AN,

[ meeat]

Report on:

Scientific Review of
British Columbia CSST

Soil Standards Derivation Protocol

Submitted to: Ministry of Environment
October 2005

AN,

[ meeat]

Submitted by:
Science Advisory Board
for Contaminated Sites in British Columbia



Science Advisory Board for Contaminated Sites in British Columbia

Department of Chemistry, University of Victoria
‘m PO Box 3065 STN CSC Victoria, BC V8W 3V6
2 Phone: 250- 472- 4687 Email: sabcs@uvic.ca
e ]
PREFACE

The analysis provided in this report is intended to support a larger objective. The SAB was asked by the
Ministry of Environment (formerly Ministry of Water, Land and Air Protection) to —

(i) conduct a scientific review of the 1996 Contaminated Sites Standards Taskgroup (CSST) protocols
for deriving environmental standards under the BC Contaminated Sites Regulation (BC CSR), and

(i) propose revisions based on technical/scientific advances, and in cases where a gap existed in the
previous guidance.

The formal objectives of the overall project are —

“Review with an aim to providing the Ministry with detailed recommendations to update and revise
the Ministry's existing CSST soil standards derivation protocol.

The project will include consideration of screening risk assessment scenarios and approaches, in
additions to the development of exposure scenarios and derivation equations for the newly defined
“Wildlands” and Condominium land uses. This project also to include consultation with the broader
contaminated sites stakeholder community of any recommended revisions or newly developed
components proposed for the revised soil standards derivation protocol.”

This report comprises a portion but not the entirety of the protocols review [item (i) above]; in support of
future recommendations on revisions to the derivation protocols for soil standards under the British
Columbia Contaminated Sites Regulation [item (ii)].

The review project involved oversight by an SAB Task group — co-chaired by Jean Cho, PhD, Dennis
Konasewich, PhD, and Jim Malick, PhD - that was instrumental in advising on the direction and critical
issues in the review. The SAB recognizes and appreciates the in-depth technical review provided by
Golder Associates Limited, as summarized in this report. Readers should note, however, that the views
expressed within the report may not necessarily reflect the views of the SAB or the Ministry of
Environment. At the time of release of this report, work on revisions to the Contaminated Soil Standards
Derivation Protocols for British Columbia was beginning in earnest.

Any recommendations on revisions to the Protocols may require the consideration of issues that were
beyond the scope of the Golder review: for example, a desire for consistency in technical/scientific
objectives across various levels of application of generic to highly site-specific guidance on
contaminated sites assessment and remediation, albeit with reduced uncertainty and an allied reduced
conservatism for increasingly site-specific determinations. In addition, this report in a few cases may
not adequately reflect a consensus on preferred technical approaches, as reflected in peer review
comments received during or subsequent to the finalization of the report. As one example see the
comment by Professor Mayer, Attachment 1. It is the expectation of SAB that further work will be
required on some technical issues and proposed approaches toward achieving a stronger scientific
consensus. Such issues may include, but might not be limited to (i) prediction of soil — groundwater
partitioning of metals/metalloids or other contaminants; (ii) requirements for obtaining soil vapour data
for volatile contaminants; and (iii) soil standards for wildlands land-uses.
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PREFACE

This report, prepared by Golder Associates Ltd. (Golder) for the Science Advisory Board
for Contaminated Sites in British Columbia (SABCS), is a scientific review of the B.C.
Ministry of Environment Contaminated Sites Standards Task Group (CSST) soil
standards derivation protocol. The current CSST soil standards derivation protocol (the
“CSST protocol”) was issued in 1996.

The scope of the review focuses on scientific issues for derivation of soil standards based
on potential risk to human and ecological receptors. The review is not intended to
address policy issues, although instances where policy and science overlap are identified
for consideration by the appropriate decision makers. While comprehensive, the review
was not intended to be exhaustive, and focused on exposure scenarios and issues deemed
to be of relatively high priority, based on consultation with SABCS. Furthermore, this
report is not intended to be a protocol for derivation of soil standards, although elements
of this work will be useful for this purpose.

The review included the existing exposure scenarios defined by the CSST protocol (e.g.,
human health direct contact pathways; groundwater pathways [protection of aquatic life,
drinking water, irrigation watering, livestock watering]; toxicity to soil invertebrates and
plants, and livestock ingesting soil and fodder). Two new exposure pathways were
considered: inhalation of vapour intrusion in buildings, as well as toxicity to small
mammals and birds. Two new land use categories were considered: high density urban
residential (for locations such as high-rise apartments or condominiums) and wildlands.

The regulatory context for the review of CSST standards is that the application of
standards is the first step in the evaluation of contaminated sites, and that if standards are
exceeded, there are further screening level and detailed risk assessment tools that can be
applied for the assessment of contaminated sites. It is thus important that soil standards
be reasonably conservative, based on relatively simple approaches and models that are
applicable to a broad cross-section of sites recognizing that, when needed, there is the
option for higher level assessment.

