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1 Disclaimer

This document provides information and technical assistance to the public,
employees of the Israel Ministry of Environmental Protection (MoEP), employees
of the Water Authority and all other relevant stakeholders regarding the program
for performing Risk Based Corrective Action in Israel (IRBCA). The information
should be interpreted and used in a matter that is fully consistent with MoEP and
Water Authority policy. This document does not constitute rulemaking the Israeli
regulators and may not be relied upon to create a right or benefit, procedure, or
enforceable law by any person.

This document is supplemented with an Excel™

spreadsheet for conducting risk
assessment. The spreadsheet model has been developed by Ecolog
Engineering Ltd & Golder Associates Ltd, under contract to the MoEP. The model
is strictly a spreadsheet-based implementation of the equations, algorithms,
default parameters, and other information presented in the IRBCA guidance
document. While the spreadsheet model is believed to be free of errors, neither
Ecolog Engineering, Golder Associates, Israel Ministry of Environmental
Protection, or The Israel Water Authority makes any representation or warranty
as to the accuracy and completeness of the spreadsheet model, and the user

should confirm all results.
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2 Background and Objectives

2.1 Introduction

This technical guidance document describes the key elements and
methodologies of the Israel Risk Based Corrective Action (IRBCA) process. It is
based on the risk-based corrective action (RBCA) standards developed by the
American Society for Testing and Materials (ASTM) E1739-95 (1995a) and
E2081-00 (2000a). However, it has been modified to account for Israel specific
conditions. The document also takes into account the guidance provided by
United States of America Environmental Protection Agency (USEPA) in the
development of Regional Screening Levels (RSLs) and several state documents

including but not limited to Massachusetts, California and Hawaii.

This document has been developed by a diverse stake holder group, called the
IRBCA Workgroup (Workgroup), listed in the acknowledgement section. The
individuals in the Workgroup represented the authorities, government bodies,
industries, and non-government organizations (NGOs). The Workgroup was
supported by Dr. Atul Salhotra and his colleagues at the Houston, Texas office of
Risk Assessment & Management (RAM) Group of Gannett Fleming, Inc., USA.
In 2018, the IRBCA methodology underwent a revision with the assistance of

Golder Associates Ltd. and Ecolog Engineering Ltd.
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2.2 Applicability

This guidance applies to contaminated or potentially contaminated sites. It
provides the framework to conduct site-specific characterization; calculate risk-
based target levels (RBTLs) protective of human health and the environment;
and implement appropriate remediation and risk management activities. The
guidance must facilitate the restoration of contaminated sites (and sites
suspected to be contaminated) for safe reuse for current and future site uses and
receptors. The various media-specific concentrations described here are not to
be interpreted as “a license to pollute the environment to these levels”. Ongoing
business activities must be conducted in a manner that minimizes the release of
chemicals to the environment, cleanup of contaminated sites, ensures
sustainable development, and is protective of human health and the environment

for current and reasonable future conditions.

IRBCA is applicable to all media and the entire contaminated site. Application to
a specific media only (e.g., soil or groundwater only) is not allowed unless it can
be demonstrated to the authorities that the medium is completely independent of

the other media.

2.3 Implementation of the Guidance

This technical guidance has been written for environmental professionals with
background in site characterization, risk assessment, and risk management
(including remediation). Because the overall risk assessment process and
practices are relatively new to Israel, they are described at length in this
document. Prior experience and training is necessary for any individual risk
assessor to correctly implement the IRBCA process to ensure efficient and safe

site management.

The following are the requirements of the team performing risk assessments

following the IRBCA methodology:
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General Requirements

At least one team member must have a B.Sc. or higher degree in natural
sciences, civil or environmental engineering, with specialization in hydrology,
geology, soil and water science, environmental chemistry and statistics. Team
members must have expertise or be trained in field work including the collection
of soil, soil vapor, and water samples according to the Israeli guidelines. For
some sites, a toxicologist must be included in the team. MoEP requires that
individuals conducting risk assessment in Israel must have experience with the
IRBCA methodology. Risk assessors must be approved by the MoEP and the
IWA. Ecological risk assessment (ERA) can be conducted by an ecologist,
biologist, toxicologist or other professionals approved by the MoEP. When the
risk assessment involves groundwater or Tier 2 or 3 assessments, one of the
team members must be versed in the application of fate and transport models to

the unsaturated and saturated zones.

Professional requirements for the International Expert

The international expert must demonstrate project experience in performing risk
assessment as per the RBCA methodology (or equivalent). Along with the above
academic credentials outlined in the general requirements, a team performing
risk assessment must have demonstrated experience in human health risk
assessment (HHRA) and ERA. The international firms must have over 15 years
of experience conducting risk assessments using the RBCA methodology (or
equivalent) for at least 50 sites. The international consultants assisting the local
consultants must also each have a minimum of 10 years of experience
conducting HHRAs and/or ERAs. The risk assessments completed by the
consulting team must cover a broad range of chemicals of concern, impacted
media, exposure pathways, land use, size of the site, and tier level and include
HHRA and ERA. In addition, at least one of the previous sites handled by the
team must be similar in nature and involve exposure pathways and chemicals

similar to the site for which a risk assessment is required. In addition to the
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requirements for the international consulting firm, the international consultants
assisting the local consultants must also each have a minimum of 10 years of

experience conducting HHRAs and/or ERAs.

Professional Requirements for the Local Consultants

The regulator currently requires a risk assessment team which consists of foreign
and local consultants who meet the requirements. After one year of experience
performing risk assessments following the IRBCA methodology and using the
IRBCA spreadsheet, the regulator may allow the local consultants to perform risk
assessments. The local risk assessors must have completed prior risk

assessments for at least three (3) sites under the following conditions:

- The three (3) sites contained similar exposure characteristics and
chemicals to the proposed site being investigated.

- The risk assessments were performed according to the IRBCA
methodology and its associated software.

- The risk assessments were performed in cooperation with an international
firm approved by the MoEP and the IWA.

If requested, members of the consulting team will need to submit to the
authorities a verifiable list of sites, clients, and projects details. The MoEP and
IWA reserve the right to require, any time, the addition to the consulting team
performing the risk assessment, an expert with the appropriate international

experience.

The following additional factors must be considered:
1. The Responsible Party (RP) must decide whether they want to conduct a

risk assessment at an early stage so they can design the sampling plans

to follow the IRBCA methodology and the guidance received from
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authorities regarding conducting site investigations to support risk

assessment.

2. The Responsible Party (RP) must notify the authorities about their
decision to conduct a risk assessment instead of cleanup to Very Strict
levels/Israel Drinking Water Standards (VSL/IDWS).

3. After the acknowledgment from the authorities that they have received this
notification, the responsible party will submit a detailed and thorough
report which will include, at a minimum, (i) the preliminary site conceptual
model, (ii) evaluation of existing data, (iii) data gap analysis, (iv) proposed
method to be used to fill the data gaps (i.e. additional site characterization),

(iv) models and parameters that will be used to perform the risk evaluation.

4. The responsible party will submit a site investigation work plan to address
all comments received from the authorities. Upon approval of the site
investigation work plan by the authorities, activities must be conducted to
fill data gaps. The responsible party will submit a site characterization
report to address the data gaps required to proceed with the risk

assessment and request the relevant authorities' approval.

5. After completing the risk-oriented site characterization, the RP will submit
to the relevant authorities a revised risk assessment work plan which will
include, at a minimum, (i) an updated/revised site conceptual model, (ii)
compilation and evaluation of all data and presentation of representative
concentrations and rationale, (iii)) updated models and parameters and
assumptions that will be used to perform the risk evaluation. After the
authorities' approval, the RP will then proceed with performing the risk

assessment.
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Upon completion of the risk assessment as per the approved work plan, a risk
assessment draft report will be submitted for comments and approval to the
relevant authorities. The final risk assessment report will be submitted to address
all authorities’ comments and will include conclusions and recommendations. The
recommendations have to be approved by the relevant authorities before they
can be deemed final. The final report must be submitted in electronic and printed
formats for each government office. The authorities request the submission of
Excel™ spreadsheets with the raw data used in the RA report. The IRBCA
spreadsheet model must be submitted to the email address:

irbcaspreadsheet@amail.com.

This document will also be compatible with Israeli law and/or regulation requiring
that contaminated sites be cleaned up, or at a minimum, managed in a manner
that is protective of current and future human health, water resources and the
environment. Further, Israeli law/regulation requires that businesses conduct
ongoing activities in a manner that is protective of human health, water resources
and the environment. The overall responsibility for the management of

contaminated sites lies with the MoEP and the IWA.

The Workgroup expects that the IRBCA process will evolve as environmental
professionals (regulators, consultants, responsible parties, and others) and the
public gain familiarity with the process. Thus, this document will be updated from

time to time.

2.4 Long-Term Stewardship

As part of a risk-based program, knowledge of and adherence to safe uses of
any site must be ensured for as long as the site has any residual contamination
above unrestricted use levels i.e., residential target levels. Therefore, the IRBCA
process requires that, to fully protect human health and the environment, an

appropriate system of controls, - referred to as “Long-Term Stewardship (LTS)” -
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will be an integral part of the risk management plans (RMP). The MoEP will
approve the No Further Action (NFA) only if the LTS is placed as part of a deed

notice or embedded in any other legally binding document.
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3 Overview of the IRBCA Process

The IRBCA process begins when a contaminated site has been identified or a

site is suspected of being contaminated. The process includes all subsequent

activities that may be needed to ensure that the site does not pose an

unacceptable risk to human health, water resources and the environment under

current and reasonable future conditions. The process also includes any

necessary long-term stewardship requirements if residual chemicals remain on

site.

the IRBCA process consists of the following three steps:

1)

Site characterization (SC) and delineation of impacts to soil, groundwater,

surface water, sediments, soil gas, indoor air, and outdoor air, to the
extent necessary based on site-specific considerations. Site
characterization information is used to develop a conceptual site model

(CSM), which includes the development of an exposure model (EM).

Risk assessment (RA) Human Health Risk Assessment (HHRA) is used to

estimate the risk to humans for the complete and potentially complete
exposure pathways identified by the EM and the Chemicals of Concern
(COCs) under current and reasonable future conditions. Ecological Risk
Assessment (ERA) is used to qualitatively and quantitatively evaluate the
risk to ecological receptors, and habitats. HHRA and ERA, collectively
referred to as RA, is also used to develop risk-based target levels (RBTLs)
and used to determine the nature and scope of the required site-specific
risk management (RM) activities. Risk assessment requires the
determination of the exposure pathways and the routes of exposure for the
receptors (and ecological habitats). The exposure pathway is the way in

which COC moves from a source to the receptor (i.e., transport route to
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the receptor). The exposure route is the manner by which the COCs enter
the receptor. A receptor is an organism that is to be protected and has
or may be exposed to one or more COCs as a result of a release. An
HHRA is conducted as a Tier 1, Tier 2, or Tier 3 risk assessment and ERA
is conducted as Level 1, 2, or 3 risk assessment. These risk assessment

options are defined further in this guidance.

3) Risk management is required if the estimated risk is unacceptable and

includes activities required to protect human health and the environment
under current and reasonable future conditions. Risk management
activities include any necessary remediation activities and any long-term
stewardship activities needed to guarantee that, for as long as residual
chemicals remain on site above the unrestricted land use levels, there
would be knowledge of and compliance with the terms and conditions that

cause the risk to be acceptable.

The above activities are fundamentally technical and rely on a variety of scientific
disciplines (such as geology, hydrology, engineering, chemistry, toxicology, land
use planning, etc.). The Risk-Based Corrective Action (RBCA) process also
includes assumptions and policy choices consistent with laws, regulations, public
opinion, and socio-economic conditions - factors that distinguish the RBCA

programs in different states in the US and different countries.

3.1 Israel Risk-Based Corrective Action Process

The decision-making process, for a site where contamination is suspected or

discovered, is illustrated in Figure 1.

3.2 Target Levels within the IRBCA Process

In the IRBCA process, any of the following four target levels may be selected as
cleanup levels by the responsible party:
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1. Very Strict Levels (VSLs), Israel Drinking Water Standards (IDWS) and
Water Quality Criteria (WQC), Israel Clean Air Target Values, and/or
ecological VSLs. These are the most conservative concentrations that
allow unrestricted use of the property. Because VSLs are the most
conservative values, their application does not require evaluation of site-
specific exposure pathways, the development of a conceptual site model,
any Activity and Use Limitations (AULs), or the determination of

groundwater use.

2. Tier 1 Risk Based Target Values (RBTLs) are calculated using
conservative default parameters for different land uses, and different
exposure pathways. These are provided in this guidance document and
were calculated using the IRBCA software. The user does not have to
recalculate these concentrations. When site conditions significantly
deviate from the assumptions inherent in Tier 1 calculations, then a Tier 2

risk assessment should be conducted.

