 
tank breach/failure or a major line loss. Evidence for this event could include light nonaqueous-phase liquid 
(LNAPL) surfacing or appearing in storm or sanitary sewers or utility conduits, loss of inventory, strong 
odors/vapors, explosions, or fires. In the event that an imminent threat to human health or the environment 
exists, public and worker safety is to be protected under the Code of Federal Regulations (CFR), Title 29, Chapter 
17, Part 1910, Occupational Safety and Health Administration (OSHA). 

Remediation in these instances will consist first of emergency response actions, such as immediate containment 
and recovery of spilled fuels, often in cooperation with local Hazardous Material agencies, fire departments, etc. 
Remediation of residual impacts will then take place following standard procedures for non-urgent response 
remedial actions. 

Interim Remediation/Rapid Response 
Regulatory agencies may concur with interim remediation actions where the risk to human health, safety, and/or 
the environment may be less than in an urgent-response scenario, but sufficient to warrant rapid actions; for 
example, to contain a migrating groundwater plume or expanding LNAPL footprint.  

Interim remediation should be pursued concurrently with other required site actions, such as lateral plume 
delineation or bench testing for a final remedy. 

In most cases, interim remediation does not supersede the requirement for a formal analysis of final remedies, 
including submittal of a Corrective Action Plan (CAP). The regulatory case worker may, however, allow interim 
remediation to stand as the final remedy if it can be demonstrated that interim actions will rapidly achieve 
remedial goals or until site conditions meet low-threat closure criteria as required by State Water Resources 
Control Board (State Water Board) Resolution 2012-0016, Low-Threat UST Case Closure Policy, as discussed in the 
Risk Evaluation and Management Chapter. Proposals for initiation and/or continuance of interim remediation 
usually take the form of work plans. 

Updates on the progress of interim remediation should be included in routine reports, or as otherwise approved 
by the regulatory agency. For example, a work plan may contain a proposal to conduct interim remediation for six 
months, followed by a report of findings with recommendations for additional site actions. Check with the 
regulatory agency for the required reporting documentation, outline, and format. 

Examples of interim remediation processes include (but are not limited to): 
• Mobile (non-fixed) or temporary treatment systems and processes; for example, free product bailing and 

skimmer operations. 
• Periodic or extended single-event batch extractions. 

Rapid response is used where health/environmental risk drivers (e.g., an immediate need for plume containment) 
or other drivers (e.g., property redevelopment) affect remedial method selection. Examples of rapid-response 
remediation processes include (but are not limited to) remedial excavation and sustained-batch extraction. 
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Remedial excavation is effective as a means of removing impacted soils rapidly, but can be ineffective at 
addressing groundwater issues, unless a groundwater plume is localized or derives primarily from low-permeability 
soils.  

Sites with widespread groundwater issues may not significantly benefit from remedial over-excavation. In general, 
remedial excavation can be less cost-effective compared with other remediation processes, except in heavy clay 
soils with shallow groundwater conditions. Sites like these are often resistant to other forms of remediation. See 
the Soil Excavation section in the Remediation chapter for situations in which excavation is an effective means of 
contamination removal. 

Longer-Term Response 
If interim remediation is not implemented or interim actions do not rapidly achieve remedial goals, a Corrective 
Action / Remedial Action Plan that contains recommendations for feasible remedial actions shall be submitted to 
the lead regulatory agency for concurrence. 

Feasible remedial actions are often conducted over periods of several months and, in a few cases, may continue 
for longer periods or until site conditions meet low-threat closure criteria, as required by State Water Board 
Resolution 2012-0016, as discussed in the Risk Evaluation and Management Chapter. These remedial actions 
involve fixed remediation equipment connected to public utility lines (natural gas, electricity, sewer, and/or storm 
drains). Local county/city permits may be required to install the remediation equipment enclosure, subsurface 
piping, aboveground remediation equipment, and remediation wells. Discharge permits may be required by local 
air districts, water districts, or state/county/local agencies. Installation of a fixed remediation system normally 
requires professional engineering and construction contractor planning, design, and oversight. Construction should 
be completed using a licensed, appropriately trained, and certified contractor. 

Construction of fixed remediation systems usually includes installation of underground conveyance piping. Active 
property use presents challenges to piping installation, as piping must be routed around existing site features but 
at the same time must also connect to treatment wells installed in the target site areas (e.g., the areas of highest 
concentrations). Business or occupant / community disruption is unavoidable during construction and should be 
weighed against other factors when selecting a remediation process. 

Examples of longer-term remediation processes include (but are not limited to): 
• Soil-vapor extraction (SVE) systems 
• Bioventing 
• Bio- and air sparging 
• Groundwater-extraction systems 

See the Remediation chapter for further discussion. 

 

References 
Code of Federal Regulations, Title 29, Chapter 17, Part 1910, Occupational Safety and Health Administration.  

California Code of Regulations, Title 23, Division 3, Chapter 16, Articles 5. 

California State Water Resources Control Board (State Water Board), Resolution 2012-006, Low-Threat UST Case 
Closure Policy. Adopted May 1, 2012, effective August 17, 2012. 

Important! The California Code of Regulations (CCR) Title 23, Chapter 16, Article 5, describes the 
minimum initial response requirements for an unauthorized release.   
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Table 13-2:  Representative Properties of Selected Constituents, 
TPH Fractions, and Products 

Component 

Molecular 
Weight 
(g/mol) 

Density(1) 
(g/cm3) 

Dynamic 
Viscosity(1) 

(cp) 

Pure-Compound / 
TPH Fraction / 

Product Mixture 
Water 

Solubility(1,6) 
(mg/L) 

Pure-
Compound 

Vapor 
Pressure(1) 
(mm Hg) 

Henry’s 
Law 

Constant
(2) Log Koc 

Benzene 78.1 0.88 0.6468 1.78 E+03 76 0.23 1.8 

Toluene 92.1 0.87 0.58 5.15 E+02 22 0.27 2.3 

Ethylbenzene 106.2 0.87 0.6468 1.52 E+02 7 0.32 2.6 

Xylenes 106 0.87(2) 0.68 1.8 E+02 9 0.28 2.6 

n-Hexane 86 0.70  1.8 E+01 121 5.0 2.9 

Naphthalene 128 1.5  3.1E+01/ 

1.1E+02 

0.08 0.02 3.3 

MTBE 88.15 0.74(2) --- 5E+04(2) 251(2) 0.024 1.1 

TBA 74.12 0.79  Infinite 41 0.0005 1.6(7) 

Water 18.0 0.998(3) 1.14(3)     

