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1.0
BACKGROUND AND INTRODUCTION

11 INTRODUCTION

The Kansas Department of Health and Environment (KDHE) Storage Tank Section (STS) faces the task of
regulating environmental cleanups of over 2,000 active petroleum storage tank sites. KDHE administers the
Petroleum Storage Tank Release Trust Funds, which provide financial assistance for corrective action to
eligible owners and operators (O/O) of Underground Storage Tanks (USTs) and Above ground Storage Tanks
(ASTs). The approved remedial costs will be reimbursed as long as the requirements of the programs are met.
This document in no way changes the requirements for competitive bidding and pre-approval of costs and work
for sites participating in the reimbursement funds program. In addition to the sites which are eligible for and
participating in the reimbursement fund programs, there are a number of sites where O/Os must or choose to
perform remedial action using their own resources. The process described in this document is applicable to
both reimbursable and non-reimbursable sites.

In 1992, KDHE STS began using a priority ranking system, based upon the risk a site poses to the public, to
determine appropriate corrective action measures to be performed. Given limited resources, there is a clear
need for a regulatory program that allows the efforts of responsible parties and of KDHE STS to be focused on
those sites that pose unacceptable current and/or future risks. KDHE STS will continue to use the ranking
system, but has developed Risk-Based Standards (RSK) and added a Risk-Based Corrective Action (RBCA)
program for the assessment, remediation, and closure of leaking petroleum storage tank sites. The RBCA
program will allow STS to establish remedial levels for sites based upon site circumstances rather than using
generic numeric standards. This approach should reduce delays in closure of lower priority sites while
continuing to provide remedial solutions that are equally protective of human health and the environment.

The Kansas STS RBCA program is based on the RSK standards developed by KDHE and the Risk based
Corrective Action Applied at Petroleum Release Sites, Standard E 1739, issued by the American Society of
Testing Materials (ASTM, 1995). This ASTM standard has been modified for consistency with the KDHE
regulations and policies as well as the RSK document. The objectives of the program are to protect human
health and the environment in the most practical and resource-effective manner, using a consistent and
scientifically defensible decision-making process. All work under the program must be conducted in
accordance with the KDHE Bureau of Environmental Remediation (BER) QA/QC Policy Manual, the Kansas
Underground Storage Tanks Program Corrective Action Policy Manual, all local, state, and federal regulations.

This guidance document is not intended as a general guide to every aspect of the RBCA process. Prior
experience or training will be necessary to correctly implement risk assessment as part of the overall process of
site closure. It is hoped that, as environmental professionals and responsible parties gain experience with this
approach, they will provide comments to KDHE STS. These comments will be evaluated in light of KDHE’s
experience to determine if it is in the best interests of the program and the people of the state of Kansas to
modify the RBCA process. This guidance document will be updated and revised by KDHE to reflect any such
modifications.
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1.2 KANSAS REGULATIONS RELATED TO CORRECTIVE ACTION PROCESS FOR
STORAGE TANK SITES

Kansas Administrative Regulations (K.A.R.) 28-48 Parts 1 and 2, requires that UST releases, and all AST
releases that cause or threaten to cause soil or water contamination, be reported to KDHE. The Kansas Storage
Tank Act was passed in May of 1989 to establish the Petroleum Storage Tank Trust Fund and provide KDHE
with statutory authority to adopt federal UST regulations. In November 1990, K.A.R. 28-44-12 through 28-44-
27 were promulgated. K.A.R. 28-44-24 adopts release reporting, investigation, and confirmation requirements
contained in 40 CFR 280.50 through 280.53. K.A.R. 28-44-25 adopts the release response and corrective action
requirements contained in 40CFR 280.60 through 280.67.

1.3 STEPBY STEP DESCRIPTION OF THE KS RBCA PROCESS

Figure 1-1 describes the KRBCA (Kansas Risk Based Corrective Action) process that includes a range of site-
specific activities that begin with the first notice of a suspected release. This process continues until KDHE
determines that the residual site-specific concentrations are protective of human health and the environment.
Upon completion of this process, KDHE will issue a closure letter provided that (i) the KRBCA process has
been correctly implemented, and (ii) the future use of the site is consistent with the assumptions used in the
evaluation.

The KRBCA process integrates the elements of site characterization, exposure assessment, risk calculations,
and risk management (including corrective action and risk communication) to determine site-specific chemical
concentrations protective of human health and the environment. Each element of the process is important and
has to be correctly applied for the adequate protection of human health and the environment.

A description of the KRBCA process is presented below:
1.3.1 Preliminary Release Investigation and Confirmation
Once a release or suspected release has been reported, a preliminary investigation and confirmation is
conducted by an environmental consultant hired by the responsible party, or by KDHE staff. The
investigation may be triggered by one or more of the following:

e Suspicion from non-environmental evidence;

1. Tank or line tightness test failure
2. Inventory shortage

e Suspicion from environmental evidence;

1. Unexplained hydrocarbon odors on or off-site

2. Unexplained surface water sheet down gradient of the property

3. Sheen or free phase product on water in observation tube or vapor monitoring well
installed for release detection in a UST basin
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e Confirmed environmental contamination;

1. Free product found below the ground surface

2. Soil contaminant levels exceeding the Kansas Action Levels (KALSs) listed in the
RSK Manual incorporated in KRBCA as tier 2 levels (Attachments 1 & 2 of the
KDHE Corrective Action Policy Manual.)

3. Groundwater contaminate levels exceeding the Kansas Action Levels (KALSs) listed
in the RSK Manual incorporated in KRBCA as tier 2 levels (Attachments 1 & 2 of the
KDHE Corrective Action Policy Manual).

As a follow-up on a reported release or complaint of a suspected release, KDHE staff may take one or
more of the following actions:

1. Instruct the O/O, through a licensed contractor, to conduct a tightness test of the
storage tank system

2. Instruct the O/O to submit inventory control or other applicable records for
examination.

3. Conduct a site visit to perform a compliance inspection

4. Conduct a site visit to collect soil and/or water samples for field and/or laboratory
analysis

1.3.2 Emergency Action If Appropriate

If KDHE STS staff determine that the site poses an immediate threat to the public, any action necessary
to alleviate that threat will be conducted under the direction of KDHE. Impacted utilities and/or vapors
in structures automatically deem the site an emergency. If the release was originally reported to one of
the six KDHE District Offices, central office staff will be informed that a release has occurred. All
emergency action will be coordinated between district and central office staff. Once the immediate
threat has been mitigated, the site will be handled in the same manner as other non-emergency sites.

1.3.3 Documentation of Release Investigation

The KDHE representative will generate a Buried Tank Leak Assessment (BTLA) or Above Ground
Tank Leak Assessment (ATLA) report documenting the activities performed to determine if a release
has occurred, the results of these activities, and any measures taken to abate and mitigate a confirmed
release. A copy of the BTLA/ATLA will be provided to the responsible party and to the KDHE STS
central office staff. The BTLA/ATLA will indicate the status (active, closed, hold, monitor) assigned to
the site by the District Office representative based on their initial assessment.

KDHE staff will give written notification to the tank O/O if contamination is confirmed. The
notification will state if an investigation will be required to determine the degree and extent of
contamination. This notification may be in the form of a copy of the BTLA/ATLA, with or without a
cover letter. If an investigation is required (see 1.3.5 below), or if any costs were incurred that could be
reimbursable under the Trust Fund Program, a KDHE representative will provide a Trust Fund

3
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Application to the O/O. A copy of the BTLA/ATLA and any other relevant documents will be filed
with the STS. A confirmed release must be documented in order to participate in the Trust Fund
Programs.

1.3.4 Determination of Site Rank

STS staff rank the site to determine the order in which sites will be addressed. Initial corrective action
procedures are also determined by a site’s ranking score. Ultimate corrective action procedures will be
determined, in large part, by KRBCA. The ranking process considers site-specific information in the
BTLA/ATLA as well as information obtained from the following: nearby petroleum storage tank sites;
the KDHE Bureau of Water (BOW) water well data base; scientific publications on regional and area
geology and hydrogeology; observations on land use and history of land use in the area; and any other
available relevant information. Those sites that appear to present the greatest risk to the public will be
addressed first.

The KDHE STS’s priority ranking system uses seven criteria (water use, site hydrologic characteristics,
product released, public and private property risk, public utilities threatened or affected, and the degree
and extent of contamination) to determine the potential risk to human health and the environment. A
numeric value is assigned for each criterion, and the values for all criteria, except water use, are summed
for a site- specific subtotal. The site subtotal is then multiplied by a water use factor between one and
three. This factor is based on the number of public and/or domestic water supplies and lawn and garden
wells within 1/4 mile of the site.

Depending on the site rank, the KDHE may direct the responsible party to conduct a site assessment or
an investigation and remediation. The latter would typically be required at sites that are deemed to
provide an unacceptable risk to human health and the environment.

1.3.5 Site Assessment
If required, an investigation may be conducted under one of the scenarios listed below.
e Participation in the Petroleum Storage Tank Release Trust Funds

If an application is submitted to the Petroleum Storage Tank Release Trust Fund reimbursement
program and is approved, the investigation will be conducted as directed by Trust Fund staff in
the KDHE central office. District Office staff will be consulted for information about the site
and the area. Trust fund staff will keep the District Office staff informed of activities being
conducted and the status of the investigation.

e Investigation Through the Federal Leaking Underground Storage Tank (LUST) Program

If the site is not eligible for participation in the Trust Fund, or no application is submitted, the
investigation may be conducted under the federally funded LUST program under the direction of
the LUST Program staff. Note that cost recovery is mandated under the LUST Fund Program.
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District Office staff will be consulted for information about the site and the area. LUST Fund
staff will keep the District Office staff informed of activities being conducted and the status of
the investigation.

e Investigation Without Financial Assistance

The O/O may be required, or may choose, to conduct the investigation without funding
assistance. The investigation and any subsequent activities will be performed as directed by
District Office staff. District Office staff will coordinate all RSK and RBCA activities with
central office staff and keep them informed of the status of the investigation. In order to
maintain consistency in the application of RSK and RBCA throughout the state, central office
staff will have authority for all RSK and RBCA program decisions.

In each case, the objective of site assessment remains the same, i.e., characterization of the source and
soil and groundwater impacts, identification of receptors, assessment of flow direction etc. The
specific activities conducted will be determined on a site-specific basis.

1.3.6 Tier 2 Evaluation

Tier 2 evaluation requires the comparison of maximum soil and groundwater concentrations with Tier 2
RBSLs included in Attachment 1 of the KDHE Corrective Action Policy Manual. Tier 2 evaluations are
valid only for sites where indoor inhalation of vapors from soil or groundwater is not a complete
pathway. For the COCs relevant to the STS, the Tier 2 RBSLs are presented in Section 4. Depending
on the result of the comparison, the responsible party may request no further action from KDHE, adopt
Tier 2 RBSLs as the cleanup levels and develop a corrective action work plan to achieve these levels, or
proceed to a Tier 3A evaluation. Details of this step are discussed in Section 4.

1.3.7 Tier 3A Evaluation

Tier 3A will involve the development (or revision if one is already available) of a site conceptual
exposure model to identify all the receptors and routes of exposure. For the complete routes of
exposure, the responsible party should select the Tier 3A RBSLs from the tables referenced in Section 5.
The RBSLs have to be compared with the representative site concentrations to determine the next course
of action. This comparison may result in a request to KDHE for no further action, adoption of the
RBSLs as cleanup goals and the development of a corrective action plan, or the performance of a Tier
3B evaluation. Details of a Tier 3A evaluation are presented in Section 5.

1.3.8 Collection of Additional Data

Tier 3B evaluation requires site-specific data related to soil, groundwater, receptors, land use and water
use. As a part of this step, the responsible party should evaluate the available data and identify any data
gaps. The responsible party should write a data acquisition plan to collect the necessary data and seek
KDHE’s approval prior to conducting the field work. The specific data to be collected will vary from
site to site depending on the site conceptual exposure model and the available data. Upon completion of
the data collection effort, the responsible party should write a brief report to document the field work
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and use the data to complete a Tier 3B evaluation. Information about data collection is presented in
Section 3.

1.3.9 Tier 3B Evaluation

Tier 3B evaluation involves the development of Tier 3B SSTLs as discussed in Section 6 of this
guidance document. Tier 3B evaluation requires the use of the same models used in Tier 3A evaluation
but allows the use of site-specific data. As part of the Tier 3B evaluation, the Tier 3B SSTLs are
compared to the representative concentrations. Depending on the results of the comparison, the
following three alternatives are possible:

e No further action if the site concentrations do not exceed the Tier 3B SSTL’s,
e Adoption of Tier 3B SSTLs as cleanup levels and the development of a corrective action plan, or
e Request to perform Tier 3C evaluation.

Details of Tier 3B evaluation are presented in Section 6.
1.3.10 Tier 3C Evaluation

Within the KRBCA process, Tier 3C evaluation provides the most flexibility to the responsible party.
Tier 3C will allow the use of any fate and transport model as long as it is technically defensible and
reasonable. Due to the flexibility available in this evaluation, the responsible party may write a work
plan and have it approved prior to initiating a Tier 3C evaluation. The work plan should clearly state the
routes of exposure to be evaluated, chemicals of concern, fate and transport models used, input
parameters, and other relevant information. It is anticipated that very few sites would actually go to a
Tier 3C evaluation. After calculating the Tier 3C SSTLs, the responsible party should compare the
representative concentration with these SSTLs. If the site concentrations are exceeded, the responsible
party should adopt the Tier 3C SSTLs as the cleanup goals. Alternatively, if the representative
concentrations do not exceed the target levels, the responsible party may request site closure. Details of
this step are presented in Section 7.

1.3.11 Development and Implementation of a Corrective Action Plan

The responsible party will develop and implement a corrective action plan in a timely manner and in
accordance with guidance provided by KDHE. A work plan should be developed and approved by
KDHE before initiating the work. The objective of the plan should be to achieve the clean up goals
established based on a Tier 2, Tier 3A or Tier 3B evaluation, in a timely and cost effective manner.
During the implementation phase, sufficient data should be collected to demonstrate the effectiveness of
the plan. Corrective action steps should be taken if performance does not meet the anticipated results.
The specific data to be collected and the reporting requirements would vary with the specifics of the
remedial option and should be clearly documented in the work plan.
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2.0
THE KANSAS RBCA PROCESS

2.1 INTRODUCTION

This chapter defines and outlines the site assessment protocol and requirements for implementing KRBCA
process at confirmed petroleum storage tank release sites in Kansas. This guidance is subject to, and intended
to be consistent with, the rule established under the Kansas Storage Tank Act and Kansas Administrative
Regulations 28-44-12 through 28-44-29. This document emphasizes the collection of the data necessary to
conduct appropriate RBCA evaluations. The investigation process outlined herein is intended to allow
sufficient flexibility for an experienced consultant retained by the O/O to adequately address each release site.
It is ultimately the responsibility of the O/O to complete the required corrective action.

2.2 PURPOSE AND APPLICABILITY OF THIS DOCUMENT

This risk based corrective action program establishes step-by-step procedures to determine:

the type, quality, and quantity of data to be collected;

the need for active remediation;

site target cleanup levels;

criteria for closure of petroleum storage tank release sites;

the appropriateness of monitoring as a site management tool; and
the appropriateness of natural attenuation as a site management tool.

This process shall be applicable to all petroleum storage tank release sites in Kansas regulated under the Kansas
Storage Tank Act.

23 OVERVIEW OF THE KRBCA PROCESS

The Kansas STS RBCA process requires an assessment to evaluate the area which is or may be impacted by a
release. The goal of the assessment is to obtain sufficient data to perform the tier-appropriate risk evaluation
and determine clean up levels. The basic tasks necessary to achieve this goal are:

e identification of the nearest actual or potential receptor(s), all appropriate exposure pathways, and any
immediate and long-term hazards to human health and the environment;

e identification of areas impacted by chemicals of concern (COC) and determination of the COC
concentrations for all appropriate affected media;
delineation of the horizontal and vertical extent of affected media;
installation of appropriate well points where groundwater is impacted; and
identification of any site conditions that could or do control or limit movement of COC through the
affected media.

2.3.1 Work Plan and Preliminary Planning

The success of a subsurface site investigation is directly related to the quality of pre-investigative
planning. A risk assessment requires the identification of receptors, viable exposure pathways, and
transport mechanisms; determination of current and potential future land use; delineation of chemical
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source areas; and quantifying the maximum degree of contamination in all affected media. Preliminary
planning includes preparation of a work plan. For Trust Fund sites, the work plan must be submitted to
the KDHE and approved before conducting intrusive field activities. For other sites, it is recommended
that a work plan be submitted to ensure that the investigation will meet the assessment requirements. At
a minimum, the work plan must include a review of existing facility information, performance of a
receptor survey, development of a site conceptual exposure model, and design of a scope of work for
field activities. Development of the site conceptual model, or understanding of the site, requires the
collection of all available background information and the performance of a receptor survey. It is
essential that the site conceptual model be completed prior to conducting the site investigation and
revised, if appropriate, following the receipt of data.

2.3.2 Review of Existing Facility Information

Regional Geology: Review local and regional geologic and/or hydrogeologic maps, nearby site
assessments and/or investigation reports and any other pertinent publications. These should be used to
determine general soil and lithologic characteristics, regional depth to bedrock, depth to groundwater,
aquifer properties, groundwater gradient, and groundwater flow direction. ldentify any aquifers and/or
surface water bodies serving as sources of drinking water for the area. ldentify and evaluate the use
and/or potential use of the uppermost groundwater zone within 0.25 miles of the source of chemical
release at the facility.

Land Use: Investigate and describe past, current, and potential future uses of the site. ldentify potential
source areas, migration pathways, and receptors. Determine past and current uses of adjacent properties
to identify other potential sources of COC. If an off-site receptor is identified, assessment of the
potential risk must anticipate future land use. Future land use assumptions should be based on current
use, existing zoning, and development trends of adjacent properties. Document any ordinances
preventing or influencing the future installation of water wells at the site or in the surrounding area such
as groundwater protection areas. Identify the current predominant land use of the area as residential,
recreational, agricultural, or undeveloped.

Source History: Knowledge of the tank system layout is critical to a complete investigation of the source
area. Locate current and/or former tank systems and other potential sources such as spills or overfill
incidents, both on and off-site. Inventory control records and tank tightness tests may provide valuable
data in evaluating possible sources. Investigate any previous assessment work, such as tank removal
data, previous site assessments, release investigations and/or remediation activities that may have been
conducted on-site and on adjacent properties. The work plan must include a detailed site map of the
facility, drafted to scale with a scale bar and north arrow. The map should show the locations of any
current or past UST or AST systems, including all tanks, dispensers and piping, and locations and depths
of all utilities on and adjacent to the site.

2.3.3 Performance of a Receptor Survey

Actual and potential receptors and exposure pathways are the justification for setting target cleanup
levels, and it is of critical importance that they be identified. The receptor survey must include both a
records search and a field survey. Water wells must be clearly presented on a vicinity map or a recent
aerial photograph of appropriate scale.
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2.4

Records Search: Obtain a water well records search report from the KDHE Bureau of Water (BOW),
covering a minimum distance of 0.25 miles from the source of contamination. Additional sources of
information on wells include local and county governments, Kansas Geologic Survey publications,
United States Geologic Survey maps, and site visits.