This document was authored by Peter Chapman, Ph.D., Ian Hers, Ph.D., Blair McDonald,
M.E.T., R.P.Bio., Christine Thomas, M.Sc. and Reidar Zapf-Gilje, Ph.D. of Golder
Associates Ltd. External peer review comments were provided by Anne Fairbrother,
Ph.D. of the USEPA and Mark Richardson, Ph.D. of Health Canada. Review comments
were provided by members of the SABCS CSST Review Task Group and the BC
Ministry of Environment.

The findings and recommendations are based on the current state of the science. As the
practice of risk assessment advances, there will be new developments for soil standard
protocol development, contaminant transport modeling, and assessment of exposure and
risk to human and ecological receptors. These new advances should be incorporated into
future updates to the protocol, as warranted.
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1.0 INTRODUCTION

The Science Advisory Board for Contaminated Sites in British Columbia (SABCS)
contracted Golder Associates Ltd (Golder) to conduct a scientific review of the B.C.
Ministry of Water, Land and Air Protection’s (BCWLAP) Contaminated Sites Standards
Task Group (CSST) soil standards derivation protocol. The current CSST soil standards
derivation protocol (the “CSST protocol”) was issued in 1996 (BCE, 1996). SABCS
requested a scientific review to address the following questions:

e Is the current CSST protocol scientifically sound? Have there been significant
scientific developments in the last decade that should be incorporated into the CSST
protocol?

e To the extent that the CSST protocol (or its associated default toxicological and/or
hydrogeological parameter values) may not be scientifically sound or up-to-date, how
should the protocol or the default parameter values of the protocol be revised or
replaced? Specific recommendations to improve its scientific viability were
requested.

e Are there exposure scenarios that are not adequately addressed by the CSST protocol?
If so, how should these exposure scenarios be addressed?

1.1 Scope of Review

The scope of the scientific review was developed in consultation with SABCS based on:
a) the original Request for Proposal (RFP) dated October 6, 2004, b) Golder’s response to
the SABCS RFP, and, c) an initial kick-off meeting held January 21, 2005 between
representatives from the Golder study team, SABCS, and BCWLAP. The scope of this
review was limited by the following considerations:

e To the extent considered practical and appropriate, proposed revisions to the CSST
protocol need to be harmonized with the contaminated site soil and water guideline
derivation protocols of the Canadian Council of Ministers of the Environment
(CCME).

e This review was not intended to provide an exhaustive analysis of derivation
methodologies from all jurisdictions; rather, the review focused on differences
between the existing methodology (BCE, 1996) and selected recent guidance
documents (CCME, 2005; USEPA, 2003a). Guidance documents from other
jurisdictions were reviewed on a case-by-case basis.
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e The review was limited to those scientific concepts and approaches that were found to
be sufficiently developed and/or validated to a level appropriate for regulatory use.
This consideration was intended to act as a “reality check” on any proposed
modifications to the existing CSST protocol.

e A review of policy decisions inherent in the existing derivation methodology was not
included, except in those instances where policy decisions may be influenced by the
findings of the technical review. We have identified instances where policy and
science overlap for consideration by the appropriate decision makers.

The following high priority review tasks were identified based on the original RFP and
input from SABCS during the initial kick-off meeting:

e Propose defined exposure scenarios and derivation protocols for deriving new soil
standards, if appropriate, for Wildlands and for High-Density Urban Residential
settings such as high-rise apartments and condominiums.

e Propose methods to derive standards to address human exposure to soil- or
groundwater-derived contaminants in indoor air via soil vapour intrusion into
buildings.

e Propose methods to derive standards to address wildlife exposure to soil-derived
contaminants (if the scientific review demonstrates that inclusion of such standards is
defensible and appropriate).

The regulatory context for the review of CSST standards is that the application of
standards is the first step in the evaluation of contaminated sites, and that if standards are
exceeded, there are further screening level and detailed risk assessment tools that can be
applied for the assessment of contaminated sites. It is important that soil standards be
reasonably conservative, based on relatively simple approaches and models that are
applicable to a broad cross-section of sites, recognizing that, when needed, there is the
option for higher level assessment.

While not the focus of this assessment, it is essential that the broader implications of this
review in relation to other regulatory guidance and standards in British Columbia be
recognized. The scientific concepts, assumptions and approaches, where appropriate,
should be consistent within the regulatory guidance and tools for assessment of
contaminated sites.

Golder Associates
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1.2 Report Organization

The existing CSST protocols include derivation methods for a broad variety of land uses,
human and environmental receptors, and environmental media, which resulted in a
scientific review that, by necessity, covered a diverse variety of technical issues. We have
opted to organize our scientific review by major topics such as matrix pathways, or
proposed new land use classifications. A number of technical issues were applicable to
multiple Schedule 5 matrix pathways (e.g., groundwater modeling), and therefore, are
presented as separate sections. Our report is organized as follows:

e Section 1: Introduction and project overview.

e Sections 2-3: Technical issues common to multiple matrix standards. Section 2
provides recommendations regarding the groundwater models, while Section 3
provides a review of receptor parameters that are common to multiple human health
matrix standards.

e Sections 4-6: Human health matrix standards. Section 4 provides recommendations
regarding evaluation of soil vapour intrusion into buildings and development of
standards for vapour inhalation. Section 5 provides a review with respect to drinking
water standards (which share elements with the groundwater model review in Section
2), while Section 6 addresses standards for the ingestion of contaminated soil.