3. Tier 2 Site-Specific Target Values (SSTLs) are calculated using site-
specific data and differ from Tier 1 RBTLs in that the Tier 2 SSTLs are
based on site-specific fate and transport parameters and exposure
parameters, whereas the Tier 1 RBTLs use default fate and transport
parameters. For each receptor, additivity of risk (for each chemical
and each route of exposure) and cumulative risk (for all chemicals
and all routes of exposure over various exposure areas on site) must
be considered. Typically, but not always, Tier 2 SSTLs will be higher than
Tier 1 RBTLs and may require AULs.

4. Tier 3 SSTLs are calculated using data collected at the site and differ from

Tier 2 SSTLs in that the Tier 3 SSTLs may be developed using fate and

transport models and exposure scenarios different than those used to
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perform the Tier 2 evaluation. Additivity of risk and cumulative risk must
be considered. The application of Tier 3 SSTLs may also require AULs.

The IRBCA spreadsheet model does not include a Tier 3 evaluation.

Table 1 compares the different tiers within the IRBCA framework. However, as
the evaluation moves from VSLs through the tiers, if the target cleanup
levels become lower, the RP does not have the option of using higher levels
from the previous tier. The higher tier target levels are based on site-specific
information and hence are expected to be more representative of potential
risks at the site. Different sections of the site maybe managed using different

target levels and different AULs.
3.3 Management of Imminent Threat(s) and Emergency Response Actions

In all cases, the relevant authorities must be notified immediately about

suspected or confirmed imminent threats as discussed below.

The MoEP Information Center tel. *6911 or 08-9253321 or 1222-6911 must be
informed immediately upon discovery of a release of any hazardous substance or
soil and water contamination that may pose an imminent threat. The information
center must inform the relevant authorities, according to the nature of the case
and existing laws and regulations and business license conditions. The relevant
authorities are: the MoEP, the IWA, the Health Ministry and/or any other

authorities and local authorities.
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4 Process of Site Discovery

The responsible party must refer to MoEP guidance documents for conducting

Historical Surveys (Phase ).
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5 Initial Site Characterization and Comparison with VSLs

The responsible party should refer to MoEP and Water Authority guidance

documents for conducting Initial Site Characterization (Phase II).

5.1 Objective of The Initial Site Characterization (ISC)

The objective of ISC is to collect sufficient data to determine:

e The past activities at the site to locate the sources and the potential
chemicals of concern (COCs);
e Determine the maximum concentration of each COC with a high degree of
certainty;
e Compare the maximum concentration of COCs to VSLs and ECO-VSLs
for protection of human and ecological health, respectively;
e Determine the path forward i.e., one of the following actions:
— Request the authorities for a NFA letter;
— Remediate to VSLs which is MoEP's preferred alternative; or

— Move to a tiered risk assessment (human and/or ecological).

A brief description of the site characterization process is presented below.

5.2 Site Description

The responsible party should conduct a thorough site reconnaissance and a
historic review of site use and site operations to identify past, existing, and
potential sources of contamination as well as a Phase | — Environmental Site

Assessment (ESA) historical survey.

Based on available information, the responsible party should prepare a list of
potential COCs and the probable location of sources of COCs to develop the ISC
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work plan that will be submitted to the authorities for review and approval. It may
be useful to develop an initial Conceptual Site Models (CSM) to optimize sampling
design in order to develop the characterization work plan. At some sites this may

prevent the need for a second mobilization to collect additional data.

5.3 Collection of Data

The RP must submit the site investigation work plan for data (soil, water even if
not used as a drinking water source, surface water, soil gas, etc.) collection to
the MoEP for review and approval. For sites in which groundwater is
contaminated, a work plan for groundwater sampling will be submitted to the IWA.
The work plan must meet the minimum Data Quality Assurance/Quality Control
requirements of the authorities' Quality Management Plan as published on the
authorities’ website. After approval, the RP should implement the work plan and
collect samples of all media in all expected areas of concern. At sites with multiple
discrete sources, data should be collected for each of the sources. The exact
number of samples, analytical methods, field sampling techniques, and quality
assurance/quality control (QA/QC) samples to be collected will vary from site to

site.

A key objective of ISC is to identify with reasonable certainty the maximum
concentration of each COC at each source and in each environmental medium.
However, for sites that may progress to a Tier 2 or Tier 3 evaluation or sites that
definitely require remediation, it may be more cost effective at this point to
delineate the nature and extent of contamination rather than only identify the
highest concentrations. At such sites, it may be necessary to estimate the 95%
upper confidence limit of the mean (95% UCL) and it hence may be useful to
collect additional data. The reliable estimation of the 95% UCL requires at least
10 discrete sampling points. For sites contaminated with inorganic chemicals,
e.g., metals or other naturally occurring chemicals, the work plan may include a

section to estimate the site specific natural background concentration. The
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authorities may not require the RP to remediate the site to below natural

background concentrations.

For sites where such data has already been collected, the RP must demonstrate

that the available data meets appropriate QA/QC requirements.

5.4 Ecological Risk Assessment

At this step in the IRBCA process, a Level 1 or a Level 2 Ecological Risk
Assessment (ERA) may be performed. This will be determined with the
regulators during the development of the risk assessment work plan. The
conclusion of a Level 1 ERA, which is qualitative, will be that no further ecological
evaluation is necessary due to the absence of ecological receptors or pathways
or that a Level 2 ERA is necessary. Level 2 ERA will require the comparison of

the maximum site concentrations with the ecological screening levels.

5.5 Comparison with Ecological VSLs and WQCs

The next step after measuring the maximum concentrations in the various
impacted media, requires that the measured concentrations be compared with
the relevant (soil, sediment, surface water, groundwater, sea water) WQCs, VSLs
and ECO-VSLs s.

5.6 Evaluation of the Next Course of Action

Based on the above comparison, the following alternatives are available:

Alternative 1. If the maximum media (soil, groundwater, soil gas, etc.)

concentrations do not exceed any of the VSLs and ECO-VSLs ; there is no need
to conduct further RA or RM activities. Thus, the RP may request the authorities
for a NFA letter.
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Alternative 2: If the maximum soil and groundwater concentrations exceed the

VSLs (and no ecological risk is identified), the RP has two options:

1) Conduct a Tier 1, Tier 2, or Tier 3 HHRA; or
2) Select the VSLs as the cleanup levels. In this case the responsible party

must develop a risk management plan.

Alternative 3: If the maximum soil and groundwater concentrations exceed the
VSLs, and exceed the relevant ECO-VSLs, the RP has two choices:

1) Conduct a tiered HHRA and an ERA;
2) Select the lower of the VSLs and ECO-VSLs as the cleanup levels. In this

case, the RP must develop a risk management plan.

Alternative 4: If the maximum soil and groundwater concentrations do not exceed
any of the VSLs but exceed the ECO-VSLs, then an ERA must be completed.
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5.7 Consideration of Concentrations Reported below the Reporting Limits

During the course of investigation, the analytical reporting limit for certain COCs in

environmental media may be higher (sometimes by orders of magnitude) than the

corresponding VSLs or WQC for that chemical. This happens because the

concentrations of chemicals that can be positively detected in the environmental

media (soil, groundwater, surface water sediments, and air) are limited by the

capabilities of the analytical method used and interference due to the presence of

multiple chemicals in the media being analyzed. In such cases, following are a few

suggestions:

1.

Check the data to confirm that the standard reporting limits are indeed
higher than the VSLs or RBTLs and that no errors were made (for example,

transposing numbers, misplacing a decimal point, or unit conversion).

Use alternative more sensitive analytical methods that achieve detection

limits lower than the target levels.

Send samples to a certified and accredited laboratory approved by Israel
Laboratory Accreditation Authority (ISRAC) that uses advanced
technologies which achieve the required detection limits using the analytical

method required by MoEP.

Use other associated COCs as surrogates to determine the extent of
contamination. In selecting the surrogate, confirm that the environmental
mobility and toxicity of the original chemical(s) is equal to or less than the
surrogate’s mobility. Where multiple surrogates are possible, select the one
with the mobility and toxicity most representative of the chemical with
elevated detection limits. The use of surrogates must be approved by the

authorities.
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The above is not an exhaustive list of approaches. These and other
reasonable approaches will be considered by the authorities and can be

approved on a case-by-case basis.
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6 Documentation of the IRBCA Process

The IRBCA process requires the collection and analysis of considerable amount
of data. In addition, a variety of stakeholders — for example, government
authorities, landowners, developers, lending agencies, local governments, and
environmental groups — may be interested in the outcome of the IRBCA process.
Therefore, the process by which data is collected and analyzed and by which
decisions are made must be as transparent as possible through adequate and
clear documentation. The IRBCA report must be unambiguous so that

stakeholders can readily understand all the relevant data.

Typically, the following documents will have to be submitted to the authorities as

a part of the IRBCA evaluation:

e Abatement of imminent threats report (when applicable),

e Work plan for site characterization and data collection,

e Site characterization report,

e Conceptual Site Model

e Risk Assessment Work plan including a summary of the problem
formulation, identification of exposure areas, calculation of representative
statistics for each exposure area that will be used in the subsequent risk
assessment, and results of the ecological risk assessment checklists

e Tier 1 and/or Tier 2 risk assessment report (when applicable),

e Work plan for Tier 3 risk assessment (when applicable),

e Tier 3 risk assessment report (when applicable),

e Risk management plan, and risk management plan completion and
performance monitoring report, including confirmatory sampling if

applicable.

Depending on site conditions, some of the above may not be necessary at a site
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or may be combined with the approval of the authorities.

6.1 Initial Site Characterization Report

The responsible party should document the results of the site characterization
report, according to the MoEP and Water Authority guidance documents for
conducting Initial Site Characterization (Phase Il), and a comparison with VSLs.

This report must be submitted to the authorities.

It is emphasized that any site investigation work plan for monitoring soil,
soil gas, surface water, seawater, sediments, must be submitted to the
MoEP. Additionally, if contamination is suspected to endanger

groundwater, the work plans must be submitted to the IWA.
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7 Development and Validation of a CSM

7.1 Introduction

This section discusses a systematic planning process for data collection activities
for site characterization for Tier 1, 2, and 3 risk assessments. Environmental
data used in the IRBCA process must be scientifically valid, defensible, of known
quality and well documented. This can be achieved by the use of adequate
QA/QC procedures from initial study planning through data usage. This section
briefly discusses techniques used to collect the data. References are cited to

provide more detailed information about methodologies for the collection of data.

It is extremely important that careful attention be paid to the preparation and
implementation of the site characterization work plan to ensure that the nature
and extent of contamination is accurately characterized and adequate quantity

and quality of data is collected to make defensible risk based decisions.

7.2 Components of the CSM

Conceptual Site Models (CSM) identifies exposure pathways and determines the
route a chemical takes (pathway) from the contaminated medium (source) to an
exposed person, water source, animal, plant etc. (receptor). All items listed in
this section may not apply to each site and depending upon the complexity of the
site, there may be additional information required to complete the development of

the conceptual site model.

If the maximum concentrations of COCs exceed the VSLs, IDWS or WQC and/or
ecological VSLs and these levels are not selected as the cleanup levels, the RP
would next develop and validate a CSM. A CSM describes all the relevant site-
specific factors that affect the risk to human health and the environment.
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The CSM is validated by collecting adequate quality and quantity of data and
should be documented using narrative description, diagrams, and flow charts, as
appropriate. It may include attachments such as well logs, geologic cross-
sections and laboratory reports. If necessary, the CSM should be revised as new

site-specific information is collected.

A CSM may be developed at the start of a project and refined and updated
throughout the life of the site activities. A complete and detailed CSM is essential
to making sound professional judgments related to the quality and quantity of
data to be collected. Guidance documents such as Guidance for the Data Quality
Objectives Process, QA/G-4 (USEPA, 2000a) and Data Quality Objectives
Process for Hazardous Waste Site Investigations QA/G-4HW (USEPA, 2000b)

and other similar documents can help in the development of a robust CSM.

To adequately characterize a site to determine risks, the following categories of

data may be required:

e Site information;
e Description and magnitude of the spill or release;
e Adjacent land use, activity use limitations (AULs), and receptor
information;
e Analysis of current and future groundwater use;
e Vadose zone soil characteristics;
e Characteristics of saturated zones;
e Surface water body characteristics;
e Delineation of impacts;
e Chemicals of Concern;
e Ecological risk assessment;
Additionally, information about rainfall and other precipitation or any other

watering of soil such as by irrigation and infiltration rate is also pertinent.
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As part of the IRBCA evaluation, the responsible party must carefully review all
the available data and identify any data gaps. A systematic planning process is
required to develop a work plan to be approved by the authorities. To fill in data
gaps, the Work Plan must include a sampling and analysis plan. The quality and
quantity of data to be collected must ensure that:

e The intended use of the data is defined and understood to ensure that the
collected data will be of adequate quality and quantity;

e All environmental data used to make risk assessment and risk
management decisions are scientifically valid, defensible and of known
quality; and

e The specific locations where samples will be collected, the sample
handling requirements, and methods of analysis are clearly specified to

avoid any confusion or ambiguity once the field work begins.