Aliphatic Fractions        

Aliphatic C5-C6 81 0.68  3.6E+01 2.7E+02 33 2.9 

Aliphatic >C6-C8 100 0.73  5.4E+00 4.8E+01 50 3.6 

Aliphatic >C8-C10 130 0.73  4.3E-01 4.8E+00 80 4.5 

Aliphatic >C10-C12 160 0.76  3.4E-02 4.8E-01 120 5.4 

Aliphatic >C12-C16 200 0.77  7.6E-04 3.6E-02 520 6.7 

Aliphatic >C16-C21 270 0.78  2.5E-06 8.4E-04 4,900 8.8 

Aliphatic >C21-C34 400 0.78  1.5E-11 3.3E-07 100,000 10.0 

Aromatic Fractions        

Aromatic >C8-C10 120 0.87  6.5E+01 4.8E+00 0.48 3.2 

Aromatic >C10-C12 130 0.90  2.5E+01 4.8E-01 0.14 3.4 

Aromatic >C12-C16 150 1.02  5.8E+00 3.6E-02 0.053 3.7 

Aromatic >C16-C21 190 1.23  6.5E-01 8.4E-04 0.013 4.2 

Aromatic >C21-C34 240 1.28  6.6E-03 3.3E-07 0.00067 5.1 

Common Petroleum 
Products 

       

Automotive 
Gasoline 

100 – 105  0.72 – 
0.76(4) 

0.63(3) >100 --- --- --- 
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Figure 13-6:  Vertical and Horizontal Distribution of Hydrocarbon Phases  

 
Note that “residual saturation” is not the same as “Csat.” “Csat” is not used in this Manual, but is often found in 
tables of guidance documents or other references for partitioning calculations or risk assessments. “Csat” is a 
theoretical concentration that represents the condition when all compartments of the soil (solid, air, and water) 
are “saturated” (or have reached their maximum equilibrium partitioning limits) and, therefore, above which a 
separate-phase liquid may be present in the soil pore spaces. For petroleum, “Csat” values are quite low because 
the effective solubility of petroleum is low. For petroleum, which is released to the subsurface as a LNAPL, the 
LNAPL is typically present in the soil pore spaces; therefore, the “Csat” values are often exceeded, but that does 
not mean that the LNAPL is “free” or mobile. “Residual saturation” is the concentration above which a LNAPL may 
be mobile in the soil. For petroleum, residual saturation values are typically several orders of magnitude higher 
than “Csat” values. 
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Table 13-3:  Example Residual Saturation Concentrations 
for Gasoline, Diesel, and Fuel Oil in Various Soil Types 

Soil Type 
Gasoline 
(mg/kg) 

Diesel 
(mg/kg) 

Fuel Oil 
(mg/kg) 

Coarse gravel 1,000 2,300 5,100 
Coarse sand and gravel 1,700 3,900 8,700 
Medium to coarse sand 3,400 7,700 17,400 
Fine to medium sand 5,800 13,000 30,000 
Silt to fine sand 10,000 23,000 51,400 
Source: Brost and DeVaull (2000) 

Notes:  
1. “Residual saturation” is the concentration above which the product may be mobile in the respective soil type 

in the vadose zone via gravity flow, and below which the product is unlikely to be mobile in the respective soil 
type. 

2. Residual saturation concentrations for the products (rounded) are from Table 13-2 of Brost and DeVaull 
(2000). For the purpose of the LUFT Manual, concentrations are equivalent to “TPH” (either gasoline-range 
organics [GRO] or diesel-range/oil-range organics [DRO/ORO]).  

3. “Middle distillates” in Brost and DeVaull (2000) are shown as “Diesel” in this table.  

LNAPL Migration through Man-Made Pathways 

LNAPL can also move through man-made preferential pathways, such as improperly grouted monitoring wells, 
trenches containing distribution piping or utilities, or the backfill of trenches. 
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Chapter 13: Fate and Transport of Petroleum in the 
Subsurface 

Dissolution of Petroleum Hydrocarbons into Water 
September 2012 

Crude oils and refined products are extremely complex mixtures containing from hundreds to thousands of 
constituents. The portion of a fresh petroleum mixture (e.g., LNAPL) which is soluble and therefore dissolves into 
water consists of significantly fewer constituents, because the dissolved phase is a function of effective (as 
opposed to pure-phase) solubility of each individual constituent. This effective-solubility phenomenon is critical to 
understanding the partitioning of soluble constituents from the LNAPL to pore water (in the vadose zone) or 
groundwater. Effective solubility of petroleum mixtures is discussed in the literature. Key references include Cline, 
et al. 1991; Lee, et al. 1992; Shiu, et al. 1990; Mackay and Shiu 1992; Chen, et al. 1994; O’Reilly, et al. 2001; 
Huntley and Beckett 2002; and Zemo 2006. This section discusses the constituents found within the dissolved 
phase of various products and the expected concentrations of each of those constituents. 

Pure-Compound Solubilities 
Within a given molecular class, lower-molecular-weight petroleum constituents usually have higher pure-
compound solubilities (Gustafson, et al. 1997; Mackay and Shiu 1992; Yaws, et al. 1990). Aliphatics have low pure-
compound water solubilities at molecular weights exceeding six carbon atoms (C6). Mono-aromatics (BTEX and 
alkylated benzenes) have higher pure-compound water solubilities, with the lowest molecular-weight compound 
(C6: benzene) having the highest relative pure-compound solubility. The lower molecular-weight PAHs (e.g., 
naphthalene [C10]) have low to very low pure-compound water solubilities, with the higher-molecular-weight 
PAHs (e.g., benzo(a)pyrene [C20]) being virtually insoluble in water. 

For comparison, the following table shows the solubilities of various arrangements of C6 and C10 compounds. 
Note how the solubility of aliphatics is much lower than that of aromatics, even those with the same number of 
carbon atoms. 

Table 13-4:  Solubility of Various C6 and C10 Compounds 

Aromatic Aliphatic 

Name 
Solubility 

(mg/L) Name 
Solubility 

(mg/L) 

C6 (Benzene) 1780 C6 (n-Hexane) 9.5 

C10 (Naphthalene) 31 or 110 C10 (n-Decane) 0.052 

Source: Solubilities from Gustafson, et al. 1997; Mackay and Shiu 
1992; Yaws, et al. 1990. Sub-cooled liquid solubility 110 mg/L also 
shown for naphthalene. 

Effective Solubility 

The composition and concentration of the dissolved phase (sometimes called the “water soluble fraction,” or WSF) 
from a mixture are controlled by the effective solubility of each constituent in the mixture. The effective solubility 
of each constituent is a function of its: 

• Pure-compound solubility in water 
• Mole-fraction within the mixture 
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Effective solubility dictates that the equilibrium concentration of each constituent within the dissolved phase of a 
petroleum product is significantly less than its pure-compound solubility, which means that, as a mixture, the 
individual components of the petroleum products are less able to dissolve into groundwater than those 
components would be if they were the only compound present. For the purpose of this LUFT Manual and in much 
of the literature, the term “mole fraction” is used interchangeably with “mass fraction” because the data for 
constituents are typically reported in weight percent or mg/kg. This does not introduce much error into 
calculations for lower molecular-weight fuels such as gasoline, but may introduce error for the higher molecular-
weight fuels (i.e., diesel and heavier). 

