RISK BASED EVALUATION OF PETROLEUM RELEASES     4.0

4.1

OVERVIEW OF THE NMRBDM PROCESS
The New Mexico Environment Department (NMED) has determined that a risk-based decision making (RBDM) program is appropriate for managing petroleum releases at underground storage tank (UST) sites.  This move towards a risk-based program is consistent with the nationwide trend that started during the development and subsequent publication, in 1995, of ASTM’s standard entitled Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites.  It is also consistent with the NMED’s overall objective of protecting public health, safety and welfare, and the environment and the natural resources of the state for present and future use.  This section presents an overview of the New Mexico RBDM (NMRBDM) process.  The process was developed and is administered by the department’s Underground Storage Tank Bureau (the bureau).

Conceptually, the risk-based approach presented in this chapter could apply to all contaminated sites. Currently in New Mexico, its application is limited to sites contaminated with petroleum products released from UST systems, under the jurisdiction of the bureau.  For other contaminants or petroleum releases from other sources, please consult with the appropriate department representative before applying the NMRBDM approach to manage sites.

The NMRBDM framework was developed within the existing statutes and regulations of the New Mexico Water Quality Control Commission (WQCC).

The risk-based approach outlined in this guidance does not supercede the WQCC standards.  It is the bureau's intent that at all LUST sites, the WQCC groundwater quality standards be met at the time of receiving a no further action (NFA) letter or in the future.  This is true for all sites, even those sites where alternative, site-specific abatement standards are approved by the WQCC.  Thus, NMRBDM is compatible with the department’s ultimate goal to ensure that all the groundwaters of the state meet the state standards. 

Figure 4-1 shows a flow chart of the NMRBDM process.  The process starts when a release is confirmed at a site and ends when the bureau approves NFA status at the site.  Thus, the NMRBDM process includes all activities that have to be conducted at the site until the bureau determines that the contamination does not pose an unacceptable present or future risk to the public health, safety and welfare, or the environment.  The specific activities are briefly discussed below.

Within 72 hours of the confirmation of a contaminant release, the owner or operator must undertake initial abatement activities (20 NMAC 5.12.1204).  The primary objective of these activities is to identify and abate any immediate threats to private and public water supply, explosive conditions, adverse effects to utilities, or exposure to humans.  The results of this initial effort have to be reported to the bureau and future activities identified.  Information about these activities is provided in a 14 day report (20 NMAC 5.12.1205).

The next step within the NMRBDM process is the site assessment or investigation which is divided into a preliminary investigation (20 NMAC 5.12.1209) and a secondary investigation (20 NMAC 5.12.1211).  The overall objective of the investigation is to collect sufficient quality and quantity of data, including site stratigraphy, extent of soil and groundwater contamination, concentrations of contaminants, current and future land use and resource use, to (i) develop a comprehensive site conceptual exposure scenario (SCES), (ii) perform a tier 1 evaluation, and (iii) perform, if necessary, a tier 2 evaluation.  The details of the investigation may vary from site to site, and will require the approval of the bureau.  If contamination is contained within the property boundaries, it is possible that only a preliminary investigation will be needed.

Other objectives of the investigation are to identify actual and imminent affects and threats, as well as identify the presence of non-aqueous phase liquid, contaminant saturated soil and any significant nuisance conditions caused by the release.  The NMRBDM process does not apply to non-aqueous phase liquid and contaminant saturated soil identified during the investigation.  Both are regarded as significant potential sources of further contamination and must be removed to the extent practicable at every site.  These requirements are in 20 NMAC 5.12.1207 and 1208.

The regulations clearly lay out the requirements for initial abatement of immediate hazards.  For example, the presence of vapors in a subsurface structure including basements, buildings, sewers, and other utility conduits must be mitigated to the satisfaction of the bureau, and a safe water supply must be provided for users whose supply has been contaminated by the release. 

While the NMRBDM process allows calculation of target cleanup concentrations appropriate for a site, the process primarily addresses protection of human health due to chronic exposure.  These calculations do not take into account non-risk, nuisance conditions that may be identified during the investigation, such as excessive odor or staining of soils. The owner or operator may be required under 20 NMAC 5.12.1219 to mitigate significant nuisance conditions at a site.  The significance of the nuisance will be determined as part of the preliminary investigation conducted by the owner/operator and approved by the bureau.

A tier 1 evaluation compares pathway-specific, representative concentrations of contaminants of concern (COC)
 with WQCC and EIB standards and tier 1 risk based screening levels (RBSLs) calculated by the bureau and published in this chapter as Tables 4-15 through 4-21. The criteria underlying the determination of a target cleanup concentration, within the NMRBDM process, for any media are listed in 20 NMAC 5.12.1202. These criteria ensure that all receptors receive the same level of protection regardless of which tier is used to determine a target cleanup concentration. Depending on the results of the comparison (i.e. tier 1 evaluation), and with the bureau’s concurrence, the owner or operator may choose to (i) perform a tier 2 evaluation, (ii) perform corrective action to meet RBSLs and WQCC and EIB standards, or (iii) seek approval of NFA status.

For sites that move to tier 2 evaluation, additional site investigation may be necessary to fill any data gaps identified during tier 1 evaluation. Tier 2 evaluation requires the owner or operator to use more site-specific data to calculate tier 2 site specific target levels (SSTLs) for each COC found at the site and each pathway and route of exposure.  The representative site concentrations are compared with WQCC and EIB standards and SSTLs to determine the next course of action.  As in the case of tier 1 evaluation, three options are available: (i) perform a tier 3 evaluation, (ii) perform corrective action to meet WQCC and EIB standards and tier 2 SSTLs, or (iii) seek approval of NFA status.

The tier 3 evaluation is similar to the tier 2 evaluation in that it requires the owner or operator to develop SSTLs, the difference being that tier 3 allows greater flexibility in the choice of models and equations used to calculate the SSTLs.

The department can accept RBSLs or SSTLs as target cleanup levels only for soil and vapor contamination.  The target cleanup levels for groundwater are the WQCC standards or the maximum contaminant levels (MCLs).

Approval of NFA status at a site where the target concentrations calculated for groundwater are actually greater than the groundwater quality standards adopted by the WQCC would require approval by the WQCC of alternate abatement standards.  For sites where groundwater quality standards are not met throughout the aquifer, the owner or operator may petition the NMED and WQCC to grant alternative abatement standards (20 NMAC 5.12.1230).  The bureau will review the petition and may recommend consideration of proposed alternative standards to the secretary for public hearing if these site-specific alternative abatement standards provide an equivalent level of protection.  Such a petition may be proposed as a part of a tier 1, tier 2, or tier 3 evaluation. The bureau may recommend consideration of proposed alternative standards to the secretary only at sites where the available groundwater monitoring data indicates a plume decreasing in size and concentration due to the influence of natural attenuation and/or previously completed corrective actions.

It is important to note that as a site moves from lower to higher tiers of evaluation, it typically results in the following:

· The amount, complexity, and cost of data collection and analysis increases;

· The cost of the data analysis increases with the need for additional evaluation to develop SSTLs;

· The cost of remedial action to achieve the higher SSTLs may be lower;

· The need for the extent of regulatory oversight and review will increase with higher tiers; and

· The need for conservativeness decreases with the use of more site-specific data at higher tiers because there is less uncertainty about the site conditions.

With all of these differences among the three tiers, there is one very significant similarity.  Each tier calculates target concentrations based on the same target risk to present and future human and environmental receptors.  Further, the total project cost must decrease if the site is managed under a higher tier.

