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Section 1.0 Intent and Purpose 

The Hazardous Materials and Waste Management Division (the Division) hereby presents a method for 
calculating soil remediation objectives that may be used to make efficient, cost effective and site-specific 
remedial action,decisions at sites where hazardous substances are present or suspected in the soil. This 
methodology, as described in this policy document, was developed in order to ease the burden of 
establishing site-specific standards by providing a structured set of alternatives which can be used and the 
necessary guidance for each alternative. The purpose of the procedures described herein is to provide for 
the adequate protection of human health and the environment based on risks to human health posed by 
environmental conditions while incorporating site related information, to the extent practicable, which may 
allow for more cost-effective site remediation. 

This policy will benefit the public byproviding a system which allows an implementing party to chose fiom 
a series of options for establishing soil remediation objectives at a site. The four options are: 

! Tier 1 - BackgroundMethod Detection Limit Objectives; 

! Tier 2 - Table Value Objectives; 

! Tier 3 - Site-Specific Adjustments to the Table Value Objectives; and, 

! Tier 4 - Site-Specific Risk-Based Soil Remediation Objectives. 

Tier 2 lists generic soil remediation objectives in a table that may be used at most sites without having to 
collect excessive site-specific data or pdorm exhaustive risk evaluations. These numeric soil remediation 
objectives were established using conservative assumptions about contaminant migration in the subsdace 
and evaluating potential exposures through direct contact (dermal, ingestion, inhalation) and migration to 
groundwater. The numeric levels streamline the process at sites because the analysis to determine cleanup 
levels for each site is no longer required., and cleanup level "goals" are known fiom the outset. - 

The policy, under Tier 3, also provides for a means of modifylng the Tier 2 table values when site-specific 
information indicates that values other than the table values would be more appropriate and still be 
protective. Tier 4 allows a facility to conduct a traditional site-specific risk evaluation to develop soil 
remediation objectives. Overall, the Division believes that the flexible process descriied in this policy will 
remove or significantly reduce the need for risk assessments at many facilities, allowing resources to be 
directed at cleanup rather than site studies. Requiring fewer steps will expedite the cleanup process while 
protecting human health and the environment. 

In addition to soil remediation objectives that protect potential human receptors who come in direct contact 
with soils, the Division has chosen to develop soil objectives that protect underlying 
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groundwater. Protection of groundwater must consider 1) present use of the water, 2) potential future uses 
of the water, 3) whether the contamination can be contained within the facility boundaries, 4) whether it 
may discharge into an aquifer that currently is or has the potential for being used as a drinking water source, 
5) whether it may discharge into a surface water body, or 6)  whether it may pose a threat to human health 
or the environment by way of other exposure pathways (e.g., generation and exposure to soil vapors). All 
these factors should be taken into considemtion when applying soil remediation objectives calculated using 
this policy. Even in broad areas of groundwater contamination (e.g., highly industrialized areas), the 
Division believes that actions should to be taken to minimize or eliminate future release to this natural 
resource in order to prevent further degradation of water quality and minimize the potential for exposure 
to contamination. Consequently, the Division felt it was essential that a procedure which addressed that 
threat to groundwater be a prominent part of this policy. 

The Division's preference will always be that remediation programs, including the selection of soil 
remediation objectives, be designed such that the performance standard results in clean closure of the 
fkility, i.e., implementation of a permanent remedy resulting in no actual or potential threats to human health 
and the environment with no hture land use restrictions. Permanent remedies are to be used to the 
maximum extent feasiile. Realizing that this goal will not be feasible or practical in all cases, the Division 
has structured this policy so that the implementing party has the option of selecting or calculating soil 
remediation objectives suited to the objectives of the remediation program, ranging fiom the establishment 
ofclean closure standards that allow the facility owner/operator to "walk away" fiom the site with no future 
environmental commitments, to the development of soil objectives that require long term institutional 
controls to manage risks posed by residual contamination. If risk evaluations are used to develop 
remediation objectives other than clean closure standards, the remedy selected will not be "final". Closure 
of such a site would be based on the condition that institutional controls ensuring the safe use of the 
property are in place and are maintained 

W policy is limited to the selection andor calculation of soil remediation objectives. This policy does not 
define the procedures for determining the minimum level of data collection and the necessary protocols for 
comparison with the soil remehation objectives calculated using this policy. Nor does this policy advocate 
a specific remedy or propose acceptable remedial alternatives. These decisions are left up to both the 
implementmgparty and the Division program responsible for overseeing the environmental work performed 
at the facility. 

This policy and its attached guidance are intended to be used at sites being remediated under Division 
oversight. The policy is, however, available for use by an implementing party as they perform site 
investigations or undertake cleanup work independent of Division oversight. The risks to parties performing 
independent cleanups are that a) certain programs (RCRA) require notification when releases have been 
identified and failure to do so may constitute a violation of applicable regulations or permit requirements 
and b) when review of the cleanup occurs at some later date, additional or revised work may be required 
We recommend that you contact the applicable program within the Division to determine the corrective 
action procedure and the need for andor level of required oversight. 
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The procedures set out in this policy document are intended solely for the use and guidance ofboth Division 
personnel and implementing parties. They are not intended to create any substantive or procedural rights, 
enforceable by any party in admhstmtive or judicial litigation with the Division. The Division reserves the 
right to act at variance with these procedures to address site specific circumstances and to change them 
at any time (e.g., addition of new constituents to the Tier 2 table values, modification of Tier 2 table values 
using more current toxicity data, etc.). 

Section 2.0 Definitions 

When used in this policy, the following terms have the meaning given below: 

Anthropogenic Background - The ambient concentrations of hazardous substances consistently present 
in the environment in the vicinity of the site which are the result ofhuman activities unrelated to releases at 
the site. 

Carcinogen - Any substance or agent that produces or tends to produce malignant tumor growth (cancer) 
m humans. "Carcinogen" as applied to this policy means any substance that has been classified by the U.S. 
Environmental Protection Agency (EPA) as a "A" (known human), "B" (Probable human) or "C" (Possible 
human) carcinogen in the EPA Integrated Risk Information System (IRIS) database. 

Clean Closure - Sites where remedial actions were taken to eliminate threats or potential threats posed 
to human health and the environment, and the post-closure release of hazardous substances to the ground 
or surface waters or to the atmosphere. These actions must result in residual contaminant concentrations 
that are a) equal to natural background levels, b) the excess cancer risk for the sum of all carcinogens is 
less than or equal to 1 X assuming a residential exposure scenario, c) the hazard quotient for each 
noncarcinogen is less than or equal to one, assuming a residential exposure scenario, d) post-closure 
releases will be incapable of degrading water quality in excess of health-based standards, and e) no 
restrictions (i.e., institutional controls) are placed on the future use of the site. . 

Commercial Property - Any real property designated or in use for stores, business enterprises of both 
a retail or wholesale nature. These entities may include facilities such as insurance or real estate offices, 
service stations, car dealers, hair dressers, auto repair shops or any of the myriad facilities that constitute 
a "business enterprise" in the common sense of the phrase. Workers would be the primary individuals of 
contact, however, customers could potentially spend several hours per day at certain facilities. 

Constituent - One of two or more hazardous substances that may compose a waste stream or waste 
streams. 

Contamination - A release of a hazardous substance or substances into the environment resulting in 
measured concentrations in excess of natural background levels. 
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Facility - All contiguous land, structures and other appurtenances and improvements to the land under the 
control of the owner or operator of the property. 

Hazardous Substance - For the purposes of this policy, a hazardous substance is defined as 1) any 
hazardous substance as defined under section lOl(4) of the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (P.L. 96-510); 2) any material that meets the definition of a 
hazardous waste or hazardous waste constituent, as defined in 6 CCR 1007-3 and 40 CFR; 3) radioactive 
materials, and; 4) petroleum products including crude oil or any fiaction thereof, natuml gas, natural gas 
liquids, liquified natural gas, or synthetic gas usable for he1 (or mixtures of natural gas and synthetic gas). 

Hazard Quotient - The ratio of the exposure of a single hazardous substance over a specified time period 
to a reference dose for that hazardous substance derived for a similar exposure period 

Implementing Party - Any facility landowner or operator, intentional purchaser of a property, individual, 
trust, firm, corporation, partnership, association, governmental agency, voluntary party or any other party 
conducting an investigation of and/or remediation at a site that may be contaminated with hazardous 
substances. 

Industrial Property - Any real property designated or in use for facilities where the primary purpose of 
the endeavors conducted on the site is the mandacturing of commodities. Such facilities might include 
power generation facilities, foundries, machine shops and the like. Workers would spend approximately 
an average of 8 to 9 hours per day at such sites and be the primary individuals on any site. 

Leachate Reference Concentration - A benchmark concentration against which the results of a site- 
specific leaching test are compared to determine whether certain levels of inorganic constituents in soil are 
protective of groundwater quality. There is a potential for adverse impacts to underlying groundwater 
resources if the leachate concentration exceeds this model calculated reference concentration. 

Method Detection Limit- The minimum concentration of a substance that can be measured andreported 
with 99% confidence that the analyte concentration is greater than zero and is determined fiom analysis of 
a sample in a given matrix containing the d y t e .  

Natural Background - The concentration of a hazardous substance, if any, existing in the environment at 
the site before the occurrence of any past or present release or releases. 

Remediation - The act of implementing, operating and maintaining an action taken to recti@ the effects 
of a release of hazardous substances, so that it does not cause significant risk to present or future public 
health or welfare, or the environment. 
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Residential Property - Any real property that is used for habitation by individuals or properties where 
more sensitive populations, such as children or the elderly, have the opportunity for exposure to 
contaminants. For the purposes of this policy, soil remediation objectives calculated using a residential 
exposure scenario are also protective of educational facilities, health care facilities, child care facilities, and 
playgrounds. ' 

Risk Additivity - The process for assessing potential health effects of simultaneous exposure to more than 
one chemical. For carcinogens, a joint probability of an individual developing cancer (the incremental 
individuallifetime cancer risk) is assessed by summing all chemical-specific cancer risks together. For non- 
carcinogens, dose additivity is assumed for all chemicals that induce the same toxicological effect by the 
same mechanism of action. 

Risk Assessment - The characterization of the potential adverse health effects of human exposures to 
environmental hazards. Risk assessment is a structured method consisting of an organized assembly of 
informaton on toxicity (i.e., potential adverse health effects of chemicals) and exposure (i.e., contact of an 
organism with a chemical) of individuals at or near a hazardous substance site or potential future receptors 
to such site. Risk assessment is based on the current level of understanding about the site characteristics, 
potential exposures, and health effects information. 

Sensitive Environment - An area of particular environmental value where a hazardous substance could 
pose a greater threat than in other non-sensitive areas. Sensitive environments include but are not limited 
to: critical habitat for federally endangered or threatened species; National Parks; National Monuments; 
National Recreation Areas; National Wildlife Rehges; National Forests; campgrounds; recreational areas; 
game management areas; wildlife management areas; designated federal Wilderness Areas; wetlands; Wild 
and Scenic rivers; stateparks; state wildlife rehges; habitat designated for state endangered species; fishery 
resources; state designated natural areas; county or municipal parks; and other significant open spaces and 
natural resources. 

Soil - The layer of loose, coarse to fine earthen material, of whatever origin, that nearly everywhere forms 
the surfhce of the land and rests on bedrock. All natural and man-made material above the bedrock 
surface would be considered, including mine waste and structural fill, would be considered by this policy. 
It does not include man-made materials such as concrete and asphaltic rubble, debris, scrap metal, sludge, 
etc. 

Section 3.0 The Soil Remediation Objectives Development Process 

A team of Colorado Department of Public Health and Environment (the Department) representatives was 
assembled with the intent of developing a soil standard policy that could be used to make decisions 
involving the characterization and remediation of sites where hazardous substances are present in the soil. 
The project goal presented in the team charter was to "develop cleanup standards to be used as guidance 
by the division, and identify a standard process for 
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developing site specific standards." The Oil Inspection Section of the Department of Labor and 
Employment assisted the Department in the attainment of this goal. 

The team first reviewed information available in house on what other states, the U.S. Environmental 
Protection Agency (EPA) and national programs have done to establish soil cleanup standards. Based on 
the information gathered during this review, the team concluded that the Hazardous Materials and Waste 
Management Division's (the Division) needs would be best served by developing a Colorado specific 
approach which combines the best parts of several other state and EPA procedures. Using this approach, 
a multiple tier methodology was developed as the conceptual framework for the soil remediation objectives 
process. 

The team identified, discussed, and evaluated potential issues and concerns under the conceptual 
framework. The issues were categorized into five groups: administrative, land use, health risk, groundwater 
protection and backgroundsampling issues. Subgroups of two to five team members met to discuss and 
resolve the issues. The full team then reviewed and further discussed each subgroup's findings and 
recommendations. Following these discussions, the team developed an initial concept document outlining 
the soil standards policy. The team then met with Division management to present their draft policy 
proposal in order to get their comments, resolve certain outstanding issues, and seek their approval of the 
approach being taken. The draft concept document was subsequently presented to all staff within the 
Division for their review and comment. Following their review, the concept document was modified and 
was presented to other outside governmental agencies, citizens and private business parties for their review 
and comment of the proposed concept and process. 

The second half of the team's efforts was spent developing the actual policy document which contains a 
detailed description of how the process will be applied, including: calculation of the direct exposure soil 
remediation objectives using accepted risk assessment methodologies; evaluation, selection, and testing of 
computer models that were used to calculate soil remediation objectives for organic compounds that are 
protective of groundwater quality; selection of a method to calculate soil remediation objectives for 
inorganic compounds that are protective of groundwater quality; selection of land use objectives; 
development of a method to address the additivity of risk to multiple hazardous substances, an& drafting 
of supporting background documents. The various elements of the policy were subsequently assembled 
m a draft document that was circulated within the Department and sent to other outside governmental 
agencies, citizens and private business parties, for their review and comment. Comments and 
recommendations were reviewed and, to the extent possible, incorporated into the final policy document. 

Section 4.0 Applicability and Administrative Issues 

This policy is intended to have widespread applicability to all sites and programs within the Division. 
Because each of the programs within the Division operate under distinct statutory and regulatory structures, 
different methodologies have historically been applied to the selection of 
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remedies and cleanup levels. This document describes a process that will be followed by all remedial 
programs within the Division to achieve greater consistency in the development of soil remediation 
objectives. Specific programs covered include, but are not limited to: 

! RCRA hazardous waste corrective actions; 

! Solid Waste corrective actions; 

! Superfund remediation projects; 

! Uranium Mill Tailings remediation projects; 

I Voluntary Cleanup and Redevelopment Program, and; 

! Federal facility remediation projects, including DSMOA sites, Rocky Flats and the Rocky 
Mountain Arsenal. 

Emphasis has been placed on developing soil remediation objectives (Tiers 1 , 2, and 3) for the cleanup of 
relatively small and simple sites, although general procedures have also been included (Tier 4) that are 
better suited to large, complex facilities. Use of the Tier 1 methodology or the Tier 2 table values contained 
within this policy may be especially beneficial to those parties with smaller more easily remediated sites that 
do not warrant the cost, in both time and money, of collecting and evaluating additional data in order to 
establish site-specific cleanup standards. 

Use of this policy to develop soil remediation objectives would normally be initiated with a proposal made 
by the implementing party to the Division. The Division’s implementation of this policy would occur as part 
of the normal review and oversight of established programs or by self funded means, to the extent allowed 
by State or Federal law and regulations. The program under which remediation is being paformed, and 
its statutory and regulatory requirements, will ultimately decide on a case-by-case basis the acceptability 
of any proposal made under this policy, including: whether or not the proposed soil objectives are 
appropriate for the site based on its hydrogeologic setting; use of the proposed soil objectives in the 
remedial action decision process; the minimum level of data collection; the protocols for comparing the site 
data to the objectives selected; statistical parameters that spec@ the magnitude and frequency of deviation 
from the soil remediation objectives that is acceptable; adequacy of the site investigation program and 
evaluation of the resulting data; remedy selection; post remediation monitoring requirements; land use and 
the mechanism by which it is controlled, and; use of alternate input parameters, models, and risk assessment 
methods to calculate soil remediation objectives. These differences in program requirements preclude the 
Division from, at this time, defining all requirements that proponents must meet in order to consider use of 
the risk-based approach and the application of all elements of this policy at their site. 
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The implementing party is responsible for proposing and selecting the soil remediation objectives it wishes 
to apply to the site, including the tier or combination of tiers most applicable to their site conditions. The 
Division would then concur, modi@ or disapprove the facility's proposed soil remediation objectives in 
accordance with the requirements of the program under which the site is being addressed 

?his policy will also be used by the Division to screen sites with soil contamination for potential regulatory 
action. Contamination exceeding the soil standards calculated as a result of the policy indicates a potential 
threat to human health or the environment which may require further study andor remedial action. The 
availability of State-approved threshold soil objectives that are toxicologically based will provide the 
regulated community and the Division with a consistent baseline from which to assess the need for 
additional action at specific sites. 

The procedures in this policy may not be used if its application will delay response actions when timeliness 
is critical to address imminent and substantial threats to human health and the environment This policy may 
only be used after actions to address such threats have been completed 

It should be noted that soil remediation objectives contained within or calculated using this policy do not 
pre-empt any existing statutory or regulatory soil standards or performance objectives that may currently 
be utilized by programs within the Division. Nor will they be regarded as applicable or relevant state 
standards for purposes of any site for which a Record of Decision has already been issued under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), or for which a 
corrective action decision, closure plan approval or similar decision has already been made or issued under 
the Colorado Hazardous Waste Management Act, including any decision made in connection with any five- 
year review under Section 121(c) of CERCL.A, 42 U.S.C. § 9621(c). Nor is there any requirement to 
change any soil standards, corrective action plans, closure plans, or other decisions which have already 
beennegotiated, approved or issuedby any and all programs within the Division following the effective date 
of this policy. 