The work plan must follow a Quality Assurance Project Plan (QAPP) approved by
the authorities. Examples include the guidelines of the USEPA such as EPA
Requirement for Quality Assurance Project Plans (EPA QA/R-5, 2001) and EPA
Guidance for Quality Assurance Project Plan (EPA QA/G5, 2002a) (QAPPs can
be site specific or activity specific) and according to QA/QA required in the
authorities guidelines. However, the authorities are free to decide on the QA/QC

Project Plan they require.
The RP can calculate representative concentrations, prepare a tiered risk

assessment, develop RBTLs, and prepare a RMP after all the necessary data

have been collected.
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7.3 Site Information

The term “site” refers to the areal extent of contamination where the spill or
release occurred. Areas beyond the site that may be impacted by the site
chemicals due to surface runoff or the migration of soil vapor or groundwater are

referred to as the “off-site” areas.

The following site information is necessary to complete an IRBCA CSM. This
information should be collected during the Phase | historical survey which must

be approved by the MoEP/Water Authority prior to conducting a CSM:

e A site location map and site map;

¢ Ground surface conditions;

e Location of utilities on and adjacent to the site;

e Surface water bodies

¢ On-site and adjacent off-site groundwater use

¢ On site and adjacent off-site current and future land use;

e Local hydrogeology and aquifer characteristics;

e Sea water,

e Site history - Environmental site evaluation that will help create a complete
picture of the site activities and identify COCs and data collection needs;

e All data obtained from site investigation such as soil, soil vapor,
groundwater, surface water bodies and sediments sampling and
monitoring;

e Site visits;

e Deed search;

e Historical records and aerial photographs;

¢ Interview of past site workers;

¢ Review of engineering drawings showing the layout of the site;

e Review of regional land use and groundwater use information;

e Review of files with the authorities related to the site or adjacent sites;
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e Contact with the city, municipality or other authorities to identify any
existing land use requirements, such as zoning; and
e Previous and current sampling and monitoring data of soil, soil vapor,

groundwater, surface water bodies and sediments.

The following sections mention specific information relevant to the CSM that

should be collected during the site information phase.

7.3.1 Site Location Map

A site location map must be prepared. The site location should be centered on

the topographic map, with the site clearly marked. Contour lines on the

topographic map must be legible.

7.3.2 Site Map

As appropriate, a detailed map(s) of the site should show:

e Property boundaries;

e Layout of past and current site features such as containment or storage
systems; process areas; transportation and delivery distribution systems;
waste handling and storage areas including associated components and
piping runs; sumps; paved and unpaved areas; and buildings;

e Locations of area(s) of release;

e Locations of on-site monitoring wells (including those that have been
abandoned, identified in some way but for which exact information is
missing, or destroyed);

e Locations of water use wells (public and private);

e Location of surface water features;

e Location of sea and beaches;

e Ecological sensitive features; and

e Locations of soil borings, soil vapor extraction wells, and soil excavation

areas.
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Multiple maps showing these features may be necessary. Site maps must be
drawn to scale, include a bar scale, and a north arrow. In addition to the site

map(s), a land use map is also required.

7.3.3 Ground Surface Conditions

The following information should be included:

¢ |dentify the portion of the site that is paved, unpaved or landscaped;

e Document the type, extent, date of installation, general condition of the
pavement, and type of sealing material and compatibility of sealing
materials with COCs present on the site;

e Describe the unpaved areas (for example, vegetated, gravel, or bare soil);
and

e Determine the direction in which the surface is sloping and note relevant

topographic features (for example, swales, drainage, or detention ponds).

7.3.4 Location of Utilities On and Adjacent to the Site

Contaminated groundwater and vapors can flow preferentially into and through
underground utility lines and conduits and increase the probability of utility
workers or other receptors being exposed. Therefore, a thorough assessment of
potential and actual migration and impacts of COCs to underground utilities must
be performed. Ultilities include cable, electrical and telephone lines, sanitary and
storm sewers, and water and natural gas lines. A combination of site
observations, knowledge of buried utilities, and discussions with utility
representatives and the site owner should be used to determine the location of

site utilities. At a minimum, the following must be performed:
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o If explosive conditions are encountered, immediately inform the local
authorities, and the MoEP Information Center tel. *6911 or 08-9253321 or
1222-6911;

e Locate all underground utility lines and conduits within the area of known
or suspected soil and groundwater impact, both on- and off-site, where the

release may have migrated or may migrate in the future.

If utilities are located in the area of contamination, the following information may

be useful:

e Direction of water flow in utility lines (potable water, storm water, and
sewage);

e Location of the utility lines and conduits on a base map that shows the
extent and thickness of non-aqueous phase liquid (NAPL), if any, and soil
and groundwater contamination;

e Depth of the utility lines and conduits relative to the depth of groundwater.
Seasonal fluctuations of groundwater levels (relative to the depth of
utilities) must be carefully evaluated. A cross-sectional diagram that
illustrates the depth to groundwater, the locations and depths of the utility
lines, and conduits is recommended;

e Types of materials used for utility lines and conduits - for example,
polyvinyl chloride (PVC), terra cotta, concrete or steel - and the type of
backfill around the utilities; and

e Any historical work completed on any of the utilties and if any

contamination-related issues identified at the time the work was performed.

7.3.5 Surface Water Bodies

The following information must be collected for surface water bodies, if impacted,
to develop the CSM:
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e Distance and direction to the surface water body;

e Likely location where COCs from the site would discharge into a surface
water body;

e Flow direction and depth of any groundwater contamination plume(s) in
relation to the water body;

e Lake or pond acreage or stream flow rate;

e Ecological habitats; and

e Relevant WQC for streams.

7.3.6 On-site and Adjacent Off-site Groundwater Use

An essential component of the CSM is to determine if the domestic use of
groundwater is a complete pathway under current or future conditions. Domestic
use of groundwater includes ingestion, dermal contact, and inhalation of vapors

generated by indoor water use such as showering and washing.

Current and former site owners and operators should be interviewed to determine
whether any water use well(s) is or was located on-site. Any and all wells must
be identified based on a search of authority records and databases, drive by, or
door-to-door surveys, as appropriate. The level of effort necessary will be
especially critical for the authorities to make a determination whether the

domestic use of groundwater pathway is complete or incomplete.

To the extent that such information is available, the RP must search for and
provide well construction details for all wells identified including the total depth of
the well, casing depth, screened or open interval, static and/or pumping level,
and the use of water from the well. If available, average well pumping rates and

drawdown information should also be provided.

If an identified well is not currently in use or likely to be used in the future, it
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should be closed, or else it may act as a potential conduit for COCs to reach the

groundwater.

7.3.7 Local Hydrogeology and Aquifer Characteristics

Local hydrogeology, soil types, and aquifer characteristics should be evaluated to
determine the type and depth of aquifers in the area and whether they are
confined, semi-confined or unconfined. This information may be found in
published literature or reports for investigations conducted at adjacent or nearby
sites. General aquifer characteristics such as yield and total dissolved solids will
help determine whether the domestic consumption exposure pathway is a
concern. The RP should use regional information to better understand site-

specific soil and groundwater conditions.

The review discussed above should also identify surface water bodies (lakes,
rivers, streams, and wetlands), seeps, caves, sinkholes, and springs located
within a distance that is or could be affected by a release at the site. Water

bodies must be identified on the area map.

7.3.8 Sea Water

The following information must be collected for sea water, if impacted, to develop
the CSM:

e Distance and direction to beach and sea water;

e Likely location where COCs from the site would discharge or be released
into the sea water or beaches;

e Flow direction and depth of any groundwater contamination plume(s)
and/or adjacent surface water bodies that flow into the sea;

e Use of beaches and sea water (bathing, recreation, tourist, nature reserve

etc.);
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e Location of streams, wadis, canals, sewers in relation to the sea water;
e Open sea or closed bay;

e Flow rates as applicable;

e Ecological habitats; and

e SeaWQC.

7.4 Description and Magnitude of Spill Release

Knowledge about the nature, location and magnitude of a release(s) is necessary
to identify the soil and groundwater source(s) at the site, horizontal and vertical
extent of contamination, COCs and methods that will be used to collect and

analyze the samples.

The RP must collect as much of the following information as is available for each

release that has occurred at the site:

o History of site activities related to the release

e Location(s) and date(s) of spill(s) or release(s);

e Quantity of the release(s);

e Product(s) or chemical(s) released; and

¢ Any remedial actions and interim response actions taken with respect to

each release.

Release-related information can be obtained from a variety of sources, including:

Review of historical aerial photographs;

Review of product or waste inventory records ;

Interviews with past and current on-site employees; and

Review of historic spill incident reports filed with the authorities.
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7.4.1 History of Activities at the Site

A key step in the IRBCA process is to develop a comprehensive chronology of
historical events related to any chemical impacts. A chronology will help create a
complete picture of the site activities and identify COCs and data collection
needs. The chronology should include information such as the dates,

descriptions, and results of:

e |Installation, removal or upgrade of containment, chemical processes,
delivery or waste systems;

¢ Remedial activities such as excavation and disposal of contaminated soil;

e Drilling, sampling and gauging of monitoring wells; and

e Collection of environmental media samples.

Remedial actions or interim response may have removed all or part of the COCs
released at a site. Soil and groundwater data collected prior to the completion of
these activities may not be representative of current conditions and should not be
used in the calculation of current exposure and risk. At such sites, the RP must
collect additional soil, soil vapor (if volatile COCs are relevant), and groundwater
concentration data representative of current conditions. However, data collected
prior to the completion of interim action(s) may be used to guide decisions on

additional data collection.

7.4.2 Location and Date of Spill or Release

The location of a release helps define the source area(s). Likely release

locations at contaminated sites include:

e Corroded or damaged containment or process system components;

e Piping, especially at pipe bends and joints and floor drains;
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e Dispenser and delivery systems;

e Deposition near smoke stacks or air discharge points;

e Accidental releases at areas for receiving, delivering, or handling
chemicals and wastes;

o Waste water lagoons and run-off basins;

o \Waste storage and disposal areas;

e Sewer pipes; and

e Hazardous product materials storage areas.

During collection of surficial soil samples where metals are a potential concern, it
is important to collect data from the shallowest depth that can be practicably
sampled, rather than choosing a random sampling interval in the 0 — 1 m zone or
compositing samples across the entire zone. Random use of datafroma 0 —1m
interval can dilute and mask the actual distribution of the COCs' concentrations if
contamination is not homogenous across the soil profile. These types of

concerns should be addressed in the data collection work plan.

Based on the site chronology and operational history, the RP may be able to
determine the location and date of the release(s). However, often the exact
location and date of the release(s) cannot be known. In such cases, field
screening, such as the use of a photoionization detector (PID), x-ray
fluorescence (XRF) spectrophotometer, membrane interface probe (MIP), field
bioassays, and/or collection of samples for laboratory analysis must be used to
identify the likely location and extent (vertical and horizontal) of COCs in the soil
and groundwater. All soil samples must be collected by a person or organization
certified by the Israeli Laboratory Accreditation Authority and recognized by the
MoEP. All sampling must follow the updated guidelines as published on the
website of the MoEP and the work plan must be approved by the authorities. All
soil analyses must be performed by a laboratory certified for the required tests by

the Israeli Laboratory Accreditation Authority.
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Decisions regarding the use and application of field screening technologies and
collection of samples must be based on site-specific conditions and chemicals.
For example, PIDs may not be accurate for soils above certain moisture content,
and the PID does not detect all types of chemicals. Visual observations may be
used to identify soil sample locations. This information is part of a sampling and

analysis plan.

Field screening technologies such as PIDs, XRF, passive soil vapor
sampling or other handheld field analyzers should not be used in the
quantitative risk assessment as their detection limits may not meet the risk

assessment requirements.

7.4.3 Quantity of Spill or Release

The IRBCA process does not require knowledge of the exact quantity of the
historic releases of chemicals or wastes. Often this information is not known.
However, having a general idea of the amount released can assist in assessing
the potential extent and severity of a chemical impact. However, it should be
noted that MoEP requires reporting of the exact amount spilled for current
releases. This information is required, among other reasons, also in order to
assess the efficiency of leak detection means required by law, the amount of
contamination that remains in the environment that needs to be addressed, and

is necessary for mass balance calculations required by MoEP.