4.2 CONTAMINANTS OF CONCERN

The regulations require that an owner or operator address a release of a regulated substance from an underground storage tank system.  20 NMAC Part 12 applies to the release of petroleum products, including but not limited to:

· Gasoline


· Diesel/Light Fuel Oils

· Product Jet Fuel

· Kerosene

· Heavy Fuel Oils

· Waste/Used Oil

Each of these products is composed of a large number of hydrocarbon compounds and additives whose physical and chemical properties and percent compositions in the product vary considerably.  Further, the environmental behavior of the product, including mobility, persistence, and inter-media transport, as well as the adverse environmental and human health effects depend on (i) the properties of each chemical in the product and (ii) each chemical's percent composition in the petroleum product.

While evaluating sites contaminated by these products, the bureau focuses on a limited set of contaminants for which there is toxicity data, state WQCC groundwater quality standards, or MCLs.  These are referred to as the contaminants of concern (COCs) in 20 NMAC 12 and this guidance document.
Table 4-1 contains the major types of petroleum products that are regulated by the bureau under 20 NMAC 5.12 and the corresponding COCs for each product.  This table should be used in the planning and implementation of site assessments and the NMRBDM evaluations.  Depending on the product released at a site, the soil and groundwater contaminated media should be (i) sampled for these COCs and (ii) target levels developed for each COC listed in Table 4-1.  For petroleum products not included in Table 4-1, or for chemicals that are not listed in Table 4-1, the owner or operator should contact a bureau representative to determine the COCs.

The recommended analytical methods for determining the concentrations of the COCs are also shown in Table 4-1.  These methods should be used unless specific authorization has been granted by the bureau to use an alternate analytical method.

4.3

DEVELOPMENT OF SITE CONCEPTUAL EXPOSURE SCENARIO

The first step in the NMRBDM process is the development of a SCES.  The SCES is a tabular summary of exposure information for the site.  A SCES identifies the relevant contaminant source, the contaminant release mechanisms, the media of concern, the pathways, and the receptors.  It presents a working hypothesis of the manner by which contaminants migrate from the source or the point of release to the points of exposure (POEs) where contact of the COCs may occur with the receptors.  If migration of the COCs from the source to the receptors is not possible, for example, due to engineering controls, or, if completion of the pathway is not possible under current or most likely future land use conditions, the COCs will not pose any risk.  Any pathways that are not considered complete will be considered not to pose any risk.  For risk to be present at a site, at least one pathway must be complete.

A SCES is a qualitative evaluation based on the information collected during the site assessment phase, which includes the 14 day report as well as the preliminary and secondary investigations.  Typically, SCESs for three different time periods will be developed for each site: (i) the current land use, (ii) short-term future land use, such as a period of construction, and (iii) long-term future land use.  Consideration of current and anticipated future land use ensures that the site-specific decisions will be protective of not only current but also future site use.  At sites where the current and future land use are likely to be the same, the current and future SCES would be identical.

A SCES may be presented in a graphical or a tabular format as shown in Figure 4-2 and Table 4-2 respectively.  For each complete pathway and route of exposure identified in the SCES, target levels have to be developed for each COC (see Section 4.2).  Key elements of the SCES include (i) land use, (ii) receptors, and (iii) pathways and routes of exposure.  Each of these elements is discussed in the following sections.

4.3.1 Land Use

Knowledge about the current and anticipated future land use is critical to identify (i) the type of activities occurring on or near the site and (ii) the type of human and ecological receptors.

A determination of current and anticipated future land use has to be made for an area currently or likely to be contaminated by site-specific COCs.  This determination may include on-site as well as off-site areas. 

· On-site: Includes the area within the legal boundaries of the property on which the source is located.  This includes the soil, groundwater, surface water, and air within those boundaries.  

· Off-site: Includes the area outside the legal boundaries of the property on which the source is located.  This includes the soil, groundwater, surface water, and air located off-site.  Within each area (on-site/off-site) there may be multiple land uses; for example, a plume may have migrated off-site below a residential and a commercial area.

Within the NMRBDM process, land use is categorized as either residential or commercial.  Of these, residential land use generally results in lower target levels and cleanup to residential standards will usually allow unrestricted land use.  Commercial land use includes industrial uses. Examples of residential and commercial land use are presented below.

· Residential:  Typically a location where someone is present for an average of more than 8 hours a day. Includes, but is not limited to, schools, dwellings, residences, parks, playgrounds, hospitals, childcare centers, nursing homes and any other sensitive human activity areas.  
· Commercial:  Typically a location where someone is on-site less than an average of 8 hours a day.  Includes, but is not limited to, gas stations, industrial operations, stores, businesses, and fleet operations, where employees work but do not reside on a continuing basis. Hotels, motels, and other transient activities are included in the commercial definition.

The two categories of land use, commercial or residential, within a 1,000-ft radius of the site should be clearly illustrated on maps submitted to the bureau with the NMRBDM MSA/14-day report.  This distance is recommended because a decade of data indicates that the length of benzene plumes from UST sites does not exceed 380 feet at 90 percent of sites.
Care should be taken to ensure that the maps represent the current land use and are not reproductions of outdated maps of the area.  A brief discussion of the current and potential future land use is presented below.

4.3.1.1 
Current Land Use

Current land use and activities for the contaminated area must be identified and evaluated to be protective of the existing receptors.  Current land use refers to land use as it exists today and can readily be determined by a site visit.  A site visit should identify homes, playgrounds, parks, businesses, industries, and other land uses at the site of the release and within a 1000-ft radius or a distance likely to be affected by off-site migration of the contaminants, whichever is larger.  Source water or wellhead protection areas are land use designations critical to maintaining safe community water supplies, and these should also be identified.  There should be no ambiguity about the current land use.

The owner or operator should contact local authorities or the NMED Drinking Water Bureau to verify if a site is within a designated source water or wellhead protection area. 

4.3.1.2
Most Likely Future Land Use

Knowledge about the most likely future use of the site and adjacent properties is necessary to identify potential future exposure points, exposure pathways, and exposure factors. 

Future land use determination should be based on available information.  As appropriate, zone atlas and maps, aerial photographs, state or local planning offices, the U.S. Bureau of the Census, topographic, land use, housing and other types of maps can provide information for determining land use.  References for the source of this information should be included in the report.

Future land use is uncertain and may be influenced by owner-imposed institutional controls.  Most likely future uses and activities may be identified using local zoning ordinances, knowledge of current land use and changing land use patterns, zoning decisions, community master plans, interviews with current property owners, and commercial appraisal reports of a site. Proximity to wetlands, critical habitat, and other environmentally sensitive areas are additional criteria important to determine future land uses.
4.3.2
Receptors (On-Site and Off-Site)
The objective of NMRBDM process is to make decisions protective of the current as well as the most likely future on-site and off-site receptors.  A typical NMRBDM evaluation should consider the human receptors, both children and adults, who live or work within at least 1,000 feet of the site.  Additional receptors beyond 1,000 feet should also be identified and their risk evaluated where contaminant plumes extend or are likely to extend beyond 1,000 feet of the site property boundary.

The human receptors considered in the NMRBDM evaluation are listed below:

	Residential - Child
	Commercial - Adult

	Residential - Adult 
	Construction Worker


It is anticipated that the above human receptors will be the most exposed.  The primary difference between the construction worker and the commercial worker is the exposure duration.  At most sites, other human receptors, such as visitors or maintenance workers, will generally have less exposure and, if so, need not be considered further.  In some cases, the cleanup levels (RBSLs or SSTLs) for a residential adult are lower than those for a residential child for the same route of exposure.  The owner or operator should use the lowest RBSL or SSTL calculated for any human receptor.

