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EXECUTIVE SUMMARY

This report presents and describes a refined, risk-based corrective action (RBCA) process
that has been implemented by the Hawai‘i Department of Health (DOH) for assessment
and remediation of sites with contaminated soil and groundwater. Chapter 1 presents a
revision of Tier 1, DOH-recommended ("default") action levels for soil and groundwater in
accordance with advances made in quantitative direct-exposure and contaminant fate-and-
transport models. To reflect their purpose to serve as a guide to site remedial actions but
not necessarily to serve as strict "cleanup numbers", DOH has chosen to refer to the
revised criteria as soil and groundwater "action" levels.

Tier 1 soil and groundwater action levels appropriate for a given site are chosen from a
lookup table based on the location of the site with respect to potential impact on drinking-
water resources and annual rainfall at the site. Soil and groundwater action levels for
contaminants not listed in the report can be obtained from the DOH.

Groundwater action levels adhere to state and federal surface water and drinking water
standards. As a minimum, groundwater action levels are set to be protective against
potential adverse impact to surface water ecosystems. For sites where drinking water
resources may also be impacted, groundwater action levels are refined as needed to
additionally meet drinking water standards.

Soil action levels are set to be protective of direct, residential exposure to impacted soils
and adverse groundwater impact due to remobilization (e.g., leaching) of contaminants
from the soil. Soil action levels are generated with the aid of computer-assisted, risk-
based, direct-exposure models and vadose-zone leaching models. Action levels are
contaminant-specific and based on both the potential mobility and toxicity of the
contaminant.

The Tier 1 soil action levels presented in the lookup table may be overly conservative for
small areas of impacted soil (e.g., less than one-half acre). Chapter 2 provides guidelines
for use of the models on a Tier 2, site-specific basis. In Tier 2 site assessments, DOH
allows a controlled use of the Tier 1 models to generate more site-specific soil action
levels without the need for a full-scale, time-consuming, and generally costly "risk
assessment (Tier 3)." Site-specific factors that can be taken into account in Tier 2
assessments include the actual volume of impacted soil at the site and the geology and
hydrogeology of the site. User-friendly computer spreadsheets are available from DOH for
use in Tier 2 site evaluations. For further guidance on Tier 2 procedures refer Chapter 2
of this document. DOH should be consulted prior to a facility undertaking a full-scale (Tier
3) risk assessment.



CHAPTER 1

TIER 1 ACTION LEVELS FOR SOIL AND GROUNDWATER

INTRODUCTION

Revised Tier 1 soil and groundwater action levels are presented in Table 1-1. These
criteria replace and take precedence over the criteria presented in the DOH "Technical
Guidance Manual (TGM) for Underground Storage Tank Closure and Release Response
(August, 1992)" (HIDOH, 1992). Tier 1 action levels applicable to a given site are
determined with respect to two site characteristics (refer to Table 1-1):

1. Utility (drinking water or non-drinking water) of groundwater impacted or potentially
impacted; and

2. Annual rainfall at the site (less than or greater than 200cm/year).

Groundwater action levels for sources of drinking water sources are based on state and/or
federal maximum contaminant levels (MCLs) for drinking water (Table 2). Recommended
actions levels for groundwater that is not a source of drinking water are taken from the
state surface water standards unless otherwise noted (Hawai‘i Administrative Rules Title
11, Chapter 54).

Tier 1 soil action levels were generated to address three coinciding concerns at impacted
sites (refer also to notes at end of Table 1-1):

1. Potential adverse impact on groundwater due to leaching of residual contamination
from impacted soil,

2. Potential adverse impact on groundwater due to remobilization of free-phase
product in impacted soils, and

3. Potential threats to human health due to direct exposure to impacted soil.

The soil action levels (SALs) are considered very conservative and adequate for any
impacted site unless otherwise directed by DOH. 

The potential impact of leachate and free-phase product on groundwater was evaluated by
use of SESOIL, a vadose-zone, contaminant-fate-and-transport computer application. 
Direct-exposure concerns were evaluated by a slightly modified use of quantitative, risk-
based, deterministic models used by EPA Region IX for development of "Preliminary
Remediation Goals (PRGs)" (USEPA, 1995). For relatively mobile contaminants (e.g.,
volatile and semi-volatile organic compounds), soil action levels were generated to
address each of the three concerns and then compared. The most stringent of the three
action levels generated was then chosen as the action level for that impacted-site
scenario. For metals and other comparatively less mobile contaminants, only the direct-
exposure pathway was taken into account to generate the soil action level. DOH may
require additional TCLP soil analysis for less-mobile contaminants on a site-by-site basis. 
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Site investigations should be carried out in accordance with guidelines presented in the
DOH "Technical Guidance Manual for Underground Storage Tank Closure and Release
Response (TGM)" and subsequent updates (HIDOH, 1992, 1995a, 1995b, 1995c, 1995d). 
At all contaminant release sites, the extent of soil and groundwater impact should be
delineated out to Tier 1 soil and groundwater action levels unless otherwise approved or
directed by DOH. In cases where groundwater has been impacted by a release but
groundwater contaminant levels do not exceed Tier 1 action levels, it may, however, be
appropriate to investigate and assess impacted soil with respect to direct-exposure
concerns only. (Item 3 above, refer to section 9 and to Appendix F, Table 3.)

BACKGROUND

Existing Criteria

Recommended soil and groundwater action levels employed by the DOH prior to this
revision are presented in Section 5, Table 5-1 of the DOH TGM (Appendix A). As
retained in this revision, groundwater action levels were based on state and federal
standards for drinking water and surface water. 

Soil criteria were developed to meet two major goals: 1) ensure that residual
contamination in vadose zone media (soil, sediment, rock, etc.) does not create an
unacceptable health risk for direct human exposure through inhalation, ingestion, and
dermal contact and 2) ensure that leaching of residual contamination from the vadose
zone does not lead to a negative impact on groundwater resources or on surface waters. 
For volatile organic compounds, soil cleanup criteria were determined by multiplying
corresponding, drinking water or surface water standards by an "attenuation factor" of ten,
modified after a common method employed by the U. S. Environmental Protection Agency
(EPA) for disposal of contaminated media in hazardous waste landfills (refer to TGM
section 5.5.2.3, Appendix A). 

Since publication of the August, 1992, version of the DOH TGM numerous advances have
been made in quantitative, risk-based assessment of direct exposure to contaminated soil
and in the field of vadose-zone contaminant fate and transport modeling. The revised soil
action levels presented in this report reflect these recent advances.

DOH Tiered Approach to Site Remediation

In the past, DOH has allowed to use of site-specific risk assessments as an alternative to
using the conservative, generic soil and groundwater action levels presented in the TGM. 
DOH has expanded this tiered approach to include a conservative but more flexible and
cost-efficient method of setting site-specific soil action (cleanup) levels - Tier 2. The
overall concept of the tiered approach is detailed in the ASTM document entitled
"Emergency Standard Guide for Risk-Based Corrective Action Applied at Petroleum
Release Sites (ASTM, 1994)." Note that DOH has chosen not to use the example
quantitative models presented in the ASTM document.
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In Tier 1, the subject of this chapter, a facility refers to conservative, default ("generic") soil
action levels provided by the DOH that can be used at any impacted site. The action
levels are generated by incorporating default, conservative impacted-site and exposure
assumptions into standardized, quantitative groundwater-impact and direct-exposure
models used by the DOH. 

In Tier 2, a facility is permitted to substitute actual site data into the same Tier 1 models
and evaluate groundwater protection and direct-exposure concerns on a limited, but more
site-specific basis. Procedures for generating Tier 2 soil action levels are described in
Chapter 2. 

In Tier 3, a facility employs alternative groundwater-impact models, direct-exposure
models, and/or input parameter assumptions to evaluate an impacted site and supports all
input data with a thorough and rigorous risk assessment. Procedures that should be
followed in the preparation of risk assessments are outlined in the August, 1992, TGM
(HIDOH, 1992) and briefly reviewed at the end of Chapter 2.

Facilities where soil and groundwater contamination exceeds Tier 1 action levels are
required to initiate followup "action," whether this be remediation or exposure prevention
and management to default action levels (Tier 1), limited refinement of soil action levels to
reflect more site-specific data (Tier 2), or full refinement of soil action levels based on a
detailed, site-specific risk assessment (Tier 3). The exposure prevention and
management option is outlined in the August, 1992, TGM (HIDOH, 1992).

OBJECTIVES 

Groundwater Protection Objectives

The importance of Hawaii's groundwater and surface water resources cannot be
overemphasized. Essentially 100% of Hawaii's drinking water comes from groundwater
resources. The quality of the state's inland and coastal surface waters is intricately tied to
the quality of the islands groundwater and likewise plays a crucial role in the ecological
and, in turn, economic health of the state.

DOH groundwater protection criteria for common contaminants of concern are given in
Table 1-2. Tier 1 (and Tier 2) groundwater action levels for any site must as a minimum
meet surface water standards. Tier 1 action levels for groundwater at any release site
must meet surface water standards. Action levels for groundwater that is a current or
potential source of drinking water are based on state maximum contaminant levels (MCLs)
for drinking water (HAR, 1994) unless otherwise noted. Surface water standards are used
in place of drinking water standards where the surface water standards are more stringent. 
Action levels for groundwater that is not a current or potential source of drinking water are
based on state acute (or chronic, where available) surface water standards (HAR, 1992)
unless otherwise noted. Drinking water MCLs are substituted for surface water standards
where data regarding the latter are not available (e.g., benzo(a)pyrene).
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Tier 1 soil action levels are set to meet the following objectives for groundwater protection:

1) Water that infiltrates through the vadose zone and recharges a groundwater system
that is potentially interconnected to an ecologically sensitive body of surface water
must meet surface water standards (either marine or fresh water, whichever is the
more stringent) at the point that it passes into the groundwater.

2) Water that infiltrates through the vadose zone and recharges an aquifer system that
is a current or potential source of drinking water must meet both surface water and
drinking water standards at the time it passes into the aquifer.