Field Survey: A ground or door to door foot search for water wells must be made within a 500 foot
ratlzlllus of the source of contamination. The field survey must include, but not be limited, to the
following:

e Receptor Identification: Find all water wells. Find all basements if the depth to groundwater is
less than 25 ft below ground surface. Other sensitive receptors, such as surface water bodies,
wildlife sanctuaries, and wetlands must also be identified during the field survey; and

e Migration Pathway ldentification: Determine the location and depth of all subsurface utilities
anI strléctures, especially sanitary sewers, that may serve as preferential migration pathways for
released COC.

If a receptor is identified, the potential for exposure or impact must be evaluated. When the receptor is
off-site, the need for property access must be evaluated. For sites receiving financial assistance from the
Trust Fund, written off-site access must be obtained prior to conducting any intrusive field activities,
such as installing ground water probes or drilling. Immediate action should be taken to protect receptors
known or suspected to be exposed to or impacted by COC. This action may include abatement measures,
provision of an alternative water supply, relocation of residents, or any other action deemed appropriate
for the specific circumstances.

2.3.4 Development of a Site Conceptual Exposure Model (SCEM)

The information obtained during the preliminary planning phase, together with the specified
requirements for a Tier 2 or Tier 3A assessment, is used to develop an initial site conceptual exposure
model (see also Section 3.6 and 4.1). The model is a general understanding, or working hypothesis,
depicting the relationships between the chemical source areas, including impacted soils and groundwater
and non-aqueous phase liquids; transport mechanisms, such as leaching, groundwater flow, and
volatilization; receptors, such as residents, groundwater users, and surface waters; and exposure routes,
such as inhalation, ingestion, and dermal contact. A conceptual exposure model of the site requires a
basic understanding of the following characteristics:

e chemical concentrations and distributions;
e factors affecting chemical transport direction and rate; and
e the potential for chemicals to reach a receptor.

Risk assessment and corrective action decisions must take these characteristics into account. The
conceptual model must be re-evaluated throughout the investigative process and modified if necessary to
reflect known site conditions. The conceptual model must be described in written form and portrayed in
a graphic or tabular format, with appropriate diagrams, maps, and/or cross sections.

DATA COLLECTION ACTIVITIES

2.4.1 Introduction

The scope of work is the plan derived from the conceptual model used to complete the site assessment,
and is developed on a site-by-site basis. For Trust Fund sites, KDHE STS will evaluate individual site
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requirements and determine the maximum number of monitoring wells to be installed at the site. The
consultant will be responsible for determining the exact location of these wells within the limits
specified in Section 2.4.3. For non-Trust Fund sites, the minimum number of wells is specified in
Section 2.4.3, and the O/O will, with their consultant, determine the maximum number of wells to be
installed. All soil borings and monitoring wells must be installed by a Kansas licensed water well
contractor. All drilling activities must be conducted so as to minimize the potential for downward
migration of contaminants. This includes the use of Hollow Stem Augers whenever possible.

To meet the minimum requirements of the RSK and RBCA assessment, the scope of work must
emphasize characterizing the source area, determining the maximum concentrations of the COCs, and
delineating the horizontal and vertical extent of COCs. The plan should include:

appropriate sampling technology/tools and analytical methods;

selecting locations for sampling point;

obtaining off-site access, if necessary;

evaluating the presence of NAPL and/or vapor-phase hydrocarbons; and

surface water or groundwater receptors and determining waste management options.

The site investigation must be guided by the scope of work prepared during the preliminary planning
phase, however, adjustments to the scope of work and modifications to the conceptual exposure model
should be made as data is collected, analyzed, and evaluated during on-going site activities. It is
imperative that the consultant performing the investigation remain flexible during the assessment
procedure and evaluate all site information in the field to determine the next appropriate activity.

2.4.2 Data Collection

Sampling Technology/Tools: KDHE recognizes that both conventional and innovative sampling
technologies can be used effectively during investigations. Site conditions will dictate the appropriate
sampling technology/tools to be used. The assessment process is independent of the selected sampling
technology. Permanent monitoring wells are required when groundwater is impacted. Temporary
groundwater sampling points may be used to select locations for permanent monitoring wells, or to
provide additional information. When determining the appropriate data collection method and sampling
technologies/tool, the following should be considered:

purpose and anticipated scope of the site assessment;
anticipated geologic and hydrologic conditions

known site features and layout;

speed by which samples can be obtained;

urgency of the need for data;

advantage of using a combination of tools;

capabilities, limitations, and cost of each tool;

anticipated chemicals of concern and their concentrations; and
disturbance to current site conditions or operations.

Field screening techniques should always be used during drilling to guide the subsurface assessment and
assist in selection of soil samples to submit for laboratory analysis. All analytical reports submitted to
KDHE must be performed by a laboratory certified by KDHE. Field screening equipment must be
properly calibrated and be appropriate for the COCs at the site. Continuous profiling of the subsurface
and soil vapor field screening should be conducted during drilling and continued until subsurface
conditions are well understood or the total depth of drilling is reached. Soil samples should be collected
at a minimum of every 5 feet of depth drilled to 50 feet, and every 10 feet of depth drilled below 50 feet.
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As the complexity of subsurface conditions increases, the location of field screening data points and
results become more important.

Geologic Descriptions: A continuous soil profile should be developed with detailed lithologic
descriptions using the Unified Soil Classification System. Particular emphasis should be placed on
characteristics such as zones of higher or lesser permeability that appear to control contaminant
migration and distribution, changes in lithology, any observed correlation between soil vapor
concentrations and lithologic zones, obvious areas of soil discoloration, fractures, and other lithologic
characteristics. Soil boring logs must be submitted for each hole drilled at the site. The logs must
denote depth correlated to changes in lithology (with lithologic descriptions), soil vapor analyses,
occurrence of groundwater, total depth and any other pertinent data. When a monitoring well is
installed, as-built diagrams with depth to groundwater denoted must be submitted for each well.
Specific requirements for drilling logs and well construction diagrams for Trust Fund Investigations are
included in the Limited Site Assessment Request for Proposal ( LSA RFP). The KDHE STS encourages
consultants performing non-Trust Fund investigations to follow these requirements.

Sample Selection for Chemicals of Concern in Soil: The vertical and horizontal extent of subsurface
COC must be defined during the site assessment. At a minimum, discrete soil samples must be collected
for laboratory analysis from the following:

e zone of greatest impact above the capillary fringe, based on field screening results; and
e immediately above the saturated zone and
e surficial (0-1 ft bgs) soil if exposure to surface soils is likely.

Additional samples may be necessary to fully characterize the soil COCs distribution and exposure
potential for a Tier 3B or Tier 3C evaluation, or for the development of a remedial action plan.
Additional information on the selection of soil samples for laboratory analysis is included in the LSA
RFP.

Sample Selection for Physical Soil Properties: The sampling plan for measuring soil bulk density,
specific gravity, and fractional organic carbon content should be adequate to determine average soil
properties across the source area. Samples must also be representative of the soils through which the
COCs migrate to reach groundwater. These parameters must be determined on samples not impacted by
the release, particularly in the case of fractional organic carbon content. Consideration must be given to
collecting additional samples if multiple lithologies are present which might affect transport of the
COCs, or if COCs are encountered within multiple lithologies. Default values for physical soil
properties must be used to complete a Tier 2 or Tier 3A evaluation. Site specific physical soil properties
may be used in subsequent tier evaluations as input parameters for contaminant fate and transport
models.

Sample Selection for Chemical of Concern in Surface Water: Appropriate samples should be collected
when COCs migration is known or suspected to affect a surface water body. Sample selection should
consist of sediment and/or water upstream, downstream, and/or radially from the discharge point(s).

Sample Selection for Chemicals of Concern in Groundwater: If the vertical extent of subsurface impact
extends to groundwater, temporary sampling points may be used to screen concentrations in
groundwater and to assist in the selection of locations for permanent monitoring wells. A sufficient
number of monitoring wells, as per KDHE’s direction, should be installed to document COCs migration
and groundwater flow. Well placement and design should consider:

e the concentration of COCs in the source area;
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the proximity to potential or impacted receptors;

the occurrence of non-aqueous phase liquids (NAPLS) at the site;
hydrologic conditions; and

groundwater use.

2.4.3 Monitoring Well Placement

Unless directed otherwise by KDHE STS, under Tier 2 or Tier 3A, the O/O’s consultant must drill and
install a minimum of four (4) monitoring wells. All drilling activities must be conducted so as to
minimize the potential for downward migration of contaminants. These wells shall be located as
follows:

e one well must be installed in the location, usually at the source, where concentrations are
expected to be highest;

e one well must be installed down gradient from the source of the release;

e one well must be installed in a location that will provide data to accurately determine the
groundwater flow direction; and

e one well must be installed in an apparent up-gradient direction from any known potential source
of release at the site.

These well locations may be modified to address site-specific conditions with prior approval from
KDHE or at the direction of KDHE. The point of exposure (POE) well and the point of compliance
(POC) well for the Tier 2 evaluations will be established based on site specific conditions.

If groundwater contamination is encountered, or if investigation beyond a Tier 2 evaluation is required,
selection of additional sampling point locations for both soil and groundwater should consider the
following:

e the source of release(s) or suspected area of major source(s) of COCs;
the location of potential receptors;

e the physical characteristics of the surface and subsurface as determined through previous
investigation or in the preliminary planning phase; and

e contingencies for possible future additional sampling points.

2.4.4 Data Evaluation and Refinement of the Conceptual Model

Data must be interpreted as it is collected during the field investigation. The assimilation and evaluation
of soil and groundwater analytical results, subsurface geologic conditions, groundwater flow direction
and/or other preferential migration pathways is necessary to ensure that adequate data is collected to
completely assess the source area. This evaluation should resolve any data deficiencies and prevent
additional unnecessary field mobilizations. Compilation of data into figures such as site maps and cross-
sections is required to facilitate evaluation of the data and to refine the conceptual model.

Data collected during a site assessment, site investigation and/or other previous assessments or
investigations may be adequate to perform the appropriate tier evaluation for the site. The requirements
to complete a tier appropriate evaluation are:

e determination of actual or potential receptors, exposure pathways and both immediate and long-

term hazards; _ _ _ _
e identification of chemical source areas and maximum concentrations of all affected media;
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2.5

e delineation of the vertical and horizontal extent of affected media exceeding tier appropriate
health-based target levels;

e identification of site conditions which affect or limit chemical movement; and

e adequate tier appropriate monitoring wells when groundwater is affected.

Note that the KDHE STS, for purposes of KRBCA evaluations only, does not consider groundwater to
be usable if yield is below 10 gallons per hour. If the water is being used, it will be considered usable
regardless of flow. This criteria does not apply to risk based evaluations performed for any other
program except the STS.

RECOMMENDED LABORATORY ANALYTICAL METHODS

2.5.1 Introduction

Qualitative field screening methods assist in the assessment process but cannot replace quantitative
analytical methods. The purpose of the analysis will determine the selection of a qualitative or
quantitative method. Numerous data points of a lower quality level may provide a better overall picture
of site conditions than a few data points at a higher data quality level. A combination of data quality
levels, with an appropriate number of data points at each level usually provides the best understanding
of the site. Field screening methods may be sufficient to locate source areas, determine the selection of
samples for laboratory analysis and/or placement of additional sampling points, and determine the extent
of contamination in the subsurface. The relationship between field screening and analytical data is not
necessarily linear and direct correlation may not be possible. Field screening methods must be
augmented by KDHE-approved quantitative analytical methods.

2.5.2 Laboratory Analytical Methods

All quantitative sample analyses required by KDHE must be performed by a laboratory certified by
KDHE. The LSA RFP includes an attachment that lists commonly used EPA analytical methods for the
parameters that may be required. The method to be used for TPH will be specified in the Corrective
Action Policy Manual (Attachment 1) for the sites not in the Trust Fund; note that KDHE does not
certify for TPH methods at this time.

The physical properties of impacted soils affect fate and transport of the COC. In order to evaluate the
potential for cross-media partitioning and chemical transport through the subsurface, soil samples should
be collected for the following physical property analyses:

dry bulk density of the unsaturated zone;

porosity of the unsaturated zone;

volumetric water content of the unsaturated zone;

fraction of organic carbon content of the unsaturated zone;
hydraulic conductivity of the saturated zone.

Soil samples collected to determine physical properties must be collected from a zone that is similar to
the zone of probable chemical migration but located in an area that has not been impacted by any
released substance. Every attempt must be made to obtain an undisturbed soil sample though the use of
appropriate sampling tools such as a Shelby tube or split spoon sampler.

Dry Bulk Density (gm/cc)
ASTM Method D2937
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This method involves collecting a core of a known volume of soil and transporting the core to the
laboratory for measurement. Accurate measurement of bulk density requires weighing the know volume
of soil, i.e. determining both the weight and volume of an undisturbed sample. A thin-walled sampler
should be used to minimize disturbance of the soil sample during collection.

Porosity (cc/cc-soil)
No KDHE recommended Method

Many laboratories use dry bulk density and specific gravity data to determine porosity using the
following derivation:

Py
n= l = Ps
where,
n = porosity (cc/cc)
Py = dry bulk density (gm of dry soil/cc of soil)
Ps = specific gravity or particle density (gm/cc)

Specific gravity or particle density determined using ASTM Method D854.
Volumetric Water Content/Moisture Content (cc/cc):
ASTM Method D2216

This is a gravimetric oven drying method. Because the water content value used in most models is the
volumetric water content, a conversion may be necessary and can be performed as follows:

OW\/:Owg X (Pb/P|)

where,

Ow = volumetric water content (cc water / cc soil)
Owg = gravimetric water content (gm water /gm soil)
Pp = dry bulk density (gm of dry soil/cc of soil)

P = density of water (gm/cc)

Fraction Organic Carbon Content in Soil (gc/gs)

ASTM Method D2974

Results should be presented as Total Organic Matter and Total Organic Carbon. ASTM Method D2974
generally reports Total Organic Matter. The Total Organic Matter value must be divided by 1.724 to
arrive at percent or Total Organic Carbon content.

Hydraulic Conductivity (cm/sec)

Aquifer Pumping Test
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This method involves pumping groundwater at a steady rate from a well and measuring water level
changes (aquifer response) over time in the pumped well and nearby observation wells. The rate of
drawdown and recovery of water levels, once pumping has ceased, can be used to determine hydraulic
conductivity. This test provides an estimate of the average conditions near the test and observation
wells. Since this is a time consuming and “expensive” test, it is recommended primarily in situations
where a pump and treat or an interceptor trench type remediation system is necessary.

ASTM Method D5084

This method is the “Standard Test Method for Measurement of Hydraulic Conductivity of Saturated
Porous Materials Using a Flexible Wall Permeameter”and should be used with undisturbed samples that
are estimated to have a hydraulic conductivity of less than or equal to 1E-03 cm/sec.

ASTM Method D2434

This method is the “Standard Test Method for Permeability of Granular Soils (Constant Head)” and
should be used for soils with hydraulic conductivity greater than 1E-03 cm/sec.

ASTM Method D422, Grain Size Distribution

Under certain circumstances KDHE may direct the O/O to use an alternative method for determining the
hydraulic conductivity. One of these alternatives would be to perform a sieve test and estimate the
hydraulic conductivity based on grain size distribution for the soil sample. Refer to “Correlation of
Permeability and Grain Size” (Russell G. Shepherd, 1989).

EPA 9100.3, Slug or Bail-down Tests

Slug tests to determine hydraulic conductivity are not recommended where a monitoring well is installed
such that the screened interval intersects the water table. The hydraulic characteristics of the sand pack
in a well constructed in this manner can significantly influence the results of the tests because the initial
results after a slug is added or removed from the well reflect the characteristics of the sand pack, not the
formation. Where the screened interval of a monitoring well is submerged below the water table and
intersects the lithology of concern, the well may be suitable for slug tests. However, under these
circumstances the results should still be carefully reviewed.
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3.0
RISK-BASED EVALUATION: GENERAL CONSIDERATIONS

3.1 INTRODUCTION

A risk-based evaluation requires consideration of the relevant COCs and their properties, current and future land
use, receptors, exposure pathways, target risk levels, target cleanup levels, and other factors. Several of these
issues are common to all the Tiers and are discussed below.

3.2 CHEMICALS OF CONCERN

As mentioned in Section 1.1, KDHE Storage Tank Section is responsible for ensuring the cleanup of petroleum
storage tank releases including, but not limited to, the following petroleum products:

Gasoline Fuel Oil Jet Fuel
Kerosene Diesel Used Oil

Each of these products is a complex mixture of numerous hydrocarbon compounds and additives, such as anti-
knock agents, corrosion inhibitors, and anti-oxidants. No unique composition exists for any of these products.
The actual composition of the product being addressed varies depending on the original source, age,
temperature, and other factors and conditions. KDHE has identified a limited set of key components for each
type of product that pose the majority of the risk associated with that product. These COCs will determine the
scope of the KRBCA evaluation. Other chemicals may be added to the list as new data on toxicity becomes
available.

The behavior of these products, and their toxic effects, depend on the physical and chemical properties of the
individual constituents, their concentrations, and the characteristics, including the presence of other
contaminants in the environment in which they are located. For some sites it may also be necessary to consider
other constituents of the released product. In such situations, KDHE may require sampling for additional
chemicals of concern.

Depending on the product spilled, it will be necessary to sample the soil and groundwater for the COCs
identified in Table 3-1, and develop target levels for the specified COCs. The development of target levels is
presented in Section 3.7. For Tier 2 and Tier 3A evaluations, risk based screening levels (RBSLs) have been
calculated by KDHE and are discussed in Sections 4 through 7. For Tier 3B and Tier 3C evaluations, site
specific target levels (SSTLs) will have to be developed for each COC and each complete route of exposure as
discussed in Sections 6 and 7.

3.3 LAND USE

This section describes the role of land use in the KRBCA process. The KRBCA process is used to determine
whether or not acceptable levels of risk exist at a petroleum storage tank release site for any current or likely
future uses of the site and surrounding area. The use of a site and surrounding area affects the activities which
occur on the site and also determines the potential for exposures consistent with these activities.

The terms “activity” and “use” describe site-specific attributes that affect exposure to human or environmental
receptors. For the purpose of this document, “use” refers to the land itself, and is generally a broader term than
“activity”. The terms residential, commercial and industrial describe site use. “Activity” describes actions
which, when engaged in by a receptor at a site, could potentially affect the nature and types of exposure.
Activities would include such actions as fishing, swimming and construction.
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In order to adequately evaluate exposure, a risk assessment must identify and describe the activities and uses
associated with the impacted site and the surrounding environment. Information about the current and
foreseeable uses of the site is necessary to identify exposure points, exposure pathways, receptors, and to ensure
that the risk assessment decisions are protective of future resources. The exposures to be considered in a human
health or environmental risk assessment will depend upon the activities which could occur under the current and
likely future uses of the land and groundwater at the site.

There is little ambiguity about current use, which can be observed and documented under actual circumstances.
Future use, however, is hypothetical; it has not yet occurred, and may be changed or avoided by institutional
controls or other means. Current uses and activities must be identified and evaluated relative to the protection
of present receptors. Likely future uses and activities must be identified based on local zoning ordinances,
current land use, knowledge of changing land use patterns, and any other relevant factors, and must protect
against potential future exposures.