Section 5.0 Information Requirements 

In order to determine the appropriate application of soil remediation objectives developed under this policy, 
the implementing party must submit to the Division information characterizing the release into the 
environment and the actual and potential threats this release poses to human health and the environment. 
Although the data collection and evaluation requirements of such a characterization program are outside 
the scope of this policy, the Division believes that basic information is needed prior to or along with any 
proposal to remediate a site using soil remediation objectives the implementingparty selects. The following 
information requirements are necessary to ensure that all risks posed by the contamination are identified 
and an appropriate corrective action program chosen. It should be recognized that the detail required in 
each of the 

8 



following elements will vary depending on the facility, its complexity, the desired remediation goal, and the 
requirements of the program under which site remediation is being addressed 

The implementing party should: 

1. Identify all hazardous substances that may have been released into the environment as a result of 
site activities. 

2. Locate the source(s) of the release@) of contaminants. 

3. Characterize the nature and vertical and horizontal extent of contamination, that is both within the 
facility boundary and that may have migrated beyond the facility boundary. This would include, 
but not be limited to: identification of all hazardous substances that may be present, and their 
concentration; defining the pathways and methods of migration of the hazardous substances or 
constituents; the media affected; the full lateral and vertical extent; direction and speed of 
contaminant migration; complicating factors influencing contaminant movement; concentration 
profiles; the properties of the contaminant(s), an4 the methodology and results of any investigation 
conducted to determine background concentrations of hazardous substances. 

4. Characterize the physical characteristics of the site, including, but not limited to: a description of 
past uses of the property; a description of the current uses and zoning of the site; distance to 
surface water; proximity to a flood plain; terrain slope; vegetative cover; the hydrogeology of the 
site and its surroundings; soil characteristics; surface soil permeability and erodibility; surface water 
and run-off flow patterns; potential for flooding; potential for contaminated soil movement by wind 
or erosion actions; depth to groundwater; materials and properties of the underlying aquifer, 
hydrological connections between groundwater and surface water, and; distance to sensitive 
enVirOnm€Zlts. 

5.  Identify areas and populations threatened by releases from the facility. 

6 .  Detemine actual and potential threats of releases from the facility to human health and/or the 
environment in both the short and long term. 

The Division understands that there are limits to the degree a site and associated releases may be 
characterized Implementation of a remedy, such as excavation, may reveal that earlier characterization 
data were inaccurate. Depending on the circumstances, it may not be necessary to delay use of the soil 
remediation objectives and implementation of a remedy while attempting to learn everythmg about the 
release. 

The level of site characterization detail needed to evaluate the appropriateness of a selected tier depends 
upon, among other factors, the application of the soil remediation objectives and the remediation process 
employed at the site. It may not always be necessary to fully define each of the six elements listed above 
before soil remediation objectives are calculated using this policy 
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and applied to the site. For example, soil remediation objectives may be used to remediate areas of limited 
contamination or "hot spots" through an interim measure while a facility investigation is underway. Or they 
may be used to screen data as it is being collected to determine whether there is a potential for concern 
based on soil concentrations. When used for these or other purposes, the acceptability of the soil 
remediation objectives chosen must be reviewed following completion of the site characterization program 
in light of the remediation goal. 

At the outset, the site should be evaluated to determine whether conditions exist that warrant an immediate 
response. These include: 1) conditions that pose an imminent threat to the environment or public health and 
therefore require emergency action, and 2) conditions that warrant action because such action will prevent 
or reduce the significant spread of contaminants, reduce public exposure, or avoid or minimize the need 
for a later more complex costly action. If such conditions exist, appropriate immediate action should be 
taken at the earliest possible time and should not be delayed pending completion of a site investigation or 
development of soil remediation objectives under this policy. 

Certain soil remediation objectives which are either selected from the Tier 2 table or calculated under Tier 
3 of this policy do not include considemtion of ecological receptors, sensitive environments, the migration 
of contaminants onto adjacent properties, or protection of surface water. Sites with such environmental 
protection concerns will require additional evaluation to ensure that protective soil remediation objectives 
are calculated with these concerns specifically in mind To determine the eligibility of a site for cleanup 
under this policy, the implementing party must demonstrate that the contamination will not adversely affect 
surface water or nearby sensitive environments. The acceptable distance to either of these environmental 
concerns is dependent upon site-specific characteristics. At a minimum, the implementing party should 
identi@ any surface water or sensitive environments within one-half mile of the site. 

The implementing party may also be required to submit additional data to support the use of Tier 3 and Tier 
4 methodologies in the calculation of sitespecific soil remediation objectives. In Tier 3, the implementing 
party may modi@ the direct exposure and soil-to-groundwater Tier 2 table values by using site-specific data 
rather than the default values used by the Division. Similarly, under Tier 4 the implementing party may: 
modlfL the input parameters used in the risk algorithms and groundwater models used; use models different 
from those used in Tier 2 and Tier 3; may use additional site data to improve or confirm predictions of 
exposed receptors to contaminants of concern; may analyze site-specific risks using alternate risk 
assessment, probabilistic data analysis, and sophisticated fate and transport models; eliminate incomplete 
human exposure pathway(s) not excluded under lower tiers; use toxicological-specific information not 
available from alternate sources, or; develop soil objectives based on alternate land uses. Data supporting 
these site-specific adjustments or use of alternate methodologies must also be provided to the Division for 
review and approval to ensure that the resulting soil remediation objectives are protective and that specified 
risks to human health and the environment have been minimized 
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The characterization of both the facility and any hazardous substances that may have been released should 
be conducted in a manner acceptable to the Division The more complete and reliable the presented 
information is, the more quickly the Division staff will be able to evaluate and approve the implementing 
party’s soil remediation objectives generated using this policy. The level of Division staff oversight during 
the characterization of the site will be determined largely by the program under which site remediation is 
being addressed, but may also be influenced by factors such as the level of data available/presented and 
the nature of the contamination at the site. 

Section 6.0 Selection of Soil Remediation Objectives 

Section 6.1 Overview of the Tiered ADproach 

Sites with soil contamination vary greatly in terms of complexity, physical and chemical characteristics, and 
m the risk that they may pose to human health and the environment. The soil remediation objectives 
selection methodology presented in this section recognizes this site-specific diversity and utilizes a tiered 
approach to the development of soil standards. Within these tiers, several land use settings can be 
considered. 

After evaluating the nature, magnitude and full extent of soil contamination associated with a site, the 
implementing party may select soil remediation objectives for their facility based on one or a combination 
of four tiers of risk-based standards: 

! BackgroundMethod Detection Limit Objectives (Tier 1); 

! Table Value Objectives (Tier 2); 

! Limited Site-Specific Modifications to Table Value Objectives (Tier 3); or 

! Site-Specific Risk Based Cleanup Objectives (Tier 4). 

At most sites, use of one or more of the standards noted above would facilitate the selection of a remedy 
for the contaminated area that is protective of human health and the environment, including groundwater. 
However, site-specific conditions may preclude the routine application of these objectives (particularly Tier 
2 and Tier 3 objectives) where surface water, sensitive environments, or other limiting conditions are 
present. Such sites may require additional evaluation and potentially more stringent standards to ensure 
adequate protection. 

Section 6.2 Selection of a Soil Remediation Tier 

The implementing party remediating a site has the option of choosing which tier or combination of tiers shall 
be used to develop remediation objectives. The decision will usually depend on site-specific conditions 
and specific remediation goals for the particular site. It is not a prerequisite 
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to evaluate a site under a lower tier before selecting a higher tier to establish soil remediation objectives. 

Use of each successive tier generally requires a certain level of data collection, analysis, or evaluation as 
conservative assumptions of the initial tiers are replaced with site-specific data. The implementing party 
decides which tier to apply to its facility and whether it is cost effective to collect additional information to 
develop alternate soil remediation objectives based on site-specific risk estimates. The consequence of 
selecting a higher tier over a lower tier will generally be an increase in the cost associated with additional 
work, increased use of Division and facility resources, a need for increased user sophistication, and 
increased data requirements, all of which should result in a decrease in uncertainty and conservatism, which 
in turn should result in the calculation of more appropriate site-specific soil remediation objectives. The 
implementing party decides whether the expenditure of additional resources to perform a more site-specific 
analysis will be cost effective and benefit the site's corrective action program. In deciding which tier to 
apply to its site, the implementing party should consider the following factors: 

! Are the assumptions used to derive the Tier 1 and Tier 2 soil remediation objectives appropriate 
for conditions at this site? 

! What is the cost of corrective action to achieve the Tier 1 and Tier 2 soil remediation objectives? 

! What is the cost of a higher tier's analyses and implementation (data collection, analysis, review, 
monitoring requirements, etc.)? 

! Is it likely, that in moving to a higher tier, the more site-specific remediation objectives and 
conative action goals will differ significantly fiom those of  low& tiers? 

! How much will be saved in remediation costs by performing additional work and implementing 
corrective actions based on a higher tier soil remediation objectives? 

Section 6.3 Land Use Se tting 

Tier 2 allows for considemtion of three different land use settings for the direct soil exposure pathway, thus 
providing the implementing party with the greatest flexibility in selecting reasonable soil remediation 
objectives while ensuring that human health and the environment are protected. The land use settings are: 
residential, commercial and industrial. The direct soil exposure values are based on equal levels of human 
healthprotection for the three land use settings. Under Tier 2 and 3, the soil remediation objective selected 
for a site must be protective of groundwater regardless of the land use setting chosen for the facility. 

The most conservative land use setting, residential, is applicable to a site unless sufficient information is 
presented to jus@ the use of a commercial or industrial land use setting. If the 
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implemenm party proposes to use a land use setting other than residential, they must meet all of the 
following criteria: 

a) The facility is currently zoned for non-residential use; and 

b) The facility is expected to be zoned for non-residential use into the foreseeable future; and 

c) Appropriate and maintainable institutional controls (e.g. deed restrictions, restrictive 
covenants, ordinances adopted and administered by a unit of local government) will be in 
force; and 

d) Uses of the facility and uses and zoning of properties within 100 meters of the 
contaminated area are industrial, commercial or other uses where the Division concurs that 
the exposure is limited and thus does not warrant application of the residential standard 

The implementing party should submit all supporting documentation j o g  the application of a non- 
residential land use setting to the Division for review and approval. The implementing party is advised to 
seek Division input and guidance on the use of alternate land use settings, particularly if there is a question 
as to whether or not a proposed land use is appropriate and applicable for a specific situation. 

The goal of corrective action is to remediate a site to levels that do not pose a risk to human health, using 
a residential exposure scenario, and the environment, thus allowing unrestricted use of the property both 
now and in the future (i.e., clean closure). Achieving this goal would allow the facility owner/opemtor to 
"walk away" from the site following closure and would provide the greatest amount of protection to all 
prospective users or residents. For example, soil that has been remediated so that all constituent 
concentrations are equal to or less than the Tier 2 residential table values, including the groundwater 
protectionvalues, would be viewed as being protective of human health and the environment. No land use 
restrictions would be placed on a facility that is cleaned-up to this standard In such cases, the overseeing 
regulatory program will generally not require long-term monitoring and the site would be considered clean 
closed (with regard to soil only). On the other hand, institutional controls may be required for those sites 
that do not allow for unrestricted use of the property as a result of soil contamination being left behind at 
concentrations in excess of the residential land use values. 

Soil contamination that has migrated beyond the facility should be remediated using conservative 
remediation objectives that result in clean closure and unrestricted use of the impacted property. The 
implementing party may not impose restrictions on the future use of properties it does not own, unless that 
property owner agrees to 1) the implementing party's remediation proposal, 2) the selection of the soil 
remediation objectives, and 3) the imposition and maintenance of institutional controls to limit fkm land 
use or development if something other than clean closure is proposed 
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The Division's preference is for the implementing party to defer use of institutional controls until after a 
demonstration that remedial technologies either cannot or cannot reasonably (usually the basis of cost) 
acheve the desired permanent cleanup remedy. However, we do realize that sometimes institutional 
controls will be the only practicable way to afford an adequate level of protection to a site by, for instance, 
eliminating pathways for public exposure to contaminants. In such cases, institutional controls provide the 
mechanism for assuring long term protection of human health and the environment by imposing restrictions 
on land use that are particular to the circumstances of remediation at any given site. For instance, a person 
who develops remediation objectives based on industrial or commercial property may be required to place 
an appropriate institutional control on that property so that some future landowner does not then try to use 
the property for residential purposes without first being placed on notice that there is a restriction on land 
use which, if disregarded, could heaten human health or the environment and void any agreement made 
with regard to the use of these soil remediation objectives. 

Both the commercial and industrial land use settings assume that public access is short-term and intermittent 
compared to daily exposure to the worker population. As such, land uses such as daycare facilities, 
educational facilities, health care facilities or playgrounds, where a more sensitive population such as young 
children or the elderly would be present on a regular basis, would not be consistent with the definition of 
a commercial or industrial land use setting, and would instead require use of more stringent soil remediation 
objectives (residentiaVunrestricted land use setting). In order to qualify for a non-residential land use setting, 
the implementing party must demonstrate to the Division's satisfaction that exposure assumptions discussed 
above have been met. Since non-residential land use settings do not constitute unrestricted use of the 
property, the program overseeing the cleanup may require the implementing party to impose future use 
restrictions. Future use restrictions may include, but not be limited to 1) institutional controls such as deed 
restrictions and covenants, 2) site management controls, andor 3) enforcement mechanisms such as 
consent orders, contracts, post-closure permits. As part of accepting the use of this policy, the 
implementing party must commit to reevaluate the remedy if the land use or zoning changes from the 
originally selected designation Future changes in land use may necessitate taking additional investigative 
andor remedial actions to ensure the continued protectiveness of the remedy. 

Since the vast majority of sites the Division deals with fall into one of three land use settings noted above, 
Tier 2 table values have only been calculated for those three categories. The Ovision understands that 
there are other land use designations as well, some of which may be more appropriate for the implementing 
party's facility. In cases where the facility has a designated land use other than residential, commercial, or 
industrial, the implementing party may either 1) propose to use soil remediation objectives from the Tier 
2 table that are equally protective or 2) calculate site-specific soil remediation objectives based on the 
designated land use using the Tier 4 process. 

The previous discussions regarding land use and the application of institutional controls is limited to ma- 
invohmg soil contamination alone, and do not address other technical and regulatory concerns associated 
with impacts to other environmental media, such as groundwater andor 
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surface water. That subject is outside the scope of this policy. The implementing party is advised to 
contact the applicable program within the Division in order to evaluate and determine the appropriate use 
of institutional controls to limit or eliminate public exposure to contaminants via these other pathways. 

Section 6.4 Tier 1 - BackgroundMe thod Detection Limit Obiectiva 

This tier utilizes background concentrations and analytical laboratory limitations to establish soil remediation 
objectives. If a constituent concentration in soil is equal to or below the background concentration, or 
below the laboratory method detectionlimit, that constituent meets the BackgroundMethod Detection Limit 
Objectives andno M e r  action with regard to that constituent in soil wouldbe required The implementing 
party has the option of remediating a facility to a more stringent standard than the one established under 
this tier if it so desires, a decision based perhaps on the impact of naturally occurring background 
concentrations on a proposed future land use. 

Genemlly, Tier 1 can be applied to facilities where naturally occurring background concentrations can be 
easily determined or where laboratory method detection limits have been established for the constituents 
of concern. A valid background study will be required to establish appropriate background concentrations 
for each constituent, the results of which must be reported to the Division for review and concurrence. 
Although there are some national databases (e.g., USGS studies) which can provide a sense of the likely 
background ranges of element concentrations in soils unaffected by most man-made activities, there is 
enough local variation and analytical method differences to require site-specific sample data collection. 
Altematively, the facility may either assume that background is non-detect or demonstrate that constituent 
concentrations are below the method detection limits, thus eliminating the expense of having to perfom a 
background study. Guidelines for determining background concentrations are contained in Attachment 4 
of this policy. 

The Division's preference will always be that naturally occurring background be used for comparison 
purposes under this tier. However, the Division recognizes that constituent concentrations measured in soil 
at some sites will have been impacted by off-site, regional anthropogenic activities. Implementing parties 
that are able to demonstrate, to the Division's satisfaction, that anthropogenic contaminants are present in 
the region-wide background with site-specific measurements may not be required to remediate the soil 
below anthropogenic background values. The decision to allow the use of anthropogenic influenced 
background in determining site-specific soil remediation objectives will be made on a case-by-case basis 
requiring approval by the program responsible for reviewing and approving the implementing party's 
proposal. 

Under this tier, the analyhcal method detection limit may be used as a soil remediation objective. Such 
objectives may be established for all substances where appropriate analytical methods that are sufficiently 
sensitive are available and the data is of known precision and accuracy. If the soil concentrations for all 
constituents of concern are below the appropriate 
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method detection limit, the Tier 1 standard has been achieved and that soil would not be classified as being 
contaminated based on this policy. 

Institutional controls and long-term monitoring are not required for sites that meet the Tier 1 standard 
However, a requirement for such controls at a site could be based on permits held by the facility or as a 
result of contamination of another media, such as groundwater. 

Section 6.5 Tier 2 - Table Value Obiectives 

This tier utilizes a conservative risk-basedmethodology to calculate generic soil remediation objectives that 
are deemed to be protective of human health and groundwater quality. Conservative assumptions were 
used in order to ensure that the soil objectives could be applied to those sites that are relatively small and 
simple without the need for site-specific risk assessments. The risk-based soil levels developed under this 
tier were calculated for human exposures via each of the following pathways: dermal contact, soil ingestion, 
volatile inhalation, particulate inhalation, and leaching to groundwater. The combined health effects of each 
exposure pathway were consider& in the calculation of a cumulative carcinogenic and non-carcinogenic 
soil concentration for each hazardous substance listed The lowest of these two soil concentrations is listed 
m Table 1 for each land use setting. Soil concentrations calculated for each exposure pathway and the two 
sets of cumulative health effects values are all contained within Attachment 2. 

