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7 Ecological Risk Assessment 

The integration of past and ongoing ecological risk 

assessments (ERA) supports the development of 

remedial alternatives for waste sites and contaminated 

groundwater in the 100-F/IU OUs. These risk 

assessments have been integrated with the cleanup 

performed under the interim action RODs to identify the 

need for further remedial action and facilitate 

development of ecological PRGs. 

As described in the previous chapters, the remedial 

actions completed to date in the River Corridor were 

implemented under interim action RODs. The RAOs in 

the 100 Area interim action RODs were developed to 

achieve protection of human health from direct contact 

with vadose zone material or to protect groundwater and 

surface water from contaminants leaching from vadose 

zone material. Protection of ecological receptors from 

direct contact with contaminated vadose zone material 

was not addressed directly in the interim action RODs 

but indirectly with the assumptions that attainment of 

standards for protection of human health or that reduced 

contaminant leaching would also be protective of 

ecological receptors. Protection of ecological receptors 

from discharges into the river was considered in the 

interim action RODs through consideration of state 

water quality standards and federal AWQC. 

CERCLA requires a baseline risk assessment to 

characterize current and potential threats to HHE before 

issuance of the ROD. The soil and groundwater 

component of the RCBRA (DOE/RL-2007-21)
1
 was 

prepared to address the regulatory requirement to 

perform a baseline risk assessment. The RCBRA 

(DOE/RL-2007-21) was a comprehensive examination of current and potential risks in areas potentially 

affected by Hanford Site processes within the 100 and 300 Area OUs. One of the objectives of the 

RCBRA (DOE/RL-2007-21) was to determine whether the interim actions were protective of ecological 

receptors (Risk Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA 

[DOE/RL-2004-37]). The scope of the RCBRA (DOE/RL-2007-21) addressed the following portions of 

the River Corridor: 

 Upland areas, including remediated CERCLA waste sites within 100-K, 100-D/H, 100-F, 100-BC, 

and 100-F/IU Areas; the White Bluffs and Hanford town sites; and the 300 Area 

 Riparian and nearshore aquatic zones on the southern and western shorelines of the Columbia River 

on the Hanford Site 

                                                      
1 All citations to the RCBRA (DOE/RL-2007-21) in this chapter are referring to Volume I: Ecological Risk Assessment. 

Highlights 
 The ecological risk assessment evaluated soil 

contaminant concentrations at 108, 32, and 
29 waste sites at 100-F, 100-IU-2, and 100-IU-6, 
respectively. 

 The ERA relied on ecological PRGs presented in 

the RCBRA that are protective of populations and 

communities. The exposure area and the relative 

size of the waste sites were used in conjunction with 

the ecological PRGs to determine where ecological 

protection is required. 

 Concentrations of radionuclides in upland soil 
verification samples did not exceed screening 
levels. 

 Interim remedial actions at 100-F/IU under interim 
action ROD remedial action goals were protective of 
ecological receptors at all waste sites. 

 An examination of the interrelationships between 
potential contaminant sources, transport 
mechanisms, exposure pathways, and receptors in 
the Columbia River concluded that there are no 
COPECs in the 100-FR-3 Groundwater OU 
contributing to potential ecological risks. However, 
because Cr(VI) has some limited potential to 
discharge to surface water above the State surface 
water quality standard, it is recommended to be 
monitored at discharge points to surface water. 

 Data and process knowledge indicate that 
ecological PRGs will be exceeded at unremediated 
waste sites. Those exceedances will be evaluated 
through the ERA process, including consideration of 
such factors as waste site size and wildlife home 
ranges within a scientific management decision 
point to determine a basis for action. 
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 Groundwater and areas of groundwater emergence on the southern and western shorelines of the 

Columbia River on the Hanford Site 

The RCBRA (DOE/RL-2007-21)
 
used multiple measures of exposure, ecological effect, and 

ecosystem/receptor characteristics to evaluate risks at 20 study sites across the River Corridor associated 

with remediated waste sites (10 excavated/backfilled sites and 10 surface removal/native soil sites) and 

10 reference areas, as described in the RCBRA SAP (DOE/RL-2005-42). The sites studied were selected 

from high-priority waste sites that had been remediated when the study was developed. The sites 

represent the types of waste sites and remedial actions addressed by the interim action RODs. Based on 

this set of study sites, the results from the RCBRA (DOE/RL-2007-21) identified some contaminants in 

soil as contaminants of ecological concern (COECs). The principal COECs were metals and pesticides. 

The study design of the ERA in the RCBRA (DOE/RL-2007-21) provided risk conclusions that applied 

across the entire River Corridor. The study design, coupled with results that identified COECs across the 

River Corridor, required development of an ERA approach for the RI/FS that allowed evaluation of risks 

on a site-by-site basis and supported development of preliminary remediation goals (PRGs). 

That approach incorporates the use of ecological soil screening levels (EcoSSLs) and ecological PRGs, 

which have been developed using the tiered process outlined in Tier 1 Risk-Based Soil Concentrations 

Protective of Ecological Receptors at the Hanford Site (CHPRC-00784) and Tier 2 Risk-Based Soil 

Concentrations Protective of Ecological Receptors at the Hanford Site (CHPRC-01311), respectively, 

found in Appendix H. This tiered process allows the incorporation of more sophisticated ERA methods 

and increasing levels of ecological site-specific and site-relevant information to provide SSLs and PRGs 

that are more representative of Hanford Site conditions. Development of the risk-based concentration 

values (SSLs) and PRGs incorporates the problem formulation, the conceptual ecological exposure 

models, and selected bioaccumulation datasets developed in the RCBRA (DOE/RL-2007-21). These 

values were used to screen the waste sites in the 100-F/IU OUs, with verification sampling and analytical 

information to provide site-specific ecological risk information for each site. 

The CRC (DOE/RL-2010-117)2 used analytical chemistry collected from surface water, sediment, pore 

water, and island soil to evaluate the potential for risk to ecological receptors, including aquatic life living 

within the Columbia River and wildlife frequenting or inhabiting the islands within the river. Based on a 

screening level ERA using refined toxicity and distributional data, the CRC (DOE/RL-2010-117) 

identified some contaminants in soil as contaminants of potential ecological concern (COPECs). 

The COPECs were principally metals. The potential for these contaminants to have originated from the 

100-F/IU OUs is discussed later in this chapter. 

The following approach has been used for addressing ecological risks potentially associated with waste 

sites in the 100-F/IU OUs: 

 Updating the identification of COPCs (Section 7.1). The RCBRA (DOE/RL-2007-21) went 

through a process to identify COPCs for ecological receptors based on a Sitewide review of River 

Corridor data. This identification process has been updated to account for verification sampling data 

specifically in individual 100-F/IU waste sites. 

 Presenting the problem formulation (Section 7.2). This section summarizes the problem 

formulation used in developing the risk-based concentration values used in this evaluation as 

EcoSSLs. This problem formulation reflects conditions in upland environments across the Hanford 

Site and incorporates information developed from the RCBRA (DOE/RL-2007-21). 

                                                      
2 All citations to the CRC (DOE/RL-2010-117) in this chapter are referring to Volume I: Screening-Level Ecological 

Risk Assessment. 
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 Presenting effects and exposure assessments (Section 7.3). This section summarizes the 

quantitative assessments used in developing the risk-based concentration values, including the 

wildlife exposure factors, biotransfer factors, and wildlife toxicity reference values (TRVs) 

(Appendix H, Tables H-1 and H-2). The data and methods used to develop risk-based concentrations 

protective of plants and soil invertebrates are discussed in this section. More detailed descriptions of 

the data and methods used to calculate all of the ecological risk-based concentrations in soil are 

presented in Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford 

Site (CHPRC-00784) and Tier 2 Risk-Based Soil Concentrations Protective of Ecological Receptors 

at the Hanford Site (CHPRC-01311). In addition, these values are also incorporated into the RCBRA 

(DOE/RL-2007-21). 

 Updating the ecological risk characterization for 100-F/IU waste sites (Section 7.4). Verification 

sampling and analysis data for the 140 waste sites in 100-F/IU were used to calculate EPCs, which 

were then compared with the EcoSSLs and, as appropriate, the PRGs. The results from these 

comparisons were used to identify receptors of interest and COECs for purposes of identifying the 

need for further action at 100-F/IU waste sites. In addition, the results of this risk characterization 

were used to determine which of the risk-based concentration values should be recommended for use 

as PRGs. 

 Analyzing risks in the riparian, nearshore areas, and the Columbia River (Section 7.5). Final 

recommended COECs in riparian and island soil and the surface water and sediments of the Columbia 

River, as identified in the RCBRA (DOE/RL-2007-21) and CRC (DOE/RL-2010-117), were 

evaluated as to the potential for attribution to the 100-F/IU nearshore area. Appendix L presents an 

evaluation of data from nearshore groundwater wells, aquifer tubes, and seeps to capture these 

COECs and any other COPECs in the aquatic environment that might have originated from the 

100-FR-3 OU. 

 Scientific management decision point (SMDP) (Section 7.6). Potential risks identified through the 

direct comparison of verification sampling soil data to SSLs and PRGs were considered in the context 

of a number of additional factors. Uncertainties in the risk characterization, spatial information, data 

quality, magnitude and aerial extent of risk, and confidence in risk-based values were included with 

other factors to make recommendations of which risks should be addressed further in the FS. 

A discussion of the process for developing final remediation goals was also included along with 

recommendations for the SMDP for evaluating waste sites: 

 Size of the waste site relative to home range of wildlife receptors (e.g., developing and applying 

an area use factor [AUF] in the comparison of an EPC to the PRGs) 

 Estimation of exposure using a central tendency estimate such as the 95 percent UCL 

 Size of the waste site relative to area of adjacent uncontaminated habitat 

 Nature and extent of residual contamination following remediation 

 Potential presence of exposure pathways following remediation 

 Number and frequency of exceedances of the risk thresholds (PRGs) 

 Location of the samples exceeding thresholds, sample frequency, and proximity of 

other exceedances 

Section 6.3 evaluates the risk to aquatic receptors from groundwater that has the potential to discharge to 

the Columbia River. The approach used to identify COPCs that warrant further evaluation in the FS 
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presented in Section 6.3 is based on comparison of groundwater concentrations to the lowest available 

chemical-specific ARARs published for the protection of human health and aquatic receptors. Thus, risks 

to aquatic receptors have been considered in the context of evaluating the risks that groundwater may 

contribute to surface water at the groundwater/surface water interface. 

In addition to the analysis of waste sites, Chapter 7 summarizes an evaluation of ecological risks in 

riparian and nearshore areas based on the analysis developed in the RCBRA (DOE/RL-2007-21) and risk 

in the Columbia River developed for the CRC (DOE/RL-2010-117). Appendix L evaluates ecological 

risks identified within the Columbia River and the relationship between potential sources to the Columbia 

River in the 100-F/IU OUs, transport pathways, and ecological receptors. The RCBRA 

(DOE/RL-2007-21) evaluated risks to an array of assessment endpoints using multiple measures of 

exposure, effect, and ecosystem/receptor characteristics at representative nearshore study sites. The study 

sites were selected to represent locations that may be adjacent to or directly affected by known 

contaminated media (groundwater seeps and springs, soil, and sediment). The assessment conducted in 

the RCBRA (DOE/RL-2007-21) has been supplemented through the development of a conceptual model 

depicting the relationships between sources in the 100-F/IU OUs and riparian and nearshore media 

(soil, sediment, pore water, and surface water). This conceptual model is presented in Appendix L, with 

conclusions discussed in Section 7.5. 

7.1 Identification of Contaminants of Potential Concern 

This section describes the sources of data used in the ERA, the DQA and data validation process, and the 

process for identifying COPCs in soil. CVP and RSVP data collected within 140 waste sites in the 

100-F/IU OUs were used to identify COPCs. This chapter presents the risk assessment for individual 

waste sites using CVP/RSVP data. During the course of this ERA, COPCs were examined to identify 

a refined list of COPECs estimated to pose site-related ecological risks to receptor populations. 

7.1.1 Data Summary 

Remediation of waste sites in the 100-F/IU OUs began in 1999. In total, 108 waste sites in the 100-FR-1 

and 100-FR-2 Source OUs, 32 waste sites in the 100-IU-2 Source OU, and 29 waste sites in the 

100-IU-6 Source OU have verification sampling and analysis data and are included in this risk evaluation. 

Forty-eight waste sites from the 100-F/IU Source OUs were evaluated in the RCBRA 

(DOE/RL-2007-21). Since 2005, 123 additional waste sites with closeout verification data have been 

remediated at the 100-F/IU Source OU and are not addressed in the RCBRA (DOE/RL-2007-21). 

An additional eight sites in the 100-F/IU Source OU have been remediated but are included in another 

waste site’s sampling and closeout documentation. The focus was on data characterized as being collected 

from shallow depths, defined as upper and lower sampling depths from ground surface to no more than 

4.6 m (15 ft) bgs. Tables G-1 and G-2 (Appendix G) summarize the remediation sites, associated decision 

units, and reclassification status for the 100-F OUs and the 100-IU-2/IU-6 OUs, respectively. The waste 

sites listed in Tables G-1 and G-2 (Appendix G) are a subset of the waste sites that were listed in 

Appendix B (Table B-1) of the 100-F/IU Work Plan (DOE/RL-2008-46-ADD4). 

7.1.2 Data Quality Assessment 

A DQA is performed and reported in each closeout documentation report. The DQA compares the 

verification sampling approach and resulting analytical data with the sampling and data quality 

requirements specified by the project objectives and performance specifications. The DQA determines 

whether the data are of the right type, quality, and quantity to support site cleanup verification decisions 

within specified error tolerances. The DQA also determines whether the analytical data are found 

acceptable for decision-making purposes and whether the sample design was sufficient for the purpose of 

clean site verification. The cleanup verification sample analytical data and detailed DQA are summarized 
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in the appendices associated with the CVPs. The results of each DQA are incorporated by reference, and 

no further DQA was performed as part of this risk assessment. 

All analytical data are evaluated, and a portion is validated for compliance with quality assurance project 

plan requirements as documented in the 100 Area RDR/RAWP (DOE/RL-96-17). Data evaluation is 

performed to determine whether the laboratory carried out all steps required by the 100-F/IU SAP 

(DOE/RL-2009-43) and the laboratory contract governing the conduct of analysis and reporting of the 

data. This evaluation also examines the available laboratory data to determine whether an analyte is 

present or absent in a sample and the degree of overall uncertainty associated with that determination. 

7.1.3 Identification of COPCs 

All analytes detected at least once in a waste site decision unit for the 94, 25, and 21 waste sites in the 

100-F, 100-IU-2, and 100-IU-6 OUs, respectively, included in the risk assessment are identified as 

COPCs except those exclusions described in this subsection. No detected analytes were identified from 

two waste sites (100-F-23 and 118-F-4); therefore, no additional consideration was given to these waste 

sites. Verification sampling and analysis data are collected according to sample design requirements for 

the type of decision unit. For this ERA, an “exposure area” and a “decision unit” are operationally defined 

as being the same. Verification sampling and analysis data are subsequently grouped to calculate EPCs. 

The contribution from naturally occurring metals and anthropogenic radioisotopes is discussed in the risk 

characterization section in accordance with Guidance for Comparing Background and Chemical 

Concentrations in Soil for CERCLA Sites (EPA 540-R-01-003). The risk characterization discusses both 

elevated background concentrations and their contribution to site risks, and naturally occurring elements 

that are not CERCLA hazardous substances, pollutants, and contaminants but exceed the risk-based 

screening levels. 

The RCBRA (DOE/RL-2007-21) identifies a subset of analytes that are excluded from consideration as 

COPCs by agreement among the Tri-Parties based on relevant Hanford Site data. The following exclusion 

lists used in the RCBRA (DOE/RL-2007-21) were also applied to the waste site verification data during 

the data reduction steps described in Section 6.2.2.2: 

 Radionuclides with a half-life of less than 3 years: Radionuclides with half-lives of less than 

3 years would not result from historical Hanford Site operations because of radioactive decay that 

would have occurred since operations ceased. 

 Essential nutrients: Essential nutrients that are present at relatively low concentrations and are toxic 

only at high concentrations were not considered in the quantitative risk assessment. 

 Water quality or soil physical property measurements: These analytes were measured only to 

obtain information on water quality or soil properties to understand potential confounding factors for 

bioassays conducted for soil, sediment, or water or to interpret their influence on the toxicity of 

COPCs (e.g., grain size for soil and water hardness for metal effects). 

 Background radionuclides (potassium-40, radium-226, radium-228, thorium-228, thorium-230, 

and thorium-232): As identified and implemented in the RCBRA (DOE/RL-2007-21), these 

background radionuclides were identified by consensus of Tri-Party managers as not directly related 

to Hanford Site operations or processes. 

A list of the analytes that meet the exclusion criteria for the soil risk assessment is described in 

Section 6.2.2.2 and presented in Appendix G (Table G-3). The RCBRA (DOE/RL-2007-21) includes two 

additional steps to identify COPCs that the soil risk assessment did not apply:  
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 Analytes are commonly reported in waste site cleanup verification reports based on frequency of 

detection. Inclusion list analytes were not consistently reported in the CVP and RSVP data; therefore, 

this step was not implemented. 

 Remaining analytes are evaluated as candidate COPCs, based on comparisons to Hanford Site 

background, reference areas, and an “analyte-specific” evaluation. 

As a result of not applying the last two steps used in the RCBRA (DOE/RL-2007-21) to identify COPCs, 

more analytes are identified as COPCs in this risk assessment than were identified in the RCBRA 

(DOE/RL-2007-21). Identifying all detected analytes (except those on the exclusion list) as COPCs is a 

more streamlined approach that is consistent with Guidance for Comparing Background and Chemical 

Concentrations in Soil for CERCLA Sites (EPA 540-R-01-003). 

In addition to the steps described in this subsection, aluminum and iron were excluded as COPCs for all 

decision units within the 100-F/IU Area OUs. The EcoSSLs for aluminum and iron are based on soil pH 

(Ecological Soil Screening Level for Aluminum: Interim Final [OSWER Directive 9285.7-60] and 

Ecological Soil Screening Level for Iron: Interim Final [OSWER Directive 9285.7-69). The potential for 

aluminum toxicity is only identified in soils when the pH is 5.5 or less. While iron is essential for plant 

growth and is generally considered to be a micronutrient (Soils and Soil Fertility [Thompson and Troeh, 

1973]), the potential for iron bioavailability is only identified when the pH is less than 5 or greater than 8 

(Ecological Soil Screening Level for Iron: Interim Final [OSWER Directive 9285.7-69]). Oxidized 

environments (upland or well-aerated soils, such as those at the Hanford Site) promote the precipitation of 

ferric-oxide compounds, which are not available to plants for uptake. The main concern from an 

ecological risk perspective for iron is not direct chemical toxicity per se, but the effect of iron as a 

mediator in the geochemistry of other (potentially toxic) metals and the potential physical hazard of 

depositing flocculent (Ecological Soil Screening Level for Iron: Interim Final [OSWER Directive 

9285.7-69]). Section 7.3 presents an evaluation of these other COPECs with the screening levels 

identified. While some individual measurements of pH indicate potential bioavailability of aluminum and 

iron, most measurements of soil pH in the River Corridor are within ranges where these chemicals are not 

bioavailable. Data collected during the 2011 Hanford Sitewide field study indicated that pH in soils range 

between 5.8 and 8.7 (Tier 2 Terrestrial Plant and Invertebrate Preliminary Remediation Goals (PRGs) 

for Nonradionuclides for Use at the Hanford Site [ECF-HANFORD-11-0158], presented in Appendix H). 

Thus, aluminum and iron concentrations are not bioavailable and do not pose a risk to terrestrial 

ecological receptors. Additional discussion of metal bioavailability is presented in the Uncertainties 

Assessment (Section 7.4.9). 

The COPC list for these OUs was evaluated to develop a COPEC list in this risk assessment. A COPEC is 

defined as a COPC with concentrations exceeding both the background concentration and ecological 

screening level (ESL). The process to identify COPECs is discussed in Section 7.4. 

7.2 Problem Formulation 

The problem formulation includes the physical layout of the site, its history and ecology, and the 

development of an ecological conceptual site exposure model that evaluates potential exposure pathways 

and identifies the representative species that were used to assess ecological risk to those and other 

similar species. The problem formulation includes identification of the important aspects of the 

100-F/IU OUs waste site decision units to be protected (referred to as “assessment endpoints”) and the 

means by which the assessment endpoints are evaluated (measures of exposure and effects). 

7.2.1 Site Setting 

The 100-F/IU OUs are shown on Figure 1-1 and collectively cover an area of approximately 375 km
2
 

(145 mi
2
). The Columbia River section along the 100-F/IU OUs defines a portion of the Hanford Reach, 
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an important ecological, cultural, historic, and recreational feature. This upland environment is described 

in this section, while the riparian and nearshore habitats are described in Appendix L, which focuses on 

evaluating the potential for exposures in the riparian and nearshore environments to be of concern and to 

have originated from Hanford Site operations (i.e., from waste sites in the 100-F/IU OUs). 

The predominant plant community in the 100 Area is sagebrush/Sandberg’s bluegrass/cheatgrass. 

Currently, no plant species on the Hanford Site are federally listed as threatened or endangered under the 

Endangered Species Act of 1973. Plant species listed as threatened or endangered by the state of 

Washington include the awned halfchaff sedge (Lipocarpha aristulata), grand redstem (Ammannia 

robusta), lowland toothcup (Rotala ramosior), and persistent sepal yellowcress (Rorippa columbiae). 

All of these plant species are restricted to wetlands in the riparian zone of the Columbia River 

(NEPA Characterization Report [PNNL-6415]). Table 3-14 presents the complete list of state-listed flora. 

Shrub and grassland habitats dominate the Hanford Site and support a diverse and abundant variety of 

wildlife species, including in the uplands of the River Corridor. The 100 Areas are mostly undisturbed or 

fully recovered and, thus, support these diverse and abundant wildlife communities, while wildlife use of 

the remaining disturbed and developed areas is expected to be reduced because these areas are less 

attractive and provide fewer wildlife needs than natural habitats. However, even these areas can be 

frequented by wildlife. Common species include large animals like Rocky Mountain elk (Cervus elaphus) 

and mule deer (Odocoileus hemionus); predators such as coyote (Canis latrans), bobcat (Lynx rufus), and 

badger (Taxidea taxus); and herbivores including deer mice (Peromyscus maniculatus), harvest mice 

(Riethrodontonomys megalotis), ground squirrels (Spermophilus spp.), voles (Lemmiscus curtatus, 

Microtus spp.), and black-tailed jackrabbits (Lepus californicus). The most abundant mammal on the 

Hanford Site is the Great Basin pocket mouse (Perognathus parvus). Other nonburrowing animals, 

including cottontails (Sylvilagus nutalli), jackrabbits, snakes, and burrowing owls (Athene cunicularia), 

may use abandoned burrows of other animals. 

No species that regularly frequent the Hanford Site are listed currently as threatened or endangered under 

the Endangered Species Act of 1973. Species listed as threatened or endangered by Washington State 

include the burrowing owl (Athene cunicularia), Merriam’s shrew (Sorex merriami), and Washington 

ground squirrel (Urocitellus washingtoni). Table 3-15 presents the complete list of state listed fauna. 

Although the bald eagle has been removed from the list of federally endangered species, it is still 

protected under the Bald and Golden Eagle Protection Act of 1940. In addition, DOE continues to protect 

nest and roost sites on the Hanford Site under the Bald Eagle Management Plan (DOE/RL-94-150). 

Changes have been made to reduce the buffer zones surrounding winter night roosts and nest sites from 

800 to 400 m (2,625 to 1,312 ft). 

Bald eagles have generally been observed at the Hanford Site from November to March 

(“A Congregation of Wintering Bald Eagles” [Fitzner and Hanson, 1979]). During daylight hours, bald 

eagles perch along the Hanford Reach of the Columbia River and a few kilometers inland (Bald Eagle 

Management Plan [DOE/RL-94-150]). The primary perching areas occur in trees from the Hanford Town 

site to the Vernita Bridge. Several perch sites are east and southeast of 100-F, along the Columbia River. 

Two roosting sites are in this same area (Bald Eagle Management Plan [DOE/RL-94-150]). One roosting 

and nesting site is approximately 1.6 km (1 mi) southeast of the 100-F Area in a grove of large trees on 

the White Bluffs Peninsula (Bald Eagle Management Plan [DOE/RL-94-150]). A second nesting site is 

within 1.6 km (1 mi) to the north of the 100-F Area, located on the riverbank. Bald eagles predominantly 

forage on the banks of the river and the island where waterfowl roost and salmon carcasses can be found. 

The vicinity of Locke Island through Island 1 and the 100-F slough is also considered an important 

feeding area. The 100-F/IU is outside of the nesting buffer zones and important foraging areas. 

Additional consideration of these species is not required for this risk assessment. Additional site setting 

information is presented in Section 3.10, and site history is described in Section 1.2. 
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Although upland environments remain the focus of this discussion, it should be noted that the section of 

Columbia River adjacent to the Hanford Site is within the Hanford Reach, which extends from Priest 

Rapids Dam downstream to the slack waters of Lake Wallula, created by McNary Dam. The Hanford 

Reach contains three species listed as threatened or endangered under the Endangered Species Act 

of 1973, including Upper Columbia River spring-run Chinook salmon (Oncorhynchus tshawytscha), 

Upper Columbia River steelhead trout (Oncorhynchus mykiss), and bull trout (Salvelinus confluentus). 

The occurrence of these species within the Hanford Reach is discussed in detail in Appendix H. 

7.2.2 Simplified Ecological Exposure Model for Upland Sites 

Development of the ecological exposure model for this ERA involved characterizing the exposure 

pathways and ecological receptors that might be associated with the habitat types in the upland 

environment of the waste sites within the 100-F/IU OUs. Appropriate exposure pathways and 

representative endpoint species for the upland environment of the 100-F/IU OUs were developed based 

on information from the RCBRA (DOE/RL-2007-21) and are discussed in this subsection. Full risk 

evaluations of the riparian area or the islands within the Columbia River are not presented because they 

were already completed for the RCBRA (DOE/RL-2007-21) and CRC (DOE/RL-2010-117); however, 

the same models and receptors were used here as in those documents. The aquatic exposure models are 

described in Appendix L (Section L.2.4) with the evaluation of the aquatic exposure pathways. 

Appendix H evaluates the potential for the exposure of threatened and endangered species to site-related 

chemicals in the Hanford Reach. Results of those exposure and effects evaluations (i.e., the risk 

characterization) are discussed in Chapter 4, Appendix L, Appendix H, and Section 7.6 of this chapter 

with respect to the potential for the 100-F/IU OU to contribute to the final identified risks. 

With consideration of the ecological setting, land use, and COPC release mechanisms and transport 

pathways known at the 100-F/IU OUs upland environments, the ecological exposure pathways considered 

most plausible are graphically displayed on Figure 7-1 and include the following: 

 Direct contact of vegetation with analytes in surface soil 

 Direct contact with, or ingestion of, surface soil by terrestrial invertebrates (e.g., beetles and ants) 

 Direct contact with, or ingestion of, surface soil by terrestrial avian and mammalian wildlife 

 Dietary exposure of terrestrial and mammalian wildlife to COPCs bioaccumulated in food items 

(e.g., plants or prey) 

 Dietary exposure to emissions from radionuclides bioaccumulated and retained within the tissues of 

plants, terrestrial invertebrates, and terrestrial wildlife 

 External exposure of plants, terrestrial invertebrates, and terrestrial wildlife to emissions from 

radionuclides in soil 

The ERA evaluated exposure within the top 4.6 m (15 ft). Some soil within this 4.6 m (15 ft) interval is 

located beyond the depth where biological activity is occurring. However, all of the soil from this interval 

was evaluated assuming that soil from 4.6 m (15 ft) can be brought to the surface where ecological 

receptors could be exposed. Deep soil (below a depth of 4.6 m [15 ft] bgs) was not evaluated in this ERA. 

A food web model for the upland environment of the Hanford Site (Figure 7-2) has been developed, based 

upon an understanding of the ecology of the area, and documented in the previous ERAs. 
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Figure 7-1. Ecological Conceptual Site Model for Terrestrial Habitats in Hanford Site Upland Environment 
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Figure 7-2. Hanford Site Upland Environment Terrestrial Food Web 
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The following entities (represented by trophic guilds) and their associated organizational level have been 

identified for evaluation: 

 Terrestrial plants—community level 

 Terrestrial invertebrates—community level 

 Soil microorganisms and microbial processes—community level 

 Herbivorous birds—population level 

 Herbivorous mammals—population level 

 Insectivorous birds—population level 

 Insectivorous mammals—population level 

 Omnivorous birds—population level 

 Omnivorous mammals—population level 

 Carnivorous birds—population level 

 Carnivorous mammals—population level 

 Reptiles and amphibians3 

Some endpoint entities are evaluated at the population level and others at the community level. 

As reported in Summary Report: Risk Assessment Forum Technical Workshop on Population-level 

Ecological Risk Assessment (EPA/100/R-09/006): “Define ecological risk assessment…as estimating the 

likelihood or probability of adverse effects (e.g., mortality to single species of organisms, reduction in 

populations of nontarget organisms due to acute, chronic, reproductive effects, or disruption in 

community and ecosystem level functions.” EPA has developed guidance (Framework for Ecological 

Risk Assessment [EPA/630/R-92/001], Ecological Significance and Selection of Candidate Assessment 

Endpoints [EPA/540/F-95/037], and Generic Ecological Assessment Endpoints (GEAEs) for Ecological 

Risk Assessment [EPA/630/P-02/004F]) that can aid in distinguishing the assessment level. 

These guidelines intentionally do not specify a target level of organization to protect for an entity 

allowing flexibility in setting the target organizational level that works for the individual project. 

The organizational levels described in this subsection align with the management goals originally defined 

in DQO Summary Report for the 100 Area and 300 Area Component of the RCBRA (BHI-01757), which 

focuses on the protection of individuals for special-status species, preventing adverse effects on Hanford 

Site biota from contaminants, protecting rare habitats, and minimizing contaminant loading into biota. 

With the ecosystem present at the Hanford Site, maintaining the health of wildlife populations and the 

function of a plant community is appropriate, as opposed to focusing on populations of particular plant 

species within that community. 