There are certain sites, such as conservation areas, sensitive resource areas, and agricultural areas, where livestock or wildlife may be the potential receptors.  In these areas, ecological exposures to wetlands, sensitive environments, or threatened and/or endangered species should be evaluated.  Section 4.9 briefly addresses concerns regarding ecological risk evaluations.  Sites that have ecological receptors should be evaluated under tier 3.  The bureau should be contacted to obtain additional guidance on these issues.

Surface water bodies should be evaluated to determine the potential effect of contaminated groundwater or surface water runoff from the release site.  The location, flow rates, depth, flow direction, and water use must be evaluated.  At a minimum, surface water bodies (such as streams, auroyos, and storm water retention ponds) within 500 ft radius from the site have to be identified and located on an area map.

On-site and off-site underground utilities must be identified.  Issues of concern for utilities include: (i) their ability to serve as conduits for the COCs to the receptors, resulting in vapors in storm and sanitary sewers, for example, and (ii) the potential adverse effects of COCs to property, including degradation of water lines, degradation of sewer lines, damage to outer coatings of gas lines, and damage to buried phone and electrical lines.

Generally acceptable quantitative methods to evaluate effects on or migration along utilities are not available; therefore, a qualitative evaluation is appropriate in most cases.  Soil vapor surveys along corridors of utilities or in manholes may provide useful information and may be approved when quantitative information is essential, as for human exposure issues.

4.3.3
Pathways and Routes of Exposure
A receptor comes in contact with a COC through a completed exposure pathway.  For a pathway to be complete there must be (i) a source of contaminant, (ii) a mechanism by which the contaminant is released, (iii) a medium through which a contaminant travels from the point of release to the receptor location, and (iv) a route of exposure by which the receptor takes in the contaminant that causes or threatens adverse health effects.  In this chapter the bureau has identified the most commonly encountered exposure pathways at UST sites.  These are the pathways for which an evaluation must be conducted to determine whether a complete exposure pathway exists at the release site.  These pathways are discussed below.

4.3.3.1
Pathways for Inhalation
For the inhalation pathway, the contaminant intake occurs by the inhalation of vapors at a site, either indoors or outdoors. Depending on the toxicity of the contaminant, unacceptable exposures may occur at concentrations below the odor threshold levels.  

Based on the results of field screening for toxic or explosive vapors, as required by 20 NMAC 5.12.1204, an owner or operator must evaluate the necessity of taking chemical-specific air samples at a site.  A site with recent complaints of vapors in enclosed spaces or outside of buildings that can be attributed to soil or groundwater contamination can serve as potential justification to perform indoor air measurements.

Contaminants may volatilize from the soil or groundwater and diffuse through the overlying unsaturated zone to indoor or outdoor air where inhalation exposure occurs.  To quantitatively evaluate this pathway, concentrations may be measured in the indoor or outdoor air and compared with the relevant RBSLs or SSTLs for indoor and outdoor air, respectively.  It is anticipated that contaminant-specific indoor air measurements will be performed at very few sites due to the technical difficulties associated with accurately measuring the indoor air concentrations contributed by soil or groundwater contamination.  Such cases shall be evaluated under tier 3.  

To determine if existing soil or groundwater concentrations could generate unacceptably high levels of volatile vapors indoors or outdoors, within the breathing zone, mathematical models are used to calculate target soil or groundwater concentrations protective of indoor or outdoor inhalation.  The models used by the bureau for tier 1 evaluations are listed at the end of this Section 4.0 under Equations.  The RBSLs or SSTLs calculated using these models are then compared to the measured soil and groundwater concentrations.
4.3.3.2
Pathways for Surficial Soils (0 - 1 foot) 

Surficial soils are defined as soils extending from the surface to 1 foot below ground surface (bgs) in unpaved areas.  The exposure pathways associated with contaminated surficial soil include:

· Leaching and potential ingestion of contaminated groundwater, and

· Ingestion of soil, outdoor inhalation of vapors and particulates, and dermal contact with soil.

To evaluate these pathways, a sufficient number of surficial soil samples must be collected and analyzed for the COCs from the contaminated area.  These sample concentrations are used to estimate the pathway-specific and chemical-specific, representative concentrations that are compared to the RBSLs or SSTLs for the complete pathways for each COC.  The estimation of representative concentrations is discussed in Section 4.8.

For construction worker, surficial soil refers to soil from the surface to the typical depth of construction.  Soil within this depth may be brought to the surface during construction activities.  For tier 1 evaluation, the typical construction depth is assumed 15 ft.  For tier 2 evaluation, this depth should be modified to reflect typical construction depth based on knowledge of land use, depth of utilities, construction plan etc.

4.3.3.3
Pathways for Subsurface Soils (1 foot bgs to the water table)
Subsurface soils are defined as native soils extending from 1 foot bgs to the water table.  The exposure pathways associated with subsurface soils include:

· Indoor inhalation of vapor emissions, when depth to contamination is less than 15 ft below the floor,

· Outdoor inhalation of vapor emissions - typically not the critical pathway and hence not evaluated quantitatively,

· Ingestion of soil, inhalation of vapors and particulates, and dermal contact with soil  (construction worker), and 

· Leaching to groundwater and potential ingestion of groundwater.

To evaluate these pathways, a sufficient number of subsurface soil samples must be taken in the contaminated area.  The sample concentrations are used to estimate the site-specific, representative subsurface soil concentrations for all COCs that are compared to the RBSLs or SSTLs.  The estimation of representative concentrations is discussed in Section 4.8.  

4.3.3.4

Pathways for Groundwater
Potentially complete exposure pathways for the contaminated groundwater include:

· Indoor inhalation of vapor emissions, only when depth to contaminated groundwater is less than 15 ft below the floor,

· Outdoor inhalation of vapor emissions, typically not the critical pathway and hence not evaluated quantitatively, unless there is exposure of construction workers in trenches,

· Ingestion of groundwater, and

· Effects on surface waters, both to human and ecological receptors.

To evaluate these pathways, a sufficient number of groundwater samples must be obtained to adequately delineate the plume.  The site-specific representative groundwater concentrations estimated from groundwater samples are then compared with the state groundwater quality standards, RBSLs, or SSTLs for each complete route of exposure.  The estimation of representative concentrations is discussed in Section 4.8.
4.3.3.5
Other Pathways 

Each of the above exposure pathways must be considered when developing the SCES.  In some cases, however, it may be determined that one or more of these routes of exposure are incomplete, such as indoor inhalation of vapor emissions from groundwater if the building is located upgradient of the plume, and therefore, they will be eliminated from further consideration.

Other significant routes of exposure, that may be complete at a site, for which the bureau has not developed target levels, must be evaluated under tier 3.  The owner or operator should contact the bureau for further guidance regarding the evaluation of these routes of exposure.

4.4 CALCULATION OF TARGET LEVELS

4.4.1
Target Risk Level
A risk-based decision making process requires the specification of a target risk level for both carcinogenic and non-carcinogenic adverse health effects.  The target risk levels are used to estimate the target exposure point concentrations.  For carcinogenic effects, the bureau will use an individual excess lifetime cancer risk (IELCR) of 1 x 10-5 as the target risk for both current and future receptors.  For non-carcinogenic effects, the acceptable level is a hazard quotient of one (1) for current and future receptors.

The target risk level of 1 x 10-5 was selected in the NMRBDM process because it is within the risk range for carcinogens (1 x 10-4 to 1 x 10-6) generally used to evaluate Comprehensive Environmental Responsibility, Compliance, and Liability Act (CERCLA) actions and is consistent with the WQCC regulations.  The 1 x 10-5 level is protective based on the overall generally conservative nature of the exposure scenarios used in the NMRBDM process and the underlying health criteria.  Because petroleum contaminants in soil and groundwater are subject to natural attenuation processes which typically will reduce the future concentrations of contaminants of concern, in most cases future risks are anticipated to continue to decrease.

