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1. STATEMENT OF PURPOSE 

The Delaware Department of Natural Resources and Environmental Control (DNREC) Division of 

Waste and Hazardous Substances (DWHS) has developed this updated protocol to supplement current 

guidelines provided in its various technical guidance documents including the Hydrogeologic 

Investigation Guide (HIG) regarding Site Assessments, petroleum releases and their associated 

corrective actions. DERBCAP provides for quantitative risk-based decision-making at leaking tank 

system sites. 

This guidance is based on the American Society for Testing and Materials (ASTM) E 1739-95(2015) 

Standard Guide for Risk-Based Corrective Action (RBCA) at Petroleum Release Sites and meets the 

requirements in Delaware’s Regulations Governing Underground Storage Tank Systems. Delaware’s 

policy decisions are listed in Error! Reference source not found.. The Department acknowledges the 

assistance of the ASTM, the Partners in RBCA Implementation (PIRI), hazardous Substance Cleanup 

Act Advisory Committee (HAC), and Underground Storage Tank Advisory Council (USTAC), in the 

formulation of this guidance. 

Many states have adopted the ASTM RBCA standard in varying degrees to establish their own risk 

based corrective action protocols. Delaware referred to the ASTM standard and risk-based protocols 

from several states including Oklahoma, Idaho, Pennsylvania, Utah, and Texas in the formulation of 

the Delaware RBCA standard. 

1.1 Risk Glossary, Terms and Definitions 

Action Level 

Generic term applied to the level of concentration of a 

substance or contaminant that when exceeded is 

considered sufficient to warrant regulatory action. 

Acceptable Risk 

For purposes of DERBCAP, acceptable risk is set at 1 x 

10-5 or one person in 100,000 or less for carcinogens and 

a Hazard Quotient of one (1) for non-carcinogenic 

compounds. For exposure calculations in DERBCAP, 

the target carcinogenic risk of 1 x 10-5 is the cumulative 

site risk. Individual compounds can also be calculated at 

1 x 10-5 as long as the cumulative site target risk also 

does not exceed 1 x 10-5. 

AST Aboveground storage tank. 

AST System 

An Aboveground Storage Tank, connected 

Underground or aboveground product, vent, and vapor 

recovery piping and its associated Ancillary Equipment, 

containment systems, and all appurtenances including 

but not limited to spill containment systems, overfill 

prevention systems, and release detection systems. 
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ASTM 

The American Society for Testing and Materials is 

the body that standardized risk based corrective action, 

or RBCA. ASTM is a not-for- profit organization that 

writes standard test methods, specifications, practices, 

terminologies, guides and classifications for materials, 

products, systems and services that encompass metals, 

paints, plastics, textiles, petroleum, construction, energy, 

the environment, consumer products, medical services 

and devices, computerized systems, electronics and 

other areas. 

Aesthetic Impact 

An occurrence of COCs at a point of exposure, which is 

not a potential risk to human health, but may necessitate 

corrective action because of objectionable odors, taste, 

vapors or appearance. 

Coastal Plain 

A physiographic province consisting of a broad plain of 

usually unconsolidated sediment with an oceanic margin 

that slopes gently toward the water. 

COC 

Chemical of Concern. Specific chemical or constituent 

that is identified for evaluation in the risk assessment 

process. COCs may include products or constituents of 

products released to soil and/or groundwater. 

Core 

The region or regions within the soil and groundwater 

plume containing the highest and most mobile COCs 

and the lowest concentrations of dissolved oxygen, 

which, over time, can serve as a long-term source of 

groundwater contamination. 

Cumulative Risk 

The combined risks from aggregate exposures to 

multiple chemicals of concern for a completed pathway. 

For purposes of DERBCAP, acceptable risk is set at 1 x 

10-5 or one person in 100,000 or less for carcinogens and 

a Hazard Quotient of one (1) for non-carcinogenic 

compounds. For exposure calculations in DERBCAP, 

the target carcinogenic risk of 1 x 10-5 is the cumulative 

site risk 

Department See DNREC 

DERBCAP Delaware’s RBCA protocol  
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DNREC 
Delaware’s Department of Natural Resources and 

Environmental Control; the Department. 

Dose 
A specified amount; a measure of exposure usually 

expressed as an amount per unit body weight. 

Engineering Control 

A physical means of reducing the potential impacts of a 

release at a site. An engineering control can be used to 

eliminate a pathway to reduce future risk. Engineering 

controls can be, but are not limited to: caps, liners, slurry 

walls, or vapor barriers. 

Environmentally Sensitive Area 

Environmentally sensitive areas can be but are not 

limited to: surface waters, wetlands, excellent aquifer 

recharge areas, areas within a Well Head Protection 

Area (WHPA) for public or domestic water supply 

wells, and habitats of threatened or endangered species. 

Exposure 
Contact of a human or other ecological organism with 

COCs. 

Fill 
Man-made deposits of natural soils or rock product and 

waste materials. 

Hazard Index 

In the case of non-carcinogens, the sum of more than 

one hazard quotient for multiple substances and/or 

multiple exposure pathways. The hazard index is 

calculated separately for chronic, subchronic, and 

shorter duration exposures. 

Hazard Quotient 

For a particular chemical and mechanism of intake (e.g., 

oral, dermal, inhalation), is the ratio of the estimated 

receptor dose divided by the published reference dose 

for a particular chemical and mechanism of intake. The 

reference dose values are determined using the U. S. 

EPA 

Institutional Control 

“Institutional Controls” means non-engineered 

instruments, such as administrative and legal controls 

including but not limited to an Environmental Covenant 

(EC) as described in 7 Del. C. §§7907-7920, the 

Uniform Environmental Covenants Act (UECA), that 

help minimize the potential for human exposure to 

contamination and protect the integrity of the remedy. 
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LNAPL 

Light Non-Aqueous Phase Liquid having a specific 

gravity less than one (1) and composed of one or more 

organic compounds that are immiscible or sparingly 

soluble in water. The term encompasses all potential 

occurrences of LNAPL including free, mobile, and 

residual. 

 

“Mobile LNAPL” means LNAPL that is 

hydraulically connected in the pore space, exceeds 

residual saturation, and has the potential to migrate 

both vertically and laterally. 

“LNAPL Body” means the 3- dimensional form and 

distribution of LNAPL in the subsurface existing in 

any phase. 

“LNAPL Conceptual Site Model” or “LCSM” 

means a model describing the physical properties, 

chemical composition, occurrence, and geologic 

setting of the LNAPL Body from which estimates of 

flux, risk and potential Remedial Action can be 

generated. The LCSM may be a dynamic, living 

model that changes through time as a function of 

natural attenuation or engineered Remedial Action 

processes, or additional site knowledge. 

“Migrating LNAPL” means Mobile LNAPL that is 

moving laterally and/or vertically in the environment 

under prevailing hydraulic conditions. (The result of 

the LNAPL movement is a net mass flux from one 

point to another. Not all Mobile LNAPL is 

Migrating, but all Migrating LNAPL must be Mobile 

LNAPL. 

“Residual LNAPL” means LNAPL that is 

hydraulically discontinuous and immobile under 

prevailing conditions. Residual LNAPL cannot 

move, but is a source for chemicals of concern 

dissolved in groundwater or in the vapor phase in 

soil gas. The Residual LNAPL saturation is a 

function of the initial or maximum LNAPL 

saturation and the porous medium. 

LUST Leaking Underground Storage Tank 



 

 

Delaware’s Risk-Based 

Corrective Action Program 
5 DERBCAP 

November 2022 Volume 2 

 

LAST Leaking Above Ground Storage Tank 

MCL 

Maximum Contaminant Level. A standard for drinking 

water established by EPA under the Safe Drinking 

Water Act. The State of Delaware can set more 

protective MCLs at its discretion. The MCL is the 

maximum permissible level of COCs in water that is 

used as a drinking water supply. MCLs are recognized in 

Delaware by the Division of Public Health and DNREC. 

NFA 

A No Further Action letter is issued by the Department 

based upon a determination that no further risk is posed 

to human health or the environment from a contaminant 

source in its current state. A standard NFA letter has no 

conditions and is issued when the Department has 

determined that COC levels pose no risk to human 

health or the environment. 

“Conditional NFA” letter may be issued for other 

situations and requires notification to the Department 

prior to any earth disturbing activities. A No Further 

Action letter is not a statutory release from future 

liability.  

Exposure Pathway 

A pathway is one of three risk elements. The pathway 

provides the route for an exposure. The exposure 

pathway is the course or route COCs take from a 

contaminant source to a receptor. An exposure pathway 

describes a unique mechanism by which an individual or 

population is exposed to COCs. Each exposure pathway 

includes a source or release from a source, an exposure 

route, and a point of exposure. If the exposure point is at 

a different location from the source, a transport/exposure 

media (e.g., groundwater) is included. Exposure 

pathways involve transport of contamination through 

exposure media (air, groundwater, and soil). DERBCAP 

recognizes three (3) pathways for risk: combined direct 

contact, ground water ingestion, and soil to groundwater 

leaching. The petroleum vapor intrusion pathway will be 

addressed per Department Policy. 

Piedmont 

A physiographic province typically formed at the base of 

a mountain range consisting of a bedrock surface 

overlain by a thin veneer of un- consolidated material 

and shaped by running water. 
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POC 

A Point of Compliance can be any point between a 

contaminant source and a point of exposure where a 

regulatory standard must be met as determined by the 

Remediation Section. 

POE 

A Point of Exposure can be a well, body of water, soil 

pile, basement, excellent recharge area, property 

boundary, or any environmentally sensitive area as 

determined by the Department. It is the point at which an 

individual, population, or any environmentally sensitive 

area may come in contact with a COC originating from a 

site. For the purposes of this document regarding risk 

management, the terms “receptor” and “Point of 

Exposure” may be used interchangeably. 

PVI Petroleum Vapor Intrusion 

RBCA Risk Based Corrective Action 

RBEL 

A Risk Based Exposure Level is the risk-based 

concentration for a COC permitted at a Point of 

Exposure based on a level of cancer risk of 1 x 10-5 or 

less and a Hazard Quotient of 1 for non-carcinogenic 

compounds. In Tier 2 modeling, RBCA Toolkit uses 

these RBEL default values for site specific target level 

(SSTL) calculations. In demonstrating plume stability in 

Bioscreen, the RBEL concentration must be zero (i.e., 

COCs will never reach the POE). 

RBSL 

A Risk Based Screening Level is a Tier 1 risk-based 

concentration for a COC determined using conservative 

non-site-specific (generic) assumptions and default 

parameters. The RBSL is the concentration of COCs in 

soils or groundwater in the source or core that will 

assure an acceptable risk at the POE, based on the 

assumptions made. An RBSL can also be a site-specific 

cleanup goal. 

Receptor 

An organism or physical point of exposure that receives, 

may receive, or has received exposure to a COC as a 

result of a release. Under DERBCAP objects such as 

utilities, wetlands and surface water bodies are also 

considered receptors. 
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Release 

Means any spilling, overfilling, leaking, emitting, 

discharging, escaping, leaching, or disposing of a 

Regulated Substance into groundwater, surface water, 

air, or soils. 

Responsible Party 

any Person who: 

(a) Owns or has a legal or equitable interest in a 

Facility or a Tank System; 

(b) Operates or otherwise controls activities at a 

Facility; 

(c) At the time of storage of Regulated Substances in 

a Tank System, operated or otherwise controlled 

activities at the Facility or Tank System, or 

owned or held a legal or equitable interest 

therein; 

(d) Arranged for or agreed to the placement of a 

Tank System by contract, agreement or 

otherwise; 

(e) Caused or contributed to a Release from a Tank 

System; or 

(f) Caused a Release as a result of transfer of a 

Regulated Substance to or from a Tank System. 

Risk 

For purposes of DERBCAP, acceptable risk is set at 1 x 

10-5 or one person in 100,000 or less for carcinogens and 

a Hazard Quotient of one (1) for non-carcinogenic 

compounds. For exposure calculations in DERBCAP, 

the target carcinogenic risk of 1 x 10-5 is the cumulative 

site risk. Individual compounds can also be calculated at 

1 x 10-5 as long as the cumulative site target risk also 

does not exceed 1 x 10-5. 

Risk Assessment 

An analysis of the potential for adverse human health 

effects or effects on ecological receptors caused by a 

COC. It is used to determine the need for remedial 

action and to develop target levels and clean up goals 

where remedial action is required. 

Risk Management 

Measures or actions taken to ensure that the level of risk 

to human health or the environment as a result of 

possible exposure to COCs does not exceed 1 x 10-5. 
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Route of Exposure 

The course and manner in which COCs come in 

Contact with an organism through ingestion, inhalation, 

or dermal contact. 

Sentinel Well 

A groundwater-monitoring well located between a 

known area of groundwater contamination and a point of 

exposure. 

Site Assessment 

Investigation and report that measure for the 

Presence of a Release where contamination is most 

likely to be present at a petroleum impacted site. 

Selection of sample types, sample locations, and 

measurement methods shall be based on the nature of the 

stored substance, the type of backfill, the depth to 

groundwater, and other factors appropriate for 

identifying the presence of a Release. A Site Assessment 

is not restricted to the property boundary. 