As noted in Appendix A to Generic Ecological Assessment Endpoints (GEAEs) for Ecological Risk 

Assessment (EPA/630/P-02/004F), EPA principles for ERA and risk management at Superfund sites state, 

“Superfund’s goal is to reduce ecological risks to levels that will result in the recovery and maintenance 

of healthy local populations and communities of biota.” Should a special status species of plant (such as 

an endangered species of native grass or forb) be present at a given waste site at the Hanford Site, then 

protecting that population would be acceptable. However, the measurement endpoints, which align with 

the entities listed in this subsection, were selected appropriately to protect populations and communities. 

Although the endpoints identified may be expressed as single species toxicity tests, as these guidance 

                                                      
3 Although reptiles and amphibians are part of the food web for the upland environment, effects data for them are 

limited. Therefore, SSLs were not developed for this trophic guild. 
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documents express, interpretation of the results relative to lowest observed effect concentration (LOEC) 

or lowest observed adverse effect level (LOAEL) endpoints for the protection of populations 

and communities is appropriate. Section III of Issuance of Final Guidance: Ecological Risk Assessment 

and Risk Management Principles for Superfund Sites (OSWER Directive 9285.7-28 P) states the 

following: “Levels that are expected to protect local populations and communities can be estimated by 

extrapolating from effects on individuals and groups of individuals using a lines-of-evidence approach. 

The performance of multi-year field studies at Superfund sites to try to quantify or predict long-term 

changes in local populations is not necessary for appropriate risk management decisions to be made. 

Data from discrete field and laboratory studies, if properly planned and appropriately interpreted, can be 

used to estimate local population or community-level effects.” Issuance of Final Guidance: Ecological 

Risk Assessment and Risk Management Principles for Superfund Sites (OSWER Directive 9285.7-28 P) 

further states that “Superfund ERAs gather effects data on individuals in order to predict or postulate 

potential effects on local wildlife, fish, invertebrates, and plant populations and communities that occur 

in specific habitats at sites.” Finally, as noted in Overview of the Ecological Risk Assessment Process in 

the Office of Pesticide Programs, U.S. Environmental Protection Agency—Endangered and Threatened 

Species Effects Determinations (EPA, 2004), “…if effects on the survival and reproduction of 

individuals are limited, it is assumed that risks at the population level from such effects will be of 

minor consequence.” 

To calculate EcoSSLs, endpoint representative species were selected for each entity identified in this 

subsection (trophic guilds/functional groups) that could use the site. For example, a red-tailed hawk may 

be considered representative of raptors visiting the site. Consistent with ERAGS (EPA 540-R-97-006), 

Guidelines for Ecological Risk Assessment (EPA/630/R-95/002F), and MTCA (“Site-Specific Terrestrial 

Ecological Evaluation Procedures” [WAC 173-340-7493]), endpoint species should preferably be ones 

that have ecological relevance, are of societal value, are susceptible to chemical stressors at the site, or 

allow risk managers to meet policy goals. These factors were used to select representative receptor 

species common to the Hanford Site upland environment that are within the trophic guilds 

identified previously in this section. Selected receptors are conservative indicators of the potential for risk 

to the trophic guilds identified for evaluation. The representative receptor species selected for each of the 

trophic guilds are as follows: 

 Herbivorous birds—California quail (Callipepla californica) 

 Herbivorous mammals—Great Basin pocket mouse (Perognathus parvus) 

 Insectivorous birds—killdeer (Charadrius vociferus) 

 Insectivorous mammals—northern grasshopper mouse (Onychomys leucogaster) 

 Omnivorous birds—western meadowlark (Sturnella neglecta) 

 Omnivorous mammals—deer mouse (Peromyscus maniculatus) 

 Carnivorous birds (raptors)—red-tailed hawk (Buteo jamaicensis) 

 Carnivorous mammals—badger (Taxidea taxus) 

Unlike for birds and mammals, methods to differentiate exposure and/or effects among different plant 

species or among different invertebrate species are unavailable. Therefore, individual species for 

terrestrial vegetation and invertebrates were not selected to represent the plant or invertebrate populations 

and communities for evaluation. 
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7.2.3 Assessment Endpoints 

Assessment endpoints are an expression of the important ecological values that are to be protected at 

a site (Ecological Risk Assessment [Suter, 1993], Guidelines for Ecological Risk Assessment 

[EPA/630/R-95/002F], Ecological Risk Assessment for Contaminated Sites [Suter et al., 2000]). 

Assessment endpoints are based on known information concerning the analytes present, the study area, 

the ecological CSM, and risk hypotheses. There are three components to each assessment endpoint: an 

entity (e.g., migratory birds), an attribute of that entity (e.g., individual survival), and a measure 

(e.g., a measurable value, such as an effect level). Measures are described following the general 

description of assessment endpoints (Guidelines for Ecological Risk Assessment [EPA/630/R-95/002F]; 

Ecological Risk Assessment for Contaminated Sites [Suter et al., 2000]). 

The assessment endpoint entities for the 100-F/IU OU waste sites were selected based on the following 

principal criteria: 

 Ecological relevance 

 Societal relevance 

 Susceptibility (or high exposure) to known or potential stressors at the Hanford Site 

The attribute selected for each entity was based on the organizational level of the entity and the primary 

criteria that were used to select it. Entities and attributes were selected for community and population 

levels of assessment. 

7.2.4 Measures of Exposure and Effects 

Measures (formerly referred to as measurement endpoints) are measurable attributes used to evaluate the 

risk hypotheses and are predictive of effects on the assessment endpoints (Guidelines for Ecological Risk 

Assessment [EPA/630/R-95/002F]). The three categories of measures are as follows: 

 Measures of exposure are used to evaluate intake of a contaminant from contact with environmental 

media (e.g., soil). Measures of exposure can be an EPC of a COPC in an environmental medium or 

food item. A measure of exposure also can be a dose occurring through ingestion, inhalation, or 

dermal contact with a contaminant in an environmental medium. SSLs were estimated by back 

calculating from a target dose associated with the selected assessment endpoint to a corresponding 

concentration in soil (see Section 7.3.1 for further discussion). 

The measure of exposure represents the exposure appropriate for the assessment endpoint 

(e.g., a wildlife population) throughout its exposure area (e.g., the entire home range of the target 

species). Thus, the average exposure to multiple individuals (e.g., the population of wildlife or the 

plant community) in a species is the basis for population or community-level effects. 

 Measures of effect are used to evaluate the response of an organism that is exposed to a stressor. 

Measures of effects used in this evaluation included TRVs for wildlife and the LOECs in soil for 

plants and soil invertebrates (Section 7.3.1). The maximum acceptable adverse effect levels generally 

selected for population-level and community-level assessment endpoints are lowest LOECs or 

LOAELs, when available. 

 Measures of ecosystem and receptor characteristics are used to evaluate the ecosystem characteristics 

that influence the assessment endpoints, the distribution of stressors, and the characteristics of the 

assessment endpoints that may affect exposure or response to the stressor. Measures of ecosystem and 

receptor characteristics are used to characterize ecological risks as part of a baseline ERA 

or evaluation. These kinds of ecological information were not used directly in calculating SSLs. 
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However, measures of ecosystem and receptor characteristics may represent additional lines of 

evidence that can be used along with SSLs in evaluating remedial alternatives in the RI/FS. 

7.3 Effects and Exposure Assessment 

The effects and exposure assessments were conducted and then integrated to develop two levels of 

thresholds for evaluating the 100-F/IU data. This follows the tiered process referred to earlier in this 

chapter and as described in ERAGS (EPA 540-R-97-006). The initial evaluation versus conservative 

thresholds (SSLs) helps to focus the evaluation down to those COPEC-receptor-waste-site combinations 

that might require further evaluation. The additional evaluation completed with a comparison to PRGs 

helps identify which COPEC-receptor-waste-site combinations should be brought forward to the SMDP 

in Section 7.6. Comparisons to SSLs were used to identify COPEC receptor waste sites combinations for 

the SMDP in cases where the second tier of effect level (PRG) was not available or recommended 

(e.g., organics, radionuclides, and a few inorganics). 

For wildlife, the effects assessment presents TRVs that have been derived from available literature-based 

toxicity information on COPCs and that can be used in determining the potential for adverse effects to 

ecological receptors. Two types of effects-based values are presented in this ERA: (1) initial conservative 

values from the published literature (e.g., Ecology, EPA, and DOE guidance or compendiums), and 

(2) Hanford Site-specific values (values established using data collected at the Hanford Site). 

These values are then used within food chain exposure dose models from the exposure assessment to 

establish media benchmarks (thresholds). For plants and invertebrates, the effects data are incorporated 

more simply because the effects are measured relative to direct exposure. Thus, the concentration 

associated with an observed effect in the exposure medium (soil, water, and sediment) becomes the 

benchmark (threshold). 

The exposure assessment identifies exposure pathways associated with the representative receptor species 

listed in Section 7.2.2. As with the effects values, the exposure assessment employs two types of exposure 

evaluations: avian and mammalian SSLs, and Hanford Site-specific avian and mammalian PRGs. It also 

describes the models used to calculate SSLs and PRGs. 

The TRVs were combined with the exposure information to calculate SSLs and PRGs. This section 

presents the salient features of the effects and exposure assessments as they were used to calculate the 

SSLs and PRGs. An overview of the development of the nonradionuclide and radionuclide SSLs and 

PRGs is described in the exposure assessment for each receptor group (i.e., plants, soil invertebrates, and 

wildlife). The methodology used to develop the SSLs is detailed in Tier 1 Risk-Based Soil Concentrations 

Protective of Ecological Receptors at the Hanford Site (CHPRC-00784). The methodology used to 

develop the PRGs for wildlife is detailed in Tier 2 Risk-Based Soil Concentrations Protective of 

Ecological Receptors at the Hanford Site (CHPRC-01311). The methodology used to develop the 

Hanford Site-specific risk thresholds and to select PRGs for plants and invertebrates is detailed in 

Tier 2 Terrestrial Plant and Invertebrate Preliminary Remediation Goals (PRGs) for Nonradionuclides 

for Use at the Hanford Site (ECF-HANFORD-11-0158). These documents are presented in Appendix H. 

The effects and exposure assessment is organized as follows: 

 Section 7.3.1 presents the effects assessment with separate sections for radionuclides (Section 7.3.1.1) 

and nonradionuclides (Section 7.3.1.2) because of the method of their derivation. Within each of 

these, effects for plants and invertebrates are discussed separately from wildlife. 

For nonradionuclides, plant and invertebrate effects are described relative to direct exposure, whereas, 

for wildlife, the effects are described relative to the ingested dose. For radionuclides, the effects 

assessment includes values that correspond to effects from a dose of radiation. 
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 Section 7.3.2 presents the exposure assessment with separate sections for plants and invertebrates 

(Section 7.3.2.1) and wildlife (Section 7.3.2.2). Exposure to wildlife is further broken out to describe 

the food chain models that estimate the concentration in ingested prey and to explain how the 

assumptions of the model differ in the development of SSLs versus PRGs. Section 7.2.3.3 even 

further describes specific differences in the modeling of wildlife exposure to radionuclides. The SSLs 

that result from the effects and exposure assessments are presented in these sections. 

 Section 7.3.3 provides a description of wildlife exposure through drinking from seeps along the 

Columbia River. 

 Section 7.3.4 describes and presents the PRGs that result from the effects and exposure assessment. 

 Section 7.3.5 describes how soil and seep data were used to estimate EPCs for comparisons with the 

SSLs and PRGs presented. 

7.3.1 Effects Assessment 

The ecological effects assessment consists of an evaluation of available toxicity or other effects 

information that can be used to interpret the significance of the exposures to COPCs relative to potential 

adverse effects to ecological receptors. Data that can be used include literature-derived or site-specific 

single-chemical toxicity data (wildlife), site-specific ambient-media toxicity tests (plants and 

invertebrates), and site-specific field surveys (Ecological Risk Assessment for Contaminated Sites 

[Suter et al., 2000]). The effects data used in this ERA are represented by single-chemical toxicity data 

from literature sources and are summarized in the following subsections for radionuclides and 

nonradionuclides (Appendix H, Tables H-1 and H-2). The effects levels presented are used either directly 

(for plants and invertebrates) or within exposure dose models (for wildlife) to establish concentrations in 

exposure media (e.g., soil) that are protective of plant and invertebrate communities and 

wildlife populations. 

7.3.1.1 Effects Assessment for Radionuclides 

Radionuclide toxicity data for plants and wildlife are represented by the DOE Biota Concentration 

Guides (BCGs) for radionuclides presented in A Graded Approach for Evaluating Radiation Doses to 

Aquatic and Terrestrial Biota (DOE-STD-1153-2002), hereinafter called Graded Approach for Radiation 

Doses to Biota. Two radionuclide effect thresholds, as determined by consensus of international radiation 

regulatory agencies, form the basis for effect thresholds used to develop screening levels of radionuclides 

in soil for the protection of plants and animals. General guidance from the International Council for 

Radiological Protection (Recommendations of the International Commission on Radiological Protection 

[ICRP-60]), Proliferation Resistance Fundamentals for Future Nuclear Energy Systems 

(IAEA STR-332), and Sources and Effects of Ionizing Radiation (UNSCEAR, 2000) with scientific 

annexes (Sales Publication No. E.00.IX.4) concluded that radiological doses to terrestrial plants and 

terrestrial vertebrates should not exceed 1.0 and 0.1 rad/day, respectively. If radiation exposure does not 

exceed these biota dose levels, the consensus opinion of the international radiological organizations is that 

ecological populations will be protected. DOE has adopted these effect thresholds and integrated them 

into Graded Approach for Radiation Doses to Biota (DOE-STD-1153-2002), which includes a screening 

method and three more detailed levels of analysis for demonstrating compliance with applicable dose 

limits for protection of biota: 

 A general screening that involves comparing maximum radionuclide concentrations in environmental 

media (i.e., soil) with a set of BCGs to evaluate compliance with the biota dose limits. 
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 Site-specific screening using more realistic site-representative lumped parameters 

(e.g., bioaccumulation factors [BAFs]) in place of conservative default parameters, using mean 

radionuclide concentrations in place of maximum values, and taking into account time dependence 

and spatial extent of contamination. 

 Site-specific analysis employing a kinetic-allometric modeling methodology. Multiple parameters 

that represent contribution to an organism’s internal dose can be modified to represent site- and 

organism-specific characteristics. These parameters include body mass, consumption rates of food or 

soil, inhalation rate, lifespan, and biological elimination rates. Development of the organism-specific 

characteristics involves using allometric equations that relate these parameters to body mass. 

 Site-specific biota dose assessment involving the collection and analysis of biota samples. 

BCGs can be calculated using dose models, equations, and default parameters that are presented in 

Graded Approach for Radiation Doses to Biota (DOE-STD-1153-2002). The values in soil, calculated 

using these default methods, are found in Table 6-4 in Graded Approach for Radiation Doses to Biota 

(DOE-STD-1153-2002). These dose models, equations, and default parameters are also incorporated into 

the RESRAD-BIOTA for Windows, Version 1.5 (ANL, 2009b) model (RESRAD-BIOTA: A Tool for 

Implementing a Graded Approach to Biota Dose Evaluation, User’s Guide, Version 1 [DOE/EH-0676]) 

to establish values protective of wildlife populations and plant communities. Effects of Ionizing Radiation 

on Terrestrial Plants and Animals: A Workshop Report (ORNL/TM-13141) also discusses populations of 

wildlife and communities of plants as the basis for the BCGs. RESRAD-BIOTA presents three levels of 

analysis, which correspond to the following levels in the graded approach: 

 Level 1: General screening approach 

 Level 2: Site-specific screening with representative parameters 

 Level 3: Site-specific analysis using the kinetic/allometric modeling methodology 

The BCGs for plants for this ERA were calculated using the Level 1 analysis in RESRAD-BIOTA and 

are shown in Table 7-1. 

For wildlife (animals), more receptor-specific SSLs were developed using RESRAD-BIOTA for 

Windows, Version 1.5 (ANL, 2009b) with Level 3 assumptions. Values were established for eight 

different species representing feeding guilds found at the site. However, Hanford Site-specific tissue 

residue of radionuclides was insufficient for developing models so that values from relevant published 

literature were used (“Derivation of Transfer Parameters for Use Within the ERICA Tool and the Default 

Concentration Ratios for Terrestrial Biota” [Beresford et al., 2008]). Final radionuclide SSLs for wildlife 

are shown in Table 7-2. 

Because the dose from radionuclides is additive (“Principles and Issues in Radiological Ecological Risk 

Assessment” [Jones et al., 2003]), the total contribution of radionuclides known to be associated with 

Hanford Site processes was also calculated. A total radionuclide exposure estimate was calculated using 

the sum of fractions (SOF) method. With the SOF method, the contributions of various radionuclides 

were reviewed to determine their contribution to dose. Contributions were considered further if the 

radionuclide EPC was greater than the SSL and detected frequently. 
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Table 7-1. Soil Screening Levels in Upland Soil for Plants and Soil Invertebrates 

Group Soil Constituent Units 

EPA EcoSSLs 

ORNL - ES/ER/TM-85/R3, 

ES/ER/TM-126/R2 DOE BCGs 

Ecology - MTCA 

WAC 173-340, 

Table 749-3 

Lowest Screening Benchmark by 

Receptor Type 

Background Soil 

Concentrationsa 

SSL for Plants and 

Soil Invertebratesb Basis Plants Invertebrate Reference Plants Invertebrate 

Terrestrial 

Plant 

Terrestrial 

Animal Plant Soil Biota Plant Inverts 

Overall Lowest 

Screening 

Benchmark 

Radionuclides Americium-241  pCi/g --- --- --- --- --- 21,500 3,890 --- --- 21,500 --- 21,500 --- 21,500 Benchmark 

Antimony-125 pCi/g --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Carbon-14 pCi/g --- --- --- --- --- 60,700 4,760 --- --- 60,700 --- 60,700 --- 60,700 Benchmark 

Cesium-134 pCi/g --- --- --- --- --- 1,090 11.3 --- --- 1,090 --- 1,090 --- 1,090 Benchmark 

Cesium 137  pCi/g --- --- --- --- --- 2,210 20.8 --- --- 2,210 --- 2,210 1.05 2,210 Benchmark 

Cobalt-60 pCi/g --- --- --- --- --- 6,130 692 --- --- 6,130 --- 6,130 0.00842 6,130 Benchmark 

Curium-244 pCi/g --- --- --- --- --- 153,000 4,060 --- --- 153,000 --- 153,000 --- 153,000 Benchmark 

Europium-152 pCi/g --- --- --- --- --- 14,700 1,520 --- --- 14,700 --- 14,700 --- 14,700 Benchmark 

Europium-154 pCi/g --- --- --- --- --- 12,500 1,290 --- --- 12,500 --- 12,500 0.0334 12,500 Benchmark 

Europium-155 pCi/g --- --- --- --- --- 153,000 15,800 --- --- 153,000 --- 153,000 0.0539 153,000 Benchmark 

Hydrogen-3 (tritium) pCi/g --- --- --- --- --- 1,680,000 174,000 --- --- 1,680,000 --- 1,680,000 --- 1,680,000 Benchmark 

Neptunium-237 pCi/g --- --- --- --- --- 8,150 3,860 --- --- 8,150 --- 8,150 --- 8,150 Benchmark 

Nickel-63 pCi/g --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Plutonium-238 pCi/g --- --- --- --- --- 17,500 5,270 --- --- 17500 --- 17,500 0.00378 17,500 Benchmark 

Plutonium-239/240 pCi/g --- --- --- --- --- 12,700 6,110 --- --- 12,700 --- 12,700 0.0248 12,700 Benchmark 

Radium-226 pCi/g --- --- --- --- --- 288 50.6 --- --- 288 --- 288 0.815 288 Benchmark 

Radium-228 pCi/g --- --- --- --- --- 245 43.9 --- --- 245 --- 245 --- 245 Benchmark 

Strontium-90  pCi/g --- --- --- --- --- 3,580 22.5 --- --- 3,580 --- 3,580 0.178 3,580 Benchmark 

Technetium-99 pCi/g --- --- --- --- --- 21,900 4,490 --- --- 21,900 --- 21,900 --- 21,900 Benchmark 

Thorium-232 pCi/g --- --- --- --- --- 23,500 1,510 --- --- 23,500 --- 23,500 1.32 23,500 Benchmark 

Uranium-234 pCi/g --- --- --- --- --- 51,600 5,130 --- --- 51,600 --- 51,600 1.1 51,600 Benchmark 

Uranium-235 pCi/g --- --- --- --- --- 27,400 2,770 --- --- 27,400 --- 27,400 0.109 27,400 Benchmark 

Uranium-238 pCi/g --- --- --- --- --- 15,700 1,580 --- --- 15,700 --- 15,700 1.06 15,700 Benchmark 

Metals Aluminum mg/kg Narrative Statement OSWER Dir. 9285.7-60 50 --- --- --- 50 --- 50 --- 50 11,800 11,800 Background 

Antimony mg/kg --- 78 OSWER Dir. 9285.7-61 5 --- --- --- 5 --- 5 78 5 5.2 5.2 Background 

Arsenic, total all valence states mg/kg 18 --- OSWER Dir. 9285.7-62 10 60 --- --- --- --- 10 60 10 6.47 10 Benchmark 

Arsenic(III)  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Arsenic(V)  mg/kg --- --- --- --- --- --- --- 10 60 10 60 10 --- 10 Benchmark 

Barium mg/kg --- 330 OSWER Dir. 9285.7-63 500 --- --- --- 500 --- 500 330 330 132 330 Benchmark 

Beryllium mg/kg --- 40 OSWER Dir. 9285.7-64 10 --- --- --- 10 --- 10 40 10 1.51 10 Benchmark 

Bismuth mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Boron mg/kg --- --- --- 0.5 --- --- --- 0.5 --- 0.5 --- 0.5 --- 0.5 Benchmark 

Cadmium mg/kg 32 140 OSWER Dir. 9285.7-65 4 20 --- --- 4 20 4 20 4 0.78 4 Benchmark 

Chromium (total)c,d mg/kg --- --- OSWER Dir. 9285.7-66 1 0.4 --- --- 42 42 1 0.4 0.4 18.5 18.5 Background 

Chromium (III) mg/kg --- --- OSWER Dir. 9285.7-66 1 0.4 --- --- 42 42 1 0.4 0.4 --- 0.4 Benchmark 
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Table 7-1. Soil Screening Levels in Upland Soil for Plants and Soil Invertebrates 

Group Soil Constituent Units 

EPA EcoSSLs 

ORNL - ES/ER/TM-85/R3, 

ES/ER/TM-126/R2 DOE BCGs 

Ecology - MTCA 

WAC 173-340, 

Table 749-3 

Lowest Screening Benchmark by 

Receptor Type 

Background Soil 

Concentrationsa 

SSL for Plants and 

Soil Invertebratesb Basis Plants Invertebrate Reference Plants Invertebrate 

Terrestrial 

Plant 

Terrestrial 

Animal Plant Soil Biota Plant Inverts 

Overall Lowest 

Screening 

Benchmark 

Chromium (VI) mg/kg --- --- OSWER Dir. 9285.7-66 --- --- --- --- --- --- --- --- --- --- --- --- 

Cobalt mg/kg 13 --- OSWER Dir. 9285.7-67 20 --- --- --- 20 --- 13 --- 13 15.7 15.7 Background 

Copper mg/kg 70 80 OSWER Dir. 9285.7-68 100 50 --- --- 100 50 70 50 50 22 50 Benchmark 

Lead mg/kg 120 1,700 OSWER Dir. 9285.7-70 50 500 --- --- 50 500 50 500 50 10.2 50 Benchmark 

Lithiumd mg/kg --- --- --- 2 --- --- --- 35 --- 2 --- 2 33.5 33.5 Background 

Manganesed mg/kg 220 450 OSWER Dir. 9285.7-71 500 --- --- --- 1,100 --- 220 450 220 512 512 Background 

Mercury mg/kg --- --- --- 0.3 0.1 --- --- 0.3 0.1 0.3 0.1 0.1 0.33 0.33 Background 

Molybdenum mg/kg --- --- --- 2 --- --- --- 2 --- 2 --- 2 6 6 Background 

Nickel mg/kg 38 280 OSWER Dir. 9285.7-76 30 200 --- --- 30 200 30 200 30 19.1 30 Benchmark 

Selenium mg/kg 0.52 4.1 OSWER Dir. 9285.7-72 1 70 --- --- 1 70 0.52 4.1 0.52 0.78 0.78 Background 

Silver mg/kg 560 --- OSWER Dir. 9285.7-77 2 --- --- --- 2 --- 2 --- 2 0.73 2 Benchmark 

Strontium  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Thallium mg/kg --- --- --- 1 --- --- --- 1 --- 1 --- 1  1 Benchmark 

Tin mg/kg --- --- --- 50 --- --- --- 50 --- 50 --- 50 --- 50 Benchmark 

Uranium mg/kg --- --- --- 5 --- --- --- 5 --- 5 --- 5 3.21 5 Benchmark 

Vanadium mg/kg --- --- OSWER Dir. 9285.7-75 2 --- --- --- 2 --- 2 --- 2 85.1 85.1 Background 

Zincd mg/kg 160 120 OSWER Dir. 9285.7-73 50 200 --- --- 86 200 50 120 50 67.8 67.8 Background 

General  

Inorganics 

Ammonia/ammonium  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- 9.23 9.23 Background 

Chloride  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- 100 100 Background 

Cyanide  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Fluoride  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- 2.81 2.81 Background 

Iodine  mg/kg --- --- --- 4 --- --- --- 4 --- 4 --- 4 --- 4 Benchmark 

Nitrate/nitrite  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- 52 52 Background 

Phosphate  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- 0.785 0.785 Background 

Sulfate/sulfite  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- 237 237 Background 

Total organic carbon  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Volatile Organics 1,1-Dichloroethane mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1,1-Dichloroethene  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1,1,1-Trichloroethane mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1,1,2-Trichloroethane  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1,1,2,2-Tetrachloroethane mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1,2-Dichlorobenzene  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1,2-Dichloroethane (DCA) mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1,3-dichlorobenzene  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

2-Butanone (methyl ethyl ketone/MEK) mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 
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Table 7-1. Soil Screening Levels in Upland Soil for Plants and Soil Invertebrates 

Group Soil Constituent Units 

EPA EcoSSLs 

ORNL - ES/ER/TM-85/R3, 

ES/ER/TM-126/R2 DOE BCGs 

Ecology - MTCA 

WAC 173-340, 

Table 749-3 

Lowest Screening Benchmark by 

Receptor Type 

Background Soil 

Concentrationsa 

SSL for Plants and 

Soil Invertebratesb Basis Plants Invertebrate Reference Plants Invertebrate 

Terrestrial 

Plant 

Terrestrial 

Animal Plant Soil Biota Plant Inverts 

Overall Lowest 

Screening 

Benchmark 

2-Hexanone  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Benzene  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Butanol  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Carbon tetrachloride  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Chlorobenzene  mg/kg --- --- --- --- 40 --- --- --- 40 --- 40 40 --- 40 Benchmark 

Chloroform  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

cis-1,2-Dichloroethylene mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Dichloromethane (methylene chloride) mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Ethyl benzene  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Methyl isobutyl ketone mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

n-butyl Benzene  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Tetrachloroethylene mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Toluene  mg/kg --- --- --- 200 --- --- --- 200 --- 200 --- 200 --- 200 Benchmark 

trans-1,2-Dichloroethylene mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Trichloroethene (TCE) mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Xylene  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Polycyclic Aromatic 

Hydrocarbons (PAHs) 

Acenaphthene mg/kg --- 29 OSWER Dir. 9285.7-75 20 --- --- --- 20 --- 20 29 20 --- 20 Benchmark 

Acenaphthylene mg/kg --- 29 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 29 29 --- 29 Benchmark 

Anthracene mg/kg --- 29 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 29 29 --- 29 Benchmark 

Benzo(a)pyrene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Benzo(a)anthracene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Benzo(b)fluoranthene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Benzo(ghi)perylene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Benzo[k]fluoranthene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Chrysene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Dibenz(ah)anthracene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Fluoranthene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Fluorene mg/kg --- 29 OSWER Dir. 9285.7-75 --- 30 --- --- --- 30 --- 29 29 --- 29 Benchmark 

Indeno[1,2,3-cd]pyrene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

2-Methylnaphthalene mg/kg --- 29 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 29 29 --- 29 Benchmark 

Naphthalene mg/kg --- 29 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 29 29 --- 29 Benchmark 

Phenanthrene mg/kg --- 29 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 29 29 --- 29 Benchmark 

Pyrene mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Total PAHs mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Low molecular weight PAHse mg/kg --- 29 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 29 29 --- 29 Benchmark 
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Table 7-1. Soil Screening Levels in Upland Soil for Plants and Soil Invertebrates 

Group Soil Constituent Units 

EPA EcoSSLs 

ORNL - ES/ER/TM-85/R3, 

ES/ER/TM-126/R2 DOE BCGs 

Ecology - MTCA 

WAC 173-340, 

Table 749-3 

Lowest Screening Benchmark by 

Receptor Type 

Background Soil 

Concentrationsa 

SSL for Plants and 

Soil Invertebratesb Basis Plants Invertebrate Reference Plants Invertebrate 

Terrestrial 

Plant 

Terrestrial 

Animal Plant Soil Biota Plant Inverts 

Overall Lowest 

Screening 

Benchmark 

High molecular weight PAHsf mg/kg --- 18 OSWER Dir. 9285.7-75 --- --- --- --- --- --- --- 18 18 --- 18 Benchmark 

Petroleum Gasoline range organics mg/kg --- --- --- --- --- --- --- --- 100 --- 100 100 --- 100 Benchmark 

TPH-diesel mg/kg --- --- --- --- --- --- --- --- 200 --- 200 200 --- 200 Benchmark 

TPH-kerosene mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Semivolatile Organics Normal paraffin hydrocarbons mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Phenol  mg/kg --- --- --- 70 30 --- --- 70 30 70 30 30 --- 30 Benchmark 

2-Methylphenol (o-cresol) mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

4-Methylphenol (p-cresol) mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

2,4-Dinitrotoluene  mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Bis[2-ethylhexyl] phthalateg mg/kg --- --- --- 100 --- --- --- 100 --- 100 --- 100 --- 100 Benchmark 

Polychlorinated biphenyls (PCB)h,i mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Aroclor-1016h,i mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Aroclor-1221h,i mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Aroclor-1232h,i mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Aroclor-1242h,i mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Aroclor-1248h,i mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Aroclor-1254,i mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Aroclor-1260h,i mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Aroclor-1262h,i, j mg/kg --- --- --- 40 --- --- --- 40 --- 40 --- 40 --- 40 Benchmark 

Herbicide Dichloroprop mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Pesticide Aldrin mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

beta-1,2,3,4,5,6-Hexachlorocyclohexane mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

alpha-Chlordanek mg/kg --- --- --- --- --- --- --- --- 1 --- 1 1 --- 1 Benchmark 

gamma-Chlordanek mg/kg --- --- --- --- --- --- --- --- 1 --- 1 1 --- 1 Benchmark 

Dichlorodiphenyldichloroethylene mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Dichlorodiphenyltrichloroethane mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Dieldrin mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Endosulfan I mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Endosulfan II mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Endosulfan sulfate mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Endrin aldehyde mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

Methoxychlor mg/kg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 
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Table 7-1. Soil Screening Levels in Upland Soil for Plants and Soil Invertebrates 

Group Soil Constituent Units 

EPA EcoSSLs 

ORNL - ES/ER/TM-85/R3, 

ES/ER/TM-126/R2 DOE BCGs 

Ecology - MTCA 

WAC 173-340, 

Table 749-3 

Lowest Screening Benchmark by 

Receptor Type 

Background Soil 

Concentrationsa 

SSL for Plants and 

Soil Invertebratesb Basis Plants Invertebrate Reference Plants Invertebrate 

Terrestrial 

Plant 

Terrestrial 

Animal Plant Soil Biota Plant Inverts 

Overall Lowest 

Screening 

Benchmark 

Note: Complete citations for OSWER Directives are provided in Chapter 11. 