 

Composition of the Dissolved Phase from Laboratory Studies 
The composition of the dissolved phase from fresh petroleum products (including gasolines, kerosenes, jet fuels, 
diesels, Bunker C fuel, and motor oils) and fresh crude oils has been investigated under laboratory conditions by 
several researchers using various analytical methods (e.g., Coleman, et al. 1984; Shiu, et al. 1990; Thomas and 
Delfino 1991; Bruya and Friedman 1992; Chen, et al. 1994; and Potter 1996). 

The results from all of these studies are consistent, and provide clear evidence that the petroleum hydrocarbons 
which comprise the measurable dissolved phase of fresh crude oil and fresh refined products are limited primarily 
to these discrete constituents: 

• C6 to C11 mono-aromatics (BTEX and the alkylated benzenes) 
• C10 to C14 PAHs (naphthalene, alkylated naphthalenes, acenaphthene, fluorene, phenanthrene, and 

anthracene) 
• C6 and smaller aliphatics 

These studies focused on the hydrocarbon constituents in the dissolved phase of fresh crude oil and fresh refined 
products; however, these same constituents would also be present in the dissolved phase of weathered products 
up to the point of their effective solubility. As the constituent dissolves out of the weathered mixture, its mole 
fraction decreases and therefore its effective solubility decreases; at some point, the constituent will no longer be 
measureable in the dissolved phase (discussed in detail later). 

Blending agents or additives which are polar in their molecular structure, such as oxygenates, have both relatively 
high pure-compound solubilities and large mole-fractions within the product mixture; therefore, they can 
represent a large proportion of the dissolved phase of a given product. This is why MTBE can be present in plumes 
in much higher concentrations than the hydrocarbons. Note that polar molecules have slightly charged negative 
and positive ends, and therefore are more soluble in water, which is also polar. 

Drilling Down.  
The effective solubility of petroleum constituents has been shown to follow Raoult’s Law for ideal mixtures, 

Ci = Xi  * Si 

Where 

Ci = solute concentrations of component i (mg/L) 

Xi = mole fraction of component i 

Si = aqueous solubility of component i (mg/L) 

and has been documented for petroleum in the literature (e.g., Cline, et al. 1991; Lee, et al. 1992; Shiu, et al. 
1990; Mackay and Shiu 1992; Chen, et al. 1994; O’Reilly, et al. 2001; Huntley and Beckett 2002). The validity of 
these theoretical estimates and of the effective-solubility approach is supported by the laboratory research 
described below. 
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NSOs may be present in fresh crude oils or fresh fuel-oil products; thus, these polar compounds could comprise 
part of the dissolved phase of a fresh crude or fresh refined product, depending on the pure-compound solubility 
and its mole-fraction within the mixture. 

 
Concentration of the Dissolved Phase from Laboratory Studies 
In addition to evaluating the constituents within the dissolved phase, the Shiu, et al. (1990) and Potter (1996) 
studies investigated the maximum aggregate concentration of the dissolved phase (or bulk effective solubility) of 
fresh crude oils and fresh products. Excluding additives such as MTBE, the maximum aggregate concentration of 
the dissolved phase of fresh products tested is shown in the following table. 

Table 13-5:  Maximum Aggregate Concentration of Dissolved Phase of Fresh Products 

Product 

Maximum 
Aggregate 

Concentration 
of Dissolved 
Phase (mg/L) Source 

Gasolines 100 + Shiu, et al. 1990; 
Potter 1996 

Diesels and Fuel 
Oils 3 – 5, 40 Shiu, et al. 1990; 

Potter 1996 

Jet Fuels 15 – 65 Potter 1996 

Bunker C 6 Shiu, et al. 1990 

Fresh Crude Oils 10 – 58 Shiu, et al. 1990 

Note that concentrations of “TPH” measured in groundwater samples frequently exceed these aggregate values. 
This is because either a non-dissolved component was included in the sample, or because dissolved non-
hydrocarbon constituents are present in the groundwater sample. 

With regard to concentrations of individual constituents in the dissolved phase, Zemo (2006) compiled data from 
up to nine laboratory partitioning studies which measured effective solubilities of BTEX from fresh gasoline, and 
from four laboratory studies which measured effective solubilities of BTEX from fresh diesel; the averages for each 
fuel were reported as follows: 

Important! Thus, the components of fuel likely to be found in the dissolved phase include: 

• C6 to C11 mono-aromatics (BTEX and the alkylated benzenes) 

• C10 to C14 PAHs (naphthalene, alkylated naphthalenes, acenaphthene, fluorene, phenanthrene, and 
anthracene) 

• C6 and smaller aliphatics 

• Polar blending agents/additives (such as MTBE or ethanol) 
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Table 13-6:  Average Measured Effective Solubility of BTEX from Fresh Gasoline and Fresh Diesel 

Average Measured Effective Solubility (mg/L) 

 From fresh gasoline From fresh diesel  

Benzene 29 0.23 

Toluene 36 0.58 

Ethylbenzene 2.7 0.12 

Xylenes 15 0.46 

Source: Zemo (2006) 

The data clearly show that the effective solubilities of BTEX from fresh diesel sources are lower than those from 
fresh gasoline sources, because the mole-fractions of BTEX are much lower in diesel than in gasoline (see Zemo 
2006 for a detailed discussion). Note that, for a weathered gasoline or diesel source, the effective solubilities will 
be even lower than for the fresh source because the mole-fraction of the BTEX (or other soluble or biodegradable 
constituents) is lower in the weathered source (discussed below). 

 
Table 13-7 shows the calculated theoretical maximum effective solubility of the individual constituents and 
aliphatic / aromatic fractions of the “average” fresh gasoline and the “average” fresh diesel, using the mass 
fractions and chemical properties shown earlier. Note that the calculated average values for BTEX are higher than 
those average values actually measured in laboratory studies. This is likely due to differences in mass fractions 
among the products tested and “non-ideal” behavior of the constituents. 

Important! Concentrations of any constituent in groundwater which significantly exceed its effective 
solubility, given a specific source type (especially for ethylbenzene and xylenes), indicate that a non-dissolved 
component (e.g., LNAPL or petroleum-affected soil particles) is likely present in the groundwater sample.  
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Table 13-7:  Theoretical Maximum Effective Solubility and Maximum Vapor Concentration 
Associated with “Average” Fresh Gasoline and Diesel 

Component Fresh Gasoline Fresh Diesel 
 Avg.Wt. 