3.4 RECEPTORS

The objective of risk assessment is to quantify the adverse health effects of the COC on current as well as likely
future receptors. For human health risk assessment, the receptors to be considered include persons who live
within 500 feet of the site or 100 feet from the contaminant plume if the plume is greater than 500 feet in length
and/or width. A distance of 500 feet is selected because historic data indicates that COC plumes at leaking
petroleum storage tank sites do not usually exceed 500 feet. For residential receptors, risk to both adults and
children should be evaluated. Risk to adults who work in the area as industrial or commercial workers should
be evaluated. Additional, risks to construction workers should also be considered. Thus, the receptors of
concern for human health risk assessment include:

Residential - Adult Commercial/Industrial Worker
Residential - Child Construction Worker

Each of these receptors may be exposed to site specific chemicals by several routes of exposure as discussed in
Section 3.5.

3.5 EXPOSURE ROUTES

An adverse health effect cannot occur unless a receptor is exposed to a chemical. KDHE STS has identified the
following as the most commonly encountered routes of exposure:

For surface soil (0 - 1 ft bgs)

e leaching to groundwater followed by potential ingestion of groundwater; and
e ingestion of soil, dermal contact with soil, and outdoor inhalation of volatile and particulate emissions.

Exposure by leaching to groundwater followed by potential ingestion of groundwater must always be evaluated.
The other routes of exposure associated with surficial soil may not need to be evaluated if the site is paved and
the pavement is likely to stay in good condition or surficial soils are not impacted.

For subsurface soil (1 ft bgs to water table)

e indoor inhalation of volatile emissions;
e leaching to groundwater followed by potential migration of groundwater; and
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e ingestion of soil, inhalation of vapors and particulates from soil emissions, and dermal contact with soil
(construction workers only).

For purposes of KRBCA, KDHE STS has assumed that construction workers will not be working at depths
greater than 10 feet below ground surface, and therefore, only contaminated subsurface soil to 10 feet below
ground surface needs to be evaluated as a route of exposure for construction workers. Note for the construction
worker, no distinction is made between the surface and subsurface soil.

For groundwater:

e ingestion of water at the most reasonable point of exposure; and
¢ indoor inhalation of volatile emissions.

Indoor inhalation pathway may not be evaluated where the depth to groundwater or the top of the contaminated
soil is more than 15 feet below the bottom of the structure and there is no separate phase product in the soil or
above the water table. Each of these routes of exposure for soil and groundwater must be considered.
Depending on land and groundwater use, some of these routes of exposure may be incomplete and need not be
included in risk calculations.

Different receptors may be exposed by the same route of exposure. For example, a groundwater plume may
have migrated below an on-site commercial building and an off-site residential building. Thus both the on-site
commercial worker and the off-site resident are exposed by indoor inhalation. In this case the risk by indoor
inhalation has to be evaluated for both receptors.

At sites where other routes are considered significant, such as the ingestion of produce grown in impacted soils,
or exposure routes related to the use of impacted water for irrigation, the KDHE should be contacted for
additional guidance.

3.6 SITE CONCEPTUAL EXPOSURE MODELS

For a Tier 2 and Tier 3 analysis, the user must conduct a qualitative evaluation to determine the mechanisms by
which chemicals of concern will move from an affected source medium to the exposure point where contact
with the receptor occurs. As discussed in Section 4, Tier 2 focuses on a few complete routes of exposure and is
applicable to sites where only the selected routes of exposure are complete. If this migration or contact is not
possible under current and likely future conditions, the site-specific chemicals cannot pose a risk. Factors that
could prevent migration or contact are: engineering controls such as paving that prevents human contact with
impacted soil, and owner imposed institutional controls such as deed restrictions that restrict activities that can
be conducted on the property. This qualitative evaluation is facilitated by developing site conceptual exposure
models as discussed below.

3.6.1 Development of Site Conceptual Exposure Models

Site Conceptual Exposure Models (SCEMs) identify the factors and their interactions that could result in
the human uptake of harmful chemicals. These factors include the chemicals released from the source,
the media of concern, and potential receptors. The SCEM identifies potential receptors, pathways by
which chemicals migrate from the source to each receptor, and the routes of exposure associated with
each pathway for each receptor.

The development of a SCEM is required for all the tiers. At most sites, two SCEMSs should be

developed; one for current site conditions and one for likely future site conditions. In some cases,
additional SCEMs may be developed for short term current or future activities, during which different
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receptors may be exposed for a short duration. An example of a likely future short-term activity would
be the “future construction scenario” in which the construction worker would be the primary receptor.

By way of illustration, Figure 3-2 shows the SCEM for (future conditions) an inactive fenced gas station
located in an area of mixed residential and commercial land use. Investigation revealed that the shallow
water bearing zone is located at a depth of 8 feet, has very low yield and hence cannot be developed for
use. Shallow impacted groundwater contamination has traveled off-site below residential property.

Because the site is located in a mixed land use area, the most conservative future use of the site is
residential. The complete routes of exposure include:

On-Site Receptors: Residents

Current Conditions:

The site is vacant and fenced, hence there are no on-site receptors for current conditions.

Future Conditions:

e Indoor inhalation from groundwater _

e Indoor inhalation from contaminated subsurface soil _ _

e Dermal contact, ingestion of surface soil, and outdoor inhalation of vapors and particulates from
surficial soil

Off-Site Receptors: Residents

Current & Future Conditions:

e indoor inhalation of vapors from groundwater

Additionally, the risk to construction worker from the following three pathways should be
evaluated;

e Dermal contact, ingestion and outdoor inhalation of vapors from soil

Please note, the groundwater protection pathway is always complete. Therefore the leaching to
groundwater from surficial and subsurface soils and point of compliance concentrations must also be
evaluated.

If the property owner elects to use institutional controls, such as, the property will be used for
commercial purposes only, KDHE STS will evaluate the risk assessment based on future on-site
commercial use.

A SCEM must be presented in either graphical or tabular format. In either case the objective is to
identify the complete pathways and routes of exposure.

It is important to document the evaluation of all source-pathway-receptor-route combinations. The
rationale for combinations considered complete must be given. Combinations that are being eliminated
must be clearly stated, and the rationale for eliminating them given. The final list of selected
combinations should be clearly summarized. This will facilitate review by KDHE STS and any other
interested party.

RBCA Manual, Version 6, July 2011 19



3.6.2 Point of Exposure

When developing the SCEM, it is important to specify the point of exposure (POE) for each receptor
and for each route of exposure. The closer the point of exposure is to the site, the lower the risk based
target concentrations will be.

For the groundwater pathway, the POE is the location or point, such as a drinking water well or spring,
where the receptor comes in contact with the chemical of concern. The nearest current and likely future
location of a drinking water well is determined based on site-specific conditions. For example, if a site
is surrounded by a residential area, a neighbor could drill a drinking water well at the property boundary.
In this situation the property boundary should be used as the potential point of exposure. If there is a
wide, busy street located adjacent to the site, however, it is unlikely that a drinking water well would be
drilled at the property boundary. The nearest POE for groundwater in that direction would then be a
well located on the other side of the street. In no instance will the POE be located greater than 500 feet
from the source.

The location of the critical or nearest POE at sites that do not meet the above descriptions will be based
on site-specific considerations including but not limited to:

e any federal, state, county, city or municipal restrictions on drilling wells;

o water well completion details, e.g. depth of the screened interval in existing water wells relative
to shallow water bearing vs. deeper aquifers, and well construction technique;

existing drinking water well locations;

structural features that might restrict future drilling of a drinking water well, such as a major
highway or a building;

the history of groundwater use in the site vicinity;

the source of water, such as private or public water supplies, for the area;

contact between groundwater and surface water bodies in the area; and

lack of usable quantities of groundwater

The location of the POE must be established and agreed upon up front with KDHE to avoid unnecessary
interations in completion of the KRBCA evaluation. Acceptable concentrations at the point of exposure
(i.e. the MCL values) are used to back calculate the acceptable soil concentrations at the source and
acceptable concentrations in the compliance well (see Sections 3.7 and 3.8).

3.7 CALCULATION OF RISK BASED TARGET LEVELS

As part of the KRBCA evaluation, risk based target levels have to be developed (Tier 3B & 3C evaluation) for
all the relevant receptors and complete routes of exposure. For example, at a site where the groundwater plume
is located below a commercial building and has migrated off-site below residences, groundwater concentrations
protective of indoor inhalation for an on-site commercial worker will be applicable for the on-site plume
whereas concentrations protective of a resident will be applicable to the off-site plume.

For Tier 2 and Tier 3A evaluations, the RBSLs have been calculated by the KDHE for each of the COCs (refer
to Sections 4 and 5), and relevant routes of exposure using conservative assumptions. These RBSLs are
presented in Tables 4-1 and 5-1(a-d) respectively. Thus for Tiers 2 and 3A, the risk evaluator has to select
RBSLs from these tables and compare them with representative concentrations for complete routes of exposure.
For Tier 3B evaluations, SSTLs have to be calculated using the models used for developing the Tier 3A RBSLs
using site-specific data. For Tier 3B evaluations, the O/O may use any publically available, technically
defensible models based on a work-plan pre-approved by KDHE.
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The calculation of RBSLs and SSTLs require quantitative values of (i) target risk, (ii) chemical specific toxicity
factors, (iii) receptor-specific exposure factors, (iv) fate and transport parameters, (v) physical and chemical
properties of the COCs, and (vi) mathematical models. Each of these factors is discussed below.

3.7.1 Target Risk Levels

A risk-based decision making process requires the specification of a target risk level for both
carcinogenic and non-carcinogenic adverse health effects. For carcinogenic effects the KDHE Storage
Tank Section will use an individual excess lifetime cancer risk (IELCR) of 1x107 as the target risk for
both current and future receptors. For non-carcinogenic effects, the acceptable level is a hazard quotient
of unity (1) for current and future receptors.

The target risk level of 1x10™ was selected in the KRBCA process for several reasons. Risk level of
1x10° is within the I’ISk range for carcinogens (1x10™* to 1x10°) generally used to evaluate CERCLA
actions. The 1x107° level is protective based on the overall generally conservative nature of the
exposure scenarios used in the KRBCA process and the underlying health criteria. Evidence is available
that shows petroleum constituents in soil and groundwater are subject to natural attenuation processes
which continue to reduce the concentrations of COC over time. At most UST sites the risk of exposure
to unacceptable concentration levels (except for new releases) should reduce.

The KRBCA process utilizes one target risk level (1x10°), rather than a range, as an effort to streamline
the decision making process and remain protective of human health and the environment. While the
selection of one target risk level removes some of the flexibility of having a target risk range, utilizing
one target risk level is a key component of streamlining the KRBCA process and providing a level of
cleanup consistency in regards to risk level.

While this target risk level is being utilized in the KRBCA process, other KDHE programs such as the
RCRA or CERCLA programs may utilize a range of target risk levels. The use of any target risk level
in risk based decision making within those programs must be acceptable to the respective KDHE
program administrators.

Since there are a limited number of COCs at most regulated UST release sites and the KRBCA process
uses conservative exposure values, the KDHE will not require the estimation of cumulative risk or the
hazard index (sum of hazard quotients). Thus, the risk and hazard quotient from different chemicals will
not be added. Likewise, risk and hazard quotients from different routes of exposure will not be added
except for the routes of exposure associated with the surface soil.

For the ingestion of groundwater (shallow as well as deep), the above target risk and hazard quotient
values are not required. Instead, the chemical-specific concentrations at the POE should not exceed the
MCLs or health advisories (e.g. for MtBE). Concentrations at the POE can be determined either by site-
specific sampling or by using a fate and transport model. If the concentrations currently exceed the
MCL or are likely to exceed the MCL at the POE, compliance monitoring, at a minimum, will be
required. For chemicals that do not have MCLs, target POE concentrations will be calculated assuming
ingestion of water by an adult resident.

3.7.2 Quantitative Toxicity Factors
The toxicity of chemicals is quantified using slope factors (or potency value) for chemicals with

carcinogenic adverse health effects. For chemicals that cause non-carcinogenic adverse health effects,
toxicity is typically quantified by reference dose or reference concentrations. One of the most reliable
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sources of information for toxicity factors is the U.S. EPA database called Integrated Risk Information
System (IRIS).

Toxicity values for the COCs are presented in Table 3-2. The KDHE recommends that the most recent
toxicity values recommended by the USEPA be used for KRBCA evaluations. As of the publication of
this document, the values listed in Table 3-2 represent the most recent values and should be used for
both Tier 2, Tier 3A and Tier 3B evaluations. Typically, these toxicity values will also be used for Tier
3C evaluations.

To check the current toxicity values, an KRBCA evaluator should consult the following sources in the
order listed:

e state recommended values;

e Integrated Risk Information System (IRIS);

e Agency for Toxic Substance and Disease Registry (ATSDR);

e direct communication with the appropriate USEPA personnel, and

o review of literature by qualified professionals to develop toxicity factors. Consult the appropriate
Regional U.S. EPA Office for specific recommendations.

3.7.3 Exposure Factors

Exposure factors describe the physiological and behavioral factors of the receptor. These include factors
such as the body weight, body surface area, air inhalation rates, water ingestion rate, etc. Default
exposure factors to be used for Tier 3A and Tier 3B evaluation are presented in Table 3-4. The exposure
factors are typically estimated based on literature and site-specific measurements are not conducted. For
a Tier 3C evaluation, site-specific values of the exposure factors, other than default values, may be used
if they can be justified. An excellent source of information is the recently published U.S. EPA’s
Exposure Factors Handbook Volume | - General Factors (August 1997) and the companion document
entitled Socio-demographic Data Used for Identifying Potentially Highly Exposed Populations
(September 1999).

3.7.4 Fate and Transport Parameters

Fate and transport parameters are necessary to estimate the target levels for the indirect routes of
exposure. These factors characterize the soil, groundwater, infiltration rate, and ventilation rates in
buildings at a site. For Tier 2 and 3A evaluations, the KDHE has selected generic conservative default
values that are listed in Table 3-5. For a Tier 3B evaluation, a combination of site-specific and generic
values for these parameters may be used. However the value of each parameter used must be justified
based on site-specific conditions. For Tier 3C evaluation, the specific fate and transport parameters
required to compute the target levels will depend on the choice of models. A brief discussion of some of
these parameters is presented below.

Indoor and QOutdoor Inhalation: the fate and transport models used to estimate volatile emissions from
soil and groundwater require information about the soils in the vadose zone, capillary fringe, and sub-
foundation soils. The specific parameters required include:

soil bulk density for the vadose zone and the capillary fringe;

organic carbon content in the vadose zone and the capillary fringe;

porosity in the vadose zone, capillary fringe, and soils in cracks;

volumetric water content in the vadose zone, capillary fringe, and soils in cracks; and
air content in the vadose zone, capillary fringe, and the soils in cracks.
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The method used to measure these parameters is discussed in Section 2.5. It is important to note that the
sum of the water content and the air content must equal the porosity.

Tier 3A assumes that the values of these properties in the vadose zone and the soil in cracks are
identical. The organic carbon content and the porosity of the capillary fringe are assumed to be the same
as in the vadose zone. Further, the water content in the capillary fringe is assumed to be 90% of the
porosity.

The depth to groundwater should equal the sum of the thickness of the vadose zone and the capillary
fringe. Where the depth to groundwater as measured in monitoring wells fluctuates, the average depth
to groundwater should be used in the KRBCA calculations. The thickness of the capillary fringe
depends on the soil grain size and is typically estimated based on literature values.

Several other parameters are required to estimate the risk based levels for indoor and outdoor inhalation.
These include:

e enclosed space volume to infiltration area, typically equal to the height of the first floor,
e wind speed, and
e size of the surface soil source.

The air exchange rate in the building depends on the construction of the building. Default values listed
in Table 3-5 may be used for Tier 3A as well as Tier 3B evaluation. Literature values may be obtained
by researching architectural and building design publications.

Protection of Groundwater: Several fate and transport parameters are required to estimate the soil
source concentration protective of the groundwater and to estimate the target compliance well
concentration. These include:

e The areal dimensions of the soil source. Source dimensions include the length and width of the
soil source as shown in Figure 3-3. These dimensions are estimated based on the site
characterization data and should represent the most contaminated portion of the site. At sites
where there are multiple sources, it may be appropriate to define more than one soil source. In
the KRBCA process, it is conservatively assumed that the contaminants travel vertically
downwards to the water table without any lateral dispersion. Therefore, the areal dimensions of
the groundwater source are the same as the soil source dimensions. For Tier 3A and Tier 3B
evaluation, the thickness of the groundwater source or the mixing zone thickness is assumed to
be 200 cm. Analytical equations to estimate the thickness may be used for Tier 3C evaluation.

e Soil properties representative of the soil source include the organic carbon content, porosity,
water content, and air content. The soil properties in the soil source zone may differ from those
of the vadose zone. The KRBCA process assumes that values representative of the vadose zone
are also representative of the soil source zone. For Tier 3A evaluation, the organic carbon
content of the soil source and the saturated zone are assumed the same.

e Distance to the POE (section 3.6.2) and compliance well.
3.7.5 Mathematical Models

Two types of models or equations, namely (i) the uptake equations, and (ii) the fate and transport models
are required to calculate the target levels. For Tier 3A and Tier 3B evaluations, the KDHE has selected
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specific models and equations. These models have been programmed in the KRBCA Computational
Software and were used to develop the Tier 3A target levels presented in Section 5. For Tier 3B
evaluations, KDHE requires the use of these equations and models. The user is free to select any
software that includes the parameters and models presented above. With the prior approval of the
KDHE, a different set of models may be used for Tier 3C evaluations.

3.8 ESTIMATING COMPLIANCE WELL CONCENTRATION

The KDHE may require compliance well (CW) monitoring to confirm that the concentrations at the POE do not
exceed the target levels in the groundwater or in a stream if applicable. Monitoring will be continued until the
concentrations in the compliance wells stabilize below the calculated compliance well target levels.

The compliance well target concentrations can be estimated using the following relationship:

Cewtarget = Cewtarget X (DAFpoe / DAFcw) (3.1)
where,

Target concentration in compliance well (mg/L)

CCWtarget

Cewnarget = Target concentration in the exposure well (groundwater standard) or in the water discharging to the
stream (mg/L)

DAFpoe = Dilution attenuation factor for the distance from the source to the exposure well or the point where

the plume discharges into the stream [(mg/L) / (mg/L)]

DAFcw = Dilution attenuation factor to the compliance well from the source well [(mg/L) / (mg/L)]

In Equation 3-1, the DAFs represent the reduction in concentration as the chemical of concern travels from the
source to the POE or the CW. This reduction in concentration is due to the combined effect of several factors
including advection, diffusion, dispersion, dilution, adsorption, and biochemical processes. In general there are
two ways to estimate the DAFs. First by using a fate and transport model that can predict the concentration at
the POE or CW relative to the concentration at the source. Second, by calculating the ratio of the measured
concentration at the source well and the POE or CW. The second method can be used only at sites where the
plume is stable and sufficient groundwater monitoring data are available.