Sources: ES/ER/TM-85/R3, Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Terrestrial Plants: 1997 Revision. 

ES/ER/TM-126/R2, Toxicological Benchmarks for Contaminants of Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision. 

WAC 173-340, “Model Toxics Control Act—Cleanup” (MTCA). 

a. Background soil concentrations are selected according to the following hierarchy: the 90th percentile of Hanford Site background, Washington State background. See the text for further discussion of sources. 

b. The selected PRG is the higher of either the background in soil or the overall lowest screening value between plants and soil invertebrates. 

c. When chromium (total) not available, the lower of either Cr(III) or Cr(VI) as available were used as a surrogate. 

d. MTCA plant and soil biota benchmarks were replaced by Washington State natural background concentration. 

e. Screening values from EPA (OSWER Directive 9285.7-78 [Ecological Soil Screening Levels for Polycyclic Aromatic Hydrocarbons (PAHs): Interim Final]) represent the sum of the low molecular weight PAHs. For this assessment, the benchmark was also applied to the individual low molecular weight PAHs. 

f. Screening values from EPA (OSWER Directive 9285.7-78 [Ecological Soil Screening Levels for Polycyclic Aromatic Hydrocarbons (PAHs): Interim Final]) represent the sum of the high molecular weight PAHs. For this assessment, the benchmark was also applied to the individual high molecular weight PAHs. 

g. Values for diethyl phthalate were used as a surrogate for bis[2-ethylhexyl] phthalate. 

h. Aroclor-1254 value was used as surrogate. 

i. MTCA values represent screening value for PCB mixtures. 

j. MTCA Aroclor-1260 values used as surrogate for Aroclor-1262. 

k. MTCA values based on chlordane. 

--- = value not available 

BCG = Biota Concentration Guide 

DOE = U.S. Department of Energy 

Ecology = Washington State Department of Ecology 

EcoSSL = ecological soil screening level 

EPA  = U.S. Environmental Protection Agency 

PCB  = polychlorinated biphenyl 

PRG  = preliminary remediation goal 

SSL = soil screening level 
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Table 7-2. Wildlife (Birds and Mammals) Soil Screening Levels for Radionuclides 

Soil Constituent Units 

NOAEL-Based Site-Specific SSLs LOAEL-Based Site-Specific SSLs 

California 

Quail Meadowlark Killdeer 

Red-tailed 

Hawk 

Great Basin Pocket 

Mouse 

Deer 

Mouse 

Grasshopper 

Mouse Badger 

NOAEL 

Lowest 

California 

Quail Meadowlark Killdeer 

Red-tailed 

Hawk 

Great Basin Pocket 

Mouse 

Deer 

Mouse 

Grasshopper 

Mouse Badger 

LOAEL 

Lowest 

Americium-241  pCi/g -- -- -- -- -- -- -- -- -- 28,900 25,000 11,900 17,800 72,100 48,700 41,400 4,840 4,840 

Carbon-14 pCi/g -- -- -- -- -- -- -- -- -- 54 60 56 50 61 60 135 32 32 

Curium-244 pCi/g -- -- -- -- -- -- -- -- -- 389,000 252,000 105,000 207,000 2,300,000 722,000 499,000 50,800 50,800 

Cobalt-60 pCi/g -- -- -- -- -- -- -- -- -- 805 805 805 863 805 805 806 1,000 805 

Cesium-134 pCi/g -- -- -- -- -- -- -- -- -- 1,140 1,190 1,200 854 1,160 1,180 1,270 562 562 

Cesium 137  pCi/g -- -- -- -- -- -- -- -- -- 2,390 2,700 2,800 1,430 2,510 2,630 3,280 924 924 

Europium-152 pCi/g -- -- -- -- -- -- -- -- -- 1,740 1,740 1,740 1,880 1,740 1,740 1,740 2,220 1,740 

Europium-154 pCi/g -- -- -- -- -- -- -- -- -- 1,610 1,610 1,610 1,740 1,610 1,610 1,610 2,060 1,610 

Europium-155 pCi/g -- -- -- -- -- -- -- -- -- 33,400 33,400 33,400 37,300 33,400 33,400 33,400 48,600 33,400 

Hydrogen-3 (tritium) pCi/g -- -- -- -- -- -- -- -- -- 1,430 1,280 936 1,130 3,270 2,290 2,830 420 420 

Neptunium-237 pCi/g -- -- -- -- -- -- -- -- -- 8,190 8,140 7,880 9,150 8,250 8,170 8,180 11,200 7,880 

Nickel-63 pCi/g -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Plutonium-238 pCi/g -- -- -- -- -- -- -- -- -- 36,300 56,200 20,900 26,800 291,000 161,000 161,000 5,980 5,980 

Plutonium-239/240 pCi/g -- -- -- -- -- -- -- -- -- 38,800 60,300 22,300 28,400 324,000 175,000 176,000 6,270 6,270 

Radium-226 pCi/g -- -- -- -- -- -- -- -- -- 168 142 58 377 285 165 199 193 58 

Radium-228 pCi/g -- -- -- -- -- -- -- -- -- 169 140 55 418 306 165 203 193 55 

Antimony-125 pCi/g -- -- -- -- -- -- -- -- -- 4,580 4,580 4,580 5,040 4,580 4,580 4,580 6,130 4,580 

Strontium-90  pCi/g -- -- -- -- -- -- -- -- -- 521 302 151 112 706 519 413 91 91 

Technetium-99 pCi/g -- -- -- -- -- -- -- -- -- 5,360 11,500 137,000 280,000 8,670 12,100 412,000 128,000 5,360 

Thorium-232 pCi/g -- -- -- -- -- -- -- -- -- 5,070 12,900 5,340 12,400 34,400 32,500 86,200 4,560 4,560 

Uranium-234 pCi/g -- -- -- -- -- -- -- -- -- 12,700 21,800 6,370 40,900 30,300 24,800 51,600 14,200 6,370 

Uranium-235 pCi/g -- -- -- -- -- -- -- -- -- 6,340 7810 4,360 10,200 8,600 8,130 9,630 8,060 4,360 

Uranium-238 pCi/g -- -- -- -- -- -- -- -- -- 8,020 10,400 5,150 22,100 11,900 11,000 13,900 13,400 5,150 

LOAEL = lowest observed adverse effect level 

NOAEL = no observed adverse effect level 
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7.3.1.2 Effects Assessment for Nonradionuclides 

Effects data for nonradionuclide COPCs are presented in this subsection for plants and invertebrates and 

for wildlife. A description of the sources or the information used and an explanation of the selection of 

effects data are included. The overarching theme was to employ the most recent of relevant toxicological 

information available as described within ERAGS (EPA 540-R-97-006) and MTCA (“Site-Specific 

Terrestrial Ecological Evaluation Procedures” [WAC 173-340-7493]). 

Plants and Invertebrates. Single-chemical screening-level toxicity values for terrestrial plants and soil 

invertebrates were available from the following sources: 

 EPA’s EcoSSLs (http://www.epa.gov/ecotox/ecossl/) 

 Screening benchmark concentrations in soil developed by Oak Ridge National Laboratory (ORNL); 

many of the Ecological Indicator Soil Concentrations published by Ecology were drawn from ORNL 

screening benchmark concentrations 

 Ecology’s Ecological Indicator Soil Concentrations, found in MTCA (“Site-Specific Terrestrial 

Ecological Evaluation Procedures” [WAC 173-340-7493(2)(a)(i)]), Table 749-3 

The lowest available plant or invertebrate value from these sources was selected as the SSL for each 

analyte because it represents direct exposure of the receptor to the media. These SSLs are presented in 

Table 7-1. A brief discussion of each source is provided in this subsection.  

EPA EcoSSLs for plants and soil invertebrates were derived using data from tests performed within soil 

conditions favoring relatively high bioavailability for upland soil. The soil chemistry conditions of 

relatively high bioavailability were defined by organic matter content and by low soil pH. From the 

studies reviewed, the measure of toxic effects to either plants or soil invertebrates was grouped into one of 

four ecologically relevant endpoints: reproduction, population characteristics, growth, or physiological 

changes. Toxicity parameters used in deriving the EcoSSLs were the EC20 (effective concentration 

affecting 20 percent of a test population), the maximum acceptable toxicant concentration (MATC), and 

the EC10 (effect concentration affecting 10 percent of a test population). The MATC was calculated by 

EPA from studies that reported a no observed adverse effects concentration (NOAEC) and a lowest 

observed adverse effects concentration (LOAEC). The MATC was calculated as the geometric mean of 

the NOAEC and LOAEC. Studies that reported only an LOAEC or only an NOAEC (e.g., unbound 

studies) were not considered to provide a reliable assessment of the dose response and were not used for 

EcoSSL development. The EcoSSL for plants and soil invertebrates was calculated as the geometric mean 

of all the toxicity parameters from studies conducted under conditions of high bioavailability. The use of 

EC20, MATC, and EC10 as toxicity parameters means that EcoSSLs for plants and soil invertebrates are 

not based directly on no observed adverse effects, but at a level where effects have been observed but to 

a percent of individuals considered acceptable within the ERA practice, as demonstrated by its use within 

the EcoSSL approach documents (Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs) 

[OSWER Directive 9285.7-55]). 

The ORNL benchmarks for the toxicity to plants from chemical analytes in soil were based on thresholds 

for effects on growth and reproduction derived from published toxicity studies conducted in soil 

or solution. The benchmarks are concentrations of chemicals that correspond to the LOEC for the 

10
th
 percentile of plant species tested. The ORNL benchmarks for toxicity to soil invertebrates and 

heterotrophic processes from analytes in soil represent thresholds (LOECs) for statistically significant 

effects on growth, reproduction, or activity. The toxicity benchmarks were derived by rank-ordering the 

LOEC values and then selecting a value that approximated the 10
th
 percentile. 

http://www.epa.gov/ecotox/ecossl/
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If 10 or fewer values were available for a chemical, the lowest LOEC was used. If the 10
th
 percentile fell 

between LOEC values, a value was chosen by interpolation. If a chemical concentration in soil 

represented a 50 percent or higher reduction in survivorship of plants, then the concentration was divided 

by 5 to approximate the more sensitive endpoints of growth or production. Plant toxicity benchmarks for 

metals are usually lower than those benchmarks for soil invertebrates or microbial processes. Plant 

toxicity benchmarks for metals are also lower than most PRGs calculated for wildlife. 

Ecology’s ecological indicator soil concentrations, presented in Table 749-3 of MTCA (WAC 173-340), 

represent soil concentrations that are expected to be protective at any MTCA (WAC 173-340) site and are 

provided for use in eliminating hazardous substances from further consideration under MTCA 

(“Site-Specific Terrestrial Ecological Evaluation Procedures” [WAC 173-340-7493(2)(a)(i)]). 

The ecological indicator soil concentrations for plants are based on benchmarks published in 

Toxicological Benchmarks for Screening Potential Contaminants of Potential Concern for Effects on 

Terrestrial Plants: 1997 Revision (ES/ER/TM-85/R3). The ecological indicator soil concentrations for 

soil biota are based on benchmarks published in Toxicological Benchmarks for Contaminants of Concern 

for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision 

(ES/ER/TM-126/R2). 

Wildlife (Birds and Mammals). Bird and mammal TRVs for both the no observed adverse effect levels 

(NOAELs) and LOAELs were used in SSL and PRG development. The TRVs were used within models 

relating the ingested dose of the chemicals (exposure assessment; see Section 7.3.2) with the TRVs to 

establish SSLs or PRGs that represent adverse effects thresholds. The TRVs were obtained from various 

sources, and focus was given to the most recent sources and those derived or endorsed by EPA and 

Ecology (as evidenced by their use in either EcoSSLs or in the MTCA [WAC 173-340]). The primary 

literature sources used were EcoSSLs. The toxicity studies used were selected initially from the following 

sources, which have been listed in order of preference: 

 Office of Solid Waste and Emergency Response (OSWER) Directives: 

 9285.7-56, Ecological Soil Screening Levels for Dieldrin: Interim Final 

 9285.7-57, Ecological Soil Screening Levels for DDT and Metabolites: Interim Final  

 9285.7-60, Ecological Soil Screening Level for Aluminum: Interim Final  

 9285.7-61, Ecological Soil Screening Levels for Antimony: Interim Final  

 9285.7-62, Ecological Soil Screening Levels for Arsenic: Interim Final  

 9285.7-63, Ecological Soil Screening Levels for Barium: Interim Final  

 9285.7-64, Ecological Soil Screening Levels for Beryllium: Interim Final  

 9285.7-65, Ecological Soil Screening Levels for Cadmium: Interim Final  

 9285.7-66, Ecological Soil Screening Levels for Chromium: Interim Final  

 9285.7-67, Ecological Soil Screening Levels for Cobalt: Interim Final  

 9285.7-68, Ecological Soil Screening Levels for Copper: Interim Final  

 9285.7-69, Ecological Soil Screening Level for Iron: Interim Final  

 9285.7-70, Ecological Soil Screening Levels for Lead: Interim Final  

 9285.7-71, Ecological Soil Screening Levels for Manganese: Interim Final  

 9285.7-72, Ecological Soil Screening Levels for Selenium: Interim Final  

 9285.7-73, Ecological Soil Screening Levels for Zinc: Interim Final  

 9285.7-75, Ecological Soil Screening Levels for Vanadium: Interim Final  

 9285.7-76, Ecological Soil Screening Levels for Nickel: Interim Final  
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 9285.7-77, Ecological Soil Screening Levels for Silver: Interim Final  

 9285.7-78, Ecological Soil Screening Levels for Polycyclic Aromatic Hydrocarbons (PAHs): 

Interim Final  

 MTCA (WAC 173-340), Table 749-5 

 Other available literature—primarily Toxicological Benchmarks for Wildlife: 1996 Revision 

(ES/ER/TM-86/R3) 

 NOAEL and LOAEL values selected for chemicals and reported in IRIS 

 NOAEL and LOAEL values presented in wildlife toxicity assessments developed by the 

U.S. Army Center for Health Promotion and Preventive Medicine 

An EPA panel of experts developed a process for reviewing and selecting TRVs for EcoSSL development 

for wildlife; the process was to select NOAELs to develop EcoSSLs for wildlife. Selected TRVs were 

either the highest NOAEL for population level effects (e.g., survival, growth, and reproduction endpoints) 

below the lowest LOAEL for population level effects or the geometric mean of NOAELs, depending on 

the number and quality of data available. Selection of the TRVs for development of Hanford Site SSLs 

and PRGs attempted to draw on the work of this expert panel. Thus, the NOAELs for analytes for which 

EPA has developed EcoSSLs for birds and mammals were used for wildlife SSL and PRG development 

for the Hanford Site (for a full description, see Appendix H, and Tier 1 Risk-Based Soil Concentrations 

Protective of Ecological Receptors at the Hanford Site [CHPRC-00784]). In some cases, the NOAEL-

based TRV for the EcoSSL was the highest NOAEL below the lowest LOAEL identified for studies 

evaluating survival, growth, and reproduction endpoints. In these cases, the paired LOAEL from the study 

was selected as the LOAEL for Hanford Site SSL and PRG development. In other cases, the geometric 

mean of the NOAELs for growth and reproduction endpoints was selected to derive the EcoSSL. In these 

cases, the LOAEL for Hanford Site SSL and PRG development was selected as the lowest LOAEL from 

the EcoSSL dataset above the geometric mean NOAEL. 

The only exception to this TRV selection process was for the arsenic TRV for avian receptors, in which 

case the selected study was not identified and reviewed by the EPA panel. The selected study (“Main and 

Interactive Effects of Arsenic and Selenium on Mallard Reproduction and Duckling Growth and 

Survival” [Stanley et al., 1994]) was conducted by the USFWS at Patuxent Wildlife Research Center over 

a period of 92 to 173 days that resulted in both a NOAEL and LOAEL for reproductive effects. 

The EcoSSL document considered nine studies on the effects of arsenic to find on of sufficient quality to 

consider in developing the avian SSL. All of these studies were conducted over 70 days or less. “Arsenic 

Residues in Eggs from Laying Hens Fed with a Diet Containing Arsenic (III) Oxide” (Holcman and 

Stibilj, 1997) presented an unbounded NOAEL that was selected because it was the lowest value. “Main 

and Interactive Effects of Arsenic and Selenium on Mallard Reproduction and Duckling Growth and 

Survival” (Stanley et al., 1994) was conducted by a reliable research group over a much longer time 

frame and produced bounded results (i.e., the NOAEL was bounded by a LOAEL). The intent of the 

EcoSSLs is to provide a value that can be used to provide a reliable conservative screen, whereas TRV 

selection for this ERA is for use in PRG development for remedial decisions. Given all of this 

information, the NOAEL and LOAEL from “Main and Interactive Effects of Arsenic and Selenium on 

Mallard Reproduction and Duckling Growth and Survival” (Stanley et al., 1994) were selected over the 

EcoSSL recommendation. 

For analytes lacking EcoSSLs, other primary and secondary sources of studies were used. Whenever 

possible, the primary literature sources were obtained and evaluated. Appropriate toxicity studies were 

selected from these sources based on several criteria: 
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 Studies were of chronic exposures or exposures during a critical stage of life (e.g., reproduction). 

 Exposure was oral through food ingestion to ensure that data were representative of oral exposures 

expected for wildlife in the field. 

 Emphasis was placed on studies of reproductive effects to ensure relevancy to population 

level effects. 

 Studies presented adequate information to evaluate and determine the magnitude of exposure and 

effects (or no effects concentrations). 

Specifically, toxicity studies were selected to serve as the TRV if exposure was chronic or was measured 

during a critical life stage, the dosing regime was sufficient to identify both a NOAEL and a LOAEL, and 

the study considered ecologically relevant effects (e.g., growth, reproduction, or survival). If multiple 

studies for a given COPC meet these criteria, the study generating the lowest reliable toxicity value was 

selected to be the TRV. 

Full explanations of the TRVs selected, the method of calculating the SSLs and PRGs, and the resulting 

SSLs and PRGs are found in Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at 

the Hanford Site (CHPRC-00784) for SSLs, and Tier 2 Risk-Based Soil Concentrations Protective of 

Ecological Receptors at the Hanford Site (CHPRC-01311) for PRGs (Appendix H). 

7.3.2 Exposure Assessment 

A summary of the exposure assessment for plants and invertebrates, wildlife, and radionuclide exposures 

is provided in the following subsections. Additionally, a brief description of SSL and PRG development 

as a relationship between the effects assessment described in Section 7.3.1 and the exposure assessment is 

provided. For wildlife, this description is provided with distinct sections for nonradionuclide SSLs, 

radionuclide SSLs, and nonradionuclide PRGs, which all included unique details in the estimation 

of exposure. 

7.3.2.1 Exposure Assessment for Terrestrial Plants and Soil Invertebrates 

Terrestrial plants and soil invertebrates experience exposure primarily through the soil in which they live. 

This exposure occurs because of living in a contaminated medium (i.e., receptors are directly exposed to 

COPCs). Although other exposure pathways (e.g., dietary exposure for invertebrates or foliar uptake for 

plants) may contribute to total exposure for these receptors, exposure through the soil predominates. 

Consequently, estimates of exposure for terrestrial plants and soil invertebrates are represented by the 

concentration of COPCs in the soil (mg/kg). As such, the concentrations of chemicals in soil that 

correspond to adverse effects described in the effects assessment (Section 7.3.1) were also assigned as 

the SSLs. The assumption is the same for PRG selection of plants and invertebrates, but is described 

separately in Section 7.3.4. 

7.3.2.2 Exposure Assessment for Wildlife (Birds and Mammals) 

In contrast to plants and soil invertebrates, birds and mammals experience chemical exposure through 

multiple pathways, including the ingestion of surface water, sediment/soil, biotic media (food), inhalation, 

and dermal contact. Modeling is often used to assess exposure via these multiple exposure pathways. 

The product, or exposure estimate, for birds and mammals is a dose estimate that quantifies the amount of 

chemical in milligrams per kilogram receptor body weight per day (mg/kg/day). 

Following is the general form of the model used to estimate exposure of birds and mammals to chemicals 

in environmental media (Ecological Risk Assessment for Contaminated Sites [Suter et al., 2000]): 
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Et = Eo + Ed + Ei 

where: 

 Et = total chemical exposure experienced by wildlife 

 Eo = oral exposure 

 Ed = dermal exposure 

 Ei = inhalation exposure 

Oral exposure occurs through the consumption of contaminated food, water, or sediment/ soil; dermal 

exposure occurs when contaminants are absorbed directly through the skin; and inhalation exposure 

occurs when volatile compounds or fine particulates are inhaled into the lungs. Although methods 

are available for assessing dermal exposure to humans (Dermal Exposure Assessment: Principles 

and Applications [EPA/600/8-91/011B]), data necessary to estimate dermal exposure generally are 

not available for wildlife (Wildlife Exposure Factors Handbook [EPA/600/R-93/187]). 

Similarly, methods and data necessary to estimate wildlife inhalation exposures are poorly developed 

(Wildlife Exposure Factors Handbook [EPA/600/R-93/187]) or limited. Recent publications have 

suggested the inclusion of inhalation and dermal pathways for developing TRVs for VOCs in fossorial 

mammals (“Wildlife Ecological Screening Levels for Inhalation of Volatile Organic Chemicals” 

[Gallegos et al., 2007) and pesticides in birds (“A Comprehensive Re-Analysis of Pesticide Dermal 

Toxicity in Birds and Comparison with the Rat” [Mineau, 2012]), respectively. However, VOCs and 

pesticides were not the primary COPECs identified for 100-F/IU in past investigations. Moreover, a 

wildlife receptor’s exposure to contaminants by inhalation and dermal contact usually contributes little to 

its overall exposure (Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs) 

[OSWER Directive 9285.7-55]). Dermal exposure also is likely to be low, even in burrow-dwelling 

animals, because of the presence of protective dermal layers (e.g., feathers, fur, or scales). Therefore, for 

the purposes of developing the SSL values, both dermal and inhalation exposures were assumed 

negligible.4 Therefore, only oral exposure via ingestion of soil and food was included in the development 

of risk-based concentrations for birds and mammals. 

Large mammalian wildlife using the upland 100-F/IU waste site areas move down to the Columbia River 

riparian area and drink from the freshwater seeps and from the more abundant Columbia River. Bats and 

birds frequenting or residing in these areas also can use the seeps along the Columbia River to meet their 

daily needs. A semi-quantitative evaluation of the ingestion of seep water was performed and is discussed 

with the risk characterization in Section 7.4.4. 

Total chemical exposure experienced by wildlife (Et) is assumed to be equal to oral exposure (Eo). 

By replacing Eo with a generalized exposure model modified from Ecological Risk Assessment for 

Contaminated Sites (Suter et al., 2000) to include only soil and food ingestion, the previous equation was 

rewritten as follows: 

  AUFxFIRPSoilFIRPBE sj

n

i

iijt 
















 

1

 

where: 

Et = total exposure (mg/kg/day) 

                                                      
4 If the CSM had indicated that VOCs are significant COPECs, then focused analyses of the inhalation pathway may 

have been warranted, but VOCs were not significant at 100-F/IU. Risk-based concentrations or PRGs for this 

pathway, however, are beyond the scope of this report. 
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Soilj = chemical concentration in soil (mg/kg dry weight) 

Ps = proportion of total food intake that is soil (kg soil/kg food) 

FIR = food intake rate (kg food/kg body weight/day, dry weight) 

Bij = chemical concentration in biota type (i) (mg/kg, dry weight) 

Pi = proportion of biota type (i) in diet (unitless) 

AUF = area use factor (area of site/home range [Appendix H, Table H-19] of receptor) 

(unitless) 

The bird and mammal effects data (Section 7.3.1.1) were combined with the wildlife exposure model to 

calculate avian/mammal SSLs and PRGs for nonradionuclides. These SSLs and PRGs consist of soil 

concentrations that are associated with estimated dietary exposures equivalent to a selected effect level, 

and were calculated using the following basic equation: 

           


sFracsCmCmFraciCiFracvCvFracDFISSLorPRG

TRV
1  

where: 

TRV = toxicity reference value (mg/kg body weight/day) 

SSL = wildlife soil screening level (mg/kg) 

PRG =  wildlife preliminary remediation goal (mg/kg) 

Fracv = fraction of diet represented by vegetation (unitless) 

DFI = daily ingestion rate of all food items (kg/kg body weight/day dry weight) 

Cv = concentration in vegetation tissue (mg/kg dry weight) 

Fraci = fraction of diet represented by terrestrial invertebrates (unitless) 

Ci = concentration in soil invertebrate tissue (mg/kg dry weight) 

Fracm = fraction of diet represented by small mammals/birds (unitless) 

Cm = concentration in small mammal tissue (mg/kg dry weight) 

Fracs = fraction of diet represented by incidentally ingested soil (unitless) 

Cs = concentration in soil (mg/kg dry weight) 

The TRV denotes the level of toxicity of the chemical, as reported from literature sources. The wildlife 

SSLs and PRGs use the LOAELs, which is consistent with protecting ecological receptors at the 

population and community level. The daily ingestion rate and dietary fractions are specific to bird and 

mammal receptors identified for the upland environment of the Hanford Site. The chemical concentration 

in the food item (vegetation, soil invertebrate, and small mammal) is estimated by BAFs or 

bioaccumulation regression models to extrapolate to the food source. This equation is solved for wildlife 

SSLs or PRGs such that exposure (the denominator) equals the TRV (the numerator).  

For the purposes of this risk assessment, the LOAEL-based wildlife SSLs and wildlife PRGs were used to 

evaluate residual risks at the 100-F/IU OUs remediated waste sites. The SSLs and PRGs were compared 

to EPCs developed for the 100-F/IU OUs, as described in Section 7.4.1. 
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Wildlife Exposure Factors. Within the exposure models described above, species-specific exposure 

parameters are required to estimate exposure. These include body weight, food ingestion rate, diet 

composition represented by dietary fractions, and percent or fraction of diet as incidental soil ingestion. 

The following assumptions were part of the calculation of wildlife exposures used to develop the wildlife 

SSLs and wildlife PRGs: 

 For SSL and PRG development, it was conservatively assumed that wildlife forage exclusively within 

the waste site being evaluated resulting in an AUF of one. In other words, the resulting SSLs and 

PRGs did not attempt to account for wildlife home range instead assuming that prey tissue 

concentrations from food obtained outside the waste site boundaries might contain lower 

concentrations of contaminants. This assumption is discussed in more detail in the risk conclusions 

SMDP (discussed in Section 7.6), including accounting for home range, development of site-specific 

AUFs, and exposure following waste site remediation (which includes clean backfill as part of the 

exposure media) as warranted. 

 Incidental soil ingestion was not included as part of the total dietary composition, but instead was 

added to the total; for calculation purposes, it was treated as a percentage of total dietary intake. For 

example, California quail diet is equal to 100 percent plants plus an additional 6.1 percent incidental 

soil ingestion. 

 All animals were assumed to be year-round residents. Migration away from areas contaminated with 

COPCs was not assumed to occur. 

 Bioavailability of analytes was assumed equivalent to the chemical form used for developing TRVs 

in the toxicity studies. 

 100 percent of the estimated soil concentrations (EPCs) were assumed bioavailable for uptake into 

tissues within the exposure models. 

The exposure parameters and source references used for each representative receptor species are 

summarized in Appendix H, Table H-3. All weight-based exposure parameters are listed on a dry-weight 

basis. Species-specific biological information was unavailable for some parameters. When this occurred, 

allometric equations that express general biological relationships for broader classes of animals were used 

to estimate the exposure parameters (“Food Requirements of Wild Animals: Predictive Equations for 

Free-living Mammals, Reptiles, and Birds” [Nagy, 2001]). These allometric conversions are detailed in 

Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site 

(CHPRC-00784). 

Estimation of Bioaccumulation into Food Items. A major component of the desktop food chain model is 

modeling the concentration of contaminates within the prey consumed by wildlife within the waste sites 

being evaluated. This modeled dose received through ingesting food was considered in the final estimate 

of the soil concentration that represents a toxic threshold (i.e., the SSL or PRG). Bioaccumulation models 

and assumptions that were used within the calculation of wildlife SSLs and PRGs are described in the 

following paragraphs. While some of the models and assumptions are the same as those within MTCA 

guidance (“Site-Specific Terrestrial Ecological Evaluation Procedures [WAC 173-340-7493]) 

promulgated in 2001, advancements in estimating bioaccumulation into food items were published as part 

of the initial Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs) (OSWER Directive 

92857-55) in 2003 and subsequent updates. These models and assumptions represent the most recent 

equations used in ERAs and are now the standard of practice; thus, they were used for developing SSLs 

and PRGs for Hanford: 
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 Estimating prey tissue concentration for SSLs: The concentrations of COPCs in each food item 

were estimated rather than measured. For the purposes of exposure estimation, partitioning of 

analytes from environmental media to prey was estimated from literature values and models. 