% 
Max. Eff. Sol. 
(mg/L) 

Max. Vapor 
Conc. (mg/m3) 

Avg. Wt. 
% 

Max. Eff. Sol. 
(mg/L) 

Max. Vapor 
Conc. (mg/m3) 

Benzene 2.0 36 8,300 0.03 0.54 124 

Toluene 8.1 43 12,000 0.2 1.1 308 

Ethylbenzene 1.7 2.9 957 0.07 0.12 40 

Xylenes 9 16 4,500 0.5 0.9 252 

Naphthalene 0.25 0.08/0.28 1.6/5.6 0.26 0.08/0.29 1.6/6 

n-Hexane 2.4 0.43 2,160 --- --- --- 

Subtotal 23.7 98 27,920 1.1 2.96 730 

Aliphatics       

C5-C6 21 7.6 250,800 0 0 0 

>C6-C8 22 1.2 60,000 0 0 0 

>C8-C10 9 0.04 3,200 2 0.0086 688 

>C10-C12 3 0.00096 115 7 0.0022 264 

>C12-C16 0 0 0 35 2.8 E-04 145 

>C16-C21 0 0 0 34 8.5 E-06 42 

>C21-C32 0 0 0 0 0 0 

Subtotal 55 8.7 314,115 78 0.011 1,240 

Aromatics       

>C8-C10 13 8.5 4,080 0.43 0.279 134 

>C10-C12 2.3 0.58 81 0.74 0.185 26 

>C12-C16 0 0 0 8 0.464 24 

>C16-C21 0 0 0 12 0.078 1 

>C21-C32 0 0 0 0 0 0 

Subtotal 15.3 9.1 4,161 21 1.0 185 

Totals  115.8 346,196  3.97 2,155 

Notes: 

1. Wt % = weight percent; converted to mass fraction (MF) (by multiplying by 0.01) for calculations. 
2. BTEX, naphthalene (N), n-hexane weight percent are average values from Potter and Simmons (TPHCWG Vol. 2) 1998. 
3. TPH fraction weight percents are average values from Oregon DEQ (2003), but revised to include trimethylbenzenes in  

C8 – C10 aromatics fraction. 
4. Max. Eff. Sol. = Maximum theoretical effective solubility, calculated using Raoult’s Law and mass fraction (Seffi = Si × MF). 

Constituent/fraction solubilities shown on Table 13-6. 
5. Max. Vapor Conc. = Maximum theoretical vapor concentration, calculated using effective solubility × Henry’s Law Constant 

(dimensionless) × 1000 L/kg. Henry’s Law Constant shown on Table 13-2.  
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Effects of LNAPL Weathering on the Dissolved Phase 
The following discussion explains why weathered petroleum products are less soluble than fresh products in 
groundwater. 

As a crude oil or petroleum product weathers in the subsurface, both the constituents and the concentrations of 
the dissolved phase associated with the weathered petroleum will change. As the original soluble constituents are 
leached out of the LNAPL or are biodegraded, their mole-fraction decreases within the remaining mixture, which 
further decreases their effective solubility and thus the concentration of each in the dissolved phase. 

 
Ultimately, the residual LNAPL becomes depleted of soluble constituents to the point where such constituents will 
no longer partition to the dissolved phase in measurable amounts. This was illustrated by Shiu, et al. (1990), when 
dramatic reductions in the measured aggregate dissolved phase concentration were evidenced after laboratory 
evaporative “weathering” of crude oils and products. Most aggregate dissolved-phase concentrations of the 
weathered crude oil or product were reduced to about 1 mg/L or less, regardless of the original dissolved-phase 
concentration associated with the fresh oil or product. Accordingly, aggregate concentrations of dissolved 
petroleum hydrocarbons in groundwater at sites affected by highly weathered petroleum would not be expected 
to exceed about 1 mg/L in most cases, and could be non-detectable if the petroleum were sufficiently weathered 
(Zemo and Foote 2003). 

For Example. The theoretical maximum concentration of dissolved benzene in water in the presence of 
relatively fresh gasoline is about 18 mg/L, assuming that the benzene mole-fraction is 1% of the gasoline 
(1,780 mg/L × 0.01 = 17.8 mg/L). But if the gasoline is significantly weathered and the benzene mole-fraction is 
reduced to 0.1%, the theoretical maximum concentration of benzene in the dissolved phase of the weathered 
gasoline is about 1.8 mg/L. 
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Chapter 13: Fate and Transport of Petroleum in the 
Subsurface 

Migration of Dissolved-Phase Constituents 
September 2012 

Once LNAPL has come into contact with water and has partitioned individual constituents into the dissolved phase 
in accordance with their effective solubilities, those dissolved constituents will migrate. The dissolved-phase 
constituents in the vadose-zone pore water can migrate (or “leach”) to the water table if enough pore water is 
present and the constituents don’t biodegrade/attenuate fast enough. Beneath the water table, the dissolved-
phase petroleum constituents migrate with groundwater at a rate controlled by advection, hydrodynamic 
dispersion, sorption, and biodegradation. Advection is the transport of dissolved constituents by groundwater 
movement and is, therefore, dependent on the hydraulic conductivity and hydraulic gradient. Dispersion is the 
spread of dissolved constituents predominantly in the direction of groundwater flow, but also laterally (or parallel) 
and vertically (or perpendicular) to the direction of groundwater flow. Dispersion will tend to lengthen the plume 
and dilute the overall concentrations of dissolved constituents within the plume. 

Sorption is defined as the interaction of a chemical with a solid. Many parameters affect sorption, including 
solubility, polarity, ionic charge, pH, redox potential, and the organic carbon/water partition coefficient (Piwoni 
and Keeley 1990; EPA 1995b). The tendency to adsorb is different for each dissolved constituent, and is 
represented in transport equations by the soil-partitioning coefficient, Kd. Sorption also causes the constituent to 
move more slowly than the bulk flow of water (retarded velocity). In general, finer-grained soils with greater clay 
content (higher organic content or diffusion into clay lattices) retard the migration of dissolved hydrocarbons more 
than coarser-grained materials do. 

Dissolved-phase constituents are also affected by biodegradation. Hydrocarbon constituents are relatively easily 
biodegraded; ethers (e.g., MTBE) are less easily biodegraded. Biodegradation is a very significant factor for 
hydrocarbon plumes; a detailed discussion is provided in the Biodegradation section below. 

All of these factors contribute to the ultimate length and width of the plume, and its concentrations over time. The 
combination of these factors (degradation and dispersion) is known as natural attenuation (also discussed in the 
Remediation chapter.) Even at sites where no active remediation has occurred, the dissolved hydrocarbon plume 
will eventually stabilize due to natural attenuation. A plume that is “stable” is a contaminant mass that has 
expanded to its maximum extent: the distance from the release where attenuation exceeds migration.   

Plume Extent and Concentration Studies at LUFT Sites 
Four significant petroleum hydrocarbon multi-site plume studies were conducted in the 1990s (Rice, et al. 1995; 
Buscheck et al. 1996; Mace, et al. 1997; Groundwater Services, Inc. 1997). These four studies did not include 
MTBE. A study of plume characterization for 190 sites in Arizona was published in 2004 (Dahlen, et al. 2004), and a 
study of plume lengths at 500 UST sites in the Los Angeles area was published in 2004 (Shih, et al. 2004). These two 
studies included MTBE. Recently, a significant 48-site plume study was published that focused on benzene, MTBE, 
and TBA (Kamath, et al. 2012). This study is significant because it contains a large amount of data collected after 
2004, when MTBE was banned in California. 