For Tier 3A evaluation, Table 5-3 lists the dilution attenuation factors (DAFs) that should be used to estimate
the compliance point target concentration. Tier 3A DAFs were estimated using the Domenico’s model
(Appendix A). For Tier 3B and Tier 3C evaluation, site-specific DAFs may be calculated using site-specific
data or a fate and transport model implemented using site-specific data.

An example calculation is presented below:

The compliance well target concentration for a POE at 500 feet from the source and the compliance
W(Ialll located at 300 feet from the source, i.e., 200 feet upgradient from the POE, is estimated as
follows:

Cewtarget = Cewtarget X (DAFs00 / DAFs00)

where,
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Ccwtarget = Target concentration in compliance well (mg/L)

Target concentration in the exposure well (groundwater standard) or in the water discharging to the
stream (mg/L)

C EWtarget

DAFpoe = Dilution attenuation factor to the exposure well located at 500 feet from the source [(mg/L) /
(mg/L)]

DAFcw = Dilution attenuation factor to the compliance well located at 300 feet from the source [(mg/L) /
(mg/L)]
For Benzene, using the DAF’s from Table 5-3,
Cewtarget = (.0005) x (63.4 / 23.2)

The calculated target compliance well concentrations of 0.0137 mg/L will be used to establish compliance point
monitoring requirements. Note target concentrations in a compliance well would typically exceed the target
levels in an exposure well.

An identical procedure can be used to develop comPIiance well target concentrations for the protection of
surface waters. At sites where the compliance well concentrations are exceeded, the KDHE may require
continued monitoring or remediation until the concentrations stabilize below the calculated target level.

3.9 PROTECTION OF DEEPER GROUNDWATER

While performing KRBCA evaluations the potential impacts to deeper aquifers must also be evaluated. In some
cases, qualitative evaluation based on the vertical flow gradients may be sufficient, however in other cases,
qugntltatlve evaluation of potential vertical migration of COCs may be necessary. Such cases will be evaluated
under Tier 3C.

3.10 ECOLOGICAL EXPOSURE

Ecological exposures to wetlands, sensitive environments, or threatened and/or endangered species should be
thoroughly evaluated. Where an ecological threat exists due to a release, an ecological evaluation should be
performed as part of a Tier 3C evaluation. Note, within the KRBCA framework, protection of a stream, as
discussed in Section 3.11 is considered independent of the ecolo?ical risk evaluation. Depending on the
ecological risk issues at a site, KDHE may require a detailed work plan to evaluate ecological risks prior to the
actual tier evaluation.

3.11 ESTIMATING IMPACTS TO SURFACE WATERS

Appropriate samples should be collected when COC migration is known or suspected to affect a surface water
body. Sample collection may consist of sediment and/or water upstream, downstream, and/or radially from the
discharge point. KDHE will determine the sampling plan on a site by site basis.

3.12 MANAGEMENT AND CONTROL OF NUISANCE CONDITIONS

The Tier 3A RBSLs and Tier 3B SSTLs are based on the protection of human health due to chronic exposure to
the COC that are the most toxic constituents of petroleum products. Other constituents, however, may result in
objectionable nuisance conditions. It is important to confirm that no nuisance conditions, such as odor, staining
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of soil, or other visual impacts are present on-site. KDHE STS may deny site closure if such nuisance
conditions exist, even if the site concentrations are below the RBSLs or SSTLs.

Nuisance conditions are difficult to define and measure. The presence of nuisance conditions will be
determined on a site-by-site basis by KDHE, and will consider observations by KDHE staff, comments and
complaints by neighbors or local officials, and any other applicable information.

3.13 DOCUMENTATION OF KRBCA EVALUATION

3.13.1 Tier 2, Tier 3A and 3B Evaluations

KDHE has developed a standardized reporting format for Tier 2, Tier 3A and Tier 3B RBCA
evaluations. Tier 3B evaluations will be conducted using site-specific data to replace default values in
the fate and transport models.

3.13.3 Tier 3C Evaluations

The documentation of Tier 3C KRBCA evaluations should be clear and precise. A discussion of each of
the steps required to conduct the evaluation, as outlined in Section 6.0 of this guidance document,
?hourlld ge included. Emphasis should be placed on identifying the decisions made, and the justification
or the decisions.

3.14 COMPUTATIONAL ASPECTS OF KRBCA EVALUATION

To develop the Tier 3A RBSLs presented in this document, KDHE used an excel based software developed by
Risk Assessment & Management Group, Inc. This software will be used to develop Tier 3B SSTLs as well as
to check the accuracy of calculations submitted to KDHE.

To develop the SSTLs, the responsible party or their consultant may choose any computational tool, subject to
KDHE STS pre-approval. Tools must have been peer-reviewed, and justification for selection of the tool must
be provided. A licensed copy of the tool and any related information must be provided if requested by KDHE.
The report must state the computational tool chosen and give references documenting its successful use in
similar situations. Alternatively, the O/O may purchase the KRBCA software from Risk Assessment and
Management Group, Inc. (713-784-5151: asalhotra@ramgp.com).

Use and/or development of any software that has not been pre-approved will not be reimbursable under the
Trust Fund program.
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4.1

4.0
TIER 2 EVALUATION

OVERVIEW

Tier 2 entails the comparison of site concentrations with the Tier 2 RBSL values developed by KDHE and
presented in Table 4.1. The steps required to perform a Tier 2 evaluation include the following:

Development of a site conceptual exposure model (SCEM)
Selection of relevant Tier 2 RBSLs

Comparison of the RBSLs with maximum site concentrations
Selection of the next course of action

Each of these steps is discussed below.

4.1.1 Development of a Site Conceptual Exposure Model

The development of a SCEM has been discussed in Section 3.6. The SCEM must be developed for
current and likely future site conditions, and will result in a matrix identifying complete pathways and
routes of exposure. Each complete pathway and each route of exposure should be quantitatively
addressed as discussed below. The complete pathways and routes of exposure should be clearly
documented in the KRBCA report.

4.1.2 Selection of Relevant Tier 2 RBSLs

Table 4-1 lists the Tier 2 soil and groundwater target levels for the COCs. These values are identical to
the Tier 2 values presented in Attachments 1 & 2 of the KDHE Corrective Action Policy Manual. The
Tier 2 values were derived for the following routes of exposure for a commercial and residential
receptor:

ingestion of water;

indoor inhalation of volatile emissions from indoor water use;
dermal contact with water during bathing;

Ingestion of soil;

dermal contact with soil; and

outdoor inhalation of soil.

For detailed discussion of the derivation of these values, refer to the March 1, 2003 RSK Manual.

If the SCEM developed in 4.1.1 includes any other routes of exposure (e.g. indoor inhalation of vapors
from soil or ground water), then Tier 2 evaluation is not valid and the KRBCA process should proceed
to Section 5.0. If no other routes of exposure are complete, Tier 2 target levels should be selected from
Table 4-1. There are no RBSL’s for Tier 3A for TPH in groundwater. If TPH in groundwater is the
only COC to exceed Tier 2 levels the site cannot be automatically closed by performing a Tier 3A
eva:uation. The KDHE should be advised of this situation and consulted prior to performing a Tier 3A
evaluation.

4.1.3 Comparison of RBSLs With Maximum Site Concentration

KDHE requires that the maximum soil or groundwater concentrations measured at the site be compared
with the Tier 2 RBSLs. Depending on the results of the comparison, the responsible party should
identify the next course of action as discussed in Section 4.1.4.

4.1.4 Selection of the Next Course of Action
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The KDHE may issue a closure letter if the site concentrations:

meet the criteria established in Section 4.1.2;

no nuisance conditions exist at the site;

separate phase product has been removed to the maximum extent practicable;
the KDHE agrees with the overall Tier 2 evaluation; and

historic data indicates that the plume is stable or decreasing.

If the site concentrations exceed the Tier 2 RBSL’s, the following two alternatives are available:

Alternative 1: Remediation to Tier 2 Values. The O/O may elect to develop a corrective action
plan to remediate the site to Tier 2 RBSLs. The corrective action plan must be
approved by KDHE. The plan would have to meet the requirements of K.A.R 28-
44-25 and the guidance presented in the Limited Site Assessment (Revision 6),
08/2001, Request for Proposal document.

Alternative 2: Selection of Tier 3A Analysis. The O/O conducts a Tier 3A evaluation. Details of
the Tier 3A evaluation are discussed in Section 5.

The O/O should carefully review the site conditions and Eropose one of the two alternatives
listed above. The selection of Alternative 1 or 2 will most likely be based on technical feasibility
and cost-benefit considerations. For example, where the cost of cleanup is low (relative to the
cost of additional analysis under Tier 3A evaluation), it may be most expeditious to adopt the
Tier 2 RBSLs as the cleanup levels.
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5.0
TIER 3A EVALUATION

The Tier 3A evaluation requires the comparison of site-specific representative soil and groundwater
concentrations with the KDHE established Tier 3A RBSLs. A Tier 3A evaluation requires the following steps:

Characterization and Prioritization of the site;

Development of site conceptual exposure model;

Selection of relevant RBSLs from the Tier 3A look-up table for the relevant COCs and complete
routes of exposure;

Comparison of the RBSLs with the site-specific representative concentrations for the completed
pathways; and

e Recommendations for the next course of action.

5.1 SITE CHARACTERIZATION

A site characterization is necessary prior to the performance of a Tier 3A evaluation. Sufficient data related to
land use, chemicals of concern, soil and groundwater impacts is necessary. Details of the site characterization
step have been discussed in Section 2.

5.2 DEVELOPMENT OF A SITE CONCEPTUAL EXPOSURE MODEL

The development of a SCEM has been described in Section 3.6. This step includes the location of the nearest
POE as per Section 3.6.2.

5.3 SELECTION OF RELEVANT TIER 3A RISK BASED SCREENING LEVELS

For each complete exposure pathway identified in the SCEM in Section 5.2 above, Tier 3A RBSLs should be
selected for each COC from Table 5.1. As discussed in Section 3.7, these RBSLs were developed by KDHE
using conservative input parameters and assumptions.

The Tier 3A target soil concentrations protective of groundwater depend on the distance to the POE from the
source. For example, referrin? to Table 5-2, if the POE is 500 feet from the source, the allowable concentration
of benzene in soil is 1.16 mg/kg. These target soil concentrations were developed assuming no attenuation in
the unsaturated zone, and no bio-attenuation In the saturated zone.

54  COMPARISON OF RBSL’S WITH SITE CONCENTRATIONS

After Tier 3A target levels have been identified, they are compared with the representative concentrations
provided no free product was present in the soils or groundwater. Depending on the site conditions, multiple
representative concentrations may have to be developed for a site. For example, at a site where a groundwater
plume exists below an onsite commercial building and has migrated off-site under a residential building,
representative groundwater concentrations for on-site and off-site receptors would be different. The
representative concentrations should be evaluated as follows:

5.4.1 Soils

For both surface and subsurface soils, the calculation of average concentration, which is the
representative concentration, assumes the source area is adequately defined. Sample points used to
calculate the average concentration cannot be < 25% of the maximum soil contamination detected.
Representative soil concentrations protective of the groundwater pathway is the average of the soil data
collected within the source area.

The soil data from the most recent investigation should be used. If recent (<4 years old) soil data has
not been obtained, it may be appropriate to collect additional soil data and use the current soil data to
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5.5

estimate the representative concentration. This data can be obtained through the implementation of a
data acquisition plan approved by KDHE. Where only older (>4 years old) data is available, that data
can be used, if there have been no additional releases since the data was collected. If a new release has
occurred, soil assessment activity must be collected to adequately characterize the new release.

5.4.1.1 Surface Soil: The average concentration should be calculated based on the available surface soil
concentration data. The Tier 3A RBSLs for surface soil should be compared with both the site-
specific average and maximum surface soil concentrations. For the KDHE to consider closure at
a site, the average concentration should not exceed the relevant Tier 3A target levels. Further, if
the ratio of the maximum surface soil concentration exceeds the average concentration by a
factor of 10, the KDHE may require further evaluation.

5.4.1.2 Subsurface Soil: The average subsurface concentration below or adjacent to current or proposed
building should be calculated based on the available subsurface soil concentration data. The Tier
3A RBSLs for subsurface soil should be compared with both the site-specific average
concentrations. For the KDHE to consider closure at a site, the average concentration should not
exceed the relevant Tier 3A target levels. Further, if the ratio of the maximum subsurface soil
concentration exceeds the average concentration by a factor of 10, the KDHE may require
further evaluation.

5.4.2 Groundwater

Several representative groundwater concentrations may have to be estimated and/or calculated at a site.
These could include (% representative concentrations in the soil at the source area ii) representative
concentrations in the groundwater at the source area, (iii) concentrations in the compliance wells, (iv)
on-site representative concentrations to evaluate the protection of indoor inhalation, and (v) off-site
representative concentrations to evaluate inhalation exposures to off-site receptors. Data from different
monitoring wells may have to be used to evaluate each of these concentrations. Where the groundwater
plume has been defined and several years of monitoring data are available, the averages using the recent
two years data will be considered the representative groundwater concentrations for that well. The
maximum concentration values from the recent two years of data for each COC detected in each well
should also be identified. Concentrations used to calculate average groundwater contamination cannot
be < 25% of the maximum contamination detected.

For comparing the compliance point groundwater concentrations with the back calculated compliance
well concentrations, the average value from the two most recent years of data should be used as the
representative concentration. This method will account for variation in concentrations due to seasonal
fluctuations.

KRBCA evaluation can also be performed at sites where only minimal groundwater data (one or two
sampling events) are available. However, subsequent to the evaluation, the KDHE may require
additional monitoring data before issuing a final decision. If recent groundwater data has not been
obtained, it may be appropriate to obtain additional data.

The relevant Tier 3A groundwater RBSLs should be compared with site-specific average and maximum

roundwater concentrations. For a site to receive an closure, the average concentrations should be less
than the RBSLs and none of the wells should have increasing concentrations. Thus an important
requirement for a Tier 3A closure is that the plume must be stable or decreasing.

Selection of the Next Course of Action

The KDHE may issue a closure letter if:

e the site concentrations meet the criteria established in Section 5.4;
e no nuisance conditions exist at the site;
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free product has been removed to the maximum extent practicable;
the KDHE agrees with the overall Tier 3A evaluation; _ _
the site-specific conditions in Section 5.4 are more conservative than those assumed for Tier 3A

evaluation; and

historic data indicates that the plume is stable or decreasing

If the site concentrations exceed the Tier 3A values, the following two alternatives are available:

Alternative 1: Remediation to Tier 3A Values: The O/O may elect to develop a corrective action plan to

Alternative 2:

remediate the site to Tier 3A RBSLs. The corrective action plan would have to be
approved by the KDHE. The plan would have to meet the rec?uirements of K.A.R 28-44-
25 and the guidance presented in the Remedial Design Plan (Revision 7), 07/1997,
Request for Proposal document.

Selection of Tier 3B Analysis: The Agency conducts a Tier 3B evaluation which may
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require the acquisition of additional data. A Tier 3B evaluation may also be necessary
when the assumptions used in the Tier 3A evaluation are significantly different from the
known or suspected site-specific conditions, and those conditions make the Tier 3A
RBSLs less conservative. For values used to estimate the RBSLs, refer to Tables 3-2 to
3-5. For example, at sites where the depth to groundwater is less than the Tier 3A default
depth of 300cm, it will be necessary to develop Tier 3B SSTLs using the site-specific
depth to groundwater.

The O/O should carefully review the site conditions and propose one of the two
alternatives listed above. The selection of Alternative 1 or 2 will most likely be based on
technical feasibility and cost-benefit considerations. For example, where the cost of
cleanup is low (relative to the cost of additional data collection and analysis under Tier
I3B elvaluation), it may be most expeditious to adopt the Tier 3A RBSLs as the cleanup
evels.
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6.0
TIER 3B EVALUATION

This section provides details for a Tier 3B evaluation that may be conducted (i) when Tier 3A RBSLs are
exceeded and it is not appropriate to remediate the site to Tier 3A RBSLs, or (i) Tier 3A assumptions are
sufficiently different from site-specific conditions, so that Tier 3A RBSLs will not be conservative. The Tier
3B evaluation is very similar to the Tier 3A evaluation in that it (i) is conservative, (ii) is broadly defined by
KDHE but allows for some flexibility, (iii) uses conservative fate and transport algorithms (models), and (iv)
uses default exposure factors.

The Tier 3B evaluation requires:

6.1

6.2

Development of Site Conceptual Exposure Models

The O/O should revise the SCEM if it has not already been developed and identify the complete
exposure routes and pathways. All COCs and all complete routes of exposure should be evaluated under
Tier 3B (even those that satisfy Tier 3A levels). Thus SCEM for Tier 3B will be very similar, and in
most cases exactly the same, as the SCEM for the Tier 3A evaluation.

Input Parameters

For Tier 3B evaluation, KDHE requires the use of the same models and algorithms used to develop Tier
3A levels. Thus, the Tier 3B input parameter requirements are the same. The specific values to be used
are presented below:

Exposure Factors: KDHE requires that the exposure factors remain the same for Tier 3A and
Tier 3B evaluations. The specific values are listed in Table 3-4.

Physical and Chemical Properties: KDHE requires the ph?/_sical and chemical properties remain
the same for Tier 3A and Tier 3B evaluations. These are listed in Table 3-3, Chemical-Specific
Fate & Transport Parameters.

Toxicity Values: KDHE requires that the current toxicity values promulgated by USEPA be
used. These are the same values as for Tier 3A evaluation and are listed in Table 3-2.

Fate and Transport Parameters: KDHE allows that representative site-specific fate and transport
parameters be used for Tier 3B evaluation. Tier 3A default values were tabulated in Table 3-5.
At a minimum, the following site specific parameters must be used:

e depth to groundwater;

e depth to subsurface contaminated soil;

e size of soil source;

e soil properties including bulk density, porosity, water content, and organic carbon
content; and

e groundwater velocity.

Where site-specific values are not available for a few parameters, professional judgment has to
be used to determine whether to perform additional assessment or to use Tier 3A default values.
If additional data is necessary, a work plan should be developed and approved by KDHE prior to
performing the Tier 3B evaluation.

For fate and transport modeling, KDHE will allow the use of chemical specific biological decay
rates based on site-specific evaluation of historic monitoring well data. If a decay rate is used,
the O/O must clearly document the process used to estimate site-specific decay rates.
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6.3

6.4

6.5

In cases where literature values are used, the half-life for any COC must not be less than 5 years,
i.e., the first order decay rate should not exceed (In 0.5)/5 = 0.139yr™.

Target Risk: The target risk for Tier 3A and Tier 3B evaluation is the same. For details, refer to
Section 3.7.1.

Calculation of Tier 3B Levels

The calculation of Tier 3B SSTLs should be performed by using the models presented in Appendix A
and the input parameter values discussed above. The software used by KDHE to calculate the values
may be purchased from the Risk Assessment & Management Group, Inc. (713-784-5151) or
smatul@aol.com. Alternatively the owner/operator may use the equations to develop their own
software. More information on how to obtain the specific software is available through KDHE.

KDHE is not dis-allowing the use of other appropriate software, but it requires that models and input
parameters presented in this guidance document be used. If a KRBCA evaluator uses alternative tools,
KDHE may require verification of the software.