3) Due to the heightened threat of groundwater impact, residual contamination present
in the vadose-zone should not exceed theoretical saturation levels for individual
contaminants of concern. Theoretical saturation levels presented for common
petroleum constituents (e.g., naphthalene) are intended to address potential
mobilization of the free product mixture as a whole rather than mobilization of
specific contaminants.

The delineation and utility of groundwater systems on the islands should be made in
accordance with the DOH policy statement "Determination of Groundwater Utility at
Leaking Underground Storage Tank Sites (HIDOH, 1995b)." For the purposes of Tier 1
(and Tier 2) site evaluations, DOH assumes that all leachate that infiltrates through the
vadose zone will impact a groundwater system. It is further assumed that all groundwater
systems are potentially interconnected to bodies of surface water (streams, rivers, lakes,
marshes, coastal waters, etc.) and that all of these surface water bodies are ecologically
important.

Direct-Exposure Protection Objectives

In addition to being protective of groundwater resources, Tier 1 soil action levels are set to
be protective of residential exposure to impacted soils through inhalation, ingestion, and
dermal absorption. With the exception of only a few compounds, most notably
benzo(a)pyrene and PCBs, direct-exposure soil action levels generated are set to meet a
one-in-a-million (10-6) cancer risk for carcinogenic contaminants and a hazard quotient of
"1" for non-carcinogenic contaminants. The use of alternative direct-exposure objectives
and assumptions at a site must be justified and documented in a Tier 3 risk assessment
that is submitted to DOH for review and approval.

SESOIL VADOSE-ZONE CONTAMINANT-FATE-AND-TRANSPORT MODELS

SESOIL Computer Application

The potential for residual contamination to be leached from vadose zone soils and carried
downward into groundwater was modeled using the RiskPro SESOIL computer application
(General Sciences Corporation, 1993, Version 1.07). An overview of the SESOIL
application is presented in "The New SESOIL User's Guide (August, 1994)" published by
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the Wisconsin Department of Natural Resources (Hetrick et al., 1994). Excerpts from the
publication are provided in Appendix B. A sensitivity analysis of SESOIL conducted by the
Wisconsin Department of Natural Resources (WDNR, 1993) is included in the appendix.

SESOIL is a relatively simple and very user-friendly vadose-zone, contaminant-fate-and-
transport computer application. The application allows for a monthly resolution of
contaminant flux into the groundwater. In actuality, contaminant levels in leachate as it
passes into groundwater could exceed the target maximum concentration levels during
some portion of the month and the monthly average still fall below these target objectives. 
Resolution on a monthly scale is, however, the current best-available technology and,
given the numerous other uncertainties involved in determining site cleanup levels, DOH
feels that evaluation of groundwater impact on a month-averaged scale is adequate.

Impacted-Site Scenario

The generic impacted-site scenario used in the Tier 1 SESOIL simulations is depicted in
Figure 1 and described in Table 1-3. The rationale behind the parameter values chosen is
discussed in Appendix C. A technical discussion regarding use of the SESOIL computer
application to generate groundwater-protection soil action levels that address potential
groundwater impact is provided in Appendix D. An example of a SESOIL output file is
provided in Attachment 1 of Appendix D. Results of the SESOIL models that were used
to generate the Tier 1 lookup table (Table 1-1) are given in Appendix F.

SESOIL simulations are relatively easy to set up and run. As described in Appendix D,
however, proper interpretation of SESOIL output is not necessarily straight forward and
there is ample room to draw misleading or erroneous conclusions. The user must
thoroughly understand the relationship between the SESOIL model simulation and the
desired soil leaching model scenario. Use of SESOIL to generate alternative soil action
levels for Tier 2 purposes must follow the procedures outlined in appendices C and D
unless otherwise approved or directed by DOH.

DIRECT-EXPOSURE MODELS

DOH uses a standardized set of quantitative, risk-based, deterministic models to generate
direct-exposure soil action levels for Tier 1 purposes. Default input parameter values used
to generate direct-exposure soil action levels for Tier 1 are noted in Table 1-4. The
exposure scenario assumes long-term, residential exposure to impacted soil through
ingestion, inhalation, and dermal absorption. Slightly modified versions of models used by
EPA Region IX to develop their "Preliminary Remediation Goals (PRGs, USEPA, 1994b,
1995)" are used to generate direct-exposure action levels for Tier 1. 

Equations used in the EPA models reflect guidance provided in the California EPA
document entitled "Preliminary Endangerment Guidance Manual, January, 1994" (CAEPA,
1994). A discussion of the models is provided in Appendix E. Results of the direct-
exposure models used to generate the Tier 1 lookup table (Table 1-1) are given in
Appendix F.
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DEVELOPMENT AND USE OF TIER 1 LOOKUP TABLE

Development of Tier 1 Lookup Table

The Tier 1 lookup tables presented in Table 1-1 were generated by comparing soil action
levels generated for groundwater leachate impact, contaminant soil saturation, and direct-
exposure impact (see Appendix F) and choosing the action level that corresponded to the
impact of most concern for that particular impacted-site scenario (i.e., the most stringent
action level). Maximum-allowable soil action levels are set at either the action level for
direct-exposure or the SESOIL-generated, theoretical soil saturation concentration of the
contaminant, whichever is more stringent. The same process of comparing soil action
levels for different pathways of concern is used to generate more site-specific, Tier 2 soil
action levels.

Note that the relationship between soil action levels (SAL) generated for different target
leachate concentrations (Cl) in the same impacted-site scenario is linear:

(SAL1/Cl1) = (SAL2/Cl2).

Once one soil action level has been generated, derivation of other soil action levels for the
same impacted-site scenario but different groundwater protection objectives is a simple
matter of factoring the generated SAL by the ratio of the target leachate concentrations:

SAL2 = SAL1 x (Cl2/Cl1).

This quick and easy procedure was used to generate the soil action levels for surface
water protection concerns in the Tier 1 lookup table, where applicable. (e.g. Note that the
ratio between benzene SALs for surface water-protection concerns and SALs for drinking
water-protection concerns is consistently 340, or the ratio of the target leachate
concentrations - 1.7mg/l divided by 0.005mg/l).

The minimum soil action level presented for benzene in Table 1-1 is 0.050mg/kg,
unchanged from that given in the 1992 TGM. Adhering to the Tier 1 model scenario,
however, soil action levels generated by SESOIL for impacted soils within ten meters of
groundwater that is a source of drinking water were actually somewhat lower (0.005mg/kg
to 0.029mg/kg, refer to Appendix F). Based on previous experience at contaminant
impacted sites, however, DOH believes that the SESOIL-generated soil action levels for
drinking water protection concerns are overly conservative and that the difference between
the SESOIL-generated estimate and the action level currently in use is not significant
enough to warrant lowering the soil action level for benzene. Note that if the model
parameters were slightly adjusted (rainfall, thickness of impacted layer, chemical data -
especially the input benzene biodegradation rate, etc.), a soil action level of 0.050mg/kg
could be easily attained.

General Application of Tier 1 Soil Action Levels
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The Tier 1 SALs presented in Table 1 can be applied to sites where the zone of soil
contamination is two meters thick or less and that the depth to groundwater from the base
of the contaminated soil is greater than two meters. Additional modeling has suggested
that the Tier 1 SALs for groundwater protection are adequately protective for sites where
impacted soil is within two meters of groundwater as long as the thickness of impacted
soil is one meter or less (refer to following section).

Table 1-1 is divided into release site scenarios based on the utility of groundwater
impacted or potentially impacted and annual rainfall at the site. Table 1-1a presents
action levels applicable to sites that threaten groundwater that is a source or potential
source of drinking water. Table 1-1b presents actions levels for sites that do not threaten
groundwater that is a source or potential source of drinking water. Each table is further
subdivided into action levels for sites receive less than or greater than 200cm of rainfall
annually. Rainfall maps for each of the islands are provided in Appendix G for reference
to the location of impacted sites. For more detailed rainfall information contact the
Department of Land and Natural Resources or the office overseeing investigation and
remediation of the subject impacted site.

Initial comparison of the SESOIL application results with limited available field data
suggests that the model overestimates groundwater impact by an order of magnitude or
more. For sites where the base of the impacted soil is within a few meters of
groundwater, it may be more prudent to investigate groundwater quality at the site rather
than rely on theoretical models.

Application of SALs to Soils Two Meters or Less From Groundwater

As described, the Tier 1 soil action levels are based on the assumption that the depth to
groundwater beneath the base of the impacted interval is greater than two meters and that
the impacted soil is less than two meters thick. If the depth to groundwater from the base
of the impacted interval is less than two meters at a site and the thickness of soil
impacted is greater than two meters then DOH may require that a groundwater monitoring
program be initiated in order to ensure that the Tier 1 soil action levels are adequately
protective of groundwater. 

Tier 2 Modification of SALs With Respect to Dilution of Leachate in Groundwater

The hydrogeologic nature of groundwater systems in Hawai'i is highly variable from site to
site. Adhering to the intent of Tier 1 soil action levels to be conservative and applicable to
any site, as well as a desire not to add an additional layer of uncertainty to groundwater-
impact model, leachate dilution and degradation in groundwater is not considered in the
derivation of the Tier 1 soil action levels. In Tier 2, DOH allows for adjustment of the
SESOIL-generated, Tier 1 soil action levels by use of a simple groundwater mixing model
(refer to Chapter 2).

Application of Tier 1 Action Levels to Sites With Impacted Groundwater
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At impacted sites where the main mass of contaminant has already reached and impacted
groundwater, remediation of the impacted soils should be guided in part by actual
groundwater monitoring. In some cases, a groundwater investigation may indicate that
impacted soil is not adversely impacting groundwater even though SESOIL-generated soil
action levels are exceeded (i.e., the theoretical SALs are too conservative). If this is the
case, remediation of the impacted soil should be guided by direct-exposure concerns
rather than groundwater-protection concerns. Conversely, a groundwater investigation
may indicate that more stringent soil cleanup levels are warranted at the site (i.e., the
theoretical SALs are not conservative enough). DOH anticipates that the latter case will
be the exception rather than the rule.