The NMRBDM process uses one target risk level (1 x 10-5), rather than a range, as an effort to streamline the decision-making process and remain protective of human health and the environment.  While the selection of a single target risk level removes some of the flexibility that a target risk range provides, using one target risk level is a key component of streamlining the NMRBDM process and providing a consistent risk level at all sites.

In most cases, the bureau will not require the estimation of cumulative risk or the hazard index (sum of hazard quotients) except for the simultaneous exposure pathways associated with surficial soils, for the following reasons:

· There are a limited number of COCs at most regulated underground storage tank release sites and they have differing health effect on different organs, and 

· The NMRBDM process uses conservative exposure values and assumptions.

Thus, the risk and hazard quotient from different contaminants and different routes of exposure will not be added except for the routes of exposure associated with the surficial soil.

4.4.2 Chemical-Specific Physical and Chemical Properties

To develop the target levels, the NMRBDM evaluation requires selected physical and chemical properties of the COCs.  The values of these parameters are listed in Table 4-3. Since several of these values are experimentally determined their values in different references may differ.  The NMED requires the use of values tabulated in Table 4-3 for all NMRBDM evaluations unless there are justifiable reasons to modify these values.  If such reasons exist, the owner or operator must provide sufficient justification to the NMED to utilize a different value (preferably before performing the NMRBDM evaluation).  These modifications, if accepted by the NMED, will be considered as a Tier 3 evaluation.  The data in Table 4-3 may be updated as new information becomes available.

4.4.3 Quantitative Toxicity Factors

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

Toxicity values for the COC’s are presented in Table 4-4. The NMED requires that the most recent toxicity values recommended by the U.S. EPA be used for NMRBDM evaluations.  As of the publication of this document, the values listed in Table 4-4 represent the most recent values and should be used for both tier 1 and tier 2 evaluations.  Typically, these toxicity values will also be used for tier 3 evaluations.

Note the availability of a more current, technically defensible toxicity value would be a justifiable reason to use an alternative value.

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

i. State recommended values,

ii. U.S. EPA’s Integrated Risk Information System (IRIS),

iii. Health Effects Assessment Summary Tables (HEAST), periodically published by the U.S. EPA,

iv. Agency for Toxic Substance and Disease Registry (ATSDR),

v. Direct communication with the appropriate U.S. EPA personnel, and

vi. Review of literature by qualified professionals to develop toxicity factors.  Consult the appropriate Regional U.S. EPA Office for specific recommendations.
4.4.4 Exposure Factors

Exposure factors describe the physiological and behavioral characteristics of the receptor.  These include factors such as the body weight, body surface area, air inhalation rates, water ingestion rate, etc.  The exposure factors are typically estimated based on literature and site-specific measurements are not conducted.  A list of default exposure factors to be used for tier 1 and tier 2 evaluations are presented in Table 4-5.  The specific default exposure values represent the reasonable maximum exposure (RME) values defined as the highest exposure that is reasonably expected to occur at a site (U.S. EPA, 1989)
.

For a tier 3 evaluation, site-specific values of the exposure factors, other than default values, may be used if they can be justified.  An excellent source of information is the recently published U.S. EPA’s Exposure Factors Handbook Volume I - General Factors (August 1997) and the companion document entitled Socio-demographic Data Used for Identifying Potentially Highly Exposed Populations (September 1999).

4.4.5
Fate and Transport Parameters

Fate and transport parameters are necessary to estimate the target levels for the indirect routes of exposure.  These factors characterize the soil, groundwater, windspeed, and infiltration rate at a site.  For a tier 1 evaluation, the NMED has selected generic conservative default values that are listed in Table 4-6. For a tier 2 evaluation a combination of site-specific and generic values for these parameters may be used.  However, the value of each parameter used must be justified based on site-specific conditions.  For a tier 3 evaluation, the specific fate and transport parameters required to compute the target levels will depend on the choice of models.  A brief discussion of some of these parameters is presented below:

Indoor and Outdoor Inhalation: The fate and transport models used to estimate volatile emissions from soil and groundwater require information about the soils in the vadose zone.  The specific parameters required include:

· Soil bulk density for the vadose zone, 

· Organic carbon content in the vadose zone, 

· Porosity in the vadose zone,

· Water content in the vadose zone, and

· Air content in the vadose zone.  

The method used to measure these parameters is discussed in Section 1.4.3. It is important to note that the sum of the water content and the air content must equal the porosity.

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

· Air exchange rate in the building that depends on the construction of the building.  Default values listed in Table 4-6 may be used for tier 1 as well as tier 2 evaluation. Literature values may be obtained by researching architectural and building design publications.    

· Height of the enclosed space, typically equal to the height of the first floor of the building, 

· Areal fraction of cracks in the foundation of the building, 

· Wind speed in the breathing zone,

· Height of the outdoor breathing space, typically estimated as 200 cm,

· Length of soil source parallel to the wind direction.  This parameter is estimated based on the size of the contaminated soil or groundwater source based on site characterization,

· Depth to contaminants in soil, and

· Depth to groundwater.

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

· The areal dimensions of the soil source: include the length and width of the soil source, as shown in Figure 4-3.  These dimensions are estimated based on the site characterization data and should represent the most contaminated portion of the site.  At sites where there are multiple sources, it may be appropriate to define more than one soil source.  In the NMRBDM process, it is conservatively assumed that the contaminants travel vertically downwards to the water table without any lateral dispersion.  Therefore, the areal dimensions of the groundwater source are the same as for the soil source.  For tier 1 and tier 2 evaluations, the thickness of the groundwater source (mixing zone thickness) is assumed to be 305 cm.  Analytical equations to estimate the thickness are available in Salhotra et al (1990) and the U.S.EPA (1996)

. 

· Soil properties representative of the soil source including the organic carbon content, porosity, water content, and air content.  The soil properties in the soil source zone may differ from those of the vadose zone.  The NMRBDM process assumes that values representative of the vadose zone are also representative of the soil source zone. 

· Soil properties representative of the saturated zone including organic carbon content, hydraulic conductivity, and hydraulic gradient. For tier 1 evaluation, the organic carbon contents of the vadose zone and the saturated zone are assumed the same.

· Infiltration rate in the area.

The estimation of RBSLs and SSTLs requires a few more parameters that are included in Table 4-6.  These parameters include distances to the POE and the point of compliance (POC) and have been discussed in Section 4.7.1 of this guidance document.

4.4.6 Mathematical Models

Two types of models or equations, namely (i) the uptake equations and (ii) the fate and transport models are required to calculate the target levels. For tier 1 and tier 2 evaluations, the NMED has selected the models and equations presented in the Equations section at the end of Section 4.0. These models have been programmed in the NMRBDM Computational Software and were used to develop the tier 1 target levels presented in Section 4.11.2. For tier 2 evaluations, the NMED requires the use of these equations and models or any model presented in the ASTM document entitled RBCA Fate and Transport Models: Compendium and Selection Guidance.  With the prior approval of the NMED, a different set of models may be used for tier 3 evaluations.
4.5
PROTECTION OF GROUNDWATER
The NMRBDM process requires the protection or remediation of groundwater to the groundwater standards described in 20 NMAC 6.2 sections 3101 and 3103.  For groundwater with a total dissolved solids (TDS) content of less than 10,000 mg/L, the groundwater quality standards listed in Table 4-7 have to be met throughout the aquifer.  These standards were established by the WQCC taking into account, among other things,  the target risk and hazard quotient values.
  The owner or operator can demonstrate that these standards are being met by comparing the representative concentrations in each well with these levels.  Additionally, the national MCLs adopted in the EIB’s Drinking Water Regulations (20 NMAC 7.1) shall not be exceeded at the point of exposure.  Thus, concentrations measured in the tap water should be compared with MCLs.  These standards are applicable for all tiers unless the owner/operator demonstrates to the bureau, the department, and the WQCC that equivalent protection can be achieved by meeting alternative target levels as discussed in Section 4.7 and 20 NMAC 5.12.1230. Guidance on preparing a petition to the WQCC is provided in Section 6.0.