Soil 

Sediments or other unconsolidated accumulations of 

solid particles produced by the physical and chemical 

disintegration of rocks, which may or may not contain 

organic matter. 

Source 

Source of contamination can be a leaking tank, tank 

field, tank system, a spill, or residual contaminated soil 

or groundwater. 

SSTL 

A Site Specific Target Level (SSTL) is a Tier 2 risk-

based concentration for a COC at the source that will be 

protective of receptors at some distance away from the 

source, based on site-specific data. It can also be a 

cleanup goal. 

Tank System Activity 

Tank System Activities can include: Retrofits, Repairs, 

Upgrades, Change in Service, Change in Product, 

Removal or Closure in Place 

Tank System 
A Tank System applies to both AST System or an 

UST system. 
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Tier 

Refers to the amount of COC-specific and site-specific 

information that is required to assess potential risks to 

human health and the environment at a site. Each 

successive tier requires a greater amount of site-specific 

data but allows for cleanup goals that are less 

conservative. DERBCAP recognizes four (4) tiers, 0 to 

3. 

UST Underground Storage Tank. 

UST System 

An Underground Storage Tank, connected 

underground product, vent, and vapor recovery piping 

and its associated Ancillary Equipment, containment 

systems, and all appurtenances including but not limited 

to spill containment systems, overfill prevention 

systems, and Release detection systems. 

Used Oil 

A petroleum based or synthetic oil used as an engine 

lubricant, engine oil, motor oil or lubricating oil for use 

in an internal combustion engine, or a lubricant for 

motor vehicle transmissions, gears, or axles, which 

through use or handling has become unsuitable for its 

original purpose due to the presence of impurities or loss 

of original properties. 

Vapor Intrusion 

The process by which volatile vapors partition from 

contaminated groundwater or other subsurface sources 

and migrate upward through vadose zone soils and into 

overlying buildings. 

 

1.2 Basic Risk Concepts 

1.2.1 Dose 

Any substance can be considered a toxic agent. A toxic agent at a specific concentration exposed over 

a given duration is a dose. Gasoline is a toxic agent. Gasoline; however, is a complex mixture of over 

100 constituents, many of which do not pose a human health risk. Some of these constituents are toxic, 

however. Individual constituents of complex petroleum mixtures, like gasoline, are considered 

chemicals of concern (COCs) based on factors such as carcinogenicity and mobility in the environment. 

1.2.2 Exposure Pathway 

There are three exposure routes: 1) dermal or direct contact, 2) inhalation and 3) ingestion. Within each 

exposure route are multiple exposure pathways that can contribute a dose to a given receptor. For 

example, within the inhalation route, there are the following inhalation pathways: volatilization from 
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surface soils, volatilization from groundwater, from LNAPL vapor migration into buildings, and 

shower off-gassing (particularly for benzene and naphthalene). Direct contact may be encountered 

through soil contact or through bathing in impacted groundwater. Contact through an ingestion route 

may involve soil ingestion, groundwater ingestion, or volatilization from groundwater and LNAPL. 

1.2.3 Receptor 

Receptors are considered to be human, ecological, or physical. Human receptors are often broken down 

by age group, usually child, adult, and senior and/or type of exposure resident, commercial, 

construction worker, etc. An ecological receptor is identified as a sensitive animal or plant population. 

And physical receptors are identified as a well, basement, property line, groundwater protection area, 

or other natural resources such as protected recharge areas. There are other ecological and physical 

receptors. 

1.2.4 Risk 

For risk to occur, all three elements: dose, pathway, and receptor must be present (Figure 1). If any of 

these elements is missing, a risk does not exist. Calculating risk involves the use of mathematical 

equations relating a variety of factors such as concentration of contaminants, duration of exposure, 

body weight, and exposure (ingestion, inhalation, and contact rate). Once quantified, risk can be used 

to determine the need for further action at a site. 

 

Figure 1. The Risk Concept 

If chemical of concern (COC) concentrations fall below prescribed risk based concentrations, no further 

action may be required. However, in some cases, aesthetic concerns from an odor, taste, or visual 

evidence may require further action such as removal of surface soils for treatment or disposal, or 

capping. 

Aesthetics often arise when dealing with groundwater used for drinking or bathing, particularly when 

dealing with compounds like methyl tertiary butyl ether (MTBE) which have low odor and taste 

thresholds. Although concentrations present may not pose a health risk, they may make drinking water 

unpalatable or malodorous; and therefore, require further action. 

1.3 Risk Based Corrective Action Concepts 

The concept of risk based corrective action, or RBCA, standardized by the American Society for 

Testing and Materials (ASTM) in "Standard Guide E 1739-95(2015) for risk-based corrective action 

applied at petroleum release sites," provides the basis for Delaware’s risk based corrective action 

protocol. The ASTM standard was formulated by federal, state, local, and industry officials. 
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The ASTM standard is a tiered quantitative approach to risk assessment that utilizes chemicals of 

concern rather than the total petroleum hydro-carbon analysis method. A three-tiered risk assessment 

method is used to evaluate the risk to human health posed by constituents in petroleum- contaminated 

soil, groundwater, and air at impacted sites. As the tier level increases from one to three, the level of 

site specificity and data sufficiency increases. The responsible party (RP) may remediate at any tier to 

cleanup levels specified at each tier or move to the next tier where more site-specific data must be 

collected and analyzed: and where consequently, remediation may not be required based upon fate and 

transport modeling-derived risk. 

ASTM RBCA determines RBSLs and SSTLs for soil and groundwater using a backward mode of 

calculation. The standard mathematical exposure equations are used to calculate COC concentrations 

for a specified level of risk. The RBSLs and SSTLs are compared to site-specific data to identify the 

need for further action. RBCA also utilizes a site-specific risk characterization process that includes 

identification of complete exposure pathways, estimation of receptor dose, and calculation of associated 

risk levels. Following evaluation, a project may require: No Further Action; may require clean up to 

the current tier’s RBSLs or SSTLs; or move on to the next higher tier. 

1.4 Delaware’s RBCA Background 

Prior to DERBCAP, Delaware’s tanks program incorporated risk into decision-making through 

qualitative evaluation. In this former process, site characterization and prioritization were based on 

three risk categories (A, B, and C). These categories were based on proximity of sensitive receptors 

and land use and assured that sites demanding a higher level of concern received the level of attention 

necessary to protect human health and the environment. Adding RBCA concepts to the former 

evaluation process has enabled the Department to include a quantitative component to the evaluation. 

This quantitative framework allows Delaware’s established site-specific approach, while ensuring a 

high level of protection for human health and the environment. 

DERBCAP is a multi-tiered risk based corrective action process. While the ASTM standard specifies 

three (3) tiers, DERBCAP includes an additional tier, Tier 0. Tier 0 covers Tank System Activities 

where the potential for a release from a Tank System must be assessed. An existing leaking tank system 

site may enter at Tiers 1, 2, or 3 depending on the amount of site-specific data gathered. The DERBCAP 

Tier structure is further explained in Section 1.6 below. 

To remain consistent with other Delaware programs, a cancer risk of 1 x 10-5 is applied in all 

calculations. All numerical risks are based on human exposure, but environmental and ecological 

factors have been integrated into DERBCAP as points of exposure or POEs, as well. Additionally, an 

unacceptable risk is presumed to exist as a starting point until proper investigation has been conducted 

at the site and proves otherwise. DERBCAP’s multi-tier structure, like ASTM RBCA, requires 

increasingly more comprehensive site-specific COC and site characteristic data as a site progresses 

through the tiers. Tier 0 action levels and Tier 1 RBSLs are based on the following statewide generic 

assumptions: 

 grab soil samples are assumed to be collected at the top of the water table, 

 groundwater is assumed to be used for drinking water, 

 current land use is assumed to be residential, and 

 Soils are assumed to be well sorted, permeable, fine-to medium-grained sand. 
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The DERBCAP Tier 1 RBSLs are determined by distance from source to a POE or POC for each COC 

(See Table 9). 

At Tiers 2 and 3, Tier 1 RBSLs (as derived by generic statewide assumptions) are replaced with site 

specific target levels. SSTLs are developed by evaluating site specific characteristics through complex 

contaminant fate and transport modeling to evaluate risks to receptors. The DERBCAP tier structure is 

further explained in Section 1.6. 

In addition, the DERBCAP generic exposure assessment is based on three potential exposure 

pathways: 

 direct contact with impacted soils, whether by dermal contact, particulate ingestion, or 

inhalation of dust, 

 ingestion of impacted groundwater, and 

 Chemicals adsorbed to soil particles in the unsaturated zone above the water table, which 

can be remobilized by downward-infiltrating surface water from precipitation. 

Groundwater impacted by this remobilization processes is then ingested. 

Vapor pathways are not included in a DERBCAP site assessment. However, the potential for vapor 

intrusion should be evaluated with the Department’s Vapor Intrusion Guidance. This exposure pathway 

must be addressed on a track parallel to a DERBCAP assessment, following current Department policy 

and guidance. The DERBCAP conceptual exposure pathways are further explained in Section 3.1. The 

policy decisions that are the basis of DERBCAP are listed in Error! Reference source not found.. 

1.5 DERBCAP Applicability 

DERBCAP applies to Tank System sites that are regulated under Title 7, Delaware Code, Chapter 74, 

the Underground Storage Tank Act, Title 7 Delaware Code, Chapter 74A, The Jeffrey Davis 

Aboveground Storage Tank Act and other petroleum related sites that may be referred to the 

Remediation Section for follow-up remedial action. It remains the responsibility of the RP to achieve 

compliance with all other applicable environmental programs. 

DERBCAP provides quantitative performance standards for the management of potential risks to 

human health at leaking storage Tank System sites in Delaware. It also provides the means to address 

potential risks to human safety, environmental and aesthetic impacts. 

Before potential risks to human health may be assessed at a leaking tank system site, immediate risks 

to human safety and environmental impacts must be addressed and resolved. These include: 

 eliminate any direct impacts caused by a release (e.g., impact to water supply wells), 

 mitigation of vapor impacts caused by the release, especially by ventilation of enclosed 

locations such as utility conduits and basements, 

 Remove mobile or migrating LNAPL to the extent practicable, wherever it occurs. 

Aesthetic impacts occur when soils visibly stained by petroleum or soils that are the source of petroleum 

odors are either encountered at the surface or are brought to the surface by excavation. Aesthetic 

impacts are addressed by requiring that such soils be managed as though they exceed Tier 1 RBSLs, 
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whether or not they actually do. If transported off-site for any purpose, they are considered solid waste 

and must be transported by a Delaware-licensed solid waste hauler. They may not be reused as “clean 

fill” unless laboratory analyses confirm that all contaminants are Non-Detectable (ND) or meet clean 

fill criteria per the Department’s Soil/Material Reuse Policy. 

1.5.1 Alternative drinking water supplies 

If potable water supply wells are rendered unusable because of a release from a leaking Tank System, 

alternative supplies must be provided. Carbon filters may be installed on the existing, impacted supply 

as a short-term step providing immediate protection. The emphasis is on permanent alternatives, 

however, which include: 

 replacing impacted wells with non-impacted wells, 

 connecting impacted users to public water-supply systems, and 

 Remediating the groundwater until the impacted supply wells are once again usable. 

Fate and transport segments of DERBCAP can be used to back-calculate soil and groundwater 

contaminant concentrations that are acceptable at the source area and which will be protective of 

receptors at various distances from the source area. 

1.5.2 Removal of Light Non-Aqueous Phase Liquid (LNAPL) 

In accordance with both Federal and State regulations, LNAPL must be removed to the maximum 

extent practicable. Some examples of LNAPL removal are: hand-bailing; use of sorbent materials; by 

pumping recovery wells; by installing passive sumps or constructing interception trenches; by 

implementing soil vapor extraction (which can cause LNAPL to volatilize for removal); or by other 

means. 

1.5.3 Vapor Intrusion 

Vapors emanating from contaminated soil or groundwater that enter buildings may result in indoor air 

concentrations that pose a risk to occupants. Accumulated vapors may pose an immediate risk of fire 

or explosion and may create adverse health effects from inhalation of toxic chemicals. Adequate 

ventilation is a short-term step to provide immediate relief and may be part of an engineered long-term 

solution. The potential for vapor intrusion will be evaluated with the Department’s Vapor Intrusion 

Guidance. 

1.5.4 Site Evaluation under DERBCAP 

When the immediate impacts described above have been successfully addressed, then a leaking Tank 

System site can be assessed under DERBCAP. Under Tier 0, 1, 2 or 3 a specific clean up criteria can 

be defined for the RP or the tank owner or operator. 

1.6 DERBCAP Process Overview 

DERBCAP is a one-way process through each successive Tier (Figure 2). At each Tier a decision must 

be made to either clean up and close to that Tier’s risk-based level or move on to the next Tier (Table 

1). 
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Table 1. Tier Structure of DERBCAP 

Tier Chemistry Site Characteristics 

0 Generic chemicals Generic statewide assumptions 

1 Chemical specific 

Statewide RBSLs 
Generic statewide assumptions 

2 Chemical and site specific SSTLs Site specific characteristics 

3 More specific More specific 

Statewide assumptions include: grab soil samples are collected at the water table, 

groundwater is used for drinking water, current land use is residential, and soil is well 

sorted sand. 