A California study (by the Lawrence Livermore National Laboratory; Rice, et al. 1995) and 1997 Response to USEPA 
Comments (Rice, et al. 1997) included 271 sites and showed that plume lengths change slowly, while average 
plume concentrations decline more rapidly. Plumes stabilize at relatively short distances from the fuel-release site. 
The 1995 study found that 90% of benzene plumes were less than 260 feet long (at 10 µg/L). In the 1997 Response 
to Comments, 90% of the benzene plumes were less than 340 feet long (at 10 µg/L) and 90% of the benzene 
plumes were less than 380 feet long (at 1 µg/L). The study found that hydrogeologic parameters have little 
relationship to plume length, indicating that biodegradation processes were a significant factor in plume length 
and attenuation of the concentrations.  
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Buscheck, et al. (1996) studied plume lengths and concentration trends at 119 sites in northern California. They 
found that, at 91% of the sites, the BTEX concentrations were either decreasing or showed no trend. In a subset of 
62 sites with adequate data to establish plume length, Buscheck,et al. found that 85% of the benzene plumes were 
less than 200 feet long (at “detection limit”). 

A Texas study evaluated 217 sites and found that most benzene plumes (75%) are less than 250 feet long (at 
10 µg/L) and have either stabilized or are decreasing in length and concentration. The study found that benzene 
plume length cannot be predicted on the basis of either site hydrogeology or previous remediation activities (Mace, 
et al. 1997).  

The Florida Risk-Based Corrective Action (RBCA) Planning Study analyzed groundwater data from 117 sites in 33 
counties. The median plume length of the sites was 90 feet, based on BTEX data. Fifty-one percent of the sites in 
the study were at that time or had previously been subject to groundwater remediation (Groundwater Services, 
Inc. 1997). Approximately 75% of the petroleum plumes from the studies were less than 200 feet in length and 
were in a stable or shrinking condition (API 1998).  

A more recent study of plume characterization at LUFT sites in Arizona (Dahlen, et al. 2004) did not present data in 
a format where the overall percentiles of plume lengths could be tabulated. Importantly, this study found that only 
16% of all the wells at 190 sites were hydraulically downgradient of the source zone, 60% of the sites had only one 
or two downgradient wells, and 30% of the sites had no downgradient wells. The study found that caution must be 
exercised when drawing conclusions about plume extent from large database analyses. 

The Shih, et al. (2004) study at 500 UST sites in the Los Angeles area showed that the mean benzene plume length 
(at 5 µg/L) was 198 feet and that 90% of the benzene plumes were less than 350 feet long (at 5 µg/L). 

The addition of ethanol (EtOH) to gasoline at about 10% by volume may increase the length of a benzene plume by 
as much as 40% to 70%, based on plume-length studies conducted in Kansas and Iowa (Ruiz-Aguilar, et al. 2003). 
These studies showed the mean and median plume lengths for benzene from the two plume types as follows: 

Table 13-8:  Benzene Plume Length Comparison 

 

Benzene Plume Length 
(feet) 

Mean Median 

Regular gasoline 193 156 

EtOH-blended gasoline 263 263 

Source:  Ruiz-Aguilar, et al. (2003) 

The benzene plume length increases in EtOH-blended gasoline because the ethanol is preferentially biodegraded 
over the hydrocarbons, which depletes the oxygen available in the source area. Benzene biodegrades fastest under 
aerobic conditions; therefore, its slower degradation rate under anaerobic conditions allows the plume to extend 
slightly longer. The length of the toluene plumes was not as impacted by the ethanol, most likely because toluene 
biodegrades relatively quickly under anaerobic conditions (see Biodegradation section below). 

Plumes of MTBE can be longer than hydrocarbon plumes due to MTBE’s high effective solubility in water, its 
mobility, and its lower natural biodegradation potential. Dissolved-phase MTBE plumes have been documented to 
be thousands of feet long, especially when conditions in the aquifer are neither aerobic nor methanogenic (Wilson 
2003); but other plume studies have shown that MTBE plumes were only a few hundred feet long (Reisinger, et al. 
2000). Shih, et al. (2004) showed that the MTBE plumes at 500 LUFT sites in the Los Angeles area had a mean 
length of 317 feet (at 5 µg/L) and that 90% of the plumes were less than 545 feet long (at 5 µg/L). 

Kamath, et al. (2012) studied plume lengths and attenuation rates for benzene, MTBE, and TBA at 48 gasoline UST 
sites across the U.S.; 63% of the sites were in California. This study provides important new information regarding 
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plume characteristics because it includes data from long-term monitoring before and after MTBE was banned. In 
summary, this study found that 95% of the benzene plumes, 90% of the MTBE plumes, and 68% of the TBA plumes 
were stable or decreasing in size. The lower relative % of stability for the TBA plumes reflects the temporary build-
up of TBA as MTBE biodegrades, and the sequential attenuation of TBA thereafter. The study found that measured 
and estimated plume lengths were similar among all three constituents, and that the median first-order 
attenuation rates were similar among benzene, MTBE, and stabilized TBA plumes. For sites with stable plumes, the 
median % reduction in maximum concentration over the study period was similar among all three constituents. 
Details are provided in the table below. This study shows that, since the banning of MTBE in 2004, plume lengths 
and attenuation rates for benzene and MTBE have been similar, which updates the technical understanding of 
long-term plume behavior. 

Table 13-9:  Summary of Key Results from Kamath, et al. (2012) 

 Benzene MTBE TBA 

Stable or decreasing in 
size 

95%  90%  68%  

Measured and estimated 
plume lengths (feet) 

(at 5 µg/L) (at 10 µg/L) (at 12 µg/L) 

Adjusted median 171  140  235  

90% 356 454 366 

Median 1st order 
attenuation rate (1/yr) 

-0.59 -0.63 -0.52 

Stable plumes: Median % 
reduction in maximum 
concentration to date 

92% 99% 88% 

Determining Groundwater Transport and Plume Length 
There are various analytical models in the public domain that can be used to estimate chemical transport time and 
plume lengths (e.g., EPA 2009). These tools may be useful to evaluate plume stability, natural attenuation, and 
remediation time frame. 
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Chapter 13: Fate and Transport of Petroleum in the  
Subsurface 

Volatilization from LNAPL or the Dissolved Phase  
into Vapor and Vapor Migration 
September 2012 

Volatilization of petroleum hydrocarbons in the subsurface occurs via the volatilization of constituents that are in 
the dissolved phase (in pore water or groundwater), volatilization from LNAPL (either mobile or residual) directly, 
and volatilization from impacted soil.  

The partitioning between the dissolved and vapor phases is governed by Henry’s Law. The tendency of the 
individual constituent to “escape” from the water phase to the vapor phase is proportional to its concentration in 
water, where the “proportionality constant” is the individual chemical’s dimensionless form of the Henry’s Law 
Constant. This relationship assumes local equilibrium between water and air and is useful for estimating the 
potential for transport from water to air, and from vapor to water. For LNAPL, volatilization can also be described 
by the chemical’s vapor pressure and Raoult’s Law. The vapor pressure is a measure of the “escaping” tendency of 
individual constituents from the LNAPL mixture to the vapor phase. As with effective solubility, the volatilization of 
individual constituents from LNAPL is a function of the mole-fraction of the constituents within the mixture.  