4.5.1 Calculation of Soil Concentrations Protective of Groundwater

This section presents the methodology used to develop soil concentrations protective of groundwater for a tier 1 evaluation. The same methodology should be used for a tier 2 evaluation by replacing the state-wide conservative default assumptions with site-specific fate and transport parameters to the extent possible.  At a minimum, site-specific values of source dimensions, depth to subsurface soil sources, depth to groundwater, hydraulic conductivity, hydraulic gradient, and distances to the POE and POC should be used. 

As the leachate migrates from the soil source to the point of exposure, its concentration decreases in three steps: (i) in the unsaturated zone, due to natural attenuation processes occurring between the point of release and the groundwater table (represented by an unsaturated zone dilution attenuation factor, DAFunsat), (ii) at the groundwater table due to mixing with the regional, uncontaminated groundwater flow (represented by a mixing zone DAF, DAFmix), and (iii) in the saturated zone, due to natural attenuation processes occurring between the mixing zone and the point of exposure (represented by a saturated zone DAF, DAFsat). [See Figure 4-4].  A soil-water equilibrium conversion factor (ECF) converts concentration in one phase to the other.

Based on the process described above, soil concentrations protective of groundwater can be calculated using Equation 4-17.  The ECF is calculated using Equation 4-18.  Table 4-8 lists the ECF values for all the COCs.

The SESOIL model version 3.0 was used to estimate the DAFunsat and Summer’s model, as an interface in SESOIL, was used to estimate the DAFmix. 

If the POE is located away from the source, a third model, e.g. Domenico’s model, may be necessary to estimate the DAFsat.

4.5.1.1

Implementation of SESOIL, Summer’s, and Domenico’s  Models
Tier 1 soil concentrations protective of groundwater were developed for a variety of soil configurations shown in Table 4-12.  Figure 4-5 presents the general configuration of the unsaturated zone.

The default input parameters for the SESOIL, Summer’s, and Domenico’s models are presented in Tables 4-9, 4-10, and 4-11 respectively.  All the parameters are self explanatory except for the volatilization factor (VF).  SESOIL allows a range of values (0 to 1) for the VF. Zero signifies no volatilization and 1 signifies complete volatilization as calculated using the Fick’s Law of diffusion.  Because of the possible hindrance to volatilization from the top soil layer (overburden), due to paved or compacted surface, a default VF value of 0.1 was assigned to the top layer.  All the other layers were assigned a VF value of 1.  Specifically, a VF of 0.1 was entered on the time-dependent properties for layer 1 screen for all 24 months.  In the same way, a VF of 1 was entered on each of the remaining time-dependent screens.  Note that the VF was the only parameter entered on the time-dependent screens.

For the purpose of calculating tier 1 DAFunsat values, loading rates were not entered in the SESOIL model.  Instead, an initial concentration in mg/kg was used for the contaminated zone (Layer 2) to generate the DAFunsat values.  (On the SESOIL screen labeled Application and Washload Data, the box for Initial Concentrations for Sublayers was checked.)

4.5.1.2 
Estimation of DAFs
The SESOIL and Summer’s model implementation produced annual average outputs for leachate concentrations in each soil layer and in the groundwater mixing zone.  The unsaturated zone DAF and the mixing zone DAF were estimated by the following methods:

Unsaturated Zone DAF (DAFunsat): The unsaturated zone DAF was estimated from the SESOIL output using the following two-step process:

Step 1: Annual average leachate concentrations in the source layer and the bottom layer were used to calculate the unsaturated zone DAF for each year after the contaminants reach groundwater.  Unsaturated zone DAF was calculated by dividing the highest annual average leachate concentration (always in the first year) in the source layer by the annual average leachate concentration in the bottom layer (each year after the leachate first hits the groundwater).

Step 2: The unsaturated zone DAF was averaged over a period of five years excluding the year in which the contaminants reach groundwater. (The number of years may vary for contaminants that are highly mobile or immobile in the soil.)

The tier 1 default unsaturated zone DAFs are listed in Table 4-13.

Mixing Zone DAF (DAFmix): Annual average leachate concentrations in the bottom layer and the mixing zone were used to calculate the mixing zone DAF for each year after the contaminants reached groundwater.  The mixing zone DAF was calculated by dividing the annual average bottom layer leachate concentration by the annual average groundwater concentration in the mixing zone, both for the same year.  The DAFmix based on the modeling results ranged from 8.6 to 8.8, and an average value of 8.7 was used as the mixing zone DAF.

Saturated Zone DAF (DAFsat): The steady-state form of Domenico’s model was used to estimate the DAF in the saturated zone.  Saturated zone DAFs were calculated for various distances from the source and the tier 1 default values are listed in Table 4-14.

4.5.1.3 
Soil Concentrations Protective of Groundwater
The tier 1 target soil concentrations or RBSLs protective of groundwater are presented in Table 4-15. Note that these RBSLs were estimated assuming the POE to be at the source.  If the POE at a site is away from the source, the RBSLs in Table 4-15 should be multiplied by the appropriate DAFsat from Table 4-14 to obtain the RBSLs for the site. Table 4-16 presents tier 1 soil RBSLs protective of groundwater for sites with a transport zone of zero (DAFunsat=1).  This case would be valid for sites where there is no clean soil zone separating the contaminated soils and the water table.
4.6 PROTECTION OF SURFACE WATER

The NMRBDM process requires the protection or remediation of surface water to the WQCC regulations and standards.  Table 4-7 lists the surface water target levels that have to be met at the location where the groundwater plume seeps into the surface water body.  These standards are applicable for all tiers and do not allow for any dilution due to the mixing of the groundwater plume with the surface water.

4.7
PETITION FOR VARIANCE TO WQCC STANDARDS
When the investigation or a tier 1, 2 or 3 evaluation suggests that an acceptable level of protection can be achieved without meeting the WQCC groundwater quality standards throughout the aquifer, an owner or operator may petition the WQCC for approval of alternative, site-specific abatement standards.  Such a petition must demonstrate, among other things, that these alternative standards provide an equivalent protection of the environment and the water resources, consistent with 20 NMAC 5.12.1230 and 20 NMAC 6.2.4103.  The specific procedures to establish these proposed alternative standards for groundwater are presented in Section 4.7.1.  The WQCC regulations state that a risk assessment may be used to support the petition.

It is the bureau’s intent that at UST sites where alternative site-specific abatement standards are approved, the WQCC groundwater quality standards will be met in the future.  To ensure this, the bureau may recommend a petition for approval of alternative standards to the secretary for a hearing before the WQCC.  Such a petition would be recommended only at sites where the available groundwater monitoring data indicates a plume decreasing in size and concentration due to the influence of natural attenuation and/or aggressive corrective actions.  If a site implements an aggressive remediation approach, post-remediation monitoring is required to establish decreasing contaminant concentrations.  Thus, NMRBDM process is compatible with the ultimate goal of the bureau which is to ensure that all the groundwaters of the state meet the WQCC standards.