DERBCAP Tier 0 applies to a project site at the time of Tank System Activities where the potential for 

a release from a Tank System must be assessed.  Tier 0 soil action levels are conservative and assume 

there is a receptor in the immediate area of the Tank System. If Tier 0 action levels are exceeded, the 

RP has the option to clean up to the Tier 0 levels or move on to Tier 1. Tier 0 is discussed in Section 2. 

DERBCAP Tier 1 applies to both new sites where Tier 0 levels were exceeded and also for existing 

leaking Tank System sites. Tier 1 RBSLs are based on conservative generic site assumptions along 

with a site-specific distance exposure assessment. The RP may achieve clean up at the Tier 1 RBSLs 

established for the site if the Department also determines an absence of cumulative risk. Otherwise, the 

project may move up to Tier 2. Upon Department approval COCs or pathways of concern may be 

eliminated at Tier 1 prior to the necessity for analysis at Tier 2. For example, if the Tier 1 soil limits 

are not exceeded, there is no need for further soil evaluation. Or, if only the groundwater benzene limit 

is exceeded, then Tier 2 need only address benzene. In this manner, the Tier 1 evaluation can help to 

focus the investigation or remediation plan. Tier 1 is discussed in Section 3. 
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Figure 2. DERBCAP Process Flowchart 

DERBCAP Tier 2 and Tier 3 SSTLs are based on progressive amounts of site-specific data and complex 

fate and transport modeling to achieve a more pointed risk evaluation. This assures that the acceptable 

level of risk is maintained with certainty based on greater site-specific data and not conservative 

assumptions as applied in Tiers 0 and 1. Tier 2 is discussed in Section 4, Tier 3 is discussed in Section 

5. COCs or pathways of concern may also be eliminated through Tier 2 evaluation prior to the more 

detailed analysis at Tier 3. 
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2. TIER 0 

2.1 Tier 0 Applicability 

Tier 0 applies to all regulated Tank Systems that undertake Tank System Activities and where soil is 

disturbed and the potential for a release must be evaluated through a Site Assessment. This section 

also applies to other sites where a petroleum release has occurred in absence of a tank. The Tier 0 

procedures as outlined in this document or other methods as approved by the Department shall be 

followed to ensure no releases to the environment. 

Error! Reference source not found. presented below includes the generalized flow chart for the Tier 

0 Tank System Activities process. 

 

 

Figure 3.  Tier 0 Tank System Activities 
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2.2 Tier 0 Site Assessment Requirements  

2.2.1 Requirements for Tier 0 Soil Sampling and Analysis 

2.2.1.1 Soil Sampling Protocol 

Soil samples should be field screened and samples collected from the area where the contamination 

appears to be the greatest (presence of contamination, i.e. staining). To prevent volatilization of any 

contamination, samples should be collected as soon as the sample locations become accessible.  The 

number of required soil samples per tank is described in the respective sections:  Activity 1: Retrofits, 

Upgrades and Repairs of UST Systems/ Repairs and Modifications of ASTs; Activity 2 Tank  

Removals/ AST Relocations and Removals ; Activity 3 Closure in Place, Change in Service, Change 

in Product; Activity 4 Overexcavation; Activity 5 Dispenser Sampling at Tank Closures   

All Tier 0 soil samples obtained from sites with Tanks containing Regulated Substances shall be 

analyzed according to the parameters outlined in Table 2. 

Each soil analytical result must be less than the applicable Tier 0 limit, according to Table 2 in 

DERBCAP or additional investigation will be required at the discretion of the Department.   

 

2.2.1.2 Tier 0 Analytical Requirements and Concentration Limits   

Under the Tier 0 process, analysis for gasoline and diesel range organics (GRO and DRO) by Gas 

Chromatography Flame Ionization Detector (GC FID) or Gas Chromatography Mass Spectrometer (GC 

MS) replaces all prior TPH analytical methods. General chemicals of concern (COCs) found in 

petroleum products are chosen for a variety of factors including, but not limited to, carcinogenicity or 

other health effects, persistence in the environment, mobility, solubility, vapor pressure, or aesthetic 

factors. 

To assure a constant level of protection for human health and the environment, Tier 0 uses a generic 

site conceptual model with the following assumptions to calculate Action Levels: 

1. Groundwater is assumed to be used for drinking water. 

2. Soils are assumed to be well sorted, permeable, fine to medium grained sand. 

3. Current land use is assumed to be residential. 

Laboratory Method Detection Limits (MDLs) must be less than applicable DERBCAP Action Level. 

Table 2 specifies the analytical requirements by substance stored and associated action levels. 

Footnotes outline specific requirements based on Tank System service dates, substance stored, and type 

of analysis. 
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Table 2. DERBCAP Tier 0 Soil Sample Analytes, Action Levels and EPA Lab 
Methods by Substance Stored for ASTs and USTs 

Analyte 

Tier 0 Action 
Level in Soil 

Soil Sample Collection & 
Analytical Methods 

Gasoline/ 
Av Gas 

Kerosene 
/ 

 Jet Fuels 

Diesel/ 
Heating 

Fuels 

Used Oil 
1,2, 9 

 

Heavy 
Oils  

 

New 
Oil8 Other  

GRO   C6 - 
C10 

100 mg/kg 
EPA Method 5035/8015B 

X X   X       

DRO   C10 -  
C28 

1,000 mg/kg 
 

EPA Method 8015B 
  X X X   X   

HRO      ≥C28 1,000 mg/kg       X X X   

LEAD 
4
 400 mg/kg EPA Method 6010B or 7420 X     X       

Benzene 48 µg/kg  
 
 

EPA Method 5035/8021B or 
5035/8260D6 

X X   X    

Toluene 11,000 µg/kg X X   X    

Ethylbenzene 680 µg/kg X X   X    

Xylenes 45,000 µg/kg X X   X    

Ethanol7 NA  X       

EDB
4
 1.1 µg/kg X     X       

EDC
4
 9.6 µg/kg X     X       

MTBE
 3
 190 µg/kg X X   X       

Other 
5
                X 

Notes:   

1. Used oil as defined in Part A, Section 2 of the Delaware Regulations Governing Underground Storage Tank Systems and the 

Delaware Regulations Governing Hazardous Waste.  

2. Used oil tanks may also be required to analyze for metals, volatiles, semi-volatiles, (EPA Method 5035/8021B or 5035/8260) 

or any other analyte as required (EPA Method 8270C, 8310 or 6010) on a site-specific basis depending on the tank contents. 

Contact DNREC for a determination on analytical requirements.  

3. MTBE analysis is required, unless conclusive documentation is presented and pre-approved by DNREC confirming that the 

Tank System was not in service after January 1, 1978.  

4. For gasoline Tank System only, Lead, EDB and EDC analysis is required unless conclusive documentation is presented and 

pre-approved by DNREC that the Tank System was installed after January 1, 1996. Lead, EDB and EDC analysis is always 

required for aviation gas Tank System.  

5. If the Tank System contained anything other than petroleum products or if the tank system contained Racing Fuel, contact 

DNREC for information on sampling procedures and analytical requirements prior to any site activities.  

6. Samples collected for the analysis of volatile organic compounds must be preserved with methanol.  En Core™®samples are 

acceptable  

7. Ethanol analysis is required, unless conclusive documentation is submitted and pre-approved by DNREC that no portion of the 

Tanks System was in service after April 1, 2006.     

8. New Oil parameters may be modified with DNREC approval. 

9. For Tank System where the substance is unknown, analysis for the used oil parameters is required. 

 

Note: Encore™® Samplers should not be used when sampling pea gravel. When sampling pea gravel, methanol preservation of the 

sample in the field is required. 

 

2.2.2 Quality Assurance/Quality Control Sampling Protocol  

Owners and Operators or Responsible Parties are required to implement the following quality 

assurance/quality control protocols during collection as described below: 

All samples must be submitted in clean sealed containers provided by the analytical laboratory and 

kept at ≤ 6oC until delivered to the laboratory for analysis. The laboratory must receive samples within 
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twenty-four (24) hours of collection. If sample delivery within twenty-four (24) hours is not possible 

(for example, samples are collected late on a Friday after the laboratory is closed) proper storage of 

the samples must be documented on the chain of custody form. A chain of custody form must be 

maintained at all times for all samples and submitted to the DNREC. 

For sampling events where volatile organic compounds (BTEX, GRO, EDB, EDC, MTBE, etc.) are to 

be analyzed, a trip blank must accompany the cooler from pickup to delivery. The trip blank must be 

analyzed for the same volatile organic compounds as the collected soil samples. 

For soil sampling events where volatile organic compounds are to be analyzed, methanol preservation 

or unpreserved such as Encore™® sampling must be conducted. NOTE: Unpreserved should not be 

used when sampling pea gravel. When sampling pea gravel, methanol preservation of the sample in 

the field is required. Coordinate with your laboratory in advance to determine best sample volume and 

appropriate bottleware size for representative samples and ease of sample collection. 

The use of disposable or dedicated sampling equipment is preferred to non-disposable or non-

dedicated sampling equipment to minimize the risk of cross-contamination; If non-disposable or non-

dedicated sampling equipment is used to collect soil samples, the collection of an equipment blank is 

then required.   All sampling equipment that is not dedicated or is not disposable shall be required to 

comply with decontaminated practices found in ASTM International, D5088-20, standard Practice for 

Decontamination of Field Equipment Used at Waste Sites.  

2.2.3 Reporting Requirements 

Responsible Parties shall submit soil sample reports that at a minimum include the following: 

1. Site Map noting the sample locations. 

2. Results of the soil sample analyses with chain-of-custody. The sample results must be labeled 

with the Facility ID Number, full site name, address, and sample dates.  

3. Custody seal chain-of-custody, if applicable. 

4. All appropriate disposal documentation (tank and contents, e.g. disposal of product, sludge, 

contaminated water) 

5. Field notes if applicable. 
 

2.2.4 Tier 0 Data Evaluation and Response Options 

Upon receipt of a Tier 0 Site Assessment package, the Department will compare the appropriate Tier 0 

action levels shown in Error! Reference source not found. to determine the need for further action 

at the site. Each soil sample will be evaluated to determine if the applicable Tier 0 action level has 

been exceeded. The RP will be issued either a No Further Action (NFA) letter or given the option to 

remediate either to Tier 0 levels or move to a Tier 1 site assessment.  

Each soil analytical result must be less than the applicable Tier 0 limit or additional investigation will 

be required, at the discretion of the Department. Analytical results may not be averaged for 

comparison to the Tier 0 action levels.  
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2.3 Underground Storage Tank Tier 0 Investigations 

2.3.1 Tier 0 UST Soil Sampling Protocols 

2.3.1.1 Composite Soil Sampling 

At least one composite soil sample per tank must be collected by taking several discrete samples from 

soil in each soil boring/test pit and mixing them together. (Figure 4)    

2.3.1.2 Grab Soil Sampling 

Grab soil samples must be collected from specific spots along the sides or bottom of the tank 

excavation and below the product dispensers per the diagram below (Figure 4). The location of the 

grab samples depends on the elevation of the water table.   

 

TANKS ABOVE THE WATER TABLE 

Collect grab samples at a depth equal in elevation to 

two (2) feet below the bottom of the tank. 

Composite soil samples shall be collected by taking 

several discrete samples from the soil in each 

boring/test pit and then mixed together. 

 

TANKS BELOW THE WATER TABLE 

Collect grab samples from the sidewall of the 

excavation immediately above the water table level in 

the pit. 

Composite soil samples shall be collected by taking 

several discrete samples from the soil in each 

boring/test pit and then mixed together.  

Figure 4. Sampling Method 

2.3.1.3 Piping Run Sampling – Piping includes product, vent, vapor recovery and 
remote fill piping. 

For Piping installed prior to January 1, 1999 where closure-in-place of a piping run is performed, 

sampling is required for every 20 feet of piping.  For piping runs removed from the ground via 

trenching so that soil conditions beneath the piping can be evaluated, sampling will only be required 

from areas of the piping trench with observable staining or evidence of a release. 

For Piping installed after January 1, 1999 sampling is not required unless there is observable staining 

or evidence of a release.  
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2.3.2 Activity 1 –Retrofits, Upgrades and Repairs of UST Systems 

2.3.2.1 Dispenser Sump Installation or replacement, including product piping 

If the retrofit includes replacement of the sump, or replacement of piping to the dispenser, then one 

grab sample per dispenser must be collected from an elevation of five (5) feet below each dispenser or 

at the top of the water table, whichever is encountered first. (Figure 5). 

Figure 5. Dispenser Sampling Requirements 

 

2.3.2.2 Spill Containment Replacement 

Soil samples must be collected when concrete is broken or backfill is exposed to install spill containment 

buckets. One grab sample must be collected at the bottom of the excavation for each spill containment 

device installed.  

2.3.2.3 Tank-top Sump Installation or Replacement 

Soil samples must be collected when concrete is broken or backfill is exposed to install new or replace 

existing tank-top sumps. At least one composite sample must be collected by taking several discrete 

samples from the excavated material. In the event that no material is excavated in order to install the 

new sump, one composite sample must be collected from the walls of the excavation in the locations 

where contamination is visible or most likely to be present.   