e Sections 7-10: Environmental matrix standards. Section 7 is focused on standards for
the protection of soil invertebrates and plants. Section 8 provides recommendations
for a derivation methodology for the protection of small mammals and birds. Section
9 provides a review of potential changes to soil standards for the protection of
groundwater flow to surface water to aquatic life (which share elements with the
groundwater model review in Section 2). Section 10 provides a review with respect to
the livestock ingesting soil and fodder standards.

e Section 11: This section summarizes matrix standards that were not included in this
scientific review since the scope for this project was insufficient to address these
scenarios.

e Section 12: This section describes the proposed scenario for the High Density Urban
Residential land use, and provides recommendations regarding the application of

selected matrix standards.

e Section 13: This section describes the proposed scenario for the Wildlands land use,
and provides recommendations regarding the application of selected matrix standards.

e Section 14: References consulted in the preparation of this scientific review.
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2.0 GROUNDWATER MODELS

The groundwater model adopted by CSST was an integral part of the protocol used to
back-calculate matrix soil standards for the protection of groundwater. This section of
the report evaluates the groundwater fate and transport model used for this purpose. To
simplify the discussion, the groundwater model adopted by CSST, as described in the
CSST protocol, is referred to as the “CSST model” (BCE, 1996). Groundwater models
adopted or proposed by other agencies are also reviewed. This includes a model by
USEPA used to develop soil screening levels (SSLs), as documented in the USEPA “Soll
Screening Guidance” (USEPA, 1996), henceforth referred to as the “USEPA model”, a
groundwater model proposed by the Science Advisory Board (SAB) of British Columbia,
as documented in the Screening Risk Assessment Level 2 protocol (SAB, 2004),
henceforth referred to as the “SRA-2 model”, and a groundwater model proposed by
CCME, as documented in their draft “Protocol for the Derivation of Environmental and
Human Health Soil Quality Guidelines”, (CCME, 2005), henceforth referred to as the
“CCME model”.

2.1 Review of Selected Groundwater Models
2.1.1 CSST Groundwater Model

Matrix soil standards for the protection of groundwater were derived using a groundwater
transport model that simulates the movement of a contaminant from the soil to the
groundwater, and the subsequent movement of the contaminant in the groundwater to a
receptor. The model was developed by BC Environment, with the assistance of Golder
Associates Ltd., and was based on the framework described in the draft USEPA “Soil
Screening Guidance” (USEPA, 1994).

Contaminant transport is modeled through four chemical/physical compartments,
consisting of: (i) contaminant partitioning between soil, soil pore air, and soil pore water;
(i1) contaminant leachate movement and attenuation through the unsaturated soil zone;
(ii1) contaminant leachate mixing with the groundwater, and (iv) contaminant movement
and attenuation through the saturated groundwater zone to a receptor. Using this model,
soil-groundwater protective standards were derived for the protection of drinking water,
livestock watering, irrigation watering and use by aquatic life.

The unsaturated zone transport ((ii), above) mixing of leachate of with groundwater (iii)
and contaminant transport in the aquifer (iv) can be characterizing using a Dilution
Attenuation Factor (DAF), which is the ratio between the leachate concentration at the
contamination source and the groundwater concentration at the receptor. A leachate
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concentration that is protective of groundwater is back-calculated by multiplying the
groundwater standard for a given constituent by the DAF.'

Exhibits containing the model equations and default parameters for the CSST
groundwater model are provided in Appendix II.  The four chemical/physical
compartments are described below.

Unsaturated Zone Chemical Partitioning

A linear distribution coefficient is used to describe the partitioning between the sorbed
and aqueous phases (“Ky4 model”). The partitioning of non-polar organic chemicals is a
function of the organic carbon partitioning coefficient (K,.) of the contaminant and the
amount (“fraction”) of organic carbon (f,.) in the soil. For weakly ionizing organic
chemicals, such as pentachlorophenol, partitioning in the model is additionally influenced
by the pH of the soil.

The CSST protocol recognized that the partitioning of inorganic constituents was
considerably more complex than for organic compounds, being additionally dependent on
factors such as pH, sorption to clays, organic matter, iron oxides, oxidation/reduction
conditions, major ion chemistry and the chemical form of the metal. However, to
simplify the partition model, the distribution coefficients (K4) used in the model were
calculated as a function of pH, and as a function of an idealized soil with assigned
physical and chemical characteristics. A detailed review of the CSST approach used to
derive metal Ky’s and issues for prediction of metals partitioning is provided in
Appendix 1.

Unsaturated Groundwater Zone

The unsaturated zone groundwater transport model is a one-dimensional model for
advection, dispersion, sorption, and first-order decay. The matrix soil standards were
developed based on the default assumption that contamination is in contact with the
saturated zone. Therefore, unsaturated zone processes are effectively “turned off” in the
calculation of the matrix numerical soil standards.

Groundwater Mixing Zone

A groundwater mixing zone model is used to represent the dilution of leachate entering
groundwater at the interface between the unsaturated zone and saturated zone. The
mixing model is based on a mass-balance approach and considers the infiltration of
leachate into the groundwater and mixing of chemicals in leachate within groundwater
flowing through the aquifer, beneath the contamination source area.