7.5 Nuisance Conditions

In addition to HHRA and ERA, COC concentrations in the environment must not
result in or cause nuisance conditions. The existence of such nuisance conditions
must be considered and, as appropriate, risk management steps implemented to
eliminate such conditions. In the context of petroleum impacted sites, the

following are examples of nuisance conditions:
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e A sheen on a water body;
e Gross discoloration and stains on the ground surface;
e Odors detected in the ambient air or inside a building that are noticeable

and persist for several days;

Typically, nuisance conditions will be eliminated during remedial activities
required to achieve the tiered human and ecological risk based standards.
However, at sites where nuisance conditions need immediate abatement, or if
nuisance conditions persist after risk management activities have been
implemented or if risk management activities are not required due to health
considerations, the authorities may require additional activities in order to

eliminate nuisances.

7.6 Adjacent Land Use, Use Limitations, and Receptor Information

Land use information is used to identify the (i) location and type of potential
receptors, (ii) exposure pathways by which the potential receptors may be
exposed to the COCs, and (iii) presence of any AULs that may affect the
completion of exposure pathways. This information is critical in developing a site

EM. Specifically, the following information must be collected:

e Current land use and zoning;

e Potential future land use and zoning;

e Local ordinances, easements, and restrictions that affect land or
groundwater use;

¢ Quality and availability of potable water supplies;

e Off-site groundwater use;

e Presence of ecological receptors, habitats and pathways; and

e Soil used for livestock and/or for agricultural crops and foods.

At a minimum, the authorities will require a land use and receptor survey
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covering the entire impacted and potentially impacted area.

For the purposes of this document, land use is defined as:

Residential Land Use: The use of land for the primary purpose of (a) a
residence by persons on a permanent, temporary or seasonal basis, including,
without limitation, single family dwellings, cabins, apartments, condominiums or
townhouses, or (b) institutional facilities, including, without limitation, schools,
hospitals, daycare operations, prisons, community centers, places of worship

(synagogues, mosques, churches).

Non-Residential “Commercial/lndustrial Land Use": The use of land for the
primary purpose of buying, selling or trading of merchandise or services including,
without limitation, shopping malls, office complexes, restaurants, hotels, motels,
grocery stores, automobile service stations, petroleum distribution operations, dry
cleaning operations, municipal yards, warehouses, law courts, museums, golf
courses, government offices, air and sea terminals, bus and railway stations, and

storage associated with these uses.

In the event a site is located in a mixed residential and non-residential area,

the residential land use should be considered by default.

Agricultural Land Use: Agricultural Land use should be considered
"Residential" for the direct soil contact pathway (dermal contact, ingestion, and
inhalation of vapors and particulates). The analysis of risks from consumption of

food crops should be considered Tier 3.

7.6.1 Current Land Use

Knowledge of the uses of the site and nearby properties is necessary to define
potential on-site and off-site receptors that may be exposed to the COCs. A

visual, on-site land use reconnaissance survey within the area of impact must be
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conducted to avoid ambiguity about site uses. The survey must clearly identify
the following: schools, hospitals and other medical facilities, residences
(apartments, condominiums, townhouses, and single-family homes), buildings
with basements, day care centers, and synagogues, other houses of worship,
nursing homes, and types of businesses. The survey must also identify surface
water bodies, sea and beaches, parks, nature reserves, recreational areas,
wildlife sanctuaries, wetlands, and agricultural areas. The survey must indicate
whether impacted soil is used for livestock and/or for agricultural crops and foods.

The results of the survey must be accurately documented on a land use map.

7.6.2 Future Land Use

Future land use and receptors must be established, which is more difficult to
determine than current land use and receptors. Unless future land use is known
and can be documented (for example, by development plans or building permits),
predictions of reasonably anticipated future use must be presented, based on
local zoning laws and surrounding land use patterns. As appropriate, zoning
maps, aerial photographs, local planning offices, community master plans,
changing land use patterns, and interviews with current property owners can
provide information with which future land use can be predicted. Proximity to
wetlands, sensitive habitats, and other environmentally sensitive areas must also
be considered in predicting future land uses. Future land use for livestock and/or
for agricultural crops and foods must be evaluated in the framework of Tier 3 risk

assessment.

7.6.3 Analysis of Current and Future Groundwater Use

A water well survey must be conducted to locate all public and private water
supply wells within a one kilometer radius of the site. (The radial distances

referenced above are minimum requirements, the survey will be based upon IWA
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database. Relevant authorities’ requirements or differences in COC mobility
and/or hydrogeology at the specific site may necessitate well surveys of greater
areal extent.) A few of these wells may be known prior to the water well survey;

others may be identified during the survey.

The effort to be invested in this task is especially critical if the authorities are to
identify-domestic consumption pathway during the RA process or if groundwater

discharge into streams or sea is involved.

As for on-site wells, to the extent that such information is available, the RP must
provide well construction details for all wells identified. Relevant construction
details include the total depth of the well, casing depth, screened or open interval,
static and/or pumping level, and the use of water from the well. If available,

average well pumping rates and drawdown information also should be provided.

If an active groundwater supply well is located within a 500 m radius of the site,
the point of exposure (POE) will zero (0), meaning no horizontal dilution

attenuation will be allowed.

The IRBCA process can be used in cases where groundwater has been
contaminated or is likely to be contaminated by a site-specific release. The

process has the following objectives:

e To protect all current and reasonably anticipated future uses of
groundwater and ecological systems from vapor intrusion under current
and future conditions;

e To provide a rationale for incorporating site-specific characteristics into the
determination of groundwater target levels; and

e To facilitate the development of properties based on reasonable

expectations for groundwater cleanup.
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The groundwater domestic consumption pathway is considered complete by
default in the IRBCA process. If the RP determines that groundwater pathway is
incomplete for drinking water use, e.g., that the groundwater for this pathway will
not be impacted, or if the water is naturally saline and cannot be used for drinking
water purposes, then justification for this determination should be provided in the
tiered risk assessment report. Such justification must be approved by the IWA
prior to risk assessment report submission. Other groundwater exposure
pathways such as discharge to surface waters, including sea water, agriculture
irrigation must be evaluated in Tier 2 and Tier 3 risk assessments as required by
the IWA and the MoEP. Other relevant exposure pathways for ERA will be

evaluated in Levels 1 — 3.

Whether a well may be impacted depends on factors such as:
e Characteristics of soil and rock formations;
e Groundwater flow direction;
e Hydraulic conductivity;
e Distance to the well;
e The zone where the well is screened;
e Depth of well casing;
e Zone(s) of influence and capture generated by well discharge; and

e Biodegradability and other physical and chemical properties of the COCs.

7.7 Ecological Receptor Survey

Ecological receptors include both specific species and general populations of
flora and fauna, terrestrial organisms, and aquatic organisms and their habitats,
including wetlands, surface water bodies, sea water, sediments, sensitive
habitats. Protected, threatened and endangered species residing on the site and
its vicinity may require special consideration. Protection of such ecological
receptors is a key part of the IRBCA process.
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The ERA Level 1, Checklists A and B are a screening tool that must be
completed for any Tier 1, Tier 2, or Tier 3 risk assessment if deemed relevant as
part of the risk assessment work plan. Accurate information for the above
checklists will require that the area around the site be visually and otherwise

surveyed for specific ecological receptors and habitat criteria by an ecologist.

Refer to the “Ecological Risk Assessment” section for further information

regarding ERA.

A key determination in developing risk-based groundwater target levels is
whether the groundwater domestic use pathway is complete under current or
future conditions. The analysis of current and future groundwater domestic use
must include all groundwater zones beneath or in the vicinity of the site that could
potentially be (i) impacted by site-specific COCs, or (ii) targeted in the future for
the installation of water use wells. For the purposes of this analysis,

groundwater-bearing zones must be evaluated in a three dimensional context.

As a part of this step, other groundwater uses must also be identified and

documented and risk must be evaluated.

7.8 Vadose Zone Soil Characteristics

The vadose zone is the uppermost layer of the earth and is conceptualized as a
three-phase system consisting of solids, liquid, and vapors. Vadose zone soil is
a medium through which COCs can migrate to groundwater and through which
vapors can migrate in all directions to indoor and outdoor air. The following
vadose zone parameters and their variability across the contaminated area

affects the movement of chemicals:

e Dry bulk density, porosity, water content, and fractional organic carbon
content — these four parameters are often collectively referred to as the
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soil geophysical or geotechnical parameters. Consideration should be

given to preferential pathways. For example, desiccation cracks may

provide a preferential pathway at sites where the primary soil type is clay.
e Thickness of vadose zone, depth to groundwater, and thickness of

capillary fringe.

For Tier 1 RA, the authorities have assigned conservative default values to these
parameters for a generic vadose zone soil type representing soils in the Israeli
coastal aquifer. For Tier 2 and Tier 3 RAs, site-specific values based on data

collected from the site or justified default parameters must be used.

If circumstances at a site are such that the geophysical properties cannot be
determined because of sampling limitations, the RP must use appropriate
conservative, justifiable literature values or values from samples collected in the
field at nearby sites having similar lithological and geologic characteristics. If
values cannot be found or do not exist, the RP should contact the authorities for

further guidance.

Generally, collection of geophysical soil samples will require more than one
boring or probe, depending on site conditions and recovery volumes. Ultimately
the number of borings or probes necessary to obtain representative values of
these parameters will be a site-specific decision of the environmental consultant
based on professional experience and judgment. The objective is to collect
enough samples so that the results are representative of site-specific conditions.
Fewer samples will be required at sites with relatively homogeneous vadose
zone characteristics while more samples will be required if heterogeneous

conditions exist.
In situations where undisturbed samples cannot practically be collected for the

purposes of measuring dry bulk density, justified literature values may be used.

However, samples must be collected and analyzed for fractional organic carbon,
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gravimetric water content, and particle density. The table below summarizes

various vadose zone characteristics used in the IRBCA model.
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Parameter | Symbol | Unit Calculation / Method Description
of Determination
Dry Bulk Ps [g/cm® | ASTM Method Dry bulk density is the dry weight of
Density ] D2937.94 or Similar a soil sample divided by its field
volume. An accurate measurement
of dry bulk density requires
determination of the dry weight and
volume of an undisturbed sample of
soil.
Total Soil |61 [c°c”] |, =1- PsPo Total porosity is the ratio of the
Porosity Where, volume of voids to the volume of
67 = Porosity [c¥/c?], the soil sample. Many laboratories
5= Dry bulk density use dry bulk density and specific
3 gravity of soil particles to calculate
(g/c”), and
total porosity.
Lo = Specific gravity
or particle density
(g/c?).
Volumetric | Bys [cm®/ | ASTM Method D2216- | Volumetric water content is the ratio
Water cm?] 98, “Standard Test of the volume of water to the
Content Method for Laboratory | volume of field or undisturbed soil.
Determination of When using ASTM Method D2216-
Water (Moisture) 98, proper conversion between the
Content of Soils and mass of the sample to the volume
Rock by Mass,” should be applied.
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Parameter | Symbol | Unit Calculation / Method Description
of Determination
Fractional | focy [g-c/ | ASTM Method D2974 | Fractional organic carbon content is
Organic s-soil] | (Standard Test the weight of organic carbon in the
Carbon Method for Moisture, | soil divided by the weight of the soil
Content in Ash, and Organic and is expressed either as a ratio or
the Soil Matter of Peat and as a percent. This parameter is
Other Organic Soils). | used to estimate the pore water
or concentration and pore air
Walkley-Black Method | concentration based on a total soil
in ASTM F1647-11 concentration.
Thickness | H, [cm] Hy=Lgw - h¢ The thickness of the vadose zone
of the can be determined based on
Vadose Where: information presented on boring
Zone, Hyv = Thickness of the | logs and/or from measurements
Depth to Vadose Zone taken from monitoring wells or
Groundwa Lgw = Depth to piezometers. It represents the
ter Groundwater from the | distance from the ground surface to

Ground Surface
h: = Thickness of the
Capillary Fringe

the depth at which the water table is

encountered.
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Parameter | Symbol | Unit Calculation / Method Description

of Determination
Thickness | h [cm] Thickness or height of | The capillary fringe is the zone
of the the capillary fringe immediately above the saturated
Capillary can be measured or zone where capillary attraction
Fringe an appropriately causes upward movement of water

justified value used,
since accurate field
measurement can be
difficult.

molecules from the saturated zone
into the soil above. This zone is
distinct in that it has characteristics
of both the vadose and saturated
zones.

Literature values based on the soil
type immediately above the water
table may be used to assign a site-
specific value for the capillary fringe

thickness.
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7.9 Characteristics of the Saturated Zone

COCs may reach the water table by travelling vertically through the vadose zone.
Vertical migration in the saturated zone can be expected in the following

conditions:

e When the matrix porosity of the subsurface medium of interest is
conducive to vertical migration;

e When a natural or induced downward vertical gradient exists between
shallow and deeper saturated zones;

e When vertically oriented secondary porosity features are present; or

e When NAPLs are present. Typically, the vertical migration of LNAPLs will
stop at the water table, whereas the dense NAPLs (DNAPLSs) will continue

to move vertically downwards through the saturated zone.