The models presented in the EPA EcoSSLs methodology (Guidance for Developing Ecological Soil 

Screening Levels (Eco-SSLs) [OSWER Directive 9285.7-55]) were used preferentially for estimation 

of bioaccumulation into biota from soil. Consistent with the approach used for the EcoSSLs, 

regression-based models (if available) and median BAFs from the source selected by EPA were used. 

In the absence of applicable bioaccumulation models, a default value of one was assumed. In all 

cases, it was assumed that tissue uptake occurs under steady-state conditions. Bioaccumulation 

models used to derive wildlife SSLs are presented in Appendix H, Table H-4. The Tier 1 wildlife 

SSLs are presented in Table 7-2 for radionuclides and Table 7-3 for nonradionuclides. 

The methodology used to develop the SSLs is detailed in Tier 1 Risk-Based Soil Concentrations 

Protective of Ecological Receptors at the Hanford Site (CHPRC-00784), presented in Appendix H). 

 Estimating prey tissue concentration for PRGs: Development of the PRGs for birds and mammals 

focused on the integration of available site-specific bioaccumulation data for plants, terrestrial 

arthropods, and small mammals with data from the existing bioaccumulation models (i.e., those from 

Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs) [OSWER Directive 

9285.7-55]) that were used to develop the EcoSSLs in order to develop a set of more site-specific and 

site-relevant bioaccumulation models.5 The following Hanford Site-specific and literature-based 

datasets were used to develop these bioaccumulation models presented in Appendix H, Table H-5: 

Hanford Site-specific bioaccumulation data have been collected in support of the RCBRA 

(DOE/RL-2007-21) and other projects at the site. Data representing tissue from terrestrial plants 

(foliage, shoots, and other aboveground parts of grasses, shrubs, and trees), small mammals 

(whole individual mice or composites of multiple whole mice), and terrestrial arthropods 

(whole individual invertebrates or composites of multiple whole invertebrates), and collocated soil 

data were extracted from the HEIS database. Only paired samples in which the target analytes were 

detected in both tissue and soil were retained for the bioaccumulation database; observations that 

were nondetects in either the soil or tissue of a sample pair were excluded from consideration. 

Literature-Derived Bioaccumulation Data for Plants and Small Mammals. Data from previously developed 

and published bioaccumulation models for plants and small mammals were used to augment the Hanford 

Site-specific data. Specifically, the plant bioaccumulation database from Empirical Models for the Uptake 

of Inorganic Chemicals from Soil by Plants (BJC/OR-133) and “Uptake of Inorganic Chemicals from Soil 

by Plant Leaves: Regressions of Field Data” (Efroymson et al., 2001) were used. In addition, the small 

mammal bioaccumulation database from Development and Validation of Bioaccumulation Models for 

Small Mammals (ES/ER/TM-219) was used. These data also represent the primary bioaccumulation 

data for inorganics integrated into Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs) 

(OSWER Directive 9285.7-55). Electronic copies of the original databases were obtained from the 

authors to facilitate integration with Hanford Site-specific data.  

                                                      
5 Although site specificity is diminished when Hanford Site data are combined with non-Hanford data from the 

literature in bioaccumulation models, these bioaccumulation models are defined as more site specific and site 

relevant than those based solely on published literature sources because they are based on both site-specific data 

and data from published literature sources. This combining of Hanford Site-specific and literature data was performed 

to maximize utility of the Hanford Site-specific data collected over comparatively narrow concentration ranges by 

expanding the dataset to include literature data collected across a wider concentration range. The wider range was 

necessary to develop a consistent set of values that could be applied across a variety of sites for ongoing and future 

assessments. 
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The development of the plant bioaccumulation database is described in “Uptake of Inorganic Chemicals 

from Soil by Plant Leaves: Regressions of Field Data” (Efroymson et al., 2001) as follows:  

Field and greenhouse studies in which concentrations of arsenic, cadmium, copper, lead, 

mercury, nickel, selenium, or zinc in both surface soil and collocated, aboveground plant 

tissue were analyzed were identified. Information regarding soil and plant 

concentrations, soil parameters, exposure time, chemical form, dry or wet weight, 

extraction method, plant species, and plant part was compiled in a spreadsheet. The 

database included the following number of observations per growth form: 525, 

graminoid; 544, forb/herb; 4, forb/herb or vine; 69, forb/herb or shrub; 16, shrub; 18, 

tree or shrub; 49, tree; and 107, unknown or composited samples. Approximately 30% of 

the data represented chemical concentrations in plant leaves, excluding stems, fruits and 

seeds; and the remaining aboveground samples included clippings, unspecified 

aboveground parts or shoots. Samples of fruits or seeds alone were excluded from the 

database. Tests in which salts (e.g., cadmium chloride, copper sulfate, sodium selenate) 

were added in solution to soil were excluded because of preliminary results that 

suggested that regressions of concentrations in plants on concentrations in soil were 

different for field and salt chemical forms. 

Only studies in which concentrations were expressed on an air- or oven-dry weight basis 

were used. Although most studies reported that plant material was washed, studies were 

not excluded if the extent of washing was not stated in the paper. Studies were used even 

if the individual investigators observed no correlation between concentrations of 

contaminants in soils and plants. Concentrations of chemicals in soil or plants were 

sometimes estimated from a figure, but only if estimates could be made within about 10%. 

Data for species that are known to hyperaccumulate metals were excluded. Data for 

which measured concentrations were below detection thresholds were excluded. 

Each plant species or variety, soil type, location, and concentration of the test element in 

soil represented an independent observation in the dataset. Differences in exposure 

duration or above-ground plant part did not constitute separate observations; 

concentrations in soils or plants that differed on the basis of one of these two variables 

were averaged. The number of observations in these means, which ranged between 1 and 

6, was not retained in the subsequent statistical analysis. 

Concentrations of contaminants in soil at the time of plant sampling were used if known. 

If these concentrations were not measured (as was often the case in pot studies), the 

initial concentration of the element measured in or added to soil was assumed to be 

equivalent to the final concentration. In field experiments, the change in soil 

concentration of an element over time was assumed to be minimal. 

Observations were included in the database if the total chemical concentration in soil 

was measured, either by extraction with strong acid or by extraction with moderately 

strong acid (e.g., 4N sulfuric acid) sometimes accompanied by heat. Studies in which 

concentrations of contaminants in soil were determined by a partial extraction with 

DTPA (diethylene triamine pentaacetic acid), weak acids, or water were excluded from 

analysis. 

For studies in which contaminant concentrations at multiple depths were measured, 

the concentration at the 0-10, 0-15, or 0-20 cm depth interval was recorded. Where only 

a single soil depth was measured, it ranged from 5 to 70 cm. 
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Studies included contamination from the following sources: mine wastes (ores, tailings), 

smelter deposits, other industrial sources, vehicle and other urban emissions, wastewater 

effluents, composts, fertilizers, dredged materials, sewage sludges, fly ashes, flue dusts, 

nuclear waste, and arsenical pesticide residues. Where materials such as fertilizers were 

added to soil, data were excluded if mixing with soil did not occur. In addition, some 

measurements were taken from background locations. For example, chemical data for 

arsenic included the following sources: mine waste (24 observations), smelter operations 

(23 observations), fly ash disposal (18 observations), pesticide use (19 observations), 

nuclear waste (4 observations), unidentified urban sources (3 observations), background 

or no apparent anthropogenic source (13 observations), and unknown source 

(18 observations). Field studies in which a current, local atmospheric source of 

contaminants was present were excluded from the database.” 

Similarly, the development of the small mammal bioaccumulation database was described in 

Development and Validation of Bioaccumulation Models for Small Mammals (ES/ER/TM-219) 

as follows:  

A literature search was performed for studies that reported chemical concentrations in 

co-located small mammal and soil samples. Data were restricted to only studies that 

reported whole body or carcass (whole body minus selected organs or other tissues) 

concentrations. To ensure relevancy of UFs and models to field situations, only field 

studies in which resident small mammals were collected were considered. All small 

mammal tissue burdens were therefore assumed to be at equilibrium with soil 

concentrations, although some uncertainty is inherent when assuming equilibrium 

between soil and small mammal tissue (e.g., due to spatial heterogeneity of contaminant 

and mammal distributions). To ensure comparability of data, only ‘total’ chemical 

analyses of both soil and small mammals (i.e., resulting from extractions of metals using 

concentrated acids) were included. Data resulting from DTPA, acetic acid, and other 

mild extraction methods were excluded. The mean (or composite) chemical concentration 

in soil and small mammal reported for each sampling location evaluated in each study 

was considered an observation. If data for multiple small mammal species were reported 

at a site, each was considered a separate observation. Soil and small mammal data in the 

database were reported as mg/kg dry weight. If studies reported small mammal 

concentrations in terms of wet weight, dry weight concentrations were estimated 

assuming a 68% water content (EPA, 1993). Data concerning soil characteristics 

(e.g., soil pH, % organic matter, cation exchange capacity, soil texture, etc.) were rarely 

reported and therefore do not appear in the database. Because chemical uptake was 

expected to vary according to small mammal diet preferences, each species was assigned 

to one of the three trophic groups: insectivore (diet consisting primarily of insects and 

other invertebrates), herbivore (diet consisting primarily of plant material), and 

omnivore (diet consisting of both animal and plant material). A summary of the small 

mammal species included in the database and the trophic groups to which they were 

assigned is presented in Table 1. To validate the models developed from the 

literature-derived data, soil and small mammal data collected as part of Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) remedial 

investigations at sites in Oklahoma (PTI, 1995) and Montana (LaTier et al., 1995) were 

acquired as a validation dataset. Small mammal species in this validation dataset, 



DOE/RL-2010-98, REV. 0 

7-33 

however, represented only the herbivore and omnivore trophic groups. Validation data 

for insectivores were unavailable.6 

Literature Derived Bioaccumulation Data for Terrestrial Arthropods. Estimating exposures to insectivorous 

or omnivorous wildlife involved estimating bioaccumulation into soil invertebrates. Soil invertebrate 

bioaccumulation models used for SSLs consisted of the earthworm models from Development and 

Validation of Bioaccumulation Models for Earthworms (ES/ER/TM-220) and “Literature-Derived 

Bioaccumulation Models for Earthworms: Development and Validation” (Sample et al., 1999). 

Hanford Site-specific observations (as detailed in the RCBRA [DOE/RL-2007-21] and Central Plateau 

Ecological Risk Assessment Data Package Report [DOE/RL-2007-50]) indicate that earthworms are 

nonexistent in upland soil and have little or no contribution to the invertebrate portion of bird and 

mammal diets at the Hanford Site. Rather, insects and other arthropods (e.g., beetles, ants, and spiders) 

are the primary prey of invertebrate-feeding birds and mammals at the Site. Consequently, the data 

collected to address Site-specific bioaccumulation into invertebrate prey of birds and mammals focused 

on arthropods (RCBRA [DOE/RL-2007-21]). Additional bioaccumulation data for terrestrial arthropods 

were identified and extracted from published literature to supplement the Hanford Site-specific data. This 

database was largely developed to support bioaccumulation modeling for the U.S. Army Adaptive Risk 

Assessment Modeling Systems (ARAMS
7
) and was first presented in Development of Terrestrial 

Exposure and Bioaccumulation Information for the Army Risk Assessment Modeling System (ARAMS) 

(USACHPPM, 2004). 

A literature search was performed for studies that reported chemical concentrations in collocated biota 

and media samples.8 Literature databases searched included those hosted by the Defense Technical 

Information Center (Online Information for the Defense Community (DTIC, 2012), the EPA 

(ECOTOX database) and the U.S. National Library of Medicine (TOXLINE: Toxicology Data Network). 

From the range of studies reviewed, 22 were identified as containing relevant data (i.e., reported 

collocated soil and biota concentrations). Terrestrial invertebrate data focused on studies of accumulation 

in insects or spiders and reported whole body concentrations. To ensure relevancy of the soil to biota 

factors and models to field situations, only field studies that collected resident terrestrial invertebrates 

were considered. Therefore, all terrestrial invertebrate residues were assumed to be at equilibrium with 

soil concentrations. 

To ensure comparability of data, only “total” chemical analyses of both soil and biota (e.g., resulting from 

extractions of metals using concentrated acids) were included. Data resulting from acetic acid, 

diethylenetriaminepentaacetic acid, and other mild extraction methods were excluded. The mean 

(or composite) chemical concentration in media and biota reported for each sampling location evaluated 

in each study was considered an observation. If data for multiple species were reported at a site, each 

species was considered a separate observation. Soil and biota data in the terrestrial arthropod database 

                                                      
6 References in this passage can be found in the original source (Development and Validation of Bioaccumulation 

Models for Small Mammals [ES/ER/TM-219]); complete citation is provided in Chapter 11. 
7 Note that ARAMS was previously known as the “Army Risk Assessment Modeling System.” 
8 Data usability requirements included the following: only paired/collocated samples with detects in both tissue and 

soil at levels above detection limits; terrestrial invertebrate data focus on whole body tissue samples; only field 

studies, not laboratory studies, were included except where noted; only total chemical analyses of both soil and biota 

– data resulting from mild acid extraction methods were excluded; the mean or composite chemical concentration in 

media and biota reported per location in each study was considered an observation; data on distinct species were 

considered separate observations; all wet-weight measurements were converted to dry-weight using study-specific 

water content or estimations from Wildlife Exposure Factors Handbook (EPA/600/R-93/187). Additional detail on data 

usability is provided in CHPRC-01311 within Appendix H). 
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were reported as mg/kg DW (drinking water). If a study identified in the literature search reported biota 

concentrations in wet weight, then drinking water concentrations were either calculated using the water 

content presented in the study or estimated assuming water content percentages as presented in Wildlife 

Exposure Factors Handbook (EPA/600/R-93/187) when water content was not presented in the study.  

Data concerning species, soil pH, percent organic matter (OM), cation exchange capacity (CEC), soil 

texture, and soil calcium concentration (mg/kg dry weight) were included in the database whenever 

reported. Additionally, class, order, and family taxonomic data were included for each species in the 

database. These data were used to develop uptake factors by taxon for terrestrial invertebrates. Because 

chemical uptake was expected to vary according to terrestrial invertebrate diet preferences, each species 

was assigned to one of three trophic groups: predator (diet consisting primarily of other insects), 

herbivore (diet consisting primarily of plant material), and detritivore (diet consisting primarily of organic 

matter in the leaf litter). 

To ensure the accuracy of the terrestrial arthropod database, all data were verified by at least 

one reviewer. The reviewer would first exam the study for data presented and analytical methods used. 

The reviewer would then check all calculations and conversions necessary to obtain required units 

(e.g., mg/kg dry weight). Finally, a minimum of 25 percent of all data were checked. If an error was 

found during this check, then 100 percent of the data were verified. Unit conversion and transposition 

errors were the most common types of errors found; however, these errors were infrequent and corrected. 

Development of Integrated Bioaccumulation Models. The Hanford Site-specific plant, soil invertebrate, and 

small mammal data were integrated with the literature-derived bioaccumulation data. Bioaccumulation 

analyses were performed once biota data were converted to standard units (mg/kg-dry weight). Analyses 

were restricted to observations where the chemical of interest was detected in both soil and the matched 

tissue sample; all observations in which either soil or tissue concentrations were nondetects were 

excluded from the analyses. Analyses consisted of development of BAFs and log-linear regression 

analyses. BAFs are simply the ratio between concentrations measured in tissue and those in soil. BAFs 

for all paired soil-tissue observations and summary statistics (arithmetic mean, standard deviation, 

minimum, maximum, median, and 90
th
 percentile) were calculated. 

To evaluate if a log-linear relationship exists between the chemical concentration in soil and that in 

terrestrial biota, simple log-linear regressions were performed using SAS PROC REG (SAS/STAT User’s 

Guide, Version 9 [SAS Institute, 1999]). Chemical concentrations in both soil and biota tissues were 

transformed to natural-log (ln) before regression analyses. Regression analyses were considered 

significant and suitable for estimation purposes if all three of the following criteria were met: p <0.05, 

r2 >0.2, and a positive slope. If regression analyses did not meet any one of these criteria, the median 

BAFs were used to estimate tissue concentrations in exposure models. 

The wildlife SSLs for nonradionuclides are presented in Table 7-3, and the wildlife PRGs (metals only) 

are presented in Table 7-4. In cases where the second tier of effect level (PRG) was not available or 

recommended (e.g., organics, radionuclides, and a few inorganics), the PRGs defaulted to the SSLs. 

For the purposes of this ERA, the LOAEL-based SSLs (SSLs that used lowest effect levels from the 

effects assessment) were used to evaluate residual risks at the remediated 100-F/IU waste sites. To focus 

the assessment on COPEC-receptor-waste site combinations that might require further evaluation, 

the SSLs were compared to EPCs developed for 100-F/IU, as described in Section 7.4.1. Then, to identify 

which COPEC-receptor-waste sites combinations should be brought forward to the SMDP to identify 

community- or population-level impacts to be addressed in the FS, EPCs were compared to PRGs for 

COPCs that exceeded SSLs and background, as described in Section 7.4.3. 
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Table 7-3. Wildlife (Birds and Mammals) Soil Screening Levels for Nonradionuclides 
G

ro
u

p
 

Soil Constituent Units 

NOAEL-Based Site-Specific SSLs LOAEL-Based Site-Specific SSLs 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

NOAEL 

Lowest 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

LOAEL 

Lowest 

M
et

a
ls

 

Aluminum mg/kg 22,020 18,602 4,921 61,782 687 271 380 710 271 -- -- -- -- 6,872 2,708 3,799 7,101 2,708 

Antimony mg/kg -- -- -- -- 8.8 0.7 0.6 16.7 0.6 -- -- -- -- 97 7 6 167 6 

Arsenic, total all valence 

states 

mg/kg 1,800 1,981 425 10,344 265 105 171 549 105 8,104 10,559 2,132 45,439 459 190 318 881 190 

Arsenic(III) mg/kg 1,800 1,981 425 10,344 265 105 171 549 105 8,104 10,559 2,132 45,439 459 190 318 881 190 

Arsenic(V) mg/kg 1,800 1,981 425 10,344 265 105 171 549 105 8,104 10,559 2,132 45,439 459 190 318 881 190 

Barium mg/kg 1,229 1,271 660 14,442 2,082 1,889 4,605 18,843 660 2,464 2,548 1,323 28,954 3,470 3,148 7,676 31,405 1,323 

Beryllium mg/kg -- -- -- -- 14 18 101 283 14 -- -- -- -- -- -- -- -- -- 

Bismuth mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Boron mg/kg 63.9 86.5 139.7 796.7 40 50 284 767 40 222 300 485 2,766 133 167 949 2,563 133 

Cadmium mg/kg 151.1 2.8 0.9 1,374.9 76 1.5 1.3 455 0.9 278 5 2 2,335 2,065 28 24 5,228 2 

Chromium (total) mg/kg 334.3 96.5 36.5 1,286.5 320 75 78 752 37 349 101 38 1,355 1,284 299 313 3,536 38 

Chromium(III) mg/kg 334.3 96.5 36.5 1,286.5 320 75 78 752 37 349 101 38 1,355 1,284 299 313 3,536 38 

Chromium(VI) mg/kg -- -- -- -- 1,233.4 287.7 300.2 3,379.9 287.7 -- -- -- -- 5,340 1,245 1,300 16,583 1,245 

Cobalt mg/kg 1,425.3 305.3 108.8 1,601.4 2,174.4 260.9 250.1 1,346.1 108.8 1,461 313 111 1,633 3,233 388 372 1,869 111 

Copper mg/kg 485.2 85.3 35.8 3,727.7 872.9 99.9 109.4 2,640.1 35.8 1,914 272 107 13,021 1,894 176 182 4,672 107 

Lead mg/kg 247 49 16 979 1,204 151 153 2,005 16 537 115 36 2,433 2,544 332 336 4,108 36 

Lithium mg/kg -- -- -- -- 3,189 1,258 1,749 257 257 -- -- -- -- 6,379 2,517 3,498 515 515 

Manganese mg/kg 16,369 24,184 9,588 113,951 4,227 4,115 18,430 20,464 4,115 31,823 48,820 19,636 221,536 5,828 5,798 27,720 28,213 5,798 

Mercury mg/kg 3.1 0.4 0.04 25 0.5 0.03 0.03 9 0.03 36 21 4 134 8 2 3 43 2 

Molybdenum mg/kg 35 27 18 98 2 1 3 7 1 345 270 179 977 17 14 28 71 14 

Nickel mg/kg 1,081 79 31 6,037 303 18 16 637 16 1,912 136 53 11,078 676 36 33 1,438 33 

Selenium mg/kg 5.6 3.7 1.7 158 2.1 1.2 1.8 32 1.2 10 8 4 417 3 2 3 60 2 

Silver mg/kg 345 13 5 2,044 1,442 35 30 3,097 5 3,453 128 50 20,437 14,418 346 300 30,969 50 

Strontium mg/kg -- -- -- -- 9,442 4,849 6,476 4,228 4,228 -- -- -- -- -- -- -- -- -- 

Thallium mg/kg -- -- -- -- 5.1 1.8 2.4 2.6 1.8 -- -- -- -- 25 9 12 13 9 

Tin mg/kg 82 128 231 1,852 187 252 2,691 5,107 82 204 318 575 4,603 279 377 4,025 7,639 204 

Uranium mg/kg 2,502 2,691 785 18,730 610 393 748 1,694 393 -- -- -- -- 1,217 786 1,494 3,383 786 

Vanadium mg/kg 67 58 16 268 1,363 577 835 1,864 16 134 116 31 537 2,723 1,153 1,668 3,723 31 
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Table 7-3. Wildlife (Birds and Mammals) Soil Screening Levels for Nonradionuclides 
G

ro
u

p
 

Soil Constituent Units 

NOAEL-Based Site-Specific SSLs LOAEL-Based Site-Specific SSLs 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

NOAEL 

Lowest 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

LOAEL 

Lowest 

Zinc mg/kg 4,973 714 67 70,825 4,612 633 794 38,590 67 5,015 726 68 71,294 4,661 644 810 38,866 68 

G
en

er
a

l 
In

o
rg

a
n

ic
s 

Ammonia/ammonium mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Chloride mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Cyanide mg/kg -- -- -- -- 27,971 20,693 78,123 38,061 20,693 -- -- -- -- -- -- -- -- -- 

Fluoride (fluorine) mg/kg 1,492 2,812 556 9,206 9,825 8,216 35,673 17,379 556 6,123 11,539 2,281 37,771 16,521 13,816 59,985 29,224 2,281 

Iodine mg/kg -- -- -- -- 159 183 1,558 759 159 -- -- -- -- 1,594 1,834 15,579 7,590 1,594 

Nitrate/nitrite mg/kg -- -- -- -- 206,422 152,711 576,537 280,885 152,711 -- -- -- -- 460,073 340,361 1,284,984 626,035 340,361 

Phosphate mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Sulfate/sulfite mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total organic carbon % -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

V
o

la
ti

le
 O

rg
a

n
ic

s 

1,1-Dichloroethane mg/kg 3,615 217 83 13,955 20,357 574 502 22,894 83 7,230 435 165 27,909 -- -- -- -- 165 

1,1-Dichloroethene mg/kg 3,615 217 83 11,433 12,214 344 301 12,238 83 7,230 434 165 22,866 -- -- -- -- 165 

1,1,1-Trichloroethane mg/kg 3,615 217 82 8,936 407,144 11,444 10,016 349,074 82 7,230 433 165 17,871 -- -- -- -- 165 

1,1,2-Trichloroethane mg/kg 3,615 217 83 12,031 407,144 11,472 10,041 420,572 83 7,230 434 165 24,063 -- -- -- -- 165 

1,1,2,2-Tetrachloroethane mg/kg 3,615 217 82 9,549 3,636 102 89 3,255 82 7,230 433 165 19,098 36,358 1,022 894 32,554 165 

1,2-Dichlorobenzene mg/kg 88 91 82 4,343 282 294 854 17,612 82 176 182 164 8,687 -- -- -- -- 164 

1,2-Dichloroethane (DCA) mg/kg 3,615 222 84 16,084 20,357 586 513 24,710 84 7,230 444 169 32,168 -- -- -- -- 169 

1,3-Dichlorobenzene mg/kg 96 96 82 4,051 310 314 854 16,652 82 192 192 164 8,103 -- -- -- -- 164 

2-butanone (methyl ethyl 

ketone/MEK) 

mg/kg 2,102 1,041 312 11,538 721,052 159,713 176,661 970,851 312 21,017 10,406 3,123 115,382 >1,000,000 412,224 455,968 >1,000,000 3,123 

2-Hexanone mg/kg 2,102 548 186 9,653 2,036 244 237 2,512 186 21,017 5,483 1,856 96,532 14,698 1,759 1,708 18,135 1,708 

Benzene mg/kg 8,554 513 195 27,053 285 8 7 286 7 -- -- -- -- 2,850 80 70 2,856 70 

Butanol mg/kg -- -- -- -- 50,893 2,906 2,626 67,049 2,626 -- -- -- -- 203,572 11,625 10,503 268,194 10,503 

Carbon tetrachloride mg/kg 3,615 216 82 7,382 6,514 183 160 4,904 82 7,230 433 165 14,765 -- -- -- -- 165 

Chlorobenzene mg/kg 3,615 216 82 6,672 7,939 223 195 5,561 82 7,230 433 165 13,345 15,756 442 387 11,036 165 

Chloroform mg/kg 3,615 217 83 13,003 6,107 172 151 6,600 83 7,230 434 165 26,006 16,693 470 412 18,041 165 

cis-1,2-Dichloroethylene mg/kg 3,615 217 83 13,446 18,403 518 453 20,271 83 7,230 434 165 26,892 -- -- -- -- 165 

Dichloromethane (methylene 

chloride) 

mg/kg 3,615 218 83 17,281 2,382 67 59 2,999 59 7,230 436 166 34,562 20,357 576 504 25,632 166 

Ethyl benzene mg/kg 159 183 194 12,721 342 384 1,357 33,025 159 -- -- -- -- 1,027 1,151 4,075 99,076 1,027 
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Table 7-3. Wildlife (Birds and Mammals) Soil Screening Levels for Nonradionuclides 
G

ro
u

p
 

Soil Constituent Units 

NOAEL-Based Site-Specific SSLs LOAEL-Based Site-Specific SSLs 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

NOAEL 

Lowest 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

LOAEL 

Lowest 

Methyl isobutyl ketone mg/kg 2,102 573 193 10,211 721,052 90,040 87,996 915,292 193 21,017 5,729 1,927 102,114 >1,000,000 232,395 227,119 >1,000,000 1,927 

n-butyl Benzene mg/kg 301 263 193 7,857 530 485 1,092 18,135 193 -- -- -- -- 1,589 1,454 3,275 54,406 1,454 

Tetrachloroethylene mg/kg 3,615 216 82 7,733 570 16 14 443 14 7,230 431 164 15,467 2,850 80 70 2,216 70 

Toluene mg/kg 8,554 512 195 17,200 21,171 594 520 15,763 195 -- -- -- -- 211,715 5,944 5,202 157,633 5,202 

trans-1,2-Dichloroethylene mg/kg 3,615 217 83 11,881 18,403 518 453 18,869 83 7,230 434 165 23,763 -- -- -- -- 165 

Trichloroethene (TCE) mg/kg 3,615 217 82 7,498 285 8 7 217 7 7,230 434 165 14,996 2,850 80 70 2,169 70 

Xylene mg/kg 149 175 194 13,419 422 481 1,787 45,266 149 -- -- -- -- 826 940 3,494 88,509 826 

P
o

ly
cy

cl
ic

 A
ro

m
a

ti
c 

H
y

d
ro

ca
rb

o
n

s 

Acenaphthene mg/kg 6,831 285 110 38,362 71,250 1,396 1,211 96,952 110 68,306 2,849 1,096 383,617 142,500 2,793 2,422 193,905 1,096 

Acenaphthylene mg/kg 3,506 19 7 38,362 24,321 91 78 96,952 7 43,766 186 74 383,617 54,132 183 156 193,905 74 

Anthracene mg/kg 3,405 170 68 38,362 178,811 4,784 4,213 554,013 68 43,405 1,716 678 383,617 -- -- -- -- 678 

Benzo(a)pyrene mg/kg 47 6 2.4 767 60 8.1 7.6 554 2.4 -- -- -- -- 635 81 76 5,540 76 

Benzo(a)anthracene mg/kg 118 5.2 2.0 767 307 7.3 6.4 554 2.0 -- -- -- -- 3,636 73 64 5,540 64 

Benzo(b)fluoranthene mg/kg 22 3.0 1.3 767 25 4.1 3.9 554 1.3 -- -- -- -- 247 41 39 5,540 39 

Benzo(ghi)perylene mg/kg 12 2.6 1.1 767 13 3.5 3.5 554 1.1 -- -- -- -- 89 32 35 5,540 32 

Benzo[k]fluoranthene mg/kg 136 3.2 1.3 767 406 4.6 3.9 554 1.3 -- -- -- -- 4,069 46 39 5,540 39 

Chrysene mg/kg 118 3.6 1.4 767 307 5.1 4.5 554 1.4 -- -- -- -- 3,636 51 45 5,540 45 

Dibenz(ah)anthracene mg/kg 44 3.5 1.4 767 54 4.9 4.4 554 1.4 -- -- -- -- 543 49 44 5,540 44 

Fluoranthene mg/kg 15 2.5 1.1 767 1,957 421 420 69,252 1.1 -- -- -- -- 3,915 841 839 138,503 839 

Fluorene mg/kg 6,831 45 17.5 38,362 50,893 157 134 69,252 17.5 68,306 446 175 383,617 101,786 313 267 138,503 175 

Indeno[1,2,3-cd]pyrene mg/kg 49 2.9 1.2 767 63 3.6 3.6 554 1.2 -- -- -- -- 626 40 36 5,540 36 