Groundwater contamination in excess of Tier 1 action levels may not necessarily require
active remediation. When groundwater contamination in excess of Tier 1 action levels is
discovered at a site, the extent and magnitude of contamination should be determined. If
continued monitoring and, where appropriate, through groundwater contaminant fate-and-
transport modeling suggest that the plume of contaminated groundwater is not likely to
migrate offsite and adversely impact groundwater extraction wells or surface water bodies
then the contaminated groundwater can be left in place and allowed to degrade naturally
over time. If this cannot be demonstrated then the contaminated groundwater should be
actively remediated to Tier 1 action levels. Note that conclusions drawn from the results
of contaminant fate-and-transport models must be supported by follow-up groundwater
monitoring.

Unless otherwise approved or directed by DOH, downgradient monitoring of the plume can
be discontinued when three successive seasonal cycles (generally three successive years)
of groundwater monitoring indicate that the contaminated groundwater is not likely to
migrate offsite and impact groundwater extraction wells or bodies of surface water at
greater than Tier 1 action levels (i.e., the plume is stabilized). Monitoring of the body of
groundwater that exceeds Tier 1 action levels should, however, be continued until
contaminant levels drop below the action levels for two successive seasonal cycles. At
this time DOH will issue a letter that no further investigative or remedial action is required
at the site. Groundwater that is discharged from the site due to construction activities,
etc., prior to this time must be tested for appropriate
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contaminants and adhere to discharge requirements put forth by the DOH Clean Water
Branch. 

SUMMARY

Direct-exposure and vadose-zone, fate-and-transport models offer both regulatory
agencies and facilities a valuable, scientifically-based tool to help set soil and groundwater
action levels at impacted sites. As the "user friendliness" of computer applications
increases, however, so does the tendency to use the applications as "black boxes" without
proper evaluation of how the application actually manipulates input parameter values and
the significance, if any, of the input data to the output file generated. Guidelines
presented in this document should be adhered to unless otherwise directed or approved
by DOH.

Theoretical soil action levels set to protect groundwater resources should not be
considered absolute. A preliminary comparison of the SESOIL model results with actual
field data suggests that the SESOIL-generated soil action levels are overly conservative. 
In some cases, particularly where groundwater has already been impacted, it may be
more appropriate to initiate a groundwater monitoring program to help set soil action levels
rather adhering to or relying on theoretically-derived action levels. DOH should be
contacted for further guidance if a facility believes this may be the case at their site.
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TABLE 1-1a.Tier 1 Action Levels for soil and groundwater: Rainfall <
200cm/year

RAINFALL <200CM/YEAR

Contaminant
DRINKING WATER

SOURCE THREATENED 
DRINKING WATER

SOURCE NOT THREATENED 

Groundwater
(mg/l)

Soil
 (mg/kg):

Groundwater
(mg/l)

Soil
 (mg/kg):

Benzene 0.005 0.05 1.7 1.7

Toluene 1.0 16 2.1 34

Ethylbenzene (0.14) 0.50 0.14 0.50

Xylene 10 23 [10] 23

Benzo(a)pyrene 0.0002 1.0de [0.0002] 1.0de

Acenaphthene (0.32) 18sat 0.32 18sat

Fluoranthene (0.013) 11sat 0.013 11sat

Naphthalene 0.24 41sat 0.77 41sat

PCE 0.005 0.29 0.145 5.0de

1,1 DCE 0.046 0.47de 3.9 0.47de

Vinyl Chloride 0.00002 0.18de [0.00002] 0.18de

TCE 0.005 0.01 0.70 1.5

1,1,1 TCA 0.20 0.10 6.0 3.0

PCBs (all) 0.0005 1de 0.002 1de

Lead (total) (0.0056) 400de 0.0056 400de

Cadmium (total) 0.005 38de 0.009 38de

TPH-residual
fuels

NS 5,000 NS 5,000

TPH-middle
distillates

NS 5,000 NS 5,000

TPH-gasolines NS 2,000 NS 2,000
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TABLE 1-1b.Tier 1 Action Levels for soil and groundwater: Rainfall >
200cm/year

RAINFALL >200CM/YEAR

Contaminant
DRINKING WATER

SOURCE THREATENED 
DRINKING WATER

SOURCE NOT THREATENED 

Groundwater
(mg/l)

Soil
 (mg/kg):

Groundwater
(mg/l)

Soil
 (mg/kg):

Benzene 0.005 0.05 1.7 0.68

Toluene 1.0 2.6 2.1 5.5

Ethylbenzene (0.14) 0.13 0.14 0.13

Xylene 10 8 [10] 8

Benzo(a)pyrene 0.0002 1.0de [0.0002] 1.0de

Acenaphthene (0.32) 18sat 0.32 18sat

Fluoranthene (0.013) 11sat 0.013 11sat

Naphthalene 0.24 41sat 0.77 41sat

PCE 0.005 0.04 0.145 1.1

1,1 DCE 0.046 0.47de 3.9 0.47de

Vinyl Chloride 0.00002 0.18de [0.00002] 0.18de

TCE 0.005 0.004 0.70 0.56

1,1,1 TCA 0.20 0.06 6.0 1.9

PCBs (all) 0.0005 1de 0.002 1de

Lead (total) (0.0056) 400de 0.0056 400de

Cadmium (total) 0.005 38de 0.009 38de

TPH-residual
fuels

NS 5,000 NS 5,000

TPH-middle
distillates

NS 5,000 NS 5,000

TPH-gasolines NS 2,000 NS 2,000
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TABLE 1-1 (cont.). Tier 1 Action Levels for soil and groundwater: Notes

ANNOTATIONS:
unmarked criteria: groundwater-protection concerns dominate
de: direct-exposure concerns dominate
sat: saturation concentration, groundwater-protection concerns dominate
() Same as surface water; surface water standard more stringent than drinkingwater standard. 
[] Same as drinking water; surface water standards not set.
PCE: tetrachloroethylene, DCE: dichloroethylene, TCE: trichloroethylene, TCA: trichloroethane,
PCBs: polychlorinated biphenyls, TPH: total petroleum hydrocarbons

NOTES:
1. Determination of groundwater utility should be determined based on the DOH policy

Determination of Groundwater Utility at Leaking Underground Storage Tank Sites
(September 13, 1995). (HIDOH, 1995b)

2. TPH criteria as presented in Reporting, Remediation, and Management of Petroleum-
Contaminated Soil (December, 1995). (HIDOH, 1995d). Gasolines: characterized by a
predominance of alkyl benzenes and straight-chain, branched, and cyclo- alkanes and
alkenes with carbon ranges of C6 to C12. Middles distillates (e.g., kerosene, diesel fuel,
home heating fuel, jet fuel, etc.): characterized by a predominance of straight-chain
alkanes and polynuclear aromatic hydrocarbons with carbon ranges of C12 to C24. 
Residual fuels: characterized by long chain alkanes (carbon range >C24) and less
predominant aromatics that include phenathrenes, benzopyrenes, and other poly-nuclear
aromatic hydrocarbons.

3. The facility should contact DOH for further guidance when laboratory practical
quantification limits exceed the recommended groundwater criteria. 

4. Lowermost limit on soil action levels for benzene leachate concerns set at 0.05mg/kg
based on field experience rather than adhering to SESOIL results. (See Chapter 1.)

5. Soil action levels set for leachate-impact concerns (SALs not annotated with "sat" or "de")
assume depth to groundwater is two meters or less and assume no dilution of leachate in
groundwater (i.e., Dilution Attentuation Factor (DAF) = 1. Not applicable to TPH criteria.
See Chapter 2 and Table 1 in Appendix F.).

6. Refer to Tier 2 discussion (Chapter 2) for guidance on adjustment of Tier 1 leachate-
impact SALs with respect to depth to groundwater from the base of the impacted soil and
site-specific DAFs.

GROUNDWATER-IMPACT  MODEL  (see  text)
Climate data: Standard rainfall models: 'A  huimanu Loop station data adjusted to 200cm

annual rainfall.

High rainfall models: Honomu   Mauka station data adjusted to 400cm annual
rainfall.

Geologic model: Sand or very permeable saprolite/soil overlying fractured, porous basalt.

DIRECT-EXPOSURE  MODEL  (see  text)
Assumes long-term residential exposure to impacted soil through inhalation, ingestion, and
dermal absorption.
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TABLE 1-2. Tier 1 and Tier 2 groundwater protection standards

Contaminant

1,2Current/Potential
Drinking Water

Resource
(mg/l)

1,3Non-Drinking Water
Resource 

(mg/l)

Benzene 0.005 1.7

Toluene 1.0 2.1

Ethylbenzene (0.14) 0.14

Xylene 10 [10]

Benzo(a)pyrene 0.0002 [0.0002]

Acenaphthene (0.32) 0.32

Fluoranthene (0.013) 0.013

Naphthalene 50.24 0.77

PCE 0.005 40.145

1,1 DCE 0.046 3.9

Vinyl Chloride 0.00002 [0.00002]

TCE 0.005 0.70

1,1,1 TCA 0.20 6.0

Lead (total) (0.0056) 40.0056

Cadmium 0.005 40.0093

PCBs 0.0005 60.002

() Same as surface water; surface-water standard more stringent than drinking water standard. 
[] Same as drinking water; surface-water standards not set.
1. Groundwater utility as defined by DOH (refer to HIDOH, 1995b).
2. Drinking water MCL for contaminant unless otherwise noted (HAR Chapter 11-20. 1994).
3. Surface water acute standard (or chronic standard where available and applicable) for

contaminant unless otherwise noted (HAR Chapter 11-54, 1992).
4. Marine chronic surface water quality standard as established in HAR, HAR 11-54.
5. Drinking water criteria provided in USEPA Region IX Preliminary Remediation Goals document

(USEPA, 1995).
6. Ecology-based, freshwater acute standard used for PCBs. (Freshwater and chronic standards are

based on FDA action levels for PCBs in fish for commercial consumption rather than ecological
impact and were not used in this study.).
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TABLE 1-3. Site parameters and default values used in Tier 1 SESOIL models

Climate  Data:
Air Temperature: 25°C (all months)
Evapotranspiration (cm/day): 40% of rainfall
Precipitation (cm/month): 200 or 400cm/year, month-

specific
Storm Duration (days) month-specific
Number of Storms: month-specific
Days per Month: 30.4 (default, all months)