As discussed in the subsections below, soil remediation objectives have been established that the Division 
believes will protect groundwater. Due to the nature of contaminant migration, it is unlikely that any soil 
cleanup level above "zero" would actually prevent all contaminants fiom reaching the groundwater in a 
conservative model. Therefore, it was considered reasonable to acknowledge the likelihood of some 
contaminants reaching groundwater, and to try to establish soil levels that would minimize the impact. The 
Division agreed that a "safe" Contaminant level in groundwater would be one that does not exceed a health- 
based safe drinking water level for that contaminant. 

Using a one-in-a-million excess cancer risk or a hazard quotient of one as acceptable levels of risk for 
carcinogens and noncarcinogens respectively, the contaminant concentration in soil which resulted in the 
applicable risk level was calculated for each contaminant assuming a cumulative exposure to each of the 
four direct exposure pathways. Furthermore, direct soil exposure pathway concentrations were calculated 
for three different land use settings. For the expected land use of a site, the lowest (most conservative) of 
either the direct exposure value or groundwater protection value listed in Table 1 would be selected as the 
applicable soil remediation objective. This is a level which will be protective of all of the pathways that 
were considered 

If all of the concentrations of constituents in soil do not exceed any of the table values for the land use being 
considered, no further action or assessment would be required for the soil, unless multiple constituents are 
being considered (see section 6.5.2, "Multiple Contaminant Additivity of Risk"). Institutional controls and 
long-term monitoring would not normally be required at sites 

16 



where residual soil concentrations are all below these objectives. Examples of where additional monitoring 
and/or maintenance activities could be required include: how the Tier 2 objectives are used in the 
development of a site remedy (e.g., capping an area of contamination versus excavation and off-site 
disposal); characteristics of the site differ sigmficantly fiom the parameters used to calculate the Tier 2 
objectives; proximity of the site to features requiring additional protection (e.g., downgradient municipal 
water supply well, private well, or sensitive environment); impacts to other media requiring continued 
monitoring (e.g., groundwater contamination), and; existing permits, orders, or agreements may require 
continued monitoring and post-closure maintenance activities. 

There may be instances where a risk-based soil remediation objective contained within Table 1, or 
calculated using the Tier 3 or Tier 4 methodology, is lower than current analyhcal detection limits, i.e., the 
method detection limit. In such cases, this policy requires that reliable and available analyhcal methods 
demonstrating the lowest effective method detection limit, which most closely approaches the definable risk- 
based value, be used as the soil remediation objective. 

If soil constituent concentrations exceed the Tier 2 table values, the implementing party may propose an 
appropriate remedial response, or proceed with fiuther site-specific assessment under Tier 3 or Tier 4 
procedures. Implementing parties that are able to demonstrate with site-specific data that background 
levels are greater than the Tier 2 standard may also consider using the Tier 1 approach for establishing soil 
remediation objectives. 

The Tier 2 table values are not appropriate for all sites. Potential impacts to surface water (which may be 
subject to more stringent water quality standards than the values used in this tier), adjacent properties (over 
which the implementing party may have no control), sensitive environments (ecological receptors may 
require the use of more stringent cleanup objectives), or other limiting conditions were not taken into 
account when calculating the Tier 2 soil remediation objectives. Use of the Tier 2 table values at sites with 
such environmental concerns may require additional evaluation before the objectives can be applied and 
must obtain concurrence fiom the regulating authority. Or the implementing party may calculate more 
stringent remediation levels to address the environmental concern using either the Tier 3 or Tier 4 approach. 
Developing soil remediation objectives at sites with sensitive conditions is a complex subject that is outside 
the scope of this policy and should be discussed with the program responsible for overseeing the 
environmental work performed at the facility. 

Similarly, the Tier 2 table values are not appropriate for areas of contamination that are greater than 100 
square me-. The sensitivity analysis for the contaminant transport models used to calculate soil 
remediation objectives protective of groundwater showed that the resulting soil concentration is highly 
sensitive to the areal extent of contamination The larger the areal extent, the lower the remedial objective 
for cleanup. Therefore the Tier 2 table values protective of groundwater apply to areas of contamination 
that are approximately 100 square meters in size. If the areal extent of contamination at a site exceeds 100 
square meters, the soil remediation objectives protective of groundwater listed in Table 1 do not apply and 
the implementing party should calculate site-specific objectives using the Tier 3 or Tier 4 process. The 
Division retains 
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the option of approving the use of the Tier 2 table values by an implementing party for areas of 
contamination greater than 100 square meters if an evaluation of the data suggests that the increased size 
will have minimal potential for irnpacting groundwater quality. 

Although the soil remediation objectives developed under this tier are deemed to be protective of human 
healthand groundwater, it is assumedthat the calculated concentrations will not exhibit the hazardous waste 
characteristic of ignitability, corrosivity, reactivity, or toxicity as defined in the Colorado Hazardous Waste 
Regulations, 6 CCR 1007-3, Part 261, Subpart C. The implementing party will need to demonstrate, with 
site-specific sampling results if the situation warrants it, that the use of proposed soil objectives will not 
result in soil concentrations being left in place that continue to exhiiit the characteristic of a hazardous 
waste. This demonstration must be made for soil mediation objectives calculated using Tier 2 through 
Tier 4 methods, regardless of the proposed land use for the site. Exceptions to this requirement include: 
the constituent concentrations are naturally occurring; the facility receives a permit or license from the 
Division to leave behind hazardous waste levels of soil contamination, andor; the Division approves a plan 
to leave significant levels of contamination behind, a plan which utilizes institutional and engineering controls 
to minimize or eliminate exposure to the contaminants or future releases into the environment. 

Unless they are incorporated into an enforcement action, the Tier 2 table values are not enforceable 
standards, but rather are used by the Division and the implementing party as a guide in setting appropriate 
site-specific remedlation goals. 

Section 6.5. 1 ,Direct Exposure Table Va l u a  

The risk ftom direct exposure to soil must consider all potential soil exposure pathways, including soil 
ingestion, dermal exposure, and inhalation of vapors or particulates. Table 1 lists concentrations of 
individual chemicals that were developed by back-calculating a soil concentration equivalent to a 1 ~ 1 0 - ~  
cumulative cancer risk or a hazard quotient of one. The algorithms used to calculate the Table values, their 
input parameters, and the toxicological data relied upon in the calculation of these values are contained 
within Attachment 2 of this policy, as well as soil concentrations calculated for the combined pathways. 
The risk standards for the residential land use setting includes consideration of children as a sensitive sub- 
populationby calculating a time-weighted average cancer risk for an individual from age 0 to 30 years, and 
calculating noncarcinogenic risk for a young child, ages 0 to 6 years. 

It should be noted that assessment of exposure via consumption of garden f i t s  and vegetables that may 
be grown in residential soils and consumed from home gardens is not evaluated under this policy. For many 
chemicals, particularly organic chemicals, reliable data on plant uptake from soil are lacking. Plant uptake 
factors have been derived for uptake of some metals from soil into plants, based primarily on two major 
compilations of empirical data (Baa, 1984 and EPA, 1992 822/R-93-001a). However, as these study 
results show, uptake is highly variable and the relationship between soil concentration and plant uptake can 
vary by up to several orders of magnitude due to differences in soil type, pH, type of produce grown, metal 
concentration in soil, 
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Colorado Department of Public Health and Environment, Hazardous Materials and Waste Management Division 
Table 1 Soil Cleanup Table Value Standards [mg/kg] 

Residential/ 
Unrestricted Landuse Chemical CAS 

Notes 

Soil Concentration 
Protective of Ground 

water 

Leachate Reference 
Concentration 

Industrial 
Landuse Commercial Landuse 

[mgkg] Notes [&I Notes [mg/l] 



Colorado Department of Public Health and Environment, Hazardous Materials and Waste Management Division 
Table 1 Soil Cleanup Table Value Standards [mg/kg] 

Soil Concentration 
Protective of Ground Leachate Reference Industrial Commercial Landuse Residential/ 

Unrestricted Landuse Landuse Concentration Chemical CAS water 

Notes [mgkg] Notes [ W g ]  Notes [mag]  Notes [mgil] 

c - Standard based on carcinogenic risk. 
nc - Standard based on noncarcinogenic risk 
NA - Not Applicable: use of this table to select soil remediation objectives under Tier 2 does not allow for the calculation of a soil concentration under this column. 
1. For total chromium . 
2. Not to exceed the RCRA Characteristic of Toxicity regulatory limit. 
3. EPA, July 14, 1994 “Revised Interim Soil Lead Guidance for CERCLA Site and RCRA Corrective Action Facilities,’; OSWER Directive 9355.4-12. 
4. Attachment 3 
5. Upper Concentration Limit 
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etc. Therefore, application of plant uptake values derived from these empirical studies are best applied on 
a site-by-site basis and are not considered reliable for generic table values. 

For most of the chemicals listed in the Tier 2 table, plant uptake is not expected to be a significant 
contributor to total exposure fiom the soil pathway. However, cadmium presents a unique health concern 
because of its ability to bioaccumulate at relatively high concentrations in plants under some circumstances. 
In order to provide a margin of safety to account for plant uptake, a safety factor of 2 has been applied to 
the Tier 2 table value for cadmium. 

Due to the unique toxicological properties of lead, table values for this chemical have been derived using 
a different approach than for most other chemicals. Table values for lead are based upon predictive 
uptake-biokinetic andpharmacokinetic models which have been developed to evaluate lead risk in children 
and adults. These models identi@ a target blood lead level at the upper end of the exposure distribution, 
rather than using a reference dose (IUD) approach. 

The population most at risk of lead toxicity is young children who may be repeatedly exposed to lead in 
a residential setting. The table value adopted for the residentidunrestricted land use scenario (400 ppm) 
is based on the U.S. EPA Integrated Exposure Uptake Biokinetic (IEUBK) model, adopting default 
exposure and intake values to calculate acceptable blood lead levels in children. 

Because of significant differences between young children and adults in behavior and pharmacokinetics, 
a different model must be used to evaluate lead exposure in adults in a commercial or industrial land use 
setting. A model developed by Bowers et. a1 (1 994), which was recently endorsed by EPA's Technical 
Review Workgroup for Lead in Soil (EPA 1996), was used to calculate table values of 1460 mgkg and 
2920 mgkg for the industrial and commercial exposure scenarios. Details on the methodology used to 
calculate this value are provided in Attachment 3. 

Based on the collective experience of Superfund, RCRA Corrective Action, and TSCA Section 403 
programs, the Division believes that a lead concentration of 400 mgkg in soil is genemlly protective of 
human health and the environment However, in some special situations, fiuther study may be warranted 
at concentrations below this level. For example, agricultural areas, wetlands, areas of ecological risk, and 
areas of higher than expected human exposure are all situations that could require fkther study. Although 
lead is generally not mobile and will not pose significant risk to groundwater, there are situations where, 
because of the form of lead, hydrogeology, or the presence of other contaminants at the site, lead may be 
leachable and therefore pose a threat to groundwater resources. 

The table values are calculated using current reasonable maximum exposure and toxicological parameten 
recommended by EPA, as reported in their 1996Exposure Factors Handbook, the 1997 Integrated Risk 
Information System (IRIS), and the 1995 Health Effects Assessment Summary Table (HEAST). The 
parameters cited in these publications are continually being updated as both new information becomes 
available and the science of assessing risk evolves. 



As a result, the Tier 2 direct exposure risk based concentrations are viewed as being interim values that 
are subject to change as more current information becomes available. Therefore, we urge the 
implementing party to verify that the parameters relied upon in the development of the table values are still 
in effect. The Division hopes to periodically review these exposure and toxicological parameters to ensure 
that the Tier 2 table values remain current. 

Section 6.5.2 Multiple Contaminant Additivitv of Risk 

The soil remediation objectives listed in Table 1 were developed to be protective of public health and the 
environment considering both direct contact pathways andpotential migration to groundwater. Each table 
value is based on either a 1 ~ 1 0 - ~  excess lifetime cancer risk or a target for non-cancer effects which 
corresponds to a hazard quotient of one (i.e., setting an allowable chronic daily intake that is equal to the 
reference dose). 

Risks are presumed to be additive for all carcinogens, and for non-carcinogens with similar critical 
endpoints or which affect the same target organ. The soil remediation objectives listed in Table 1, or 
objectives calculated using any of the methods descried in this policy (with the exception of Tier l), must 
be adjusted downward when multiple hazardous substances with similar critical endpoints occur at a site, 
so that the total site risk remains below the prescribed levels. 

For table values based on noncancer risk, the Table 1 values must be adjusted if multiple chemicals are 
detected which exhiiit the same critical effect or mechanism of action, as shown in Table 2. The Table 1 
value for each chemical detected should be divided by the total number of chemicals present with the same 
critical endpoint. Each of the contaminant concentrations at the site is then compared to the soil 
remediation objectives that have been adjusted to account for this potential additivity. For example, if 
cadmium, toluene and barium are detected, an adjusted table value for cadmium and toluene must be 
derived by dividing the o r i g d  table value for those chemicals by two, while the table value for barium 
remains unchanged 

For table values based on the risk of cancer, individual constituent concentrations may not exceed the table 
value based on a 1 ~ 1 0 - ~  excess lifetime cancer risk The cumulative excess cancer risk posed by a site 
with multiple carcinogens must not exceed a l ~ l O - ~  risk. When there is only one contaminant at a site, the 
soil remediation objectives cannot be adjusted to result in a risk above the 1 ~ 1 0 ' ~  level, unless the 
background level is higher or the method detection limit is higher. If there are more than ten carcinogens 
or more than one carcinogen with similar critical endpoints at a site, the soil remediation objectives will need 
to be prorated or reduced. 

When chlorinated solvents are present, such as tetrachloroethylene or trichloroethylene, consideration 
should be given to the potential that they may degrade to vinyl chloride, a more toxic compound Because 
vinyl chloride is more mobile and toxic than its parent compounds, the soil remediation objective 
Concentrations for the tetrachloroethylene family of compounds may need to be reduced below the levels 
provided in this policy. The Division may consider the mass of the contaminants remaining and the 
consequent mass of any potential degradation products and 
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Table 2. Chemicals with Noncarcinogenic Effects on Specific Target OrgdSystem’ 

Target OrganISystem Effect 

Kidney 
Acetone 
1 ,I-Dichloroethane 
Cadmium 
Chlorobenzene 
Di-n-octyl pthlate 
Endosulfan 
Ethylbenzene 
Fluoranthene 
4 Methyl-2-pentanone (isopropylacetone) 
Nitrobenzene 
Pyrene 
Toluene 
2,4,5-TrichlorophenoI 
Vinyl acetate 

Liver 
Acenaphthene 
Acetone 
Butyl benzyl phthalate 

Chlorobenzene 
Di-n-octyl phthalate 
Endrin 
Flouranthene 
4-Methyl-2-pentanone (isopropylace tone) 
Nitrobenzene 
PCBs 
Styrene 
Toluene 
l,l,l-Trichloroethane 
2,4,5-Trichloropheno1 

Immune Svstem 
2,4-Dichlorophenol 
p-Chloroaniline 

Central Nervous Svstem 
Butanol 
Cyanide (amenable) 
2,4 Dimethylphenol 
Endrin 
2-Methylphenol 
Mercury 
Styrene 
Xylenes 

Adrenal Gland 
Nitrobenzene 
1,2,4-Trichlorobenzene 

Increased kidney weight; nephrotoxicity 
Kidney damage 
Significant proteinuria 
Kidney effects 
Kidney effects 
Glomerulonephrosis 
Kidney toxicity 
Nephropaathy 
Kidney effectsz 
Renal and adrenal lesions 
Kidney effects 
Changes in kidney weights 
Pathology 
Altered kidney weight 

Hepatotoxicity 
Increased weight 
Increased liver to body weight and liver to brain weight 
ratios 
Histopathology 
Increased weighc increased SGOT & SGPT activity 
Mild histological lesions in liver 
Increased liver weight 
Liver effectsz 
Lesions 
Liver lesions, increased weightZ 
Liver effects 
Changes in liver weights 
Liver effects2 
Pathology 

Altered immune function 
Nonneoplastic lesions of splenic capsule 

Hypoactivity and ataxia 
Weight loss, myelin degeneration 
prostatration and ataxia 
Occasional convulsions 
Neurotoxicity 
Hand tremor, memory disturbances 
Neurotoxicity 
Hyperactivity 

Adrenal lesions 
Increased adrenal weights; vacuolization in cortex 



Table 2: (continued) 

Target OrganlSystem 

Circulatorv Svstem 
Antimony 
Barium 
trans- 1,2 Dichloroethene 
cis- 1,2 Dichloroethylene 
2,4-Dimethylphenol 
Fluoran thene 
Fluorene 
Nitrobenzene 
Styrene 
Zinc 

Reoroductive Svstem 
Barium 
Carbon disulfide 
2-Chlorophenol 
Methoxychlor 
Phenol 

Respiratorv Svstem 
1,2-Dichloropropane 
Hexachloroc yclopentadiene 
Methyl bromide 
Vinyl acetate 

Gastrointestinal Svstem 
Copper 
Hexachloroc yclopentadiene 
Methyl bromide 

General Toxic Effects 
Napthalene 

1. 