While both of these media (pore/groundwater and LNAPL) contribute volatiles to the vapor phase, it is usually 
assumed that, in the source region, all of the phases are in equilibrium with each other. In other words, the 
dissolved-phase concentrations already account for the chemical’s mole fraction in the LNAPL. Therefore, for most 
chemicals, using either Henry’s Law from pore water or Raoult’s Law from LNAPL will yield the same concentration 
in vapor. Because of this, most models predict vapor-phase concentrations by first calculating the dissolved-phase 
concentration (using effective solubility due to mole fraction) and then using the chemical’s Henry’s Law Constant, 
multiplied by the dissolved-phase concentration, to predict the vapor-phase concentration that will be in 
equilibrium with the LNAPL. 

 
Table 13-7, earlier in this chapter, shows the calculated theoretical maximum vapor concentrations for 
constituents and TPH fractions of the “average” fresh gasoline and the “average” fresh diesel, using the mass 
fractions and chemical properties shown earlier. As shown on the table, the vapor phase associated with gasoline 
LNAPL would be dominated by the aliphatic hydrocarbons, and not by the aromatic hydrocarbons. This is expected 
because of the relatively high mole-fractions and high Henry’s Law Constant for the aliphatics. Conversely, the 
vapor phase associated with a dissolved groundwater plume would be dominated by the aromatics, because the 
aliphatics are not typically dissolved in the groundwater.  

 

Further Reading.  
The following publications, written by Dr. Blayne Hartman in the LUSTLine Bulletin, discuss physical properties 
of petroleum hydrocarbons:  
Oh Henry (a constant). June 1998. LUSTLine Bulletin #29, pages 17-18. 
The Great Escape (from the UST). September 1998. LUSTLine Bulletin #30, pages 18-20. 
Which Compound Requires More Attorneys: MTBE or Benzene? March 1999. LUSTLine Bulletin #31, pages 15-
17. 
Some Enlightenment on Density. June 1999. LUSTLine Bulletin #32, pages 24-25.  

For Example. If benzene were dissolving from an LNAPL with a 1% mass fraction of benzene, its 
theoretical effective solubility would be 17.8 mg/L, and its theoretical maximum concentration in soil vapor 
would be 4,100 mg/m3 (Henry’s Law Constant of 0.23).   
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Migration of Vapor-Phase Constituents 
Once the individual constituents are in the vapor phase, they can continue to migrate in the vadose zone. 
Transport will occur through diffusion caused by concentration gradients: closer to the ground, surface advection 
becomes more important due to changes in temperature and/or barometric pressure. These changes may be 
induced inadvertently in basements of buildings, or intentionally at vapor-recovery wells. The greatest movement 
will take place in the most permeable materials (Bruce 1993). Diffusion can result in downward migration of 
vapors, which can potentially impact groundwater. The extent of migration of vapor-phase constituents is 
controlled by multiple natural attenuation processes, including biodegradation; a detailed discussion of the 
biodegradation of petroleum vapors is provided in the Biodegradation section below. 

In arid and semi-arid environments, the vadose zone will contain relatively low moisture for most of the year, and 
there is limited opportunity for volatilized constituents to dissolve into the water phase. If the soil-moisture 
content in the vadose zone is high, however, then relatively soluble compounds such as ethanol and MTBE will 
tend not to stay in the vapor phase, but rather will stay in the soil moisture (Day 2001). 
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Chapter 13: Fate and Transport of Petroleum in the 
Subsurface 

Biodegradation 
September 2012 

Petroleum hydrocarbons are naturally biodegraded (oxidized) under both aerobic and anaerobic conditions, as 
documented in the literature. The simplest, most water-soluble constituents are biodegraded first (e.g., BTEX and 
the small n-alkanes); the more complex molecular structures are biodegraded more slowly. Also note that, for 
LNAPL, biodegradation only occurs at the air/oil and oil/water interfaces of the LNAPL, not in the center of the 
LNAPL. Both the vadose zone and the shallow saturated zone can transform from aerobic conditions to anaerobic 
conditions at LUFT sites due to continuing biological activity. In most subsurface environments, both aerobic and 
anaerobic biodegradation of petroleum hydrocarbons can occur, often simultaneously, in different parts of the 
plume. Petroleum constituents are biodegraded in soil, in groundwater, and in soil vapor. 

Review of Redox Reactions 
Redox reactions are the energy basis for biodegradation. Redox reactions (the common name for oxidation-
reduction reactions) are fundamentally a set of reactions explaining the transfer of electrons between compounds. 
Oxidation is the half-reaction that involves the loss of electrons, and reduction is the half-reaction involving the 
gain of electrons. These reactions are always paired: oxidation and reduction happen virtually simultaneously. 

The important aspect of redox reactions with regard to biodegradation is that they release energy which can be 
used for microbial growth. The more energy released in a redox reaction, the faster the microorganisms utilizing 
that reaction can grow. 

Redox reactions involving hydrocarbons can derive the most energy from using oxygen as the oxidizing agent (also 
known as the electron acceptor). Anaerobic processes (those using anything other than oxygen as the oxidizing 
agent) release less energy, although as long as the reaction produces some amount of energy, it is still possible for 
microorganisms to utilize that energy. It should be noted, however, that different organisms are capable of 
utilizing different oxidizing agents, to the extent that those organisms which degrade hydrocarbons by using 
oxygen as the oxidizing agent are different species from those using, for example, nitrate. 

Aerobic Biodegradation 
Aerobic biodegradation is the breakdown of petroleum constituents by microorganisms (bacteria) using oxygen as 
the electron acceptor. Aerobic bacteria are usually indigenous to areas of the subsurface containing oxygen: the 
unsaturated zone and, if there is oxygen dissolved in the groundwater, the saturated zone. A reduction in dissolved 
oxygen concentrations within an existing petroleum plume is a strong indication that indigenous bacteria are 
already established and actively biodegrading petroleum constituents via aerobic respiration. Reduction of oxygen 
molecules is one of the most energetically favorable of the redox reactions involved in petroleum degradation. In 
general, dissolved-oxygen concentrations will be lower than background dissolved oxygen concentrations in 
groundwater that contains hydrocarbons due to the aerobic biodegradation.  

Subsurface environments can become devoid of oxygen, especially if high concentrations of hydrocarbons are 
present. When this is the case, the rate of aerobic biodegradation will typically be limited by oxygen supply rather 
than by microorganism concentration. In any event, biodegradation of petroleum constituents occurs in most 
subsurface environments without the addition of supplemental bacteria (Wiedemeier, et al. 1995). 