Soil  Properties:
Bulk Density (g/cm3): 1.5 (all layers)
Intrinsic Permeability (cm2): 0 (specified in soil column input)
Disconnectedness Index: 3.5 (all layers)
Effective Porosity: 0.3 (all layers)
Organic Carbon Content (%): 0.1 (layer specific)
Cation Exchange Capacity (meq/100g): 0 (all layers)
Freundich Equation Exponent: 1.0 (all layers)

Application  Data:
Number of years of input data: 25
Number of geologic column layers: 4
Application area: 1,000cm2

Spill mode: Instantaneous
Pollutant input mode: Concentration (ug/g)
Washload Simulation: not used

Soil  Column  Properties:
Layer  # Thickness Permeability 1

   OC  Content
1 (soil) 200cm 1E-07cm2 same as input
2 (soil) 100cm 1E-07cm2       1.0
3 (basalt) 400cm 1E-06cm2       0.001
4 (basalt) 1cm 1E-06cm2       0.001

1. Foc as a fraction of the input soil property value

Pollutant  Loading  Data  (Layer  1  only)
1st year, 1st month Input concentration (ug/g) calibrated to specific

contaminant & model
Load for all other months 0 ug/g
Volatilization (fraction) 0.2 (all months)
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TABLE 1-4. Exposure parameters and default values used in Tier 1
direct-exposure models

Human Receptor Data Default

25% surface area - adults (cm2) 5000

25% surface area - children (cm2) 2000

Adherence factor (unitless) 0.2

Inhalation Rate - adults (m3/d) 20

Inhalation Rate - children (m3/d) 10

Soil ingestion rate - adults (mg/d) 100

Soil ingestion rate - children (mg/d) 200

Exposure time - residents (h/d) 24

Exposure frequency - residents (d/y) 350

Exposure duration - residents total (yrs) 30

Exposure duration - children (yrs) 6

Body weight - adult (kg) 70

Body weight - child (kg) 15

Averaging time (yrs) 70

Other variables

Diffusion height (m) 2



CHAPTER 2

TIER 2, SITE-SPECIFIC EVALUATION OF IMPACTED SOILS

INTRODUCTION

The generic, Tier 1 soil action levels (SALs) presented in Chapter 1 are set to satisfy
groundwater and direct-exposure objectives at sites with extensive amounts of
contamination. For sites with limited contamination, however, the Tier 1 SALs may be
overly stringent and lead to unnecessary cleanup actions. This chapter presents
guidelines for generating more site-specific, "Tier 2" soil action levels using the same
models and procedures incorporated into the development of the Tier 1 lookup tables.

The Tier 2 process allow facilities to take into account the actual volume of contaminated
soil at the site, the depth to groundwater and the expected dilution of contaminant
leachate as it passes into groundwater. Corresponding site-specific data that may be
incorporated into the Tier 2 models include the areal extent of contamination, the
thickness of the impacted soil interval, the depth to groundwater from the base of the
impacted soil, the regional groundwater gradient and the annual rainfall at the site.

In accordance with objectives set forth in development of the Tier 1 SALs, Tier 2 SALs
must address the following concerns:

1. Potential adverse impact on groundwater due to leaching of residual
contamination from impacted soil,

2. Potential adverse impact on groundwater due to remobilization of free-phase
product in impacted soils, and

3. Potential threats to human health due to direct exposure to impacted soil.

Tier 2 SALs generated to satisfy the above groundwater-protection and direct-exposure
concerns are compared and the most stringent SAL (i.e., the SAL that satisfies both
concerns) are applied to the site. An example is given in Table 2-1.

[Note that the groundwater action levels presented in Chapter 1 are fixed and cannot be
made more "site-specific". As discussed at the end of this chapter, however, exceeding
groundwater action levels at a site does not necessarily require that immediate,
engineered remedial actions are necessary.]

Tier 2 soil action levels can be generated by use of one or more of four DOH- approved
computer models and spreadsheets:

1. SESOIL (General Sciences Corporation, version 1.07 and later updates) - used
to address leachate impact on groundwater and potential mobilization of free
product from impacted soil;
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2. QUIKSOIL (DOH spreadsheet) - used as a quick but simplistic and conservative
alternative to SESOIL to address leachate impact on groundwater; (Not
recommended for highly volatile or biodegradable contaminants or for sites
where the base of the impacted soil is greater than ten meters from
groundwater.);

3. DAF (DOH spreadsheet) - used to approximate a site-specific dilution
attenuation factor (DAF) that reflects the dilution of leachate it mixes with
groundwater. Tier 1 or Tier 2 SALs generated with SESOIL or Tier 2 SALs
generated with QUIKSOIL should be multiplied by the site DAF to refine final
SALs for groundwater-protection concerns.

4. DETIER2 (DOH spreadsheet) - used to evaluate potential impact on human
health from direct-exposure to impacted soil.

The groundwater-protection models are especially applicable to sites impacted with
relatively mobile organic contaminants. The SESOIL computer application is available
from the noted distributor. The QUIKSOIL, DAF, and DETIER2 spreadsheets are
available from the DOH Solid and Hazardous Waste Branch. SESOIL models normally
take ten to thirty minutes to complete once the operator has collected the necessary 
input data and has become familiar with the application. Use of the application must
adhere to procedures presented in this chapter unless otherwise approved or directed 
by DOH. Spreadsheet calculations take only a matter of minutes.

Site investigations should be carried out in accordance with guidelines presented in the
DOH "Technical Guidance Manual for Underground Storage Tank Closure and Release
Response (TGM)" and subsequent updates (HIDOH, 1992, 1995a, 1995b, 1995c, 
1995d). At all contaminant release sites, the extent of soil and groundwater impact 
should be delineated out to Tier 1 soil and groundwater action levels unless otherwise
approved or directed by DOH. In cases where groundwater has been impacted by a
release but groundwater contaminant levels do not exceed Tier 1 action levels, it may,
however, be appropriate to investigate and assess impacted soil with respect to direct-
exposure concerns only. (Refer to section 9 and to Appendix F, Table 3.) 

Facilities are encouraged to use the Tier 2 models to address site-specific remediation
needs rather than rely on the Tier 1 lookup tables or before undertaking a more costly 
and time consuming "Tier 3" site evaluation. Facilities should be aware, however, that 
re-use and disposal of impacted soil left in place at a site may fall under regulation by 
the DOH Office of Solid Waste Management should that soil ever be excavated,
regardless of whether the soil meets Tier 1, 2, or 3 criteria for groundwater-protection 
and direct-exposure concerns (refer to HIDOH, 1995d). 

Section 2 and 3 of this chapter reviews DOH's tiered approach for setting appropriate 
soil and groundwater action levels at a site and discusses groundwater-protection and
direct-exposure objectives. Sections 4, 5, 6, and 8 present models for generation of 
Tier 2 SALs for groundwater-protection concerns. Section 7 presents a model for
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generation of Tier 2 SALs for direct-exposure concerns. Section 9 summarizes the
procedure for choosing the appropriate SAL for a site and provides results from four
example sites. Readers are encouraged to briefly review the example results 
(Appendix I) before moving on to the main text of this chapter. 

Section 10 provides additional guidance for sites where groundwater has already been
impacted by a vadose-zone release. The final section of the chapter briefly reviews 
the intent of Tier 3 risk assessments and introduces a Tier 3, direct-exposure 
spreadsheet (DETIER3) available from DOH for public use. Note that for use in this
report, the term "soil" refers to any unlithified, subsurface, solid media.

DOH TIERED APPROACH TO SITE EVALUATIONS AND REMEDIAL ACTIONS 

In the past, DOH has allowed the use of site-specific risk assessments ("Tier 3") as an
alternative to use of default, generally conservative, soil and groundwater action levels
("Tier 1"). The high costs and general lengthy review time typical associated with 
formal risk assessments, however, made the use of this option prohibitive at all but 
the largest release sites or sites where potential remedial costs outweighed risk
assessment costs.

In response to this dilemma, DOH has refined its tiered approach to site remedial 
actions to include a conservative but more flexible and cost-efficient method of setting 
site-specific soil action levels - Tier 2. The overall concept of the tiered approach to 
site evaluations is detailed in the ASTM document entitled "Emergency Standard Guide 
for Risk-Based Corrective Action Applied at Petroleum Release Sites (ASTM, 1994)." 
(Note that DOH has chosen not to use the example quantitative models presented in 
the ASTM document.)

In Tier 1, a facility refers to conservative, default ("generic") soil action levels provided 
by the DOH that can be used at any impacted site (refer to Chapter 1). The Tier 1 
action levels were generated by incorporating default, conservative impacted-site and
exposure assumptions into standardized, quantitative groundwater-protection and 
direct-exposure models used by the DOH. 

In Tier 2, the subject of this chapter, a facility is permitted to substitute actual site 
data into the same models used to generate Tier 1 SALs as well as additional, DOH-
approved models and evaluate groundwater-protection and direct-exposure concerns 
on a controlled, but more site-specific basis.

In Tier 3, a facility employs alternative groundwater-impact models, direct-exposure
models, and/or input parameter assumptions to evaluate an impacted site and supports 
all input data with a thorough and rigorous risk assessment. Procedures that should 
be followed for the preparation of Tier 3 risk assessments are briefly outlined at the 
end of this chapter and more fully discussed in DOH technical guidance manuals
(HIDOH,1992).
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Impacted sites with contaminant concentrations in excess Tier 1 soil or groundwater 
action levels required to initiate followup "action," whether this be remediation to 
default action levels (Tier 1), limited refinement of soil action levels to reflect more 
site-specific data (Tier 2), or full refinement of soil action levels based on a detailed, 
site-specific risk assessment (Tier 3). 

TIER 2 SOIL ACTION LEVEL - OBJECTIVES

Groundwater Protection Objectives

The importance of Hawaii's groundwater and surface water resources cannot be
overemphasized. Essentially 100% Hawaii's drinking water comes from groundwater
resources. The quality of the state's inland and coastal surface waters is intricately tied to
the quality of the islands groundwater and likewise plays a crucial role in the ecological
and, in turn, economic health of the state.