! The dilution attenuation factor (DAF) is different from the dilution factor (DF), defined in the CSST
model, which is limited to mixing of leachate with groundwater.
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The mixing depth is calculated using an equation (Appendix II, Exhibit 6) that considers
both vertical dispersion of the contamination along the length of the source area and
mixing due to the downward velocity of the infiltrating leachate. The equation can, under
certain circumstances, calculate a mixing zone thickness greater than the aquifer
thickness (assumed to be 5 m for generic guideline development); if this occurs, the
mixing depth should be set at the aquifer thickness.

Saturated Zone Transport

The groundwater model includes the Domenico and Robbins transient analytical equation
to evaluate lateral saturated zone transport to a downgradient receptor. The analytical
equation simulates one-dimensional uniform groundwater flow, three-dimensional
dispersion, sorption and first-order decay. For the development of soil standards, no
vertical dispersion was allowed and it was assumed that the distance to the receptor (well,
surface water body) was 10 m.

The saturated zone transport model requires that a saturated zone biodegradation rate be
defined. For organic chemicals, the half-life chosen was obtained from literature values
where the half-life was equal to “50 percent of anaerobic rate low (highest number of
days)” (Appendix II, Table B-2). For non-degrading chemicals (metals, PCB’s), the
model runs did not allow for contaminant decay.

Since the saturated zone transport equation is time-dependent, the maximum
concentration of the chemical at the receptor would be expected to occur at some time in
the future, depending on the groundwater velocity and the retardation and decay of the
chemical. Since source-depletion was not considered in the development of soil
standards, the predicted concentration of the chemical at the receptor will eventually
become stable. The default time used to calculate the downgradient concentration for
derivation of the CSR Schedule 5 matrix soil standards was set at 2,200 years (personal
communication, Mr. George Szefer, MWLAP, April 29, 2005). The CSST protocol
documentation indicated a default time of 100 years (Appendix II, Exhibit 7). The
rationale for the default travel time selected is not documented. As discussed in Section
2.2.7 of this report, model simulations with a travel time of 2,200 years indicate that this
is sufficient time for quasi-steady state conditions to develop for most Schedule 5
chemicals, with the exception of a few metals and higher molecular weight organics.

Rationale for Use of CSST Groundwater Model

As described in BCE (1996), “BC Environment recommended its four component model
because:

e the major transport processes are represented;

Golder Associates



July 2005 -7 - 04-1412-228

e the major variables affecting each of the transport components are included, can be
identified, and can be modified;

e physical and chemical effects are considered,

e model assumptions and criteria derivations are "transparent";

e the model can be calibrated;

e the model performs with reasonable accuracy using a small set of input parameters;

e the accuracy and reliability of the model increases as site specific information
Increases;

e the model can be used with assumed site characteristics or use site specific data; and,
e the model is scientifically based and defensible.
Attenuation within the model is essentially confined to adsorption-desorption reactions
(partitioning), dilution (mixing between contaminated leachate and groundwater),
biological degradation (for organics only) and dispersion”.

CSST Groundwater Model Assumptions
BCE (1996) indicates that the CSST groundwater model was based on assumptions
“generally typical of the climatic conditions of the lower Fraser River and Vancouver,
and assumed groundwater characteristics typical of those found within the Fraser River
sands of the Fraser River delta area. Other assumptions include:

e the site is medium sized (between 1,500 m?” and 12,000 mz);

e the total volume of contaminated soil is less than 450 cubic metres (5 m x 30 m x
3 m);

e the depth to groundwater is not more than three (3) metres;
¢ the distance to the receptor is at least 10 metres;
e the soil is physically and chemically homogeneous;

e the organic content of the soil is at least 0.6 percent;
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e the moisture content is uniform throughout the unsaturated zone;

e the porosity of the soil is 30 percent, and 10 percent of the pore volume is water
filled;

e the infiltration rate is uniform throughout the unsaturated zone;

e flow in the unsaturated zone is assumed to be one dimensional and downward only,
with dispersion, retardation and biological degradation;

e the contaminant is not present as a free product phase (i.e., a non-aqueous phase
liquid);

e the maximum concentration in the leachate is equivalent to the solubility limit of the
chemical in water under the defined site conditions;

e the aquifer is unconfined;
e the groundwater flow is uniform and steady;
e co-solubility and oxidation/reduction effects are not considered;

e dispersion includes both mechanical dispersion and diffusion, and is assumed to occur
in the longitudinal and horizontal transverse directions only;

e mixing of the leachate with the groundwater is assumed to occur through mixing of
leachate and groundwater mass fluxes; and,

e dilution by groundwater recharge down gradient of the source is not included.
Water Quality Standards Used to Derive Soil Standards

The groundwater transport model derives soil concentration standards to ensure that the
contaminant concentrations in the groundwater discharging and in contact with a receptor
are less than or equal to established substance-specific water quality criteria for the
receptor (i.e. aquatic life) or water use (i.e. irrigation watering, livestock watering or
drinking water) of concern. BCE (1996) indicated that for the aquatic life pathway,
surface water quality criteria were used to back-calculate soil standards. However, BCE
policy was revised shortly after the publication of the above documents in that the surface
water criteria was replaced with the water standard applicable to groundwater. The
“groundwater” standard is typically 10 times greater than the surface water criteria, under
the assumption that a minimum 10-fold dilution of groundwater would occur at the
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discharge point to the surface water body. In summary, the applicable matrix soil
standards (CSR Schedule 5) were derived using the following water standards:

e Groundwater flow to surface water used by aquatic life: CSR Schedule 6 AW
Standard;

e Groundwater used for livestock watering: CSR Schedule 6 LW Standard;

¢ Groundwater used for irrigation watering: CSR Schedule 6 IW Standard; and,
e Groundwater used for drinking water: CSR Schedule 6 DW Standard.