2-Methylnaphthalene mg/kg 5 5.7 155 38,362 5 5.5 500 27,867 5.0 8 9 1,547 383,617 6 7 1,132 63,047 6 

Naphthalene mg/kg 34 37 416 38,362 33 36 116 27,701 33 340 369 378 383,617 100 109 348 83,102 100 

Phenanthrene mg/kg 4,329 236 94 38,362 301,134 6,731 5,919 554,013 94 56,061 2,406 943 383,617 -- -- -- -- 943 

Pyrene mg/kg 11 3.9 1.9 767 825 360 436 41,551 1.9 -- -- -- -- 1,375 600 727 69,252 600 

Total PAHs mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Low molecular weight PAHs mg/kg 6,592 12,623 2,316 38,362 25,369 19,170 74,597 36,343 2,316 67,600 128,679 23,165 383,617 130,652 97,560 372,987 181,716 23,165 

High molecular weight PAHs mg/kg 40 72 46 767 29 39 699 341 29 -- -- -- -- 157 209 3,491 1,701 157 
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Table 7-3. Wildlife (Birds and Mammals) Soil Screening Levels for Nonradionuclides 
G
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u
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Soil Constituent Units 

NOAEL-Based Site-Specific SSLs LOAEL-Based Site-Specific SSLs 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

NOAEL 

Lowest 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

LOAEL 

Lowest 

P
et

ro
le

u
m

 Gasoline range organics mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

TPH-diesel mg/kg 105,086 199,535 35,638 590,179 407,144 301,205 >1,000,000 554,013 35,638 >1,000,000 >1,000,000 356,382 >1,000,000 610,716 451,807 >1,000,000 831,020 356,382 

TPH-kerosene mg/kg 105,086 199,535 35,638 590,179 407,144 301,205 >1,000,000 554,013 35,638 >1,000,000 >1,000,000 356,382 >1,000,000 610,716 451,807 >1,000,000 831,020 356,382 

S
em

iv
o

la
ti

le
 O

rg
a

n
ic

s 

Normal paraffin 

hydrocarbons 

mg/kg 170,870 324,445 57,948 959,632 407,144 301,205 >1,000,000 554,013 57,948 -- -- -- -- 610,716 451,807 >1,000,000 831,020 451,807 

Phenol mg/kg -- -- -- -- 4,886 526.1 503.7 5,919 503.7 -- -- -- -- 14,657 1,578 1,511 17,756 1,511 

2-Methylphenol (o-cresol) mg/kg -- -- -- -- 127,436 10,038 9,293 134,503 9,293 -- -- -- -- -- -- -- -- -- 

4-Methylphenol (p-cresol) mg/kg -- -- -- -- 127,436 10,102 9,358 136,361 9358 -- -- -- -- -- -- -- -- -- 

2,4-Dinitrotoluene mg/kg 0 0.3 0.2 7 14 13.5 35.6 286 0.2 38 39 26 932 29 28 74 597 26 

Bis[2-ethylhexyl] phthalatea mg/kg 111 0.4 0.1 263 1,733 5 5 3,599 0.1 -- -- -- -- 17,332 54 45 35,994 45 

Polychlorinated biphenyls 

(PCB)b 

mg/kg 10 0.65 0.33 25 3 0.3 0.27 8 0.27 100 4 2 251 29 2 1 85 1 

Aroclor-1016b mg/kg 6.4 0.64 0.33 22 35 2.8 2.5 150 0.33 64 4 2 218 88 5 5 377 2 

Aroclor-1221b mg/kg 2.7 0.61 0.33 24 0.7 0.25 0.27 8.2 0.25 27 3 2 240 7 1 1 82 1 

Aroclor-1232b mg/kg 2.2 0.59 0.33 26 0.55 0.24 0.27 8.8 0.24 22 3 2 262 5 1 1 88 1 

Aroclor-1242b mg/kg 10.4 0.65 0.33 26 3.1 0.3 0.27 8.7 0.27 104 4 2 256 31 2 1 87 1 

Aroclor-1248b mg/kg 9.4 0.65 0.33 24 0.35 0.06 0.06 1.1 0.06 94 4 2 243 3 0 0 11 0 

Aroclor-1254 mg/kg 11.5 0.65 0.33 27 3.5 0.3 0.27 9 0.27 115 4 2 273 35 2 1 91 1 

Aroclor-1260b mg/kg 20 0.66 033 51 7.7 0.3 0.27 15 0.27 204 4 2 515 77 2 1 154 1 

Aroclor-1262b mg/kg 38 72 13 212 27.7 20.5 77 38 13 378 718 128 2,125 277 205 773 377 128 

P
es

ti
c
id

e
 

Aldrin mg/kg 0.45 0.08 0.03 1.1 10.2 2.0 2.0 27 0.03 2.2 0.4 0.2 5.3 51 10 10 134 0.2 

beta-1,2,3,4,5,6- 

Hexachlorocyclohexane 

mg/kg 4 4 2.7 112 1.9 1.7 4 67 1.7 6.2 5.5 4.1 168 9.4 8.7 20 335 4.1 

alpha-Chlordane  mg/kg 122 24 10 302 93 21 21 264 10 608 121 50 1,508 925 205 207 2,641 50 

gamma-Chlordane  mg/kg 122 24 10 302 93 20 21 264 10 608 121 50 1,508 925 204 206 2,641 50 

Dichlorodiphenyl-

dichloroethane (DDD)c 

mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Dichlorodiphenyl-

dichloroethylene (DDE)c 

mg/kg 30.4 0.21 0.07 0.06 20.5 0.11 0.09 0.03 0.03 300 2.3 0.8 1.7 136 0.7 0.6 0.4 0.4 

Dichlorodiphenyl-

trichloroethane  

mg/kg 30.4 0.3 0.10 2.5 20.5 0.16 0.14 1.4 0.10 300 3.5 1.2 46 136 1.0 0.9 12.7 0.9 
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Table 7-3. Wildlife (Birds and Mammals) Soil Screening Levels for Nonradionuclides 
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Soil Constituent Units 

NOAEL-Based Site-Specific SSLs LOAEL-Based Site-Specific SSLs 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

NOAEL 

Lowest 

California 

Quail 

Meadow- 

lark Killdeer 

Red-tailed 

Hawk 

Great 

Basin 

Pocket 

Mouse 

Deer 

Mouse 

Grass-

hopper 

Mouse Badger 

LOAEL 

Lowest 

Dieldrin mg/kg 1.9 0.06 0.02 1.6 0.28 0.01 0.01 0.35 0.01 6 0.2 0.08 5.2 0.57 0.02 0.02 0.69 0.02 

Endosulfan I mg/kg 93.4 66.3 41.4 1,671 0.92 0.71 1.29 21.9 0.71 -- -- -- -- -- -- -- -- -- 

Endosulfan II mg/kg 93.4 66.3 41.4 1,671 0.92 0.71 1.29 21.9 0.71 -- -- -- -- -- -- -- -- -- 

Endosulfan sulfate mg/kg 62.9 55.4 41.4 2,160 0.61 0.56 1.29 27.2 0.56 -- -- -- -- -- -- -- -- -- 

Endrin aldehyde mg/kg 2.6 0.52 0.23 52.9 0.51 0.14 0.14 14.0 0.14 -- -- -- -- 5 1.4 1.4 140 1.4 

Methoxychlor mg/kg -- -- -- -- 59.8 11.2 10.9 441 10.9 -- -- -- -- 120 22.4 21.8 882 21.8 

a. Values for diethyl phthalate and di-n-butyl phthalate were used as a surrogate for bis(2)ethylhexyl phthalate 

b. TRV for Aroclor-1254 was used as surrogate in the calculation of the SSL but other parameters remained chemical-specific. 

LOAEL = lowest observed adverse effect level 

NOAEL = no observed adverse effect level 
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Table 7-4. Preliminary Remediation Goals for Wildlife (Birds and Mammals) 

Analyte 

Group Analyte Units 

California 

Quail 

Western 

Meadowlark Killdeer 

Red-Tailed 

Hawk 

Lowest Avian 

PRG 

Great Basin 

Pocket Mouse Deer Mouse 

Grasshopper 

Mouse Badger 

Lowest Mammal 

PRG 

Lowest Wildlife 

PRG 

Metal Silver mg/kg 4,238 3,973 983 20,186 983 24,465 9,806 14,362 30,778 9,806 983 

Metal Aluminum mg/kg 19,217 31,220 7,214 74,599 7,214 4,883 3,988 13,059 7,811 3,988 3,988 

Metal Arsenic mg/kg 4,776 7,403 2,284 40,102 2,284 201 127 302 847 127 127 

Metal Boron mg/kg 54 68 91 2,714 54 32 39 170 2,516 32 32 

Metal Barium mg/kg 1,721 2,335 1,687 8,101 1,687 2,265 2,617 11,873 12,430 2,265 1,687 

Metal Beryllium mg/kg NTD NTD NTD NTD NTD 14 20 181 289 14 14 

Metal Cadmium mg/kg 294 103 29 1,711 29 2,203 624 858 4,704 624 29 

Metal Cobalt mg/kg 1,397 2,050 484 4,798 484 2,901 2,136 5,610 4,234 2,136 484 

Metal Chromium mg/kg 193 221 109 610 109 544 517 1,424 1,765 517 109 

Metal Copper mg/kg 423 461 213 12,881 213 233 193 1,217 4,631 193 193 

Metal Mercury mg/kg 36 4.7 2 92 2 7.9 1.6 1.8 33 1.6 1.6 

Metal Lithium mg/kg -- -- -- -- -- 1,664 1,797 8,347 6,522 1,664 1,664 

Metal Manganese mg/kg 20,746 26,026 14,407 150,899 14,407 3,322 3,467 11,780 21,916 3,322 3,322 

Metal Molybdenum mg/kg 125 117 95 515 95 5.9 5.7 14 38 5.7 5.7 

Metal Nickel mg/kg 2,051 1,127 361 11,625 361 711 247 342 1,520 247 247 

Metal Lead mg/kg 559 664 156 2,300 156 2,672 1,578 3,807 3,966 1,578 156 

Metal Antimony mg/kg NTD NTD NTD NTD NTD 97 92 366 325 92 92 

Metal Selenium mg/kg 10 4.9 2.4 24 2 2.7 1.4 1.9 8.8 1.4 1.4 

Metal Strontium (elemental) mg/kg -- -- -- -- -- 1,214 1,449 6,540 8,256 1,214 1,214 

Metal Thallium mg/kg -- -- -- -- -- 8.7 6.2 12 25 6.2 6.2 

Metal Uranium (calculated total) mg/kg 2,002 339 139 82 82 812 123 119 40 40 40 

Metal Vanadium mg/kg 81 107 43 505 43 260 297 4,531 3,596 260 43 

Metal Zinc mg/kg 6,289 4,662 856 906 856 6,711 3,331 12,666 1,037 1,037 856 

Notes: Bold values represent lowest PRG for that analyte. 

Shaded values are based on NOAELs because of the lack of LOAELs. 

LOAEL = lowest observed adverse effect level 

NTD = no toxicity data (for selected analyte) 

NOAEL = no observed adverse effect level 

PRG = preliminary remediation goal 
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7.3.2.3 Radionuclide Exposures 

Exposure to radionuclides differs from chemical exposure. Terrestrial biota receives exposure to 

radionuclides through a combination of both internal and external pathways. Internal exposure is 

a function of radiation emitted from radionuclides that are retained in tissues. At a terrestrial site such as 

the 100-F/IU OUs, external exposure is due to radiation from radionuclides in soil with which biota come 

into contact (or come near). For the purposes of developing SSLs, radionuclide exposure was estimated 

based on the internal and external radiation exposure models used to develop BCGs as described in 

Graded Approach for Radiation Doses to Biota (DOE-STD-1153-2002). 

The BCGs for terrestrial plants and animals represent SSLs for radionuclides in soil for assessing 

ecological risks at the 100-F/IU OU waste sites (Tables 7-1). The BCGs for radionuclides use 

conservative assumptions for internal and external exposure. While existing effects data support the 

application of these dose limits to representative individuals within populations of plants and animals, 

the assumptions and parameters applied in the derivation of the BCGs are based on a maximally exposed 

individual, representing a conservative approach for screening purposes. The following assumptions are 

used for estimating doses from external exposure for purposes of developing BCGs: 

 The source medium is infinite in extent and contains uniform concentrations of radionuclides 

(i.e., there are no “hot spots”). 

 One hundred percent of the radionuclide energies are absorbed (despite the small size of some of 

the receptors). 

 Organisms exposed to soil are uniformly surrounded by the source medium. 

The following assumptions are used in estimating doses from internal exposure for purposes of 

developing BCGs: 

 All radionuclide decay energies are retained in tissue (100 percent of energies absorbed). 

 Exposure for a given radionuclide includes all decay-chain progeny. 

 All radionuclides are uniformly distributed such that all target tissues may be affected. 

7.3.3 Drinking Water Exposure 

The estimates of exposure from drinking water ingestion by wildlife include the use of a simplified model 

whereby the rate of ingestion is standardized to the body weight of the receptor on a per-kilogram basis. 

The simplified allometric scaling equations presented in “Scaling of Osmotic Regulation in Mammals and 

Birds” (Calder and Braun, 1983) were used to estimate water ingestion as the number of liters consumed 

per kilogram body weight per day. These rates of ingestion were then multiplied by the concentration of 

COPECs to calculate the total dose from the drinking water pathway as shown: 

Dose = [Water X DWIR] X AUF
 

where: 

Dose = drinking water exposure (mg/kg body weight/day) 

Water = chemical concentration in seep water (mg/L) 

DWIR = drinking water ingestion rate (L/kg body weight/day) 

AUF = area use factor (area of site/home range of receptor) (unitless) 
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Drinking water ingestion was estimated for several species of birds and mammals expected to occur in the 

100-F/IU riparian area along the Columbia River. This estimate was calculated with the initial assumption 

that wildlife reside at the site and fulfill their drinking water requirements exclusively from the seeps, but 

only for 9 months of the year because the river stage is elevated from mid-April through mid-July, 

making the seeps inaccessible. Therefore, an AUF of 0.75 was used for all species except bats. For bats, 

an AUF of 0.5 was used because bats use a combination of hibernating and seeking alternative sources of 

emergent insects during the winter months (Living with Wildlife: Bats [WDFW, 2004]). 

Estimates are not included for small mammals because they maintain water balance through excreting 

concentrated urine, obtaining water from food and generating water during metabolism (“Perognathus 

parvus” [Verts and Kirkland, 1988]). Estimating drinking water exposure can be complicated because the 

presence of seeps and observed concentrations depend on river stage and, for several species of birds, 

migration patterns are also a factor. Assuming that wildlife meet their daily drinking water requirements 

from the seeps, instead of a more available source (e.g., the river), is a conservative approach meant to 

evaluate the upper bound risk estimate. Therefore, though it represents an overestimate, the 95 percent 

UCL of the arithmetic mean concentration of the analyzed constituent was used as the EPC for simplicity. 

While filtered water data are used in evaluations of the effects on aquatic receptors because those 

concentrations are bioavailable, unfiltered concentrations are more appropriate for drinking water, as 

bioavailability may change within the digestive tract. Both were included to be comprehensive, as in rare 

cases filtered measurements can be higher than unfiltered. Results were not pooled to avoid biasing any 

one sampling event at which both measurements occurred. 

7.3.4 Primary Remediation Goals 

The PRGs presented in this chapter represent Hanford Site-specific values as presented in Tier 2 

Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site (CHPRC-01311). 

Much of the modeling used to develop PRGs for wildlife is presented in this chapter because the PRGs 

build on the SSLs (Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at the 

Hanford Site [CHPRC-00784]), using the same receptors, exposure models, life history parameters, 

and TRVs. The only deviations from the SSL development were the use of bioaccumulation models that 

included exclusively arthropods as the invertebrate portion of receptors’ diets9 and integration of Hanford 

Site-specific data. The SSLs included prey tissue estimation models that were generic and included a wide 

variety of species, only some of which are likely to occur within the semiarid environment at the 

Hanford Site. Most invertebrate data included in the food web models for SSL development for 

invertivores and omnivores relied on bioaccumulation data from earthworms and other soil invertebrates. 

Soil invertebrates such as earthworms are rarely encountered in the semiarid upland soil found at the 

Hanford Site. Thus, modeling for PRG development (Tier 2 Risk-Based Soil Concentrations Protective of 

Ecological Receptors at the Hanford Site [CHPRC-01311]) incorporated additional Hanford Site-specific 

tissue data, data from other closely related ecosystems, and more recent data specific to insects found at 

the Hanford Site that had not been available when either the MTCA guidance (“Site-Specific Terrestrial 

Ecological Evaluation Procedures” [WAC 173-340-7493]) or EPA EcoSSLs were developed. 

The development of PRGs corresponds to an exposure and effects assessment, conducted as part of 

a baseline ERA within ERAGS (EPA 540-R-97-006), and reflects Issuance of Final Guidance: 

Ecological Risk Assessment and Management Principles for Superfund Sites (OSWER 

Directive 9385.7-28 P), which encourages the use of site-specific ecological risk data to support cleanup 

decisions whenever practicable. The process for developing PRGs is also consistent with MTCA 

                                                      
9 Further detail on the estimation of invertebrate tissue concentrations is found in Section 7.3.2.2. 
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(“Site-specific Terrestrial Ecological Evaluation Procedures” [WAC 173-340-7493]). None of the 

differences were recalculations of the original datasets and models used to derive the WAC values. 

Rather, all of the changes from WAC 173-340, Table 749-3, are based on updated exposure models 

(Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs) [OSWER Directive 9285.7-55]) 

and toxicological literature reviews that were not available at the time MTCA (WAC 173-340), 

Table 749-3 was developed. These PRGs are intended to be applied to all upland environments across the 

Hanford Site. Though additional receptors may also be present in riparian areas, the wildlife PRGs, the 

supporting bioaccumulation and exposure models, and TRVs are applicable for riparian areas and can be 

used in conjunction with values for those additional receptors. 

Hanford Site-specific wildlife PRGs are presented in Table 7-4. Hanford Site-specific PRGs were 

researched for inorganic and organic constituents, but not radionuclides. Ultimately, Hanford Site-specific 

PRGs were only recommended for inorganics, as Hanford Site-specific data were limited for organics.10 

Confidence in these PRGs as a whole is greater than for the SSLs because they were developed 

specifically for use at the Hanford Site using Site-specific data. Relative to each other, confidence in some 

PRGs is greater than in others. The additional confidence is due to a combination of the total number of 

Hanford Site-specific paired soil and tissue samples and the strength of the relationship between tissue 

and soil concentration (correlation). Details regarding the confidence in specific PRGs were included in 

the SMDP in Section 7.6 as needed. 

PRGs for inorganic chemicals protective of plants and invertebrates are presented in Table 7-5. 

When Hanford Site-specific toxicological data on the effects of plants and soil invertebrates were 

available, these data were considered for PRG selection. These data are summarized in the following 

three documents: 

 Tier 2 Terrestrial Plant and Invertebrate Preliminary Remediation Goals (PRGs) for 

Nonradionuclides for Use at the Hanford Site (ECF-HANFORD-11-0158), found in Appendix H 

 RCBRA (DOE/RL-2007-21) 

 Ecological Soil Screening Levels for Arsenic and Lead in the Tacoma Smelter Plume Footprint and 

Hanford Site Old Orchards Ecology (Ecology Publication 11-03-006) 

All of the site-specific toxicological thresholds presented in these documents are NOECs. Thus, for each 

chemical studied in one or more of these documents, the greatest NOEC among these documents was 

selected as the PRG for that chemical. When Hanford Site-specific thresholds for plants and invertebrates 

were not presented in these three documents, the EcoSSL was selected as the PRG because it included 

more recent information than what was available when MTCA (WAC 173-340), Table 749-3 was 

developed. When an EcoSSL was not available, the value from MTCA (WAC 173-340) was selected. 

The two exceptions were as follows: 

 The Hanford Site-specific background value for cobalt was selected as the PRG for both plants and 

invertebrates. There is no WAC or EcoSSL value for invertebrates. The background value of 

15.7 mg/kg is greater than the plant EcoSSL of 13 mg/kg. While the WAC plant value of 20 mg/kg is 

greater than the background value, it is based upon the value from ORNL, and the original authors 

gave the value low confidence. Site-specific plant and invertebrate NOEC values of 11.2 mg/kg and 

                                                      
10 Within this chapter, if a second tier effect threshold (e.g., PRG) was not available or recommended, chemical 

waste site combinations were retained for further evaluation in the SMDP (Section 7.6) if the EPC exceeded the SSL. 
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12.2 mg/kg were also available from the RCBRA (DOE/RL-2007-21), but these values were the 

highest concentration tested and were lower than background. 

 The cadmium value for invertebrates of 20 mg/kg from the WAC was selected as the PRG over the 

EcoSSL of 140 mg/kg. The WAC value was based upon an ORNL recommendation, where the 

authors gave a moderate to high confidence in the recommendation. This was considered of equal 

weight with the EcoSSLs, so the lower of values of equal confidence was selected. 

The final recommended PRG represented the most appropriate value, leaning toward the most recent data 

available that met the criteria set forth in ERAGS (EPA 540-R-97-006) and MTCA (“Site-Specific 

Terrestrial Ecological Evaluation Procedures” [WAC 173-340-7493]) guidelines for selecting 

site-specific criteria. In the selection of values that differ from MTCA (WAC 173-340), Table 749-3, 

when multiple recent toxicological data sources were available, the value of the highest confidence or the 

lower of two values with equally high confidence was chosen. The Site-specific values are preferred over 

those from published literature because they are more recent data that were not available at the time 

MTCA (WAC 173-340) guidance or EcoSSLs were developed. They reflect the potential for toxicity 

under conditions found specifically at the Site. However, with some COPECs, more recent Site-specific 

sampling efforts were unable to obtain concentration ranges above those from published literature. With 

all of the waste site-specific studies conducted for the RCBRA (DOE/RL-2007-21), by Ecology and 

recently by CHPRC, no clear significant toxicity to plants and invertebrates attributable to Site soil 

contaminants was observed; thus, recommended toxicological values are unbounded NOECs. Hence, in 

some cases, published literature values above these unbounded NOECs were selected as PRGs over Site-

specific values. Final selection of PRGS for plants and invertebrates is discussed in detail in Tier 2 

Terrestrial Plant and Invertebrate Preliminary Remediation Goals (PRGs) for Nonradionuclides for Use 

at the Hanford Site (ECF-HANFORD-11-0158). As with the wildlife PRGs, details regarding the 

confidence in specific PRGs were included in the SMDP in Section 7.6 as needed. 

Table 7-5. Final Recommended Soil PRGs for Plants and Invertebrates 

Chemical Plant NOEC 

(mg/kg) 

Invertebrate NOEC 

(mg/kg) 
Antimony 842 842 

Arsenic 128 128 

Barium 500 358 

Beryllium 10 40 

Boron 29.6 28.6 

Cadmium 9.84 20 

Chromium 259 149 

Cobalt 15.7 15.7 

Copper 70 58 

Lead 9,090 1,700 

Manganese 1,260 1,260 

Mercury 0.3 12.5 

Molybdenum 2 28 

Nickel 38 280 
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Table 7-5. Final Recommended Soil PRGs for Plants and Invertebrates 

Chemical Plant NOEC 

(mg/kg) 

Invertebrate NOEC 

(mg/kg) 
Selenium 2.02 4.1 

Silver 560 2.99 

Thallium 1 0.459 

Tin 838 838 

Uranium 250 100 

Vanadium 89.4 116 

Zinc 621 8,980 

NOEC = no observed effect concentration 

 

7.3.5 Estimation of EPCs in Waste Sites 

As mentioned earlier, assuming that wildlife forage exclusively within the boundaries of a waste site or 

that the data collected from within a waste site represent the central tendency of exposure to wildlife is 

a highly conservative assumption. In reality, the concentration of contaminants to which a wildlife 

population is exposed includes points both within and outside of the waste site being investigated unless 

there are physical barriers preventing exposure. Thus, a true exposure estimate would include data points 

both within and outside of the waste site boundary, and in some investigations for other sites, the points 

outside have been generated by either measured data or have been assumed to be at background. 

However, methods for this type of estimate of exposure are not defined in guidance and are not 

commonplace. What is common in ERA practice, and what was done for this ERA, is initially to 

characterize risks assuming an AUF of 1 (all exposure is within the waste site) and then to refine that 

assumption, should the highly conservative exposure estimate and risk characterization suggest an 

unacceptable risk warranting further evaluation. Hence, this section describes the methods that were used 

to derive waste site EPCs assuming an AUF of 1. The SMDP in Section 7.6 describes in detail how AUFs 

should be used for evaluating waste sites. 

In total, 108, 32, and 29 remediated waste sites in the 100-F, 100-IU-2, and 100-IU-6 OUs, respectively, 

were verification sampled and included in this ERA. Chapter 6 details the computation of the EPCs for 

the waste sites at the 100-F/IU OU. Briefly, the 95 percent UCL of the arithmetic mean was calculated as 

the EPC for each decision unit (shallow, shallow focused, staging pile area, staging pile area footprint, 

staging pile area focused, staging pile footprint focused, overburden, and overburden focused) within each 

waste site. Two separate statistical evaluations were performed: one used for the closeout documentation, 

and one used for human health and ERAs, as follows: 

 Statistical evaluation used for closeout documentation: For the closeout documentation, the 

primary statistical calculation to support cleanup verification was the 95 percent UCL on the 

arithmetic mean of the data. As in Statistical Guidance for Ecology Site Managers (Ecology 

Publication 92-54), a 95 percent UCL on the mean based on the Student’s t-test statistic was used for 

normally distributed data, and the Land method using the H-statistic was used for lognormal data. 

This guidance also employs the use of proxy values of one-half the detection limits for nondetect 

values. For small datasets (n less than 10), typically the maximum detected concentration was used as 

the EPC. 
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 Statistical evaluation used for soil risk evaluation: Both Calculating UCL for EPCs 

(OSWER 9285.6-10), which is the most recent EPA guidance for UCL calculation, and “Statistical 

Software ProUCL 4.1.00 for Environmental Applications for Data Sets with and without Nondetect 

Observations” [ProUCL Software, 2011]) were used to recalculate EPCs for the HHRA and ERA of 

the 100-F/IU waste site decision units. Although Statistical Guidance for Ecology Site Managers 

(Ecology Publication 92-54) has been used to calculate EPCs for all closeout documentation to date, 

EPCs were recalculated according to Calculating UCL for EPCs (OSWER 9285.6-10) to allow for the 

use of more rigorous statistical methods to estimate exposure concentration. In addition, this guidance 

eliminates the use of the one-half the detection limit used in Statistical Guidance for Ecology Site 

Managers (Ecology Publication 92-54), which has the potential to underestimate 

exposure concentrations. 

The process used to calculate EPCs for each waste site and decision unit is documented in Computation of 

Exposure Point Concentrations for the 100-FR-1, 100-FR-2, 100-IU-2, and 100-IU-6 Source Operable 

Units (ECF-100FR1-11-0020) is to document the data processing and reduction steps, methodology, 

decision logic, assumptions, input files, and output files used to determine the EPCs. EPCs generated for 

use in this evaluation for each waste site, decision unit, and detected analyte at the 100-F/IU OUs are 

provided in Appendix H (Tables H-6, H-7, and H-8). 

For the drinking water evaluation included in Section 7.4.4, limited data are available; therefore, 

estimating exposure can be complicated because the presence of seeps and observed concentrations are 

dependent on river stage. For several species of birds, migration patterns are also a factor. EPCs of the 

seep concentrations in the 100-F/IU OUs were used for simplicity, calculated using ProUCL software in 

the same way as were soil EPCs. 

7.4 Risk Characterization 

The outcome of this step is a list of COPECs for each medium-pathway-receptor combination evaluated. 

Risks at the 100-F/IU OUs waste sites were estimated using the HQ method as follows: 

HQ=EPC/SSL or PRG 

where: 

HQ = ecological hazard quotient (unitless) 

EPC = soil concentration (µg/kg for nonradionuclides and pCi/g for radionuclides) 

SSL = plant/invertebrate or wildlife soil screening level (µg/kg for nonradionuclides and pCi/g  

  for radionuclides) 

PRG =  plant/invertebrate or wildlife preliminary remediation goal 

 (µg/kg for nonradionuclides) 

HQ values less than 1.0 indicate that adverse effects associated with exposure to a given analyte are 

unlikely (ERAGS [EPA 540-R-97-006]). These analytes were not considered to present a significant risk 

and were excluded from further evaluation. An HQ greater than or equal to 1.0 indicates that data are 

insufficient to exclude the potential for risk but does not indicate that risks are actually present; therefore, 

these COPCs were carried forward for further evaluation. 

In the screening evaluation, the soil EPC for each waste site and decision unit (as applicable) was 

compared to the plant/invertebrate SSL and the wildlife SSL for all COPCs, including metals, pesticides, 

PCBs (as Aroclors), and PAHs. The HQs for these comparisons are provided in Appendix H (Tables H-6, 

H-7, and H-8). COPCs with HQs equal to or greater than 1.0 were carried forward for further evaluation. 
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COPCs for which appropriate toxicity data were unavailable were not evaluated further but were retained 

as uncertainties. 

The plant/invertebrate and/or wildlife SSL values for 10 COPCs (arsenic, boron, lithium, mercury, 

manganese, molybdenum, selenium, strontium, thallium, and uranium) were higher than the 

corresponding PRG values. Since the PRG values are considered more Site-relevant, SSLs for these 

10 chemicals cannot be used exclusively as a screening tool without understanding whether 

concentrations are also below PRGs. EPCs for these chemicals were compared to both SSLs and PRGs to 

confirm that the EPCs were below both the SSL and PRG. Only if the EPC was below both values was 

the chemical dismissed from further consideration. For these 10 chemicals, if an EPC was greater than 

either the SSL or the PRG, the chemical was carried into the background evaluation for that specific 

waste site decision unit, the next phase in the risk characterization. 