Saturated zone characteristics that determine the rate, magnitude and direction

of migration of COCs in groundwater include:

e Horizontal and vertical hydraulic conductivity;

e Hydraulic gradients (magnitude in both horizontal and vertical direction);

e Residual mass in capillary fringe;

e Saturated zone soil geophysical characteristics (fractional organic carbon
content, total and effective porosity, and bulk density);

e Groundwater parameters;

¢ [nfiltration rate;

e Occurrence and rate of biodegradation;

e Retardation due to other factors, such as sorption due to soil mineral
oxide content; and

¢ pH and redox potential especially at sites where the COCs include metals.

Of the characteristics mentioned above, the properties typically having the

IRBCA Technical Guidance Page 7-25 January 2020



greatest influence on COC migration are hydraulic conductivity and hydraulic
gradient. Early in the IRBCA process, various groundwater zones and the
hydraulic inter-connection among them must be identified. Qualitative and
quantitative understanding of the above factors may be necessary for each of the

Zones.

When necessary, values of hydraulic conductivity, hydraulic gradient, effective
porosity, and fractional organic carbon content must be used to estimate the
advective migration for the COCs in groundwater. The calculated migration rate
and extent of the groundwater plume should be compared with actual data to
further validate the CSM. The table below summarizes the characteristics of the

saturated zone used in the IRBCA model.
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Parameter Symbol | Unit Calculation / Method of | Description
Determination
Hydraulic K [cm/yr] | Reliable estimates of Hydraulic conductivity is
Conductivity site-specific hydraulic the discharge of water
conductivity can be per unit area per unit
obtained by field tests hydraulic gradient in a
such as pump tests or subsurface formation.
slug tests. However,
hydraulic conductivity
may also be estimated
based on the grain size
distribution of the porous
formation if a pump test
or slug test is not
feasible.
Hydraulic [ [cm/yr] | The magnitude and Hydraulic gradient is a
Gradient in the direction of the hydraulic | vector gradient between
Saturated Zone gradient is estimated by | two or more hydraulic
comparing water levels | head measurements
measured in monitoring | over the length of the
wells across a site. flow path.
Groundwater Ugw [cm/yr] |Ugw=K?*i The flow per unit cross
Darcy Velocity sectional area of a

porous medium.
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7.10 Surface Water Body Characteristics

To develop soil and groundwater target levels that are protective of surface water

beneficial uses, surface water standards are necessary.

7.11 Delineation of Impacts

IRBCA process requires the collection of sufficient data to delineate the impacts

in various contaminated media, as discussed below.

7.11.1 Delineation of Impacts in Soil and Groundwater

Prior to the performance of a risk assessment, the RP must review the available
data and determine if data of sufficient quality and quantity are available to
delineate the extent of impacts in soil and groundwater. The horizontal and
vertical extent of soil and groundwater contamination must be delineated on- and
off-site to the extent necessary to assess potential exposures to receptors and

impacts to surface water bodies, sediments, and sea.

A key issue related to the delineation of impacts is the concentration levels to
which impacts are defined. Several alternatives are available. Examples include
but are not limited to: background levels, IDWS, Tier 1 RBTLs, SSTLs, or non-
detect levels. The IRBCA guidance does not explicitly specify one-size-fits-all
delineation concentrations for environmental media; instead, it uses

“performance based” delineation criteria, as explained below.

Lateral and vertical impacts in soil and groundwater must be delineated to the
extent required to determine potentially complete exposure pathways to human
and ecological receptors (including habitats) under current and reasonably
anticipated future use conditions and the extent of impacts above target levels

for corresponding potential exposure pathways.
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For example,

e Delineation may be to non-residential levels on-site at non-residential
facilities, but if the plume extends off-site and surrounding land uses are
residential, then delineation would be to residential levels;

¢ Depending on the complete exposure pathways, delineate soil to lower of
the concentrations protective of indoor inhalation or domestic use of
groundwater target levels; or

e Delineate to vapor intrusion target levels if volatile compounds are
beneath or adjacent to existing buildings or planned future buildings would

be located over contaminated areas.

The above use of performance criteria presents a dilemma in that the
contaminated media must be sufficiently delineated to evaluate the risk at a site;
however, risks cannot be accurately estimated until the site has been delineated.
If AULs or engineering controls are to be used as a component of the final
remedy, delineation efforts will need to define areas over which these controls

will be placed.

Thus, an iterative approach to delineation may be necessary unless the RP
decides to delineate the site to background, VSLs, relevant WQC, or non-
detectable levels. If these delineation levels are not used, the following iterative
approach may be used. At sites where it is clear that active remediation is
necessary, the RP may proceed with interim remedial measures and
subsequently use confirmatory samples to delineate the extent of residual
impacts. Thus, issues associated with contaminant delineation would not delay

the implementation of remedial activities.
1. Prior to performing the site work, develop a preliminary CSM, including the

EM. The EM must consider receptors on site and on adjacent properties

that may be exposed to contamination. This will require a determination of
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whether the domestic use of groundwater is or could be a complete

pathway in the future.

2. Based on the complete exposure pathways for soil and groundwater,
identify the applicable Tier 1 RBTLs. At sites where it is clear that a Tier 2
RA will be necessary and enough information is available about the site, it

may be reasonable at this time for RP to develop preliminary Tier 2 SSTLs.

3. After the delineation level for each COC has been established, the

following field activities should be conducted:

¢ Groundwater data from a direct push investigation may be used to
screen the extent of impact prior to the installation of permanent
monitoring wells. The number and location of direct push screening
points and monitoring wells is a very site-specific professional
decision. Delineation will require multiple field mobilizations. For
sites where sufficient groundwater data from monitoring wells
indicates a shrinking plume, data from a direct push investigation
could be used to delineate the down gradient extent of the plume.
Direct push investigations should be continued down gradient of the
site source/release area until data indicates levels at or below the

delineation level.

e For sites where the available data indicates that the plume may be
migrating, the RP must conduct sufficient investigations to
determine the extent and rate of migration. It may be more cost
effective to conduct a direct push investigation followed by the
installation of a permanent delineation monitoring well(s). Wells
must be monitored at a frequency and for a period of time sufficient
to clearly demonstrate plume trends (expanding, stable, or
shrinking) and to demonstrate that the COC concentrations in the
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down gradient wells are below the delineation levels.

e Upon preliminary completion of the site characterization, a check
should be made to confirm that the assumptions used in the initial

CSM were accurate and that the delineation levels are appropriate.

¢ In cases where the source of the pollution is still active (including a
groundwater plume moving towards the site), the COC will be
examined individually after consultation with the relevant regulator
(MoEP, IWA, Ministry of Health) and will not automatically enter
Tier 2 or set and expected future representative concentration value

higher according to the IRBCA spreadsheet.

e For delineation of soil impacts, borings should be installed and soils
sampled at increasing horizontal and vertical distances from the

source area until the delineation levels are reached.
Chemical fate and transport modeling may be used as appropriate to aid in the

placement of monitoring wells. Degradation or breakdown products must be

taken into account.

7.11.2 Delineation of Impacts in Other Media

In addition to the delineation of soil and groundwater contamination, impacts to
other media (for example, surface water, sea water, sediments, and air) must be
evaluated. The number of samples, sample locations, delineation, and sampling
methodologies will be based on site-specific considerations; hence, the RP must
receive the MoEP’s approval for the work plan prior to conducting fieldwork. For
surface water and sediment sampling, the work plan must contain a strategy to
determine background levels, location and concentration of site-related

discharges to the surface water and/or sea, and the extent of COC impacts as
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well as the impact of their degradation or breakdown products. If soil gas
concentrations are to be measured, the work plan must contain a strategy to

determine ambient background levels of the COCs.

Because the delineation process may be iterative, as part of the work plan, the
authorities will require documentation supported by site-specific data to confirm
that the impacts have been delineated to the final risk-based target levels in all

media.

7.12 Ecological Risk Assessment

The IRBCA process requires protection of both human health and ecological
systems. Ecological protection extends to all non-human organisms and their
habitats (ecological receptors). Therefore, exposure to ecological receptors
(including their habitats) must be considered and evaluated. For a more detailed
discussion of ERA refer to the Ecological Risk Assessment for Superfund
(ERAGS): Process for Designing and Conducting Ecological Risk Assessments
(USEPA, 1997a).

An ERA is required as a part of all IRBCA evaluations even when cleanup to
VSLs and WQC is executed. Within the IRBCA process, ERA has three levels:

e Level 1is a qualitative screening evaluation comprised of Checklists A and
B;

e Level 2 requires comparison of site specific concentrations with relevant
published screening values protective of ecological receptors and Israeli
threshold values protective of ecological receptors. If required by the
results of Level 1, the RP must develop a work plan to conduct an ERA
and submit to the MoEP for approval prior to its implementation, and
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e Level 3 ERA that allows a site-specific evaluation.
A Level 2 and/or Level 3 ERA is necessary only if ecological concerns persist

beyond the Level 1 ERA and must be performed by an ecologist, biologist, eco-

toxicologist or equivalent.

7.12.1 Level 1 Ecological Risk Assessment

A Level 1 ERA must be performed at every site to identify whether any ecological
receptors or habitat exist at, adjacent to, or near the site that may be affected.
The evaluation, starts with Checklist A included as part of this guidance and
consists of multiple questions. This checklist is a qualitative evaluation that can
be completed by an experienced environmental professional who is a trained
ecologist or biologist. The checklist is designed in such a way that if the answer

to all the questions is negative, no further ecological evaluation is necessary.

Completion of this checklist requires a definition of environmentally sensitive
areas. These areas are of special significance due to its flora or fauna, the
sensitive nature of its natural features, historical considerations, or other reasons
associated with the environment. Examples of environmentally sensitive areas

include, but are not limited to the following:

¢ National parks;

¢ Designated and proposed national wilderness and natural areas,
endangered, rare, and threatened species habitat as designated by the
MoEP;

e National monuments, historic sites, lakeshore, river and rivers recreational
areas;

e Designated scenic or wild rivers and streams;

e Habitat of designated or proposed endangered, rare, or threatened
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species, and species under review as to their endangered, rare, or
threatened status;

¢ National preserves and forests;

o Wildlife refuges;

e Critical fish spawning areas;

e Critical migratory pathways and feeding areas for fish species within
river/streams reaches or areas in a lake where such species spend
extended periods of time;

e Terrestrial areas used for breeding by large or dense aggregations of
faunal species;

e State lands designated by Israel for wildlife or game management; and

o Wetlands as defined by the MoEP.

A positive answer to any one of the questions in Checklist A implies that a
receptor or a habitat exists on or near the site and further evaluation is required.
Therefore, a second checklist of questions, Checklist B must be completed. The
second checklist determines if any pathways are complete or have a reasonable
potential to be complete for any of the receptor(s) identified in Checklist A. If the
answer to all questions is negative, the conclusion is that, even though a receptor
exists on or near the site, a complete pathway to the receptor(s) does not exist
and, therefore, there are no ecological concerns at the site and its vicinity. If the
answer to one or more of the seven questions is positive, a Level 2 ERA may be
necessary to determine whether contamination at the site poses an unacceptable
risk to ecological receptors. A trained professional who is an ecologist, biologist

or ecotoxicologist is necessary to make these determinations.

7.12.2 Level 2 Ecological Risk Assessment

In a Level 2 ERA, site-specific COC concentrations that may reach an

environmental receptor are compared to the relevant ECO-VSLs presented in the
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ECO VSL tables. If a chemical is not included in ECO VSL tables, a value may

be obtained from literature. Examples of sources for ECO-SSLs include the

following:

Region 4 Ecological Risk Assessment Supplemental Guidance - Table 3
(USEPA, March 2018)

Guidance for Developing Ecological Soil Screening Levels (Eco-SSL).
OSWER directive 9285.7-55, November 2003, Revised February 2005;
Environmental screening levels (ESLs): Screening for Environmental
Concerns at Sites with Contaminated Soil and Groundwater, prepared by
California Regional Water Quality Control Board, San Francisco Bay
Region- Interim Final- November 2007 (Revised May 2008);

National Oceanic and Atmospheric Administration (NOAA) criteria:
Screening Quick Reference Table (SQuiRTS) (NOAA, 2008). Region 5
RCRA Corrective Action Branch;

Ontario sediment criteria;

USEPA online databases ( examples include ECOTOX, AQUIRE);

Ecotox Thresholds (ETs) update of ECO: Office of Solid Waste and
Emergency Response. Publication 9354.0-12FSI, EPA 540/F-95/038,
PB95-963324, January 1996a. Office of Emergency and Remedial
Response Intermittent Bulletin Volume 3, Number 2;

Oak Ridge National Laboratory (ORNL) benchmarks: ORNL Values as
presented in Toxicological Benchmarks for Screening Potential
Contaminants of Concern for Effects on Aquatic Biota: 1996 Revision
ES/T/Tm-96/R2. Sutter Il and C.L. Tsao, (DOE 1996);

TOXNET (National Institute of Health); and

Ecological Screening Values for Surface Waters, Sediment and Soil.
Friday G.P. Contract No. WSRC-TR-98-00110.