Low-molecular-weight aromatic hydrocarbons such as BTEX are easily biodegraded at the concentrations found 
dissolved in groundwater. N-alkanes between C10 and C22 are the most readily biodegradable hydrocarbon 
constituents. The biodegradation (redox) reaction causes the formation of a primary or secondary alcohol, with 
oxidation continuing to aldehydes and fatty acids for primary reactions, and to ketones and esters for secondary 
reactions (these are short-lived intermediate metabolites). The ultimate by-products of aerobic respiration are 
carbon dioxide and water. 
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Anaerobic Biodegradation 
Dissolved oxygen can be rapidly depleted by increased levels of microbial respiration after petroleum 
hydrocarbons enter the groundwater system, resulting in anaerobic conditions within the dissolved plume. 
Anaerobic microorganisms are normally indigenous to areas of the subsurface that are devoid of oxygen, usually 
the saturated zone and low-permeability areas of the unsaturated zone. Certain requirements must be met for 
anaerobic (also referred to as “anoxic”) bacteria to degrade petroleum constituents. These include the absence of 
dissolved oxygen, the availability of carbon sources (e.g., BTEX), electron acceptors, essential nutrients, and the 
proper ranges of pH, temperature, salinity, and redox potential. When oxygen is absent, nitrate, sulfate, iron(III), 
and carbon dioxide can serve as terminal electron acceptors (reduction). 

During anaerobic biodegradation, hydrocarbon compounds are first oxidized to phenols or organic acids (for the 
aromatics), or to alcohols or organic acids (for the aliphatics), then transformed to volatile fatty acids, which are 
finally metabolized to carbon dioxide, methane, and water. Depending upon the type of electron acceptor present 
(nitrate, iron(III), sulfate, or carbon dioxide), pH conditions, and redox potential, anaerobic biodegradation can 
occur via denitrification, iron(III) reduction, sulfate reduction, or methanogenesis. Environmental conditions and 
microbial competition will ultimately determine which processes dominate but, in a typical aquifer, denitrification 
typically occurs first, followed by iron(III) reduction, sulfate reduction, and finally methanogenesis (Wiedemeier, et 
al. 1995). 

In summary, both aerobic and anaerobic biodegradation can occur at petroleum release sites. Both aerobic and 
anaerobic biodegradation involve the destruction of hydrocarbon molecules by sequential oxidation reactions, 
ultimately producing organic acids which are transformed to carbon dioxide and water. Intermediate steps can 
produce and subsequently destroy: organic acids and esters, alcohols, phenols (from aromatics), aldehydes, and 
ketones. 

Biodegradation of Vapor-Phase Constituents 
Research has shown that vapor-phase petroleum constituents (BTEX has been most studied) from subsurface 
sources are usually biodegraded to very low or non-detectable concentrations within a few feet of the ground 
surface due to aerobic biodegradation, except in the case of high-concentration sources very close to and directly 
beneath the basement or slab of a building (Abreu, et al. 2009; Davis, et al. 2009; McHugh, et al. 2010). USEPA 
released an Information Paper (EPA 2011) that focused on the growing body of literature documenting the 
significant bioattenuation of petroleum vapors in the vadose zone, and the difference between the natural 
attenuation of petroleum vapors and chlorinated solvent vapors. 

Several modeling studies have evaluated the combined impact of oxygen demand and degradation rate on 
petroleum vapor attenuation (Parker 2003; Abreu and Johnson 2006; DeVaull 2007; Abreu, et al. 2009). The results 
from Abreu, et al. (2009) indicated that, for the conditions modeled, petroleum vapor attenuation was not oxygen-
limited for vapor-source concentrations less than 10,000,000 micrograms per cubic meter (µg/m3) (10 milligrams 
per liter [mg/L]). In the cases where degradation was not oxygen limited, the distance required between the 
building foundation and the dissolved petroleum source to ensure attenuation of high concentrations of 
petroleum constituents depended on the first-order degradation rate. When using the geometric mean 
biodegradation rate for aromatic hydrocarbons (0.79/hour), a separation distance between the source and the 
building of 1 m (3.28 feet [ft]) was sufficient to achieve 100x bioattenuation (i.e., a 100x increase in attenuation 
relative to the “no biodegradation” case), while a separation distance of 3 m (10 ft) resulted in 10,000x 
bioattenuation. When using the lower degradation rate (0.079/hour), a separation distance of 3 m (10 ft) was 
required to achieve 100x bioattenuation.  

Modeling conducted by DeVaull (2007) indicates a similar range of bioattenuation. In this paper, DeVaull reports 
that the distance over which the concentration is reduced by 50% was on the order of 2.3 to 29 centimeters (cm) 
for benzene. The bioattenuation expected to occur over a distance of 3 m is at least 1000x (API 2009). These 
results are discussed in the publicly available BioVapor model (API 2009) based on DeVaull (2007). This model can 
be downloaded from the API web page at http://www.api.org/. 

http://www.api.org/�
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The McHugh, et al. 2010 study provided a compilation of data from published field studies that showed significant 
bioattenuation of petroleum vapors in the vadose zone in many different hydrogeologic settings. 

The available scientific literature related to petroleum vapor fate and transport suggests that:  
• A number of mechanisms facilitate the transport of oxygen below building foundations, resulting in aerobic 

conditions at many sites, and  
• Aerobic vadose-zone petroleum hydrocarbon biodegradation occurs wherever sufficient oxygen is present,  

resulting in rapid attenuation of hydrocarbon vapors over very short distances.  

Refer to Appendix C of this Manual for a more detailed discussion about the impact of the attenuation of 
petroleum vapors in assessing potential human health risk. 

Methyl Tert Butyl Ether (MTBE) 
There is strong evidence that MTBE and TBA also naturally degrade under a variety of conditions, although not as 
rapidly as the BTEX compounds. At many sites, MTBE and TBA degrade under aerobic conditions; however, 
biodegradation of MTBE and TBA has also been reported under methanogenic, denitrifying, sulfate-reducing, and 
iron-reducing conditions (ITRC 2005). 

Polar Non-Hydrocarbons in Groundwater  
Resulting from Biodegradation of Petroleum 

The metabolic by-products of petroleum biodegradation (e.g., alcohols, organic acids, phenols, aldehydes, ketones) 
have oxygen in their molecular structures and are therefore “polar” molecules, which are very soluble in water 
compared to the hydrocarbons (which are non-polar). 

The use of EPA Method 8015 for extractable total petroleum hydrocarbons (TPH; TPHd/mo or DRO/ORO) without 
silica-gel cleanup (SGC) has illuminated the fact that polar non-hydrocarbon compounds are generally present in 
groundwater at petroleum release sites where biodegradation is active. The polar compounds (“polars”) are 
measured in extractable TPH because they are extracted and quantified together with the hydrocarbons unless the 
sample extract is subject to a SGC to separate polars from hydrocarbons (Zemo and Foote 2003) (see the 
Laboratory Analysis and Methods chapter for a detailed discussion). Note that EPA Method 418.1 included a SGC 
to isolate the petroleum hydrocarbons, but when California transitioned to EPA Method 8015 in the early 1990s, 
the SGC was omitted. This resulted in the “improved” GC-FID method reverting back to a “total organics” 
measurement rather than a “petroleum hydrocarbon” measurement.  