2.3.3 Activity 2 - UST System Removals  

2.3.3.1 Soil Sampling Requirements Specific to UST System Removals 

Responsible Parties shall comply with the following soil sample requirements according to each Tank 

capacity as illustrated in  

Figure 6 and as described below (Table 3) for UST System Removals. 
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 Table 3. Required Number of Soil Samples by Tank Capacity 

UST Capacity (gallons) # of Samples per Tank 

0 – 1,100 
1 grab & 1 composite/tank 

Dispenser & Piping Run samples 

1,101 – 30,000 
2 grabs & 1 composite/tank   

Dispenser & Piping Run samples 

Compartmentalized USTs-  

Each compartment is treated as a standalone tank 

unless all compartments contain the same product. 

2 grabs & 1 composite 

Dispenser & Piping Run samples for each 

compartment. 
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UST 

Capacity 

(gallons) 

 

# Of Samples per 

Tank 

 

 

Illustrations 

0– 1,100 

1 grab soil sample 

and  

1 composite soil 

sample per tank 

 

1,101 – 

30,000 

2 grab soil samples 

and 

1 composite soil 

sample per tank 

 

Multiple 

Tanks 

Follow protocol 

for single tank 

based on 

capacity. 

 

Include one (1) 

composite soil 

sample per tank in 

the pit 

 

 

Figure 6. UST Removal Soil Sample Locations and Quantity - by Capacity 
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2.3.4 Activity 3 - UST Closure in Place; Change In Service and Change in 
Substance Stored 

Responsible Parties shall comply with the required number and location of soil samples according to 

each Tank capacity as illustrated in Figure 7 and as described below (Table 4) for UST Closure in 

Place; Change in Service and Change in Substance Stored: 

  

 Table 4.  Required Number of Soil Samples by Tank Capacity 

UST Capacity 

(gallons) # of Samples per Tank 

0 – 1,100 
2 Borings (4 samples) 1grab & 1 composite from each boring    

Plus Dispenser samples 

1,101 – 15,000 
4 Borings (8 samples) 1 grab & 1 composite 

from each boring plus Dispenser samples 

15,001 – above 
6 borings (12 samples) 

1 grab & 1 composite from each boring plus Dispenser samples 
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UST Capacity 

(gallons) Number of Samples per Tank Illustration 

0 – 1,100 

Install soil borings at opposite corners 

of the tank to a depth equal in elevation 

to two (2) feet below the bottom of the 

tank. 

Collect a grab sample from soils at the 

bottom of each boring or just above the 

soil/groundwater interface. Collect a 

composite sample by taking several 

discrete samples from the backfill 

materials generated during installation 

of the boring.   

(Total: 4 soil samples) 

 

 

 

1,101 – 15,000 

Install one soil boring along each side to 

a depth equal in elevation to two (2) feet 

below the bottom of the tank to be 

closed in place. Collect a grab sample 

from soils at the bottom of each boring 

or just above the soil/groundwater 

interface. Collect a composite sample 

by taking several discrete samples from 

the backfill materials generated during 

installation of the boring.   

(Total: 8 soil samples) 

 

 

15,001-above 

Install two soil borings along each long 

side and one soil boring along each 

short side to a depth equal in elevation 

to two (2) feet below the bottom of the 

tank to be closed in place. Collect a 

grab sample from soils at the bottom of 

each boring or just above the 

soil/groundwater interface Collect a 

composite sample by taking several 

discrete samples from the backfill 

materials generated during installation 

of the boring.  

(Total: 12 soil samples) 

 

 

 

Figure 7. UST Closure in Place - Soil Sample Locations and Quantity- by Capacity 
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2.3.5 UST Activity 4 –Overexcavation 

During a removal, an RP has the option to over-excavate up to five (5) feet in all directions to attempt 

an immediate cleanup to Tier 0 action levels, provided that bedrock, a physical barrier, or the water 

table is not encountered. If any of these conditions are encountered or if soil contamination extends 

beyond the allowable five (5) foot maximum, then the RP must move to Tier 1 or contact the 

Department for approval to perform a larger overexcavation. Additional excavation is permissible, 

following notification and approval from the Department.  Following the excavation procedures, 

confirmatory soil samples are collected from each wall and the bottom of the excavation as describe in  

Table 4. .   

  

2.3.5.1 Overexcavation Composite Samples 

Composite soil samples should be collected by sampling the soils along the pit wall that are 

representative of subsurface conditions. The number of required composite soil samples per tank is 

described in  Table 4. 5.  

2.3.5.2 Overexcavation Grab Samples 

If no contamination is apparent, grab samples should be collected from the center of each pit wall. The 

number of required grab soil samples per tank is described in  

 

.  

 

 Table 5. Overexcavation - Required Number of Soil Samples by Tank Capacity 

Capacity (gallons) # of Samples per Tank 

0 – 1,100 Composite Samples (5 samples) – 1 from each sidewall and 1 pit bottom 

1,101 – 20,000 
Composite Samples (5 samples) - 1 from each sidewall and 1 pit bottom 

Grab Samples (5 samples) – 1 from each sidewall and 1 pit bottom 

20,000-above 
Composite Samples – 1 per 20 feet each wall or bottom being overexcavated 

Grab Samples – 1 per 20 feet each wall or bottom being overexcavated 

 

2.3.6 Activity 5 Soil Sampling Requirements for UST System Closures 
involving Dispensers  

Responsible Parties performing UST closures involving dispensers shall comply with the soil 

sampling requirements as described below and as illustrated in Figure 5. 

For UST System Closures involving dispensers, a collection of one (1) soil grab sample per dispenser 

is required and shall be taken from an elevation of five (5) feet below each dispenser or at the top of 

the water table, whichever is first encountered.  See Figure 5. 
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2.4 Aboveground Storage Tank Tier 0 Investigations 

2.4.1 AST Site Assessments  

   Site assessments shall not commence without prior written approval by the Department.   Analysis 

shall be selected based upon any and all regulated substances stored in the AST over its lifetime. 

 

2.4.1.1 Tier 0 AST Soil Sampling Protocol 

 Soil and groundwater samples shall be obtained from the ground surface immediately beneath 

the AST, at the location of any visual staining or regulated substance accumulation, and 

beneath the ancillary piping.    

 All leak detection devices or subsurface monitoring locations shall be sampled.  

 Test pits shall be excavated, or soil borings advanced in the immediate vicinity of the AST, 

and representative soil and groundwater samples shall be obtained.      

 

2.4.1.2 Grab Soil Sampling 

Grab soil samples must be collected from specific spots along the perimeter of the tank per the diagram 

below (Figure 8). The number of grab samples depends on the size of the tank. The location of the grab 

samples depends on the elevation of the water table. 

*Samples shall be obtained from the locations with the suspected highest concentration of 

contaminants of concern. Grab samples at the three (3) foot interval should be field screened. If there 

are indicators of contamination at the three (3) foot interval, sample to the depth where contamination 
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appears to be greatest and also immediately above the water table. 

Sampling Above the Water Table*  

 

Shallow samples shall be discrete “grab” 

samples collected three (3) feet below the 

ground surface (bgs) or three (3) feet below 

the bottom of the AST, whichever is 

deeper.  

 

 

Sampling When Groundwater is 

Encountered 

 

Samples shall be collected immediately 

above the water table level. 

 

Figure 8. Grab Soil Sampling Locations 

2.4.2 Activity 1: AST   Repairs and Modifications 

Responsible Parties performing AST activities involving AST   repairs or modifications shall comply 

with the soil sampling requirements as described below. 

   

2.4.2.1 Piping and Ancillary Equipment, Repairs, and Modifications  

 At least one (1) discrete grab sample shall be collected from native soil two (2) feet below each 

underground swing joint, connector, or elbow.  

 When elbows, connectors or swing joints are not known or available, collect at least one (1) 

grab soil sample two (2) feet below every twenty (20) linear feet of underground piping. 

 Collect a minimum of one (1) grab sample three (3) feet below ground surface (bgs) grab at 

the first isolation valve for each run of aboveground piping. 

 

2.4.2.2 AST System  and Secondary Containment , Repairs, and Modifications 

At least one (1) grab sample must be collected during AST system repairs or modifications where soil 

is excavated or if there is evidence of a release  or at the bottom of the excavation for each 

containment device (dikes, berms or retaining walls; curbing; diversion ponds, holding tanks, sumps; 

vaults; double-walled tanks; liners external to the tanks). 
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2.4.3 Activity 2: AST Relocations & Removals 

Responsible Parties performing AST Removals shall comply with the soil sampling requirements as 

described in Table 6 and Figure 9:   

 Table 6. Required Number of Soil Samples by Tank Size 

Tank Diameter (feet) 

Shallow 3’ Perimeter Soil 

Samples  

Shallow 3’ Tank Bottom Soil 

Samples  

<25 4  1  

25-60 5  2  

61-90 6  4  

>90 Site Specific –Submit Work Plan for DNREC-WHS Approval  
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Tank Diameter 

(feet) Illustration 

<25 

 

25-60 

 

61-90 

 

 

Figure 9. Tank Removal Soil Sample Locations by Aboveground Tank Size 
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2.4.4 Activity 3:  AST Closure in Place; Change In Service and Change in 
Substance Stored 

Responsible Parties performing AST Activities involving Closure in Place, Change in Service or 

Change in Substance Stored shall comply with the soil sampling requirements as described in Table 7 

and Figure 10:   

 

 Table 7. Required Number of Soil Samples by Above Ground Tank Size 

Tank Diameter 

(feet) 

Shallow 3’  

Perimeter Soil 

Samples  

Deep Perimeter Soil  

Samples at water 

table   

<25 4  4  

25-60 5  5  

61-90 6  6  

>90 Site Specific - Submit Work Plan for 

DNREC-WHS Approval 
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Tank 

Diameter 

(feet) 

 

# of Samples per Tank 

 

Illustration 

<25 

Collect samples at four (4) 

evenly spaced locations around 

tank perimeter.  At each 

location, collect one (1) shallow 

3’ grab sample, and one (1) 

deep perimeter soil sample at 

the groundwater interface. 

Collect a grab sample from 

soils at the bottom of each 

boring or just above the 

soil/groundwater interface 

(Total: 8 soil samples) 
 

25-60 

Collect samples at five (5) 

evenly spaced locations around 

tank perimeter.  At each 

location, collect one (1) shallow 

3’ grab sample, and one (1) 

deep perimeter soil sample at 

the groundwater interface. 

Collect a grab sample from 

soils at the bottom of each 

boring or just above the 

soil/groundwater interface 

(Total: 10 soil samples) 
 

61-90 

Collect samples at six (6) 

evenly spaced locations around 

tank perimeter.  At each 

location, collect one (1) shallow 

3’ grab sample, and one (1) 

deep perimeter soil sample at 

the groundwater interface. 

Collect a grab sample from 

soils at the bottom of each 

boring or just above the 

soil/groundwater interface 

(Total: 12 soil samples) 
 

 

Figure 10. Closure In Place Soil Sample Locations by Aboveground Tank Size 
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2.4.5 Activity 4: AST Overexcavation 

If a release is identified, the tank area may be overexcavated five (5) feet farther than any one 

side of the original tank location or to the extent of observable staining and evidence of a 

release. Additional excavation may be permissible following notification and approval from 

the Department.  All excavations greater than one hundred (100) cubic yards shall be 

approved in advanced by the Department and a sampling plan shall be approved by the 

Department prior to commencing excavation. 

Following excavation, confirmatory composite soil samples are collected from each wall and 

bottom of the excavation. Confirmatory sampling of the excavated material will be a function 

of the size of the excavation. In general, at least one (1) grab sample shall be collected from 

every “face” (or sidewall) of the excavation cavity for a total of five (5) samples.  One (1) 

additional “composite” sample shall be collected from the bottom of the excavation and one 

(1) additional “composite” sample shall be collected from the sidewalls. This is the general 

sampling plan for any excavation that does not exceed twenty (20) feet of run in any direction.  

 

2.4.6 Activity 5:  AST Closures involving dispensers  

see Section 2.3.6 Activity 5 Soil Sampling Requirements for UST System Closures 

involving Dispensers.  
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3. TIER 1 

3.1 Tier 1 Applicability 

Tier 1 is the next level in DERBCAP. An RP may choose to enter the RBCA process at Tier 1 with any 

currently active LUST/LAST site or will move up to Tier 1 from Tier 0 if tank Site Assessment soil 

analytical results exceed applicable Tier 0 action levels. 

To assure a consistent level of protection for human health and the environment, Tier 1 uses a generic 

site conceptual model with the following assumptions to calculate RBSLs: 

1. Grab soil samples are assumed to be collected at the top of the water table. 

2. Groundwater is assumed to be used for drinking water. 

3. Soils are assumed to be well sorted, permeable, fine to medium grained sand. 

4. Current land use is assumed to be residential. 

In Tier 1, specific chemicals of concern (COCs) found in petroleum products are chosen for a variety 

of factors including, but not limited to, carcinogenicity or other health effects, persistence in the 

environment, mobility, solubility, vapor pressure, or aesthetic factors. RBSLs are then calculated for 

each COC for surface soil (direct contact exposure pathway), subsurface soil (soil leaching or 

partitioning to groundwater), and groundwater (groundwater ingestion exposure pathway.) Vapor 

pathways are not part of the RBSL calculations. However, vapor intrusion risk is evaluated per the 

Department’s Vapor Intrusion Guidance. Figure 11 summarizes the exposure pathways used to calculate 

DERBCAP RBSLs. See Appendix 5 for formulas used in RBSL calculations. 
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Figure 11. DERBCAP Exposure Pathways Chosen from the ASTM Standard 

The target risk limit for both individual chemicals and cumulative site risk for carcinogens is 1 x 10-5; 

for non-carcinogens the hazard quotient (HQ) is less than or equal to 1. 