7.4.1 Risk Characterization for Radionuclides and Aroclors 

Because the dose from radionuclides and Aroclors are additive, the total contributions of radionuclides 

and Aroclors were calculated using SOF and HI methods, respectively. With the SOF and HI methods, 

contributions were considered significant if the EPC was greater than the SSL. The SOF method and HI 

equation is as follows: 

HI or SOF = 




n

1j Exposurej / SSLj 

where: 

HI = hazard index 

SOF = sum-of-fractions 

Exposurej  = exposure concentration for radionuclides 

SSLj = soil screening level for radionuclides 

For the purposes of this evaluation, HQs for each radionuclide were summed within each decision unit to 

equal an SOF. If the SOF was greater than 1, then individual detected radionuclide isotope COPCs were 

carried forward to the background evaluation. For those COPCs that exceeded one or more SSLs, the EPC 

was then compared to the background value and summarized in a subsequent table (Appendix H, 

Tables H-9, H-10, and H-11). 

Similarly, for Aroclors, HIs were calculated to evaluate additive effects. If the HI for Aroclors was greater 

than 1, then the detected Aroclors were identified for further evaluation. This approach is conservative 

because the measurement of Aroclors as mixtures of PCB congeners does produce some overlap of 

congeners in multiple Aroclor mixtures. However, a total Aroclor HI is not an uncommon practice. While 

potential duplication could occur depending on which mixtures are detected, at most sites only one or two 

Aroclor mixtures are detected and tend to dominate. In addition, by carrying the HI greater than 1 forward 

when a conclusion of no risk or no unacceptable risk is reached, there is less uncertainty with the 

conclusion because of the additional conservatism in the approach. 

7.4.2 Characterization Relative to Background 

Background concentrations for inorganic analytes in soil at the Hanford Site are described in the 

Non-Rad Soil Background document (DOE/RL-92-24). That document provides the 90
th
 percentile 

background concentrations for several inorganic analytes. For selected inorganic analytes not included in 

the Non-Rad Soil Background document (DOE/RL-92-24), the 90
th
 percentile concentration has been 

obtained from PNNL, as summarized in Soil Background for Interim Use at the Hanford Site 
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(ECF-HANFORD-11-0038), and from the 100 Area RDR/RAWP (DOE/RL-96-17) for uranium. 

Background concentrations for radiological analytes in soil at the Hanford Site are described in Rad Soil 

Background document (DOE/RL-96-12), which provides the 90
th
 percentile concentration of background 

concentrations for several radiological analytes. Background concentrations were not identified for 

organic chemicals; therefore, all organic chemicals with HQs greater than or equal to 1.0 were carried 

forward. COPC EPCs that were less than the 90
th
 percentile background concentration were excluded 

from further evaluation. COPCs with EPCs that were not within the range of Site background were 

carried forward for comparison to the PRGs. 

7.4.3 Further (Refined) Characterization Relative to PRGs 

In the PRG evaluation, the soil EPC for each waste site and decision unit (as applicable) was compared to 

the plant/invertebrate PRG and the wildlife PRG for all remaining COPCs. COPCs with HQs equal to or 

greater than 1.0 were retained as COPECs. COPECs were then given further consideration under the 

SMDP. The methodology used in this step of the risk characterization is provided in Appendix H 

(Ecological Risk Evaluation for the 100-FR-1, 100-FR-2, and 100-IU-6 Source Operable Units 

[ECF-100FR1-11-0022]). For any chemical-waste site EPC that exceeded both the SSL and background, 

if no PRG is presented in Table 7-4 or 7-5, then the chemical-waste site combination was automatically 

retained for additional evaluation in the SMDP presented in Section 7.6. 

7.4.4 Characterization of Risk through Ingestion of Drinking Water 

Freshwater seep drinking ingestion HQs for inorganic chemicals were estimated as the ratio of estimated 

ingestion doses to TRVs. The TRVs used were the same as those used to develop the wildlife PRGs used 

to evaluate soil as presented in Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors 

at the Hanford Site (CHPRC-00784) and Tier 2 Risk-Based Soil Concentrations Protective of Ecological 

Receptors at the Hanford Site (CHPRC-01311). 

HQ = Dose/TRV 

where: 

HQ = ecological hazard quotient (unitless) 

Dose = drinking water exposure (mg/kg body weight/day) 

TRV = toxicological reference value (mg/kg-body weight-day) 

For radionuclides, the HQs for evaluating freshwater seep drinking water ingestion were simply a ratio of 

the measured concentrations in water multiplied by the AUF to the BCGs for wildlife. The lowest water 

BCG of terrestrial or riparian animal receptors were taken from Graded Approach for Radiation Doses to 

Biota (DOE-STD-1153-2002) or were calculated using the RESRAD BIOTA tool (RESRAD-BIOTA: 

A Tool for Implementing a Graded Approach to Biota Dose Evaluation, User’s Guide, Version 1 

[DOE/EH-0676]) when not available. SOFs were calculated as described in Section 7.4.1. In addition, as 

with the soil evaluation, the EPC represents the 95 percent UCL of the arithmetic mean concentration of 

the analyzed constituent. 

HQ = (EPC*AUF)/BCG 

where: 

HQ = ecological hazard quotient (unitless) 

EPC = radionuclide concentration in seep (pCi/L) 

AUF = area use factor 

BCG = biota concentration guides (pCi/L) 
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7.4.5 Screening Evaluation Results 

The comparisons to plant/invertebrate and wildlife SSLs are provided in Appendix H, Tables H-6 through 

H-8, for 100-F, 100-F/IU-2, and 100-F/IU-6, respectively. A detailed description of the results of the 

screening evaluation (i.e., comparison of EPCs with SSLs) of metals, PAHs, PCBs (as Aroclors), and 

other organics detected in soil is provided by waste site in the following subsections (Tables 7-6 

through 7-8).  

7.4.5.1 100-F 

100-F has 108 waste sites evaluated in this ERA. Samples collected greater than 4.6 m (15 ft) bgs 

(deep and deep focused) were not included in the risk assessment, so 1 of the 108 sites was eliminated 

from the risk assessment (118-F-8:3). Only waste sites where detected concentrations were present were 

included in the risk assessment, so 11 of the 107 sites with shallow soil data were eliminated from the 

evaluation (100-F-10, 100-F-19:3, 100-F-23, 100-F-29, 100-F-34, 100-F-44:1, 116-F-12, 1607-F1, 

UPR-100-F-1, UPR-100-F-3, and 118-F-4) (Section 7.1.3). Therefore, plant/invertebrate and 

avian/mammalian SSL HQs for all 96 of the remaining waste sites are provided in Appendix H, 

Table H-6. The SSL-based HQs were less than 1.0 for all COPCs in all of the decision units evaluated at 

19 of the 96 waste sites. 

The waste sites that did not require further evaluation of ecological risk are as follows: 

 100-F Area sites: 100-F-19:1, 100-F-2, 100-F-24, 100-F-35, and 100-F-54  

 116-F Area sites: 116-F-11, 116-F-16, 116-F-2, 116-F-3, 116-F-4, 116-F-6, 116-F-8, and 116-F-9  

 118-F Area sites: 118-F-5 and 118-F-6 

 126-F-1 

 132-F-1 

 1607-F2 

 UPR-100-F-2 

Within the remaining 77 waste sites, EPCs exceeded the plant/invertebrate SSLs at each waste site, while 

fewer analytes exceeded the wildlife SSLs. The EPCs for arsenic, barium, boron, chromium, copper, lead, 

manganese, mercury, molybdenum, nickel, selenium, silver, vanadium, zinc, and dieldrin exceeded one or 

both of the SSLs in 151 waste site-decision unit combinations, as presented in Appendix H, Table H-6. 

These waste site-decision units were carried forward into the background evaluation. 

The SSLs, background, and PRGs were not available for nickel-63, 1,4-dichlorobenzene, 

2-(2-methyl-4-chlorophenoxy) propionic acid, 2,4-db(4-(2,4-dichlorophenoxy)butanoic acid), 

4-nitroaniline, acetone, alpha-BHC, butylbenzylphthalate, carbazole, dibenzofuran, di-n-butylphthalate, 

endrin, gamma-BHC (lindane), heptachlor, heptachlor epoxide, m-xylene, nitrogen in nitrite and nitrate, 

o-xylene, styrene, TPH, and TPH-diesel range extended to c36. These COPCs were retained as an 

uncertainty and are further discussed in Section 7.4.5. The Aroclor HQs and HIs and radionuclide HQs 

and SOFs were less than 1 for all waste sites. All Aroclors and radionuclides were eliminated from 

further evaluation. 

7.4.5.2 100-IU-2 

This ERA evaluates 32 waste sites in 100-IU-2. Samples collected greater than 4.6 m (15 ft) bgs 

(deep and deep focused) were not included in the risk assessment and were eliminated from the risk 

assessment. Plant/invertebrate and avian/mammalian SSL HQs for all 32 waste sites are provided in 
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Appendix H, Table H-7. The SSL-based HQs were greater than 1.0 for at least one COPC in all of the 

decision units evaluated at all the waste sites. 

The EPCs for barium, boron, cadmium, chromium, copper, lead, manganese, mercury, selenium, 

vanadium, and zinc exceeded one or both of the SSLs in 50 waste site-decision units, as presented in 

Appendix H, Table H-7. Within the 32 waste sites, EPCs of analytes exceeded the plant/invertebrate SSLs 

at each waste site, while fewer analytes exceeded the wildlife SSLs. These waste site decision units were 

carried forward into the background evaluation. 

The SSLs, background, and PRGs were not available for 1,2-dichloroethene (total), 2,4-DB 

(4-(2,4-dichlorophenoxy)butanoic acid), 2,4,5-T(2,4,5-trichlorophenoxyacetic acid), acetone, 

di-n-butylphthalate, endrin, heptachlor, nitrogen in nitrate, nitrogen in nitrite and nitrate, TPH, TPH-diesel 

range extended to c36, and TPH–motor oil (high boiling). These COPCs were retained as uncertainties 

and are further discussed in Section 7.4.5. The Aroclor HQs and HIs were less than 1 for all waste sites. 

All Aroclors were eliminated from further evaluation. 

7.4.5.3 100-IU-6 

This ERA has 29 waste sites evaluated in 100-IU-6. Samples collected greater than 4.6 m (15 ft) bgs 

(deep and deep focused) were not included in the risk assessment. Plant/invertebrate and 

avian/mammalian SSL HQs for all 29 waste sites are provided in Appendix H, Table H-8. The SSL-based 

HQs were less than 1.0 for all COPCs in all of the decision units evaluated at 5 of the 29 waste sites. 

The 600 Area waste sites (600-107, 600-108, and 600-257 [one combined waste unit], 600-313, 600-324, 

and 600-350) did not require further evaluation of ecological risk. 

The EPCs for the inorganic analytes arsenic, barium, boron, chromium, copper, lead, manganese, 

mercury, molybdenum, nickel, selenium, silver, vanadium, and zinc exceeded one or both of the SSLs in 

44 waste site-decision units, as presented in Appendix H, Table H-8. Within the remaining 24 waste sites, 

EPCs of analytes exceeded the plant/invertebrate SSLs at each waste site, while fewer analytes exceeded 

the wildlife SSLs. These waste site decision units were carried forward into the background evaluation. 

The SSLs, background, and PRGs were not available for alpha-BHC, butylbenzylphthalate, 

di-n-butylphthalate, endrin, isophorone, nitrogen in nitrate, nitrogen in nitrite and nitrate, styrene, TPH, 

TPH–diesel range extended to c36, TPH–motor oil (high boiling). These COPCs were retained as 

uncertainties and are further discussed in Section 7.4.5. The Aroclor HQs and HIs and radionuclide HQs 

and SOFs were less than 1 for all waste sites. All Aroclors and radionuclides were eliminated from 

further evaluation. 

7.4.6 Results of Background Characterization 

Although an exceedance of an SSL, EPCs for many of the COPCs within the waste sites were below the 

90
th
 percentile background concentrations so were eliminated from further evaluation. The comparisons 

of EPCs to the 90
th
 percentile background for all COPCs carried forward from the screening evaluation 

are provided in Appendix H, Tables H-9 through H-11. 

7.4.6.1 100-F 

Although in exceedance of an SSL, EPCs for many of the COPCs within the remaining waste sites were 

below the 90
th
 percentile background concentrations, so were eliminated from further evaluation. 

The comparisons of COPC EPCs to the 90
th
 percentile background for the remaining waste sites are 

provided in Appendix H, Table H-9. COPCs did not exceed the 90
th
 percentile background concentrations 

in all of the decision units evaluated at 24 of the remaining 77 waste sites. The following 24 waste sites 

did not require further evaluation of ecological risks: 
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 100-F Area sites: 100-F-11, 100-F-12, 100-F-14, 100-F-15, 100-F-16, 100-F-18, 100-F-19:2, 

100-F-26-11, 100-F-26-12, 100-F-26-2, 100-F-26-5, 100-F-36, 100-F-4, 100-F-44-5, 100-F-50, 

100-F-51 and 100-F-63 (one combined waste unit), 100-F-52, 100-F-53, 100-F-60, 100-F-64, and 

100-F-65  

 116-F-10 

 128-F-1 

 1607 Area sites: 1607-F-5 and 1607-F-6 (one combined waste unit) 

Within the remaining 53 waste sites, 89 decision units had COPC EPCs for confirmatory samples within 

the waste site in exceedance of both an SSL and soil background concentrations. The COPC EPCs 

detected in exceedance of background were carried forward to the PRG evaluation. The inorganic 

analytes arsenic, barium, boron, chromium, copper, lead, mercury, nickel, molybdenum, selenium, silver, 

and zinc were detected outside of the range of background. Because a background value was not available 

for dieldrin, it was carried forward to the PRG evaluation. A summary of SSL and background evaluation 

results for the 53 waste sites is provided in Table 7-6. 

Table 7-6. Summary of 100-F Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 0.3 m [1 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons to SSLs and 

Background* 

Plant/Invertebrate  

SSL-Based HQ Wildlife SSL-Based HQ 

100-F-19:2_Overburden Mercury (4.1) -- 

100-F-20_Staging pile area Zinc (1.8) Zinc (1.3) 

100-F-25_Shallow Mercury (1.4) -- 

100-F-26:1_Shallow_Focused Lead (3.6) 

Mercury (13.8) 

Lead (5.1) 

100-F-26:10_Overburden_Focused Boron (11.6) 

Selenium (3.5) 

Selenium (0.9) - PRG less 

than SSL 

100-F-26:10_Shallow Selenium (2.6) -- 

100-F-26:13_Overburden_Focused Boron (12.2) -- 

100-F-26:14_Overburden Boron (27.0) -- 

100-F-26:14_Shallow Boron (63.2) -- 

100-F-26:15_Shallow Boron (8.3) 

Mercury (1.3) 

-- 

100-F-26:4_Overburden_Focused Boron (64.6) 

Mercury (1.5) 

-- 

100-F-26:4_Overburden_Focused_3 Boron (10.2) -- 

100-F-26:4_Shallow_1 Boron (11.8) 

Selenium (5.2) 

Selenium (1.4) 

100-F-26:4_Shallow_2 Boron (9.8) 

Selenium (1.8) 

-- 

100-F-26:4_Shallow_Focused Mercury (1.5) 

Zinc (1.7) 

Zinc (1.3) 
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Table 7-6. Summary of 100-F Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 0.3 m [1 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons to SSLs and 

Background* 

Plant/Invertebrate  

SSL-Based HQ Wildlife SSL-Based HQ 

100-F-26:7_Overburden_Focused Boron (21.2) -- 

100-F-26:7_Shallow Boron (17.9) -- 

100-F-26:7_Staging Pile Area Boron (11.5) 

Selenium (1.8) 

-- 

100-F-26:8_Shallow Mercury (1.6) 

Selenium (2.6) 

-- 

100-F-26:9_Overburden Boron (30.7) -- 

100-F-26:9_Overburden_Focused_2 Barium (2.0) 

Boron (123.4) 

Copper (3.7) 

Lead (1.6) 

Zinc (1.7) 

Copper (1.7) 

Lead (2.3) 

Zinc (1.3) 

100-F-26:9_Shallow Boron (28.7)Mercury (2.8) -- 

100-F-26:9_Shallow_Focused_1 Boron (9.6) 

Mercury (8.1) 

Zinc (2.4) 

Zinc (1.8) 

100-F-26:9_Shallow_Focused_2 Selenium (2.5) 

Zinc (1.6) 

Zinc (1.1) 

100-F-26:9_Shallow_Focused_3 Boron (57.2) -- 

100-F-26:9_Shallow_Focused_4 Boron (46.4) -- 

100-F-26:9_Staging Pile Area Arsenic (1.1) 

Mercury (1.2) 

-- 

100-F-31_Shallow Mercury (12.0) -- 

100-F-33_Shallow Zinc (1.4) Zinc (1.1) 

100-F-33_Staging pile area_Focused Mercury (3.8) -- 

100-F-37_Shallow_Focused Arsenic (1.7) 

Barium (1.5) 

Lead (4.3) 

Lead (6.0) 

100-F-38_Shallow_Focused Barium (1.2) 

Boron (47.0) 

Lead (1.1) 

100-F-44:2_Shallow_Focused Zinc (1.8) Zinc (1.3) 

100-F-44:8_Shallow Boron (23.5) 

Mercury (1.1) 

-- 

100-F-44:9_Overburden_Focused Selenium (2.1) -- 

100-F-44:9_Staging Pile Area Selenium (1.8) -- 

100-F-45_Overburden_Focused Chromium (51.8) -- 

100-F-45_Shallow Chromium (85.8) 

Mercury (10.3) 

-- 

100-F-46_Shallow_Focused Boron (7.8) -- 
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Table 7-6. Summary of 100-F Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 0.3 m [1 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons to SSLs and 

Background* 

Plant/Invertebrate  

SSL-Based HQ Wildlife SSL-Based HQ 

100-F-47_Shallow Mercury (9.1) -- 

100-F-48_Shallow_1 Boron (8.8) 

Mercury (1.5) 

-- 

100-F-49_Shallow Selenium (2.3) -- 

100-F-49_Staging Pile Area_Focused Boron (8.2) 

Chromium (55.3) 

-- 

100-F-55, 62_Shallow_1 Lead (1.3) Lead (1.8) 

100-F-55, 62_Shallow_2 Boron (8.3) Mercury (67.9) Mercury (3.6) 

100-F-55, 62_Staging Pile Area_Focused Boron (16.6) 

Mercury (6.9) 

Zinc (1.5) 

Zinc (1.1) 

100-F-56:1_Shallow Mercury (17.7) -- 

100-F-56:1_Shallow_Focused Chromium (146.5) Chromium (1.5) 

100-F-57:1_Shallow Chromium (51.5) 

Mercury (8.0) 

Selenium (1.9) 

Lead (1.4) 

100-F-57:2_Overburden_Focused Lead (2.2) Lead (3.1) 

100-F-57:2_Shallow_4 Boron (8.3) 

Mercury (1.0) 

-- 

100-F-57:2_Shallow_Focused Arsenic (1.3) 

Boron (14.8) 

Chromium (148.8) 

Lead (1.4) 

Mercury (212.0) 

Zinc (2.5) 

Chromium (1.6) 

Lead (2.0) 

Mercury (11.4) 

Zinc (1.9) 

100-F-57:2_Staging Pile Area 3 Mercury (6.3) -- 

100-F-61_Shallow Mercury (6.4) -- 

100-F-7_Shallow_Focused Mercury (1.3) -- 

100-F-9_Shallow_Focused Mercury (4.1) -- 

116-F-1_Overburden Arsenic (1.1) -- 

116-F-14_Shallow Chromium (60.4) -- 

116-F-15_Shallow Boron (23.1) 

Mercury (1.8) 

-- 

116-F-5_Shallow Arsenic (1.7) -- 

116-F-7_Shallow_Focused Chromium (91.8) 

Mercury (1.5) 

Nickel (1.4) 

Nickel (1.3) 

118-F-1_Overburden Selenium (2.7) 

Silver (2.2) 

-- 
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Table 7-6. Summary of 100-F Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 0.3 m [1 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons to SSLs and 

Background* 

Plant/Invertebrate  

SSL-Based HQ Wildlife SSL-Based HQ 

118-F-1_Staging Pile Area Arsenic (1.2) -- 

118-F-2_Overburden Selenium (2.7) -- 

118-F-2_Staging Pile Area Selenium (2.7) -- 

118-F-3_Shallow Boron (25.4) -- 

118-F-3_Staging Pile Area Boron (13.2) -- 

118-F-7_Shallow Boron (9.6) 

Molybdenum (1.2) 

-- 

118-F-7_Shallow_Focused Arsenic (1.0) 

Lead (1.3) 

Lead (1.8) 

118-F-7_Staging Pile Area Boron (7.8) 

Copper (11.0) 

Copper (5.2) 

118-F-8:1_Shallow_2 Chromium (96.9) Chromium (1.0) 

118-F-8:4_Overburden Mercury (1.3) -- 

118-F-8:4_Shallow Mercury (5.3) 

Selenium (2.9) 

Selenium (0.8) - PRG less 

than SSL 

120-F-1_Shallow_1 Selenium (3.5) Selenium (0.9) - PRG less 

than SSL 

120-F-1_Shallow_2 Mercury (2.1) -- 

126-F-2_Staging pile area_Focused Boron (11.2) 

Zinc (1.5) 

Zinc (1.1) 

128-F-2_Shallow_1 Chromium (53.9) -- 

128-F-2_Shallow_2 Chromium (64.2) 

Copper (1.3) 

-- 

128-F-2_Staging pile area_Focused Chromium (80.5) 

Selenium (1.8) 

Zinc (2.5) 

Zinc (1.8) 

128-F-3_Shallow Boron (34.0) 

Chromium (105.2) 

Chromium (1.1) 

128-F-3_Staging pile area_Focused Boron (11.0) -- 

141-C_Shallow Boron (10.7) -- 

1607-F3_Shallow Selenium (8.1) Selenium (2.2) 

1607-F3_Staging pile area_Focused Arsenic (1.2) 

Lead (1.1) 

Lead (1.5) 

1607-F4_Overburden_Focused Boron (11.6) -- 

1607-F4_Shallow Mercury (12.0) 

Selenium (3.1) 

Selenium (0.8) - PRG less 

than SSL 

1607-F7_Staging pile area_Focused Boron (15.4) 

Zinc (1.4) 

Dieldrin (1.1) 

Zinc (1.1) 
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Table 7-6. Summary of 100-F Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 0.3 m [1 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons to SSLs and 

Background* 

Plant/Invertebrate  

SSL-Based HQ Wildlife SSL-Based HQ 

182-F_Overburden_Focused_2 Chromium (56.5) Lead (1.2) 

Zinc (2.8) 

Lead (1.6) Zinc (2.1) 

600-351_Shallow_Focused Arsenic (25.0) 

Lead (16.1) 

Selenium (1.8) 

Arsenic (1.3) 

Lead (22.6) 

* Exceedances of both the SSL and 90th percentile of Hanford Site background concentration, when background value 

is available. 

HQ = hazard quotient 

SSL = soil screening level 

 

7.4.6.2 100-IU-2 

Although in exceedance of an SSL, EPCs for many of the COPCs within the waste sites were below the 

90
th
 percentile background concentrations, so were eliminated from further evaluation. The comparisons 

of COPC EPCs to the 90
th
 percentile background for the waste sites are provided in Appendix H, 

Table H-10. COPCs did not exceed the 90
th
 percentile background concentrations in all of the decision 

units evaluated at 24 of the 32 waste sites. The following waste sites did not require further evaluation of 

ecological risks: 600 Area sites: 600-5, 600-100, 600-124, 600-125, 600-128, 600-131, 600-132, 600-139, 

600-181, 600-182, 600-188, 600-190, 600-295, 600-306, 600-307, 600-308, 600-309, 600-311, 600-312, 

600-343, 600-344, 600-345, 600-346, and 628-1. 

The remaining waste sites had COPC EPCs in exceedance of both an SSL and background. The COPC 

EPCs detected in exceedance of background were carried forward to the PRG evaluation. The inorganic 

analytes barium, boron, cadmium, chromium, copper, lead, manganese, mercury, selenium, and zinc were 

detected outside of the range of background. A summary of SSL and background evaluation results for 

the eight waste sites is provided in Table 7-7. 

Table 7-7. Summary of 100-IU-2 Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 4.6 m [15 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons 

to SSLs and Background* 

Plant/Invertebrate  

SSL-Based HQ 

Wildlife SSL-Based 

HQ 

600-120, 297_Shallow Boron (8.1) -- 

600-127_Shallow Selenium (1.8) -- 

600-127_Shallow_Focused_2 Selenium (1.7) -- 

600-127_Staging Pile Area_3 Boron (10.7) -- 

600-127_Staging Pile Area_4 Boron (15.8) -- 

600-176_Staging Pile Area_2 Chromium (151.6) 

Lead (9.1) 

Chromium (1.6) 

Lead (12.8) 
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Table 7-7. Summary of 100-IU-2 Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 4.6 m [15 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons 

to SSLs and Background* 

Plant/Invertebrate  

SSL-Based HQ 

Wildlife SSL-Based 

HQ 

600-176_Staging Pile Area_3 -- Lead (1.2) 

600-296_Shallow_Focused Barium (2.2) 

Lead (1.2) 

Mercury (6.5) 

Zinc (2.5) 

Lead (1.7) 

Zinc (1.8) 

600-302_Shallow_Focused Zinc (2.4) Zinc (1.8) 

600-310_Shallow_Focused Chromium (48.0) 

Copper (3.4) 

Selenium (2.7) 

Zinc (1.5) 

Copper (1.6) 

Zinc (1.1) 

600-341:1_Shallow_Focused_1 Manganese (2.6) 

Mercury (1.8) 

Zinc (6.3) 

Cadmium (1.1) 

Zinc (4.7) 

600-341:1_Shallow_Focused_2 Zinc (2.1) Zinc (1.6) 

600-341:2_Shallow_Focused Zinc (2.4) Zinc (1.8) 

* Exceedances of both the SSL and 90th percentile of Hanford Site background concentration, when background value 

is available. 

HQ = hazard quotient 

SSL = soil screening level 

 

7.4.6.3 100-IU-6 

Comparisons of COPC EPCs to the 90
th
 percentile background for the remaining 24 waste sites are 

provided in Appendix H (Table H-11). COPCs did not exceed the 90
th
 percentile background 

concentrations in all of the decision units evaluated at 8 of the remaining 24 waste sites. Of the 600 Area 

waste sites, 8 sites (600-23, 600-178, 600-204, 600-280, 600-319:2, 600-319:3, 600-325:2, and 600-327) 

did not require further evaluation of ecological risks. 

Within the remaining 16 waste sites, 23 decision units had COPC EPCs in exceedance of both an SSL 

and background. The COPC EPCs detected in exceedance of background were carried forward to the 

PRG evaluation. The inorganic analytes arsenic, barium, boron, chromium, copper, lead, manganese, 

mercury, molybdenum, nickel, selenium, silver, vanadium, and zinc were detected outside of the range of 

background. Table 7-8 summarizes the SSL and background evaluation results for the 16 waste sites. 
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Table 7-8. Summary of 100-IU-6 Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 4.6 m [15 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons 

to SSLs and Background* 

Plant/Invertebrate 

SSL-Based HQ 

Wildlife SSL-Based 

HQ 

600-109_Staging Pile Area Arsenic (2.4) 

Lead (2.5) 

Zinc (1.4) 

Lead (3.5) 

Zinc (1.0) 

600-111_Shallow Manganese (2.3) -- 

600-146_Shallow_Focused Copper (9.5) 

Nickel (1.3) 

Zinc (3.1) 

Copper (4.4) 

Nickel (1.2) 

Zinc (2.3) 

600-149:2_Shallow Selenium (1.7) -- 

600-149:2_Shallow_Focused Selenium (2.1) -- 

600-149:2_Staging Pile Area_Focused Lead (3.1) Lead (4.3) 

600-186_Shallow_Focused Chromium (245.0) 

Lead (1.9) 

Mercury (8.5) 

Silver (11.0) 

Vanadium (70.5) 

Zinc (2.7) 

Chromium (2.6) 

Lead (2.6) 

Vanadium (4.5) 

Zinc (2.0) 

600-202_Shallow_2 Chromium (56.0) -- 

600-202_Shallow_Focused_1 Chromium (51.0) -- 

600-202_Shallow_Focused_2 Arsenic (1.0) 

Boron (26.0) 

Chromium (54.8) 

Copper (1.8) 

Lead (5.6) 

Zinc (8.1) 

Lead (7.8) 

Zinc (5.9) 

600-202_Staging Pile Area Boron (19.9) 

Lead (1.3) 

Zinc (3.5) 

Lead (1.8) 

Zinc (2.6) 

600-205_Shallow_Focused_1 Vanadium (43.1) Lead (1.1) 

Vanadium (2.8) 

600-3_Shallow_2 Lead (1.3) Lead (1.8) 

600-3_Shallow_Focused Barium (2.5) 

Chromium (48.5) 

Copper (3.0) 

Lead (5.2) 

Zinc (7.7) 

Copper (1.4) 

Lead (7.3) 

Zinc (5.7) 

600-3_Staging Pile Area_Focused Lead (4.7) Lead (6.6) 

600-315_Shallow_Focused Boron (26.6)  

Selenium (2.7) 

-- 
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Table 7-8. Summary of 100-IU-6 Waste Sites Ecological Evaluation Based on SSLs 
and Background for Surface Soils (0 to 4.6 m [15 ft]) 

Waste Site/Decision Unit 

Exceedances Based on Comparisons 

to SSLs and Background* 

Plant/Invertebrate 

SSL-Based HQ 

Wildlife SSL-Based 

HQ 

600-317_Shallow_Focused Zinc (2.6) Zinc (1.9) 

600-319:1_Shallow_Focused Selenium (1.6) -- 

600-322_Shallow_Focused Chromium (82.0) 

Copper (1.1) 

Lead (1.4) 

Manganese (2.5) 

Molybdenum (2.2) 

Nickel (1.2) 

Lead (2.0) 

Nickel (1.1) 

600-323_Shallow_Focused Barium (1.7) 

Boron (68.0) 

Selenium (4.2) 

Boron (0.3) - PRG less 

than SSL 

Selenium (1.2) 

600-325:1_Shallow_Focused Boron (9.8) -- 

600-334:1_Shallow_Focused Mercury (19.0) 

Zinc (1.5) 

Mercury (1.0) 

Zinc (1.1) 

JA JONES 1_Shallow Lead (1.1) Lead (1.5) 

* Exceedances of both the SSL and 90th percentile of Hanford Site background concentration, when background value 

is available. 