Tier 2 soil action levels for groundwater-protection concerns must be set to meet the
following objectives:

1) Leachate that infiltrates through the vadose zone and recharges any groundwater
system must not cause the groundwater to be impacted at greater than DOH
standards for surface water (either marine or fresh water, whichever is the more
stringent).

2) Leachate that infiltrates through the vadose zone and recharges a groundwater
system that is a current or potential source of drinking water must not lead to a
groundwater impact that exceeds either surface water or drinking water standards.

3) Due to the heightened threat of groundwater impact, residual contamination present
in the vadose-zone should not exceed Tier 1, theoretical saturation levels for
individual contaminants of concern.

The delineation and utility of groundwater systems on the islands should be made in
accordance with the DOH policy statement "Determination of Groundwater Utility at
Leaking Underground Storage Tank Sites (HIDOH, 1995b)." For the purposes of both Tier
1 and Tier 2 site evaluations, DOH assumes that all leachate that infiltrates through the
vadose zone will impact a groundwater system. It is further assumed that all groundwater
systems are potentially interconnected to bodies of surface water (streams, rivers, lakes,
marshes, coastal waters, etc.) and that all of these surface water bodies are ecologically
important.

DOH groundwater action levels for common contaminants of concern are repeated in
Table 2-2. As discussed in Chapter 1, groundwater action levels for any site are 
initially set to meet surface water quality criteria. This is intended to be protective of
aquatic ecosystems should contaminated groundwater migrate or otherwise be 
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discharged into a body of surface water. The criteria presented are based on state and
federal acute or, when available, chronic surface water standards. For sites where the
groundwater of concern is a current or potential source of drinking water ("Drinking Water
Source Threatened" in Table 1-1), action levels are adjusted where needed to ensure that
state drinking water standards or alternative drinking water criteria are additionally met. 
Note that drinking water standards are substituted for surface water standards where the
latter have not been established (e.g., benzo(a)pyrene).

Direct-Exposure Objectives

In addition to addressing groundwater protection concerns, Tier 2 SALs ultimately applied
to a site must be also be protective of residential exposure to impacted soils through
inhalation, ingestion, and dermal absorption. With the exception of only a few compounds,
most notably benzo(a)pyrene and PCBs, direct-exposure soil action levels generated are
set to meet a one-in-a-million (10-6) cancer risk for carcinogenic contaminants and a
hazard quotient of "1" for non-carcinogenic contaminants. The use of alternative direct-
exposure objectives and assumptions at a site must be justified and documented in a Tier
3 risk assessment that is submitted to DOH for review and approval.

GENERATION OF TIER 2 SALs FOR GROUNDWATER-PROTECTION CONCERNS -
SESOIL APPLICATION

SESOIL Computer Application

RiskPro's SESOIL vadose-zone contaminant fate and transport computer application
(GSC, 1993, Version 1.07) developed by General Sciences Corporation (GSC) or updates
to the application must be used for Tier 2 evaluations of potential groundwater impact
unless otherwise approved or directed by DOH. An overview of the RiskPro SESOIL
application is presented in "The New SESOIL User's Guide (August, 1994)" published by
the Wisconsin Department of Natural Resources (Hetrick et al., 1994). Excerpts from the
publication are provided in Appendix B. A sensitivity analysis of SESOIL conducted by the
Wisconsin Department of Natural Resources (WDNR, 1993) is included in the appendix.

Other versions of the SESOIL application may be inappropriate for use in either Tier 2 or
Tier 3 site evaluations. An example of unacceptable versions of SESOIL include the
SESOIL module in the 1995 "Decision Support Software" computer application put forth by
the American Petroleum Institute (API, 1994). Output from this version of SESOIL
provides only a yearly resolution of groundwater impact, rather than monthly as in the
original version of the application. 

A table of SESOIL-generated SALs based on the default Tier 1 site scenario are
presented in Appendix F for variable depths to groundwater. As an alternative to re-
running SESOIL models at sites where depth to groundwater may be an important 
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factor in setting groundwater protection SALs, facilities can refer to SALs presented in
Appendix F for use in Tier 2 assessments. The default SALs should be multiplied by the
appropriate site dilution attenuation factor, as described below, in order to generate a final
groundwater protection SAL for the site.

Unless otherwise approved or directed by DOH, use of SESOIL to generate soil action
levels for Tier 2 (or Tier 3) purposes must follow assumptions and procedures described in
this chapter. Note that for Tier 3 site evaluations, any vadose-zone application can be
used provided that the application generates at least a monthly resolution for groundwater
impact. If the model results are not as conservative as would have been produced using
the GSC version of SESOIL, however, then the discrepancy should be discussed and
justified in the Tier 3 report and use of the application approved by DOH.

SESOIL Model Procedures

Procedures regarding use of SESOIL to generate initial Tier 2 SALs are described below. 
Each step corresponds to an input module of the application. Fill out and submit the
SESOIL worksheet provided in Appendix D (attachment D2) for each mode run. A
summary of the input data parameters and default values used in the Tier 1 models is
provided in Table 2-3. A complete description and discussion of the Tier 1 default
parameter values is provided in Appendix C. 

Step 1: Input Model Simulation Information

Note the site name, DOH ID number, and contaminant modeled in the module heading. 
"Raingage station" refers to the source of climate data used in the simulation. The
number of years of climate data input will normally be "1" (climate data is repeated in
subsequent model simulation years). The model simulation time will vary based on the
physio-chemical nature of the contaminant and the hydrogeology of the site. (Due to
memory limitations, the IBM 466DX used for Tier 1 could not run SESOIL simulations
greater than 25 years in length.)

Step 2: Input Climate Data

Input data from the most correlative climate station (an optional climate data set is
available with the RiskPro SESOIL application). Evapotranspiration can be directly
calculated from input cloud cover, humidity, and albedo data. For most climate stations,
however, these data are not available. If this is the case, input a value of "0" for monthly
cloud cover, humidity, and albedo data and input evapotranspiration as a fraction of total
rainfall based on the island location of the site as follows (data from Atlas of Hawai'i,
1983): Ni'ihau: 72% total rainfall, Kaua'i: 24% total rainfall, O'ahu: 36% total rainfall,
Moloka'i: 54% total rainfall, Maui: 27% total rainfall, La  na'i: 66% total rainfall, Kaho'olawe:
70% total rainfall, and Hawai'i: 44% total rainfall. Note that evapotranspiration data must
be input as cm/day.
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Where appropriate climate data are not available, determine the annual rainfall for the site
based on maps provided in Appendix G. Refer to the default climate data provided in
Table 2-4 and modify the default monthly precipitation (total 200cm/year) to reflect actual
annual rainfall determined for the site (e.g., for sites with 100cm of annual rainfall the
default precipitation data would be multiplied by a factor of 0.5). Input evapotranspiration
as the appropriate, daily fraction of total rainfall based on the island that the site is located
on (see above).

Step 3: Input Soil Property Data

Input site-specific soil property data where supported by information gained during the site
investigation or related published reports. Otherwise, use the default, Tier 1 parameter
values noted in Table 2-3. For sites where mixtures of contaminants are present (e.g.,
petroleum releases), assume that an organic carbon content of no more than 0.1% is
available for sorption of any given contaminant.

The data input into the soil property module are applied to the uppermost layer of the
geologic model and then used as default values for subsequent layers. Input a value of
"0" for the default soil permeability. Layer-specific permeability will be set in the "Soil
Column Properties" module (step 6).

The default soil property data presented in Table 2-3 are based on information published
by the U.S. Department of Agriculture (Foote et al., 1972; USDOA, 1976; USDOA, 1992)
and the University of Hawai'i - Ma  noa Water Resources Research Center (Miller et al.,
1988; Mink and Lau, 1990), and also on discussions with local experts of Hawaii's soils
and hydrogeology (Table 2-5). Refer to the discussion in Appendix C and the DOH Tier 1
document for additional discussion regarding soil and bedrock properties in Hawai'i.

Step 4: Input Physio-Chemical Constants for Contaminant

Default physio-chemical constants and biodegradation rates for common contaminants are
provided in tables 2-6 and 2-7. These constants should be used for both the SESOIL and
direct-exposure models unless otherwise approved or directed by DOH. Contact the DOH
Solid and Hazardous Waste Branch for information regarding contaminants not listed in
the table. A value of "0" will normally be input for the hydrolysis and complexation
constants noted in the module. Refer to Appendix C for a discussion on the source and
justification of the default physio-chemical constants and biodegradation rates provided. 
Input physio-chemical constants can be supplemented with site-specific soil data where
available (e.g., soil batch tests, etc.).

Step 5: Input Application Data

Input a value of "25" for the number of years of model simulation data. This should be
sufficient for most model simulations. The number of soil layers input is governed by the
geologic profile determined for the site. Include a 1cm- thick layer at the base 
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of the column and input the same soil/bedrock properties as the layer overlying it. In the
model simulation, this 1cm-thick layer directly overlies groundwater. Inclusion of a 
thin, basal layer is used to improve the precision of the SESOIL output data regarding 
the mass of contaminant moving from the vadose-zone into the groundwater (used in 
step 7).

The input application area reflects the areal extent of impacted soil and is used in
conjunction with layer thickness to calculate contaminant mass. SESOIL automatically
generates the site latitude based on the input climate station. The spill mode should 
be set to "Instantaneous" to reflect the one-time presence of residual contamination in 
the model impacted layer (i.e., no continuous source). "Pollutant Load" should be set 
to "Concentration" to reflect soil contaminant concentration as input in the next 
module. Washload simulations are not applicable for Tier 2 models.

Step 6: Input Soil Column Properties

Input thickness and permeability data for each geologic layer. Refer to the default
permeability data provided in Table 2-5 where site-specific data are not available. The
number of soil sublayers will normally be set to one.

For the layers underlying the uppermost unit, input a value of "1" for all soil-property,
factoring parameters except organic carbon (OC). For organic carbon, input factors 
that reflect site-specific data where available. For sites where site-specific OC data 
are not available, assume an organic carbon content of 0.0001% for all lithified (rock) 
units and for all sediment and soil layers situated at greater than 3 meters depth 
(following assumptions used in Tier 1) and adjust the input OC factor values 
accordingly. For sites where mixtures of contaminants are present (e.g., petroleum),
assume a maximum of 0.1% OC for soils within three meters of the surface and 
0.0001% OC for all lithified units and for all layers situated at greater than 3 meters 
depth.