Since the above documents are periodically updated, it is important to use the

most current values. If the comparison of representative, site-specific soll

concentrations indicate that applicable screening concentrations, presented in
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the IRBCA tables, are exceeded, the RP may perform a Level 3 ERA or choose

these concentrations as cleanup standards.

The ratio of the site representative concentration to the ECO-SSL concentration
is referred to as the hazard quotient (HQ). Thus a HQ greater than 1 implies that
the site concentration exceeds the acceptable concentration. In this situation, if it
is decided to clean the site to meet the ECO-SSLs, then at least one element of

the RMP must address management of the ecological risk.

7.12.3 Level 3 Ecological Risk Assessment

A Level 3 ERA will include a detailed site-specific evaluation. Following are a few

documents that present guidance for performing a site specific evaluation:

e Ecological Risk Assessment Guidance for Superfund: Process for
Designing and Conducting Ecological Risk Assessments Interim Final
EPA 540-R-97-006 June 1997 (USEPA, 1997a);

e Guidelines for Ecological Risk Assessment. USEPA/630/R-95/002F. April
1998 (USEPA, 1998);

e Guidance for Ecological Risk Assessment at Hazardous Waste Sites and
Permitted Facilities- State of California- DTSC July 4 1996 (CalEPA, 1996);

e R.S. Wentsel, Tri-Service Procedural Guidelines for Ecological Risk
Assessment. U.S. Army Edgewood Research, Development and
Engineering Center (ERDEC), Aberdeen Proving Ground, MD, ADA29796,
May 1996.

A Level 3 ERA will require the development of a site-specific, detailed work plan
and approval by the MoEP prior to its implementation. As above, if a site-specific
analysis determines that the risk to ecological species is still unacceptable, then
at least one element of the RMP must address management of the ecological risk

to protect the target species or habitat.
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7.13 Chemicals of Concern

Chemicals identified by the RP prior to conducting the Tier 1 risk assessment
screening evaluation are considered to be Chemicals of Potential Concern
(COPC). Following the Tier 1 risk assessment, chemicals that do not meet

acceptable risk levels are be designated as “Chemicals of Concern” (COCs).

Chemicals of potential concern (COPCs) must be evaluated for potential impacts
to public health and the environment. COPCs are screened on the basis of
frequency of detection, background concentrations, and chemical concentrations
relative to risk-based screening levels. For this guidance, a chemical can be

identified as a COPC if it follows in one of the following categories:

- Aregulated substance identified during the historical survey utilized
currently or previously by the site.
- A regulated substance that was detected in a medium (soil, air,

groundwater) during the site investigation.

Important considerations when evaluating COPCs and COCs:

e Analytical Methods - MoEP and Water Authority guidelines should be
followed when performing an analysis of chemicals. For chemicals that
are not identified in the guideline documents, approved analytical methods

must be used.

o Limits of Detection - Analytical limits of detection must be reported by the

laboratory to determine if detection limits were low enough to evaluate

both human health and ecological risk.

e Background Concentrations - In some cases it may be required to

determine if the measured concentration of a chemical discovered at a site
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is from anthropogenic sources (human caused) or from natural

background concentrations found at the site.

In some cases, screening values for certain metals in soil have been set to

typical background concentrations in Israel (Arsenic for example).

7.13.1 Petroleum Hydrocarbons

The MoEP requires that all the chemicals analyzed by USEPA Methods 8260
(VOC) and 8270 (SVOC) will be reported in a table, including the analytical
procedure used. Laboratories should be asked to report the concentrations in

Excel™ spreadsheet format and also provide the reports of laboratory results.

At sites where multiple products may have been released, the COCs for the
relevant products, as listed in in the IRBCA spreadsheet model, have to be
analyzed and reported. For example, if gasoline and diesel have been released,

the COCs for both gasoline and diesel must be considered.

Table 11 is a list of all the chemicals, in accordance with the petroleum products,
for which Tier 1 RBTLs could be calculated based on the availability of
toxicological and physical-chemical properties. Other non-petroleum COCs may
be relevant at a site, if non-petroleum products e.g., solvents have also been
released. Such additional COCs will be determined based on site-specific

conditions.

Tier 1

The following Tier 1 TPH soil target level concentrations have been established
for each of the TPH mixtures for residential and industrial / commercial land use.
The risk assessor is required to perform the Tier 1 analysis of VOC

concentrations in soil only in place of TPH - Gasoline Range Organics (GRO).
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Land Use TPH-Gasoline Range | TPH-Diesel Range Organics
Organics (GRO) (DRO) & Oil Range
C6-C10 Organics (ORO)
[mg/kg] C10-C40
[mg/kg]
Residential NA 350
Commercial / Industrial & NA 1,280

Construction Worker

Tier 2
The IRBCA model was developed using the USEPA chemical and toxicity
parameters for TPH carbon fractions defined in the generic tables published in
the regional screening levels (USEPA RSL 2018). The TPH Fractions used for
the Tier 2 analysis are defined as:

e TPH Aliphatic \ (Low) C5-C8

e TPH Aliphatic (Medium) C9-C18

e TPH Aliphatic (High) C19-C32

e TPH Aromatic (Low): C6-C8

e TPH Aromatic (Medium): C9-C16

e TPH Aromatic (High) C17-C32

In order to calculate Tier 2 site specific target levels for each TPH mixture (TPH-
GRO, DRO, ORO) in the IRBCA model, it was necessary to determine the typical
carbon composition of each TPH mixture. Information from the Hawaii
Department of Health (Hawaii, 2017) was used which is based on estimates of

carbon range makeup of each TPH mixture as outlined below:
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Summary of Aliphatic/Aromatic Composition in TPH Mixtures (Hawaii 2017)

M-il;(Pt:Ire TPH Sub-Fraction Composltl?:aﬁgzgoit;t;-Fractlons

TPH - GRO | Aliphatic low (C5-C8) 45%,
Aliphatic medium (C9-C18) 12%

ér106r;1atic medium (C9- 43%

Sum 100%

TPH - DRO | Aliphatic low (C5-C8) <1%
Aliphatic medium (C9-C18) 35%

équr;]atlc medium (C9- 220/,

Aliphatic high (C19-C32) 43%

Sum 100%

TPH - ORO | Aliphatic high (C19-C32) 75%
Aromatic high (C17-C32) 25%

Sum 100%

Users of the IRBCA model can adjust site specific parameters at Tier 2 (such as
exposure time for outdoor inhalation) to calculate site-specific target values for
the TPH mixtures. The calculations and results can be viewed on the "TPH

Calculator" page of the model.

It is important to note that the regulator has defined a ceiling level for the
Aliphatic High (C19-C32) and Aromatic high (C17-C32) to prevent nuisances and
other gross contamination concern. A maximum concentration of 2,000 mg/kg
and 5,000 mg/kg was established for residential receptors and

commercial/industrial/construction worker receptors.

Users of the Tier 2 model are required to analyze at least 20% samples for
TPH-GRO analysis.
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7.13.2 Chemicals of Concern in Soil

The objective of soil characterization is to (i) delineate the vertical and horizontal
extent of site-related COCs to identify the exposure areas for each combination
of receptor-pathway-complete exposure pathway, and (ii) estimate maximum and

representative concentrations for each exposure area.

Data collected in areas that are clean (either because the samples were collected
beyond the extent of impact or the remedial activities eliminated the COCs) are
not appropriate for use in the calculation of representative concentrations. Use of
such data may incorrectly underestimate the representative concentrations.
Because of the significance of accurately estimating the representative
concentrations for each exposure area in the overall risk management decision,

this concept is further discussed in Appendix D.

The IRBCA evaluation requires that a thorough assessment of source areas be
performed to ensure that representative concentrations of chemicals can be
estimated within each exposure area. Sufficient data should be collected to
define the horizontal and vertical extent of impacts up to VSLs and for the
calculation of the 95% UCL for each COC in each exposure area (see Appendix
D). Soil data should continue to be collected and analyzed until it can be
demonstrated that the boundary soil samples contain concentrations below the
VSLs. To determine the vertical extent of the contamination, soil borings should
be extended down and Sections samples collected from surface and subsurface
soil zones. Depending on the characteristics of the COC released, the vertical
extent, and the presence of vertical gradients, sampling of soils beneath the

water table in multiple deep saturated zones may be required.
The sampling plan for subsurface soil is pathway-specific. Several critical

parameters are required to evaluate the leaching of COCs from soil into

groundwater. These parameters include (i) thickness of the contaminated soil
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zone, (ii) distance from the bottom of the contaminated zone to the water table, if
any, and (iii) the representative concentration of COCs within the contaminated

Zone.

Each soil boring must be logged to indicate depths correlating with changes in
lithology (with lithological descriptions), occurrence of groundwater, total depth,
visual and olfactory observations, and other pertinent data such as a soil vapor
screening reading. Soil and soil gas sampling and monitoring must be conducted
per the approved work plan. When a monitoring well is installed, as-built
diagrams with depth to groundwater indicated must be submitted for each well. A
continuous soil profile from soil borings should be developed with detailed
lithological descriptions. Particular emphasis should be placed on characteristics
that may control chemical migration and distribution such as zones of higher or
lower permeability, changes in lithology, correlation between soil vapor
concentrations and different lithological zones, obvious areas of soil discoloration,
organic content, fractures, and other lithological characteristics. All boreholes

must be drilled according to updated MoEP guidelines.

If it becomes apparent during the site investigation that the VSLs will be met,
then no additional information may be needed at the site. However, if the
concentrations exceed the VSLs on- or off-site, the site investigation should be
performed such that all data necessary to perform a Tier 1,Tier 2, or Tier 3 RA
and Level 1, 2, or 3 ERA are obtained as expeditiously as possible. The field
investigation to collect the soil data should follow most current version of the

MoEP guidance.

The IRBCA program does not make a distinction between surficial soil and
subsurface soil. In some cases, surficial soil data is necessary where there was
a surface spill or overfill, or where it is likely that surficial soils have been
impacted. However, the exposure pathways associated with soil include:
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e Direct dermal contact,

¢ Ingestion of soil particulates,

¢ Outdoor inhalation of vapors and particulates,
e Leaching to groundwater, and

e Release to surface fresh waters and marine waters.

For all receptor scenarios, the direct soil contact with soil pathway cannot be
considered incomplete regardless of the depth of the contaminated soil to protect
for future unknown land use. Nevertheless, in cases where the industrial site is
operating with an active business license, the regulator may allow for managing
risk for this pathway with the condition written as part of the No Further Action

(NFA) letter issued to the site and as part of the site's business license.

The construction worker may have direct exposure to the subsurface soil when
involved in excavation activities. The commercial worker may limited direct
contact with soil and also have indirect exposure through indoor and outdoor
inhalation of vapors. Representative concentrations in subsurface soil depend on

the pathway and the exposure area of the receptor.

7.13.3 Chemicals of Concern in Groundwater

The field investigation to collect the groundwater data should follow most current
version of the Water Authority's guidance. The groundwater investigation should

focus on collection of the following data/information:
1. Delineation of the horizontal and vertical extent of dissolved groundwater
plumes and NAPLs, and identification of exposure area for each receptor,

pathway and exposure pathway combination.

2. Calculation of representative COC concentrations for each exposure area
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3. Determine the status of the plume (increasing, stable or shrinking),
determine boundaries of plume by transects across plume,
characterization of dissolved contaminant plume by collection of
groundwater samples from spatially distributed (at least in 2-D) sampling
points and multilevel groundwater monitoring (such as: nested wells or

well cluster).

7.13.4 Non-Aqueous Phase Liquids (NAPL)

The presence of dense or light NAPL may serve as a long-term source of
contaminants which will continue to migrate to surrounding soils, groundwater,
surface water, and sea. Therefore, the authorities will require that all NAPL be

removed to the maximum extent practicable.

The delineation criteria for groundwater depends on whether the current and
potential future domestic use of groundwater (or ecological receptors if
applicable), will involve a complete or incomplete pathway. Where the domestic
use of groundwater pathway is complete, delineation criteria will be the lower of

the following criteria:

Drinking water standard,
Concentrations for the protection of ecological receptors (when present)

Land use-dependent concentrations protective of indoor inhalation, or

B wDh -

Non-domestic uses of groundwater, when present.