HQ = hazard quotient 

SSL = soil screening level 

 

7.4.7 Results of PRG Characterization 

Further evaluation was conducted on those waste sites that were not eliminated in the SSL and 

background evaluations. Risks were evaluated based on the resulting PRG HQs and are provided in 

Appendix H, Tables H-12 through H-14 and summarized in the rest of this section. The PRG exceedances 

presented in this section are further evaluated in Appendix H, and risk conclusions are provided in 

Section 7.6. 

7.4.7.1 100-F 

The following 25 waste sites did not exceed the plant/invertebrate PRGs or the wildlife PRGs (HQs were 

less than 1) and were eliminated from further evaluation (Appendix H, Table H-12): 

 100-F Area sites: 100-F-7, 100-F-20, 100-F-25, 100-F-26-7, 100-F-26-8, 100-F-26-13, 100-F-26-15, 

100-F-44-2, 100-F-44-8, 100-F-44-9, 100-F-46, 100-F-48, and 100-F-49 

 116-F Area sites: 116-F-1, 116-F-5, 116-F-14, and 116-F-15  

 118-F Area site: 118-F-2, 118-F-3, and 118-F-8-1 

 126-F-2 

 128-F Area site: 128-F-3 



DOE/RL-2010-98, REV. 0 

7-59 

 141-C  

 182-F 

 1607-F-7 

The EPCs for the inorganic analytes arsenic, barium, boron, copper, lead, mercury, molybdenum, nickel, 

selenium, and silver exceeded one or both groups of PRGs (plants/invertebrates and wildlife). 

Because PRGs are not available for dieldrin, the concentrations of dieldrin detected at concentrations 

exceeding wildlife SSLs were carried forward. These COPCs will be retained as COPECs in one or more 

of the remaining 33 waste site decision units as follows (Table H-12 in Appendix H and Table 7-9): 

 100-F-9_Shallow_Focused: Mercury  

 100-F-19-2_Overburden: Mercury  

 100-F-26:1_Shallow_Focused: Mercury, Lead 

 100-F-26-4_Overburden_Focused: Boron 

 100-F-26-4_Shallow_1: Selenium 

 100-F-26-9_Overburden_Focused_2: Barium, Boron, Copper  

 100-F-26-9_Shallow_Focused_1: Mercury 

 100-F-26-10_Overburden_Focused: Selenium  

 100-F-26-14_Shallow: Boron  

 100-F-31_Shallow: Mercury  

 100-F-33_Staging Pile Area_Focused: Mercury  

 100-F-37_Shallow_Focused: Barium, Lead 

 100-F-38_Shallow_Focused: Barium  

 100-F-45_Shallow: Mercury  

 100-F-47_Shallow: Mercury  

 100-F-55 and 100-F-62_Shallow_2: Mercury  

 100-F-55 and 100-F-62_Staging Pile Area_Focused: Mercury 

 100-F-56:1_Shallow: Mercury  

 100-F-57:1_Shallow: Mercury 

 100-F-57:2_Shallow_Focused: Mercury 

 100-F-57:2_Staging Pile Area 3: Mercury 

 100-F-61_Shallow: Mercury  

 116-F-7_Shallow_Focused: Nickel 

 118-F-1_Overburden: Silver  

 118-F-7_Shallow: Molybdenum  

 118-F-7_Staging Pile Area: Copper  

 118-F-8-4_Shallow: Mercury, Selenium  

 120-F-1_Shallow_1: Selenium  

 128-F-2_Shallow_2: Copper 

 1607-F3_Shallow: Selenium  

 1607-F4_Shallow: Mercury, Selenium 
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 1607-F7_Staging Pile Area_Focused: Dieldrin  

 600-351_Shallow_Focused: Arsenic, Lead 

Table 7-9. Summary of 100-F Source OU Waste Sites Ecological Evaluation 
Based on PRGs for Surface Soils (0 to 4.6 m [15 ft]) 

Waste Site/Decision Unit Plant/Invertebrate HQ Wildlife HQ 

100-F-19:2_Overburden Mercury (1.4) -- 

100-F-26:1_Shallow_Focused Mercury (4.6) Lead (1.2) 

100-F-26:10_Overburden_Focused -- Selenium (1.3) 

100-F-26:14_Shallow Boron (1.1) -- 

100-F-26:4_Overburden_Focused Boron (1.1) Boron (1.0) 

100-F-26:4_Shallow_1 Selenium (1.3) Selenium (1.9) 

100-F-26:9_Overburden_Focused_2 Barium (1.8) 

Boron (2.2) 

Copper (3.2) 

Boron (1.9) 

100-F-26:9_Shallow_Focused_1 Mercury (2.7) -- 

100-F-31_Shallow Mercury (4.0) -- 

100-F-33_Staging Pile Area_Focused Mercury (1.3) -- 

100-F-37_Shallow_Focused Barium (1.4) Lead (1.4) 

100-F-38_Shallow_Focused Barium (1.1) -- 

100-F-45_Shallow Mercury (3.4) -- 

100-F-47_Shallow Mercury (3.0) -- 

100-F-55, 62_Shallow_2 Mercury (22.6) Mercury (4.4) 

100-F-55, 62_Staging Pile Area_Focused Mercury (2.3) -- 

100-F-56:1_Shallow Mercury (5.9) Mercury (1.1) 

100-F-57:1_Shallow Mercury (2.7) -- 

100-F-57:2_Shallow_Focused Mercury (70.7) Mercury (13.6) 

100-F-57:2_Staging Pile Area 3 Mercury (2.1) -- 

100-F-61_Shallow Mercury (2.1) -- 

100-F-9_Shallow_Focused Mercury (1.4) -- 

116-F-7_Shallow_Focused Nickel (1.1) -- 

118-F-1_Overburden Silver (1.4) -- 

118-F-7_Shallow Molybdenum (1.2) -- 

118-F-7_Staging Pile Area Copper (9.5) Copper (2.9) 

118-F-8:4_Shallow Mercury (1.8) Selenium (1.0) 

120-F-1_Shallow_1 -- Selenium (1.3) 

128-F-2_Shallow_2 Copper (1.1) -- 

1607-F3_Shallow Selenium (2.1) Selenium (2.9) 

1607-F4_Shallow Mercury (4.0) Selenium (1.1) 

1607-F7_Staging Pile Area_Focused  Dieldrin (1.1) 
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Table 7-9. Summary of 100-F Source OU Waste Sites Ecological Evaluation 
Based on PRGs for Surface Soils (0 to 4.6 m [15 ft]) 

Waste Site/Decision Unit Plant/Invertebrate HQ Wildlife HQ 

600-351_Shallow_Focused Arsenic (2.0) Arsenic (2.0) 

Lead (5.2) 

Note: These PRG exceedances are further evaluated in Appendix H, and risk conclusions are discussed in Section 7.6. 

HQ = hazard quotient 

PRG = preliminary remediation goal 

 

7.4.7.2 100-IU-2 

The 600 Area waste sites (600-120, 600-297, 600-127, 600-302, 600-341-1, and 600-341-2) did not 

exceed the plant/invertebrate PRGs or the wildlife PRGs (HQs were less than 1). These sites were 

eliminated from further evaluation (Appendix H, Table H-13). 

The EPCs for the inorganic analytes barium, copper, lead, and mercury exceeded one group of PRGs 

(plants/invertebrates, wildlife). These COPCs will be retained as COPECs in the remaining three waste 

site decision units as follows (Table H-13 in Appendix H, and Table 7-10): 

 600-176_Staging Pile Area_2: Lead 

 600-296_Shallow_Focused: Barium, Mercury 

 600-310_Shallow_Focused: Copper 

Table 7-10. Summary of 100-IU-2 OU Waste Sites Ecological Evaluation 
Based on PRGs for Surface Soil (0 to 4.6 m [15 ft]) 

Waste Site/Decision Unit Plant/Invertebrate HQ Wildlife HQ 

600-176_Staging Pile Area_2 -- Lead (2.9) 

600-296_Shallow_Focused Barium (2.1) 

Mercury (2.2) 

-- 

600-310_Shallow_Focused Copper (2.9) -- 

Note: These PRG exceedances are further evaluated in Appendix H, and risk conclusions are provided in Section 7.6. 

HQ = hazard quotient 

PRG = preliminary remediation goal 

 

7.4.7.3 100-IU-6 

The following waste sites did not exceed the plant/invertebrate PRGs or the wildlife PRGs (HQs were 

less than 1) and were eliminated from further evaluation (Appendix H, Table H-14): 600 Area sites: 

600-109, 600-111, 600-149-2, 600-315, 600-317, 600-319-1, 600-325-1, and JA JONES 1. 

EPCs for inorganic barium, boron, copper, lead, mercury, molybdenum, nickel, selenium, silver, and 

vanadium exceeded one group of PRGs (plants/invertebrates, wildlife). These COPCs will be retained as 

COPECs in the remaining nine waste site decision units as follows (Table H-14 in Appendix H, and 

Table 7-11): 

 600-146_Shallow_Focused: Copper, Nickel 

 600-186_Shallow_Focused: Mercury, Silver, Vanadium 
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 600-202_Shallow_Focused_2: Copper, Lead  

 600-205_Shallow_Focused_1: Vanadium  

 600-3_Shallow_Focused: Barium, Copper, Lead  

 600-3_Staging Pile Area_Focused: Lead  

 600-322_Shallow_Focused: Molybdenum 

 600-323_Shallow_Focused: Barium, Boron, Selenium 

 600-334:1_Shallow_Focused: Mercury 

Table 7-11. Summary of 100-IU-6 Source OU Waste Sites Ecological Evaluation 
Based on PRGs for Surface Soils (0 to 4.6 m [15 ft]) 

Waste Site/Decision Unit Plant/Invertebrate HQ Wildlife HQ 

600-146_Shallow_Focused Copper (8.2) 

Nickel (1.0) 

Copper (2.5) 

600-186_Shallow_Focused Mercury (2.8) 

Silver (7.3) 

Vanadium (1.6) 

Vanadium (3.3) 

600-202_Shallow_Focused_2 Copper (1.5) Lead (1.8) 

600-205_Shallow_Focused_1 -- Vanadium (2.0) 

600-3_Shallow_Focused Barium (2.3) 

Copper (2.6) 

Lead (1.7) 

600-3_Staging Pile Area_Focused -- Lead (1.5) 

600-322_Shallow_Focused Molybdenum (2.2) -- 

600-323_Shallow_Focused Barium (1.5) 

Boron (1.2) 

Selenium (1.1) 

Boron (1.1) 

Selenium (1.5) 

600-334:1_Shallow_Focused Mercury (6.3) Mercury (1.2) 

Note: These PRG exceedances are further evaluated in Appendix H, and risk conclusions are provided in Section 7.6. 

HQ = hazard quotient 

PRG = preliminary remediation goal 

 

7.4.8 Characterization of Drinking Water Ingestion 

EPCs from seep water along the 100-F/IU Area of the Columbia River were evaluated for drinking water 

intake by birds and mammals representing feeding guilds in the upland and riparian areas of the Columbia 

River Corridor. Results from these comparisons for nonradionuclide chemicals are provided in 

Appendix H (Table H-15). Under this scenario, modeled exposure from ingestion of nitrogen (as nitrate 

and nitrite) and vanadium were more than negligible (e.g., resulted in drinking water ingestion HQs of 

0.01 or greater), while exposure from all other chemicals to all receptors produced HQs of less than 0.01. 

Thus, other than for nitrogen and vanadium, potential adverse effects to wildlife due to exposure through 

drinking ingestion was not significant. Further, the results of the evaluation presented in Tables 7-6 

through 7-11 should be considered acceptable for all of the chemical-source OU combinations as 

inclusion of drinking ingestion to the exposure models presented in this chapter (Sections 7.4.1 through 

7.4.3) would not have altered the outcomes. Because there are no HQs from the ingestion of prey and soil 

for nitrogen whether in nitrate or nitrite, the drinking ingestion HQs represent the primary contribution to 
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the total dose and yielded a maximum HQ of 0.33 for all wildlife evaluated (Appendix H, Table H-15) 

under the upper bound scenario. Therefore, risks from wildlife ingesting nitrogen in seep water are not 

a concern. The drinking ingestion dose of vanadium resulted in an HQ of 0.01. While vanadium 

concentrations in several upland waste sites approach or exceed 1.0 suggesting potential ecological risks, 

only two waste sites (600-186_Shallow_Focused and 600-205_Shallow_Focused) had EPCs 

above background. In neither case would a potential drinking ingestion HQ of 0.01 substantially influence 

risk estimates. Thus, potential drinking water risks from vanadium are insignificant. The potential risks do 

not warrant further evaluation. 

Evaluation of radionuclide doses from wildlife drinking the seep water is included in Appendix H 

(Table H-16). EPCs for seeps were compared to the lower of BCGs for terrestrial, aquatic, and 

riparian animals. The total SOF for wildlife drinking seep water from 100-IU-2/IU-6 was 0.08. 

The maximum (upper bound) dietary SOFs from any waste site within the 100-F OUs is 0.44 

(100-F-26:13_Shallow, as shown in Appendix H, Table H-6), 0.003 (600-3_Staging Pile Area Footprint, 

as shown in Appendix H, Table H-8) within the 100-IU-6 OU, and no SOFs for 100-IU-2. These provide 

no additional risk for wildlife exposure to radionuclides from drinking seeps at 100-F/IU. 

Given the results provided in Appendix H (Tables H-15 and H-16), there is no significant risk to wildlife 

in the 100-F/IU OUs from drinking freshwater seeps along the Columbia River in the 100-F/IU 

riparian area. Further, the results of the evaluation presented in Appendix H should be considered 

acceptable for all of the chemical-source OU combinations because the inclusion of drinking ingestion in 

the exposure models presented in this chapter (Sections 7.4.1 through 7.4.3) would not have altered the 

risk outcomes or conclusions. Inclusion of drinking ingestion in the development of SSLs and PRGs is, 

therefore, not warranted. 

7.4.9 Uncertainties Assessment 

Uncertainties are present in all risk assessments because of the limitations of available data and the need 

to make certain assumptions and extrapolations based on incomplete information. In addition, the use of 

various models (e.g., uptake and food web exposures) carries with it some associated uncertainty as to 

how well the model reflects actual conditions. Because conservative assumptions were generally used in 

the exposure and effects assessments, these uncertainties are more likely to result in an overestimation 

rather than an underestimation of the likelihood and magnitude of risks to ecological receptors. 

The following uncertainties and limitations are associated with the proposed methodology and available 

data for the ERA: 

 Data use: The quantitative evaluation of chemical concentrations in soil included surface soil from 

the 0 to 4.6 m (15 ft) depth range. Ecology uses a standard point of compliance in soil of 4.6 m (15 ft) 

for demonstrating protection of ecological receptors (MTCA, “Terrestrial Ecological Evaluation 

Procedures” [WAC 173-340-7490(4)(b)]). This depth range overestimates the depth to which many 

terrestrial receptors would be exposed. MTCA (WAC 173-340) identifies the biologically active zone 

as 0 to 1.8 m (6 ft) (MTCA [WAC 173-340]). Evaluation of data that extend beyond the biologically 

active zone could either over or under estimate risk. For this ERA, the depth from 1.8 to 4.6 m 

(6 to 15 ft) is also included because human activities could bring materials from that depth to the 

surface, creating a complete exposure pathway11. 

No toxicological data or background values were available for the following COPCs:  

                                                      
11 MTCA requires demonstration that, within a point of compliance of 0 to 15 feet without institutional controls; 

exposure to ecological receptors does not show adverse impacts. 
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 Nickel-63  4-(2,4-Dichlorophenoxy)butanoic acid 

 1,2-Dichloroethene (total)  2,4-Dimethylphenol 

 1,4-Dichlorobenzene  2,4,5-Trichlorophenoxyacetic acid 

 2-(2-Methyl-4-chlorophenoxy) propionic acid  4-Nitroaniline 

 Acetone  Isophorone 

 Alpha-BHC  m-xylene 

 Butylbenzylphthalate  Nitrogen in nitrate 

 Carbazole  Nitrogen in nitrite and nitrate 

 Dibenzofuran  o-xylene 

 di-n-Butylphthalate  Styrene 

 Endrin  TPH 

 Gamma-BHC (lindane)  TPH–diesel range extended to c36 

 Heptachlor  TPH–motor oil (high boiling)  

 Heptachlor epoxide  

In addition, toxicological data or background values were limited for some COPC-receptor 

combinations. Therefore, SSLs could not be calculated for all receptors or COPCs. Exclusion of 

COPCs from SSL development may not adequately address aggregate risk at a site, although it should 

be noted that remedial alternatives that are protective of receptors with SSLs may also be protective 

of receptors lacking sufficient toxicity data. In addition, the absence of SSLs for plants and soil 

invertebrates can be addressed through performing site-specific bioassays, which are a component 

of Tier 2. 

With respect to TPH, though no SSL or PRG was previously developed for soil at the Hanford Site, 

published literature is available to provide some perspective. In “Ecotoxicity Test Data for Total 

Petroleum Hydrocarbons in Soil: Plants and Soil-Dwelling Invertebrates” (Efroymson et al., 2004), 

the authors compiled a literature review on toxicological effects to plants and invertebrates, with the 

results suggesting that invertebrates are more sensitive to some petroleum hydrocarbons than plants. 

Using lube oil to represent motor oil, no effect thresholds ranged from 15 to 1,490 mg/kg in soil and 

EC20 were found as low as 15 to 149 mg/kg. Conversely, lube oil NOAECs for plants ranged from 

969 mg/kg to 12,000 mg/kg. MTCA (WAC 173-340, Table 749-3) lists ecological indicator soil 

concentrations for soil biota for diesel- and gasoline-range organics at 200 mg/kg and 100 mg/kg, 

respectively, based on original work published at ORNL (Toxicological Benchmarks for Contaminants of 

Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision 

[ES/ER/TM-126/R2]). Although TPH–motor oil (high boiling) was not specifically measured in any of 

these studies, with concentrations as high as 602 mg/kg and 115 mg/kg measured at waste sites decision 

units within the 100-IU-2 OU and 100-IU-6 OU, respectively, TPH–motor oil should be considered in the 

SMDP. For waste site decision units within 100-IU-2, these include the following sites: 

 600-100_Shallow 

 600-100_Shallow_Focused 

 600-120, 297_Overburden_Focused 

 600-120, 297_Shallow 

 600-120, 297_Staging Pile Area 

 600-124_Shallow 

 600-124_Staging Pile Area 

 600-182_Staging Pile Area_Focused 

 600-188_Overburden_Focused 

 600-188_Shallow 

 600-188_Staging Pile Area_Focused 

 600-341:1_Shallow_Focused_1 

 600-341:1_Shallow_Focused_2 

 600-341:2_Shallow_Focused 
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 600-125_Overburden_Focused 

 600-125_Staging Pile Area_Focused 

 600-176_Shallow 

 600-176_Staging Pile Area_3 

 600-182_Overburden_Focused 

 600-182_Shallow_Focused_1 

 600-182_Shallow_Focused_2 

 600-343_Shallow_Focused 

 600-344_Shallow_Focused 

 600-345_Shallow_Focused 

 600-346_Shallow 

 600-5_Shallow_Focused 

 600-5_Staging Pile Area_Focused 

For waste site decision units within 100-IU-6, these include the following sites: 

 600-109_Overburden_Focused 

 600-109_Shallow 

 600-109_Shallow_Focused 

 600-109_Staging Pile Area 

 600-186_Shallow_Focused 

 600-202_Shallow_2 

 600-202_Shallow_Focused_2 

 600-202_Staging Pile Area 

 600-205_Shallow_Focused_2 

 600-205_Staging Pile Area_Focused 

 600-280_Shallow_Focused 

 600-3_Shallow_1 

 600-3_Shallow_2 

 600-3_Shallow_Focused 

 600-3_Staging Pile Area 

 

Bioavailability and toxicity of metals are functions of many factors including soil pH, with metals (e.g., 

aluminum, lead, and mercury) generally being more bioavailable and toxic at low pHs (Guidance for 

Developing Ecological Soil Screening Levels (Eco-SSLs) [OSWER Directive 9285.7-55])). The pH levels 

for soil used to develop plant toxicity values range from 3 to 8 (mean = 6.3) (Tier 1 Risk-Based Soil 

Concentrations Protective of Ecological Receptors at the Hanford Site [CHPRC-00784]). The pH range 

for soil used to develop invertebrate toxicity values was between 3.8 and 8.1 (mean = 5.6) (Tier 1 

Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site [CHPRC-00784]). 

The minimum soil pH reported in the RCBRA (DOE/RL-2007-21) in riparian and upland soil was 6.6. 

Because the range of pH values in soil associated with plant and soil invertebrate toxicity values within 

the published literature include values that are substantially lower than those present throughout most of 

the Hanford Site, it is likely that the resulting SSLs for plants and soil invertebrates do not accurately 

represent toxicity. Because metals are more bioavailable at lower pH, the SSLs may overestimate 

concentrations in Hanford soil that would be toxic to plants and soil invertebrates; therefore, risk 

estimates may be overly conservative. Evaluating this potential overestimation of bioavailability was one 

of the goals of a 2011 Hanford Site field effort to collect soil with a pH range more reflective of Hanford 

Site soil. With the exception of four samples collected from within the River Corridor, the range of pH 

values from samples collected for the 2011 study was between 5.8 and 8.7, with all but 5 of 67 samples 

above the minimum pH of 6.6 identified in previous RCBRA (DOE/RL-2007-21) soil samples. Further, 

oxidized environments (upland or well-aerated soils like those at the Hanford Site) promote the 

precipitation of ferric-oxide compounds, which are not available to plants for uptake. While iron may be 

bioavailable in high-pH soils on the Hanford Site (pH>8) and may mediate potential toxicity of other 

metals, these soils are limited in extent. Thus, the PRGs more accurately reflect the actual bioavailability 

of potential contaminants within Hanford Site soil than they do the SSLs developed using published data 

from laboratory studies and other sites. 

 Wildlife TRVs: Data on the toxicity of many chemicals to the receptor species were sparse or 

lacking, requiring the extrapolation of data from other wildlife species or from laboratory studies with 

non-wildlife species. This is a typical limitation and extrapolation for ERAs because so few wildlife 

species have been tested directly for most chemicals. The uncertainties associated with toxicity 
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extrapolation were minimized through the selection of the most appropriate test species for which 

suitable toxicity data were available. The factors considered in selecting a test species to represent 

a receptor species included taxonomic relatedness, trophic level, foraging method, and similarity 

of diet. 

A second uncertainty related to the derivation of TRVs applies to metals. Most of the toxicological 

studies on which the TRVs for metals were based use forms of the metal (e.g., salts) that have high 

water solubility and high bioavailability to receptors. Because the analytical samples on which 

site-specific exposure estimates were based measured total metal (regardless of form) and these 

highly bioavailable forms are expected to compose only a fraction of the total metal concentration, 

this is likely to result in an overestimation of potential risks for these chemicals. A recent study was 

conducted comparing the toxicity of laboratory-spiked soil versus aged, field-collected soil and the 

predictive ability of the European Union’s predicted no effect concentrations for five metals. 

The study concluded that total metals concentrations in field-collected soil are poor indicators of 

toxicity (“Toxicity of Trace Metals in Soil as Affected by Soil Type and Aging After Contamination: 

Using Calibrated Bioavailability Models to Set Ecological Soil Standards” [Smolders et al., 2009]). 

 Chemical mixtures: The SSLs used in this assessment are based on exposure to individual analytes. 

Information on the ecotoxicological effects of chemical interactions is generally lacking, which 

required (as is standard for evaluations of ecological risk) that the chemicals be evaluated on 

a compound-by-compound basis during the comparison to SSLs. This could result in an 

underestimation of risk (if there are additive or synergistic effects among chemicals) or an 

overestimation of risks (if there are antagonistic effects among chemicals). Assessment of data in this 

report resulted in a description of potential exposure risks because of metals, which are typically 

known to be additive. In this case, effects may be underestimated. 

 Receptor species selection: Several receptors were identified as being part of the food web present at 

the Hanford Site. While mammalian and avian receptors were documented quantitatively, reptiles 

were not evaluated quantitatively, even when exposure pathways were complete due to limited effects 

data, as noted in Section 7.2.2. A qualitative assessment of potential risk to these taxa can be made by 

using the results of quantitative evaluation for other fauna with similar diets and assumed similarity in 

metabolizing COPECs to make inferences. Considering the results of quantitative evaluation of avian 

receptors can provide some indication regarding the potential for risks to these taxa. 

The uncertainty associated with the lack of toxicological data for reptiles and inferring risk from other 

fauna either could overestimate or underestimate risks. 

It was also assumed that reptiles neither were exposed to significantly higher concentrations of 

chemicals nor were more sensitive to chemicals than the other receptor species evaluated in the food 

web model. This assumption was a source of uncertainty in the ERA. In addition, there is some 

uncertainty associated with the use of specific receptor species to represent larger groups of 

organisms (e.g., guilds). 

 Food web exposure modeling: While much life history data are available for many of the wildlife 

species found at the Hanford Site, Hanford Site-specific data were unavailable for several specific 

parameters included in the desktop food web models used to estimate exposure to wildlife. 

These factors included food ingestion rate, incidental soil ingestion (as a percent or as a rate), home 

range, and dietary composition established as the percent of stomach contents. Because of this lack of 

Hanford Site-specific data, exposure parameters were modeled based on allometric relationships 

(e.g., food intake rates) or on data from the same species in other portions of its range. Because diet 
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composition, as well as food and soil ingestion rates, can differ among individuals and locations, 

published parameter values may not accurately reflect individuals present at the Hanford Site. 

Consequently, SSLs may be either over conservative or under conservative. For example, the wildlife 

EcoSSLs were derived with a model that incorporates prey tissue items that comprise 100 percent of 

the receptor’s diet coming from the site, not accounting for any food obtained in adjacent 

uncontaminated areas, whereas MTCA (WAC 173-340) values do account for some offsite 

prey consumption. Therefore, the assumed contributions of ingestion of analytes in prey tissues for 

the wildlife EcoSSLs are greater than those used to develop the MTCA (WAC 173-340) values. 

The EcoSSLs would be expected to overestimate risk. 

Ultimately, there is some uncertainty with both the MTCA (WAC 173-340) and EPA values used as 

SSLs with respect to site specificity. The wildlife PRGs used in this ERA are more site specific than 

the SSLs because prey concentrations were estimated with Hanford Site data. However, there is also 

some uncertainty in those values associated with the percentage of diet obtained from the site. 

In applying the PRGs, the assumption was that 100 percent of the food ingestion was from the site, 

which in many cases is an overestimate. This assumption was evaluated on a case-by-case basis to aid 

the SMDP presented in Section 7.6. 

 Central tendency versus maximum exposure concentration estimates: As is typical in an ERA, 

a finite number of samples of environmental media is used to develop the exposure estimates. 

The maximum measured concentration provides a conservative estimate for sessile biota or those with 

a limited home range. The most realistic exposure estimates for mobile species with relatively large 

home ranges and for species populations (even those that are sessile or have limited home ranges) are 

those based upon an estimate of central tendency of chemical concentrations in each medium to 

which these receptors are exposed. This is reflected in the wildlife dietary exposure models contained 

in Wildlife Exposure Factors Handbook (EPA/600/R-93/187). It is possible, however, that receptors 

could spend additional time foraging at a nearby waste site and, thus, be exposed to analytes from 

more than one site. Therefore, EPC estimates of contaminants in individual waste site media and food 

sources may not accurately represent contaminant exposure to a receptor ranging into other sites. It is 

likely, however, that assuming an AUF of 1 will result in a conservative estimate of exposure because 

it is likely that offsite foraging would be conducted in uncontaminated areas rather than at other waste 

sites. Given the mobility of the upper trophic level receptor species used in the ERA, the use of 

maximum chemical concentrations as EPCs when UCLs were not calculated by ProUCL to estimate 

the exposure via food webs is very conservative. This conservatism was reduced to levels that are 

more realistic when the number of samples collected in a site was adequate in sample size to develop 

a UCL on the mean. 

 Comparisons to background concentrations: Background concentrations were used to judge 

whether measured concentrations within waste sites are reflective of site-related activities, 

background, or a combination of both. If site chemical concentrations were consistent with these 

background levels, it was assumed that the concentrations were not site related. Comparisons 

to background in this evaluation include the use of the 90
th
 percentile of the background dataset as 

compared to the EPC. Thus, 10 percent of the background dataset is even higher than the 

90
th
 percentile. Concentrations measured above background may be within the distribution of 

background variability and could represent a false positive risk. The possibility also exists that 

concentrations below background were indeed site related, rendering the assumption false. However, 

the impact of this possibility is minimal because metals and radioisotopes at concentrations consistent 

with background conditions should exhibit no different ecological from those commonly occurring in 

areas not affected by releases, regardless of their source. 
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 Risk estimates associated with remedial investigation and limited field investigation soil data: 

In addition to the waste site remediation data (CVP/RSVP), two additional sources of data were 

considered for use in the ERA:  

 Vadose zone data collected for the RI to fill data gaps associated with the nature and extent of 

contamination or associated with understanding the fate and transport of contaminants 

 LFI data collected in 1993 from the 100-F OU (Note that RI and LFI data were not available for 

the 100-IU-2/IU-6 OUs) 

These data were collected for purposes other than fulfilling needs of the risk assessment; as such, they 

were not used to evaluate risks quantitatively. However, these data were evaluated qualitatively by 

comparing concentrations of analytes to risk-based screening levels to determine whether the results 

could be useful for risk management decisions. 

The RI and LFI data are summarized in more detail in Appendix G. All RI and LFI soil data from the 

soil borings and wells described in Appendix G were compared to the PRGs or SSLs used in 

the ERA. Detailed datasets and vertical profiles are provided in Section 4.2, and a summary of the 

soil borings/wells and associated depth intervals for data in the ERA is provided in Appendix H, 

Table H-17.  

Similar to the CVP/RSVP data, soil data from each soil boring, well, or test pit were grouped 

by depth. Soil data were processed and reduced using the same methods as those described in 

Section 7.1. Soil samples collected from depth intervals ranging from 0 to 4.6 m (15 ft) bgs were 

combined and the maximum detected concentration was compared to the Hanford Site background 

concentration and the lowest available ecological PRG value (or SSL in the absence of a PRG). 