4.7.1 Procedure to Establish Equivalent Groundwater Protection Standards/ Alternative Abatement Standards

The owner or operator shall perform the following steps to propose alternative site-specific abatement standards:

Step 1: Establish a Site-Specific Point of Exposure (POE) for Groundwater  

The groundwater ingestion POE will be established at the nearest point where a water supply well currently exists, or is most likely to exist in the foreseeable future.  If no such wells exist or are unlikely to be installed, then the POE will be at the closest downgradient residential property boundary where a water supply well may be installed.  Determination of the potential POE will depend on considerations such as availability of a public water supply system, potability of shallow water (yield and quality), history of aquifer use, existence of municipal restrictions to install private wells, and the current and future land use and water supply plans. In source water or wellhead protection areas, the POE should be set no further from the source than the property line.  In no case will the POE be greater than 500 feet from the property boundary or 1,000 feet from the contamination source.  The owner or operator should make a demonstration that groundwater between the source and the POE is not likely to be used for a domestic water supply in the foreseeable future.

At sites where the flow is radially outwards or the flow direction fluctuates, multiple POEs, one in each flow direction, may have to be established.
Step 2: Establish Target Levels for the POE  

The state groundwater quality standards that have to be met at the POE are discussed in Section 4.5 and presented in Table 4-7. For chemicals that do not have WQCC standard, target levels at the POE well were estimated assuming direct ingestion of water by an adult.  See foot note in Table 4-7 for the specific input values.  As mentioned in Section 4.5, if concentrations are measured at the tap, i.e. at the point of ingestion, they should be compared with MCLs.  

Step 3: Identify Compliance Wells 

The owner or operator and the bureau will identify one or more wells as the compliance wells (CWs).  At most sites, existing monitoring wells would be used as compliance wells.  These are wells located between the source and the POE where the groundwater concentrations will be measured to confirm that (i) the concentrations at the POE will not exceed the target levels and (ii) the plume is decreasing in size and concentration.  Figure 4-4 shows a schematic of the source, compliance wells, and the exposure well or POE.

Step 4: Establish Compliance Well Target Levels 

Because the compliance well is located between the source and the POE, the target CW concentration would be higher than the target exposure point concentration.  Thus, the ratio of the target CW concentration to the target POE concentration will almost always be greater than one.  This greater-than-one ratio reflects the reduction in concentration of the contaminant as it migrates from the CW to the POE. The exception is when the CW is located at the POE, for which case the ratio would equal one (unity).

For a tier 1 evaluation, Table 4-14 lists the DAFs that should be used to estimate the compliance well target concentration.  Tier 1 DAFs were estimated using the Domenico’s model (Equation 4-13).  For tier 2 and tier 3 evaluations, site-specific DAFs may be calculated using site-specific data or a fate and transport model implemented using site-specific data.

Specifically, the target concentration at the compliance well(s) is estimated using:
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In Equation 1, the DAFs represent the reduction in concentration as the contaminant of concern travels from the source to the POE or the CW.  This reduction in concentration is a result of the combined effect of several physical, chemical, and biological factors including advection, diffusion, dispersion, dilution, adsorption, and biodegradation processes.  In general, there are two ways to estimate the DAFs: (i) using a fate and transport model that can predict the concentration at the POE and CW relative to the concentration at the source and (ii) by calculating the ratio of the measured concentration at the source well and the POE or CW.  The second method can be used only at sites where the plume is decreasing in size and concentration and sufficient groundwater monitoring data are available.  An example calculation is presented below:

The compliance well target concentration for a POE at 500 feet from the source and the compliance well located at 300 feet from the source, i.e., 200 feet upgradient from the POE, is estimated as follows:
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For benzene, using the DAFs from Table 4-14, 
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The calculated target compliance well concentration of 27 g/L will be used to establish compliance point monitoring requirements and will be the proposed alternative abatement standard if the owner or operator chooses to petition the WQCC.

An identical procedure can be used to develop compliance well target concentrations for the protection of surface waters. The POE will be established at the nearest surface water body.  At sites where the compliance well concentrations are exceeded, the bureau will require remediation until the concentrations stabilize below the calculated target levels.

More guidance on preparing a petition for consideration by the WQCC is provided in Section 6.0.

4.8
ESTIMATION OF REPRESENTATIVE CONCENTRATIONS FOR SOIL AND GROUNDWATER
A key aspect of the NMRBDM process is the calculation of the representative concentration for each COC, in each medium, and for each pathway.  The representative concentrations have to be compared with the relevant WQCC and EIB standards/RBSLs (in tier 1) and WQCC and EIB standards/SSTLs (in tier 2 and tier 3) to make site-specific decisions. Thus, the outcome of the risk management decision critically depends on the definition of the representative concentration.

4.8.1 Representative Groundwater Concentrations

Unless a petition is granted by the WQCC for alternative abatement standards, existing WQCC standards must be met throughout the aquifer.  There can be no spatial or temporal averaging to determine a representative groundwater concentration for evaluating compliance with existing WQCC standards.

If a petition will be sought for alternative abatement standards, the relevant alternative abatement standards for the source area well(s) and compliance well(s) should typically be compared with the maximum contaminant concentrations, in the respective wells, for the most recent 8 consecutive quarters of data.

For calculating a representative site concentration in groundwater for comparison to the target concentration for the indoor inhalation pathway, spatial and temporal averaging of concentrations from wells adjacent to an existing building or within the potential footprint of a future building may be used with the prior approval of the department.

4.8.2
Representative Soil Concentrations Protective of Groundwater (For Surface Releases)

The following steps are necessary to evaluate the representative soil concentrations:

Step 1: Evaluate whether the spatial resolution of the data is sufficient to define the soil source.  Whereas the exact number of samples cannot be specified, samples should be collected and data should be available from the areas of known or likely sources.  Also, both surficial and subsurface soil source data are necessary.

Step 2: If the data are old (greater than 5 years), not representative of current site conditions, a new spill is suspected, or site remediation has occurred since sample collection, the bureau may require the collection of current data.  If sufficient new data are collected, they may be used for risk evaluation and the old data may be disregarded.  A new release will require the collection of additional data.

Step 3: After it has been determined that sufficient data are available to define the horizontal and vertical extent, magnitude, and character of the soil source, the representative soil source concentration should be calculated as the arithmetic average of the concentrations.  While calculating the arithmetic average, note the following:

(a) Non-detect soil samples located at the periphery of the soil source area should not be used.  The source area may be defined by visual or olfactory evidence of contamination, laboratory data above detection limits, or known site conditions.

(b) Non-detect samples within the soil source area are considered contaminated to half the applicable detection limit.

(c) Hotspots and discrete areas of contamination may require additional evaluation. A hotspot is an area where the concentration is greater than ten times the average concentration.

(d) If multiple soil sources have been identified, multiple representative concentrations, one for each source, should be calculated.
4.8.3 Representative Soil Concentrations (For Subsurface Releases)

As required for a Preliminary Investigation (20 NMAC 5.12.1209), soil borings will be advanced at each area of release where soil contamination is most likely to be encountered and around the periphery of the area of contamination.  If necessary, additional soil borings may be advanced during a Secondary Investigation (20 NMAC 5.12.1211) to fully define the horizontal and vertical extent, magnitude, and character of subsurface soil source.  The following steps are necessary to determine the representative soil source concentration for a subsurface release:

Step 1: Evaluate whether sufficient laboratory data is available to fully define the horizontal and vertical extent, magnitude, and character of soil contamination for each soil source. 

Step 2: If the data are old (greater than 5 years) or not representative of current site conditions, a new spill is suspected, or site remediation has occurred since samples were collected, the bureau may require the collection of additional data.  If sufficient new data are collected, they may be used for risk evaluation and the old data may be disregarded.  In all cases, a new release will require the collection of additional data.