The above water standards are evaluated in Section 5.0 of this report.

21.2 CCME

The draft CCME protocol (CCME, 2005) provides methodology for the derivation of soil
guidelines for the protection of (i) potable (drinking) water, (ii) groundwater used for
agricultural uses (livestock watering and irrigation), and (iii) freshwater life in nearby
surface water. The CCME groundwater model is the “CSST 1996 groundwater model”
developed by the British Columbia Contaminated Sites Soil Taskgroup (CSST). While
the model is identical, the CCME values for some input parameters are different than
those assumed by CSST. In addition, CCME includes separate input parameters for
coarse- and fine-grained soils.

The allowable concentration of the chemical in groundwater at the receptor is the
appropriate water quality guideline for the pathway. For the aquatic life pathway, CCME
(2005) assumes a 10 m separation distance between the contamination source and the
surface water body. For the development of generic guidelines, it is assumed that a water
well or livestock dugout could be installed at the edge of (or even within) the boundaries
of the remediated area. Therefore, no saturated zone transport is assumed, and instead
the receptor concentration is assumed to be equal to the concentration in groundwater
after mixing of leachate with groundwater for the water well or dug out pathways.

The CCME protocol only applies to organic compounds due to the highly site-specific
nature of partitioning for inorganic chemicals and the lack of generalized modeling
techniques appropriate for inorganic substances. The CCME protocol indicates that
“where groundwater pathways may be of concern for sites contaminated by metals, these
pathways should be addressed on a site-specific basis; this would likely include
measurement of metals in groundwater at the source and/or at the point of exposure.”
The CCME protocol concludes that “generalized techniques for evaluating the
partitioning and transport of inorganic substances that are appropriate for generic
guidelines are not expected to be developed in the foreseeable future”.
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2.1.3 USEPA Soil Screening Guidance

The USEPA Soil Screening Guidance (1996) provides a methodology for deriving soil
screening levels (SSLs) for the protection of groundwater (drinking water). The SSLs are
intended as a tool to facilitate prompt identification of contaminants and exposure areas
of concern. USEPA (1996) indicates that SSLs can be used as Preliminary Remediation
Goals (PRGs) provided that appropriate conditions are met (i.e., conditions found at a
specific site are similar to conditions assumed in developing the SSLs).

The development of soil leachate SSLs is based upon a two-step process. The first step is
the development of a Dilution Attenuation Factor (DAF). The DAF accounts for leachate
mixing and attenuation in the aquifer. A leachate concentration that is protective of
groundwater is back-calculated by multiplying the groundwater standard for a given
constituent by the DAF. That leachate concentration is then used to back-calculate a SSL
that is protective of groundwater using a simple linear equilibrium soil/water partition
equation. For the generic SSL approach, default parameter values are used for all non-
chemical specific parameters. At sites that are not adequately represented by the default
values and where more site-specific data are available, it may be more appropriate to use
the site-specific SSL model.

USEPA (1996) selected a dilution attenuation factor (DAF) of 20 to account for
contaminant dilution and attenuation during transport through the saturated zone to a
receptor well. The USEPA selected a DAF of 20 using a “weight-of-evidence” approach
that considered the results of modeling conducted using two models: (i) the USEPA
Composite Model for Leachate Migration with Transformation Products (EPACMTP),
developed by the Office of Solid Waste (OSW), and (ii) the SSL dilution model,
described below. The models were run using inputs based on data from 300 groundwater
sites across the USA.

The default DAF of 20 represents an adjustment from the DAF of 10 presented in the
December 1994 draft Soil Screening Guidance (USEPA, 1994) to reflect a change in
default source size from 30 acres to 0.5 acre. A DAF of 20 is protective for
contamination sources up to 0.5 acre in size, although analysis by USEPA indicates that it
can be protective of larger sources, as well. The default DAF assumes that contamination
is located above the water table.

The EPACMTP is a model for one-dimensional leachate transport in the unsaturated
zone, mixing of leachate with groundwater, and three-dimensional transport in
groundwater. Linear- and non-linear sorption and decay processes are included in the
model. The model includes a Monte Carlo module, which generates model parameters
from probability distributions representative of conditions across the USA. The key
assumptions for generating the default DAF were:
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(1) The drinking water well is located next to the contamination source (no horizontal
separation distance for transport).

(i1) There is no chemical attenuation through sorption or decay.

(ii1))  The well intake is located between 15 and 300 feet below the water table, thus
providing for mixing of contaminants within the aquifer.