2. Source: IRIS, 1996 

Source: EPA, 1996 (Soil Screening Guidance, Table 2) 
Except as noted in footnote 2 
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Effect 

Altered blood chemistry & myocardial effects 
Increased blood pressure 
Increased alkaline phosphatase level 
Decreased hematocrit and hemoglobin 
Altered blood chemistry 
Hematologic changes 
Decreased RBC and hemoglobin 
Hematologic changes 
Red blood cell effects 
Decrease in erythrocyte superoxide dismutase (ESOD) 

Fetotoxicity 
Fetal toxicity and malformations 
Reproductive effects 
Excessive loss of litters 
Reduced fetal body weight in rats 

Hyperplasia of the nasal mucosa 
Squamous metaplasia 
Lesions on the olfactory epithelim of the nasal cavity 
Nasal epithelial lesions 

Gastroihtestinal irritation * 
Stomach lesions 
Epithelial hyperplasia of the forestomach 

Decreased body weight* 



the resulting potential for groundwater Contamination in determining the need to reduce the cleanup levels 
or to require andor lengthen the monitoring program in these circumstances. 

Under Tiers 2 and 3, any proposal submitted by the implementing party to remediate a site where multiple 
hazardous substances are present must include a demonstration that the soil remediation objectives selected 
meet the cumulative risk requirements of this policy. 

Section 6.5.3 Groundwater Protection Table Values: Organic Constituents 

The Tier 2 table includes soil remediation objectives that are back-calculated to be protective of 
groundwater quality in the aquifer underlying the site. As was discussed previously, a safe soil 
concentrationbasedon the leaching of constituents from soil-to-groundwater must prevent constituent levels 
m the groundwater from exceeding health-based drinking water standards. The standards used to calculate 
soil concentrations protective of groundwater were based on the Department's Water Quality Control 
Division groundwater standards or EPA's Maximum Contaminant Levels: when established health-based 
standards are not available, a risk based drinking water value must be calculated and used The 
methodology used to calculate MCL-equivalent drinking water concentrations is contained within 
Attachment 2. 

These groundwhr protection table values were calculated using commercially available mathematical fate 
and transport models capable of simulating the vertical movement of Contaminants from unsaturated soils 
down to the water table, as well as the mixing of the contaminants with the groundwater in the immediate 
vicinity of the source area. The models chosen are also capable of simulating the fate and transport of 
contaminants having diverse physical and chemical properties. These models were run using input 
parameters based on a reasonably conservative Colorado site along the Front Range corridor to ensure 
that soil objectives generated using this method could be applied to a wide range of sjtes. 

Because of the diversity of site conditions and contaminants that may be simulated, more than one model 
was needed for this policy. The following were chosen: 

SESOIL (US-EPA, 1987a) which models the transport and fate of contaminants through the 
unsaturated zone down to the water table, and 

AT123D (US-EPA, 1985) which simulates the mixing of contaminants in the groundwater and 
transport within the saturated zone. 

These models were chosen because, in addition to having been developed for situations very similar to the 
Division's intended use, they are readily available, well-documented, and written to work together so that 
the output from the SESOIL model can be used as the input for the AT123D model. The Department's 
use of these models does not constitute endorsement nor imply that they are the best for all situations. 
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SESOTL and AT123D were used to model the transport of organic contaminants and estimate safe levels 
of soil contamination for this group of compounds. The most important properties affecting organic 
contaminant transport are solubility, vapor pressure, compound partition coefficients such as the Henry's 
constant and the organic-wbon partition coefficient ( I Q ,  and the amount of organic carbon in the soil. 
Transport of inorganic contaminants, however, are heavily influenced by soil properties such as pH, redox 
potential and clay content. These significant behavioral differences necessitated the use of different 
procedures to estimate soil remediation objectives for the two groups of compounds. Due to the 
complexity of the subject, biological attenuation processes were not incorporated into the models used to 
calculate the Tier 2 objectives. The implementing party has the option of factoring in this attenuation 
process under Tier 4 of this policy. 

The selection, evaluation, and operation of these two models to generate the soil remediation objectives 
are described in detail in the attached technical background document (Attachment 1). 

Section 6.5.4 Groundwater Protech 'on: Inorganic Cons tituenQ 

As was discussed above, the fate of inorganic contaminants is extremely sensitive to changing site 
conditions, particularly to pH, redox potential and clay content of the soil. As a result of this sensitivity, use 
of a single model or combination of models was deemed to be inappropriate for a generic site, as was used 
for the organic constituents, in that it would likely result in the establishment of soil remediation objectives 
that are unsuitable for a wide range of real sites. It was therefore decided to require sites cleaning up 
inorganic contaminants under this policy to preform site-specific tests to estimate the concentration of 
inorganics that are likely to leach fiom the site soil. 

In developing this policy, the Division conducted a review of potential leaching tests and utilized five 
objectives for selecting the recommended test procedure(s). The leaching test must: 1) accurately predict 
leaching potential, 2) be available at a sufficient number of regional labs, 3) not be prohibitively costly, 4) 
be fully developed, implementable, precision tested, and 5) have reproducible results. Based upon these 
objectives, the Division recommends the use of the Toxicity Characteristic Leaching Procedure (TCLP) 
or the Synthetic Precipitation Leach Test (SPLT). 

The TCLP (EPA Method 13 1 1) was originally developed by EPA to simulate the leaching potential of a 
wide variety of waste types in a municipal landfill environment. The TCLP is used to define RCRA wastes, 
determine whether a waste is subject to the land disposal ban, and determine cleanup levels at RCRA sites. 
The SPLT (EPA Method 13 12) was originally designed to simulate the leaching potential of contaminated 
soils in a monofill under acid rain conditions. The procedures are virtually identical, the difference being 
the extraction fluids used The Division determined that the acidity of the extraction fluids would not 
significantly affect the results of the tests and that the implementing party could select the method most 
appropriate to the site in question. Both methods have been precision tested and the results fiom each are 
reproducible. Though the SPLT is not widely used in regional labs, the procedure and equipment 
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are such that any lab that currently performs the TCLP can perform the SPLT at comparable cost. For 
details on both the TCLP and SPLT methods, see SW-846 Test Methods for Evaluating Solid Waste, 
Volume 1C:laboratory Manual Physicdchemical Methods, Third Edition. For additional details on the 
TCLP method, refer to CFR 261 Appendix 11, or Federal Register, Volume 55, No. 61, Thursday, 
March 29, 1990, pp. 1179-11877. 

Rather than compare the leaching test result to a drinking water standard, the test result is compared to a 
water quality standard multiplied by a dilution factor resulting from application of the AT123D model to 
the generic site conditions used for the Tier 2 organic soil remediation objectives. To determine the 
AT123D dilution factor, the SESOIWAT123D models were run under steady-state conditions. This 
resulted in a steady concentration of contaminant entering the groundwater (the SESOIL output, which is 
also the AT123D input) anda steady concentration ofcontaminant at the down gradient well (the AT123D 
output). Comparison of the AT123D input concentration to the AT123D output concentration under these 
conditions shows how much “dilution” is predicted by the AT123D model. This test resulted in a dilution 
factor of 22 for the conservative Colorado site. See Attachment 1 for a discussion on the calculation of 
this dilution factor. 

The Leachate Reference Concentration was developed as a test to assure that once soils were cleaned to 
a point where they no longer posed a significant threat to human health via direct contact, the residual 
contamination would not leach to groundwater and pose a risk by this exposure pathway. The Leachate 
Reference Concentration, a benchmark against which results of a leaching test are compared, is calculated 
by multiplying the above mentioned dilution factor (22) by an constituent-specific drinking water standard 
(Colorado groundwater standards, EPA’s Maximum Contaminant Levels) or an equivalent health-based 
standard for those constituents with no established standard (MCL-equivalent methodology: see 
Attachment 2 for examples). The results of the leaching tests performed on soil obtained from the area of 
concern at the facility are compared to the Leachate Reference Concentration If the leach test results are 
equal to or below the Leachate Reference Concentration, it is assumed that the soil will pose little to no 
threat to local groundwater quality. On the other hand, if the leach test results exceed the Leachate 
Reference Concentmtion, it is assumed that the soil, if allowed to remain in place, will leach hazardous 
substances to groundwater and potentially degrade the quality of that resource in excess of the allowable 
standard. The purpose of this exercise is to show that the postcleanup residues will not release hazardous 
substances into the underlying aquifer at concentrations that will negatively impact groundwater quality. 
Under both Tier.2 and Tier 3, the “Leachate Reference Concentration” must not exceed the RCRA 
characteristic of Toxicity regulatory limit 

This policy specifies that the TCLP or SPLT procedures be used to determine the leaching potential of the 
soils from the site. Use of alternate leaching tests may be proposed under Tier 4 of this policy. If the 
implementing party elects to use a leaching test other than the TCLP or the SPLT, it is the implementing 
party’s responsibility to provide the Division with sufficient documentation and literature on it’s pedormance 
to enable the Division to evaluate the application of the leaching test. 
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Section 6.5.5 Uper  Concentration Limits 

The Division has accepted the fact that chronic risk modeling has limitations andis not always a guarantee 
of "safe" human or environmental exposure levels. Modeling efforts that evaluate chronic risks look at 
relatively low individual dosages over long periods of time. For example, in the direct soil ingestion 
scenario, only 100 to 200 mg of soil are assumed to be ingested daily. This sets a physical limit (200 mg 
of pure compound per day) on what exposure inputs can be made to this model. A child might only ingest 
200 mg of pure compound and be safe under these assumptions. However, one-time exposures to many 
hazardous substances at high concentrations via mouth, skin, and eyes can cause immediate and severe 
acute effects, including death. To take the most obvious example, chronic soil ingestion at higher 
concentrations approaching pure compound, one could follow the traditional 200 mg/day of soil ingestion 
rate and be safe in the long-run, but be taken ill by direct skin absorption by placing one's hand in the same 
soil. An accidental splashing in the eye or rubbing with one's hand could cause bums or blindness. The 
unwritten assumption that the allowable medium levels based on chronic risk calculations are conservative 
and would protect against acute exposures may be true for carcinogenic compounds, which have chronic 
healthimpacts at much lower concentration levels, but not necessarily for noncarcinogens. It is the chronic 
risk model itself which can be called into question with high concentrations. 

The fundamental problem is that the chronic risk modeling approach can result in the calculation of soil 
concentrations that are very high in an absolute sense. Soil concentrations back calculated using this 
approach can vary between zero and pure compound Some back calculation medium concentrations may 
actually exceed the limits of a pure compound A similar problem was encountered when attempting to 
generate Tier 2 soil remediation objectives that are protective of groundwater quality using computer 
models. In a few instances, the presence of free-phase contaminant in soil is required before the modeling 
would predict an exceedence of standards in groundwater immediately downgradient of the source area 
(e.g., xylene). Some test of reasonableness of these numbers is essential before they can be used 

The problem is that pure constituent concentration in a medium is not a safe or reasonable limit fiom an 
environmental protection standpoint. At some point on an absolute increasing concentration scale, 
exposures to these hazardous constituent concentrations become more severe on shorter time-scales. 
What happens is that the chronic exposure scenarios are over shadowed by others of shorter duration and 
greater immediate effect. 

The acute health impacts can be very severe for certain compounds. At high concentrations a number are 
capable of causing death through inhalation, skin contact, or direct ingestion. For example parathion is 
particularly lethal, with even a single drop in the eye capable of causing death. Certain compounds can 
cause severe, even if temporary, effects of nausea, sickness, organ damage, skin and eye irritation. OSHA 
and industrial toxicological manuals clearly iden@ these more acute and transitory exposures, in the same 
concentration ranges as those found in some chronic risk assessment outputs in this policy. 
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At very high concentrations, the physicalchemical forms of compounds become important. Above certain 
concentrations (soil saturation limit), pure liquid-phase contaminant is expected in the soil. A fluid 
compound like xylene would act as a liquid As such it could move through and change soil structures, act 
as a solvent and change the mobility and transport characteristics of other more toxic compounds, and 
display much greater volatility. At high enough concentrations, compounds with high vapor pressures could 
become explosive or flammable. The more volatile, acidic, basic, or reactive compounds might fail one or 
more of the RCRA characteristic tests. In confined situations, vapors could cause immediate breathing 
problems. Liquids in the free (unabsorbed) state could be much more dangerous via skin absorption. 
Chemicals in the free state might be more prone to further reaction with other compounds. At high 
concentrations, certain compounds can affect the integrity of both synthetic and clay liners, as well as 
natural confining layers which may inhiiit the vertical miption of contamjnants through the subsurface. 
Some soil concentrations calculated using the methods presented in this policy are the normal levels of 
industrial chemical compounds which are regulated under the U- and P- listings of RCRA, let alone the F- 
and K- lists. 

For all these reasons, the Division believes that it is necessary to "cap" the chronic risk scenario and soil-to- 
groundwater modeling concentration outputs at some maximum level. Therefore under both Tier 2 and Tier 
3, an upper concentration limit of 1000 mgkg has been established as a soil remediation objective for 
certain organic hazardous substances. The Tier 2 direct exposure table values being replaced with the 
upper concentration limit may be found in Attachment 2 tables. The implemeding party always has the 
option of calculating alternate upper concentration limits (e.g., soil saturation limits) under Tier 4 of this 
policy. The need for calculating soil remediation objectives that are protective of groundwater under both 
these tiers will undoubtedly reduce the prospects of actually allowing such individual high limits. Similarly, 
tests for RCRA characteristics will also catch some of higher concentrations that may be calculated 

Section 6.5.6 Format of the Tier 2 Table 

Table 1 provides soil remediation objectives for a limited number of organic and inorganic compounds 
which can be compared to measured total contaminant concentrations in the soil at the site. Leachate 
concentrations are measuredby performing a leaching test on representative soil samples from the site. The 
actual soil remediation objectives applied to a site would be the lowest concentration from amongst the 
direct exposure and soil-to-groundwater columns for each constituent, unless the method detection limit 
is higher, in which case the method detection limit may be used as the soil remediation objective (Tier 1 
approach). For inorganic compounds, Table 1 provides acceptable leachate concentrations for each 
contaminant. If the leachate level results in a lower total concentration than any of the other pathways, then 
this method must be used to develop soil remediation objectives for that particular inorganic compound. 
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Section 6.6 Tier 3 - Site-SDecific Adiustments to the Table Value Obiectives 

Tier 3 allows for consideration of site-specific information to modi@ the Tier 2 method of calculating soil 
remediation objectives or to calculate soil remediation objectives for hazardous substances not listed in 
Table 1. Allowing limited site-specific adjustments to the standardized parameters is intended to maximize 
the usefulness and flexibility of the soil remediation objectives selection process while maintaining a 
consistent methodology that ensures the protectiveness of remedial actions. 

Attachment 2 of this policy contains all the intake equations and default exposure parameters that were used 
to calculate the Tier 2 table values. Similarly, Attachment 1 contains the SESOIL and AT123D model 
input parameters and chemical specific properties used to develop the Table 1 soil remediation objectives. 
Using the Division's Tier 2 methodology, the implementing party may either calculate alternate site-specific 
soil remediation objectives for constituents listed in the Tier 2 table, or it may calculate new soil objectives 
for constituents not listed in the table. The equations and basic methodology specified for calculating the 
Tier 2 table values may not be modified under Tier 3, although site-specific modifications can be made to 
both under Tier 4, ifproposed by the implementing party and approved by the Division. Under Tier 4, the 
implementmg party has the option of calculating soil remediation objectives for alternate land use scenarios 
using the same equations (but with different exposure assumptions) and methodology specified for 
calculating the Tier 2 table values. 

The development of Tier 3 soil remediation objectives shall be basedupon information which is scientifically 
justified and completely documented with site data collected from the facility. Any proposed changes to 
Tier 2 parameters shall be submitted to the program under which remediation is being paformed for review 
and approval. At a minimum, Tier 3 soil remediation objectives development shall be documented with 
sufficient information to allow the reviewer to evaluate the following factors: 

a) The juslification for the modification; 

b) The appropriateness and validity of any chemical-specific andor site-specific input parameters 
used; 

c) The technical and mathematical basis for the modification, an& 

d) Whether the calculations were correctly performed andor the site-specific data were properly 
collected 

As with the Tier 2 table values, Tier 3 soil remediation objectives do not include consideration of sensitive 
environments or protection of surface water. Objectives developed under this policy are only based on 
protection of human health from direct soil contact and soil-to-ground water pathways. Sites with special 
environmental protection concerns require additional evaluation to 
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ensure protectiveness and should be discussed with the program responsible for overseeing the 
environmental work performed at the facility. 

Section 6.6.1 >Q t m n  

Tier 3 allows input of site-specific data into the standard risk equations where values other than default input 
parameters are appropriate. Contained within Attachment 2 of t b  policy are all the equations used to 
develop the direct exposure soil remediation objectives for each land use setting, along with the standard 
default risk and exposure assumptions made in calculating these values. As was discussed in the previous 
subsection, any changes made to the default input parameters must be justified and supported with 
documented site-specific idormation, all of which must be submitted to the Division for review and 
approval. The risk equations may not be modified or substituted under this tier. 

The objectives for an acceptable risk level remains consistent with Tier 2 standards, i.e., total risk of 1x1 0-6 
for carcinogens and a hazard quotient of one for non-carcinogens. However, due to site-specific 
conditions, the Tier 3 soil remediation objectives will likely be a higher concentration than the Tier 2 table 
value, which were developed using conservative generic default values. As with the Tier 2 soil remediation 
objectives, if multiple contaminant additivity or cumulative risk is a potential concern at a site, the impact 
of additivity and cumulative risk must be evaluated in accordance with the procedures contained within 
Section 6.5.2, and the soil standards potentially modified to ensure the protectiveness of the remedial 
action. Similarly, the upper concentration limit of 1000 mgkg applies to chronic risk scenario and soil-to- 
groundwater modeling concentration outputs calculated for organic hazardous substances under this tier. 