Step 3: After it has been determined that sufficient data are available to characterize the soil source, the representative concentration should be calculated by averaging all laboratory analyses obtained from samples within the source.  While calculating the average concentration, note the following:

(a) Non-detect soil samples within the soil source are considered contaminated to half the applicable detection limit.  

(b) Laboratory results from soil borings peripheral to the soil source should not be used.

(c)
Hotspots and discrete areas of contamination may require additional evaluation.
4.8.4 Representative Soil Concentrations (for Subsurface Releases, Indoor Inhalation Pathway)

For calculating a representative site concentration in soil for comparison to the target concentration for the indoor inhalation pathway, follow the procedures as described in Step 3, Section 4.8.3 but obtain the average concentration from subsurface samples collected, within the upper 15 feet of the soil column, adjacent to an existing building or within the likely footprint of a future building.  Concentrations from most contaminated soil borings may also be used, where appropriate, to estimate a representative soil concentration for this pathway.

4.9
ECOLOGICAL EXPOSURE

An ecological risk evaluation should be performed for sites on or adjacent to wetlands, sensitive environments, or habitat for threatened or endangered species. Where an ecological threat may exist due to a release, an ecological evaluation must be performed as part of a tier 3 evaluation.  The owner or operator should follow the department's guidelines for this evaluation.

4.10
DOCUMENTATION OF THE NMRBDM EVALUATION

As tools to help implement the NMRBDM process, the bureau has developed two software packages: (i) a collection of NMRBDM report forms and (ii) a computational spreadsheet to perform tier 2 calculations. 

The bureau requires that all tier 1 and tier 2 evaluations use these NMRBDM report forms. For tier 2 computations, the bureau will strongly encourage the use of this software to reduce errors in calculations and to provide consistency in reporting; however, this does not preclude an evaluator from using other appropriate computational tools, in accordance with 20 NMAC 5.12.1202.  A guide to selection of an appropriate fate and transport model is ASTM, 1999. RBCA Fate and Transport Models: Compendium and Selection Guide.

If an evaluator chooses to use an alternate computational tool, the bureau will require  determination of the applicability of the computational tool as well as a verification of the results. 
4.11
TIER 1 EVALUATION
The tier 1 evaluation requires the comparison of site-specific representative soil and groundwater concentrations with the tier 1 RBSLs established by the bureau and with WQCC and EIB standards for all the completed routes of exposure.  If NAPL is present in measurable quantities in one or more monitoring wells, all COCs are considered to exceed RBSLs and WQCC and EIB standards for the relevant exposure pathways in the tier 1 evaluation.  If contaminant saturated soil is present at a site, all COCs are considered to exceed the RBSLs for the relevant exposure pathways in the tier 1 evaluation.  

A tier 1 evaluation requires the following steps:

Step 1

Development of Site Conceptual Exposure Scenario

Step 2

Selection of relevant tier 1 risk based screening levels (RBSLs)


Step 3
Comparison of RBSLs selected in Step 2 and WQCC and EIB standards with representative site-specific concentrations

Step 4

Selection of the next course of action

4.11.1

Step 1: Development of a Site Conceptual Exposure Scenario 

The development of a SCES has been described in Section 4.3.  This step includes the location of the point of exposure (POE) for each complete route of exposure.

4.11.2

Step 2: Selection of Relevant Tier 1 Risk Based Screening Levels (RBSLs)

For each complete exposure pathway identified in the SCES in Section 4.3, RBSLs should be selected for each COC from the appropriate tier 1 table.  The bureau has developed RBSLs for commonly encountered routes of exposure and receptors (see Sections 4.3.2 and 4.3.3).  The routes of exposure and the corresponding RBSLs are presented in Tables 4-15 through 4-19.  The tier 1 RBSLs were developed using the models and equations presented at the end of the section and in accordance with 20 NMAC 5.12.1202.

In order to select the appropriate tier 1 RBSLs protective of groundwater from Table 4-15, an appropriate unsaturated zone soil configuration must be identified for the site from Table 4-12.  The contaminated zone is the zone of contaminated soil determined in the field by visual observation, odor, and field screening results.  See Section 1.4 for more details on the contaminated zone and sampling locations.  The transport zone is the zone of soil between the contaminated zone and the water table.  The transport zone thickness and the maximum contaminated zone thickness for each area of release at a site should be used to identify one of the 56 configurations in Table 4-12.  If actual thicknesses of these zones fall somewhere between the values listed in Table 4-12, the next highest contaminated zone thickness and the next lowest transport zone thickness should be used.

See Table 4-16 for tier 1 RBSLs protective of groundwater for sites with a transport zone of zero.

4.11.3 

Step 3: Comparison of RBSLs Selected in Step 2 with Representative Site-Specific Concentrations

After the tier 1 RBSLs have been identified, they are compared with the representative concentrations.  The representative concentrations should be determined as discussed in Section 4.8. 

4.11.4

Step 4: Selection of the Next Course of Action

The bureau may approve NFA status if the site satisfies the requirements of 20 NMAC 5.12.1227.  These requirements include but are not limited to: 

· Representative concentrations for each medium meet the criteria established in accordance with 20 NMAC 5.12 and the maximum concentration in each medium does not exceed the representative concentration by a factor of 10,

· No nuisance conditions exist at the site, 

· NAPL and contaminant saturated soil have been removed or remediated, 

· The bureau agrees with the overall tier 1 evaluation, and

· The overall size of the plume is shrinking as determined based on concentration trends observed in the monitoring wells.

If the site concentrations exceed the tier 1 values, the following three risk management alternatives are available. 

Alternative 1: Remediation of Localized Exceedences.  If site concentrations exceed the tier 1 levels in a discreet, limited portion of the site, the owner/operator, with the bureau’s approval, may choose to conduct interim remediation to meet tier 1 levels.  An example of this scenario is the presence of a small quantity of soil which exceeds the tier 1 levels.  Removal or treatment of this small area of soil may be sufficient to allow the site to achieve the target risk levels in accordance with 20 NMAC 5.12.1207 and achieve NFA status without a full fledged remediation plan, provided all conditions in 20 NMAC 5.12.1227 are satisfied. This action is different from an initial response action in that the latter focuses on the abatement of potential or real emergency conditions.

Alternative 2: Selection of Tier 2 Evaluation.  The owner or operator conducts a tier 2 evaluation which may require the acquisition of additional site data. 

Alternative 3: Remediation to Tier 1 Levels.  With department approval, the owner or operator may elect to develop a remediation plan to remediate the site to tier 1 RBSLs and WQCC and EIB standards.  The plan would have to meet the requirements of Section 1220 to be approved by the bureau.  It should be noted that a tiered evaluation (tier 1 or tier 2) may be performed again at a site after remediation is considered complete to determine if NFA is warranted.  A tiered evaluation performed at this time would incorporate post-remediation site data wherever applicable.

The owner or operator should carefully review the site conditions and propose one of the three alternatives listed above.  The selection of Alternative 1, 2 or 3 will most likely be based on technical feasibility and economic considerations.  For example, where the cost of cleanup is low (relative to the cost of additional data collection and analysis under a tier 2 evaluation), it may be most cost effective to adopt the tier 1 RBSLs as the target levels.

4.12
TIER 2 EVALUATION
This section provides details for a tier 2 evaluation that will be conducted when tier 1 RBSLs are exceeded and it is not appropriate to remediate the site to tier 1 RBSLs. The tier 2 evaluation is very similar to the tier 1 evaluation in that it (i) is conservative; (ii) is broadly defined by the bureau but allows for some flexibility; (iii) uses relatively simple fate and transport algorithms (models); and (iv) uses default exposure factors.  