Probabilistic modeling was conducted assuming varying inputs for contamination source
size, location of the well relative to the plume, and hydrological parameters (e.g.,
infiltration, groundwater flow rate, dispersivity).

The USEPA also evaluated dilution between leachate at a soil contamination source, and
groundwater at a receptor using a mass-balance model that only incorporated dilution
through mixing of leachate below the water table beneath the contamination source area.
The SSL dilution model is identical to that incorporated in the CSST groundwater model,
except that a slightly different model is used for calculation of the mixing zone depth.
The USEPA mixing depth model is consistent with that used in the MULTIMED model
(Sharp-Hansen et al., 1990) and the EPA CMTP model.

The USEPA protocol applies to both organic and inorganic chemicals. The partitioning
model used by USEPA to assess inorganic chemicals is described in detail in Appendix I.

2.1.4 Screening Level Risk Assessment 2 (SRA-2) Soil and Groundwater Module

In October 2004, the SAB prepared a draft report entitled Screening Level Risk
Assessment 2 (SRA-2) Soil and Groundwater module, which presents a proposed
protocol for screening level risk assessment in British Columbia. The Soil Module is
designed to evaluate the potential for unsaturated zone contaminant migration from soil
to groundwater, and the Groundwater Module is designed to evaluate the potential for
contaminant migration in groundwater to a down-gradient receptor. The purpose of the
protocol is to provide practitioners a tool to estimate the receptor concentration for
screening risk assessments. While the protocol is not intended to back-calculate soil
standards, there are useful concepts in the protocol that are described below.

The SRA-2 soil and groundwater modules cannot be applied if any of the following
precluding factors exists:

e Soil or groundwater contamination occurs in fractured bedrock;
e The contaminant of potential concern (COPC) is an ionizing organic compound and

the soil pH is either less than 4.9 or greater than 8.0;
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e The COPC is an inorganic element or compound; and,
e Potentially mobile non-aqueous phase liquid (NAPL) exists in soil or groundwater.

The SRA-2 Soil Module for organic chemicals uses the same linear distribution
coefficient (“K4 model”) as that in the CSST groundwater model. The Soil Module can
not be used for inorganic compounds, but instead leaching tests are proposed to evaluate
unsaturated zone leaching of inorganic constituents. The rationale for excluding
inorganic chemicals is that metal release and mobility is highly variable and influenced
by numerous site specific processes. There is large variability in measured Ky values,
and comparisons between model-predicted and measured Ky values suggest that it is
difficult to describe this natural variability with generic values, even if pH-dependency is
included.

The SRA-2 Groundwater Module includes several precluding factors, which indicate the
Module cannot be used if any of the following are true:

e the receptor is a water supply aquifer (i.e., DW, IW, LW) and the groundwater plume
has traveled beyond the property boundary;

e the distance between the contaminated site and a potential receptor is less than 30 m;
and,

e the compound in question decays to harmful daughter products that have been
detected in groundwater (e.g., transformation of certain chlorinated solvent
compounds).

Some of the above factors relate to science policy decisions and do not necessarily
pertain to the validity of the model.

The SRA-2 Groundwater Module incorporates a dilution model for mixing of leachate
with groundwater beneath the contamination source, and a groundwater transport model,
for simulating solute transport with groundwater away from the contamination source
zone. The groundwater mixing model is identical to the USEPA Soil Screening
Guidance (1996) mixing model. The groundwater transport model uses a one-
dimensional solution by Bear (1979) to the first-order reactive transport equation. The
model is a steady-state solute transport model, and only accounts for longitudinal
dispersion, and assumes that there is no lateral or vertical dispersive spreading of the
plume.

The context for the SRA-2 groundwater tool is screening level risk assessment. There is

the option to use more sophisticated groundwater models in a subsequent detailed risk
assessment phase.
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2.2 Comparison and Evaluation of Groundwater Models
2.2.1 Model Scenario

The CSST model scenario for development of the CSR matrix soil standards makes
certain assumptions on the size and location of the contamination source and distance,
selects a representative site for estimation of hydrogeological properties (e.g., Fraser
River sand deposits; site located in the Fraser River delta area) and distance from the
contamination source to the receptor (i.e., 10 m).

The size of the contamination source does not affect the model predictions, as discussed
in Section 2.2.7 of this report. The location of the soil contamination source, assumed to
be directly above the water table, is considered reasonably conservative. While there
would be less mixing of contaminants leaching from impacted soil below the water table,
the typical approach for this particular scenario is to evaluate regulatory compliance on
the basis of groundwater quality monitoring.

The influence of hydrogeological conditions on model predictions is addressed in the
sections below. Overall, the assumptions related to Fraser River sand properties and
location (Lower Mainland) may be reasonably conservative. It is noted that many of the
contaminated sites in British Columbia are located within the Lower Mainland.

A distance of 10 m to the receptor (i.e., surface water body, well) is considered
reasonable for most contaminated sites in BC.

2.2.2 Model Framework and Approach

The CSST and CCME groundwater model frameworks are identical, each consisting of a
four-component analytical model.