At the time of this writing, some in the regulatory community have been questioning whether these polars are 
likely to be less, equally, or more toxic than the most toxic petroleum constituents within the diesel range (C11 to 
C22 aromatics) and whether they may  pose a threat to groundwater quality. The following paragraphs provide an 
assessment of their potential relative threat to the waters of the State based on data that are readily available at 
the time of this writing.  

The polar compounds in groundwater at petroleum release sites are typically the by-products of biodegradation 
(polar metabolites or polars). Both aerobic and anaerobic biodegradation involve the destruction of hydrocarbon 
molecules by sequential oxidation reactions, ultimately producing organic acids which are transformed to carbon 
dioxide and water. Intermediate steps in the oxidation process can produce and subsequently destroy: organic 
acids and esters, alcohols, phenols (from aromatics), aldehydes, and ketones (e.g., Atlas 1981; Wiedemeier, et al. 
1995; Barcelona, et al. 1995; Dragun 1998). All of these compounds contain oxygen, and therefore are “polar” in 
molecular structure. The biodegradation of petroleum has been extensively studied for many years, and intrinsic 
and enhanced biodegradation is a widely accepted remedial method for petroleum releases (e.g., EPA 1999).  

The mixture of specific polar metabolites present in the groundwater at a site where intrinsic biodegradation of 
petroleum is occurring is expected to be transient (i.e., it changes over time and space) due to changing 
oxidation/reduction (redox) conditions within the groundwater. Where studied, the organic acids have been 
shown to range from about 30% to more than 50% of the total amount of dissolved organic carbon present in 
groundwater downgradient from the petroleum release (Eganhouse, et al. 1993; Cozzarelli, et al. 1994; Thorn and 
Aiken 1998). The polars will persist in anaerobic conditions, but they have also been shown to naturally attenuate 
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to carbon dioxide and water once the groundwater is sufficiently oxygenated (Eganhouse, et al. 1993; Cozzarelli, et 
al. 1994; Cozzarelli, et al. 1995). Using GC-MS and two-dimensional gas chromatography (GCxGC-MS), Zemo et al. 
(2012) studied the polar metabolites in groundwater at five fuel terminal sites with biodegrading sources; the 
groundwater was generally anaerobic. This study found that the polars identified in groundwater in the source 
areas were organic acids, alcohols, and ketones in approximately equal proportions, with few phenols or 
aldehydes. In the downgradient areas, the polars identified in groundwater were primarily organic acids, with 
fewer alcohols, far fewer ketones, and very few phenols or aldehydes. This study documented the continued 
sequential oxidation and attenuation of the intermediate polar metabolites to organic acids. 

Data from hundreds of sites in California, where TPH is analyzed by EPA Method 8015 DRO without SGC, and 
therefore includes the polars, provide insight into the environmental fate of the polars. Based on these data, the 
polars in groundwater naturally attenuate because the DRO concentrations become non-detectable within a few 
hundred feet of the source area. The polars exist in the vicinity of the LNAPL in the smear zone and downgradient 
typically for a few hundred feet, due to the anaerobic shadow caused by the intrinsic biodegradation. Polars also 
appear to be naturally limited in vertical extent. Available data also indicate that the polars do not persist in 
oxygenated surface water. For example, a study at the Port of Los Angeles showed that DRO (without SGC) was not 
detected in surface-water samples collected from the immediate vicinity of a weathered product sheen (AMEC 
2008). 

With respect to toxicity to human health, available information indicates that the mixture of polar metabolites 
likely to be present has low toxicity potential. Comparison of the reference doses (RfDs; from EPA 2010 RSLs) for 
the 23 available constituents within the five families of polar compounds potentially present in groundwater due 
to petroleum biodegradation indicates that the polar constituents are of lower toxicity than the C11 to C22 
aromatic hydrocarbons (RfD of 0.03; from MADEP 2003), with the exception of alkylated phenols and one of the six 
ketones (2-hexanone) (if present). Alkylated phenols and 2-hexanone have equal or higher toxicity than the C11 to 
C22 aromatic hydrocarbons, but they were not detected using GC-MS at a reporting limit of 10 µg/L and were 
infrequently identified using GCxGC-MS (Zemo et al. 2012). Most of the other polar constituents potentially 
present are less toxic than the C11 to C22 aromatic hydrocarbons by factors of 5 to more than 100. Tiwary, et al. 
(2012) showed that the vast majority of the polar compounds actually identified in groundwater by Zemo et al. 
(2012) were in structural classes of “low” potential toxicity to humans, based on USEPA toxicity ranking schemes. 

With respect to organoleptic properties, comparison of odor thresholds for weathered and unweathered dissolved 
phases of gasoline and fuel oil #2 indicates that the polar compounds likely have higher taste and odor thresholds 
than the petroleum hydrocarbons. Gibbons (1940) found that, after fewer than 20 days of weathering in an 
uncovered beaker, the odor of the water samples (which would consist largely of polar compounds after the 
weathering period) decreased by up to a factor of 10. 

With respect to ecotoxicity, available information is summarized as follows (from Zemo & Associates 2010): The 
dissolved polar biodegradation by-products can be toxic to aquatic species in controlled laboratory tests; however, 
field data show that these polars naturally attenuate very quickly in surface water and therefore pose little actual 
risk to ecosystems (Wolfe, et al. 1996). The attenuation is most likely due to their very high solubility and more 
rapid biodegradation in the aerobic conditions of surface water or the hyporheic zone of sediments. Data from the 
Port of Los Angeles (AMEC 2008) and Point Molate on San Francisco Bay (Entrix and TetraTech 1999) showed that 
sediments through which groundwater containing polars theoretically discharged were not toxic to aquatic 
receptors. Data from Portland Harbor [Oregon] show that the polars (measured as DRO without SGC) were not 
detected (<150 µg/L) in sediment pore waters at a depth of 30 cm beneath the river bottom immediately adjacent 
to a petroleum terminal with discharging groundwater (Integral 2006).  
Given the transient nature of polar compounds resulting from the biodegradation of petroleum, and the facts that  

1) Available data show that these polars naturally attenuate because they are not persistent in sufficiently 
oxygenated groundwater or surface water, and  

2) Other available evidence suggests that the mixture of polars potentially present  in groundwater is likely less 
toxic and possibly less odorous than the C11 to C22 aromatic fraction of the petroleum hydrocarbons,  

these polars are considered to pose a relatively low risk to groundwater quality. 
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At this time, there is no evidence that polar compounds resulting from biodegradation of petroleum are creating a 
significant threat or nuisance to the waters of the State. Therefore, it is recommended that the focus of the State’s 
resources and cleanup goals at petroleum release sites in California be the petroleum hydrocarbon constituents, 
and not the polar metabolites of biodegradation. 
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Chapter 13: Fate and Transport of Petroleum in the 
Subsurface 
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Further Reading.  
Modeling Subsurface Petroleum Hydrocarbon Transport: http://www.epa.gov/athens/learn2model/ 
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