Step 7: Input Pollutant Loading Data

Input a value of "0" for the first data-input year of the "mass transformed", "sink", 
and "ligand" columns unless otherwise approved or directed by DOH. The input factor 
will be repeated for all subsequent years of data. Input a value of "0.2" for 
"volatilization factor" to limit contaminant loss due to volatilization to 20% of the 
maximum possible (required). Note that unlike the factors noted above the 
volatilization factor must be repeated for every simulation year. (Click on the column
heading and use the column math function to expedite data input.) The application
erroneously assumes a volatilization factor of 1 for all months where no data is input.

Input a value of "0" for the monthly pollutant load of each year of input data (i.e., the
number of data-input years noted in Step 5) except the first month of the first year. 
Following the procedures outlined in Appendix D, adjust the input soil concentration 
for the 1st year, 1st month until the model is calibrated to target groundwater-
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protection objective. (Do not include assumed dilution of leachate at this point!)

Step 8: Extract Groundwater-Impact SAL from Output Data.

Extract the SESOIL-generated SAL from the calibrated output file by following the
procedures outlined in Appendix D. Change the SAL units to mg/kg. The final, site 
SAL for groundwater-protection concerns will be calculated by multiplying the SESOIL-
generated SAL by the dilution attenuation factor determined for the site, as discussed
below.

Unedited (except for format) output files for SESOIL model simulations must be 
included with the report documenting the derivation of each Tier 2 soil action level. 
The version of SESOIL used to generate the Tier 2 soil action levels must be clearly
indicated in the report. Warning messages in the output file regarding input rainfall 
and permeability data are based on the input of extremely variable data and are 
intended to prompt the user to recheck the input data modules. If the input data is 
correct then the warnings can generally be ignored.

GENERATION OF TIER 2 SALs FOR GROUNDWATER-PROTECTION CONCERNS -
QUIKSOIL SPREADSHEET

The QUIKSOIL spreadsheet model is based on a simple contaminant partitioning 
equation that approximates the dissolved-phase ("leachate") concentration of the
contaminant in impacted soil based on the physio-chemical nature of the contaminant 
and the soil. The model is based on an equation presented in ASTM's "Emergency
Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites
(Table X2.1, ASTM, 1994)" for calculation of soil leaching factors:

SAL = Cw x (Kd + (θw + (θa x H'))/ρb),

where Cw is the target groundwater action level for the site (mg/L), Kd is the soil-water
partition coefficient (L/Kg), θw and θa are the water- and air-filled porosities, H' is the
Henry's law constant (unitless) and ρb is the soil bulk density.

Procedures regarding use of the QUIKSOIL spreadsheet to generate Tier 2 SALs are as
follows:

Step 1. Check with the DOH Solid and Hazardous Waste Branch to ensure that the
spreadsheet you have is the most up-to-date version.

Step 2. Input physio-chemical constants for the contaminant being evaluated. 
Constants for common contaminants are provided at the end of the 
spreadsheet (use "cut & paste" function of spreadsheet; refer also to Table 2- 
6). Contact the DOH Solid and Hazardous Waste Branch to obtain constants 
for contaminants not listed.
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Step 3. Input site data where available. (Model will use default, conservative parameter
values where site data is not available.) 

Step 4. Input the target groundwater standard for the site (refer to Table 2-2). Do not
include assumptions regarding dilution of leachate. Contact the DOH Solid and
Hazardous Waste Branch to obtain groundwater criteria for contaminants not
listed in Table 2-2.

Step 5. Spreadsheet generates the contaminants Tier 2 SAL for groundwater- 
protection concerns at the site. Complete the information at the end of the 
first page of the spreadsheet. Include a copy of the spreadsheet for each
contaminant modeled with the Tier 2 report submitted to DOH for review and
approval.

An example printout of the QUIKSOIL spreadsheet is provided in Appendix H.

Users of the QUIKSOIL spreadsheet should be aware that the model does not 
incorporate DOH-acceptable assumptions regarding the fate and transport of the
"leachate" in the vadose zone. With respect to the more comprehensive SESOIL
application, the QUIKSOIL spreadsheet generates overly conservative SALs for
contaminants that are highly biodegradable (e.g., half-life < 50 days) or highly volatile
(e.g., Henry's Law constant > 0.01atm-m3/mol) or sites where the base of the 
impacted soil is situated greater than ten meters from groundwater. For contaminants 
or sites with these attributes, DOH strongly encourages use of the SESOIL application 
to generate groundwater-protection SALs.

CALCULATION OF FINAL SALs FOR GROUNDWATER-PROTECTION CONCERNS

SALs generated with SESOIL (either Tier 1 SESOIL SALs provided in Appendix F or Tier
2, site-specific SESOIL SALs) or QUIKSOIL should be further refined on a site-specific
basis to account for dilution of leachate as it mixes with groundwater. Because the
relationship between leachate concentration and soil concentration is assumed to be linear
(i.e., Freundich number in SESOIL application set to "1"), refinement of a SESOIL- or
QUIKSOIL-generated SAL is a simple matter of multiplying the SAL by a leachate dilution
attenuation factor (DAF) calculated for the site. 

Site-specific dilution attenuation factors are generated using the DOH spreadsheet entitled
"DAF" (refer to example in Appendix I). The DAF equation relates the volume of recharge
water infiltrating into groundwater beneath a site during a year to the volume of impacted
groundwater passing beneath the site during that year as follows:

DAF = 1 + ((Vs × dm) x neff)/(I × L),

where "Vs" (meters/year) is groundwater seepage velocity, "Dm" (meters) is the mixing
depth of the leachate in groundwater, "neff" (m

3/m3) is the fraction effective porosity, 
"I" (meters/year) is infiltration rate, and "L" (meters) is source length parallel to
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groundwater flow.

Annual groundwater recharge is reported in the yearly summaries of SESOIL output 
files. If Tier 1, SESOIL-generated SALs or SALs based on the QUIKSOIL spreadsheet
are used for the site then groundwater recharge can be estimated as an island-specific
fraction of total annual rainfall. Assume the following recharge with respect to the 
location of the site (data from Atlas of Hawai'i, 1983): Ni'ihau: 5% total rainfall, 
Kaua'i: 16% total rainfall, O'ahu: 36% total rainfall, Moloka'i: 16% total rainfall, Maui: 
30% total rainfall, La  na'i: 12% total rainfall, Kaho'olawe: 10% total rainfall, and 
Hawai'i: 31% total rainfall.

The spreadsheet calculates groundwater velocity (seepage) as:

          Vs = (K × h)/neff

where "K" is the hydraulic conductivity of the groundwater bearing media in meters per
year, "h" is the hydraulic gradient.

Mixing zone depth is calculated by relating source length parallel to groundwater flow,
aquifer thickness (da, meters), and the hydraulic conductivity of the groundwater-bearing
media as follows:

dm = (0.0112 × L2)0.5 + da(1 - exp[(-L × I)/(K × h × da)]).

The dilution factor equation presented above is used in ASTM's "Emergency Standard
Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites" (Table X2.1,
ASTM, 1994). The mixing-zone depth equation is based on an equation published in
EPA's Technical Background Document for Soil Screening Guidance (USEPA, 1994d). 

Mixing-zone depths calculated using the equation will typically range between one and ten
meters. The ASTM document referenced recommends a default mixing-zone depth of two
meters. DAFs generated by the equations presented typically range from 1 to 10,
dependent largely on annual rainfall, the hydraulic conductivity of the groundwater-bearing
media, and the hydraulic gradient of the groundwater.

GENERATION OF TIER 2 SALs FOR DIRECT-EXPOSURE CONCERNS

Direct-Exposure Model Equations

The risk-based, deterministic models incorporated into the DETIER2 spreadsheet are
based on slight modifications of direct-exposure models presented in the Second Half,
1994, and First Half, 1995, editions of EPA Region IX's "Preliminary Remediation 
Goals (PRGs)" (Appendix E, USEPA, 1994a, 1995). The equations used in the PRG
models reflect guidance provided in the California EPA document entitled "Preliminary
Endangerment Guidance Manual, January, 1994" (CAEPA, 1994). A copy of this 
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document is available from the DOH Solid and Hazardous Waste Branch.

Direct-exposure SALs for carcinogenic contaminants are calculated by solving equation 4-
1 in the First Half, 1995, PRGs for C (refer to Appendix E). SALs for non-carcinogenic
contaminants are similarly calculated by solving equation 4-2 for C. Note that the
volatilization factor term in the direct-exposure models is replaced with the particulate
emission factor term for non-volatile contaminants (defined as having a Henry's Law
Constant (atm-m3/mol) less than or equal to 10-3 and a molecular weight less than 200
grams/mol).

In both equations, the air dispersion term incorporated into the volatilization and particulate
emission factors should be modified to allow input of site-specific data. This reflects
guidance presented in earlier editions of the PRGs. Refer to the discussion at the
beginning of Appendix E for details on this modification.

Direct-Exposure Model Procedures

Procedures regarding use of the Tier 2 direct-exposure spreadsheet to generate Tier 2
SALs are described below. Refer to the example printout in Appendix I.

Step 1. Check with the DOH Solid and Hazardous Waste Branch to ensure that the
spreadsheet you have is the most up-to-date version.

Step 2. Check with DOH to ensure that the default toxicity data provided in the
spreadsheet is up-to-date.

Step 3. Input physio-chemical and toxicity constants for the contaminant being evaluated. 
Constants for common contaminants are provided at the end of the spreadsheet
(use "cut & paste" function of spreadsheet; refer also to tables 2-5 and 2-7). 
Contact the DOH Solid and Hazardous Waste Branch to obtain constants for
contaminants not listed.

Step 4. Input site data where required and otherwise available (see page 1 of
spreadsheet in Appendix I). Model will use default, conservative parameter
values where site data is not available. Site parameters and default values
(where applicable) incorporated into the Tier 2 direct-exposure models are noted
in Table 2-9.