It should be noted that the Tier 1 RBSLs outlined in Table 9 do not account for cumulative risk 

associated with the chemicals of concern for each media. A cumulative Risk Assessment may be 

required for detect- ed chemicals of concern in each media where a complete exposure pathway exists. 
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3.2 Tier 1 Site Investigation Requirements 

A Tier 1 DERBCAP Hydrogeologic Investigation requires that all samples be analyzed for all specified 

COCs based on substance stored and media sampled. If a tank field holds multiple tanks containing 

more than one type of stored petroleum product, then all samples must be analyzed for all COCs for all 

substances stored. Additionally, a DERBCAP Tier 1 Hydrogeologic Investigation requires the 

collection of groundwater samples and analysis for the same COCs, unless otherwise approved by the 

Department. 

Groundwater sampling may not be required at the Department’s discretion when contamination is 

proven to be limited to the unsaturated zone through field screening and confirmatory sampling, or when 

bedrock is encountered above the water table. This option will apply primarily to sites located in the 

Piedmont region. 

The submittal of a DERBCAP Tier 1 Hydrogeologic Investigation workplan is not required. However, 

responsible parties and/or their consultants may contact the Department for a teleconference or meeting 

to discuss the proposed scope of the investigation. 

The Hydrogeologic Investigation Guide should be consulted for a thorough description of the 

requirements and expectations for a Hydrogeologic Investigation. 

In general, a Hydrogeologic Investigation must include the following: 

 Complete delineation of all contaminant phases that exist both on and off site and whether 

the source is moving through soils, via groundwater, or along manmade conduits (e.g., 

utility trenches); 

 Determination of groundwater flow direction; 

 Location of all area points of exposure (receptors); 

 Interpretation of the data provided; 

 Risk Assessment; and 

 Recommendations for further activity at the site. 

Laboratory Method Detection Limits (MDLs) must be less than applicable DERBCAP RBSLs. 

A Tier 1 Hydrogeologic Investigation may be completed in phases at the responsible party’s discretion, 

provided that all regulatory timeframes are met. The initial investigation phase may use a direct push 

technology to determine the extent of the release and facilitate the placement of monitoring wells. No 

Further Action may be granted at any time during an investigation at the Department’s discretion based 

on an analysis of the data provided. To meet the criteria and warrant no further action at a project site, 

the data must demonstrate that contamination is localized in extent and not mobile. In addition, sample 

concentrations must be less than RBSLs and have met a cumulative risk for carcinogens less than 1 x 

10-5; for noncarcinogens the hazard quotient (HQ) is less than or equal to 1 for completed exposure 

pathways. 
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3.3 Tier 1 Concentration Limits 

Tier 1 fate and transport default parameters used to calculate the RBSLs are located in Appendix 2, 

exposure assumptions are located in Appendix 3. The calculation sheets for each exposure pathway by 

distance to the POE on which Table 9 RBSLs are located in Appendix 4. The equations and 

methodology used to calculate the Tier 1 RBSLs are located in Appendix 5. Table 8 lists DERBCAP 

COCs and Table 9 lists the Tier 1 RBSLs. 

Due to the physical and chemical properties of lead, the RBSL concentration value for less than 50 feet 

(<50’) is applied in all situations at all distances. 

It should be noted that the Tier 1 RBSLs outlined in Table 9 do not account for cumulative risk 

associated with the chemicals of concern for each media. 

The Department may require a Cumulative Risk Assessment when more than one chemical of concern 

is reported by laboratory analysis in a given media with a completed exposure pathway. It has been the 

Department’s experience at petroleum cleanup sites that constituent risk tends to be driven by one or 

two components, such as benzene or naphthalene. A large number of petroleum constituents may be 

detected in soil or groundwater; however, only one or two of those constituents may actually approach 

or exceed risk-based concentrations. A majority of risk-based decisions related to petroleum 

constituents will be directly compared to the established RBSLs or, when applicable, to the SSTLs 

generated at the Tier 2 level. In cases where several constituents are detected at levels close to or above 

the risk-based concentrations, the Department may require a determination of cumulative risk to ensure 

that the overall site risk does not exceed acceptable levels. 

Risk from the PVI pathway should be evaluated using indoor air data, the most recent version of the 

Vapor Intrusion Screening Level calculator (VISL), or the Johnson & Ettinger (J&E) model with 

updated toxicity values. Refer to the Department Vapor Guidance for details on vapor intrusion risk 

assessment, including use of models as approved by the Department, such as but not limited to the ITRC 

Petroleum Vapor Intrusion Guidance and the EPA Technical Guide for Addressing Petroleum Vapor 

Intrusion at Leaking Tank System Sites. 

3.3.1 Exposure Point Concentrations 

The Exposure Point Concentrations (EPCs) are the concentrations of chemicals of concern in the 

environmental media at the point of human exposure. 

The Department recommends the use of EPA’s most current version of the ProUCL software to 

calculate the EPC due to its wide availability, ease of use, and the regular updates provided by US EPA. 

Statistical software other than ProUCL should be preapproved by the Department prior to use on a site-

by-site basis. ProUCL is available as a free download from the US EPA. 

For soil sample sets with less than 10 samples, the maximum observed concentration (MOC) must be 

utilized in the risk assessment. When 10 or more soil samples have been collected and laboratory 

analyzed, the 95% Upper Confidence Limit (UCL) may be utilized as determined by ProUCL or other 

approved statistical program. The Department may, at its discretion, allow a lower number of samples; 

however, an appropriate statistical method as recommended by ProUCL including non-parametric 

analysis (i.e. average for lead) is required to determine Exposure Point Concentrations. 

The EPCs to be used in risk calculations for soil should be the 95% UCL of the COC mean of the 

analytical data set. The ProUCL software accounts for non-detects and calculates the 95% UCL using 
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various methods and recommends the most appropriate UCL to use based on the data. A minimum of 

10 soil samples is recommended to calculate a more reliable UCL but the minimum number of samples 

may vary depending on site conditions and as determined by the Department. In addition, the calculated 

average of the parent and duplicate sample should be used for any 95% UCL calculations within 

ProUCL. Any variation will be on a site-specific basis and pre-approved by the Department. Please note 

that this applies to all media (soil, groundwater, and vapor). 

For groundwater, the MOC must be utilized as the EPC unless otherwise approved by the Department. 

It is preferred that EPCs for vapor intrusion be based upon indoor air samples. However, EPCs for vapor 

intrusion can be based on the maximum soil gas or sub-slab results if there are background issues related 

to indoor air samples. In these cases, the use of indoor air data is problematic due to the high likelihood 

of indoor sources or outdoor ambient sources of VOCs.  Note, if indoor air concentrations are 

determined to be from a sub-surface source, indoor air data is the preferred source of data to calculate 

risk. Soil gas data is preferred when there is a suspected indoor air source. Due to the high variability 

of the sample data on a monthly, daily, or hourly basis, the maximum concentration in soil gas, sub-slab 

or indoor air should be used as the exposure point concentration. However, if adequate data is available 

for each sample type, such as soil-gas or sub-slab, to calculate a 95% UCL then that value can be used 

for the EPC. 

3.4 Tier 1 Data Evaluation and Response Options 

A detailed site map must be included with the Tier 1 Hydrogeologic Investigation Report submitted to 

the Department (see the Hydrogeologic Investigation Guide). All decisions regarding potential risk and 

cleanup levels center on the distance from the source to all POEs. The responsible party should 

determine the distance from the source to all POEs and propose applicable RBSLs for Department 

approval using Table 9 in this document. All measured COC concentrations will be compared to 

applicable RBSLs based on distance to a POE. See Scenarios in Section 3.5. 

It should be noted that the Tier 1 RBSLs outlined in Table 9 do not account for cumulative risk 

associated with the chemicals of concern for each media. A determination of cumulative Risk 

Assessment may be required when more than one chemical of concern is reported by laboratory analysis 

in a given media and a completed exposure pathway exists. 

Upon submittal of a Tier 1 Hydrogeologic Investigation Report, the Department will apply the 

appropriate RBSLs and evaluate cumulative risk for completed exposure pathways to determine the 

need for further action at the site. The RP will be issued an NFA letter, a conditional NFA letter, be 

given the option to cleanup to the appropriate RBSLs or proceed to Tier 2. 

Figure 12 shows the Tier 1 process. Refer to the Tier 1 scenarios in Section 3.5 for determining distance 

components for RBSLs and Corrective Action workplans. Any point within a plume (such as a monitor 

well) where COC concentrations are greater than Tier 1 RBSLs must be remediated, or the responsible 

party may request proceeding to a Tier 2. 

The Tier 1 evaluation may be used to screen certain pathways from further consideration. The 

Department may require a determination of cumulative risk to ensure that the overall site risk does not 

exceed acceptable levels. 
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Figure 12. Tier 1 Flowchart 
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Table 8. DERBCAP Chemicals of Concern 

 

 
Chemical of Concern (COC) 

Product 

Gasoline/Av-Gas Jet Fuel/Kero Diesel Heating Fuel Used Oil 

SOIL GW SOIL GW SOIL GW SOIL GW SOIL GW 

VOLATILES           

Benzene X X X X  X  X X X 

Toluene X X X X  X  X X X 

Ethylbenzene X X X X  X  X X X 

Xylene (mixed isomers) X X X X  X  X X X 

Isopropylbenzene (Cumene) X X  X*       

ADDITIVES           

Methyl t-butyl ether (MTBE)2 X X X X     X X 

Lead1,3  X**(T)  X**(D)        X(T)  X(D) 

1,2-Dichloroethane (EDC)3  X**  X**  X**  X**     X X 

1,2 Dibromoethane (EDB)3  X**  X**       X X 

1,2,4 Trimethylbenzene (TMB) X X         

1,3,5 Trimethylbenzene (TMB) X X         

Tert-butyl ether (TBA) X X X X       

PAH-CARCINOGENIC           

Benzo(a)Anthracene   X  X  X  X  

Benzo(a)Pyrene   X  X  X  X  

Benzo(b)Fluoranthene     X  X  X  

Benzo(k)Fluoranthene     X  X  X  

Chrysene     X X X X X X 

Ideno(1,2,3-cd)Pyrene     X  X  X  

PAH-NON-CARCINOGENIC           

Acenaphthene     X X X X X X 

Anthracene     X  X  X  

Fluoranthene     X  X  X  

Fluorene   X  X  X  X  

Napthalene X X X X X X X X X X 

Phenanthrene   X X X X X X X X 

Pyrene     X  X  X  

OTHER           

PCBs         X X 

Semi-volatiles         X X 

Volatiles         X X 
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Notes: 
*Jet fuel only. 

**If leaded gasoline, aviation gasoline, or jet fuel 

(D) Dissolved Lead 
(T) Total Lead 
1 Samples collected from point of use must be analyzed for Total Lead; samples collected from the aquifer must be analyzed for Dissolved lead. 
2 MTBE analysis is required, unless conclusive documentation is presented and pre-approved by DNREC confirming that the Tank System was not in service after January 1, 1978. 
3 For gasoline Tank Systems only, lead, EDB and EDC analysis is required unless conclusive documentation is presented and pre-approved by DNREC that the gasoline Tank was installed after 

January 1, 1996. Lead, EDB and EDC analysis is always required for aviation gasoline. 