Section 6.6. 2 Soil-to-Groundwater Pro tection Sta ndard A-tme nts 

Under Tier 3, the implementing party may elect to modifL the input parameters to the fate and transport 
models used, SESOIL and AT123D, to calculate soil remediation objectives that more accurately model 
conditions at their facility. By using site-specific data (permeability, porosity, soil organic carbon, hydraulic 
conductivity, bulk density, etc.), the implementing party may be able to demonstrate that an alternate soil 
remediation objective will be equally protective of groundwater quality. Similarly, the implementing party 
may also input an alternate water quality standard into the model, but only if groundwater underlying the 
fkility has been classified by the State of Colorado as something other than domestic use quality or if 
natural ambient conditions w m t  the use of an alternate site-specific standard A complete list of model 
input parameten that may be modified under this tier is contained within Table 3 of Attachment 1. 

Changing certain parameters, such as porosity, permeability, conductivity, and the soil disconnectedness 
index, may result in significant changes to the water balance in the model. As a consequence, the 
implementmg party will be required to submit a justification and defend with site-specific data each 
adjustment to the standardized default parameten to the Division for review and approval. Division staff 
will review the proposed adjustments to determine whether the facility's model parameters are still valid 
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Similar to Tier 2, use of the contaminant fate and transport models are expected to yield soil remediation 
objectives that should be protective of groundwater quality. Limited to no groundwater monitoring would 
be required for sites that have been remediated to the degree that residual constituent concentrations in soil 
are equal to or below the concentrations calculated using the Tier 3 approach, unless required to do so for 
other reasons (groundwater contamination, remedy evaluation, permit condition, etc.). Depending on site 
conditions and assumptions made in developing the alternate input parameters, the Division may require 
the implementing party to implement a groundwater program to veri@ that soil remediation objectives 
proposed under this tier are truly protective of groundwater quality following remedy implementation. 

section 6.7 T ier 4 - Site-Specific Risk Based So il Remed iation Ob! 'ectives 

Tier 4 sets forth a flexible hmework to develop remediation objectives by allowing the implementing party 
to conduct a more detailed evaluation of site information in an effort to calculate safe, protective soil 
objectives unique to that site. A more sophisticated analysis may be performed that includes the use of 
complex chemical fate-and-transport models and probabilistic evaluations ofpossible exposures and risk. 
This assessment is comparable to those conducted at Superfund sites, complex sites where an implementing 
partybelieves that an alternate soil standard, calculated using site-specific data and a different methodology, 
may be equally protective of human health and the environment. Many other factors, besides threats to 
human health and groundwater quality, may be considered or may limit the application of soil remediation 
objectives calculated using this tier. It is anticipated this approach may be favored at sites where alternate 
standards allow a more cost effective remedy than simple application of Tier 1 through Tier 3 soil 
remediation objectives. 

Situations that can be considered for a Tier 4 evaluation include, but are not limited to: 

Modification of parameters not allowed under Tier 3 (e.g., a cumulative cancer risk other than 
1 ~ 1 0 - ~  or a target hazard quotient greater than 1 is requested); 

Use of models different fiom those used in Tier 2 and Tier 3; 

Use of additional site data to improve or confirm predictions of exposedreceptors to contaminants 
of concern; 

Analysis of site-specific risks using formal risk assessment, probablistic data analysis, and 
sophisticated fate and transport models; 

Requests for site-specific remediation objectives because a "common sense" assessment indicates 
further remediation is not practical (e.g., the remaining contamination is under a structure such as 
a permanent building); 

Incomplete human exposure pathway@) not excluded under Tiers 1 and 2; 
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7) Use of toxicological-specific information not available from sources relied upon by the Division in 
the development of this policy; 

8) Land uses which are substantially different from the assumed residential, industrial or commercial 
property uses of a site (e.g., a site will be used for recreation in the future, a land use scenario not 
addressed in Tiers 1 or 2). 

Calculating soil remediation objectives that are protective of surface water and sensitive 
environments. 

9) 

10) Incorporationofbiological attenuation processes on chemical mass, mobility, and toxicity over time 
to calculate groundwater protection values. 

The Tier 4 evaluation is potentially complex and will likely also include a more detailed site assessment 
A Tier 4 risk assessment may include a wide range of modeling approaches, such as sophisticated chemical 
fate and transport models, and probabilistic evaluations of risk. The implementing party may propose the 
use of other models they can validate as being appropriate. A justification for the alternate model selected 
must be submitted to the Division for review and approval, prior to its use (see Attachment 5 for 
acceptance guidelines for alternate models). Tier 4 may require additional investigative efforts beyond 
those described in the lower tiers to define the physical characteristics of the site. However, in situations 
where remedial efforts have simply reached aphysical obstruction (e.g., a building), additional investigation 
may not always be necessary for a Tier 4 submittal. 

Tier 4 allows flexibility in the risk algorithms adopted and allows use of site-specific parameters to assess 
risk Tier 4 risk assessments should be based on standard EPA risk assessment methodology, as described 
m the "Risk Assessment Guidance for Superfund, Volume 1, Human Health Manual" @PAJ540/1-89/002, 
December 1989). Departures from standard reasonable maximum exposure assumptions must be 
discussed and justified in the risk assessment. Total site-wide risk must be quantified by the user and 
presented to the Division in a standard risk summary. 

Proposed soil remediation objectives developed under this tier may consider the use of institutional and 
engineering controls (deed restrictions, restrictive zoning, fencing, capping, other barriers or containment 
systems) to achieve risk reduction. 

As is required under Tier 3, soil remediation objectives developed using the Tier 4 approach shall be based 
upon information which is scientifically justified, completely supported with site data collected from the 
ficility, and supported with appropriate documentation. At a minimum, Tier 4 soil remediation objectives 
development shall be documented with sufficient information to allow the Division miewer to evaluate the 
following factols: 

a) The justification for the modification or new approach taken; 
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b) The appropriateness and validity of any chemical-specific and/or site-specific input parameters 
used; 

c) The technical and mathematical basis for the modification or new approach taken, and; 

d) Whether the calculations were correctly performed andor the site-specific data were properly 
collected 

The proposed Tier 4 soil remediation objectives and all supporting documentation shall be submitted to the 
program under which remediation is being perf'ormed for review and approval. When reviewing a submittal 
under Tier 4, the Division shall consider whether the interpretations and conclusions reached are supported 
by the information gathered The Division shall approve a Tier 4 evaluation if the implementing party 
submits the necessary supporting documentation and establishes through such idomtion that public health 
is protected and that specified risks to human health and the environment have been minimized or 
eliminated In the event that an alternate risk assessment andor contaminant fate and transport model is 
chosen, the implementing party will have to agree to a longer review time and pay for its review by outside 
consultants if the Division does not have the expertise in the proposed model. 
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ATTACHMENT 1 

THE DEVELOPMENT OF SOIL REMEDIAL OBJEcTlvES 
PROTECXW OF GROUNDWA'IER QUALITY 

ORGANIC REMEDIAL, OBJECTIVES 

Introduction 
Soil remedial objectives protective of groundwater can be generated using many different methods, each 
with its own advantages and disadvantages. These approaches range fiom fairly simple methods, such as 
adilution-attenuation factor, to a mathematical approach, requiring a significant amount of sitespecific data. 
The State of Colorado has endeavored to use a method somewhere between the simplistic and complex 
approaches in order to derive remedial objectives protective of groundwater resources in the state that are 
not overly conservative. The approach chosen to derive remedial objectives for organic constituents 
closely approximates real interactions between soil, water and vapor phases by using a computer-based 
model. This attachment discusses the technical basis for the soil remedial objectives derived to protect 
groundwater resources. 

Environmental contaminants have widely varying physical and chemical properties. They can be divided 
into two broad categories, organics and inorganics (which include metals). Transport of organic 
contaminants in the environment is controlled by: 

0 solubility in water, 

sorption to soil materials, 
0 biodegradation, and 

0 vapor pressure, 

0 other possible site specific chemical interactions. 

Soil properties which influence organic contaminant transport are: 
0 moisture content and 
0 organic carbon content. 

The transport of inorganics is dependent upon the complex interaction of 
0 PH, 
0 redox potential, 
0 cation exchange capacity and 
0 natural background concentration in soil. 

The model or model combinations chosen for this exercise needed to simulate the vertical movement of 
contaminants fiom unsaturated soils to the water table, as well as transport of the contaminants through 
groundwater. The chemical behaviors modeled include partitioning between air, water and soil phases, 
volatilization and diffusion Biodegradation and decay rates vary and tend to be site-specific, therefore, 
biodegradation and decay were not used The 



remedial objectives determined to be protective of groundwater were derived assuming that the organic 
contaminant was partitioned between air, water and soil phases, and that no separate phase or free phase 
organics were present. Therefore, the remedial objectives for organic contamination are only applicable 
if no separate phase organics are present. 

Several computer models were initially evaluated for use, including: MULTIMED, Summers, 
SESOIL/AT123D, VLEACH, CHEMFLOW, PRZM and PESTAN. After a preliminary review of the 
models and their different computational algorithms, the combination of SESOIL andAT123D was chosen 
for further analysis. A review of the methods employed by other states to produce similar standards was 
also conducted Several states have used the SESOIL model, including Oregon, Rhode Island, Wisconsin 
and Massachusetts. The approach chosen for use in Colorado closely follows that used by Oregon. 

The process used in Colorado involved the derivation of a conceptual model based on a hypothetical 
“Typical Colorado Site” that was then used to simulate the transport of contaminants through the vadose 
zone to the water table, and then through a typical aqder. The model was used to determine an initial soil 
concentration above which the applicable groundwater standard would be exceeded This approach is 
proposed for use at sites that are relatively small, in a fairly simple hydrogeologic setting. Characteristics 
for this hypothetical site represent the most common characteristics encountered at sites in Colorado where 
groundwater contamination is likely to occur, i.e., sites with fairly shallow depth to groundwater, 
groundwater occurring in an unconsolidated formation, and relatively homogeneous soils. The conceptual 
model is a combination of the site-specific characteristics for this hypothetical site and the physical setting 
of the site (physical setting includes: distance to a down-gradient point-of-compliance well, sizdshape of 
the contaminated soil mas, depth of the contaminant etc.) The derivation of the conceptual model and the 
soil and aquifer characteristics for the hypothetical site are discussed in this attachment. 

SESOIL/AT 123 D Models 
SESOIL is an acronym for &asonal &d Compartment Model. The model is a one-dimensional vertical 
transport code for the unsaturated zone. The model is designed to simultaneously model water transport, 
sediment transport, andpollutant fate. The model was developed for EPA’s Office of Water and the Office 
of Toxic Substances in 198 1 by Arthur D. Little, Inc. The model was subsequently modified and has since 
beenincorporatedinto the RISKPRO package which includes a link to the groundwater flow and transport 
code AT123D. 

SESOIL was developed as a screening-level model, utilizing less soil, chemical and meteorological data 
than other more complex models, which makes it particularly well-suited for application to a hypothetical 
site. The model uses actual climate data fiom Denver, Colorado in the hydrological cycle predictions, 
rather than a constant infiltration rate which is common in other similar models. The model output includes 
timevarying contaminant concentrations at different soil depths and removal of the contaminant from the 
soil column by surface runoff, percolation to groundwater, volatilization and degradation. The soil remedial 
objectives developed herein are anticipated for use on sites that no longer have a continuous contaminant 
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source. Although the SESOIL model has 3 different methods to simulate the application of contaminant 
to the soil column, use of an initial soil concentration was determined to be the most appropriate approach 
for this exercise. 

The concentration in leachate, derived from the SESOIL model, was used as input to the saturated zone 
model to compute a resulting concentration in groundwater beneath the site. The model AT123D 
(Analytical Transient 1 -,2-, 3-dimensional) was used to predict resulting groundwater concentrations. 
AT123D is an analyhcal groundwater transport model that computes the spatial-temporal concentration 
distriiution of a contaminant in the aquifer and predicts the transient spread of a contaminant plume through 
an aquifer, using advection, dqersion, adsorption and decay. Due to uncertainty in decay constants, only 
advection, dqersion and adsorption were utilized As shown in Figure 1, the “Point of Compliance” for 
the modeling simulations was chosen to be 10 m e t a  downgradient from the edge of the contaminated soil. 

Model Input Parameters for “Typical Colorado Site” 
The SESOIL/AT123D modelsrquire input for various soil characteristics, including: the depth to the water 
table (or thickness of the unsaturated zone), the bulk density of the soil, effective porosity, soil organic 
carbon content, hydraulic conductivity of both the vadose and saturated zones, hydraulic gradient of the 
saturated zone and 3-dimensional dispersivity. 

The model input parameters for the “Typical Colorado Site” were selected by reviewing available data for 
‘ 9 sites located along the Colorado Front Range. Sites were chosen based on the availability of applicable 

data and their hydrogeologic setting. In general, sites were chosen which focused on unconsolidated 
deposits, as these sites are more vulnerable to groundwater contamination than those with groundwater 
andor contamination occurring in bedrock formations. The sites chosen for evaluation were: 

Rocky Flats, 
Rocky Mountain Arsenal, 
Lowry Air Force Base, 
AAD Disposal, 

e Koppers Industries, Inc., 
Colorado Crystal (Loveland), 

Chemical Sales Company, and 
ConocoiTotal Refineries. 

Colorado Department of Transportation Headquarters, 

All pertinent data from unconsolidated deposits at each site were compiled and the qualityheliability of the 
data were evaluated A statistical analysis was conducted and a representative value for each soil 
characteristics was selected The data and analysis are contained in the separate document titled 
“Evaluation of Soil Characteristics Along Colorado’s Front Range For Use in Developing Cleanup 
Standards Protective of Groundwater”. The document is available for public review in the CDPHE records 
center. The recommended values for the Typical Colorado Site are given in Table 1. 
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Table 1 
Model Input Parameters for the “Typical Colorado Site” 

Effective Porosity 

Fraction Organic Content 

Volatilization Factor 

Moisture Content 

property Value 
I 

0.25 

0.0014 

0.15 

0.10 

I Soil Type I Sandy Clay Loam I 

Depth to top of Contarnination 

Thickness of Contamination 

Distance Between Bottom of Contamination 
and Top of Water Table 

Areal Extent of Contamination 

I Intrinsic Permeability (unsaturated zone) I 4 x lo-’ c d  I 

1 meter 

1 meter 

1 meter 

10x1 O meters = 1 OO meters * 

I Soil Disconnectedness Index (C) I 7.5 I 

~ 

Aquifer Thickness 

Aquifer Hydraulic Conductivity 

Aquifer Hydraulic Gradient 

I BulkDensity I 1.58 g / cd  I 

2.1 meters 

3.6 10-3 cm/sec 

0.008 

Longitudinal Dqemvity 

Lateral and Vertical Dispersivity 

Distance from Edge of Waste to Monitoring 
Well, “Point of Compliance” 

12 meters 

2 meters 

10 meters 

~~ 

Concm - tual Model 
As mentioned previously, the Conceptual Model is really a combination of the characteristics of the 
“Typical Colorado Site” and the physical setting of the site. Given the determination of the parameters for 
the Typical Colorado Site, the conceptual model shown in Figure 1 was developed Several aspects of 
the Conceptual Model were m e r  investigated during the Sensitivity Analysis which is discussed later in 
this document. 
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Chemical Prope rties 
Chemical properties are cited in numerous literature publications, however, the values vary over a large 
range. Due to the wide variation of these parameters in the literature, the values recommended by EPA 
m the final Soil Screening Guidance @PA, 1996), as shown in Table 2 were chosen. Biodegradation and 
decay were not used, as these rates vary and tend to be site-specific. ’ 

793 

5.060 

Table 2 
Chemical-Specific Properties used to Develop Soil Standards 

1.2500 0.0305 

0.2300 0.00561 

Organic Carbon 
Partition 

Coefficient 
(Koc) 

Compound ( L k g )  