With the exception of windspeed, the default parameter values presented are 
the same as those used in the EPA PRG tables. The default windspeed of
2.5m/s given reflects one-half the 11mph average windspeed reported for
Honolulu International Airport between 1985 and 1993 (USDOC, 1985- 
1993). (The average windspeed is divided by half to take into account
interference by buildings, etc., in developed areas.)
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concerns at the site. Complete the information at the end of the first page of 
the spreadsheet. Include a copy of the spreadsheet for each contaminant
modeled with the Tier 2 report submitted to DOH for review and approval 
(omit the equation check and physio-chemical constant table). If more than 
one contaminant is present above DOH Tier 1 criteria then contaminant- 
specific risks and hazard quotients should be added for final evaluation of the
site. 

An example printout of the DETIER2 spreadsheet is presented in Appendix I. A similar
direct-exposure spreadsheet is available for use in Tier 3 site assessments (Appendix J,
discussed below). Tier 1 direct-exposure SALs are given in Appendix F.

All site-specific parameter values used in the models must be supported by data 
collected from the subject site or from appropriate referenced sources. The data must 
be properly presented in a document submitted to the DOH for review (e.g., in a "Final
Cleanup Progress Report" submitted to the DOH for underground storage tank release
responses). 

Default Exposure Assumptions

Default, Tier 2 (and Tier 1) exposure assumptions are consistent with assumptions
regarding residential exposure used in the EPA Region IX PRGs (Table 2-10). As in the
PRG models, the Tier 2 models conservatively assume full exposure to a contaminant
through inhalation, ingestion, and dermal absorption in a residential setting. Refer to 
the PRG reports in Appendix E for further discussion of the models and input
assumptions.

MAXIMUM-ALLOWABLE SOIL ACTION LEVELS

The site soil action level for any given contaminant should not exceed that 
contaminants Tier 1, theoretical saturation limit in soil. SESOIL generated saturation 
limits for common contaminants are given in Appendix F. Saturation levels for
contaminants not included in the appendix should be derived by inputting the Tier 1 
model scenario into the SESOIL application and following procedures described at the 
end of Appendix D (or contact DOH).

COMPARISON OF GROUNDWATER-PROTECTION AND DIRECT-EXPOSURE SALs

Final, contaminant-specific soil action levels for a site are determined by comparing the
results of the groundwater-impact models and direct-exposure models and selecting 
the SAL that corresponds to the impact of most concern (i.e., the most stringent 
action level) for the site. Four examples of Tier 2 site evaluations results are provided 
in Appendix I. Facilities should submit results of their evaluations in a similar format. 
Final closure reports for sites should include the results of the Tier 2 evaluation and
include printouts of all model results. Report formats should follow guidance 
presented in the DOH TGM and subsequent updates (HIDOH, 1992, 1995a, 1995b,
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1995c, 1995d). SESOIL and direct-exposure model results will be verified by DOH 
before final approval. Documentation of site-investigation data used in the models 
should be included or referenced in the report. Note that a map (drawn to scale) 
denoting the areal extent and thickness (use cross sections if necessary) of impacted 
soil left in place at the site must be submitted for all contaminants that exceed Tier 1
SALs.

APPLICATION TO SITES WITH IMPACTED GROUNDWATER

As discussed in Chapter 1 for Tier 1 soil action levels, remediation of the impacted 
soils at sites where the main mass of contaminant has already reached and impacted
groundwater should be guided in part by actual groundwater monitoring. In some 
cases, a groundwater investigation may indicate that impacted soil is not adversely
impacting groundwater even though DAF-modified, Tier 2 SALs generated with 
SESOIL are exceeded (i.e., the theoretical SALs are too conservative). If this is the 
case, remediation of the impacted soil should be guided by direct-exposure concerns
rather than groundwater-protection concerns. Conversely, a groundwater investigation
may indicate that more stringent soil cleanup levels are warranted at the site (i.e., the
theoretical SALs are not conservative enough). DOH anticipates the latter case will be 
the exception rather than the rule.

Groundwater contamination in excess of Tier 1 action levels may not necessarily 
require active remediation. When groundwater contamination in excess of Tier 1 
action levels is discovered at a site, the extent and magnitude of contamination should 
be determined. If continued monitoring and, where appropriate, groundwater 
contaminant fate-and-transport modeling suggest that the plume of contaminated
groundwater is not likely to migrate offsite and adversely impact groundwater 
extraction wells or surface water bodies then the contaminated groundwater can be 
left in place and allowed to degrade naturally over time. If this cannot be 
demonstrated then the contaminated groundwater should be actively remediated to 
Tier 1 action levels. Note that conclusions drawn from the results of contaminant 
fate-and-transport models must be supported by follow-up groundwater monitoring.

Unless otherwise approved or directed by DOH, downgradient monitoring of the plume 
can be discontinued when three successive seasonal cycles (generally three successive
years) of groundwater monitoring indicate that the contaminated groundwater is not 
likely to migrate offsite and impact groundwater extraction wells or bodies of surface 
water at greater than Tier 1 action levels (i.e., the plume is stabilized). Monitoring of 
the body of groundwater that exceeds Tier 1 action levels should, however, be 
continued until contaminant levels drop below the action levels for two successive
seasonal cycles. At this time DOH will issue a letter that no further investigative or
remedial action is required at the site. Groundwater that is discharged from the site 
due to construction activities, etc., prior to this time must be tested for appropriate
contaminants and adhere to discharge requirements put forth by the DOH Clean Water
Branch. 
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TIER 3 RISK ASSESSMENTS

Tier 3 risk assessments should follow guidelines presented in the DOH TGM and
subsequent updates (HIDOH, 1992, 1995a). Risk assessments developed at this level
might include some combination of alternative vadose-zone fate-and-transport models,
direct-exposure models, and exposure pathway evaluations as well as more complex
groundwater fate-and-transport models. All Tier 3 models and model assumptions must
be fully documented and submitted to DOH for review and approval.

In the Tier 3 RBCA framework, the facility is allowed to propose alternative, acceptable
levels of risk at the site. DOH recommends, however, that the target risk following
completion of remedial actions be set at 10-6 . If a facility cannot feasibly meet this
primary objective, however, but can get to within the EPA-designated acceptable risk
range of 10-4 to 10-6, then the facility should meet with the appropriate DOH office and
demonstrate that additional remedial work cannot feasibly be carried out, given
technological and economic constraints, etc. In reality, this may be a common scenario at
large sites with extensive but relatively low levels of contamination.

DOH has prepared a direct-exposure spreadsheet for Tier 3 site evaluations (DETIER3). 
An example printout of the spreadsheet is provided in Appendix J. Incorporation of the
spreadsheet in the Tier 3 evaluation is not required, though its use may help expedite
review of the risk assessment. 

The spreadsheet can also be used to calculated risk due to volatilization from groundwater
(required only on a site-by-site basis by DOH). Simply assume that 90% of the total
porosity is water-filled/saturated and run the model as usual (e.g. if total porosity = 43%,
soil is 90% saturated when soil moisture content = 0.25ml/g .).



Risk-Based Corrective Action: page 32

Table 2-1. Example generation of Tier 2 SALs. Site - Inland area over basal, unconfined,
drinking water groundwater system in basalt; base of impacted soil > 10m above top of
groundwater; moderate rainfall (150cm/year); areal extent of soil impacted above Tier 1
SALs = 900m2, thickness of soil impacted above Tier 1 SALs = 2m (assumed same for
each contaminant)

1Contaminant 2SESOIL SAL
(mg/kg)

3Site
DAF

4Groundwater
Protection

SAL (mg/kg)

5Direct-Exposure
SAL (mg/kg)

6SAL chosen
for site (mg/kg)

Benzene 0.027 2.5 0.07 6.8 0.07

Toluene 124 2.5 4170sat 5340 170

PCE 2.3 2.5 5.8 5.8 5.8

1. Contaminants noted exceeded Tier 1 soil action levels (SALs) at the example site.

2. Default Tier 1 SESOIL SALs for groundwater protection taken from lookup table rather
than re-running SESOIL to generate site-specific SALs for groundwater protection
(refer to Appendix F, Table 1a).

3. Site dilution attenuation factor (DAF) as calculated using DAF spreadsheet.

4. Site SALs for groundwater-protection concerns calculated by multiplying the SESOIL
SAL times the leachate dilution attenuation factor determined for the site. Maximum
groundwater-protection SAL is the contaminants theoretical saturation limit ("sat",
refer to Appendix F, Table 2).

5. Contaminant direct-exposure SALs as calculated using DETIER2 spreadsheet.

6. SAL chosen for site reflects the contaminant pathway of most concern.
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TABLE 2-2. Tier 1 and Tier 2 groundwater protection standards

Contaminant

1,2Current/Potential
Drinking Water

Resource
(mg/l)

1,3Non-Drinking Water
Resource 

(mg/l)

Benzene 0.005 1.7

Toluene 1.0 2.1

Ethylbenzene (0.14) 0.14

Xylene 10 [10]

Benzo(a)pyrene 0.0002 [0.0002]

Acenaphthene (0.32) 0.32

Fluoranthene (0.013) 0.013

Naphthalene 50.24 0.77

PCE 0.005 40.145

1,1 DCE 0.046 3.9

Vinyl Chloride 0.00002 [0.00002]

TCE 0.005 0.70

1,1,1 TCA 0.20 6.0

Lead (total) (0.0056) 40.0056

Cadmium 0.005 40.0093

PCBs 0.0005 60.002

() Same as surface water; surface-water standard more stringent than drinking water standard. 
[] Same as drinking water; surface-water standards not set.
1. Groundwater utility as defined by DOH (refer to HIDOH, 1995b).
2. Drinking water MCL for contaminant unless otherwise noted (HAR Chapter 11-20. 1994).
3. Surface water acute standard (or chronic standard where available and applicable) for

contaminant unless otherwise noted (HAR Chapter 11-54, 1992).
4. Marine chronic surface water quality standard as established in HAR, HAR 11-54.
5. Drinking water criteria provided in USEPA Region IX Preliminary Remediation Goals document