Calculation of Representative Concentration

The representative soil and groundwater concentrations are calculated as for Tier 3A evaluation, see
Section 3.7. These representative site concentrations are compared with the Tier 3B SSTLs and the next
course of action determined as discussed in 6.5 below.

Selection of the Next Course of Action

After the completion of a Tier 3B evaluation, KDHE may issue a closed status if the following
conditions are met:

e representative site concentrations do not exceed the Tier 3B levels and the maximum
concentration in each media does not exceed the representative concentration in the source by a
factor of 10;

e no nuisance conditions exist at the site;

e separate phase product has been removed to the maximum extent practicable;

e KDHE agrees with the Tier 3B evaluation and determines that additional confirmatory or
compliance point monitoring is not necessary; and

e historic groundwater data indicates that the groundwater plume is stable or decreasing.

If thlebrlepresentative site concentrations exceed the Tier 3B levels, the following two alternatives are
available:

Alternative 1: Remediation to Tier 3B levels. The O/O, with KDHE’s concurrence, may elect to
remediate the site to Tier 3B SSTLs. In this case the Tier 3B SSTLs become the cleanup
goals. A Corrective Action Plan will be required for the site in accordance with K.A.R
28-44-25 and the guidance presented in the Remedial Design Plan (Revision 7), 07/1997,
Request for Proposal document.

Alternative 2: Selection of Tier 3C Analysis. The O/O, with KDHE’s concurrence, may opt to perform
a Tier 3C analysis as per the guidance presented in Section 7.0. Note that only those
complete routes of exposure that do not meet the Tier 3B requirements will have to be
evaluated under Tier 3C.
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7.0
TIER 3C EVALUATION

7.1 KDHE Policy on Conducting Tier 3C Evaluations

Tier 3C is the most sophisticated and detailed site-specific analysis that can be conducted under the Kansas
Risk-Based Corrective Action Pro?ram for petroleum storage tank releases. Tier 3C provides the most
flexibility for developing site-specific target levels for estimating the site-specific risks. A Tier 3C analysis
may, however, delay the overall process of site closure because of the high level of regulatory review and
oversight that will be required.

Prior to conducting a Tier 3C analysis, the O/O, through their consultant, must submit a detailed work plan and
discuss the specifics of the plan with KDHE. The work plan must be approved by KDHE before any
recommendations resulting from the analysis will be considered. Tier 3C analysis is expected to vary
significantly from site to site, so specific guidance cannot be provided in this document.

The cost of conducting a Tier 3C analysis may equal or exceed the cost of remediating a release to tier 3B
levels. Although the Tier 3C analysis may show that further action is not necessary, it may also show that
remediation or monitoring will be required. KDHE believes that reducing contaminant levels is a more
appropriate use of limited resources than additional investigation. The Petroleum Storage Tank Release Trust
Fund will not reimburse costs for conducting a Tier 3C analysis, unless specifically requested by the KDHE.
The O/O may elect to conduct a Tier 3C analysis without financial assistance, and submit the results to KDHE
for review. The O/O should keep in mind that demands on limited KDHE staff time are high, and review of
Tier 3C reports is not considered a high priority.

KDHE upon review of a Tier 3C evaluation will then determine the most appropriate next action as described in
Section 3.12 and shown in figure 1-1. Possible further actions include:

e site closure with no further action if the calculated risk is below KDHE acceptable level or if the
Tier 3C target levels are below the representative site concentrations;

e remediaton to Tier 3C levels which may require monitoring to confirm a declining plume; and

e monitoring.

KDHE will notify the O/O of the status of their site. Monitoring may be required following remediation, or as
deemed appropriate for a specific site even if the site levels are below Tier 3C SSTLs.
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Appendix A

Models/Equations for Estimating Tier 3A and Tier 3B Target Levels

Al
A2
A3.
A4
A.5

A.6

A.7

within the KRBCA Process

INHALATION OF VAPOR EMISSIONS A-2
ACCIDENTAL INGESTION OF SOIL A-3
DERMAL CONTACT WITH SOIL A-4
SOIL CONCENTRATIONS PROTECTIVE OF GROUNDWATER A-5
OUTDOOR INHALATION OF VAPORS AND PARTICULATES, DERMAL CONTACT

AND INGESTION OF CHEMICALS IN SURFICIAL SOIL A-8
SUBSURFACE AND SHALLOW SOIL CONCENTRATIONS PROTECTIVE OF

ENCLOSED SPACE AIR (INDOOR) VAPOR INHALATION A-10
GROUNDWATER CONCENTRATIONS PROTECTIVE OF ENCLOSED SPACE

AIR(INDOOR) VAPOR INHALATION. A-12
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APPENDIX A
ESTIMATION OF RISK-BASED SCREENING LEVELS

The following equations were used to estimate risk-based levels for carcinogenic and non-carcinogenic effects

respectively, for different routes of exposure. For Tier 3A levels, these equations were solved using generic,

default, conservative values presented in Tables 3-1 through 3-5. The same equations shall be solved using

site-specific data to develop Tier 3B target levels. The use of site-specific data must be justified based on site-

specific measurements or other considerations.

By changing the exposure factors these equations can be used for the four receptors of concern; resident child,

resident adult, commercial worker, and construction worker.

A.1 INHALATION OF VAPOR EMISSIONS

The screening level concentration in air for this route for carcinogenic effects is estimated using:

where:
RBSL,
TR

BW
AT,

IR,

ET
ED
EF
SF,

The screening level

following equation:

TR *BW*ATC*365

RBSL.= (A-1)
IRa *ED*EF *SFZ.

Risk-based screening level in air [mg/m’]

Target risk or the increased chance of developing cancer over a lifetime
due to exposure to a chemical [--]

Body weight [kg]

Averaging time for carcinogens [years]

(Note 365 converts years to days)

Inhalation rate of air [m’/day]

IR [m’/hr]x ET [hr/day]

Exposure time [hr/day]

Exposure duration [years]

Exposure frequency [days/year]

The chemical-specific slope or potency factor for inhalation [(mg/kg-day)™']

concentration in air for inhalation for noncarcinogenic effects is estimated using the

THO*BW* AT \*365*RD,

(4-2)
IR, *ED*EF

RBSL, =

A-2



where:
RBSL,=
RID; =
THQ =
ATy =
IR, =

ET =
ED =
EF =

Risk-based screening level in air [mg/m’]

The chemical-specific reference dose for inhalation [(mg/kg-day)]

Target hazard index for individual constituents [--]

Averaging time for non-carcinogens [years]

Inhalation rate of air [m’/day]
IR [m’/hr]x ET [hr/day]
Exposure time [hr/day]

Exposure duration [years]

Exposure frequency [days/year]

Note that Equation A-1 and A-2 are used to calculate the air concentration for both indoor and outdoor air, by

changing the input parameter.

A.2  ACCIDENTAL INGESTION OF SOIL

The screening level soil concentration protective of a receptor for carcinogenic effects exposed to chemicals by

ingestion of soil is estimated using:

RBSLSlng N % %k _6 R
EF*ED[SFo*10 " IRsoil * RAFo ]

where:
RBSL g
TR

BW
AT,

SF,
ED
EF
IR
RAF,

TR* BW * AT .* 365

(4-3)

Risk based screening level in soil for ingestion [mg/kg]
Target risk or the increased chance of developing cancer over a lifetime
due to exposure to a chemical [--]

Body weight [kg]

Averaging time for carcinogens [years]

(Note 365 converts years to days)

Oral cancer slope factor [(mg/kg-day) ']

Exposure duration [years]

Exposure frequency [days/year]

Soil ingestion rate [mg/day]

Oral relative absorption factor [--]

For non-carcinogenic effects, the screening level concentration in soil protective of a receptor exposed to

chemicals from ingestion of soil is estimated using equation A-4.

Where:

RBSL

THQ*BW* AT y*365 (4-4)
—6
10 *(IRSOZ.Z * RAF, |
RD,

Sing ~

EF*ED

A-3



RBSLgne - Risk based screening level in soil for ingestion [mg/kg]

RfD, = The chemical-specific reference dose for ingestion [(mg/kg-day)]
THQ = Target hazard index for individual constituents [--]

BW = Body weight [kg]

ATy = Averaging time for non-carcinogens [years]

ED = Exposure duration [years]

EF = Exposure frequency [days/year]

IR,y = Soil ingestion rate [mg/day]

RAF, = Oral relative absorption factor [--]

A3. DERMAL CONTACT WITH SOIL

The screening level soil concentration protective of a receptor for carcinogenic effects exposed to chemicals by

dermal contact with soil is estimated using:

TR*BW*ATC*365
RB SLS = 3 (4-5)
der EF*ED[SF,*10 SA*M * RAF,; ]
where:
RBSL,4., Risk based screening level for soil for dermal contact [mg/kg]
TR = Target risk or the increased chance of developing cancer over a lifetime
due to exposure to a chemical [--]
BW = Body weight [kg]
AT, = Averaging time for carcinogens [years]
(Note 365 converts years to days)
SF, = Oral cancer slope factor [(mg/kg-day) ']
SA = Skin surface area exposed to soil [cm?/day]
RAF, = Dermal relative absorption factor [--]
M = Soil to skin adherence factor, soil specific factor [mg/cmz]
ED = Exposure duration [years]
EF = Exposure frequency [days/year]

For non-carcinogenic effects, the screening level concentration in soil protective of a receptor exposed to
chemicals from dermal contact with soil is estimated using equation A-6.

% k % %
RBSLsder _ THQ * BW _I:;TN 365 RfDO (4.6)
EF*ED* 10 *SA*M*RAFd
where:
RBSL e = Risk based screening level for soil for dermal contact [mg/kg]
RfD, = The chemical-specific reference dose for ingestion [(mg/kg-day)]
THQ = Target hazard index for individual constituents [--]
BW = Body weight [kg]

A4



A4

ATy
ED
EF
S4
RAF,
M

= Averaging time for non-carcinogens [years]
= Exposure duration [years]

= Exposure frequency [days/year]

= Skin surface area exposed to soil [cm?/day]
= Dermal relative absorption factor [--]

= Soil to skin adherence factor, soil specific factor [mg/cm’]

SOIL CONCENTRATIONS PROTECTIVE OF GROUNDWATER

The soil concentration protective of an exposure well is:

where:

RBSL,,,
RBSL,

LF gy

DAF

_ RBSL,*DAF

RBSLs gy, = s (4-7)
N4

= Risk-based screening level in soil protective of groundwater [mg/kg-soil]

= Risk-based screening level of water at the point of exposure calculated using
equation A-8 or A-9 [mg/1]

= Leaching factor which accounts for (i) the equilibrium conversion factor to
convert the soil concentration to leachate concentration and (ii) the mixing
of the leachate with the groundwater directly beneath the site
[(mg/1)/(mg/kg)]

= The dilution attenuation factor for the migration of the dissolved phase from

directly beneath the source to the exposure point

Note the screening level concentration in water at the POE is either the MCL or if an MCL does not exist is the

value calculated using equation A-8.

where:

RBSL,,=
IR, =
TR

BW

SF,
ED

% % %k
Rpsi = TR*BW *4T c* 365 )
IR *ED *EF *SF

Risk-based screening level of water at the point of exposure [mg/1]
Ingestion rate of water [l/day]

Target risk or the increased chance of developing cancer over a lifetime
due to exposure to a chemical [--]

Body weight [kg]

Averaging time for carcinogens [years]

(Note 365 converts years to days)

Oral cancer slope factor [(mg/kg-day)™']

Exposure duration [years]
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EF = Exposure frequency [days/year]

In Equation A-7, RBSL,, for non-carcinogenic effects is calculated as:

%k % % %
RBSL = THQ * BW * AT 4*365 * RfD, "
IR * ED * EF

where:
RBSL,, = Risk-based screening level of water at the point of exposure [mg/I]
IR, = Ingestion rate of water [1/day]
THQ = Target hazard index for individual constituents [--]
BW = Body weight [kg]
AT, = Averaging time for non-carcinogens [years]
RD, = The chemical-specific reference dose for ingestion [(mg/kg-day)]
ED = Exposure duration [years]
EF = Exposure frequency [days/year]

In Equation A-7, LFy is calculated as:

_ Ps
LEsw U *§ (4-10)
&w &w
(0. + K, *p,+H*0,)%| 14— =
mz
where:
LFgy = Leaching factor which accounts for (i) the equilibrium conversion factor to

convert the soil concentration to leachate concentration and (ii) the mixing of the
leachate with the groundwater directly beneath the site [(mg/1)/(mg/kg)]

Ps = Soil bulk density [g-soil/cm3 -soil]

Ows = Volumetric water content of soil in the impacted zone [cm’-H,O/cm’-soil]
K = Chemical specific soil-water partition coefficient [g-H,0/g-soil]

H = Dimensionless form of the Henry's Law Constant

[(cm*-H,0)/(cm™-air)]

O = Volumetric air content in the impacted zone soil [cm’-air/cm’-soil]

Upw = Groundwater Darcy velocity [cim/s]

Ogw = Groundwater mixing zone thickness [cm]

1 = Infiltration rate of water through soil [cm/yr]

L, = Length of source area parallel to the groundwater flow direction (groundwater

mixing zone length) [cm]
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In equation A-7, DAF is estimated using Domenico’s steady-state model along the centerline of the plume:

DAF™ = C,

source

where:
C,
CS ource
Wg

RRR TN g

Retarded seepage velocity,

where:

Or

Retardation factor,

where:

R

=exp| ——|1-.]1+

o, || erf e |, erf Sy (A-11)
2o, v 4,/a,x 2o x
Concentration at distance “x” feet along the centerline of the plume [mg/L]
Concentration at the downgradient edge of the impacted zone [mg/L]
Source width perpendicular to the flow in the horizontal direction (groundwater
mixing zone width) [feet]
Groundwater mixing zone thickness [feet]
The error function
Retarded seepage velocity [feet/day]
First order bio-decay rate [day™]
Distance to the exposure point from the source [feet]
Longitudinal dispersivity [feet] (= x/10)
Transverse dispersivity [feet] (= a./3)
Vertical dispersivity [feet] (= ,/20)

K xi
po——="

Rx0;

Hydraulic conductivity [cm/year]
Hydraulic gradient [--]
Retardation factor [--]

Total porosity [cm® voids/cm® soil]

K
1+pbx S

07

Dry bulk density of soil [g/cm’]

Chemical specific soil-water partition coefficient [g-H,O/g-soil]
foc X Koc

Fractional organic carbon content [g C/g soil]

Carbon-water partition coefficient [cm’-water/ g-C]

Total porosity [cm® voids/cm® soil]

Under steady-state conditions without bio-decay, Equation A-11 reduces to:

A-7



_ C w )
pap~ o _=x £

4
=|erf| —— erf | ——
A-12
Csource 4 Jouyx 2o x (A-12)

A5 OUTDOOR INHALATION OF VAPORS AND PARTICULATES, DERMAL CONTACT
AND INGESTION OF CHEMICALS IN SURFICIAL SOIL

Note this equation is also used for the construction worker where the surficial soil depth is equivalent to the
depth of construction.

The screening level soil concentration protective of a receptor simultaneously exposed to chemicals from these
three routes of exposure for carcinogenic effects is estimated using:

TR*BW™ AT-*365
RBSLs= 6 (4-13)
EF*ED[(SF *10~ (IR . +SA*M*RAF _ ))+(SF. *IR (1/VF +1/PEF))]
0 soil d i a S
where:
RBSL, = Risk-based screening level of soil for the combined soil pathway [mg/kg]
TR = Target risk or the increased chance of developing cancer over a lifetime
due to exposure to a chemical [--]
BW = Body weight [kg]
AT, = Averaging time for carcinogens [years]
(Note 365 converts years to days)
ED = Exposure duration [years]
EF = Exposure frequency [days/year]
SF, = Oral cancer slope factor [(mg/kg-day)™']
SF; = Inhalation cancer slope factor [(mg/kg-day)']
IRy = Soil ingestion rate [mg/day]
IR, = Inhalation rate of air [m’/day]
SA = Skin surface area [cm?/day]
RAF,; = Dermal relative absorption factor [--]
M = Soil to skin adherence factor [mg/cm’]
PEF = Particulate emission factor [m’/kg]
VF, = Volitilization factor for vapor emissions from surficial soil to ambient air [m’/kg]

In Equation A-13, the VF; factor accounts for the volatilization of vapors from soil to ambient air and is

calculated using Equation A-14 (below).

A-8



0 \3.14*D *7

== B 4-1
VF C 2%p *D, 10 (4-14)
where:
VF, = Volitilization factor for vapor emissions from surficial soil to ambient air [m3/kg]
Q/C = Inverse of the mean concentration at the center of square source [(g/mz-s) / (kg/m®)]
Dy = Apparent diffusivity [cm?/s]
T = Averaging time for vapor flux [s]
Ps = Soil bulk density [g—soil/cm3-soil]

In Equation A-13, the PEF factor accounts for the emission of particulates from soil to ambient air and is
calculated using Equation A-15 (below).

3600

0.036x (1 —V)X[Zm I x F(x)

pEF =2 (4-15)

where:

Q/C = Inverse of the mean concentration at the center of square source [(g/m’-s) / (kg/m’)]
Vv = Fraction of vegetative cover [--]

U, = Meanannual wind speed [m/s]

U, = Equivalent threshold value of wind speed at 7 m [m/s]

F(x) = Function dependent on Um/Ut derived using Cowherd (1985) [--]

3600 = seconds/hour

In Equation A-14, the apparent diffusion coefficient D, is calculated as:

933 * DA [ 4 933 *Dw]
D.= as ws
! (pS * KS + ews + eas * H)HY%

(4-16)

D, = Apparent diffusivity [cm/s]
Da

Diffusivity in air [cm?/s]
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Diffusivity in water [cm?/s]

Chemical-specific Henry's Law constant [(cm’-H,O)/(cm’-air)]
Volumetric water content in vadose zone soils [cm’-H,O/cm’- soil]
Solid-water sorption coefficient [g-H,O/g-soil]

Soil bulk density [g-soil/cn’-soil]

Volumetric air content in the vadose zone soils [cm’-air/cm’-soil]

Total soil porosity [cm’-air/cm’-soil]

The screening level concentration in soil protective of a receptor simultaneously exposed to chemicals from

these routes of exposure for noncarcinogenic effects is estimated using:

RBSL ¢ =

where:

THQ*BW*ATN*365 (4-17)
-6
RfD, RfDl.

RBSL, =

THQ

ATy

L Rsoil

Risk-based screening level of soil for the combined soil pathway [mg/kg]
Target hazard index for individual constituents [--]

Body weight [kg]

Averaging time for non-carcinogens [years]

Exposure duration [years]

Exposure frequency [days/year]

The chemical-specific reference dose for ingestion [(mg/kg-day)]

The chemical-specific reference dose for inhalation [(mg/kg-day)]

Soil ingestion rate [mg/day]

Inhalation rate of air [m’/day]

Skin surface area [cm®/day]

Dermal relative absorption factor [--]

Soil to skin adherence factor [mg/cm’]

Particulate emission factor [m’/kg]

Volitilization factor for vapor emissions from surficial soil to ambient air [m’/kg]

Note that the factors VF; and PEF are estimated using Equations A-14 and A-15.