 



 

 

Delaware’s Risk-Based 

Corrective Action Program 
42 DERBCAP 

November 2022 Volume 2 

 

Table 9. DERBCAP Risk-Based Screening Levels (RBSLs) 

 DISTANCE TO POINT OF EXPOSURE (POE) OR POINT OF COMPLIANCE (POC) 

Chemicals of Concern (COC) 
Units: mg/Kg or mg/L 

< 50 ft 51-100 ft 101-200 ft 201-300 ft 301-400 ft 401-500 ft > 500 ft 
SOILDC         SOILGW GW GW GW GW GW GW GW 

VOLATILES 
Benzene 1.2 0.048 0.014 0.025 0.078 0.44 1.5 4.1 9.5 
Toluene 490 11 1.6 >530 >530 >530 >530 >530 >530 
Ethylbenzene 5.8 0.68 0.7* 0.7* 2.1 40 >170 >170 >170 
Xylene (mixed isomers) 58 45 10* 13 65 >200 >200 >200 >200 
Isopropylbenzene (Cumene) 190 310 2 >50 >50 >50 >50 >50 >50 
Naphthalene 3.8 0.14 0.002 0.12 3.6 >31 >31 >31 >31 
1,2,4 Trimethylbenzene (TMB) 5.8 8.5 0.2 >57 >57 >57 >57 >57 >57 
1,3,5 Trimethylbenzene (TMB) 220 46 1 1.300 3.2 11 23 41 51 
ADDITIVES 
Methyl t-butyl ether (MTBE) 47 0.19 0.2 0.42 1.5 11 47 150 430 
Lead 400 400 0.015 0.015 0.015 0.015 0.015 0.015 0.015 
1,2-Dichloroethane (EDC) 0.46 0.0096 0.0086 0.018 0.066 0.47 2 6.8 19 
1,2-Dibromoethane (EDB) 0.036 0.0011 0.00039 0.002 0.018 0.4 4.4 32 180 
TBA  0.12 0.24 0.48 1.7 12 50 160 440 

PAH-CARCINOGENIC 
Benz(a)Anthracene 0.82 >35 0.0078 >0.01 >0.01 >0.01 >0.01 >0.01 >0.01 
Benzo(a)Pyrene 0.24 >15 0.00078 >0.0016 >0.0016 >0.0016 >0.0016 >0.0016 >0.0016 
Benzo(b)Fluoranthene 1.11 >18 >0.0015 >0.0015 >0.0015 >0.0015 >0.0015 >0.0015 >0.0015 
Benzo(k)Fluoranthene 1.6 >6.8 >0.00055 >0.00055 >0.00055 >0.00055 >0.00055 >0.00055 >0.00055 
Chrysene 16 >6.2 >0.002 >0.002 >0.002 >0.002 >0.002 >0.002 >0.002 
Indeno(1,2,3-cd)Pyrene 1.3 >130 >0.0038 >0.0038 >0.0038 >0.0038 >0.0038 >0.0038 >0.0038 
PAH-NON-CARCINOGENIC 
Acenaphthene 360 >170 1.2 >4.2 >4.2 >4.2 >4.2 >4.2 >4.2 
Anthracene 1800 >10 >.043 >.043 >.043 >.043 >.043 >.043 >.043 
Fluoranthene 240 >130 >0.26 >0.26 >0.26 >0.26 >0.26 >0.26 >0.26 
Fluorene 240 >150 0.8 >2 >2 >2 >2 >2 >2 
Phenanthrene 180 >140 0.6 >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 
Pyrene 180 >51 >0.14 >0.14 >0.14 >0.14 >0.14 >0.14 >0.14 
Notes: 

SOILGW=RBSL for soil partitioning/leaching to groundwater ingestion pathway. SOILDC=RBSL for soil direct contact (ingestion, inhalation, and dermal contact) pathway; applies for on-site 

exposure only. GW=RBSL for groundwater ingestion pathway. 

1) ">" indicates that the groundwater cleanup standard is greater than the constituent's aqueous solubility or the soil cleanup standard is greater than the soil residual saturation. 

2) Values established by RBCA Toolkit for DERBCAP, Version 2.53de--see Appendices for supporting documentation 

3) "*"=Most stringent RBSL set to EPA Maximum Contaminant Levels 

 

 

 



 

 

Delaware’s Risk-Based 

Corrective Action Program 
43 DERBCAP 

November 2022 Volume 2 

 

3.5 DERBCAP Tier 1 RBSL and Tier 2 SSTL Scenarios 

The following scenarios illustrate the application of DERBCAP procedures to various conditions 

that may be encountered on-site. In all cases, the goals are to: 

 minimize potential risks to human health and the environment, and 

 Prevent further environmental degradation. 

Under this section, source is further defined as any point within a plume, such as at a monitoring 

well, where COC concentrations are greater than either Tier 1 RBSLs or Tier 2 SSTLs. In the 

scenarios described in this section, substitute SSTLs for RBSLs at Tier 2. The application of these 

scenarios as an integral part of DERBCAP is to determine groundwater plume stability and assess 

whether further degradation of groundwater is occurring. Assessment under these scenarios enables 

the Department to evaluate the potential for future risk. 

Table 10 below describes the scenario for a site with a groundwater plume that has not spread 

beyond the property boundary for site-specific COC concentrations and distance to the closest 

POE. 

Table 10. Scenario Lookup Table for On-Site Plumes 

POE < 500 ft. No POE < 500 ft. 

COC concentrations 

exceed RBSLs 

COC concentrations do 

not exceed RBSLs 

COC concentrations 

exceed 

> 500 ft. RBSLs 

COC concentrations do 

not exceed 

> 500 ft. RBSLs 

Go to 

Scenario 1 

Go to 

Scenario 3A 

Go to 

Scenario 2 

Go to 

Scenario 3B 

Note: This table does not apply for lead. See Section 3.3. 

Table 11 below describes the applicable scenario for a site with a ground-water plume that has spread 

beyond the property boundary for site-specific COC concentrations and distance to the closest POE. 

The scenarios are described following Table 11. 

Table 11. Scenario Lookup Table for Off-Site Plumes 

POE < 500 ft. No POE <500 ft. 

COC concentrations in the 

source and/or the off-site 

portion exceed RBSLs 

COC concentrations in the 

source and the off- site 

portion do not exceed 

RBSLs 

COC concentrations in the 

source exceed the source 

to POC distance derived 

RBSLs 

COC concentrations in the 

source do not exceed the 

source to POC distance 

derived RBSLs 

Go to Scenario 4 Go to Scenario 6A Go to Scenario 5 Go to Scenario 6B 

Note: This table does not apply for lead. See Section 3.3. 
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3.5.1 Scenario 1: On-Site Plume, POE less than 500 ft. from Downgradient 
Property Line 

If the groundwater plume is located in its entirety within the boundaries of the property, a minimum 

of three (3) monitoring wells, including at least one (1) Point of Compliance (POC) monitoring well, 

must be in- stalled. The POC well(s) must be located on the most down-gradient property line. If a 

point of exposure (POE) located within 500 feet down gradient of the site is identified, groundwater 

cleanup goals in each monitor well will be a function of the distance from the source to the POE. 

For example, if a monitor well is installed 75 feet from a POE in a groundwater plume contaminated 

with gasoline COCs, cleanup goals for the COCs in the monitor well will be the 51-100 foot Risk 

Based Screening Levels (RBSLs). If the concentrations of the COCs in any or all of the monitor 

wells exceed the RBSLs, remediation must be performed. Cleanup goals for each monitor well will 

be the RBSLs assigned to each monitor well within the plume. 

However, if at any time COC contaminants are identified in the POC well(s), the Department may 

assign new cleanup goals. The new goals will be a function of the distance from each monitor well 

to the closest POC well. Upon termination of all remedial activities at least one (1) year of quarterly 

groundwater monitoring must be performed, during which the concentrations of the COCs in all 

monitoring wells must remain at or below the cleanup goals established for the site. 

 

Figure 13. Remediation Scenario 1 
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3.5.2 Scenario 2: On-Site Plume, POE greater than 500 ft. from 
Downgradient Property Line 

If the groundwater plume is located in its entirety within the boundaries of the site and no POEs 

located within 500 feet down gradient of the site are identified, cleanup goals will be the >500’ 

RBSLs for soil and groundwater. A minimum of three (3) monitoring wells, including one POC well 

must be installed. The POC well(s) must be located on the most down gradient property line. If the 

concentrations of the COCs in any or all of the monitor wells exceed the >500 feet RBSLs, 

remediation must be performed. Cleanup goals will be the >500 feet RBSLs. 

However, if at any time COC contaminants are identified in the POC well(s), the Department may 

assign new cleanup goals. The new goals for each monitor well will be a function of the distance 

from each monitor well to the closest POC well. Upon termination of all remedial activities at least 

one (1) year of quarterly groundwater monitoring must be performed, during which the 

concentrations of the COCs in all monitoring wells must remain at or below the cleanup goals 

established for the site. 

 

Figure 14. Remediation Scenario 2 

 

3.5.3 Scenarios 3A and 3B: On-Site Plume, COC Concentrations less than 
RBSLs 

If the groundwater plume is located in its entirety within the boundaries of the site and the 
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concentrations of the COCs in the soil and groundwater are already less than the RBSLs determined 

at the site (as described in Scenarios 1 or 2) options include: 

1. Petition the Department for No Further Action as supported by site data, or 

2. Monitor the site quarterly for one (1) year to show that the groundwater concentrations are 

stable or decreasing, or 

3. Perform DERBCAP Tier 2 modeling with site specific data to show that the plume is stable or 

decreasing. 

A minimum of three (3) monitoring wells, including one POC well must be installed. The POC 

well(s) must be located on the most down-gradient property line. 

 

Figure 15. Monitoring Scenario 3A 
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Figure 16. Monitoring Scenario 3B 

However, if at any time COC contaminants are identified in the POC well(s), the Department may 

assign new cleanup goals. The new goals will be a function of the distance of the source of the 

plume to the closest POC well. In addition, if at any time during the course of one year of 

groundwater monitoring the concentrations of the groundwater or soil COCs exceed the RBSLs 

assigned to the site, remediation, or Tier 2 modeling may be required. Indefinite groundwater 

monitoring will not be permitted. 

3.5.4 Scenario 4: Off-Site Plume, POE less than 500 ft. from Downgradient 
Property Line 

If the groundwater plume has spread off-site, a minimum of three (3) monitoring wells, including at 

least one (1) Point of Compliance (POC) well, must be installed. The POC well(s) must be located 

on the most down-gradient property line. If a POE located within 500 feet down-gradient of the site 

is identified, a sentinel monitoring well must also be installed. The sentinel well must be placed 

between the leading edge of the plume and the POE. Cleanup goals for the monitor wells within the 

plume will be a function of the distance from each monitor well to the closest POC well. If the 

concentrations of any of the COCs in the monitor wells exceed the RBSLs assigned to each monitor 

well, remediation may be required. The RBSLs assigned to each monitor well will be the cleanup 

goals for each monitor well. 

However, if at any time contaminants are discovered in the sentinel well, cleanup goals for the off-

site portion of the plume will become a function of either the distance from the POC well to the 
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sentinel well or from the sentinel well to the POE. The Department will use the shortest distance 

when establishing off-site cleanup goals. If the concentrations of the COCs in the off-site portion of 

the plume exceed the assigned RBSLs, remediation may be required. Cleanup goals for the COCs 

in the off-site portion of the plume (i.e., from the POC well to the sentinel well) will be the RBSLs 

assigned to the off-site portion of the plume. In addition, the Department will require the installation 

of a new sentinel well between the old sentinel well and the POE. Upon termination of all remedial 

activities at least one (1) year of quarterly groundwater monitoring must be performed, during which 

the concentrations of the COCs in all monitoring wells must remain at or below the cleanup goals 

established for the site 

 

Figure 17. Monitoring Scenario 4 

3.5.5 Scenario 5: Off-Site Plume, POE greater than 500 ft. from 
Downgradient Property Line 

If the groundwater plume has spread off-site and no POEs located within 500 feet downgradient of 

the site are identified, cleanup goals for the monitor wells in the plume will be a function of the 

distance from each monitor well to the closest POC well. A minimum of three (3) monitoring wells, 

including at least one (1) Point of Compliance (POC) monitoring well must be installed. The POC 

well(s) must be located on the most down-gradient property line. If the concentrations of the COCs 

in any monitor well exceed the RBSLs assigned to that monitor well, remediation may be required. 

The RBSLs assigned to the monitoring wells will be the strictest RBSLs or calculated by the distance 
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from the monitoring wells to the POC. RBSLs for the off-site portion of the plume will be addressed 

on a site-specific basis. Upon termination of all remedial activities at least one (1) year of quarterly 

groundwater monitoring must be performed, during which the concentrations of the COCs in all 

monitoring wells must remain at or below the cleanup goals established for the site. 

 

Figure 18. Remediation Scenario 5 

 

3.5.6 Scenarios 6A and 6B: Off-Site Plume, COC Concentrations, less than 
RBSLs 

If the groundwater plume has spread off-site and the concentrations of the COCs in the soil and 

groundwater are less than the RBSLs assigned to the site (as described in either Scenario 4 or 

Scenario 5) you must either: 

1. Monitor the site quarterly for no less than one (1) year to show that the COC concentrations in 

the groundwater are stable or decreasing, or 

2. Perform DERBCAP Tier 2 modeling with site specific data to show that the plume is stable or 

decreasing. 

However, if at any time during the course of one year of groundwater monitoring the concentrations 

of the soil or groundwater COCs exceed the RBSLs assigned to your site, remediation or Tier 2 

modeling will be required. Indefinite groundwater monitoring will not be permitted. 
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Figure 19. Monitoring Scenario 6A 
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Figure 20. Monitoring Scenario 6B 
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4. TIER 2 

4.1 Tier 2 Applicability 

Under Tier 2, the RP may derive Site-Specific Target Levels (SSTLs) based on site-specific receptor 

locations and other site-specific soil and groundwater input parameters. The Tier 2 evaluation only 

applies to those exposure pathways (i.e., soil direct contact, soil leaching to groundwater, and 

groundwater ingestion) and those constituents that fail Tier 1 (Figure 21). 

If concentrations of COCs exceed Tier 1 RBSLs, then a Tier 2 site assessment can be conducted as 

an alternative to remediating contamination to the level of Tier 1 RBSLs. At Tier 2, site-specific 

hydrogeologic parameters are substituted for corresponding Tier 1 assumptions and are used to 

calculate SSTLs for the chemicals of concern. SSTLs become the new cleanup goals for the site 

provided cumulative risk for carcinogens is less than 1 x 10-5; for non-carcinogens the hazard 

quotient (HQ) is less than or equal to 1 for completed exposure pathways. 