Benzene 59 

0.195 

0.025 

Carbon Tetrachloride 174 

1.1 -Dichloroethane 31.6 

~~ 

0.000619 0.0000151 

0.000332 0.0000081 

1,l -Dichloroethylene I 59 

169 
31 

~~~ ~ 

Dieldrin 2 1,400 

DDT 2,630,000 

0.3230 0.00788 
0.0198 0.000483 

Ethylbenzene 363 
Naphthalene 2,000 

1,950 
82.800 

Pentachlorophenol 592 
Phenol 28.8 

~~ 

0.000001 0.0000000244 
0.0000163 0.000000398 

Tetrachloroethylene 
1 ,l,l-Trichloroethane 

Trichloroethylene 

200 
1,330 

1,100 

526 
2,760 

175 

Toluene 
Vinyl chloride 

Xylene 368 

0.7540 0.0184 
0.7050 0.0172 

0.4220 0.0103 

0.2720 0.0066 
1.1100 0.0271 
0.2760 0.00673 

Diffusion 
Coefficient 

in Air 
@i,a) 

(cd/sec) 
0.0880 
0.0780 

0.0742 
0.0900 
0.0125 

0.0137 

0.0750 
0.0590 
0.0560 
0.0820 

0.0720 
0.0780 

0.0790 

0.0870 
0.1060 
0.0800 

Water 
Solubility 

1,750 
l!&L 

Henry’s Law 
Constant @? 
25- C (H’) 

(dimensionle w 0.2280 

Henry’s Law 
Constant @ 
25.C (H) 

(atm-M3/mol) 
0.00556 

2,250 I 1.0700 I 0.0261 

(U.S. EPA, 1996) 

Model Callbram 
The most important step in using the SESOIL model is to calibrate the model using an appropriate water 
balance for the site. The model requires the user to input a value for intrinsic permeability, k, soil 
disconnectedness index, C, and effective porosity, n,,. The model was calibrated by varying the values of 
k, C and n,,, until a realistic water balance was achieved, and the moisture content of the “Typical Colorado 
Site”of approximately 10% was matched Intrinsic permeability can be determinedby multiplying hydraulic 
conductivity in cdsec times a conversion factor of lo-’ cm-sec. Using an initial, estimated hydraulic 
conductivity for the unsaturated zone of 4 x 10” d s e c ,  the resulting intrinsic permeability is 4 x 10” c d .  
The SESOIL manual suggests n,, in the range of 0.24 to 0.30 for a sandy clay loam. The a stable water 

balance was achieved using:: 

. .  n 
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k = 4 x  lO-’cd 
c = 7.5 
n, = 0.25. 

These values closely correspond to the recommendations in the SESOIL manual, and produce a valid 
water balance for the “Typical Colorado Site”. 

$ESOIL/AT123D Sensitivity Ana lvsis 
After the water balance was calibrated, the next phase of the project was to conduct a sensitivity analysis 
m order to help guide decisions regarding the conceptual model for the final determination of soil standards 
protective of groundwater. The following parts of the conceptual model were investigated during this 
phase: 

0 Location of the contaminant in the vertical profile 
0 Size of the contaminated soil zone 

Volatilization factor 

Location of the contaminant in the vertical profile 
The sensitivity analysis evaluated differences in results if contaminated soil was placed in the upper, middle 
or lower soil zones. Each zone was assumed to be 1 meter thick Placing the contaminant lower in the soil 
profile resulted in higher concentrations of contaminants reaching the wata table, as volatilization decreased 
and the distance to the water table was also decreased The largest difference occurredbetween the upper 
and middle layers, while less of a difference was found between the middle and lower layers. It was 
determined that placing the contaminant lower in the profile, more closely represents the majority of sites 
that will be using the soil standards for guidance. However, in an effort to avoid being overly conservative, 
the soil standards were derived using modeling scenarios where the contamination is located in the middle 
of the soil profile, beneath a layer of clean soil, with a 1 -meter thick layer of initially clean soil between the 
contaminant and the water table. 

Size of the contaminated soil zone 
Because SESOIL is a Compartmental model, it is not sensitive to changes in the areal extent of the 
contaminated soil zone. However, when the results are input into AT123D, the larger the areal extent of 
contamination, the higher the resulting groundwater concentrations. A sensitivity analysis was conducted 
using several different areal extents of contamination The sensitivity analysis showed that the resulting soil 
remedial objective is highly sensitive to the areal extent of contamination The larger the areal extent, the 
lower the remedial objective for cleanup. Since the guidance is to apply to small, simple sites, it was 
determined that an area of contamination approximately 10 meters on a side or 100 square meters would 
f%rly represent the type of site expected to use the guidance document. If the areal extent of contamination 
at a site exceeds 100 square meters, site specific standards should be determined, and the guidance 
document values do not apply. 
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Volatilization Factor 
Volatilizationincreases in drier soils. Given Colorado’s semi-arid climate, the SESOIL model is extremely 
sensitive to changes in the b u t  parameters relating to volatilization. The model allows volatilization fkm 
the top soil layer, and d imion  upwards from the lower layers, at differing rates from 0 to 1, with 0 
corresponding to no volatilization, and 1 corresponding to 100% volatilization. Since it was decided that 
volatilization should be accounted for in the model, a value of 0 was not used. Since the model assumes 
a constant moisture content profile for each month, it does not account for natural variations in moisture 
content with depth and over time. The State of Oregon used a volatilization factor of 0.2 in all layers. This 
was based on a comparison of the Oregon SESOIL results against the results of another model (Anderson, 
1992). 

There is some disagreement among soil scientists as to the proper exponent to use on the Millington 
equation, which is the equation governing volatilization in the model. In SESOIL, an exponent of 10/3 is 
used, while some other models, for example, VLEACH, uses an exponent of 7/3. The net result is a higher 
predicted mass lost to volatilization from the SESOIL model. 

In order to more accurately determine how much difference occurs between the computations using 
different algorithms calibrated for a Colorado site, the SESOIL results were compared against VLEACH. 
Using the same input parameters for each model, it was found that for compounds with a Henry’s Law 
constant greater than 0.36, (the more volatile compounds) SESOIL over predicts volatilization when 
compared to VLEACH. In order to match the VLEACH results, the value for the volatilization fraction 
m SESOIL was set at 0.15 for these more volatile compounds. For compounds with Henry’s Law 
Constants less than 0.36, the value used for the volatilization fraction in SESOIL does not significantly 
impact results. Developing a specific volatilization fraction for each compound with a different Henry’s Law 
Constant was unreasonable, as it was solely dependent upon the site-specific panmeters being used in the 
two models, and the model algorithms themselves. Therefore, a value of 0.15 or 15% volatilization for all 
chemicals was used as it lead to fairly good agreement between the two models, only impacted the more 
volatile compounds, and was supported by the State of Oregon’s similar methodology. 

Model Execution 
The actual model runs determining the soil remedial objectives protective of groundwater were conducted 
for each chemical using the input parameters shown in Tables 1 and 2, and the conceptual model shown 
in Figure 1. Specific examples of SESOIL and AT123D input and output files are included in Appendix 
A. For each contaminant, the model was run for a sufficient period of time to ensure that the maximum 
concentration at the monitoring well occurred The maximum concentration at the monitoring well was 
compared to the groundwater standard, and the initial soil concentration was adjusted until the model 
prediction at the monitoring well matched the groundwater standard 
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ComDarison of Colorado Standards to Other States 
Once soil concentrations that would be protective of groundwater for a typical Colorado site were 
determined, those standards were compared against the values derived by the States of Oregon and Rhode 
Island Differences in the standards were expected based on the differing climates, soil characteristics and 
chemicalproperties usedby those states. However, wide variations were not expectedbetween the values, 
as essentially the same conceptual model and overall methodologies were applied by all three states. This 
comparison revealed that for 1,l -Dichloroethylene, Pentachlorophenol and 1 ,1 ,l-Trichloroethane the 
difference was attributed to the use of substantially different chemical properties. The other remaining 
chemicals for which wide variations occurred in the standards were Carbon Tetrachloride, 
Tetrachloroethylene, Trichloroethane and Vinyl Chloride -- the most volatile compounds for which 
standards were derived An investigation was conducted which determined that these differences were 
largely due to the Merent climates and not the different soil properties used in the simulations. Both 
Oregon and Rhode Island receive substantially more precipitation than Colorado, consequently, the amount 
of leaching that is predicted by SESOIL is much greater. Since leaching was minimal in the Colorado 
model due to lack of moisture, more contaminant mass was available for volatilization. Thus, the SESOIL 
model predicts a much higher loss to volatilization in Colorado than Oregon or Rhode Island, which in turn 
results in less mass transport to groundwater and consequently, higher soil standards for a site in Colorado. 

Deriving Site Specific Remedial Obiectives for b a r i c  Constituents 
The remedial objectives for organic constituents protective of groundwater quality were derived based 
upon modeling which used the input parameters for a “Typical Colorado Site”, Table 1, and the chemical 
specific properties in Table 2. A facility may desire to develop remedial objectives based upon model input 
parameters which are more specific to their site. In this case, the Division will evaluate site specific 
SESOIL/AT123D modeling and remedial objectives but a limited number of the “Typical Colorado Site” 
input parameters may be altered The following table lists the input parameters which can be changed in 
the SESOIUAT123D modeling to develop site specific remedial objectives for organic constituents which 
are protective of groundwater. Sufficient documentation must be submitted to the Division to justi@ 
changing the input parameters. A Facility can not simply choose to alter a few of the parameters in Table 
3. If the input parameters are to be changed from the Typical Colorado Site, all of the parameters in Table 
3 must be evaluated and changed accordingly on a site specific basis. None of the chemical properties 
listed in Table 2 may be altered For chemicals not listed in Table 2, a facility may propose chemical 
properties to the Division for review and approval. 
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Table 3 
Model Input Parameters for the “Typical Colorado Site” Which Can be Altered to Develop Site 

Specific Remedial Objectives Protective of Groundwater 

Model Input Parameters 

Fraction Organic Content 

1 Dmth to Tor, of Contamination (Must be 1 meter or more) 
~~ ~ 

~ Thickness of Contamination 
~~ 

II)ls&ce Between Bottom of Contamination and Tor, of Water Table 

~ Areal Extent of Contamination 
~ 

Aquifa Thickness 

Aquifer Hydraulic Conductivity 

Aquifer Hydraulic Gradient 

Distance fiom Edge of Waste to Monitoring Well, “Point of Compliance” (Must be 10 
meters or less) 
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INORGANIC REMEDIAL OBJECTIVES 

Jntroduction 
Following the development of soil remedial objectives for organic constituents, the Division began to 
evaluate the development of objectives for inorganic constituents. The fate and transport of inorganic 
constituents in the environment is controlled by complex chemical interactions, both in the soil column and 
the underlying aquifer. These complex interactions make modeling the fate and transport of inorganic 
constituents highly site specific, relative to modeling the fate and transport of organic constituents. 

It was decided that the inorganic remedial objectives would be developed using the same modeling 
software (SESOIWAT123D) and site conceptual model (Figure 1) that were used to develop organic 
remedial objectives. In order to develop remedial objectives that would be protective of all types of 
inorganically contaminated environments, a conservative approach had to be taken in that the adsorption 
and transformation of inorganic constituents were not considered during the modeling. By negating the 
effects of adsoTption and transformation, SESOIL and AT123D simply simulate the flushing and dilution 
of an “inert constituent”, through the vadose zone, to the monitoring well. It was decided that the 
contaminant concentration in the leachate at the bottom of the vadose zone would be divided by the 
contaminant concentration at the monitoring well, resulting in a “dilution factor” that could be used to 
calculate inorganic soil remedial objectives. - 
The conceptual model of the contaminated soil column and adjacent monitoring well used for the organic 
modeling, was identical to that used for the inorganic modeling (Figure 1) with the exception of how the 
contaminant was input. In the organic conceptual model, the contaminant was present in the middle layer 
of the vadose zone at an initial concentration. In the inorganic conceptual model, the vadose zone was 
continuously loaded in the middle layer with contaminant to evaluate the flushing and dilution from the 
vadose zone to the monitoring well. 

Chemical Rope rtia 
In the inorganic modeling, the only chemical property inputs used were solubility and molecular weight. By 
setting all other chemical properties to zero, the model would not allow the constituent to adsorb to soil or 
diffuse to soil air. Therefore all of the contaminant mass input to the column was partitioned to the water 
phase. 

Model Execution 
Several modeling runs were made to evaluate the sensitivity of the model using the inorganic modeling 
paramete=. As expected, varying the amount of contaminant continuously input to the vadose zone, did 
not change the modeled dilution fictor. But it was discovered that the leachate concentration at the bottom 
of the vadose zone depended heavily upon the amount of precipitation passing through the vadose zone. 
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When the rate of contaminant mass input to the vadose zone was held constant, and the amount of 
precipitation was increased, the concentration of the leachate at the bottom of the vadose zone decreased 
due to dilution. Increasing the amount of precipitation did not have any effect on the contaminant 
concentration at the monitoring well, because the same amount of mass was being loaded to the aquifer, 
regardless of the amount of precipitation. This relationship between precipitation and leachate 
concentration, caused variation in the dilution factor. Therefore, the amount of precipitation and all other 
climatic input parameters were modeled, fixed at the wettest month of the year for the Denver metro area 
whichis May. By fixing the precipitation at its maximum, the ratio of leachatdmonitoring well concentrations 
was minimized at 22. Therefore, the inorganic remedial objectives were calculated by multiplying the 
groundwater standard for an inorganic constituent by 22 to obtain the remedial objective for that constituent 
in soil. 

DerivinP Site Specific Remedial Obiectives for Inorganic Constituents 
Due to the complex nature of the fate and transport of inorganic constituents in the environment, the 
Divisioncouldnot develop a simple approach to altering the inorganic remedial objectives on a site specific 
basis. If a facility does not agree with using the dilution factor of 22 to obtain remedial objectives for 
inorganics, other proposals will have to be reviewed by the Division on a site specific basis. 

References 

Anderson, Michael R., Oregon Department of Environmental Quality, Development of Generic Soil 
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U.S. Environmental Protection Agency, Soil Screening Guidance User’s Guide, Office of Solid Waste and 
Emergency Response, EPA/540/R-96/018, April, 1996. 
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ATTACHMENT 2 

DIRECT EXPOSURE RISK ASSESSMENT METHODOLOGY 

Human Health Tier I1 Look Up Table 

Note: The Tier I1 look up table is not applicable if the following exposure pathways are affected by soil 
contamination 

1. ingestion of surfwe water 
2. ingestion of groundwater 
3. ingestion of sediments 
4. ingestion via the food chain 
5. sensitive environments or other ecological concerns 

If any of the above pertain to a given site, another tier must be considered to attain remediation objectives. 

This look up table should only be used if all of the following exposure pathways are complete: 

1. direct ingestion of soil 
2. inhalation of either particulates or volatile organic compounds f?om subsoil or 

groundwater 
3. dermal contact with soil 

If these pathways are not complete at a given site, this look up table will provide an overly conservative 
soil clean-up value. Therefore, when all three pathways are not complete, this look up table may not be 
appropriate and should not be referenced If the site is covered at least partially bycement, blacktop, or 
vegetation, this table may also not be appropriate. 

Below is a description of physical constants and values used, exposure factors used, and equations used 
for risk based concentrations (RBCs) protective of human health. Colorado-specific numbers that differ 
from standard EPA default values are italicized Physical constants and chemical properties were found 
in the Soil Screeninp Guidance : User’s Guide (EPA/540/R-96/018) unless otherwise noted 

The RBCs are compared with the groundwater modeling values of the same constituent. The most 
conservative value is considered the Soil Remediation Objective (SRO). 
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Phvsical Constants 

Chemical Name 
CAS No. 
Henry’s Law constant (unitless) - chemical specific 
Henry’s Law constant (atm m3/mole) - chemical specific 
Molecular weight @mole) - chemical specific 
Volatile or Particulate - determined by the following guideline: if Henry’s Law 
&/mole and the molecular weight < 200 g/moley the contaminant is considered 

Koc (L/kg) - chemical specific soil organic ca&on - water partition coefficient 
Diffusivity in air (cd/sec @ 25- C) - chemical specific 