A.6 SUBSURFACE SOIL CONCENTRATIONS PROTECTIVE OF INDOOR
AIR VAPOR INHALATION

Consider vapor emissions from subsurface soils to enclosed air space. The screening level for indoor
inhalation of subsurface soil emissions is estimated using:



where:
RBTL,;=

RBTL, =
VFvesp =

RBTL:= RBIL. (4-18)

sesp

Risk-based target level for indoor inhalation of vapors from subsurface soils
[mg/kg-soil]

Risk-based target level for indoor inhalation of air [mg/m’-air]
Volatilization factor from subsurface soil to indoor (enclosed space) air
[(mg/m’-air)/(mg/kg-soil)]

RBTL, varies depending upon whether the chemical is a carcinogen, or a non-carcinogen, as calculated by

Equations A-1 or A-2.

VFp is calculated as:

where:

Ly

Lb
Lcrask
ER
DI =
D L'mckgjf =
77 =

10 =

VFsesp_ Deﬁ /L Deﬁ /L x 10
1+ S S + N S
ERxL, | | (DI, /L, ..)x70

Hxp, DY /L,
: o P A
_ [ews—i_Ks X ps +HX9gs] ERbe 3

(4-19)

crack crack

Volatilization factor from subsurface soil to indoor (enclosed space) air
[(mg/m’-air)/(mg/kg-soil)]
Chemical-specific Henry's Law constant [(cm’-H,O)/(cm’-air)]

Volumetric water content in vadose zone soils [cm’-H,O/cm’- soil]
Solid-water sorption coefficient [g-H,O/g-soil]

Soil bulk density [g-soil/cn’~soil]

Volumetric air content in the vadose zone soils [cm’-air/cm’-soil]

Depth to subsurface soil sources [cm]

Enclosed space volume/infiltration area ratio [cm]

Enclosed space foundation or wall thickness [cm]

Enclosed space air exchange rate [1/s]

Effective diffusion coefficient in soil based on vapor-phase concentration [cm®/s]
Effective diffusion coefficient through foundation cracks [cm?/s]

Areal fraction of cracks in foundation and/or walls

[cm*-cracks/ cm’-total area]

Conversion factor [(cn’-kg)/(m’-g)]

D" and D™ may be calculated using equations A-20 and A-21.

3.33 3.33
eff — Da x eas +DWXLX ews
S 2.0 2.0

Or H 07

(4-20)



3.33 3.33

D= Dt x Lo g prx—x oot (21
or H 07
where:
DY = Effective diffusion coefficient in soil based on vapor-phase concentration [cm®/s]
Deyaci?= Effective diffusion coefficient through foundation cracks [cm?/s]
Orerack = Volumetric air content in foundation/wall cracks [cm3 -air/cm’-total volume]
Oerack = Volumetric water content in foundation/wall cracks [cm3 -H20/cm3 -total volume]
Or = Total soil porosity [cm’-air/cm’-soil]
D* = Diffusivity in air [cm?/s]
DY = Diffusivity in water [cm®/s]
H = Chemical-specific Henry's Law constant [(cm’-H,0)/(cm’-air)]

A.7 GROUNDWATER CONCENTRATIONS PROTECTIVE INDOOR AIR
VAPOR INHALATION

Consider vapor emissions from impacted groundwater to enclosed air space. The screening level
concentration in water for this route is estimated using:

RBTL
RBTL,, = —* (4-22)
wesp
RBTL,= Risk-based target level for indoor inhalation of vapors from groundwater
[mg/L-H,0]
RBTL, = Risk-based target level for indoor inhalation of air [mg/m’-air]

VEyesp = Volatilization factor from groundwater to indoor (enclosed space) air

[(mg/m’-air)/(mg/L-H,0)]

RBTL, is calculated as described in equation A-1 or A-2, depending upon whether the chemical of concern
is a carcinogen or a non-carcinogen.

VFyes accounts for volatilization from groundwater to enclosed space air and is calculated as:

DY /L
Hx| 22
ERxL, )
VFwesp = eff = eff X ]0 ("4'23)
Dis /L, Dis /Ly,
1+ + i
ER x Lb i (Dc;ack /Lcrac'k )X 77
where:
Ly, = Depth to groundwater [cm]
D, = Effective diffusion coefficient between groundwater and soil surface [em?/s]



Dcmck‘ﬁ = Effective diffusion coefficient through foundation cracks [cmz/s]
L, Enclosed space volume/infiltration area ratio [cm]
Lok = Enclosed space foundation or wall thickness [cm]

H = Chemical-specific Henry's Law constant [(cm’-H,0)/(cnr’-air)]

ER = Enclosed space air exchange rate [1/s]

n = Areal fraction of cracks in foundation and/or walls
[cm*-cracks/ cm’-total area]

10 = Conversion factor [(cn’-kg)/(m’-g)]

D, is calculated as:

-1
hca v
L= e+l x| oy T (4-24)
: P Deﬁ eff
cap K
where:
hegy = Thickness of capillary fringe [cm]
h, = Thickness of vadose zone [cm]
Dcaf?ff = Effective diffusion coefficient through capillary fringe [cm?/s]
DY = Effective diffusion coefficient in soil based on vapor-phase concentration [cm®/s]
Dca;ff is calculated as:
‘ 03 033
D, =D X =57+ D X —x = (4-25)
0r H o7
where: _
prgﬁ = Effective diffusion coefficient through capillary fringe [cm?/s]
Oap = Volumetric air content in capillary fringe soils [cm®-air/cm’-soil]
Oveap = Volumetric water content in capillary fringe soils [cm3 -H20/cm3 -soil]
Or = Total soil porosity [cm’-air/cm’-soil]
D* = Diffusivity in air [cm?/s]
DY = Diffusivity in water [cm®/s]
H = Chemical-specific Henry's Law constant [(cm’-H,0)/(cm’-air)]

A-13



Tables



TABLE 3-1
CHEMICALS OF CONCERN FOR DIFFERENT PRODUCT RELEASES

PRODUCT RELEASED
Chemical Name
Gasoline Diesel Jet Fuel Kerosene Fuel Qil #2 Used Oil*

Benzene X X X X X X
1,2 Dichloroethane (DCA) X - - - - -
Ethylbenzene X X X X X X
Ethylene dibromide (EDB) X - - - - -
Methyl Tertbutyl Ether (MtBE) X - - - - -
Naphthalene X X X X X X
Toluene X X X X X X
Xylenes (mixed) X X X X X X

Footnotes:

X - Chemical of Concern
"-" - not a chemical of concern

* - for used oil releases as determined through a TPH analysis, TCLP analysis for metals, semi-volatiles and volatiles must
be performed to determine the chemicals of concern.




TABLE 3-2
CHEMICAL-SPECIFIC TOXICITY PARAMETERS

CHEMICAL NAME

SLOPE FACTOR

REFERENCE DOSE

ORAL INHALATION DERMAL ORAL INHALATION DERMAL
[1(mg/kg-day)] [1(mg/kg-day)] [1(mg/kg-day)] [mg/kg-day] [mg/kg-day] [mg/kg-day]
Benzene 0.055 0.0273 0.055 0.004 0.00857 0.004
1,2 Dichloroethane (DCA) 0.091 0.091 0.091 0.02 0.686 0.02
Ethylbenzene 0.011 0.00875 0.011 0.1 0.286 0.1
Ethylene dibromide (EDB) 85 0.77 85 0.000057 0.000057 0.000057
Methyl tertbutyl-Ether (MtBE) 0.018 0.00091 0.018 0.857 0.857 0.857
Naphthalene 0.119 0.119 0.119 0.02 0.000857 0.02
Toluene NA NA NA 0.08 1.43 0.08
Xylenes (mixed) NA NA NA 0.2 0.0286 0.2

Note: For dermal exposure, oral toxicity values were used.

NA: = Not Available




TABLE 3-3
CHEMICAL-SPECIFIC FATE & TRANSPORT PARAMETERS

CHEMICAL Koc Kd H' S Dair Dwater
[cm3/g] [cm3/g] [cc-H20/cc-air] [mg/l] [cm?/s] [cm?/s]

Benzene 146 1.46 0.23 1790 0.09 0.00001
1,2 Dichloroethane (DCA) 39.6 0.396 0.048 8600 0.086 0.000011
Ethylbenzene 446 4.46 0.32 169 0.068 0.0000085
Ethylene dibromide (EDB) 39.6 0.396 0.027 3910 0.043 0.00000518
Methyl tertbutyl Ether (MtBE) 11.6 0.116 0.024 51000 0.075 0.0000086
Naphthalene 1540 154 0.018 31 0.06 0.0000084
Toluene 234 2.34 0.27 526 0.078 0.0000092
Xylenes (mixed) 383 3.83 0.21 106 0.085 0.0000099

Definition of Symbols

Koc : Organic carbon partition coefficient S: Solubility
Kd : Soil-water partition coefficient Dair: Diffusion coefficient in air
H : Normalized Henry's Law constant Dwater: Diffusion coefficient in water

Note: Kd = Koc x foc (from Fate and Transport Input Table)




TABLE 3-4

TIER 2 & 3A DEFAULT EXPOSURE PARAMETERS

PARAMETER SYMBOL UNITS VALUE*
Averaging Time
Carcinogens ATc year 70
Non-Carcinogens ATn year =ED
Body Weight
On/Off-site Resident (adult) BW kg 70
On/Off-site Resident (child) BW kg 15
On/Off-site Commercial Workers BW kg 70
Construction Worker BW kg 70
Exposure Duration
On/Off-site Resident (adult) ED year 30
On/Off-site Resident (child) ED year 6
On/Off-site Commercial Workers ED year 25
Construction Worker ED year 1
Exposure Frequency
On/Off-site Resident (adult and child) EF days/yr 350
On/Off-site Commercial Workers EF dayslyr 250
Construction Worker EF dayslyr 90
Indoor Exposure Time
On/Off-site Resident (adult) ETin hrs/day 12
On/Off-site Resident (child) ETin hrs/day 12
On/Off-site Commercial Workers ETin hrs/day 8
Construction Worker ETin hrs/day 8
Qutdoor Exposure Time
On/Off-site Resident (adult) ETout hrs/day 8
On/Off-site Resident (child) ETout hrs/day 8
On/Off-site Commercial Workers ETout hrs/day 8
Construction Worker ETout hrs/day 10
Sail Ingestion Rate
On/Off-site Resident (adult) | Roil mg/day 100
On/Off-site Resident (child) | Rsoil mg/day 200
On/Off-site Commercial Workers | Roil mg/day 50
Construction Worker | Rsoil mg/day 480
Ground Water Ingestion Rate
On/Off-site Resident (adult) | Rw L/day 2
On/Off-site Resident (child) I Rw L/day 1
On/Off-site Commercial Workers IRw L/day 2
Hourly Outdoor Inhalation Rate
On/Off-site Resident (adult) |Rx m3/hr 2.5
On/Off-site Resident (child) |Rxo m3/hr 1.25
On/Off-site Commercial Workers | Rao m3/hr 25
Construction Worker | Rao m3/hr 2.5
Hourly Indoor Inhalation Rate
On/Off-site Resident (adult) | Rai m3/hr 1.67
On/Off-site Resident (child) | Rai m3/hr 0.84
On/Off-site Commercial Workers IRai m3/hr 2.5
Skin Surface Area
On/Off-site Resident (adult) SAcrild cm2/day 5000
On/Off-site Resident (child) SAAdult cm2/day 1750
On/Off-site Commercial Workers SAcomm cm2/day 5000
Construction Worker SAconst cm2/day 7250
Soil to Skin Adherence Factor
On/Off-site Resident (adult) M mg/cm? 0.2
On/Off-site Resident (child) M mg/cm? 0.2
On/Off-site Commercial Workers M mg/cm? 0.2
Construction Worker M mg/cm? 0.2
Target Risk TR el 1E-05
Target Hazard gquotient THQ el 1

* Exposure Factors Handbook, Volume 1. August 1997. U.S. EPA, Office of Research and Development, Washington DC 20460. EPA/600/P-95/002




TABLE 3-5
TIER 2 & 3A DEFAULT FATE AND TRANSPORT PARAMETERS

PARAMETER SYMBOL UNIT VALUE
SOIL PARAMETERS
Soil Source Length \% cm 1500
Depth to Subsurface Soil Ls cm 30.48
Thickness of Surficial Soil d cm 30.48
Thickness of Capillary Fringe hcap cm 5
Thickness of Vadose Zone hv cm 295
Dry Soil Bulk Density ps g/cm’ 1.5
Fractional Organic Carbon Content foc g-C/g-soil 0.01
Total Soil Porosity Or cm’/em’-soil 0.43
Volumetric Water Content in Capillary Fringe Oweap cm’/em’ 0.39
Volumetric Water Content in Vadose Zone Ows cm’/em’ 0.15
Volumetric Water Content in Foundation or Wall Cracks Owerack cm’/em’ 0.15
Volumetric Air Content in Capillary Fringe Qacap cm’/em’ 0.04
Volumetric Air Content in Vadose Zone Qas cm’/em’ 0.28
Volumetric Air Content in Foundation or Wall Cracks Qacrack cm’/em’ 0.28
GROUNDWATER PARAMETERS
Depth to Groundwater Lew cm 300
Hydraulic Conductivity K cm/year 90000
Hydraulic Gradient i cm/cm 0.01
Groundwater Darcy Velocity Ugw cm/year 900
Groundwater Mixing Zone Length Lmz cm 1500
Groundwater Mixing Zone Thickness Ogw cm 200
Groundwater Mixing Zone Width Wew cm 1500
Infiltration Rate I cm/year 30
AMBIENT AIR PARAMETERS
Breathing Zone Height Oa cm 200
Wind Speed Within the Breathing Zone Ua cm/s 225
ENCLOSED SPACE PARAMETERS
Enclosed Space Air Exchange Rate
Residential ER 1/sec 0.00014
Commercial/Construction Worker ER 1/sec 0.00023
Enclosed Space Volume/Infiltration Area Ratio
Residential Lb cm 200
Commercial/Construction Worker Lb cm 300
Enclosed Space Foundation or Wall Thickness
Residential Lerack cm 15
Commercial/Construction Worker Lerack cm 15
Areal Fraction of Cracks in Foundation or Walls
Residential n cm’/cm” 0.005
Commercial/Construction Worker n cm’/cm’ 0.005
PARTICULATE EMISSION
Particulate Emission Factor PEF m'/kg 1.18x10
AVERAGING TIME FOR VAPOR FLUX
Resident Child T sec 1.89x16
Resident Adult T sec 9.46x10
Commercial Worker T sec 7.88x10
Construction Worker T sec 3.15x10
GROUNDWATER USE
Distance to the Point of Exposure (Xpoe) Xpoe ft 500
Longitudinal Dispersivity ax ft 50
Transverse Dispersivity ay ft 16.67
Vertical Dispersivity az ft 2.5
Distance to the Point of Compliance (Xpoc) Xpoc ft 10
Longitudinal Dispersivity ax ft 1
Transverse Dispersivity ay ft 0.33
Vertical Dispersivity az ft 0.05




TABLE 4-1

KDHE TIER 2 RISK-BASED SCREENING LEVELS

RESIDENTIAL SCENARIOS

NON - RESIDENTIAL SCENARIOS

Soil to Ground

Soil to Ground

Water Protection Ground Water Water Protection | Ground Water
Chemical Name CAS No. | Soil Pathway Pathway * Pathway Soil Pathway Pathway * Pathway
(mg/kg) (mg/kg) (ugin) (mglkg) (mg/kg) (ugit)

Benzene 71-43-2 159¢c 0.168 5m 28.2¢c 0.168 5m
Toluene 108-88-3 4320 n 51.2 1000 m 29800 n 51.2 1000 m
Ethylbenzene 100-41-4 82c 65.6 700 m 145¢c 65.6 700 m
Xylenes (mixed) 1330-20-7 936 n 809 10000 m 1410 n 809 10000 m
1,2 Dichloroethane (DCA) 107-06-2 6.27 ¢ 0.06 5m 109c 0.06 5m
MethyltTert-butyl Ether (MtBE) 1634-04-4 585 c 0.848 133 ¢ 1050 ¢ 1.66 262 c
Naphthalene 91-20-3 30.5¢c 0.349 1.11c 64.7 c 0.659 211c
Ethylene Dibromide (EDB) 106-93-4 .483 ¢ 0.000598 0.05m .859 ¢ 0.000598 0.05m
TPH (GRO) 220 79.3 500 450 79.3 500
TPH (DRO) 2000 5440 500 20000 7830 720

August 2010

Footnotes:

n = value based on non-carcinogenic health risk, with a hazard index (HI) = 1
¢ = value based on carcinogenic health risk with a target cancer risk of 10E-5

m = groundwater value is equal to the EPA MCL




Table 5-1a
RISK BASED SCREENING LEVELS FOR a RESIDENT CHILD

SURFICIAL SOIL

SUB-SURFACE SOIL

GROUND WATER

Inhalation of VVapors and
Particulates, Dermal Contact

Indooor Inhalation of Vapor

Indooor Inhalation of Vapor

with, and Accidental Emissions Emissions
Chemical Name Ingestion (mg/kg) (mg/kg) (ug/kg)
Benzene 15.3 0.558 550
Toluene 1310* 285 183000
Ethylbenzene 78.6 4.78 1680
Xylenes (mixed) 191 10.7 4190
1,2 Dichloroethane (DCA) 6 0.265 658
Methy| tert-Butyl Ether (MtBE) 561 26.4 143000
Naphthalene 29.4 20.8 1540
Ethylene Dibromide (EDB) 0.462 0.045 96.60
Oct-10
Notes:

Soil concentrations are presented on a dry weight bases
*: Calculated RBSL's exceeded saturated soil concentrations and hence saturated soil concentrations are listed as RBSL's.



Table 5-1b
RISK BASED SCREENING LEVELS FOR a RESIDENT ADULT

SURFICIAL SOIL

SUB-SURFACE SOIL

GROUND WATER

Inhalation of VVapors and
Particulates, Dermal Contact

Indooor Inhalation of Vapor

Indooor Inhalation of Vapor

with, and Accidental Emissions Emissions
Chemical Name Ingestion (mg/kg) (mg/kg) (ug/kg)
Benzene 16 0.262 258
Toluene 1310* 670 430000
Ethylbenzene 82.4 2.24 787
Xylenes (mixed) 421* 25.2 9830
1,2 Dichloroethane (DCA) 6.28 0.124 309
Methy| tert-Butyl Ether (MtBE) 589 12.4 67200
Naphthalene 31.4 11.2 829
Ethylene Dibromide (EDB) 0.485 0.019 45.40
Oct-10
Notes:

Soil concentrations are presented on a dry weight bases

*: Calculated RBSL's exceeded saturated soil concentrations and hence saturated soil concentrations are listed as RBSL's.