A Tier 2 site assessment may not be conducted without prior written approval from the Department. 

4.2 Tier 2 Site Investigation Requirements 

A Tier 2 site assessment includes: 

 Site-specific geologic characterization. 

 Measurement or calculation of site-specific physical characteristics. 

 Calculation of SSTLs, using Department-approved models. 

Appendix 2 lists the site-specific Tier 2 parameters that must be substituted for the Tier 1 generic 

assumptions in calculating SSTLs. 
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Figure 21. Tier 2 Flowchart 

4.3 Risk and Concentration Limits 

All individual chemical of concern concentration limits shown by SSTLs are calculated based on a 

risk of 1 x 10-5 for carcinogenic effects and a hazard quotient of 1.0 for non-carcinogenic effects. 

This is the same as for Tier 0 and Tier 1. It is for this reason that the exposure parameters (average 

volume of drinking water ingested per day, average length of exposure, etc.) used in DERBCAP, 

adopted from values determined by the U.S. EPA, may not be altered. Site-specific geologic inputs 

and specific distance to a POE are also factors used to develop SSTLs. 

It should be noted that the as with the Tier 1 RBSLs, SSTLs do not account for cumulative risk 

associated with the chemicals of concern for each media. A cumulative Risk Assessment will be 

required for detected chemicals of concern in each media where a complete exposure pathway exists. 
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4.4 Data Evaluation and Response Options 

SSTLs differ from RBSLs in that: 

 site-specific soil and groundwater parameters may be used in place of Tier 1 defaults, 

and 

 the POE type and location may be matched to actual site conditions. 

In calculating SSTLs, site-specific data is substituted for the conservative generic assumptions of 

Tier 0 and Tier 1. This allows the margin of safety to decrease, while maintaining a constant level 

of protection against potential risks to public health. The Delaware module of the RBCA Toolkit 

(available from Groundwater Services, Inc., Houston, Texas, www.gsi-net.com, Phone: 713-522-

6300 or rbcainfo@gsi-net.com) may be used to calculate SSTLs under DERBCAP. The Tier 1 

assessment may screen out some COCs or pathways of concern prior to conducting the more detailed 

Tier 2 analysis. 

Having performed a Tier 2 site assessment and scenario examination, a Responsible Party may: 

 Not have to perform any further remediation if the concentrations of the COCs are less 

than the applicable SSTLs. 

 Have to perform further remediation if the concentrations of the COCs are greater than 

the applicable SSTLs. 

 Request permission from the Department to proceed with a Tier 3 site assessment. 

Any point within a plume (such as a monitor well) where COC concentrations are greater than either 

Tier 1 RBSLs or Tier 2 SSTLs must be remediated. 

For non-residential sites exposure factors in Appendix 3 may be used instead of the Tier 1 residential 

default values. 

4.4.1 Tier 2 Modeling Options 

In the risk assessment process, a model is used to predict the transport of specific chemicals of 

concern through a groundwater system using detailed, site-specific, hydrogeological information. 

Tier 2 modeling in DERBCAP may be appropriate for those chemicals of concern that have 

concentrations that exceed Tier 1 RBSLs. By demonstrating, through modeling, that a contaminant 

plume is stable or shrinking and will never reach a POE, a Conditional No Further Action letter may 

be issued. If, however, the modeling provides insufficient evidence of plume stability and 

concentrations are above the SSTLs calculated in Tier 2, the site may be remediated to Tier 2 SSTLs 

or it may enter Tier 3, which involves detailed, three-dimensional, numerical modeling. 

The purpose of modeling in Tier 2 of the RBCA process is to derive a conservative estimate of the 

natural reduction in COC concentrations occurring between the source and POE. This estimated 

“natural attenuation factor” can then be used to derive an SSTL value (RBCA Tool Kit) at the source 

location, which will prevent exceeding the applicable RBEL (Risk Based Exposure Level) limits at 

the POE. The natural attenuation factor for each applicable exposure pathway and COC may be 

estimated using appropriate fate-and-transport models. 

Alternatively, empirical measurements may be used to show that the contaminants will never reach 

http://www.gsi-net.com/
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the POE. For example, time-series groundwater monitoring data may demonstrate that the affected 

groundwater plume is in a stable or shrinking condition, in which case, POEs outside the current 

plume area will not be impacted. When available, such time-series data regarding plume stability is 

considered more reliable than fate-and-transport modeling. The quality of the field data is essential 

to the validity of the modeling effort. Unrepresentative data will result in unreliable modeling results. 

There are several models available, some more involved than others, that all solve specific equations 

that form the basis of the model. Fate and transport models are the most prevalent and practical of 

the groundwater models. In hydrogeology, they are used to predict the distribution of chemicals, 

such as the Tier 1 COCs, through the sub-surface. Fate and transport models can be analytical or 

numerical. Analytical fate and transport models use mathematical solutions to governing equations 

that are continuous in space and time and are based on assumptions of uniform properties and regular 

geometry (ASTM, 1999). They require specific inputs and provide unique answers. Analytical 

models are generally fast and easy to solve, require less field data and therefore are usually good for 

quick field screening. Numerical models, on the other hand, can provide non-unique answers using 

various input data sets that require geological interpretation. They require more site-specific 

information and can take hours to solve more representative field conditions. Numerical models 

allow field conditions to vary in space and time, thus resulting in a better representation of the 

complex geology. Generally, in the RBCA process, more complex models require much more field 

data. 

At Tier 2, the RP is afforded modeling options including but not limited to RBCA Toolkit (which is 

used to derive Site Specific Target Levels (SSTLs)), BIOSCREEN (which can be used to show that 

the contaminated plume is shrinking and will not reach a POE), or an equivalent model as approved 

by the Department. The models may be used individually or together to accomplish the goals set out 

prior to modeling. The Tier 2 evaluation only applies to those exposure pathways (i.e., soil direct 

contact, soil leaching to groundwater, and groundwater ingestion) and those constituents that failed 

Tier 1. 

The DERBCAP module of the RBCA Toolkit software (Ground Water Services, Inc.) is an 

analytical fate and transport model that allows the user to calculate site specific target levels or 

SSTLs. SSTLs are Tier 2 cleanup levels for the proper COCs and are based upon site-specific 

measurements, not the site conceptual model assumptions used in Tier 1. 

BIOSCREEN is a two-dimensional, analytical, fate and transport model that models in the forward 

direction, that is, contaminant concentrations are predicted based on concentrations of a source. 

BIOSCREEN is most frequently used to simulate Remediation through Natural Attenuation (RNA). 

It predicts the migration of a contaminated plume if no engineering controls are implemented and 

answers how long the plume will last. BIOSCREEN can be downloaded at no charge from the 

following EPA website: 

https://www.epa.gov/water-research/bioscreen-natural-attenuation-decision-support-system 

After the additional Tier 2 site-specific data is gathered, a consultant will model the data and submit 

a report that includes the following: 

 Purpose of the model 

 Data input used in modeling 

 Parameters changed during calibration runs 

https://www.epa.gov/water-research/bioscreen-natural-attenuation-decision-support-system
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 Sensitivity analyses that were performed 

 Any maps that may be useful 

 Conclusion and recommendations to the Department 

The Department will consider additional modeling options that are publicly available on a site-

specific basis. Prior to Tier 2 modeling, Departmental approval must be obtained to use such models. 

The Department may require a Cumulative Risk Assessment when more than one chemical of 

concern is reported by laboratory analysis in a given media with a completed exposure pathway. It 

has been the Department’s experience at petroleum cleanup sites that constituent risk tends to be 

driven by one or two components, such as benzene or naphthalene. A large number of petroleum 

constituents may be detected in soil or groundwater; however, only one or two of those constituents 

may actually approach or exceed risk-based concentrations. A majority of risk-based decisions 

related to petroleum constituents will be directly compared to the established RBSLs or, when 

applicable, to the SSTLs generated at the Tier 2 level. In cases where several constituents are 

detected at levels close to or above the risk-based concentrations, the Department may require a 

determination of cumulative risk to ensure that the overall site risk does not exceed acceptable levels. 
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5. TIER 3 

Tier 3 offers an additional level of evaluation for projects not adequately assessed under the previous 

tiers due to extreme complexity of the site. Difficulty in assessment may be derived from a variability 

of the site’s geology, an extensive or unusual suite of contaminants with complex interactions, which 

may require a cooperative approach with other environmental programs within the Department, or 

unusual temporal considerations. 

A DERBCAP Tier 3 site assessment may not be performed without prior approval from the 

Department. The RP is responsible for developing the entire site investigation, assessment, data 

analysis and remediation workplan, including definition of all decision point criteria. Exposure 

factors may only be selected from those already defined by the U. S. EPA. 

It is expected that a DERBCAP Tier 3 site assessment will include numerical computer modeling 

based on extensive site investigation, sampling, testing and analysis conducted under strict QA/QC 

and data validation procedures. Proprietary computer models may not be used. 

Tier 3 may be applied to a project site after receiving approval from the Department to utilize an 

alternative means for evaluation. It involves modeling and additional data collection in excess of 

what is required at the Tier 2 level in order to refine the process for SSTL calculation and develop a 

CSM that is acutely specific to the site. 
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6. TIER 1 LABORATORY METHODS 

Analyses of soils and groundwater samples collected for a DERBCAP site assessment must be 

performed in accordance with the methods listed below unless the acceptability of alternate 

methodologies can be established to the satisfaction of DNREC. 

Table 12. Analytical Laboratory Methods 

Tier 1 Analysis 

PRODUCT 
STORED 

PARAMETERS TO BE TESTED IN 
SOIL 

ANALYTICAL METHOD 
(reported on dry weight 
basis) 

PARAMETERS TO BE TESTED IN 
GROUNDWATER ANALYTICAL METHOD 

Gasoline, Benzene 
EPA Method 5035/8021B or 

5035/8260 
Benzene 

EPA Method 

5030B/8021B, 

5030B/8260B or 524.2 

Aviation Gas Toluene  Toluene  
 

 Ethylbenzene  Ethylbenzene  
 

 Xylenes  Xylenes  
 

 Isopropylbenzene (Cumene)  Isopropylbenzene (Cumene)  
 

 Naphthalene  Naphthalene  
 

 Methyl tert-Butyl Ether (MTBE)3  Methyl tert-Butyl Ether (MTBE)3  
 

 Tert-Butyl Alcohol (TBA)  Tert-Butyl Alcohol (TBA)  
 

 Dibromoethane, 1,2- (EDB)4  Dichloroethane, 1, 2- (EDC)4  
 

 Dichloroethane, 1, 2- (EDC)4  1,2,4 Trimethylbenzene  
 

 1,2,4 Trimethylbenzene  1,3,5 Trymethylbenzene  

 1,3,5 Trimethylbenzene  Dibromoethane, 1,2- (EDB)4 EPA Method 8011 or 504.1 

 Lead4 EPA Method 6010B or 7420 Dissolved Lead EPA Method 6020 or 7421 

 

Kerosene, 

 

Benzene 

EPA Method 5035/8021B or 

5035/8260 

 

Benzene 

EPA Method 

5030B/8021B, 

5030B/8260B or 524.2 

Jet Fuel Toluene  Toluene  
 

 Ethylbenzene  Ethylbenzene  
 

 Xylenes  Xylenes  
 

 Methyl tert-Butyl Ether (MTBE)3  Methyl tert-Butyl Ether (MTBE)3  
 

 Tert-Butyl Alcohol (TBA)  Tert-Butyl Alcohol (TBA)  
 

 Dichloroethane, 1, 2- (EDC)4  Dichloroethane, 1, 2- (EDC)4  
 

 Naphthalene  Isopropylbenzene (Cumene)  
 

 Benzo(a)Anthracene EPA Method 8270C or 8310 Naphthalene  
 

 Benzo(a) Pyrene    

  

Fluorene 

  

Phenanthrene 

EPA Method 8270C, 8310 
or 

525.2 

 Phenanthrene    

Diesel, Benzo(a)Anthracene EPA Method 8270C or 8310 Benzene EPA Method 
5030B/8021B, 
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PRODUCT 
STORED 

PARAMETERS TO BE TESTED IN 
SOIL 

ANALYTICAL METHOD 
(reported on dry weight 
basis) 

PARAMETERS TO BE TESTED IN 
GROUNDWATER ANALYTICAL METHOD 

Heating Fuel Benzo(a)Pyrene Toluene 5030B/8260B or 524.2 

 Benzo(b)Fluoranthene  Ethylbenzene  
 

 Benzo(k)Fluoranthene  Xylenes  

 Chrysene 

Indeno(1,2,3-cd)Pyrene 

 Chrysene 

Acenaphthene 

EPA Method 8270C, 8310 
or 525.2 

 Acenaphthene  Naphthalene  
 

 Anthracene  Phenanthrene  
 

 Fluoranthene    
 

 Fluorene    
 

 Naphthalene    
 

 Phenanthrene    
 

 Pyrene    

Used 
Oil1,2, New 
Oil8 

 

Benzene 
Toluene 

 

EPA Method 5035/8021B or 
5035/8260 

 

Benzene 
Toluene 

EPA Method 

5030B/8021B, 

5030B/8260B or 524.2 

 Ethylbenzene  Ethylbenzene  
 

 Xylenes  Xylenes  
 

 Methyl tert-Butyl Ether (MTBE)3  Methyl tert-Butyl Ether (MTBE)  
 