The tier 2 evaluation requires the following steps:

Step 1

Development of Site Conceptual Exposure Scenario,

Step 2

Selection of input parameters,

Step 3

Calculation of tier 2 SSTLs,

Step 4

Calculation of representative site-specific concentrations,

Step 5
Comparison of SSTLs calculated in Step 3 and WQCC and EIB standards with representative site-specific concentrations, and

Step 6

Selection of the next course of action.

4.12.1
Step 1: Development of a Site Conceptual Exposure Scenario

The owner or operator should develop the SCES if it has not already been developed and identify the complete exposure routes and pathways.  A complete SCES should be submitted with each tiered evaluation, but calculations of tier 2 target concentrations need be done only for those COCs and those complete pathways and routes of exposure where representative site concentrations did not fall at or below tier 1 target concentrations. 

4.12.2
Step 2: Input Parameters

For a tier 2 evaluation, the bureau requires the use of the same models and algorithms used to develop the tier 1 RBSLs.  Thus, the tier 2 input parameter requirements are the same.  The specific values to be used for these parameters are discussed below.  The bureau regularly reviews and updates the referenced tables to reflect the most current information for all four categories of parameters.

Exposure Factors: The bureau requires that the exposure factors remain the same for tier 1 and tier 2 evaluations.  The specific values are listed in Table 4-5.

Physical and Chemical Properties: The bureau requires the physical and chemical properties remain the same for tier 1 and tier 2 evaluations.  These are listed in Table 4-3.

Toxicity Values: The bureau requires that the current toxicity values promulgated by U.S. EPA be used.  These are same as the values used for tier 1 evaluation, listed in Table 4-4.

Fate and Transport Parameters: The bureau allows the owner and operator to use  representative site-specific fate and transport parameters for a tier 2 evaluation.  In addition to the thickness of the contaminated zone and thickness of the transport zone (see Section 4.11.2), the values with asterisks in Table 4-6 and Tables 4-9 through 4-11 may be replaced by site-specific values.  Where site-specific values are not available for a few parameters, professional judgment has to be used to determine whether to perform additional assessment, or use estimates from adjacent sites or literature values or use the tier 1 default values in Table 4-6 and Tables 4-9 through 4-11.  If additional data is necessary, a data acquisition workplan should be developed and approved by the bureau prior to performing the tier 2 evaluation.  

For the tier 2 evaluation, the bureau will allow the use of chemical-specific biological decay rates based on literature values but prefers the use of site-specific evaluation of historic monitoring well data to estimate a site-specific biodecay rate. A biodecay rate will be allowed only when the groundwater concentration data indicate a clear decreasing trend or the natural attenuation parameters indicate the occurrence of biodecay.  In cases where literature values are used, the half-life for any COC must not be less than 5 years, i.e., the first order decay rate should not exceed (ln 0.5)/5 = 0.139 yr-1.  Tables 4-13 and 4-14 list the DAFs calculated using the default tier 1 fate and transport parameters and assuming no biodecay.

The Target Risk: The target risk for a tier 1 and tier 2 evaluation is the same, in accordance with 20 NMAC 5.12.1202.

4.12.3 Step 3: Calculation of Tier 2 Site Specific Target Levels (SSTLs)

The calculation of tier 2 SSTLs should be performed by using the models and equations presented at the end of this section and the input parameter values discussed above.  For computational ease, the bureau has sponsored the development of a software which may be used for the calculations.

The bureau will also accept the use of any fate and transport model presented in the ASTM document entitled RBCA Fate and Transport Models: Compendium and Selection Guidance.  The use of a model other than the ones referenced in the paragraph above will require prior approval by the bureau.  If a NMRBDM evaluator uses alternative tools, the bureau may require verification of the software.  

4.12.4 
Step 4: Calculation of Representative Site-Specific Concentrations
The representative soil and groundwater concentrations for each of the complete routes of exposure are calculated as for tier 1 evaluation.  See Section 4.8. 

4.12.5 
Step 5: Comparison of SSTLs Calculated in Step 3 with Representative Site-Specific Concentrations

After the tier 2 SSTLs have been calculated, they are compared with the representative site concentrations.  The representative concentrations should be determined as discussed in Section 4.8. 
4.12.6
Step 6: Selection of the Next Course of Action
After the completion of a tier 2 evaluation, the bureau may approve NFA status if the site concentrations satisfy the requirements of 20 NMAC 5.12.1227.  These requirements include, but are not limited to:

· The representative site concentrations do not exceed the tier 2 levels and the maximum concentration in each medium does not exceed the representative concentration in the source by a factor of 10,

· No nuisance conditions exist at the site,

· NAPL and contaminated saturated soil have been removed or remediated,

· The bureau agrees with the tier 2 evaluation and determines that additional confirmatory or compliance point monitoring is not necessary, and

· The overall size of the plume is shrinking as determined based on concentration trends observed in the monitoring wells.

If any representative site concentration exceeds the tier 2 SSTLs or WQCC or EIB standards for any COC, the following two alternatives are available.

Alternative 1: Remediation to Tier 2 Levels.  The owner or operator, with the bureau’s concurrence, may elect to remediate the site to approved tier 2 SSTLs and WQCC and EIB standards.  A remediation plan will be required for the site in accordance with 20 NMAC 5.12.1220.  It should be noted that a tiered evaluation (tier 1 or tier 2) may be performed again at a site after remediation is considered complete to determine if NFA is warranted.  A tiered evaluation performed at this time would incorporate post-remediation site data wherever applicable.

Alternative 2: Selection of Tier 3 Evaluation.  The owner or operator, with the bureau’s concurrence, may opt to perform a tier 3 evaluation as per the guidance presented in Sections 4.3.2 and 4.9.  Note that only those complete routes of exposure that do not meet the tier 2 requirements will have to be evaluated under tier 3.

4.13
TIER 3 EVALUATION

Within the NMRBDM process, the tier 3 evaluation is the most complex and detailed site-specific evaluation that may be conducted.  Tier 3 evaluation provides for the most flexibility for developing SSTLs but requires the owner or operator to prepare a detailed work plan on the approach to perform a tier 3 evaluation and have it approved by the bureau prior to initiating the work.  Hydrologically complex sites, sites with ecological impacts, and sites with other unique characteristics or land uses may be appropriate for a tier 3 evaluation.  For an ecological evaluation, the owner should follow the department's guidelines for ecological risk evaluation. Any models or tools should be approved by the bureau prior to use.
















� Recognizing that the American Society for Testing and Materials (ASTM) and the federal Environmental Protection Agency (EPA) use the acronym "COC" for chemicals of concern, the New Mexico Environment Department regulations refer to these chemicals as "contaminants" in their corrective action regulations; therefore, this guidance uses "COC" to refer to "contaminants of concern."


� (1) University of Texas at Austin, Bureau of Economic Geology. 1997. Geological Circular 97-1. Extent, Mass and Duration of Hydrocarbon Plumes from Leaking Petroleum Storage Tank Sites in Texas. (2) Rice, D.W. et al. 1995. California Leaking Underground Fuel Tank (LUFT) Historical Cases Analyses.


� U.S. EPA, 1989, Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A).


� (1) Salhotra, A.M., Mineart, P., Sharp-Hansen, S., Alison, T.  1990.  Multimedia Exposure Assessment Model for Evaluating the Land Disposal of Wastes, Model Theory.  Prepared for Environmental Research Laboratory, U.S. Environmental Protection Agency, Athens, Georgia. (2) U. S. Environmental Protection Agency (EPA).  May 1996.  Soil Screening Guidance Technical Background Document.  EPA/540/R-95/128.


� Transcript, Public Hearing on Groundwater Quality Standards.
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