Where the domestic use of groundwater pathway is determined to be incomplete,
the delineation criteria will be based on other potentially complete pathways.
Examples are: protection of indoor air due to volatilization of contaminants from
the groundwater, exposures that may be encountered by subsurface construction

workers, or the discharge of contaminated groundwater to surface water or sea.
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7.13.5 Chemicals of Concern in Soil Gas

At sites where volatile chemicals of concern exist and the potential of indoor or
outdoor vapor migration exists, it is required to measure soil vapor concentrations.
For risk assessment purposes, it is necessary to collect a representative soil gas
samples according to MoEP Soil Gas sampling guidance and have it analyzed at
a certified laboratory for the volatile chemicals of concern using To-15 method
with maximal sensitivity of 1 ppbv or a lower less. A sample is typically collected
in a Summa canister and analyzed in the laboratory. To determine the integrity of
the sample, it is necessary to employ a leak detection technique. Such
techniques have been adequately discussed in the literature, including ITRC
(2007), and NJDEP (2005) and MoEP Soil Gas sampling guidance.

Note: The representative concentration for soil vapor will be the maximum
concentration of three (3) active soil vapor samples taken over a period of six (6)
months at the same sampling location.

7.13.6 Chemicals of Concern in Surface Waters including Marine Water

When site investigation data or modeling shows or suggests that COCs and/or
their breakdown products may have migrated (discharged/seeped/ surface runoff)
to a surface water body or sea water and/or sediments, representative surface
water or sea water samples (and sediments) should be collected. If surface
drainage or runoff pathways are suspected of having been impacted by any site
contaminants surface water/sea water should also be sampled. Sampling must
consider the representativeness of the samples with regard to the flow conditions.
Water samples may have to be collected both upstream and downstream of each
area where a discharge of contaminated groundwater is suspected. A surface
water sample for determination of hardness be required if the target surface
water value for the COC is hardness or pH dependent.
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Both total and dissolved COCs concentrations must be determined. Toxic
pollutant criteria applicable to aquatic receptors in surface waters are based on
dissolved surface water concentrations and those for people are based on total

surface water concentrations.

Sampling should be conducted in accordance with the most current version of
MoEP guidance and based on the approved work plan. Depending on the results
of the surface water investigation, a Level 2 or 3 ERA and Tier 2 and 3 RA may
be required. Environmental water quality standards for surface water are
provided in the VSL table for surface and marine waters. Standards for
substances not included in the VSL table can be selected from international

literature and require approval by the MoEP.

7.13.7 Chemicals of Concern in Sediments

The RP must compare the sediment sample data with sediment standards that
are protective of human health and ecological receptors and habitats that can be
obtained from the Eco-VSL for sediment or develop site-specific site-specific
sediment standards (which would be considered a Level 3 ERA and would

require a pre-approved work plan).

7.13.8 Chemicals of Concern with Special Considerations

The equations listed in the Appendix E can be applied to calculate target levels
and forward mode risks for most of the chemicals of concern (COCs) in the
IRBCA list. The USEPA Regional Screening Level (RSL) guidance has included
many special considerations for several COCs which the IRBCA references.
There are some cases where the standard equations do not apply and/or
external adjustments to the chemical parameters are recommended (USEPA
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RSL, November 2019). Users of the IRBCA Excel™ spreadsheet should refer to

the complete list of special considerations on the USEPA RSL user guide website:

https://www.epa.gov/risk/regional-screening-levels-rsis-users-guide#special

Below is a list of some chemicals with special considerations

Cadmium

Cadmium (CAS# 7440-43-9) appears in the IRBCA list of chemicals as
"Cadmium (Diet)" and "Cadmium (Water)". The IRBCA references the USEPA
Integrated Risk Information System (IRIS) for toxicity parameters for Cadmium.
The IRIS presents two different toxicity parameters, "Cadmium (Diet)" used to
assess risks to exposure to sources in soil and biota and "Cadmium (Water)"

used to assess risks to sources in water and air.

Lead and Compounds
To date, there are no published toxicity values by the USEPA for lead (CAS#

7439-92-1), so it is not possible to calculate target levels and risks using the

IRBCA equations for exposure to contaminants in soil. The IRBCA methodology
follows the USEPA approach to assessing exposure to lead using the Integrated
Exposure-Update Biokenetic Model (IEUBK). Details regarding the predefined

target values for Lead are address in section E.10 of the IRBCA methodology.

Manganese
Manganese (CAS # 7439-96-5) appears in the IRBCA list of chemicals as

"Manganese (Diet)" and "Manganese (Non-Diet)". The IRBCA methodology
references published toxicity values according to an IRIS study which concluded
that two separate toxicity factors should be used for manganese. "Manganese
(Non-Diet)" is used to assess exposure to non-food sources such drinking water
and soil. The toxicity values for non-diet sources (soil, water) were adjusted by

IRIS to account for dietary contribution of manganese from a normal diet.
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"Manganese (Diet)" toxicity factors should be used to asses exposure to dietary
sources such as fish, plants, etc... The IRBCA recommends assessing risk for

dietary sources as a Tier 3 assessment.
Arsenic

The target screening values for Arsenic (CAS#7440-38-2) in soil have been set

by the MoEP based on natural background concentration representative of Israel.
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8 Problem Formulation / Hazard Identification

The risk assessment framework provides a structured approach for evaluating
potential adverse effects to receptors (e.g., people) from environmental stressors
(e.g., chemicals in soil vapor). The framework for risk assessment typically
involves four stages: problem formulation, exposure assessment, toxicity

assessment and risk characterization which are described in greater detail below.

The problem formulation / hazard identification is part of the IRBCA process
which identifies the major factors to be considered in the risk assessment. This
section uses regulatory and decision-making policy and describes the technical

approach to perform the risk assessment.

The problem formulation identifies the sources of contamination and exposed
media (soil, groundwater, soil vapor), exposure pathways (direct soil contact,
domestic use of groundwater, indoor vapor intrusion) and exposed receptors
(residents, recreational users, construction workers, ecological receptors). A
conceptual exposure model should be created to illustrate and explain how the
contaminant sources, exposure pathways and receptors are linked together to

form the potential for health risk.

8.1 Receptors

The IRBCA guidance defines the potential receptors to include human,
structures, utilities, surface waters, seawater, sediments and ecological risk
receptors (flora and fauna and their habitats) which may be adversely affected by
a release and potentially be subject to damage by exposure to COCs and/or their
by-products via ingestion, inhalation, absorption or dermal contact. This definition
also specifically includes water-supply wells because it must be assumed that

humans will be ingesting the water from these wells.
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In  IRBCA, four receptor scenarios are considered: Residential,
Commercial/Industrial, Construction Worker and Recreational. The IRBCA
model has the option to include a site-specific receptor which does not fall in one

of the four categories. The model evaluates both current and future scenarios.

8.1.1 Residential Receptor

A residential receptor (current or future) would be considered if the primary
purpose of the land use is (a) a residence by persons on a permanent, temporary
or seasonal basis, including, without limitation, single family dwellings, cabins,
apartments, condominiums or townhouses, or (b) institutional facilities, including,
without limitation, schools, hospitals, daycare operations, prisons, community

centers, places of worship (synagogues, mosques, churches).

Under the residential land use scenario, future residents are expected to be in
frequent contact with contaminated. Exposure is calculated for a lifetime, and
includes both child and adult life stages. Human health risks and the risk based
target values (RBTLs) value for a residential receptor are calculated for a

resident child (age 0-6), adult, and age-adjusted value (weighted average).

8.1.2 Non-Residential/Commercial/Industrial Worker Receptor

The use of land for a non-residential/commercial/industrial worker's primary
purpose is buying, selling or trading of merchandise or services including, without
limitation, shopping malls, office complexes, restaurants, hotels, motels, grocery
stores, automobile service stations, petroleum distribution operations, dry
cleaning operations, municipal yards, warehouses, law courts, museums, golf
courses, government offices, air and sea terminals, bus and railway stations, and

storage associated with these uses.
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Workers who fall under the commercial/industrial scenario are expected to be
routinely exposed to contaminated media within a commercial or industrial site.
Exposure can be based on the potential for soil disturbances due to the use of
heavy equipment producing particulate emissions which could be inhaled by the
industrial worker. Assumptions and default parameters do not reflect the use of

protective clothing or other safety precautions.
The use of groundwater as potable water (ingestion, dermal contact, and

inhalation of vapors from groundwater) for a commercial/industrial scenario will

be evaluated as domestic water use.

8.1.3 Construction Worker

Construction Worker is a generic term identifying workers who are employed in
the physical building of infrastructure or other structure at a site. A construction
worker may be exposed to chemicals released from shallow groundwater,
exposed to VOCs released from working in a trench, exposed to subsurface soill
through digging for a relatively short period of time relative to a commercial or
industrial worker. A construction worker is expected to be exposed to chemicals

outside only.

8.1.4 Recreational Receptor

In 2018, the IRBCA guidance was updated include the recreational receptor, also
encompassing the "trespasser" or "site visitor" scenario. The IRBCA
spreadsheet includes the option to evaluate exposures to soil, surface water, and
sediments typically associated with hiking, canoeing, fishing, kayaking, boating,
rowing, wading, and splashing. The IRBCA considers full-body contact with
surface water scenarios (i.e. swimming and immersion) as well as incidental

contact.
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8.2 Exposure Pathways

Estimation of exposure involves the identification of exposure scenarios,
pathways and routes of exposure. An exposure pathway is how a receptor
comes in contact with the impacted media or COCs. Exposure pathways include
fate and transport processes by which chemicals move from the point of release
through the environment and the interaction(s) through which populations or
individuals ore exposed. For example, a chemical in soil might migrate into
groundwater or volatize into air. A person may then be exposed to the chemical

through consumption of drinking water and inhalation of air (indoor or outdoor).

8.3 Development of the Conceptual Exposure Model

The Conceptual Exposure Model is used to identify complete exposure pathways
under current and reasonably likely future land use conditions. The presence of
exposure pathways and receptors is dependent on current and reasonably
anticipated future use of the site and adjacent areas. If COCs could potentially
migrate off-site, all affected properties must also be considered when developing

the conceptual site exposure model.

A conceptual exposure model at a minimum consists of:

1. Identification of COCs in each applicable exposure media (soil,
groundwater, surface water, soil vapor and sediment)

2. ldentification of receptors

3. ldentification of complete and potentially complete exposure pathways for
current and reasonably anticipated future land use on- and off- the site;

4. Exposure pathways are considered "complete" when they contain the
following elements:

a. A source of contamination including the chemical release
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scenario, location of source(s), COCs and the method it was
released to the environment;

b. An environmental medium (air, soil, groundwater etc.) and a
description of site stratigraphy, determination of the
predominant vadose zone soil type, hydrogeology, and
surface water bodies that may potentially be affected by site
COCs;

c. A means where a receptor may come in contact with the
impacted environmental medium;

d. A means for a chemical to come in contact with the receptor,
distribution of COCs in the various affected media on-site and

off-site.

8.4 Exposure Areas

In addition, for each complete or potentially complete pathway, identification of
the exposure area is required by MoEP for evaluating risks for current and future
conditions. In many instances, exposure areas are based on historic use of the
site in terms of industrial activities. An exposure area should be selected based
on known or anticipated uses and will require an understanding of differing
activity patterns of different receptors at a site. Establishing exposure areas (and
understanding their limitations) that are designed to evaluate potential exposures

are critical to the scoping stage of the risk assessment.

In some cases, the exposure area cannot be reasonably established due to lack
of information regarding the redevelopment of the site and information on the
location and type of activity is not available. In these cases, exposure
assessments might evaluate receptors by assuming equal likelihood of exposure
across the entire site. Identification of the exposure area is necessary because
the data collected within an exposure area is used to determine representative

concentration for exposure assessment calculations (see Appendix D).

IRBCA Technical Guidance Page 8-5 January 2020



8.5 Work Plan

MoEP requires the submission of a work plan that summarizes the results of the
problem formulation, identification of exposure areas and calculation of
representative statistics for each exposure area that will be used in the

subsequent risk assessment.

Specifically, the risk assessor must:

1. Document the pathways that are complete under current and reasonably
anticipated future conditions;

2. Explain the rationale for pathway decisions, both complete and incomplete.

3. ldentify the sampling locations within the exposure area that will be used
to estimate representative concentrations for each pathway.

4. Calculation of summary statistics for each exposure area (e.g.,
representative statistics).

5. Users should submit as part of the work plan results of the ecologic risk

assessment checklist.

As part of the work plan, the risk assessor must submit the name and
professional qualifications of the risk assessor(s) who will perform the risk
assessment. These include the specific academic and professional (e.g.,
toxicologist, biologist, chemist, engineer, geologist etc.) qualifications and details

of their experience performing risk assessment.