 Dibromoethane, 1,2- (EDB)4  Dichloroethane, 1, 2- (EDC)4  

 Dichloroethane, 1, 2- (EDC)4  Dibromoethane, 1,2- (EDB)4 EPA Method 8011 or 504.1 

 Lead4 EPA Method 6010B or 7420 Lead EPA Method 6020 or 7421 

 Benzo(a)Anthracene 

Benzo(a)Pyrene 

 

EPA Method 8270C or 8310 

Chrysene 

Acenaphthene 

EPA Method 8270C, 8310 
or 525.2 

 Benzo(b)Fluoranthene  Naphthalene  
 

 Benzo(k)Fluoranthene  Phenanthrene  
 

 Chrysene    
 

 Indeno(1,2,3-cd)Pyrene    
 

 Acenaphthene    
 

 Anthracene    
 

 Fluoranthene    
 

 Fluorene    
 

 Naphthalene    
 

 Phenanthrene    
 

 Pyrene    

 Other 2 (as required-

VOC,SVOCs,Metals, or other 

analyte on site-specific basis) 

EPA Method 5035/8021B or 

5035/8260 

 

EPA Method 8270C or 
8310 EPA Method 6010 

Other 2 (as required-

VOC,SVOCs,Metals, or other 

analyte on site-specific basis) 

EPA Method 

5030B/8021B, 

5030B/8260B or 524.2 

EPA Method 8270C, 8310 

or 525.2 

EPA Method 6010 
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PRODUCT 
STORED 

PARAMETERS TO BE TESTED IN 
SOIL 

ANALYTICAL METHOD 
(reported on dry weight 
basis) 

PARAMETERS TO BE TESTED IN 
GROUNDWATER ANALYTICAL METHOD 

Other5 Other5 (Site Specific) To Be Determined Other5 (Site Specific) To Be Determined 

1. Used oil as defined in the Delaware Regulations Governing Underground Storage Tank Systems, Part A, Section 2. and the Delaware Regulations 

Governing Hazardous Waste. 

2. Used oil Tank Systems may also be required to analyze for metals, volatiles, semi-volatiles or any other analyte as required on a site specific basis 
depending on the tank contents. Contact DNREC for determination. 

3. MTBE analysis is required, unless conclusive documentation is submitted and pre-approved by DNREC that no portion of the tank system was in 

service after January 1, 1978. 
4. For gasoline Tank Systems only, Lead, EDB and EDC analysis is required, unless conclusive documentation is submitted and pre-approved by 

DNREC documenting that all portions of the tank system were installed after January 1, 1996. 

5. If the tank system contained anything other than petroleum products or if the tank system contained Racing Fuel, contact DNREC for information 
on sampling procedures and analytical requirements prior to any on site activities. 

6. Samples collected for the analysis of volatile organic compounds must be preserved with methanol. Encore™® samplers are acceptable provided 

the preservative is methanol. 
7. EPA 524.2 may be used for drinking water analysis only. 

Note: Encore™® Samplers should not be used when sampling pea gravel. When sampling pea gravel, methanol preservation of the sample in the 
field is required. 

8. New Oil parameters may be modified with DNREC approval. 
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7. MANAGING FUTURE ENVIRONMENTAL AND HEALTH IMPACTS 

Residual petroleum contamination at project sites may be considered a solid waste. 

When it has been determined that contamination does not pose a threat to human health, safety and 

the environment, a No Further Action letter will be issued to document the site closure. In some 

cases, although a limited amount of residual contamination may remain on site, it does not pose a 

direct threat to human health and the environment as long as it remains undisturbed. These sites 

receive a Conditional No Further Action letter that documents site closure as long as the land use 

does not change. At sites with contaminated soils and groundwater, that meet the definition of solid 

waste, when disturbed by digging or excavating in the case of soil, or withdrawal of groundwater, 

the: (1) excavated soil, (2) groundwater, (3) future land use changes, must be managed as solid waste. 

In addition, a contaminated materials management plan (CMMP) must be approved by the 

Department prior to the beginning of work. Future changes to land use, parcel delineation may 

change the risk-based assumptions and corresponding clean up level under which the site was 

originally closed. Reassessment of clean up levels and management of residual contamination may 

be required when land use changes. 

Future site owners must be notified of restrictions and requirements placed on soil and groundwater 

to ensure protection of human health and the environment. 

7.1 Institutional Controls 

Institutional controls include such Department actions as: 

 Issuing a conditional NFA that limits or controls future activity in the area of residual 

petroleum contamination at a site; 

 Notifying anyone proposing work at a site with a previous LUST or LAST history of the 

potential need for a CMMP through the MISS UTILITY program; 

 Managing future groundwater use in an area in or near residual groundwater contamination 

by issuing water well permits with conditions on location, well construction and water use; 

 Facilitating private party transactions through Freedom of Information Act Requests; and 

 Maintaining a Geographic Information System (GIS) database with Tank site positions 

accessible to public view through Department Internet links. 

Environmental Covenants may be used to address residual contamination on a property by limiting 

potential exposure pathways to contaminated soil or groundwater. Covenants are filed with the 

Registrar of Deeds in each county; a tax parcel number for the property is required. 
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Appendix 2. 
Fate and Transport Parameters 

PARAMETER UNITS 

TIER 1 DEFAULT VAULE 

TIER 2 

VALUE
(1)

 ASTM DERBCAP 

Site Parameters 

Lower depth of surficial soil zone cm 100 60 (2 ft) (3) D 

Width of soil source area parallel to wind cm 1500 (50 ft) ASTM SS 

Width of soil source area parallel to groundwater flow cm 1500 (50 ft) ASTM SS 

Distance from plume “core” to POE ft 0 0 - 50 ft 

51 – 100 ft 

101 – 200 ft 

201-300 ft 

301– 400 ft 

401-500 ft 

> 500 ft 

SS 

Ambient air mixing zone height cm 200 ASTM D 

Wind speed above ground surface in ambient air mixing 

zone 

cm/s 225 ASTM D 

Averaging time for vapor flux: 

-Resident and commercial worker 

-Construction worker 

 

s 

s 

 

9.46 x 108 (30 yr) 

3.15 x 107  (1 yr) 

 

ASTM ASTM 

 

D 

D 

Particulate emission factor (PEF): 

-Resident and commercial worker 

-Construction worker 

 

g/cm2/s 

g/cm2/s 

 

6.0 x 10-14 

6.1 x 10-9 

 

ASTM ASTM 

 

D 

D 

Hydrogeologic Parameters 

Total soil porosity cm3/cm3 0.38 (4) ASTM E 

Volumetric air content in vadose zone soil cm3/cm3 0.26 ASTM E 

Volumetric water content in vadose zone soil cm3/cm3 0.12 ASTM E 

Soil bulk density gm/cm3 1.7 1.78 (5) D 

Fraction organic carbon in vadose zone soil g/g 0.01 ASTM D/SS 

Infiltration rate of water in vadose zone cm/yr 30 35 (6) D 
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PARAMETER UNITS 

TIER 1 DEFAULT VAULE 

TIER 2 

VALUE
(1)

 ASTM DERBCAP 

Groundwater mixing zone height cm 200 (6.5ft) ASTM D 

Groundwater Darcy velocity 

-Hydraulic conductivity 

-Hydraulic gradient 

cm/yr 

cm/s 

cm/cm 

2500 (82ft/yr) 

(8 x 10-3) 

(0.01) 

915 (30ft/yr) (7) 

(2.9 x 10-3) 

(ASTM) 

- E 

SS 

Effective soil porosity cm3/cm3 0.38 ASTM E 

Fraction organic carbon in groundwater zone g/g NA 0.001 D 

Longitudinal dispersivity cm NA 0.1 x dist. to POE D 

Transverse dispersivity cm NA 0.33 x long. disp. D 

Vertical dispersivity cm NA 0.05 x long. disp. D 

Chemical-Specific Parameters 

Organic carbon partition coefficient g/g CS CS CS 

First-order degradation rate day-1 CS CS CS 

Notes: 

1) Recommended sources for Tier 2 values: 

D = Use of DERBCAS Tier 1 default value is recommended for parameters which i) exhibit only a moderate degree of site-specific variability 

and ii) cannot be easily obtained on a site-specific basis; 

E = Use of default estimate based on soil type is recommended for parameters which i) exhibit only a moderate degree of variability within a 
particular soil type and ii) methods available to measure site-specific values are unlikely to be significantly more accurate than soil type 

estimates (Table 8 can be used to estimate these parameter values); 

SS = Use of site-specific measured values is recommended for parameters which i) exhibit a wide range of site-specific variability that may 

significantly impact model predictions and ii) are amenable to characterization based on limited site-specific measurements; 

CS = Parameter value is chemical-specific and should be taken from appropriate literature sources. 

2) POE = Point of Exposure; NA = Not applicable. 

3) DERBCAS Tier 1 default for lower depth of surfical soil zone based on SIRB remediation standard guidance. 

4) ASTM Tier 1 default for total soil porosity based on 150 ft/day permeability of clean sand. 

5) DERBCAS Tier 1 default for soil bulk density based on 1.5 tons/yd3. 

6) DERBCAS Tier 1 default for infiltration rate of water through vadose zone based on DGS state average of 14 inches infiltration and 44 inches 

total precipitation. 

7) DERBCAS Tier 1 default for groundwater Darcy velocity based on groundwater seepage velocity of 79 ft/yr. 
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Appendix 3. 
Standard Exposure Assumptions 
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RBCA Tool Kit for DERBCAP, Version 2.53de 

Exposure Factors and Target Risk Limits 
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Appendix 4. 
Exposure Pathway Calculation Sheets 

 

 0-50' RBSLs 

 51-100' RBSLs 

 101-200' RBSLs 

 Soil to Groundwater for <50' RBSLs 

 



 

 

Delaware’s Risk-Based 

Corrective Action Program 
69 DERBCAP 

November 2022 Volume 2 

 

RBSL CALCULATION FOOTNOTES 

1. BW of adult changed to 80 kg 

2. Exposure duration of adolescent changed to 0.0001 yr- age group specifically not targeted 

3. Exposure duration of adult changed to 26yrs-this allows for 6 years as child and 26-6yrs (20yrs) as an 
adult 

4. Water ingestion rate for child and adolescent changed from 1L/d to 0.781/d 

5. Water ingestion rate for adult changed from 21/d to 2.5 1/d 

6. New for 2017-we are age adjusting for carcinogens 

7. New for 2017-we are focusing on child receptors 

8. Slope factor for Benzo-a-pyrene changed from 7.3 to 1 

9. Slope factor for benz-a-anthracene changed from 0.73 to 0.1 

10. Slope factor for benzo-b-fluoranthene changed from 0.73 to 0.1 

11. Slope factor for benzo-k-fluoranthene changed from 0.073 to 0.01 

12. Slope factor for chrysene changed from 0.0073 to 0.001 

13. Slope factor for indeno-1,2,3-cd-pyrene changed from 0.73 to 0.1 

14. Slope factor for ethylbenzene added, 0.011 

15. Slope factor for TBA added, 

0.0033(11tt ps:/ / oehha.ca.gov/media/ downlo ads/ water/ chemlcals/ nl/ paltba risk02.pdf) 

16. 1,3,5-trimethlbenzene does not have half-lives-will be run with identical values to TBA and 1,2,4- 
trimethylbenzene, respectively and then again without first order decay 

a. Due to lack of data, no decay option was input into chart 

17. Add inhalation unit risk for naphthalene, 0.000034-Due to this inhalation risk Toolkit severely 
underestimates the risk from naphthalene in groundwater for residential use. Inhalation risk is calculated 
by the following formula: 

Risk= [concentration µg/l)x slope factor x 350 days x 26 years x (0.SL/ m3 

 365 days x 70 years 

By substituting naphthalene's inhalation slope factor and solving for concentration we get 1.65 µg/L. I 
have rounded to 2 µg/1. 

18. Soil to groundwater concentration were based off of the ASTM model rather than the DE submergence 
model 

19. Soil to groundwater concentrations were only calculated for the <50 RBSL, risk-based screening level 

20. Adjustments were made in the RBSL calculation (or toolkit modeling) for naphthalene due to the 
carcinogenic nature of the inhalation risk.  The inhalation risk for naphthalene poses a significantly 
higher threat than the ingestion risk as calculated by the DERBCAP Toolkit. 
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Exposure Pathway Calculation Sheets (Continued) 

 

 201-300’ RBSLs 

 301-400' RBSLs 
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Exposure Pathway Calculation Sheets (Continued) 

 

 401-500’ RBSLs 

 >500' RBSLs 
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Exposure Pathway Calculation Sheets (Continued) 

 

 Naphthalene 
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Exposure Pathway Calculation Sheets (Continued) 

 

 1, 3, 5-TMB 
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Exposure Pathway Calculation Sheets (Continued) 

 

 Soil Direct Contact RBSLs 
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Appendix 5. 
RBSL and SSTL Equations 
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Appendix 6. 
Cross-Media Lateral Transfer and Lateral Transport Equations 
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Appendix 7. 
Chemical-Specific Data for DERBCAP Chemicals of Concern 
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