While certain elements of the CSST and USEPA groundwater models are similar, the
USEPA only considered one groundwater scenario (transport to a receptor well) and used
a different modeling approach (multiple models and a weight-of-evidence approach) to
select a single default dilution attenuation factor (DAF equal to 20) for all chemicals of
concern. The USEPA selected a default DAF of 20 based on a comprehensive modeling
effort that involved the use of two different models and selection of input parameters
using a probabilistic approach. The USEPA conducted simulations for a variety of site
sizes and combinations of input parameters based on field data from hundreds of sites
from across the USA. The approach has undergone a relatively extensive review
including a review by the USEPA Science Advisory Board.
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The SRA-2 protocol is designed as a tool to facilitate derivation of site specific standards,
and comprises two distinct modules (“Soil and Groundwater Modules”) for evaluation
groundwater flow to a surface water body. The main differences between the CSST and
SRA-2 models are that the SRA-2 model (i) incorporates the use of leaching tests to
evaluate metals partitioning, (ii) does not include unsaturated zone transport, and (iii)
assumes steady state conditions for groundwater (saturated zone) transport. As described
in the SRA-2 report, the BC SAB also recommended as part of their review that a DAF of
20 be adopted for a receptor well scenario. At this time, it is recommended that a four-
component model be retained for both the drinking water and aquatic life scenarios, since
different approaches for the two scenarios (i.e., DAF of 20 for water-well scenario and
four-component model for aquatic life scenario) will result in inconsistent standards, as
described in Section 2.2.3 below.

Although the CSST protocol and SRA-2 groundwater models are used for different
purposes, the models should generally be consistent in their formulation and non-site
specific model input parameters. Certain aspects of the CSST protocol review could be

useful for refinement of the SRA-2 model and development of supplementary modeling
tools to SRA-2.

Recommendations

Retain a multi-component analytical model consisting of (i) unsaturated zone
partitioning, (ii) groundwater mixing, and (iii) saturated zone transport; however,
consider refinements to the model and input parameters described in the sections
below. Unsaturated zone transport does not affect the calculation of soil standards
based on the current model scenario; therefore, at least for purposes of generic
standard derivation, the unsaturated zone component could be removed from the
model framework.

2.2.3 Implications of Adopting the USEPA DAF Approach

The implications of adopting the USEPA DAF approach are discussed both in terms of
implications for soil standards for protection of drinking water, and consistency between
the water-well and aquatic life scenarios.

The DAFs for individual chemicals and pH conditions, calculated using the current CSST
model and inputs, are both greater than and less than the USEPA DAF of 20. A fixed
DAF of 20 for the groundwater flow to a drinking water well scenario could result in
either higher or lower soil standards depending on the soil-water partitioning coefficient
(K4), biodegradation half-life (for organics) and transport simulation time. Compared to
a DAF of 20, in general, higher standards would be predicted for compounds with lower
soil-water partition coefficients and moderate to high half-lives (e.g., benzene,
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trichloroethylene, tetrachloroethylene, pentachlorophenol) while lower standards would
be predicted for compounds with higher soil-water partition coefficients (e.g.,
benzo(a)pyrene). For several metals, lower standards would be predicted at higher pH
(corresponding to higher K4’s), assuming transient conditions (e.g., 2,200 years).

Considering the extensive analysis and review the USEPA approach has been subjected
to, adopting the USEPA DAF potentially has merit; however, there are implications if a
different approach (i.e., CSST model) is used for the groundwater flow to surface water
scenario. For example, for benzo(a)pyrene, adopting a DAF of 20 would result in a soil
standard for the protection of drinking water of 4 mg/kg. In contrast, using the CSST
model there would be no soil standard possible for the protection of aquatic life (i.e.,
“NS” designation in the Contaminated Site Regulation) based on a higher DAF and
groundwater concentration above the solubility limit. Different modeling approaches
should not be used for the drinking water and surface water scenarios when significant
differences in standards could result that are not supported based on science. Therefore,
the USEPA DAF approach is not recommended at this time, and instead a multi-
component model consistent with the current CSST approach is recommended.

2.2.4 Applicable Chemicals

The CSST and USEPA protocols are applied to both inorganic and organic chemicals.
The CCME groundwater protocol only applies to organic chemicals since it is not
considered appropriate by CCME at this time to develop generic nation-wide guidelines
for metals due to the variability and uncertainty in partitioning relationships for metals.
The SRA-2 protocol takes a similar approach to CCME as the model only applies to
organic chemicals. Site-specific leaching tests are proposed for inorganic chemicals to
quantify partitioning in the unsaturated zone between soil and water.

2.2.5 Unsaturated Zone Partitioning

Non-ionizing Organics

Model Characteristics: The CSST protocol, USEPA and CCME protocols use the same
model for unsaturated zone partitioning of non-ionizing hydrophobic organics:

Ct = CW /pb *(Koc*foc + ew + ea*H’) (2.1)

where C; is the total soil concentration (mg/kg), Cy is the soil-water concentration
(mg/L), Ko is the organic carbon-water partition coefficient (L/kg), fi. is the fraction
organic carbon (dimensionless), 0y, is the water-filled porosity (dimensionless), 0, is the
air-filled porosity (dimensionless), H’ is the Henry’s Law constant (dimensionless) and
pp 1s the bulk dry density (kg/L).
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The linear equilibrium partitioning model based on organic carbon content is widely used
for non-ionizing organics. Numerous studies have shown that sorption of organics by
soils is highly correlated with the organic matter content (e.g., Chiou et al. 1979, Hassett
et al. 1980), provided the f,. is above a critical level. USEPA (1996) suggests that when
foc 1s below about 0.001, adsorption to inorganic mineral surfaces becomes important.
For most non-ionic organics, sorption is a linear function of equilibrium solution
concentration up to 60 percent to 80 percent of its water solubility (Hassett and Banwart
1989).