Table 5-1c
RISK BASED SCREENING LEVELS FOR a COMMERCIAL WORKER

SURFICIAL SOIL

SUB-SURFACE SOIL

GROUND WATER

Inhalation of VVapors and
Particulates, Dermal Contact

Indooor Inhalation of Vapor

Indooor Inhalation of Vapor

with, and Accidental Emissions Emissions

Chemical Name Ingestion (mg/kg) (mg/kg) (ug/kg)
Benzene 25.4 1.09 1070
Toluene 1310* 1310* 526000
Ethylbenzene 131 9.31 3260
Xylenes (mixed) 421* 87.1 34000
1,2 Dichloroethane (DCA) 9.84 0.515 1280
Methy| tert-Butyl Ether (MtBE) 940 51.5 279000
Naphthalene 55.8 46.3 3440
Ethylene Dibromide (EDB) 0.772 0.0788 188.00
Oct-10

Notes:

Soil concentrations are presented on a dry weight bases

*: Calculated RBSL's exceeded saturated soil concentrations and hence saturated soil concentrations are listed as RBSL's.



Table 5-1d
RISK BASED SCREENING LEVELS FOR a CONSTRUCTION WORKER

SOIL TO TYPICAL DEPTH OF
CONSTRUCTON

Inhalation of VVapors and Particulates,
Dermal Contact with, and Accidental

Chemical Name Ingestion (mg/kg)

Benzene 96.2

Toluene 1310*

Ethylbenzene 781*

Xylenes (mixed) 421*

1,2 Dichloroethane (DCA) 111

Methy| tert-Butyl Ether (MtBE) 10800

Naphthalene 136

Ethylene Dibromide (EDB) 8.82

Oct-10

Notes:

Soil concentrations are presented on a dry weight bases
*: Calculated RBSL's exceeded saturated soil concentrations and hence saturated

soil concentratoins are listed as RBSL's.



TABLE 5-2

TIER 3A RBSLs FOR SOIL CONCENTRATIONS (FOR LEACHING TO GROUNDWATER) FOR DIFFERENT DISTANCES TO THE

GROUNDWATER EXPOSURE POINT

CHEMICALS WATER TIER 3A RBSLs FOR SOIL CONCENTRATION AT THE SOURCE FOR DIFFERENT DISTANCES TO THE EXPOSURE POINT

OF STANDARD 0 ft. 50 ft. 100 ft. 150 ft. 200 ft. 250 ft. 300 ft. 350 ft. 400 ft. 450 ft. 500 ft. 1000 ft.
CONCERN [ug/L] [mg/kg] [mg/kg]l  [[mg/kg]  [[mglkg] [mg/kg] [mg/kg] _ [[mg/kg] [mg/kg] | [mglkg] [mg/kg] [mg/kg] [mg/kg]
Benzene 5 0.04 0.0523 0.124 0.249 0425 0.651 0.927 125 163 2,06 2.54 101
Toluene 1000 124 163 387 775 132 202 288 390 507 640 789 1310
Ethylbenzene 700 16.2 211 50.2 101 172 263 375 507 659 781 781 | 781
Xylenes (mixed) 10000 421 421 421 421 421 421 421 421 421 421 @21 o+ s
1,2 Dichloroethane (DCA) 5 00126 0.0165 0.0392 0.0786 0134 0.205 0.203 0.396 0.514 0.649 08 318
Methyl Tertbutyl Ether (MtBE) 133 0.146 0.191 0.455 0.911 155 2.38 3.39 459 5.96 7.53 9.27 368
Ethylene Dibromide (EDB) 0.05 0.0001250 0000164 | 0.000389 | 0.000780 0.00133 0.00204 0.0029 0.00392 0.0051 0.00644 0.00749 0.0315
Naphthalene 111 0.0855 0112 0.266 0.532 0.908 1.39 1.98 268 3.48 44 5.42 215
Note:

*Calculated Tier 3A RBSLs for soil concentrations exceeded saturated soil concentration and hence the saturated soil concentrations are listed as the Tier 3A RBSLs for soil concentrations protective of groundwater.

Soil concentrations are presented on a dry weight basis.




TABLE 5-3
TIER 3A DILUTION ATTENUATION FACTORS

Distance Dilution Attenuation
from source Factor With No Decay
(feet) (--)
25 1.01
50 1.3
100 3.1
200 10.6
300 23.2
400 40.8
500 63.4
1000 251.8




Figures
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Figure 3.1

SITE CONCEPTUAL EXPOSURE MODEL - Current Conditions

Current On-Site

Surficial
Soils

Subsurface
Soils

Groundwater

Outdoor Inhalation of

Vapors & Particulates,

Indoor Inhalation

Indoor Inhalation

Receptor Dermal Contact, & of Vapor of Vapor Justification
Accidental Ingestion Emissions Emissions
Resident Child
Resident Adult
Commercial Worker
Construction Worker
Current Off-Site Surficial Subsurface
Soils Soils Groundwater
Outdoor Inhalation of
Vapors & Particulates, Indoor Inhalation Indoor Inhalation
Receptor Dermal Contact, & of Vapor of Vapor Justification
Accidental Ingestion Emissions Emissions

Resident Child

Resident Adult

Commercial Worker

Construction Worker

State in the box if the exposure pathway is Complete or Incomplete for each Receptor, and provide justification.

Surficial soils = 0-1' for Residents, and the Commercial Worker.

Subsurface soils = 1' to top of the capillary fringe for the Res Adult & Res Child, and the Commercial Worker.

Groundwater Resource Protection Pathway is always complete.

NA = Not Applicable

NE = Indicates the receptor is Not Exposed to this Pathway.

Footnotes:




Figure 3.2

SITE CONCEPTUAL EXPOSURE MODEL - Future Conditions

Future On-Site Surficial Subsurface
Soils Soils Groundwater
Outdoor Inhalation of
Vapors & Particulates, Indoor Inhalation Indoor Inhalation
Receptor Dermal Contact, & of Vapor of Vapor Justification
Accidental Ingestion Emissions Emissions
Resident Child
Resident Adult
Commercial Worker
Construction Worker
Future Off-Site Surficial Subsurface
Soils Soils Groundwater
Outdoor Inhalation of
Vapors & Particulates, Indoor Inhalation Indoor Inhalation
Receptor Dermal Contact, & of Vapor of Vapor Justification
Accidental Ingestion Emissions Emissions

Resident Child

Resident Adult

Commercial Worker

Construction Worker

State in the box if the exposure pathway is Complete or Incomplete for each Receptor, and provide justification.

Surficial soils = 0-1' for Residents, and the Commercial Worker.

Subsurface soils = 1' to top of the capillary fringe for the Res Adult & Res Child, and the Commercial Worker.

Groundwater Resource Protection Pathway is always complete.

NA = Not Applicable

NE = Indicates the receptor is Not Exposed to this Pathway.

Footnotes:
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KANSAS STORAGE TANK PROGRAM
CORRECTIVE ACTION POLICY MANUAL

July 01, 2011

Kansas

Department of Health
and Environment

http://www.kdheks.gov/tanks/index.html

Copies of this document are available at:

http://www.kdheks.gov/tanks/download/Corrective Action Policy Manual.pdf

As the state’s environmental and public health agency, KDHE promotes responsible
choices to protect the health and environment for all Kansans.

Through education, direct services, and the assessment of data and trends,
coupled with policy development and enforcement, KDHE will improve health and the
guality of life. We prevent iliness, injuries and foster a safe and sustainable environment

for the people of Kansas.

KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT
BUREAU OF ENVIRONMENTAL REMEDIATION
1000 SW Jackson, Suite 410
Topeka, KS 66612-1367


http://www.kdheks.gov/tanks/index.html�
http://www.kdheks.gov/tanks/download/Corrective_Action_Policy_Manual.pdf�

Table of Contents

Table of Contents
KDHE UST Contact Information

Kansas Reporting Requirements For
Underground Storage Tank Releases

Article 48 - Spill Reporting

Requirements for Tank Removal

Requirements of In-Place Tank Abandonment

Buried Line Removal Options

Standard Monitoring Well Design

Petroleum Site Remediation Levels

UST Closure Procedures

Site Ranking & Risk Based Corrective Action

Attachment A: Approved Analytical Methods for Organic Compounds

Page

© 00 N o o b

11
12
13
14



KDHE UST CONTACT INFORMATION

If you should need additional information regarding UST requirements, or if you need to register UST tanks within Kansas, you
should contact the appropriate individual listed below:

CENTRAL OFFICE STAFF DISTRICT
STAFF
Program Area Telephone No.
General Program Information (785) 296-1678 1. Southwest District Office - Dodge City — (620) 225-
0596
Daniel Bernasoni Prof. Associate  Fax - 3731
Wade Kleven Geol Associate
Underground Storage Tank Trust Fund
Remedial Action Scott O’ Neal (785) 296-1597 2. South Central District Office - Wichita— (316) 337-6020
Reimbursements David Caldwell (785) 296-5625 Kyle Parker Prof. Geologist Fax - 6023
Meer Parker Prof. Geologist
Underground Storage Tanks (USTs) Prevention Stan Marcottee Env. Scientist
Vince Ressel Env. Scientist
Unit Chief Marcus Meerian (785) 296-6372
Cathodic Protection 3. Southeast District Office — Chanute — (620) 431-2390
Vacant Prof. Geologist Fax - 1211
New Installations, Chris Eichman (785) 296-1685 Renee Brown Geo. Assoicate
Repairs, Upgrades
& Release Detection 4. Northeas District Office — Lawrence — (785) 842-4600
Tom Winn Prof. Geologist ~ Fax — 3537
Trust Fund Compliance, Gary Richardson (785) 296-1677 Nathan Luna Env. Scientist
Fed. Financia Meredith Roth Env. Scientist
Responsibility, &

Tightness Testing
5. North Central District Office - Salina— (785) 827-9639

Contractor Licensing Cathy Herring (785) 296-1661 Howard Debauche Prof. Geologist  Fax — 1544
Scott Lang Prof. Geologist

UST Permits & Debbie Clure (785) 296-1599

Registration, 6. Northwest District Office - Hays — (785) 625-5663

Fees, Ownership Bill Heimann Prof. Geologist  Fax - 4005

Changes, and Tank Darrell Shippy Env. Scientist

Abandonment

Leaking USTs

Tank Closure, Leaks Roger Boeken (785) 296-1674
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KANSAS REPORTING REQUIREMENTS
FOR UNDERGROUND STORAGE TANK RELEASES

The Kansas Department of Health and Environment (KDHE), Bureau of Environmental Remediation (BER) is
responsible for responding to releases from underground storage tanks and the associated piping. As part of the
response, field staff makes an evaluation of the release and determine what remedial action is necessary to
protect public health and the environment. BER is receiving federal funding through the Leaking Underground
Storage Tank (LUST) Trust Fund, which is administered by the Environmental Protection Agency. The Trust
Fund is financed by atax on motor fuels of 1/10 of one cent per gallon and provides BER with funding for staff,
aswell as, funding for actual clean up of sites where no responsible party can be found.

Kansas Administrative Regulations 28-48 Parts 1 and 2 (Article 48) requires the reporting of spillsto BER. The
telephone numbers for reporting spills have been included with this information. Reporting requirements under
Article 48 are totally independent of the "Community Right to Know" program and reportable quantities
associated with those requirements. Many owners of buried tank systems are not aware of the requirements
under Article 48 or do not realize that leakage from buried tanks or associated lines is reportable spillage. There
are numerous service stations located throughout the state many of which operate buried tank systems. A
system such as this may store large quantities of fuel, which can be accidentally released. A release of this type
can cause contamination of soil and groundwater resulting in odor or product in basements, sewers, or water
wells. If you observe or receive information regarding a reportable incident, this information should be referred
to BER. Reportable incidents include: 1) any loss from a buried tank system or 2) discovery of product of fuel
odorsin groundwater, sewers, or the basement of a structure.

BER responds to both new releases and existing problems that result from leakage from buried tanks or
associated piping. KDHE has six district offices located throughout the state as well as a central office in
Topeka. The staff responsible for this program is quite limited at this time so extensive field surveys of service
stations is not possible. BER must rely on the responsible parties, local agencies and private citizens to insure
that petroleum releases are reported. Problems resulting from leaks of this type seem to compound over time so
early reporting and proper clean up of these sitesis very important.

BER would appreciate any assistance that you can provide with reporting or oversight of buried tank release
incidents. For additional information or to report a problem you should call Roger Boeken (785) 296-1674,
Randy Carlson at (785) 296-1684 or the appropriate district office for your area.



KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT
Avrticle 48 - Spill Reporting

28-48-1. Definitions. The following words and phrases when used in these regulations have the
meanings respectively ascribed to them in this section.

(@ "Owner" meansindividual, partnership, firm, trust, company, association, corporation,
institution, political subdivision or agency which is financially responsible for the material or
facility.

(b) "Person responsible” means person or organization which has been placed in control of the
material or facility by the owner.

(c) "Waters of the state" means all streams and springs, and all bodies of surface or groundwater,
whether natural or artificial, within the boundaries of the State.

28-48-2. Action required. All sewage, substances, materials, or wastes, as set forth in 65-171d,
regardless of phase or physical state, which are, or threaten to contaminate or ater any of the
properties of the waters of the state or pollute the soil in a detrimental, harmful, or injurious manner
or create a nuisance, shall be reported in the following manner:

(&) The owner or person responsible for the discharge or escape of materials detrimental to the
quality of waters of the state or pollution of the soil under conditions other than provided by avalid
permit issued by the secretary of health and environment shall report the discharge or escape to the
Kansas Department of Health and Environment.

(b) Emergency or accidental discharge of materials which are detrimental to the quality of waters of
the state or tend to cause pollution of the soil shall be immediately reported to the Kansas
Department of Health and Environment by the owner, owner's representative, or person responsible.
In the event the pollution causing material isin transit or in storage within the state, the owner,
carrier, or person responsible for storage shall be responsible for immediate notification to the
Kansas Department of Health and Environment that the pollutant will gain admittance to the waters
of the state or the soil.

(Authorized by and implementing K.S.A. 1984 Supp. 65-171D; effective 5/1/86.)



KANSAS DEPARTMENT OF HEALTH & ENVIRONMENT
REQUIREMENTS FOR UST REMOVAL

Listed below are Kansas requirements for atank removal project under federal and state regulations.

1. Removal of USTs must be performed by alicensed contractor. (A contractor list is available upon
request.)

2. A thirty day notification to KDHE prior to the tank removal is required. The appropriate KDHE district
office, asindicated on page 3 of this pamphlet, must be notified for this requirement to be met. The exact
date and time of the removal must be provided to the appropriate district office at least three working days
prior to the on-site activity proceeding. Limited staff is available to perform assessments, so staff may be
unavailable on short notice.

3. An environmental assessment is required for all buried tank removal sites. KDHE field staff will provide
this assessment when present on site. If the assessment is done by someone other than KDHE personnel,
documentation of the assessment performed including the analytical results must be provided to KDHE
within 30 days of the tank removal.

A gualified environmental professional familiar with sampling techniques must perform the assessment if a KDHE
representative is not present. The assessment must include analyses by alaboratory using KDHE & EPA approved
methods for total petroleum hydrocarbons and benzene of representative soil samples from the excavation.
Readings from field monitoring equipment may be used for screening, but will not be a sufficient evaluation alone.
At least one discrete soil sample per UST in the basin must be submitted for laboratory analysis. The soil sample
must be taken from an area in the basin where the impact from a release would most likely be located. Discrete
samples must also be taken from any area where field screening shows that contamination above actionable levels
exists. The use of an environmental assessment firm of this type does not eliminate the notification requirement
outlined above. Analysis must be performed by a KDHE certified laboratory.

4, Remediation of all backfill material and soil around the tank excavation with: (1) total petroleum
hydrocarbon levels exceeding those level s shown on page 11, or (2) total petroleum hydrocarbon vapor
levels exceeding 100 ppm as indicated by KDHE field sampling isrequired. If land farming is the remedial
option chosen for contaminated soils or backfill, an “ Application to Land farm Petroleum Contaminated
Soils With Out a Permit” must be prepared and provided to KDHE' s Bureau of Waste Management.
Applications may be requested from Joe Cronin with the Bureau at (785) 296-1600. The site at which the
contaminated soil is "stored" will be considered active until which time analysis shows levels below
Kansas remedial levels. The district geologist will determine whether or not the results from the analyses
warrant closure.

5. Abandoned lines are considered a part of the tank system. Assessment of the backfill material and soils
associated with the piping are required. At least one discrete soil sample for every 20 feet of piping trench
must be submitted for laboratory analysis. Contaminated material with levels exceeding those set for tank
excavations must be remediated.

6. If contamination is encountered which cannot be physically removed, further assessment of the soil and
groundwater will be required.

7. At sites where the depth to groundwater is less than 40 feet, a groundwater sample must be submitted for
laboratory analysis if requested by the KDHE District Geologist. If contamination levels are at or above
those levels listed in this Corrective Action Policy and the contamination cannot be physically removed, an
application to the Petroleum Storage Tank Release Trust Fund will be made available to the responsible
party. If the depth to groundwater is greater than 40 feet, sampling of groundwater will be determined by
the district geologist on asite by site basis. If contamination exists above levels shown on page 11,
remedial action will be required.

Arrangements should be made so that the tank and any contaminated soil can be disposed of without delay. If
materials are to be disposed of in alandfill, a special waste authorization number must be obtained. Special Waste
authorization numbers may be obtained from the KDHE Bureau of Waste Management (phone: 785-296-6171). If
you have any questions regarding these requirements, contact Roger Boeken (785-296-1674) or the appropriate
KDHE district office for your area.
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KANSAS DEPARTMENT OF HEALTH & ENVIRONMENT
REQUIREMENTS FOR IN-PLACE UST ABANDONMENT

Listed below is Kansas Department of Health & Environment requirements for in-place tank abandonment under
federal and state regulations.

1 In-place abandonment of USTs must be performed by alicensed contractor. (The licensed contractor list
is available upon request.)

2. Check to see if local ordinances prohibit the in-place abandonment of buried storage tanks.
3. An environmental site assessment must be performed by an environmental professional. This assessment

must consist of a number of test borings installed within the tank excavation area. One soil boring must
be located at each end of every UST in the basin. The number of borings required will depend on the
number and size of the UST's to be abandoned. Discrete representative samples should be collected for
laboratory analysis from one, five, ten, and fifteen feet below the surface at each boring.

4, Assessment for contamination associated with the piping system must be included either by test borings
or lineremoval.

5. If the depth to groundwater is less than 40 feet, a sample of the groundwater must be submitted for
laboratory analysis. If the depth to groundwater is 40 feet or greater, sampling will be determined by the
district geologist on a site by site basis. If the groundwater is contaminated with levels at or above those
levelslisted on page 11 and cannot be physically removed, an application to the Petroleum Storage Tank
Release Fund will be made available to the responsible party and remedial action must be started.

6. A report outlining investigative procedures and the findings, including all analyses, must be submitted to
KDHE. All analyses must be performed using KDHE & EPA approved methods. Analyses must be
performed by a KDHE Certified Laboratory.

7. If contamination is encountered, assessment of the extent of contamination will be required. For sites
where contamination levels exceed the acceptable levels (page 11), aremedial action plan must be
submitted for KDHE approval. Once the remedial action plan has been approved the plan must be
implemented within 30 days of approval. If contamination is within acceptable levels, the in-place
closure may commence.

8. Tanksareto be cleaned of any remaining sludge and filled with an inert solid material and capped with
cement or cement/grout mixture.*

For in-place abandonment, consider compl eting the soil borings and testing before filling the tanks. Removal of
the tanks may prove difficult if filled. The submittal of a short work plan by the consultant before work
commences should be considered but is not required.