Diffusivity in water (cd/sec @ 25- C) - chemical specific 
Da (cm2/s) - apparent difhsivity needed to calculate volatilization factor 

c 

atm 

%o1atile7’ 

where: 
a (Laifisoil) - air filled soil porosity (n-• ,) 

n  soil) - total soil porosity (1-0 d ,) 
&.JLmiJ - water filled porosity (default 0.15) 

0 , (g/cn?) - soil particle density (default 2.65) 
Di (&/sec) - diffusivity in air 
H’ (unitless) - Henry’s Law constant 
Dw (cn?/sec) - diffusivity in water 
Kd (cm3/g) - soil-water partition coefficient = (Koc)(foc) 
Koc (cm3/g) - soil organic carbon partition coefficient 
foc - fiaction organic carbon in soil (default 0.006 g/g) 

All dehult values were those used in the EPA Soil Screening Guidance document (1996). 

VF (d/kg) - a volatilization factor which defines the relationship between the concentration of the 
contaminant in soil and the flux of the volatilized contaminant to air (Soil Screeninp Gu idance: User’s Gu’ 
EPA/540/R-96/018). This is a chemical-specific factor calculated only for those chemicals whichmeet the 
definition of a VOC (i.e., molecular weight < 200 g/mole and Henry’s Law constant > l O‘5 atm m3/mole). 

VF = O/C X (3.14 X Da X n1 /2  X [n?/cd) 
(2XDaX.b) 
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where: 
Q/C (g/m2-s per kghd) - inverse of the mean concentration at the center of a .5 acre square 
Colorado default is 75.59 gLm2-sper kg/m3. This value differs fiom national EPA default 
Da (cd/sec) - apparent difiivity 
T (sec) - exposure intewal (default 9.5 X 10’) 
b (g/cn+) - dry soil bulk density (default 1.5) 

source. 
values. 

PEF(m3kg) - a particulate emission factor which relates the concentration of contaminant in soil to the 
concentration of dust particles in air. It represents an annual average emission rate based on wind erosion 
that should be compared with chronic health criteria. The Denver default is 1.10 X IO9 m3kg which 
differs from the national EPA default and is based on the PEF calculation (equation 5) in the EPA Soil 
Screening Guidance: User’s Guide, (EPA/540/R-96/018) using Denver-specific Q/C in Exhibit 1 1 of that 
document (Colorado-specific Q/C = 75.59). 

Toxicity Factors 

SFo (RisWmg/ kg day) - chemical specific cancer slope factors (oral) 
SFi (Risk /mg/ kg day) - chemical specific cancer slope factors (inhalation) 
oral IUD (mg/kg day) - chemical specific oral reference dose 
oral dermal absorption factor (unitless) - chemical specific lower and upper bounds 
adj oral ROD for dermal (mgkg day) - dermal reference dose calculated from the oral reference 

dose 
adj oral RfD for dermal = (oral RfD) X (upper bound oral-dermal absorption factor) 

adj oral SFd = (SFo) X (upper bound oral-dermal absorption factor) 
adj oral SFd (RisWmg/kg day) - dermal cancer slope factor calculated fiom the oral cancer 

inh. RfC (mghd) - inhalation reference concentration - chemical specific 
adjusted inh. Rfc (mgkg day) - converts inhalation RE, which is expressed as an air concentration 
(mghd) in EPA’s IRIS, into a dose 

&I- 

(inh E) X (Inhalation Rateadult) / (Body Weightdul,) 

Note: No route to route extrapolation was done if oral but not inhalation toxicity values for specific 
chemicals were available. 

General Equations for Calculating Cumulative Risk Based Concentrations (RBC cum) 

Noncarcinogenic 

assumes complete pathways: soil ingestion, inhalation ofgarticulates, and dermal contact 
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THIx ATxBW 

IEF x ED x-x  c f x  INR)*(Ef XED x L x  c f x  ABSx SA xADF)*(EF x E D x  - x  I R x  - x  ET) 
?BCcum] 

1 1 1 
RfDo RfDd RfDi PEF 

assumes complete pathways: soil ingestion, inhalation of volatileq, and dermal contact 

THIxATxBW ?BCcuml 
1 1 1 1 

RfDo RfDd RfDi VF 
EF X E D  x-x cf x INR)*(€f  x ED x-x  c f x  ABS x SA x ADF)*(EF x ED x - x  IR x - x  ET 

Carcinogenic 

assumes complete pathways: soil ingestion, inhalation of particulates, and dermal contact 

TRx ATx BW 

EF XED x SFox c f x  INR). ( E F x  ED x SFd x c f x  ABS x SA x ADF)* (EF x ED x SFi x IR x - x  ET 1 
PEF 

4BCcumI - 

assumes complete pathways: soil ingestion, inhalation of volatiles, and dermal contact 

TR x AT x BW 

EF x ED x SFo x cf x INR)*(EF x ED x SFdx cf x ABS x SA x ADF)*(EF x ED x SFi x IR x L x  ET)) E VF 

[RBCcum] 

where: 
THI 
TR = target risk (unitless) 
AT = averaging time (days) 
BW = body weight (lalograms) 
EF = exposure frequency (days/year) 

= target hazard index (unitless) 
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ED 
RfDo 
RfDd 
RfDi 
cf 
INR 
ABS 
SA 
ADF 
IR 
PEF 
ET 
VF 
SFo 
SFi 
SFd 

= exposure duration (years) 
= oral reference dose (mgkg-day) 
= calculated dermal reference dose (mgkg-day) 
= inhalation reference dose (mgkg-day) 
= conversion factor (1 0-6 Wmg) 
= ingestion rate (mgday) 
= absorption factor (unitless) 
= surface area ( c d )  
= soil to skin adherence factor (mg/crd-day) 
= inhalation rate (dh) 
= particdate emission factor (d/kg) 
= exposure time (hourdday) 
= volatilization factor ( d k g )  
= oral cancer slope factor (risWmgkg-day) 
= inhalation cancer slope factor (risWmg/kg-day) 
= calculated dermal cancer slope factor 
(riSk/mg/kg-day) 

Residential Calculations: chlldren have a special sensitivity to environmental hazards: pound for pound, 
they ingest more food, water, and air than adults, giving them a proportionately greater dose of 
contaminants. They have a higher absolute exposure as a result of their behavior (playing on hands and 
knees, sucking on hand or thumb, etc.). They also pass through numerous critical periods of growth , 
during which they are especially vulnerable. Consequently, the noncarcinogenic equations were calculated 
by assuming a conservative child exposure scenario. Exposure factors for body weight (BW), exposure 
duration (ED), and contact rates that reflect child exposure were used to result in a more protective risk 
based RBC compared to an adult-only assumption The child exposure scenario should be used for most 
noncminogens with the exception of those that can produce long-term toxicity such as cadmium. 
Chemicals which can produce long-term toxicity should be assessed using age-average exposure factors. 

It should also be noted that cadmium was not calculated in the same fashion as other contaminants. The 
oral RfD for cadmium was derived from an absorbed dose. Therefore, no gastrointestinal absorption factor 
was used in the risk calculations. In the residential scenario, the cadmium calculation also reflects its known 
cumulative toxicity (age averaging was applied) and its rate of uptake in plants. 

The residential carcinogenic equations were age averaged to assume possible lifetime exposure from a given 
area. This is done because of the long latency which some chemicals have in producing cancer. When 
assessing the age averaged cumulative carcinogenic RBCs for the residential scenarios, exposure time (ET), 
body weight (BW), and exposure duration (ED) are dropped from the equations as the age averaged 
exposure factors (ingestion, inhalation, and surface area) have already been accounted for in these 
variables: 
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Age Averaged Ingestion Factor 

24 years)(l00 mg soil ingested). (6 years)(200 mg soil ingested) . *mg*yea[ 
(70 kg)  (15 kg) kg. day INRagew J 

Age Avemo -ed Inhalation Factor 

(24 years)(20 m 3/day air inhaled). (6 years)(lO m 3/day air inhaled) . o.85 ,m 3* year, 
(70 kg )  (15 kg) kg.  day l'egesv 

Age Averaoed Surface Area Fac tor (resul . ting from outdo0 r exnosure) - 

24 years)(7100 cm body area). (6 years)(4600 cm body area) . 4274 ,cm 2* yea( 

(70 kg) (15 kg) kg 
SAageav '( 

* Surface Areas are based on indoor exposures. The assumption was made that indoor dust is equal to 
outdoor dust. Child dermal exposure includes head, hands, arms, legs, and feet. Dermal exposure for 
adults was assumed to include head, hands, arms, and legs (EPA Exposure Factors Handbook, 1989). 

Industrial Calculations: Only adult exposure parameters were used for the industrial scenario. The 
dermalexposure factor includes head, hands and arms (EPA Exposure Factors Handbook, 1989). These 
values are meant for light industrial work only. If heavy physical labor is performed under dusty conditions, 
the RBCs are not appropriate. Rather, a site specific risk assessment should be performed 

Commercial Calculations: Adult exposure parameters were used for the commercial scenario. Age 
averaging methods were not utilized The dermal surface area used for this scenario includes head, hands, 
and arms (EPA Exposure Factors Handbook, 1989). 
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Recommended Maximum Exposure (RME) Factors Used in the Tier I1 Look Up Table 

ammeters F== 

n estion r 

*bo1 Residential Industrial Commercial units Source 

I I I I loSWER1991, I 

OSWER 1991, 

OSWER 1991, 
BWc 15 kg 1993 

EDa 24 25 25 y 1993 
OSWER 1991, 

OSWER 1991, 
EDC 6 Y 1993 

EDagav 30 Y 1993 

EF 350 250 250 d y  1993 
OSWER 1991, 

o m  1991, 

o m  1991, 

o m  1991, 
4Tnc 10950 9125 9125 d 1993 

4Tcar 25550 25550 25550 d 1993 
;f 0.000001 0.000001 0.000001 kg'mg 

1 .OOe-O6 1 .OOeO6 1 .OOe-O6 

 lo^ loo 

o m  1991, 
1993; Exposure 
Factors Handbook 

o m  1991, 
1993; Exposure 
Factors Handbook 

100 100 50 mg/d 1989 

o m  1991, 
1993; Exposure 
Factors Handbook 

o m  1991, 
1993; Exposure 
Factors Handbook 

50 mg/d 1989 

o m  1991, 
1993; Exposure 
Factors Handbook 
1989 
o m  1991, 
1993; Exposure 
Factors Handbook 

N'Rc 200 mg/d 1989 

[NRageav 114.3 mg Y k  d- RAGS 1989 

Exposure Factors 
[Ra 20 &Id Handbook 1989 

Exposure Factors 
Handbook 1989, 

1 3  [Ra 0.83 1.3 dh 1996 
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Source 
Exposure Factors 
Xancibook 1989 

TO-specific 
Jalue 

~~ 

5 P H E  RCRA 
'olicy 1993 
F A  Dermal 
hidance 1992 
T A  Dermal 
;Uidance 1992 
F A  Dermal 
hidance 1992 
F A  Dermal 
3uidance 1992 
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MCL-Equivalent Methodology 

In order to evaluate soil contamination values that are protective of groundwater, a starting point in the 
mode@ effort was needed to determine the acceptabldmaximum concentration of a contaminant in 
groundwater. Health based drinking water standards were used as an allowable concentration of 
contaminant in the model. The model used the Department’s Water Quality Control Division groundwater 
standards or the maximum contaminant levels (MCLs) promulgated by the EPA. Two chemicals (Phenol 
and Naphthalene) have no reported MCLs. Therefore, a MCL - equivalent had to be calculated using 
EPA general methodology for drinking water equivalent levels. The general equations include: 

RfD (mglkg. day) x 70 kg 
2 literslday 

DWEL (mgll) 

A 20% drinking water contribution (%DWC) was then applied to the DWEL to calculate a MCLG- 
equivalent: 

MCLG (mgll) DWEL x %DWC 

Chemical Specific MCL-Equivalents 

Phenol 

0.6 (mglkpday) x 70 ks, 
2 literslday 

DWEL (mgll) , 

DWEL 21.0 mgll 

MCLG (mgll) 21.0 (mgll) x 0.2 

MCLG 4.2 (mgll) 
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Naphthalene 

0.04 (mglkg. day) x 70 kg 
2 lifers/day 

DWEL (mglf) 

DWEL 1.4 mgll 

MCLG (mgll) 1.4 (mgll) x 0.2 

MCLG 0.28 (mgll) 

10 



References Cited for SROs 

Agency for Toxic Substances and Disease registry. 1989. Toxicology Profile for AldrinlDieldrin TP- 
88/01. U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease registry. 1993. Toxicology Profile for Arsenic. TP-92/02. U.S. 
Department of Health and Human Services. 

Agency for Toxic Substances and Disease registry. 1993. Toxicology Profile for Benzene. TP-92/03. U.S. 
Department of Health and Human Services. 

Agency for Toxic Substances and Disease registry. 1993. Toxicology Profile for Cadmium. TP-92/06. 
U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease Registry. 1993. Toxicology Profile for Chromium (Update). TP- 
92/08. U.S. Department of Health and Human Services. 

Agencyfor Toxic Substances and Disease Registry. 1990. Toxicology Profile for Copper. TP-90-08. US. 
Department of Health and Human SeIvices. 

Agency for Toxic Substances and Disease Registry. 1994. Toxicology Profile for 4,4'-DDT, 
4,4'-DDE, 4,4'-DDD. TP-93/05. U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease Registry. 1994. Toxicology Profile for Mercury (Update). TP- 
93/10. U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease Registry. 1995. Toxicology Profile for Naphthalene (Update). 
U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease Registry. 1994. Toxicology Profile for Pentachlorophenol 
(Update). TP-93/13. U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease Registry. 1995. Toxicology Profile for Polychlorinated Biphenyls 
(Draft Update). U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease Registry. 1995. Toxicology Profile for Tetrachloroethylene 
(Draft Update). U.S. Department of Health and Human Services. 

2 Agency for Toxic Substances and Disease Registry. 1994. Toxicology Profile for Toluene (Update). TP- 
93/14. U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease Registry. 1995. Toxicology Profile for Trichloroethylene @raft 
Update). US. Department of Health and Human Services. 

11 



Agency for Toxic Substances and Disease Registry. 1995. Toxicology Profile for Vinyl 
Chloride (Update). Dtaft for Public Comment. U.S. Department of Health and Human Services. 

Agency for Toxic Substances and Disease Registry. 1995. Toxicology Profile for Xylenes (Update). U.S. 
Department of Health and Human Services. 

Colorado Department of Public Health and Environment. 1993. Interim Final Policy and Guidance on Risk 
Assessments fro Corrective Action at RCRA Facilities. 

Handbook of Chemistry and Physics. Sixtieth edition 1980. CRC Press, Inc. 

IRIS. Integrative Risk Information System. 1997. United States Environmental Protection Agency. 

Lyman, Warren J., W.F. Reehl, and D.H. Rosenblatt. 1982. Handbook of Chemical Property Estimation 
Methods: Environmental Behavior of Organic Compounds. McGmw-Hill, Inc., New York 

Merck Index. Ninth Edition. 1976. Merck & Co., Inc. 

United States Environmental Protection Agency. 1992. Dermal Exposure Assessment: Principles and 
Applications. EPA/600/8-91/011 B. Office of Health and Environmental Assessment. Washington, D.C. 

United States Environmental Protection Agency. 1989. Exposure Factors Handbook. EPA/600/8-89- 
043. Office of Health and Environmental Assessment. Washington, D.C. 

United States Environmental Protection Agency. 1996. Exposure Factors Handbook. EPA/600/P- 
95/002Ba. Science Advisory Board Review Draft. Office of Research and Development. Washington, 
D.C. 

United States Environmental Protection Agency. Health Effmts Assessment Summary Tables. 1995. 
EPA/540/R-95/036. Office of Solid Waste and Emergency Response. 

United States Environmental Protection Agency. Reference Values for Risk Assessment. ECAO-CIN-477. 
Cincinnati. Environment & Criteria Assessment Office. 

United States Environmental Protection Agency. 1989. Risk Assessment Guidance for Superfund, Volume 
I, Human Health Evaluation Manual @art A). Office of Emergency and Remedial Response, Washington, 
DC. 

United States Environmental Protection Agency. 1996. Risk-Based Concentration Table, January-June 
1996. Office of RCRA, Philadelphia, PA. 

12 



United States Environmental Protection Agency. 1994. Soil Screening Guidance. EPA/540/R-94/101. 
Office of Solid Waste and Emergency Response, Washington, D.C. 

United States Environmental Protection Agency. 1996. Soil Screening Guidance. EPA/540iR-96/018. 
Office of Emergency and Remedial Response, Washington, D.C. 

United States Environmental Protection Agency. 1996. Soil Screening Guidance: Technical Background 
Document EPA/540/R-95/128. Office of Emergency and Remedial Response, Washington, D.C. 
Appendix B. 

United States Environmental Protection Agency. 1989. Superfhd Exposure Assessment Manual. 
EPA/540/1-88/001. Office of Remedial Response, Washington, DC. 

World Health Organization. 1990. Methyl Isobutyl Ketone. Environmental Health Criteria 117. 
International Programme on Chemical Safety 79 pp. 

World Health Organization. 1993. Polychlorinated Biphenyls and Terphenyls. Second Edition. 
Environmental Health Criteria 140. International Programme on Chemical Safety. 682 pp. 

NOTE: Insert the following three files here: 

residpdf 
corndraftpdf 
newinduspdf 
indus.pdf 

13 



ATTACHMENT 3 

DERIVATION OF TIER I1 TABLE VALUES FOR LEAD 

General Methodology for Residential Scenario - Exposure to Young Children from Lead in Soil 

For the residential scenario, the table value for lead is based on current EPA guidance entitled 
"Revised Interim Soil Lead Guidance for CERCLA and RCRA Corrective Action Facilities", OSWER 
Directive 9355.4-12/5~194. This guidance document recommends an action level of 400 ug/g in the 
absence of site-specific data or information. The default value (400 ppm) is derived based on default 
exposure and biokinetic values and predicted blood lead levels in young children. The approach used is 
designed to protect the most sensitive or potentially susceptiile individual (a young child 0-7 years of age) 
who may be exposed to lead in soil on a frequent or daily basis for several months to several years. 

General Methodology for Commercial/IndustriaI Scenario - Adult Exposure to Lead in Soil 

Derivation of the table values for lead for the commercial and industrial settings (2920 ug/g and 
1460 ug/g, respectively) is based on the methodology described in a document entitled "Recommendations 
ofthe Technical Review Workgroup for Lead for an Interim Approach to Assessing Risks Associated with 
Adult Exposures to Lead in Soil", published by the US. EPA Technical Review Workgroup for Lead, 
December 1996 @PA 1996). The methodology described in this guidance document was specifically 
designed to assess lead risk to adults in nonresidential settings, such as where the place of employment is 
situated on lead contaminated soils. 

The approach used assumes women of child-bearing age who may work at a facility are potentially 
the most susceptible adult in the workplace. The table values listed for the commercial and industrial 
settings are designed to prevent an unacceptable level of blood lead in the mother and fetus. The rationale 
for the algorithms and default parameter values selected for use in this adult lead model is provided in the 
Appendix to the above referenced report (EPA 1996). Table 1 from the EPA guidance document, a 
summary list of the default parameter values, is provided as an attachment. 

The basic risk algorithm used to calculate the soil lead table values is as follows: 

mc = (PbBadult,central,goal - PbBadult,o) AT 
~~~ ~ 