(USEPA, 1995).
6. Ecology-based, freshwater acute standard used for PCBs. Both freshwater and chronic standards

are based on FDA action levels for PCBs in fish for commercial consumption rather than
ecological impact.
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Table 2-3. Site parameters and default values used in Tier 1 SESOIL models

Climate  Data: 1
  Default  Values

Air Temperature: month-specific
Evapotranspiration (cm/day): 36% of rainfall, month specific
Precipitation (cm/month): 200cm/year, month-specific
Storm Duration (days) month-specific
Number of Storms: month-specific
Days per Month: 30.4 (default, all months)

Soil  Properties:
Bulk Density (g/cm3): 1.3
Intrinsic Permeability (cm2): specified in soil column input
Disconnectedness Index: 3.5
Effective Porosity: 0.3
Organic Carbon Content (%): 0.1
Cation Exchange Capacity (meq/100g): 0
Freundich Equation Exponent: 1.0

Soil  Column  Properties:
Layers  2Thickness 3Permeability 4Organic  Carbon
soil  site specific  1E-07cm2       0.1%
basalt/bedrock  site specific  1E-06cm2       0.0001%

1. Refer to default values presented in Table 2-4 for month-specific data.
2. Total thickness reflects assumed depth to groundwater.
3. Values used in Tier 1 models. Refer to Table 2-5 for default permeability values.
4. Foc as a fraction of input soil property value.
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TABLE 2-4. Monthly climate data used in Tier 1 SESOIL standard-rainfall models.
(Modified Ahuimanu Loop climate station data)

Month

1Air
Temperature

( C)

2Evapotrans-
piration

(cm/day)

3Precipitation
(cm/month)

Duration
(days)

Number
of

Storms

Month
Length
(days)

Oct. 25 0.21 12.02 0.31 12.2 30.4

Nov. 24 0.24 14.06 0.36 12.2 30.4

Dec. 23 0.28 15.90 0.43 11.1 30.4

Jan. 22 0.39 22.54 0.50 10.0 30.4

Feb. 22 0.22 12.88 0.35 10.1 30.4

Mar. 22 0.28 16.37 0.33 12.6 30.4

Apr. 23 0.27 15.32 0.36 13.6 30.4

May 24 0.18 10.68 0.27 13.0 30.4

June 25 0.14 7.87 0.26 11.5 30.4

July 25 0.14 8.10 0.29 12.5 30.4

Aug. 25 0.16 9.19 0.26 12.8 30.4

Sept. 25 0.14 7.92 0.23 11.8 30.4

Annual Totals: Precipitation: 200cm, Evapotranspiration: 80cm, Surface Runoff:
48cm (Groundwater Recharge = 72cm)

1. Air temperature data from Ka  ne'ohe Mauka climate station (Owenby and Ezell,
1992). All other data modified from 'A  huimanu Loop climate station. 

2. Evapotranspiration calculated as 40% of daily rainfall.

3. 'A  huimanu Loop monthly precipitation adjusted to produce 200cm annual rainfall
versus actual 223cm/yr. Input precipitation reduced by 24% to account for surface
runoff.
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TABLE 2-5. Physical properties of basalt and common soil types in Hawai'i

Properties Basalt Saprolite (a)/
silty sediment

Saprolite
(b)

Clay
(c)

Sand

Range Hydraulic
Conductivity (in/hr)

- 2 to 6 0.6 to 2.0 0.06 to 0.2 6 to 20

Range Hydraulic
Conductivity (m/d)

up to
300+

1 to 4 0.1 to 0.4 0.04 to 0.12 4 to 12

Range Permeability
(cm2)

1E-8 
to 4E-6

1E-8
 to 5E-8

5E-9
to 1E-8

5E-10
 to 5E-9

5E-8
to 1E-7

Model Hydraulic
Conductivity (m/d)

100 4 0.4 0.2 12

Model Permeability
(cm2)

1E-06 5E-08 5E-09 2E-9 1E-07

Organic Carbon at
>50cm depth (%)

no data
(0%)

0 to 1.0% 0 to 1.0%  highly
variable

0 to 0.1%

Bulk Density (g/cm3) 1.6 1.3 1.3 1.3 1.7

Saprolite (a): Silty clay - Wahiawa  , Helemano, Waika  ne, Loleka'a soil series.
Saprolite (b): Silty clay - 'Ewa, Waialua soil series.
Clay (c): Lualualei, Ka'ena series.

Sources of published data:
1. Soil Survey of the Islands of Kaua'i, O'ahu, Maui, Moloka'i, and La  na'i, State of Hawai'i

(Foote et al., 1972);
2. Soil Survey Laboratory Data and Descriptions for Some Soils of Hawai'i (USDOA,

1976);
3. Hydrogeologic Characteristics of Subsoil and Saprolite and Their Relation to

Contaminant Transport, Central O‘ahu, Hawai‘i (Miller et al., 1988);
4. Aquifer Identification and Classification for O'ahu (Mink and Lau, 1990);
5. Hawai'i Field Office Technical Guide (Section II, Engineering Index Properties,

USDOA, 1992).
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TABLE 2-6. Default, physio-chemical constants for common contaminants

1Constituent
Water

Solubility
(mg/l)

Diffusion
Coefficient-
air (cm2/s)

Henry's Constant
(m3-atm/mole)

KOC
(ml/g)

Molecular
Weight

Benzene 1800 0.088 0.0055 65 78

Toluene 520 0.078 0.0066 260 260

Ethylbenzene 680 0.075 0.0079 220 110

Xylene (mixed) 200 0.087 0.0053 240 110

2Benzo(a)pyrene 0.0039 0.045 0.0000024 881000 252

Acenaphthene 4 0.064 0.0012 4600 150

2Fluoranthene 0.26 0.051 0.0000087 41700 202

Naphthalene 31 0.069 0.0013 1300 130

PCE 150 0.072 0.023 660 170

1,1 DCE 400 0.079 0.15 65 97

Vinyl Chloride 1100 0.110 0.70 57 63

TCE 1000 0.081 0.0089 130 130

1,1,1 TCA 950 0.080 0.0028 150 130

1. Source of data USEPA (1995) unless otherwise noted.
2. Data after Montgomery and Welkom (1991) and Neff et al. (1994).
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TABLE 2-7. Default biodegradation constants for use in Tier 2 SESOIL models

Constituent Range
Aerobic Half-

life (days)

Range
Anaerobic Half-

life (days)

Model Liquid-
Phase Half-
life (days)

Model Liquid-
Phase

Biodegradation
Rate (1/days)

Model Solid-
Phase

Biodegradation
Rate (1/days)

Benzene 5 to 16 112 to 730 112 0.0062 0.0031

Toluene 4 to 22 56 to 210 56 0.0124 0.0062

Ethylbenzene 3 to 10 176 to 228 176 0.0039 0.0020

Xylene (mixed) 7 to 28 180 to 365 180 0.0039 0.0019

Benzo(a)pyrene 56 to 529 228 to 2117 529 0.0013 0.0007

Acenaphthene 12.3 to 102 49.2 to 408 102 0.0068 0.0034

Fluoranthene 140 to 440 558 to 1774 558 0.0012 0.0006

Naphthalene 0.5 to 20 25 to 258 25 0.0277 0.0139

PCE 180 to 365 98 to 1643 365 0.0019 0.0009

1,1 DCE 28 to 180 81 to 173 180 0.0039 0.0019

Vinyl Chloride 28 to 180 112 to 730 180 0.0039 0.0019

TCE 180 to 365 98 to 1642 365 0.0019 0.0009

1,1,1 TCA 140 to 273 560 to 1092 560 0.0012 0.0006

Half-life data after Howard et al. (1991).
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TABLE 2-8. Toxicity data for common contaminants

Contaminant
Cancer Slope
Factor (oral)
[1/(mg/kg-d)]

Cancer Slope
Factor (inhalation)

[1/(mg/kg-d)]

Reference
Dose (oral)
[mg/kg-d]

Reference Dose
(inhalation)
[mg/kg-d]

Benzene 2.90E-02 2.90E-02

Toluene 2.00E-01 1.10E-01

Ethylbenzene 1.00E-01 2.90E-01

Xylene 2.00E+00 2.00E-01

Benzo(a)pyrene 7.30E+00 7.30E+00

Acenaphthene 6.00E-02 6.00E-02

Fluoranthene 4.00E-02 4.00E-02

Naphthalene 4.00E-02 4.00E-02

PCE 5.20E-02 2.00E-02 1.00E-02 1.00E-02

1,1 DCE 6.00E-01 1.80E-01 9.00E-03 9.00E-03

Vinyl Chloride 1.90E+00 3.00E-01

TCE 1.1E-02 6.0E-03 6.0E-03 6.0E-03

1,1,1 TCA 9.0E-02 2.9E-01

Source of data: USEPA IRIS and HEAST data bases (USEPA, 1994b, 1994c)
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TABLE 2-9. Direct-exposure site parameters and default values

1
  Default  Values

Areal extent of contamination (meters2) 2025m2

Soil density (grams/meter3) 1.50g/m3

Particle density (grams/meter3) 2.65g/m3

Soil porosity (total) 43%
Soil air-filled porosity 28%
Soil moisture content (milliliters water/grams soil) 10ml/g
Fraction organic carbon 0.02
Average wind speed (meters/second) 2.5m/s (5.5mph)

1. Same as used for EPA Region IX Preliminary Remediation Goals (USEPA, 1995).
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TABLE 2-10. Direct-exposure human-receptor parameters and default values

Human Receptor Data Default

25% surface area - adults (cm2) 5000

25% surface area - children (cm2) 2000

Adherence factor (unitless) 0.2

Inhalation Rate - adults (m3/d) 20

Inhalation Rate - children (m3/d) 10

Soil ingestion rate - adults (mg/d) 100

Soil ingestion rate - children (mg/d) 200

Exposure time - residents (h/d) 24

Exposure frequency - residents (d/y) 350

Exposure duration - residents total (yrs) 30

Exposure duration - children (yrs) 6

Body weight - adult (kg) 70

Body weight - child (kg) 15

Averaging time (yrs) 70

Other variables

Diffusion height (m) 2
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