* Sludges from USTs must be considered a hazardous waste. Appropriate testing will be required before
transport to a disposal facility.



BURIED LINE REMOVAL OPTIONS

As part of the buried storage tank removal process the department has required that associated buried piping be
removed. Thisline removal has been required to determine if petroleum contamination of soils has resulted from
the operation of the product lines. The department has investigated numerous petroleum releases from buried
storage tank systems during recent years. Of those releases, a considerable number have been documented as
resulting from buried line failures. These releases are caused by any one or a number of potential causes which
include corrosion leaks, line ruptures, and thread leaks.

The department has been asked to consider allowing buried lines to remain on site where removal would cause
considerable disruption to the facility. The lines will be allowed to remain on site only if al of the following
conditions exist.

1 The lines are pressure tested at above operating pressure for at least 30 minutes. For suction lines a
minimum of 30 psi should be used. For pressurized lines a minimum of 50 psi should be used, unless
operating pressures exceeded 50 psi. The line test must be performed in such a manner that no more than
10% loss of pressure occurs over a 30 minute time period.

2. No visible product staining is observed around the exposed soil or pavement immediately around or
above the product lines.

3. No evidence that line leakage has occurred in the past such as inventory losses, past line repairs, or
evidence that buried lines have been replaced (concrete patches in the driveway could be an indication of
linerepairs).

The lines may need to be removed at some future date if contamination is discovered to be present. The
department prefers that removal of al buried piping take place but will alow the above approach in areas which
are not extremely environmentally sensitive. In sensitive areas soil sampling will be required to take place in the
area of the buried piping to assess potential contamination prior to allowing in-place abandonment. If
contamination is discovered to exist in unacceptable levels removal will be required.

In all cases where product lines are left in place without soil testing, closed status of the site will not be issued.
A closed status can only be issued once lines have been removed or the soil testing has been performed within
the line trenches.



STANDARD MONITORING WELL DESIGN

WELL HEAD PROTECTOR

Steel or PV C cover with water tight cap, set in the concrete pad. Should be equipped with a
locking device to prevent tampering. Cover should provide adequate space to allow access
to the well.

CONCRETE PAD
Should be a minimum of 2'x2'x4" thick to secure the protective cover, prevent pooling off
water and vegetative growth around the well, and allow for placement of a surveyor pin.

IMPERVIOUS GROUT
The upper 20" of the well must be grouted with impervious grout as required by K.A.R. 28-
30-2k and 6b (see next page for quotes)

SCREEN SEAL
A 2 layer of bentonite chips or pellets should be placed on the gravel pack to prevent
infiltration of grout into the gravel pack.

GRAVEL PACK

The gravel pack should be sized to prevent infiltration of fines into the well. The source of
the gravel pack material should be carefully determined to eliminate the possibility of
contamination of the well during construction.

WELL CASING

Well casing shall terminate not less than one foot above ground surface. The following
well casings are acceptable for monitoring well use.

2" 1.D. PVC schedule 40 or thicker

4" 1.D. PVC SDR 26 or thicker

5" 1.D. PVC SDR 26 or thicker

Steel casing shall be 10 gauge or thicker

All casing materials must be connected without use of solvents, glues, or materials which
would induce contamination into the well.

Some other casings are approved for well construction but are not as commonly used. All
casing materials must be selected so that incompatibility problems do not occur.

SCREEN

Wells must be equipped with manufactured well screen which provides adequate
communication with the aquifer to provide a representative sample without alowing the
sediments to enter the well.

CONTRACTOR LICENSING
All monitoring wells must be constructed by a licensed water well contractor as specified
under K.A.R. 20-30-2. (See next page for quotes)

K.A.R. 28-30-2 (k) Grout

Grout means cement grout, neat cement grout, bentonite clay grout or other material approved by
the department used to create a permanent impervious watertight bond between the casing and the
undisturbed formation surrounding the casing or between two or more strings of casing.

(1) "Neat cement grout” means a mixture consisting of one 94 # bag of portland cement to 5-6
galons of clean water.
2 "Cement grout” means a mixture consisting of one 94 # bag of portland cement to an equal
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3)

volume of sand having a diameter no larger than 0.080 inches (2 millimeters) to 5-6 gallons of clean water.
"Bentonite clay grout" means a mixture consisting of water and commercial grouting or plugging sodium bentonite
clay containing high solids such as that manufactured under the trade name of "volclay grout”, or an equivaent as
approved by the department.

(A) The mixture shall be as per the manufacturer's recommendations to achieve a weight of not less than 9.4
pounds per gallon of mix. Weighing agents may be added as per the manufacturer's recommendations.

(B) Sodium bentonite Pellets, tablets or granular sodium bentonite may also be used provided they meet the
specifications listed in K.A.R. 28-30-2(k), (3), above.

© Sodium bentonite products that contain low solids, are designed for drilling purposes or that contain
organic polymers shall not be used.

K.A.R. 28-30-6 (b) Grouting

D)

(2)

K.A.R.

(@

(b)

(©)

Constructed or reconstructed wells shall be sealed by grouting the annular space between the casing and the well
bore from ground level to a minimum of 20 feet or to a minimum of five feet into the first clay or shale layer, if
present, whichever is greater. If a pitless well adapter or unit is being installed, the grouting shall start below the
junction of the pitless well adapter or unit where it attaches to the well casing and shall continue a minimum of 20
feet below this junction or to a minimum of five feet into the first clay or shale layer whichever is greater.

To facilitate grouting, the grouted interval of the well bore shall be drilled to a minimum diameter at least three
inches greater than the maximum outside diameter of the well casing. If a pitless well adapter or unit is being
installed on the well's casing, the well bore shall be a minimum diameter of at least three inches greater than the
junction diameter of the well casing through the grouted interval below the junction of the pitless well adapter or
unit where it attaches to the well casing.

(© If groundwater is encountered at a depth less than the minimum grouting requirement, the grouting

requirement may be modified to meet local conditionsif approved by the department.

28-30-3 Licensing

Eligibility. To be eligible for awater well contractor's license an applicant shall:
@D Have passed an examination conducted by the department; or
2 Meet the conditions contained in subsection (c).

Application fees.

(1) Each application shall be accompanied by an application fee of $ 10.00.

2 Before issuance of awater well contractor's license, each contractor shall pay alicense fee of $ 100.00 plus
$ 25.00 for each drill rig operated by or for the contractor. These fees shall accompany the application and
shall be by bank draft, check or money order payable to the Kansas Department of Health and
Environment- water well licensure.

Reciprocity.

@ Upon receipt of an application and payment of the required fees from a nonresident, the secretary may
issue alicense, providing the nonresident holds a valid license from another state and meets the minimum
requirements for licensing as prescribed in K.S.A. 82a-1207, and any amendments thereto.

2 If the nonresident applicant is incorporated, evidence shall be submitted to the Department of Health and
Environment showing that the applicant meets the registration requirements of Kansas Secretary of State.

3 Nonresident fees for alicense shall be equal to the fee charged a Kansas contractor by the applicant's state

of residence but shall not be less than $ 100.00. The application fee and drill rig license fee shall be the
same as the Kansas resident fees.
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KANSAS PETROLEUM SITE REMEDIATION LEVELS

SOIL
If contaminant levels of the following Chemicals of Concern are above the levels listed below, the contamination
must be reported to the appropriate district office. Approved analytical methods may be more specific for State
Trust Fund sites.

Contaminant Residential (mg/kQ) Non-Residential (mg/kg)
Benzene 0.08 0.08
Toluene 40 40
Ethylbenzene 55 55
Xylene (mixed) 700 700
1,2-Dichloroethane (DCA) 0.04 0.04
Methyl Terbutyl Ether (MtBE) 0.09 0.09
Ethylene Dibromide (EDB) 0.0006 0.0006
Naphthalene 1.05 3.52
Total Petroleum Hydrocarbons (TPH) asdiesel 3000 15000
Total Petroleum Hydrocarbons (TPH) asgasoline 39 150

TPH analysis for any volatile or semi-volatile fuel must use extraction and detection methods which are
appropriate for the hydrocarbon fractions present in the specific fuel. KDHE will only accept methods based on
summation of peaks using gas chromatography (GC) analysis method. Infrared analysis methods will not be
accepted for any compounds except waste oil or motor oil.

TPH analysis for motor or waste oil must use extraction and detection methods appropriate for heavier
hydrocarbon fractions. Analysis of these compounds can be performed using either GC or infrared analysis
methods. If both volatile and non-volatile fuels have been stored at a site and are potential contaminants,
analysis must be performed using GC methods. Methods and detection limits must be documented on all
analytical results submitted to KDHE. All laboratories performing soil analysis must be certified by KDHE for
volatile organic compounds.

GROUNDWATER
For storage tank sites, the following is alist of the chemicals of concern. Maximum allowable contaminant
levels may be found below. If contaminants exceed the levels described below, those levels must be reported to
KDHE and remedial action should be implemented as required.

Contaminant Residential (ng/L) Non-Residential (ug/L)
Benzene 5 5
Toluene 1000 1000
Ethylbenzene 700 700
Xylenes (mixed) 10000 10000
1,2-Dichloroethane (DCA) 5 5
Methyl Terbutyl Ether (MtBE) 20 20
Ethylene Dibromide (EDB) 0.05 0.05
Naphthalene 3 9
Total Petroleum Hydrocarbons (TPH) as diesel 500 720
Total Petroleum Hydrocarbons (TPH) asgasoline 500 500

Water analysis for volatile organic constituents and lead must be performed by a laboratory certified by the

KDHE for those specific constituents. To obtain information about KDHE laboratory certification, contact
Michelle Probassco at (785)296-1639. To obtain information about KDHE UST site remedial levels or site
remediation requirements contact Roger Boeken at (785)296-1674. A list of KDHE certified labs can be obtained
at: www.kdheks.gov/enviab/.
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STATE OF KANSAS
UST CLOSURE PROCEDURE

The Kansas Department of Health & Environment provides the following guidelines for acceptable closure of
Underground Storage Tanks. Failure to follow these guidelines may result in closure refusal by the KDHE and
the need for additional work to be performed. Specific requirements may be provided by the KDHE district
geologist.

If arepresentative from the KDHE is present during the removal of the UST(s) and associated product lines,
closure can be granted without laboratory analyses being performed.

1 Inform the respective district office of the intent to permanently close UST(s). This notice should be
made, at least, 30 days prior to the day the closure is to take place.

2. Following the removal of the UST(s) and associated piping, the following samples must be taken and
submitted for laboratory analysis:

A. At least one discrete soil sample per UST must be taken from the excavation. This sample must be
taken from alocation in the basin that is most likely to be affected by arelease. Excavation into
native soil should be done before the sample is taken. Field screening should be performed at
locations where there is visible staining. If field screening indicates TPH levels above remedial
levels, adiscrete sample from that |ocation must be submitted for laboratory analysis.

B. At least one discrete sample per 20 feet of line trench must be submitted for laboratory analysis. If
field screening indicates TPH levels above remedial levels, discrete samples from those locations
must be submitted for laboratory analysis.

C. If groundwater is encountered during excavation, a water sample must be submitted for |aboratory
analysis.

*NOTE- All samples must be collected according to EPA Quality Assurance/Quality Control guidelines. Waste
authorization number(s) must be obtained from Solid Waste Section for contaminated soil disposal and included
in al closure reports.

Land farming of contaminated soil is permissible. However, a site cannot be closed until the land farmed sail is
anayzed, and contamination levels fall below remedial levels. Permits must be obtained from KDHE for land
farming of petroleum contaminated soils. Applications for permits may be obtained from KDHE’s Bureau of
Waste Management (785) 296-1600.

If UST(s) and/or associated product lines are to be abandoned in place, the following procedures must be
followed for acceptable closure.

1 The UST must be disconnected from all associated piping, drained of product and cleaned. Sludge’ s that
remain must be removed. The UST must then be filled with an inert, solid material and capped with
cement or grout/cement mixture.

2. In place closure of product lines will not depend solely on pressure testing. In order to properly close
product lines, discrete soil samples must be collected along the line trench. At least one sample per 20 feet
of line trench must be submitted for laboratory analysis.

3. Discrete soil samples must be taken from locations adjacent to both ends of the UST. These samples must
be taken from a depth of one, five, ten and fifteen feet and submitted for laboratory anaysis. It is
advisable that the analysis be completed before the UST isfilled.

For closure of any site where field screening and/or laboratory analysis indicates contamination levels above

remedial levels and groundwater is at a depth of 40 feet or less, amonitoring well may be required to be installed
in adown gradient position. The installation of amonitoring well is at the discretion of the district geologist.
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If laboratory analysis indicates contaminant levels below remedial levels, closure will be granted pending review
of the report by KDHE district personnel. If levels are above remedial levels, the KDHE will request that
additional remedial work be performed.

The accepted analytical methods for soils and water are attached. For TPH in soils, EPA method 418.1 will not be
accepted for any contaminant other than lubrication or waste oil. Any removal or abandonment operations must
be performed by a KDHE licensed contractor and all analyses must be performed by a KDHE certified
laboratory. If you have any questions about these guidelines, you may contact Roger Boeken at (785)296-1674.

SITE RANKING AND RISK BASED CORRECTIVE ACTION

KDHE developed a site ranking system in 1992 to assign relative priority to sites that required corrective action to
be implemented. The ranking system assigns scores for parameters including: hydrogeol ogy, product released,
presence of free phase product, presence of likely conduits, property use and availability of useable groundwater.
Use of groundwater is a primary component of the final score asite receives. A public or private well being used in
the areawill significantly raise the priority of a specific site.

In an effort to enhance the risk based decision making process, KDHE has developed and implemented a Kansas
Risk Based Corrective Action (KRBCA) program. The program generally follows the ASTM prototype and is
intended to develop defensible decision making criteria. The KRBCA guidance may be requested from the
department by contacting Roger Boeken at (785) 296-1674.

For sites where the owner does not wish to apply for assistance from the Petroleum Release Trust Fund (Pet Fund),
the KRBCA process will be overseen by the district staff. District office staff and their phone numbers are listed on
the second page of this document. Staff in the KDHE central (Topeka) office will oversee and implement the
KRBCA process for sites where corrective action is addressed through the Pet Fund.

13



ATTACHMENT A
Page 1 of 2

APPROVED ANALYTICAL METHODS FOR ORGANIC COMPOUNDS

ANALYTE ATER METHODS
PARAMETER
Benzene Aromatic Volatile Organics 502.2 |Volatile Org. Cmp., Purgeable Org. Cmp.
Halogenated and Aromatic Volatiles 503.1 |Volatile Aromatic & Unsat. Organic Cmp.
\Volatiles 524.1 |Purgeable Organic Compounds
\Volatiles 524.2 |Purgeable Organic Compounds
602 |Purgeable Aromatics
624  |Purgeables
1624 |Volatile Organic Compounds
BTEX Aromatic Volatile Organics 502.2 |Volatile Org. Cmp., Purgeable Org. Cmp.
Halogenated and Aromatic Volatiles 503.1 |Volatile Aromatic & Unsat. Organic Cmp.
\Volatiles 524.1 |Purgeable Organic Compounds
\Volatiles 524  |Purgeable Organic Compounds
1,2-DCA Halogenated Volatile Organics 502.1 |Volatile Halogenated Organic Compounds
Haloginated and Aromatic Volatiles 502.2 |Volatile Org. Cmp., Purgeable Org. Cmp.
\Volatiles 504.1 |Microextraction and GC
\Volatiles 524.1 |Purgeable Organic Compounds
Vacuum Distillation in Combination 524.2 |Purgeable Organic Compounds
with GC/MS 601 |Halogenated Volatile Organics
624  |Purgeables
1624 |Volatile Organic Compounds
Ethylbenzene Aromatic Volatile Organics 502.2 |Volatile Org. Cmp., Purgeable Org. Cmp.
Haloginated and Aromatic Volatiles 503.1 |Volatile Aromatic & Unsat. Organic Cmp.
\Volatiles 524.1 |Purgeable Organic Compounds
\Volatiles 524.2 |Purgeable Organic Compounds
602 |Purgeable Aromatics
624  |Purgeables
1624 |Volatile Organic Compounds
IMtBE Aromatic Volatile Organics 503.1 |Volatile Aromatic & Unsat. Organic Cmp.
Halogenated and Aromatic Volatiles
\Volatiles
Naphthalene Halogenated and Aromatic Volatiles 502.2 |Volatile Org. Cmp., Purgeable Org. Cmp.
Polynuclear Aromatic Hydrocarbons 503.1 |Volatile Aromatic & Unsat. Organic Cmp.
Semivolatile Organic Compounds 524.2 |Purgeable Organic Compounds
Semivolatile Organic Compounds 550 |Polycyclic Aromatic Hydrocarbons
Polynuclear Aromatic Hydrocarbons 550.1 |Polycyclic Aromatic Hydrocarbons
\Volatiles 610 |Polynuclear Aromatic Hydrocarbons
625 |Base/Neutrals & Acids
1625 |[Semivolatile Organic Compounds
Toluene Aromatic Volatile Organics 502.2 |Volatile Org. Cmp., Purgeable Org. Cmp.
Halogenated and Aromatic Volatiles 503.1 |Volatile Aromatic & Unsat. Organic Cmp.
\Volatiles 524.1 |Purgeable Organic Compounds
\Volatiles 524.2 |Purgeable Organic Compounds
602 |Purgeable Aromatics
624  |Purgeables
1624 |Volatile Organic Compounds
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ATTACHMENT A
Page 2 of 2

APPROVED ANALYTICAL METHODS FOR ORGANIC COMPOUNDS

ANALYTE SOLID AND HAZARDOUS WASTE METHODS WATER METHODS
PARAMETER PARAMETER
Aromatic Volatile Organics Volatile Org. Cmp., Purgeable Org. Cmp.
Halogenated and Aromatic Volatiles 503.1 |Volatile Aromatic & Unsat. Organic Cmp.
\Volatiles 524.1 |Purgeable Organic Compounds
\Volatiles 524.2 |Purgeable Organic Compounds
EDB \/olatiles 504.1 |Microextraction and GC
Micorextraction and GC with Electron 555.1 [Liquid-Liquid Extraction and GC with
Capture Electron Capture
GC using Photoionization and/or
Electrolytic Conductivity Detectors
Polynuclear Polynuclear Aromatic Hydrocarbons 610 |Polynuclear Aromatic Hydrocarbons
Aromatic (High performance Liquid Chromatography)
Hydrocarbons Semi Organic Compounds by GC/MS,
Cap Column
Lead AA Direct Aspiration 239.2 |Atomic Absorption Spectrometry

Atomic Absorption, Furnace
Technique

200.8

200.9

(Graphite Furnace)

Inductively Coupled Plasma Mass
Spectrometry

Atomic Absorption Spectrometry-Stabilized
Temperature (Graphite Furnace) Method

* Water samples must be prepared using method 5030 (purge & trap extraction) if this test method is used.

Air Sample Analysis:

40 CFR Ch. 1 (7-1-91 Edition) Part 60, Appendix A, Method 18 (Flexible Bag Procedure)

rev 8, 1/05
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