8.6 Quantitative Risk Assessment

Following the completion of the problem formulation, a quantitative risk
assessment is undertaken (e.g., Tier 1, 2 or 3 HHRA) which includes the

following phases: toxicity assessment, exposure assessment and risk
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characterization. The following sections describe the phases of the quantitative

risk assessment.

8.6.1 Toxicity Assessment

The purpose of the toxicity assessment is to identify the toxic potential of the
identified chemicals of potential concern (COPCs). The Toxicity Assessment
involves the selection of a toxicity reference value (i.e., the acceptable dose that
people can be exposed to without risk of adverse health effects over a lifetime).
For human health, both the type of health effect (e.g., cancer) and the pathway
by which a receptor is exposed to the contaminant (e.g., ingestion) are

considered when selecting appropriate toxicity reference values (TRVSs).

US EPA IRIS (2018) and IARC (2017) have developed classification systems on
the carcinogenic properties of chemicals and these resources are used to
determine whether each COC is considered to be a carcinogen or not based on
classification. For threshold acting chemicals (e.g., non-carcinogens) a reference
dose (oral/dermal pathways) represents an estimated daily intake to which
people can be exposed to every day over a lifetime without experiencing a
significant or adverse health impact. Reference doses are expressed as milligram
of contaminant per kg of body weight per day (mg/kg bw/day) and reference
concentrations (used for the inhalation pathway) are expressed in units of mg
contaminant per cubic meter of air (mg/m?). For non-threshold acting chemicals
(e.g., carcinogens), the TRV is expressed as a slope factor
(oral/dermal pathways) or an inhalation unit risk (inhalation pathways). Slope
factors and inhalation unit risks are defined as a plausible upper bound
probability of an individual developing cancer as a result of a lifetime exposure to

a potential carcinogen.

8.6.2 Exposure Assessment

The Exposure Assessment involves estimating the exposure dose of the

contaminant received by the receptors for each pathway identified in the problem
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formulation. The dose of a chemical depends on the concentration in various
media (e.g., water, soil, sediment and food), the amount of time that people might
be in contact with these media and the physiological characteristics of the person

(e.g., ingestion rates, inhalation rates, body weights and dietary preferences).

8.6.3 Risk Characterization

In the Risk Characterization, the results of the exposure assessment are
compared with the findings of the toxicity assessment to determine whether there
is potential for chemicals from the site to pose adverse human or ecological
health effects. The predicted risks will be compared to negligible risk levels as
determined by MoEP. The risk characterization is completed for the chemicals,
receptors and exposure scenarios of concern identified in the problem
formulation. Potential sources of uncertainty and conservative assumptions used

in the assessment are described in an uncertainty assessment.
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9 Tier 1 Risk Assessment

If any of the maximum soil, soil vapor, groundwater, surface water, or sediment
concentrations exceeds the VSLs or relevant WQC, the RP may choose to either

clean the site to the VSLs, or perform a Tier 1 RA.

A Tier 1 RA uses non-site specific (generic), conservative target levels for each
complete and potentially complete human exposure pathway. These target
levels are based on conservative assumptions, representative of Israeli
conditions per the IRBCA Task Force, representative exposure factors; fate and
transport parameters; and the analytical fate and transport models. If the
relevant site conditions differ significantly from the site-specific factors, or include
complete exposure pathways for which Tier 1 target levels have not been

developed, a Tier 2 RA may be required by the MoEP.

The acceptable risk used to develop the Tier 1 RBTLs are:

(1) For carcinogenic risk, incremental excess lifetime cancer risk (IELCR)
of 1 x 10, and

(2) For non-carcinogenic risk, a hazard quotient (HQ) of 1.0.

A Tier 1 risk assessment involves determination of site COCs, selection of
relevant Tier 1 RBTLs from generic lookup tables, and comparison of relevant

RBTLs with representative COC concentrations.
Tier 1 RBTLs will be derived for each COC, each complete exposure

pathway, and each medium of concern identified in the problem

formulation.
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Tier 1 RA requires the following steps:

1. Compilation of available data and identification of any data gaps,

2. Development of conceptual model and problem formulation,

3. Collection of data to fill any data gaps and design of sampling and
analytical methods to match the required COCs, for example TPH
fractions and individual constituents (including identification of sources),

4. Calculation of media and pathway-specific representative concentrations
for COCs,

5. Selection of relevant Tier 1 RBTLs from lookup tables and comparison
with representative concentrations, and

6. Determination of the next course of action and documentation of Tier 1 RA

including recommendations.

Details of each step are presented below.

9.1 Step 1: Compilation of Data and Identification of Data Gaps

The objective of this step is to compile and evaluate all available relevant data,
and identify any data gaps. Specifically the data required has been identified in

the previous sections.

9.2 Step 2: Calculation of Representative Concentrations

The RP must calculate representative chemical concentrations for each complete
exposure pathway using data from the exposure area. Depending on the
exposure pathways, multiple representative concentrations (one for each
exposure area) have to be calculated. The calculation of each representative

concentration is further discussed in Appendix D.
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At certain sites, multiple representative concentrations may be necessary for the
same media. For example, if a groundwater plume has migrated below a non-
residential building and a residential building, representative groundwater
concentrations for the residential and non-residential receptors would be
different.

The need to calculate representative concentrations may be avoided by initially
using the maximum site-wide concentrations in the medium of interest for each
pathway as the representative concentration. If the Tier 1 RBTLs are higher than
the maximum concentrations, then the calculation of the representative

concentrations is not necessary.

9.3 Step 3: Selection of Relevant Tier 1 RBTLs

Tier 1 RBTLs must be selected from Tier 1 RBTL tables for each chemical, each
receptor, and each exposure pathway. Soil vapor concentrations are to be used
to assess the indoor vapor inhalation pathway. If the soil to groundwater or soil to
surface water pathway is complete, the soil concentrations presented in Tier 1
Tables will be used for soil concentrations. If for an exposure area and a media,
multiple pathways are complete, the minimum concentration of all the complete

pathways will apply.

At sites where there are no complete human exposure pathways, target levels
protective of groundwater will apply. Further in such areas the soil target levels
protective of ecological receptors presented in ECO-VSL will be applicable. If
there is a spill that may directly impact a spring or a surface water body, the
ecological target levels for soils and sediments will apply.

The Tier 1 soil vapor concentrations protective of indoor inhalation were
calculated using an attenuation factor (alpha or a) of 0.01. Thus the soil vapor

concentrations were calculated as the indoor air concentrations divided by 0.01.
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These soil vapor concentrations were used to estimate risk-based soil

concentrations using USEPA equilibrium conversion.

The Tier 1 RBTLs are compared with the representative concentrations

calculated. Based on the comparison, the next course of action is determined.

9.3.1 Groundwater Resource Protection Evaluation (Tier 1 Calculation)

The Tier 1 RBTLs have been developed using a number of conservative
assumptions. The RBTLs for groundwater source and the soil source have to be
multiplied by the relevant distance dependent saturated zone and unsaturated

zone dilution attenuation factors (DAF).

IF the groundwater use pathway is deemed to be complete under current or
future conditions, the soil concentration protective of groundwater sources must
be evaluated. The maximum allowable Tier 1 distance to the point of exposure is
set to be 150 m which calculates a horizontal DAF to be 40.8 using the Domenico
model. The vertical (unsaturated zone) DAF is calculated based on the depth of

the groundwater from the bottom of the contamination.

For Tier 1, the depth dependent unsaturated zone DAF is calculated based on
the distance from bottom of the contaminated zone to the groundwater. The Tier
1 default is considered to be 0 — 6 m which calculates a vertical DAF of 3 or > 6
m which calculates a vertical DAF of 8. Appendix E1 describes how the Tier 1

soil concentrations protective of groundwater sources are calculated.

9.3.2 Protection of Indoor Inhalation from Groundwater Sources

Groundwater concentrations protective of indoor inhalation are typically
estimated using a model such as the Johnson and Ettinger (Johnson et al., 2001)

model as incorporated in the IRBCA software and includes both diffusive and
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advective transport mechanisms. Unless otherwise noted, the advective

transport component will be used to evaluate vapor intrusion from groundwater.

In certain situations, the advective vapor transport mechanism may not contribute
to chemical flux into a building. Examples include when the source of the COCs
is beyond the zone of pressure influence of the building. Other examples include
the absence of a pressure gradient or a negative pressure gradient i.e. higher

pressure within the building compared to the pressure at the source.

For Tier 1 Evaluation, GW RBTLs protective of indoor inhalation were calculated
using Indoor air concentrations based on new Israeli’s annual air standards and
when absent, IRBCA- risk based calculated indoor air concentrations. The

attenuation factor (o) is calculated using the J&E model.

9.4 Step 4: Determination of the Next Course of Action
Depending on the results of the comparison, the following alternatives are

possible:

Tier 1 Evaluation

Concentrations of
Chemicals of Concern
Are Below the Tier 1

Implementation o
"Interim"” Remedial
Action Appropriate?

Is Remediation

to Tier 1 RBTLs O

Practicable?

lYes

RBTLs

Assessment

Alternative 4

Perform a Tier 2 Risk

Request NFA Letter

Alternative 1

Submit a Remediation
Plan and Remediate to
Tier 1 RBTLs

Alternative 2

Alternative 1: Request NFA Letter

Submit an Interim
Remediation Action Plan
and Continue to Tier 2

Alternative 3

il

In the event that all the representative concentrations are below the Tier 1 RBTLs,
the RP may request a NFA letter from the regulatory authorities. The RP should
IRBCA Technical Guidance
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refer to the MoEP and Water Authority guidance documents for submitting an

NFA request.

Alternative 2: Submit a Remediation Plan (and remediate to Tier 1 values)
If one or more representative concentrations exceed the Tier 1 RBTLs, the RP
can decide to remediate to Tier 1 values. The RP is required to submit a
remediation plan describing corrective actions that will be taken.
The RP has the option to remediate the site to Tier 1 RBTLs, acceptable levels
for ecological receptors and habitats, and request a NFA letter when remediation
is complete. The cleanup levels selected will be the lowest of the risk based
criteria protective of human health and ecological receptors. The selection of this
alternative will require the development of a remediation plan and approval by the
relevant authorities of the remediation plan and according to the following steps:
e During on-going remediation, a monitoring program is required to
confirm the occurrence, the effectiveness and the impact of the
remediation technology and a report must be submitted periodically

to the authorities.

¢ In cases where representative site concentrations minimally exceed
acceptable risk levels or when non-permanent technologies are
used, the RP must conduct a compliance/long-term monitoring

program to confirm site concentrations are not increasing.

e After completion of remediation by permanent technologies (such
as excavation and disposal), confirmatory sampling is required,
after approval of the relevant authorities of the confirmatory
sampling plan, to ensure that the risk levels within each exposure
area meet acceptable levels. In case non-permanent remediation
technologies are selected (such as: capping,
solidification/stabilization), a long term on- and off-site monitoring

plan is necessary and must be developed and approved.

IRBCA Technical Guidance Page 9-6 January 2020



e After remediation to target levels is completed, implementation of
activity use limitations (AULs) and enforceable long-term
stewardship activities may be required. Further a monitoring plan
may be necessary and will have to be developed by the RP and

approved by the authorities.

The responsible party also has the option to perform the necessary
actions to eliminate that pathway for which representative concentrations
exceed the Tier 1 RBTLs and request a NFA letter.

Alternative 3: If meeting the Tier 1 RBTL is impracticable due to
technology or resource limitations, an interim remediation action plan can
be submitted to the regulator. This may include removal or treatment of
“hot spots” and/or addressing the most significant concerns at the site. A
Tier 2 risk assessment will still be required for the Site and should be
conducted in parallel to carrying out interim remediation action. The Tier 2
risk assessment should be performed using confirmatory samples after

interim remediation is completed.

Alternative 4: Decide to perform a Tier 2 risk assessment, as discussed

below.

IRBCA Technical Guidance Page 9-7 January 2020



10 Tier 2 Risk Assessment

Tier 2 risk assessment allows for the use of site-specific fate and transport
parameters to calculate site-specific risk, and if necessary, site-specific target
levels (SSTLs). A Tier 2 RA may be conducted under any of the following

conditions:

e |tis not feasible or cost effective to meet Tier 1 RBTLs,

e Tier 1 assumptions are significantly different from site-specific conditions,
so that the Tier 1 RBTLs may not be protective of site-specific conditions
and hence unacceptable. Examples include, volumetric water content in
the vadose zone soil is significantly less than the default value and the
indoor vapor inhalation pathway is complete, the fractional organic carbon
content is significantly less than its default value, or the site is
characterized by karst or soil very different than default soil used for Tier 1
RBTLs calculations.

e The COCs are not listed in the RB