(BKSF x 1% - x AF, x EF,) 
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where: 

RBC 

AT 

BKSF 

Commercial Calculations 

Risk-based concentration or target soil lead concentration 
( d g )  (appropriate average concentration for individual) 

Goal for central estimate of blood lead concentration (ug/dL) in 
adults (i.e., women of child-bearing age) that have site 
exposures. The goal is intended to ensure that PbBfetal,o.95,god 
does not exceed 10 ug/dL. 

Typical blood lead concentration (ug/dL) in adult women of 
child-bearing age, in the absence of exposures to the site that is 
being assessed 

Averaging time; the total period during which soil contact may 
occur (365 days per year for continuing long term exposures). 

Biokinetic slope factor relating (quasi-steady state) increase in 
typical adult blood lead concentration to average daily lead 
uptake (ug/dL blood lead increase per ug/day lead uptake). 

Intake rate of soil, including both outdoor soil and indoor soil- 
derived dust (g/day). 

Absolute gastrointestinal absorption fraction for ingested lead in 
soil and lead in dust derived fiom soil (dimensionless). 

Exposure fiequency for contact with assessed soils and/or dust 
derived in part fiom these soils (days of exposure during the 
averaging period). 

A risk-based value for lead in soil was derived for the commercial setting using the default model 
input values listed in Table 1. It was assumed that a GSD of 1.8 (more homogeneous population),and a 
background adult blood lead level of 1.7 ug/dL was appropriate for worker exposure at most Colorado 
sites. It was also assumed that a worker may ingest up to half of the total daily ingestion rate for soil and 
dust at the workplace. I 
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Therefore, 

[(lo x 1.8-'.645) - 1.71 x 365 

0.4 x 0.025 x 0.12 x 219 

- RBCcornrn - 
= 2920ug/g 

Industrial Calculations: 

The risk-based value for lead in soil was derived for the industrial setting in an identical fashion 
to that used for the cornmenial setting, except that it was assumed that daily ingestion in this setting, on 
average, would be twice that of a commercial setting. Thus, 

RBCind - - [(lox 1.8-1.645) - 1.711 x 365 
= 1460ug/g 

0.4 x 0.050 x 0.12 x 219 
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Table 1. Summary of Default Parameter Values for the R i s k  Estimation Algorithm 

Parameter I unit 

r 

value I comment 
10 

1.8 
2.1 heterrogeneous population. 

0.9 

For estimating RBRGs based on risk to the developing fetus. 

Value of 1.8 is recommended for a homogeneous population while 2.1 is recommended for a more 

Based on Goyer (1990) and Graziano et al. (1990). 

1.7-2.2 Plausible range based on NHANES I11 phase 1 for Mexican American and non-Hispanic black, and 
white women of child bearing age (Brody et al. 1994). Point estimate should be selected based on 
site-specific demographics. 

0.4 Based on analysis of Pocock et al. (1983) and Sherlock et al. (1984) data. 

0.05 

21 9 

Predominantly occupational exposures to indoor soil-derived dust rahter than outdoor soil; 
(0.05 dday = 50 mdday). 

Based on U.S. EPA (1993) guidance for average time spent at work by both 111-time and part-time 
workers (see Appendix for recommendations on minimum exposure hquency and duration). 

0.12 Based on an absorption hctor for soluble lead of 0.20 and a relative bioavailablility of 0.6 
(soil/soluble). 
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ATTACHMENT 4 

GUIDELINES FOR DETERMINING BACKGROUND CONCENTRATIONS 

The following guidance has been prepared to assist an implementing party in determining representative 
site-specific background soil levels. It has been prepared especially for the implementation of the soil 
remediation objectives policy, but may also be appropriate for use in other Department cleanup programs. 
It is recommended that all background soil sampling plans be presented to and approved by the Division 
prior to their implementation. 

The number and locations of background samples at a site will depend upon site-specific characteristics. 
The Division prefers that 9 samples be collected at appropriate locations and depths to evaluate 
background concentrations. This is generally considered the minimum number of samples required to 
determine whether the data are normally or log normally distributed. If less than 9 samples are collected 
(a minimum of 5 samples will generally be required) the data must be analyzed using non-parametric 
methods as described below. More samples may be required where sites cover large areas with varying 
soil characteristics or where constituent concentrations vary significantly with depth. Professional 
judgement will be used to determine the number of samples required for background characterization on 
a site-by-site basis. 

Background concentrations ofnaturally-occurring constituents, such as metals, vary greatly depending upon 
the source of the soil matrix or depositional environment. Use of countrywide, statewide or regional 
background data for site specific background is therefore unacceptable. However, background data fiom 
other sites may be used provided that: 

(1) The data were collected and approved during the process of another investigation with oversight by the 
Division or EPA; 

(2) The data contain no outliers for contaminants of concern; and 

(3) The reference site is located within the same geologic region and the samples were collected fiom a unit 
with the same lithology and chcteristics as the sh t a  at the site under investigation. 

Background samples are taken to determine the level of a particular compound that is either 1) namlly 
occurring in the a r a  of a site or 2) is derived fiom off-site anthropogenic sources affecting a large region 
around the site (anthropogenic background, e.g. , polynuclear aromatic hydrocarbons as incomplete 
combustion products fiom the burning of fossil fuels). Background samples should not be collected fiom 
areas where other local anthropogenic sources may have contributed the same constituents as those 
encountered at the site in question. Sampling conducted during a site characterization or investigation 
should be capable of determining whether on-site activities may have contributed to background 
concentrations present at the site. The analytical methods used to evaluate the background samples must 
be chosen based upon the site 
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investigation results, the type of contamination at the site, and any knowledge of historical activities in the 
vicinity of the site that could have caused contamination. 

1. SAMPLE LOCATION OBJECTIVES 

Objectives for the selection ofbackground sample locations andcollection ofbackground soil samples are: 

(a) Samples must be taken up-wind andor topographically up-gradient from known or 
suspected contaminated area@). Generally, the background sample location will be at or beyond 
the site boundary. Historical files, aerial photographs, and tax records may help in determining 
locations that have not been af€ected by local anthropogenic activities, and; 

(b) Samples must be taken from geologic strata similar to that in which the samples fiom the 
contaminated area are taken. For example, if site characterization includes collection of soil sample 
at predefined depths (e.g., surface, 1, 3, 10, and 20 feet), then background samples are to be 
collected at the same depth intervals. At least one sample must be taken at each depth interval and 
strata medium (soil type), and; 

(c) 
site characterization or investigation. 

Samples shall be collected using the same soil sampling protocols as applied in the previous 

2. DATA ANALYSIS 

Two methods for evaluating background data are described below. The first method assumes that the data 
set is large enough that statistically valid analyses can be performed and that the data are either normally 
or log-normally distributed The second method is provided for sites where a smaller number of data are 
collected such that evaluations of normality are not valid This second method is intended to provide a 
conservative determination of the background level for small sites where collection of a large number of 
background samples may not be cost effective. Other statistical approaches to evaluating background data 
may also be used (e.g., U.S. EPA 1992). Where other methods are used, sufficient documentation must 
be provided demonstrating the validity of the approach for the site circumstances. 

Under both methods, data that indicate nondetectable levels of the constituent of concern should be 
treated in the evaluation as a value equal to % of the method detection limit. (Note that where more than 
15% of the sample analytical results indicate compounds were not detected, the statistical approaches 
described in this guidance will likely not be appropriate and other methods will need to be considered) 
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Method A -- This method may be used at sites where 9 or more background samples have been 
collected 

Naturally-occurring constituents, such as metals, are usually found in a log normal distriiution in soil. Some 
statistical methods to calculate the mean, standard deviation, and confidence intervals are valid only when 
the data are normally distributed To evaluate whether the data set for naturally occurring substances are 
normally distriiuted, an initial screening process should be performed using the following method: 

(a) Calculate the mean, standard deviation, and coefficient of variation (standard deviation 
divided by the mean). Generally, if the coefficient of variation is less than one (l), no data 
transformations are necessary -- the raw data can’ be used without transformation For naturally 
occurring constituents which have a coefficient of variation greater than one, the data must be 
transformed First, calculate the natural logarithm of each concentration (e.g., ln(x, ), ln(x2 )...ln(x 
,, )). Then use these log values to calculate the mean and standard deviation of the data set. If the 
data do not appear to be normally distributed even when logged values are used, Method B 
described below may be used to calculate background. The Division should be consulted under 
these circumstances 

(b) Calculate the upper 95% confidence limit of the transformed or raw data. The upper 95% 
confidence limit is equal to the mean plus the product of the “t” statistic and the standard deviation 
The ‘Y’ statistic is dependent on the number of samples and can be obtained fiom the Table below. 
For log transformed data sets, take the antilog of the result (e.g., e where x + 95% confidence 
limit of log transformed data). The upper 95% Confidence limit is the background cleanup level. 

Wide variations in the concentration ofhazardous constituents in the samples used to determine background 
concentrations are unacceptable. A valid statistical method contained in ASTM Standard E 178-80 
(Standard Practice for Dealing with Outlying Observations) can be used to identig data points that lie 
outside acceptable limits and thus would have a disproportionate effect on the determination ofbackground 
cleanup levels. If one (or more) of the background samples is determined to be an outlier utilizing the 
ASTh4 E 178-80 Method, the result may be rejected fiom the data set and background cleanup levels 
calculated using the remaining data. The Division may require that additional background samples be taken 
where outliers are identified if the background soil remediation objective is significantly above a soil 
remediation objective listedin Table 1 of the policy or background levels determined on other sites located 
in the general vicinity of the site. 
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“T” Statistic for 95% Confidence 

Number of Samples 

2 

‘YY Number of Samples ‘YY 

6.314 12 1.796 

I 3 I 2.920 I 13 I 1.782 

4 I 2.353 I 14 I 1.771 

5 I 2.132 I 15 I 1.761 

6 I 2.015 I 16 I 1.753 

7 I 1.943 I 17 I 1.746 

8 I 1.895 I 18 I l.740 

I 9 I 1.860 I 19 I 1.734 

I 10 I 1.833 I 20 I 1.729 

I 11 I 1.812 I infinite I 1.645 

Method B - This method should be used at sites where fewer than 9 background sample shave been 
collected 

This method involves evaluating the interquartile range (IQR) of the sample set and using this value to 
estimate the 95% confidence level. h e  IRQ is determined by arranging the data in numerical order from 
the lowest to highest sample value. The median of the data set is calculated Without considering the value 
of the data, the datum that lies halfway between the median and the highest datum is identified This value 
is the upper quartile. The datum that lies h a h a y  between the median and the lowest datum is the lower 
quartile. Where there are an even number of samples, the median and the upper and lower quartiles are 
determined by calculating an average. For example, if there are 8 samples , the median will be the average 
of the 4th and 5th data, the lower quartile will be the average of the 2nd and 3rd data, and the upper 
quartile will be the average of the 6th and 7th data. The IQR is then calculated as the difference between 
the upper quartile and the lower quartile. 

The background value at a 95% confidence level is estimated as the median of the data plus 2 times the 
IQR. While outlying data should not be excluded from the determination of the IQR, it should not be used 
to define the background level as provided in 3@) below. Outliers are defined by data that lies outside the 
intewal defined by the median plus 3 times the IQR. 
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3. COMPARISON TO SITE DATA 

Two methods that may be used to compare the results of the contaminated zone sampling and analysis to 
that of an acceptable background are: 

(a) Compare each hazardous constituent in a contaminated area sample to the background cleanup 
level as determined by statistical analysis. If it is below that level, then the background cleanup level for 
that constituent has been achieved. 

(b) Compare each hazardous constituent in a contaminated area sample with the maximum 
concentration in the background samples (assuming it is a an outlier). If it is equal to or less than the 
maximum background concentration, then the background soil remediation objective for that constituent 
has been achieved 

Additional guidance on comparing background data to the contaminated zone sample results can be found 
in the reference documents cited below. 

Once the background concentration from a specific hazardous constituent is achieved, no mer analyses 
for that constituent is needed If the background concentration for a constituent is not achieved, cleanup 
and testing must continue for that constituent in order to meet the Tier 1 objectives. The Division may 
consider the acceptability of constituents concentrations which are only slightly above background levels 
on a case-by-case basis. 

References: 

EPA, 1986, Permit Guidance Manual on Unsaturated Zone Monitoring for  Hazardous Waste 
Land Treatment Units, EPAf53QlSWI86lQ40. 

EPA, 1988, Statistical Analysis of Ground- Water Monitoring Data at RCRA Facilities, Interim 
Guidance, Office of Solid Waste, Permits and State Programs. 

EPA, 1992, Statistical Analysis of Ground- Water Monitoring Data at RCRA Facilities, 
Addendum to Interim Final Guidance, Office of Solid Waste, Permits and State Programs. 
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ATTACHMENT 5 

ALTERNATE MODEL APPROVAL 

Under Tier 4 of the policy, the implementing party has the option of using other means of calculating soil 
remediation objectives that are protective of groundwater quality, including the use of computer models 
other than SESOIL and AT123D. Similar to what is required under Tiers 2 and 3, any soil remediation 
objectives developed using site-specific fate and transport models must be low enough so that any 
contaminants that may leach from the soil and enter the groundwater will not result in groundwater 
concentrations exceeding the State of Colorado groundwater standards, EPA's maximum contaminant 
levels, or a health-based drinking water standard. 

After a decision has been made to use an alternate model, the implementing party should select the 
model to be used and determine what values will be used for each of the input parameters. This 
information should then be submitted to the Division with a request that the model be reviewed and 
approved for use of at their site. At a minimum, the request should include (1) an explanation of why 
the chosen model is appropriate for the site, (2) a list of the input parameters that you propose to use in 
the model, and (3) a summary of sensitivity tests which show how the model responds to changes in 
input. Each of these required elements is discussed in greater detail below. 

(1) Explanation for Choice of Model: 

Describe why you think that this model is appropriate for your site and submit supporting 
documentation The documentation must be sufficiently detailed and include relevant technical 
information about the model, such as: 

the model name, version number and date, 
the names of the author(s) and company, 
the intended use of the model as described by the author/company, 
the governing mathematical equations and boundary conditions, 
the assumptions used in the development of the model, and 
comparisons of the proposed model to other established models. 

If available, an example of a field application of the model should also be included Appropriate 
documentation will normally consist of one or more articles published in scientific journals. The Division 
will not consider commercially produced litmature (i.e. company advertisements for the software) to be 
sufficient supporting documentation, although this may be submitted along with other information. 
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(2) List of Input Parameters: 

A table should be supplied which lists all of the input parameters that the model is capable of using 
along with the value of each parameter that you are proposing to use for the site. Note that the 
parameters will tend to fall into one of the following three categories. You must clearly identi% which of 
your parameters fall into these categories. 

a) 
for which locally published data are available. Examples are hydraulic gradient, depth to 
groundwater and annual precipitation. For each datum, briefly state how the value was 
measured or determined and provide an estimate of its variability. For example, you may 
intend to use 25 feet as the depth to groundwater, but you have information showing that it 
varies from 25 to 35 feet at your site. 

Site-specific data - These include parameters that were actually measured in the field or 

b) 
your site and it may be appropriate to estimate them fiom data published in scientific text or 
journals. Examples of this include aquifer dlspersivities. Each estimated parameter should 
include the reference where the value was found along with your rationale for selecting it and 
explanation of why you think that your estimate is conservative for your site. 

Established parameters - some model parameters may not be practical to measure at 

(c) 
partition coefficients. Please include the reference where the proposed value can be found 

published physical and chemical data - This group includes compound solubilities and 

If appropriate, you should also include a discussion of any simphfjmg assumptions that will be used 
when the model is applied and explain why the simplifjmg assumption is also a conservative 
assumption For example, the materials at the site may be stratified such that three different permeable 
zones are located in the volume being modeled However, you may decide to model the site using a 
single permeability. If so, you should explain why this is conservative, i.e, why this will result in 
predicted concentrations more protective of groundwater than if the three different layers were used in 
the model. 

For you reference, selected input parameters used in the SESOIL and AT123D models for 
development of the concentrations in the Tier 1 soil remediation objectives Table 1 are listed below. 

More information can be found in Attachment 1, the technical background document for the 
development of the soil objectives protective of groundwater. 
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SESOIL and AT123D Model Inwt Parameters 

Permeability 
Bulk Density 
Porosity 
Soil Organic Carbon 
Hydraulic conductivity 
Hydradc Gradient 
Longitudinal Dispersivity 
Transverse Dispersivity 
Vertical Wersivity 
Annual Precipitation 
Volatilization 
Henry's Constant 
K w  
Solubility 
Size of Contaminated zone 

Depth to Groundwater 
From surface 
From bottom of contam. zone 
Distance to nearest well 

4 10-9 c d  
1.58 g / cd  
0.25 
0.1% 

0.008 
12 m 
2 m  
2 m  
Denver data (15.3 idyr, varies by month) 
Vol. Fraction = 0.2 
Compound Specific 
Compound Specific 
Compound Specific 
Width = 10 meters 
Length = 10 meters 
Thickness = 1 meter 

3.6 10-3 cm/sec 

3 meters 

10 meters 
1 meter 

(3) Sensitivity analysis: 

Inf'ormation must be provided which demonstrates how the model results change with variations in the 
value of the input parameters. If such information is not included in the supporting literature, you must 
perform your own sensitivity tests on the model and submit the results to the Department. Such tests 
can help determine the potential for errors that may be caused by input data that are not representative 
of the actual site conditions. While conducting sensitivity tests during SESOIUAT123D modeling, for 
example, the Division found that the permeability and the soil organic carbon were the two most 
sensitive parameters. In other words, slight changes in these parameters caused relatively large changes 
in the resulting groundwater concentrations. For this reason, the Division used fairly conservative input 
values for these parameten when generating the numbers in Table 1. 

I 

If, after reviewing the submitted infomtion, the Division still has questions about the use of the model, 
the implementing party must be able to make a working version of the proposed model available to the 
Division for further evaluation and testing. The Division reserves the right to request actual field or 
laboratory data from the site to veri@ any input parameters that may be suspect due to site-specific 
concerns or results of sensitivity tests. 
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MODEL APPLICATION 

,After obtaining Division approval, you can proceed with the application of the model. Since models 
generate a simulated contaminant plume, and concentrations in that plume will vary depending on 
location as well as time, it is important to define a specific location at which groundwater contaminant 
levels must be modeled. For purposes of this policy, that location is to be 10 meters fiom the 
downgradient edge of the contaminated zone, in the center of the plume at the surface of the aquifer, 
unless an alternate location is approved by the Division. A sufficient time period must be modeled to 
show what the -urn concentration of each contaminant will be in this location In order for the 
Division to consider your proposed alternative soil remediation objectives, the model-generated 
maximum groundwater contaminant concentrations resulting fiom the proposed soil objectives may not 
exceed the State of Colorado groundwater standards, EPA's maximum contaminant levels, or a health- 
based drinking water standard. 

Modeling results should be present to the Division in a report. This report should include the proposed 
soil remediation objectives, all models input parameters, the predicted maximum groundwater 
concentrations and the groundwater protection standard for each site contaminant. In addition, site- 
specific sensitivity test results should be included for each parameter determined to be sensitive, using a 
range of input values considered to be reasonable for the site. 
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