Model Input Parameters: The non-specific chemical input parameters to equation 2.1
assumed by CSST, USEPA and CCME protocols are different, as shown below.

TABLE 2.1: Comparison of Model Inputs for Non-Ionizing Organic Chemicals

K’ K’ K’

f 0 0 Po benzene TCE Naphthalene

o W 2 (kg/L) | (Koe=62, | (Koc=94, | (K, =1200

H’=0.23)' | H’=0.42)° H’=0.0198)*
CSST 0.006 0.1 0.2 1.75 0.50 0.71 73
USEPA' | 0.002 0.3 0.13 1.5 0.46 0.65 2.6
CCME? | 0.005 | 0.119 | 0.241 1.7 0.44 0.52 6.1

1. USEPA (1996)
2. CCME (2005), coarse-grained soil
3. Source of the K,.’s are SRA-2 Appendix C, Table C-1

The CCME defaults for organic carbon are based on “review of organic carbon contents
of various Canadian subsoils undertaken in support of the CWS-PHC (CCME, 2000)”,
while the water- and air-filled porosities were chosen to be “representative of typical sand
(coarse-grained) soil”.

To further evaluate the effect of differing input parameters on the partitioning
calculations, equation 2.1 is re-formulated, as follows:

K’ = Koc*foe + (O + 0,5H’/pp) 2.1)

The back-calculated soil standard increases linearly as K’ increases. The fraction organic
carbon has the greatest effect on the K’ parameter. As shown in Table 2.1, there is little
difference in K’ calculated using the CSST and CCME defaults.

The inputs for the CSST protocol were based on Fraser River sand, where information
was available. To provide preliminary data on fraction organic carbon, Golder reviewed
information where organic carbon testing was conducted on Fraser River sand at three
sites. The f,. for twenty samples varied between 0.00065 and 0.0083, with a median
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value of 0.003. The test methods for organic carbon varied (loss on ignition organic
matter content converted to f,., Leco analyzer); therefore, the organic carbon values are
approximate. While this data set would suggest a lower organic carbon content based the
on results for Fraser River sand, it is suggested that the groundwater model should apply
to varying hydrogeologic environments. Also there would likely be differences in
organic carbon content for near-surface unsaturated soils compared to deeper aquifer
material. Therefore, it may be appropriate to utilize different f,. values for the
unsaturated and saturated zones.

The water-filled porosity in the unsaturated zone will vary as a function of soil type and
infiltration rate. Water-retention models can be used to estimate water contents for
different soil types. The estimated water contents using the Van Genuchten model and
model curve-fitting parameters by Schaap and Leij (1998) are shown in Table 2.2.

Table 2.2
Predicted Soil Water Contents Using Van Genuchten Model

Van Genuchten Parameters Predicted Porosity & Water Contents
Residual Water Field
Bulk Density  ay N M Total Porosity Content Capacity
SCS Soil Type  (9/em®)  (1/cm) (unitless) (unitiess) ~ © (cm’cm®) g, (cm¥cm®) 6, (cm’/cm®)
Clay 1.43 0.01496 1.253 0.2019 0.459 0.098 0.33
Clay Loam 1.48 0.01581 1.416 0.2938 0.442 0.079 0.26
Loam 1.59 0.01112 1472 0.3207 0.399 0.061 0.24
Loamy Sand 1.62 0.03475 1.746 0.4273 0.390 0.049 0.10
Sand 1.66 0.03524  3.177 0.6852 0.375 0.053 0.055
Sandy Clay 1.63 0.03342 1.208 0.1722 0.385 0.117 0.28
Sandy Clay Loam 1.63 0.02109  1.330 0.2481 0.384 0.063 0.23
Silt 1.35 0.00658 1.679 0.4044 0.489 0.050 0.28
Silty Clay 1.38 0.01622 1.321 0.2430 0.481 0.111 0.32
Silty Clay Loam 1.37 0.00839 1.521 0.3425 0.482 0.090 0.31
Silt Loam 1.49 0.00506 1.663 0.3987 0.439 0.065 0.30
Sandy Loam 1.62 0.02667 1.449 0.3099 0.387 0.039 0.17
Arithmetic Mean 1.52 0.43 0.073 0.24

The total porosity values in Table 2.2 are relatively high and bulk density values are low,
since tests were conducted on near-surface agricultural soils. During dry periods, the
unsaturated zone water contents in uncovered areas will tend to be between the residual
water content and field capacity. Based on the data in Table 2.2, the water- and air-filled
contents assumed by CSST are considered reasonable for sandy soils. The CSST
unsaturated zone bulk dry density is somewhat high and could be reduced to 1.7 g/cm”.
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