Soil samples collected from depth intervals greater than 4.6 m (15 ft) bgs were not evaluated because 

they extend beyond the standard point of compliance for ecological receptors defined by MTCA 

(“Terrestrial Ecological Evaluation Procedures” [WAC 173-340-7490(4)(b)]). 

A comparison of the range of detected concentrations to Ecological PRGs or SSLs from each of these 

sample locations is provided in Appendix H, Table H-18. A summary of the wells and test pits that 

report any detected concentration greater than the EcoSSLs and PRG is provided in Table 7-12. Six 

LFI boreholes (199-F5-51, 199-F4-2, 199-F5-49, 199-F8-5, 199-F5-50, and 199-F7-3) and four LFI 

test pits (116-F-1B-TP1, 116-F-1C-TP-1, 116-F-3-TP-1, and 116-F-9D-TP1) report soil 

concentrations greater than EcoSSLs. For all LFI sample locations (both boreholes and test pits) 

associated with a waste site, waste sites have been remediated under the interim action ROD. 

Analytical results at the remediated waste sites (from samples collected before remedial actions were 

implemented) show detections of aluminum, barium, bis(2-ethylhexyl) phthalate, carbon-14, 

chromium, cesium-137, lead, mercury, silver, and strontium-90 above ecological PRGs. Interim 

remedial actions (RTD) have mitigated any potential ecological impacts associated with these 

waste sites. 

At 199-F5-43A, a single mercury result (0.5 mg/kg) from the 1.5 to 2.3 m (5.0 to 6.5 ft) bgs depth interval 

was greater than the EcoSSLs value of 0.30 mg/kg. Out of three mercury measurements at this well, two 

nondetects were reported at depths between 3.0 and 7.3 m (10 and 24 ft) bgs. No ecological impact is 

expected associated with mercury at this location. 
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Table 7-12. Summary of Ecological Risk Comparisons for RI Data, CVP/RSVP Data, and LFI Data 

Waste Site RI Data 

Shallow Zone Ecological 

Risks? 

CVP/RSVP 

Data 

Shallow Zone 

Ecological 

Risks? LFI Data 

Shallow Zone Ecological 

Risks? 

Soil Borings Installed to Characterize Nature and Vertical Extent of Contamination Beneath Select Waste Site 

116-F-14 Retention 

Basin 

199-F5-55 

(C7970) 

No samples collected from 

this depth range 

CVP-2001-

00009 

No individual 

risks > 

thresholds 

199-F5-51 

(A5682) 

Aluminum (0.91 to 1.5 m [3 

to 5 ft])  

BEHP (3.2 to 4.0 m [10.5 to 

13 ft]) 

Chromium (1.5 to 2.1 m [5 to 

7 ft]) 

118-F-1 Burial 

Ground 
C7971 

No samples collected from 

this depth range 

CVP-2007-

00001 

No individual 

risks > 

thresholds 

— — 

118-F-8:3 Reactor 

(Fuel Storage Basin) 

199-F5-56 

(C7972) 

No samples collected from 

this depth range 

CVP-2003-

00017 

No individual 

risks > 

thresholds 

— — 

Monitoring Wells Installed to Characterize Fate and Transport Across Vadose Zone and Beneath the Unconfined Aquifer(not waste site-specific) 

— 
199-F5-52 

(C7790) 

No samples collected from 

this depth range 
— — — — 

— 
199-F5-53 

(C7791) 

No samples collected from 

this depth range 
— — — — 

— 
199-F5-54 

(C7792) 

No samples collected from 

this depth range 
— — — — 

Soil Borings and Test Pits Installed During LFI to Characterize Priority Waste Sites in 100-FR-1 

116-F-1 Lewis 

Canal 
— — 

CVP-2002-

00009 

No individual 

risks > 

thresholds 

199-F4-2 
Lead (0 to 0.61 m [2 ft]) 

Carbon-14 (0 to 3.4 m [11 ft])  

116-F-1B-

TP1 

Mercury (1.5 m [5 ft]) 

Mercury (4.6 m [15 ft]) 

116-F-1C-

TP1 

Mercury (0 to 0.3 m [1 ft]) 

BEHP (0 to 0.3 m [1 ft])  
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Table 7-12. Summary of Ecological Risk Comparisons for RI Data, CVP/RSVP Data, and LFI Data 

Waste Site RI Data 

Shallow Zone Ecological 

Risks? 

CVP/RSVP 

Data 

Shallow Zone 

Ecological 

Risks? LFI Data 

Shallow Zone Ecological 

Risks? 

116-F-2 Basin 

Overflow Trench 
— — 

CVP-2001-

00005 

No individual 

risks > 

thresholds 

199-F5-49 

Mercury (3.0 to 3.7 m [10 to 

12 ft]) 

Carbon-14 (0 to 3.7 m [12 ft])  

116-F-3 Fuel 

Storage Basin 

Trench 

— — 
CVP-2002-

00008 

No individual 

risks > 

thresholds 

116-F-3-

TP1 

Barium (0 to 0.3 m [1 ft]) 

Mercury (2.1 m [7 ft]) 

116-F-4 Pluto Crib — — 
CVP-2001-

00006 

No individual 

risks > 

thresholds 

199-F8-5 

Cesium-137 (2.4 to 3.5 m [8 

to 11.4 ft]) 

Strontium-90 (1.5 to 4.6 m [5 

to 15 ft])  

116-F-6 Liquid 

Waste Disposal 

Trench 

— — 
CVP-2002-

00010 

No individual 

risks > 

thresholds 

199-F8-6 
No individual risks > 

thresholds 

116-F-9 PNL 

Animal Waste 

Leach Trench 

— — 
CVP-2001-

00008 

No individual 

risks > 

thresholds 

116-F-9D-

TP1 

Silver (2.7 to 3.0 m [9 to 

10 ft]) 

199-F5-50 Carbon-14 (0 to 3.4 m [12 ft])  

Monitoring Wells Installed for 100-FR-3 OU LFI 

— — — — — 199-F1-2 
No samples collected from 

this depth range 

— — — — — 199-F5-42 
No samples collected from 

this depth range 

— — — — — 199-F5-43A 
No individual risks > 

thresholds 

— — — — — 199-F5-43B 
No samples collected from 

this depth range 

— — — — — 199-F5-44 
No samples collected from 

this depth range 

— — — — — 199-F5-45 
No samples collected from 

this depth range 



 

 

D
O

E
/R

L
-2

0
1
0
-9

8
, R

E
V

. 0
 

2
  

7
-7

1
 

Table 7-12. Summary of Ecological Risk Comparisons for RI Data, CVP/RSVP Data, and LFI Data 

Waste Site RI Data 

Shallow Zone Ecological 

Risks? 

CVP/RSVP 

Data 

Shallow Zone 

Ecological 

Risks? LFI Data 

Shallow Zone Ecological 

Risks? 

— — — — — 199-F5-46 
No samples collected from 

this depth range 

— — — — — 199-F5-47 
No samples collected from 

this depth range 

— — — — — 199-F5-48 
No samples collected from 

this depth range 

— — — — — 199-F6-1 
No samples collected from 

this depth range 

— — — — — 199-F7-3 
Mercury (1.5 to 2.0 m [5 to 

6.5 ft]) 

— — — — — 199-F8-3 
No samples collected from 

this depth range 

— — — — — 199-F8-4 
No samples collected from 

this depth range 

Note: Complete reference citations for CVPs are provided in Chapter 11. 

CVP = cleanup verification package 

LFI = limited field investigation 

RI = remedial investigation 

RSVP = remaining sites verification package 
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7.5 Assessment of Risks in Riparian, Nearshore Media, and Columbia River 

The RCBRA (DOE/RL-2007-21) evaluated soil, sediment, and water located in riparian and 

nearshore areas. The RAGs used in the interim actions addressed risks to human health from direct 

contact with soil and threats to groundwater and surface water because of leaching from soil; however, 

the RAGs did not directly address risks to ecological receptors, except those protected through 

compliance with AWQC and state surface water quality standards at the groundwater-surface 

water interface. The ERA conducted as part of the RCBRA (DOE/RL-2007-21) addresses residual 

contaminant concentrations at remediated waste sites in the upland zones and the transport of 

contaminants from waste sites to the Columbia River riparian and nearshore zones (Integrated Work Plan 

[DOE/RL-2008-46]). The CRC (DOE/RL-2010-117) evaluated island soil, sediment, water, and fish 

tissue located in the Columbia River beyond the nearshore environment. Several investigations conducted 

on effluent pipelines that discharged to the Columbia River are also summarized in the 

following subsections. 

7.5.1 Summary of Results and Conclusions of RCBRA 

The RCBRA (DOE/RL-2007-21) evaluated ecological risks at 48 nearshore study sites potentially 

affected by contamination from Hanford Site sources in comparison to reference sites. Study sites were 

selected in areas where known contaminated groundwater plumes enter the Columbia River and in areas 

between the plumes. For the nearshore environment, 22 COPECs were identified and 16 of these 

(all inorganics) were further identified as COECs. The RCBRA (DOE/RL-2007-21) concluded that across 

the Hanford Reach of the Columbia River (i.e., corridor-wide), five COECs (cadmium, chromium, 

Cr[VI], manganese, and uranium) in the nearshore environment may present an unacceptable level of risk 

for one or more of the assessment endpoint entities (aquatic plants, aquatic invertebrates, amphibians, 

fish, and riparian/nearshore wildlife). These results are based primarily upon the comparisons of COPEC 

concentrations to toxicity benchmarks, measures of exposure and effects in biota, or the results of wildlife 

exposure analyses (RCBRA [DOE/RL-2007-21]). Following is a summary of the evaluation of these 

sediment COECs: 

 Cadmium: Detected in three of six sediment samples in the 100-F nearshore environment and all 

five samples in the 100-IU-2/IU-6 nearshore environment, with all concentrations below the upper 

threshold ESL of 5.4 mg/kg from Development of Benthic SQVs for Freshwater Sediments in 

Washington, Oregon, and Idaho (Ecology Publication 11-09-054); thus, cadmium was not carried 

forward to the FS. 

 Total chromium: Detected above the upper threshold ESL (88 mg/kg) in 1 of 11 samples from the 

100-F/IU nearshore sediments collected for the RCBRA (DOE/RL-2007-21). Verification sampling12 

at the 100-F-59 waste site, conducted after completion of the RCBRA (DOE/RL-2007-21) sampling, 

also included nearly 60 samples, 19 of which exceeded the sediment ESL. However, as noted briefly 

in Section L3.4 and in greater detail in Section L4.7 (Appendix L), these samples are reflective of a 

terrestrial environment more than half of the year (12 of these samples exceed the terrestrial 

invertebrate ESL as well), but are not expected to result in community-level effects to benthic or 

terrestrial organisms. The RCBRA (DOE/RL-2007-21) samples for 100-F are described in Appendix 

L, Section L2 and are identified in Figures L-8 through L-11. As shown more clearly in Figure L-12, 

one of the RCBRA (DOE/RL-2007-21) samples (the maximum soil/sediment sample of 286 mg/kg) 

                                                      
12 Verification sampling from four sub-areas (Area C, Near Waste Site, Slough Area, and North Shore Area) are 

depicted in Figures L-12 and L-13 of Appendix L. 
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was collected at the southwest corner of the 100-F-59 waste site. This area is only inundated above 

210 thousand cubic feet per second (kcfs) (April to August) and, while identified as sediment, 

actually represents a soil sample from a riparian area. All five sediment samples of chromium in the 

100-IU Area, all samples collected in the “100-F Slough” (much farther downstream than 100-F-59) 

and the other five nearshore sediment samples at 100-F were detected below the lower threshold ESL. 

There was no correlation between chromium concentrations in bulk sediment samples and the results 

of survival and growth tests in bioassays conducted on sensitive benthic organisms (Hyalella azteca) 

for samples collected in the nearshore that are more regularly inundated.13. Exposure of benthic 

organisms where the chromium was measured above the ESL is not reflective of a high-quality 

habitat. From September to the end of March, this area represents a terrestrial environment, not an 

aquatic habitat. While some smaller and free-floating benthic species may wash into the area when 

river flow exceeds 210 kcfs, these aquatic species are not expected to survive once the area dries out. 

A resident benthic community is not present and a community cannot be supported under the current 

conditions. Detailed maps in Appendix L demonstrate that concentrations closest to the Columbia 

River were all below the ESL (88 mg/kg), suggesting that source material is not reaching the river. 

With source material not reaching the river, no correlation between chromium and bioassay results on 

sensitive species in nearshore sediment samples, and no resident community present in the only area 

exceeding the ESL (which is in a riparian soil environment), coupled with a unique environment that 

does not support establishment of a resident community, the conclusion was that no further evaluation 

was warranted for effects to benthic organisms. Analysis of risk to wildlife is also included in 

Appendix L, with a conclusion that there are no unacceptable risks based on chromium concentrations 

in the riparian or nearshore environment.  

 Manganese: Detected in all 11 sediment samples in the 100-F/IU nearshore environment, with all 

concentrations below the screening level of 460 mg/kg published in NOAA Screening Quick 

Reference Tables (Buchman, 2008); thus, manganese was not carried forward to the FS. 

Aquifer tubes were used for the RCBRA (DOE/RL-2007-21) and are still included as part of annual 

monitoring along with groundwater wells, although not necessarily at the same frequency. Seeps have 

previously been sampled by PNNL. Pore water and surface water were sampled for the RCBRA 

(DOE/RL-2007-21), although not specifically adjacent to the 100-FR-1 and 100-FR-2 OUs.14 The pooled 

data from these events are presented in Appendix L and were used to evaluate the potential for the 

100-F/IU OUs to have contributed to, or to be the likely primary sources of, pore water COECs identified 

in the RCBRA (DOE/RL-2007-21). The evaluation of these pore water COECs is summarized as follows: 

 Cr(VI): Detected in two of three RCBRA (DOE/RL-2007-21) pore water samples in 100-IU-2/IU-6 

nearshore area. Within 100-IU-2/IU-6, aquifer tube samples (1 of 12 filtered, and 2 of 25 unfiltered) 

exceeded the ESL (Appendix L, Table L-43). Samples collected within all of the other 100-IU-2/IU-6 

riparian and nearshore aqueous media (pore water, seep, and nearshore well samples) were below the 

ESL. Within the vicinity of 100-F, Cr(VI) samples were detected above the ESL in aquifer tubes (1 of 

50 filtered samples, and 4 of 50 unfiltered samples), seeps (1 of 1 sample), and nearshore 

groundwater wells (5 of 18 filtered samples, and 4 of 19 unfiltered samples). Concentrations appeared 

to be decreasing (Appendix L, Table L-37) as they approach the hyporheic zone (i.e., decreasing at 

the point of exposure where groundwater meets pore water). Cr(VI) within the 100-FR-3 

                                                      
13 Soil from the sample detected at 286 mg/kg was not included in the benthic invertebrate bioassay testing. 
14 For the RCBRA (DOE/RL-2007-21), no pore water was collected directly adjacent to F Reactor, but one sample 

was collected upstream near 100-IU-2, and two samples were collected downstream in backwater sloughs at RCBRA 

stations 2l and 2m. 
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Groundwater OU was not contributing to concentrations in the Hanford Reach of the Columbia River 

adjacent to or downstream from the 100-FR-3 Groundwater OU nearshore area. However, while 

Cr(VI) has not been determined to be an ongoing risk for aquatic communities within the area of 

discharge of the 100-F/IU OUs, there is some potential for groundwater discharge above the State 

surface water quality standard at discharge points to surface water. Therefore, monitoring is 

recommended to ensure that ARARs are met. 

 Uranium: Was not sampled for in the 100-F nearshore area pore water and was not detected in the 

pore water from the 100-IU-2/IU-6 nearshore area. While concentrations of uranium were elevated in 

one nearshore groundwater well unfiltered sample (Appendix L, Table L-37) within 100-F, all other 

aqueous media samples collected within the vicinity of the 100-F or 100-IU-2/IU-6 OUs were below 

the ESL; thus, uranium was not carried forward into the FS. 

The RCBRA (DOE/RL-2007-21) identified 9 of the 22 COPECs (arsenic, chromium, copper, lead, 

mercury, selenium, TPH-diesel, vanadium, and zinc) as possibly presenting some level of risk for one or 

more of the assessment endpoint entities (terrestrial plants and invertebrates and riparian wildlife). This is 

based on soil bioassays, comparison of COPEC concentrations to plant or terrestrial invertebrate 

benchmarks, and the results of wildlife exposure analyses. However, conclusions were that on a River 

Corridor-wide basis, only six of these COPECs should be considered further (arsenic, chromium, lead, 

mercury, TPH-diesel, and zinc). A summary of the evaluation of these COECs is provided below. 

As shown in Appendix L, Tables L-56 (plants and invertebrates) through L-58 (wildlife), concentrations 

of arsenic, chromium, lead, mercury, TPH-diesel, and zinc in the 100-F/IU riparian soil were all below 

the PRGs presented in Tables 7-3 and 7-4, except for 1 of 11 samples of chromium within 100-F. 

Thus, none of these soil COECs was carried forward to the FS. 

The final COECs identified within the RCBRA (DOE/RL-2007-21) are included in Table 7-13. 

These COECs were determined for the River Corridor as a whole. The potential or likelihood for the 

100-F/IU OUs to have contributed to the potential ecological risks identified for these COECs is 

discussed in Appendix L and summarized in the remainder of this section. 

Table 7-13. Riparian, Nearshore, and Riverine COECs from the RCBRA and CRC 

COEC Receptors Media 

Is 100-FR-1, 100-FR-2, 

100-IU-2, or 100-IU-6 

a Potential Source?
c
 

Is 100-FR-3 

a Potential 

Source?
c
 

Arsenic
a
 Terrestrial plants Riparian soil No No 

Cadmium
a
 Aquatic plants and 

invertebrates 

Sediment No No 

Chromium
a,b

 Aquatic plants and 

invertebrates 

Sediment No No 

Chromium
a
 Wildlife Sediment No No 

Chromium
a
 Terrestrial plants and 

invertebrates 

Riparian soil No No 

Cr(VI)
a,b

 Fish, aquatic invertebrates, 

and aquatic plants 

Pore water No Yes 
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Table 7-13. Riparian, Nearshore, and Riverine COECs from the RCBRA and CRC 

COEC Receptors Media 

Is 100-FR-1, 100-FR-2, 

100-IU-2, or 100-IU-6 

a Potential Source?
c
 

Is 100-FR-3 

a Potential 

Source?
c
 

Cr(VI)
b
 Aquatic plants and 

invertebrates 

Sediment No No 

Lead
a
 Terrestrial plants Riparian soil No No 

Manganese
a
 Aquatic plants and 

invertebrates 

Sediment No No 

Manganese
b
 Aquatic plants and 

invertebrates 

Pore water No No 

Mercury
a
 Terrestrial invertebrates Riparian soil No No 

TPH–diesel
a
 Terrestrial invertebrates Riparian soil No No 

Uranium
a
 Aquatic plants and 

invertebrates 

Groundwater/ 

pore water 

No No 

Zinc
a
 Terrestrial plants, 

invertebrates, and kingbirds 

Riparian soil No No 

Sources: DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume I: Ecological Risk Assessment. 

DOE/RL-2010-117, River Corridor Baseline Risk Assessment, Volume I: Ecological Risk Assessment. 

a. COECs presented in Sections 8.4 and 8.5 of the RCBRA (DOE/RL-2007-21). 

b. COECs presented in the executive summary of the CRC (DOE/Rl-2010-117). 

c. Evaluation completed in Appendix L, Section L4. 

  

7.5.2 Summary of Results and Conclusions of CRC 

The CRC (DOE/RL-2010-117) included an ERA that combines both screening and baseline elements. 

Abiotic media were compared to screening benchmarks for surface water, sediment, and pore water to 

identify COECs. Soil concentrations were compared to plant and invertebrate benchmarks, while desktop 

food web models were used to evaluate risks to wildlife. A baseline assessment was conducted to assess 

risk to fish using tissue residue data. The CRC (DOE/RL-2010-117) concluded that there were nine 

COECs within sediment, pore water, island soil, and shoreline sediment (aluminum, chromium, Cr[VI], 

lead, manganese, nickel, nitrate, selenium, and uranium) of the 100 and 300 Areas. Additional evaluation 

of aquatic risks in the Near Waste Site, Slough Area, Northern Shore, and 128-F-2 Area C are presented 

in detail in Appendix L and summarized in Section 7.5.6. The CRC (DOE/RL-2010-117) evaluation 

included distinct conclusions for the Columbia River adjacent to the 100 Area versus those for the reach 

adjacent to the 100-F/IU OUs. Cr(VI) and manganese were identified in pore water within the 100-F/IU 

OUs and chromium and Cr(VI) were identified in sediment within the 100 Areas as a whole, as presented 

in Table 7-13 (CRC [DOE/RL-2010-117]). The potential or likelihood for the 100-F/IU OUs to have 

contributed to the potential ecological risks identified for these COECs is discussed in Appendix L and 

summarized in the remainder of this section. The evaluation of these COECs is summarized as follows: 

 Total chromium: Detected above the upper threshold ESL (88 mg/kg) in 3 of 123 sediment samples 

collected for the CRC (DOE/RL-2010-117). The CRC (DOE/RL-2010-117) samples were collected 
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in the mid-channel area and are not marked on Figures L-8 through L-11 of Appendix L, but can be 

found in Figures A-16 and A-17 of the CRC (DOE/RL-2010-117). Within the reach of the Columbia 

River to which the 100-FR-3 discharges, approximately 27 locations were sampled for shallow or 

shoreline sediment. As reported in the CRC (DOE/RL-2010-117), one sample that exceeded the ESL 

was located upstream of 100-F across from N Reactor at 122 mg/kg, a second was identified across 

from the White Bluffs Townsite (100-IU-2) at 275 mg/kg, and one was identified across from 

F Reactor at 151 mg/kg. Details of chromium in RCBRA (DOE/RL-2007-21) sediment samples are 

discussed in Section 7.5.1. There was no correlation between chromium concentrations in RCBRA 

(DOE/RL-2007-21) bulk sediment samples and the results of survival and growth tests in bioassays 

conducted on sensitive benthic organisms (Hyalella azteca) for samples collected in the nearshore 

that are more regularly inundated, and environmental conditions support the establishment of benthic 

communities. Detailed maps in Appendix L demonstrate that concentrations closest to the Columbia 

River in the 100-F-59 site were all below the ESL (88 mg/kg), suggesting that source material is not 

reaching the river. As discussed in Section 7.5.1, the conclusion was that no further evaluation was 

warranted for effects of chromium in sediment to benthic organisms. 

 Cr(VI): Detected in 31 of 117 sediment samples in the 100 Areas reach of the Columbia River as part 

of the CRC (DOE/RL-2010-117), with a maximum concentration of 7.38 mg/kg. It was also detected 

in one of two nearshore sediment samples collected in the 100-F nearshore for the RCBRA 

(DOE/RL-2007-21). With no substantial toxicological data available with which to evaluate the bulk 

sediment measurements, this contaminant was identified as a COEC in both the RCBRA (DOE/RL-

2007-21) and the CRC (DOE/RL-2010-117). Within 100-IU, aquifer tube samples (1 of 12 filtered, 

and 2 of 25 unfiltered) exceeded the ESL (Appendix L, Table L-43). Samples collected within all 

other 100-IU-2/IU-6 riparian and nearshore aqueous media (pore water, seep, and well samples) were 

below the ESL. As shown in Table L-37 of Appendix L, within the vicinity of 100-F, Cr(VI) samples 

were detected above the ESL in aquifer tubes (1 of 50 filtered samples, and 4 of 50 unfiltered 

samples), seeps (1 of 1 sample), and groundwater wells (5 of 18 filtered samples, and 4 of 19 

unfiltered samples). Since concentrations appear to be decreasing as they approach the hyporheic 

zone (i.e., decreasing at the point of exposure where groundwater meets pore water), Cr(VI) was not 

carried forward to the FS. However, while Cr(VI) has not been determined to be an ongoing risk for 

aquatic communities within the area of discharge of the 100-F/IU OUs, there is some potential for 

groundwater discharge above the State surface water quality standard at discharge points to surface 

water. 

 Manganese was identified as a COEC in the CRC (DOE/RL-2010-117) based on 1 of 3 detections 

exceeding the LOEC ESL of 1.31 mg/L. Within the vicinity of 100-IU-2/IU-6, only aquifer tubes 

(1 of 20 filtered samples, and 1 of 16 unfiltered samples) exceeded the ESL (Appendix L, 

Table L-43). Samples collected within all other 100-IU-2/IU-6 riparian and nearshore aqueous media 

(pore water, seeps, and well samples) were below the ESL. Further, within the reach of the Columbia 

River to which the 100-FR-3 discharges, all aqueous media (groundwater, aquifer tubes, and filtered 

seeps) were detected below the ESL, except one of three unfiltered seep samples. Therefore, 

manganese was not carried forward into the risk characterization section or into the FS. 

7.5.3 100-F/IU River Effluent Pipeline Investigations 

During operations, water used in fuel production to cool the reactors was discharged to the Columbia 

River via effluent pipelines. The release of this cooling water ended when the associated reactors and 

facilities were shut down. Today, one inactive 100-F effluent pipeline remains in its original location in 

the Columbia River channel. Past characterization efforts obtained samples of the river effluent pipelines 

from the 100-BC, 100-D, and 100-F Areas. Characterization data collected during the river pipeline 

evaluations were used to evaluate potential risks from contaminants within the pipelines. The RCBRA 
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(DOE/RL-2007-21) provided a summary of the previous characterization efforts and risk assessment for 

these pipelines in Section 8.2.2. 

In 1984, River Discharge Lines Characterization Report (UNI-3262) discussed samples of scale 

(flakes of mostly rust) from the interior surfaces and enclosed sediment of the effluent pipelines from the 

C, DR, and F Reactors. The pipelines were also visually inspected underwater by a diver, and their 

positions and physical conditions were assessed. Samples of scale and sediment were analyzed for 

radionuclides, and the major radionuclides detected included cobalt-60, cesium-137, europium-152, 

europium-154, and europium-155. Radionuclide concentrations were greater in the scale than in 

the sediment. Direct beta-gamma radiation measurements were also obtained for interior and exterior 

pipe surfaces. The dose rates measured for direct contact with the interior of the pipe surfaces were less 

than 1 mrem/hr, and readings on the exterior were below the instrument’s detection capability. 

Because the half-lives of all of these radionuclides are less than 30 years, the activity levels have declined 

by a factor of two to five. These radionuclides are no longer expected to be ecological risk drivers. 

In 1994, a comprehensive geophysical survey (Columbia River Effluent Pipeline Survey 

[WHC-SD-EN-TI-278]) located and mapped the reactor effluent pipelines. The study relied mainly on 

remote-sensing geophysical techniques, including navigation and echo sounding, side-scanning radar, 

sub-bottom profiling, seismic reflection profiling, and ground-penetrating radar. The results indicated that 

the pipelines have neither broken loose nor moved from their original locations. However, portions of 

some pipelines are no longer buried. 

In 1995, pipe scale and sediment from the interior of the effluent pipelines from the 100-BC and 

100-D Areas were sampled and physically characterized using a robotic transporter (100 Area River 

Effluent Pipelines Characterization Report [BHI-00538]). Analytical data from these two pipelines were 

intended to complement the 1984 radionuclide data (River Discharge Lines Characterization Report 

[UNI-3262]) and were expected to represent worst case conditions with respect to 

radiological contamination. This assumption was based on the long years of pipeline service and the 

volume of effluent known to have been discharged from the B and D/DR Reactors. 

The analytical results from the 1984 and 1995 effluent pipeline characterization studies at the B, C, 

D/DR, and F Reactors may reasonably be applied to effluent pipelines in 100-F/IU, because operations 

among these reactors were similar. Evaluations of human health and ecological risk have been performed 

for the river effluent pipelines (as they are today) located on or beneath the river channel bottom, and for 

a scenario in which a pipeline section breaks away from the main pipeline and is washed onto the shore of 

the river. Both the 1996 risk assessment effort (100 Area River Effluent Pipelines Characterization 

Report [BHI-00538]) and the 1998 risk assessment effort (100 Area River Effluent Pipelines Risk 

Assessment [BHI-01141]) relied on data collected from the 1984 and 1995 characterization work. 

The evaluation of human health and ecological risk performed in 1998 (100 Area River Effluent Pipelines 

Risk Assessment [BHI-01141]) concluded that the concentrations of chromium and mercury in the scale 

and sediment within the pipelines pose minimal ecological risk because they have been in contact with 

river water without dissolving since the reactors were shut down. 100 Area River Effluent Pipelines Risk 

Assessment (BHI-01141) results indicated that pipelines present no unacceptable risks and, therefore, no 

remediation requirements under CERCLA, as supported by the following: 

 Minimal deteriorated condition of the pipelines 

 Continued decrease of radionuclide concentrations due to decay 

 Inaccessible location 

 Unavailability of significant contaminants to affect HHE 
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Accordingly, no further action is considered for below-river effluent pipeline waste sites 100-F-39 in 

this RI/FS. 

7.5.4 Summary of the Evaluation of Riparian Soil 

The RCBRA (DOE/RL-2007-21) evaluated ecological risks at representative riparian study sites located 

adjacent to, or where they may be directly affected by, known contaminated media (groundwater, seeps, 

soil, or sediment). Using post-remediation soil samples, the RCBRA (DOE/RL-2007-21) concluded that 

six COECs identified for the riparian environment (arsenic, chromium, lead, mercury, zinc, and 

TPH-diesel) may present an unacceptable level of risk to one or more of the assessment endpoint entities 

based on soil bioassays, comparison of COPEC concentrations to plant or terrestrial invertebrate toxicity 

benchmarks, or the results of wildlife exposure analyses. The CRC (DOE/RL-2010-117) did not identify 

any risks to terrestrial plants, invertebrates, or wildlife from exposure to island and riparian soil. 

Most concentrations detected in riparian soil within the 100-F/IU OUs fell below ESLs (in this case, 

specifically the SSLs) described previously. Except for aluminum, chromium, and copper, all other 

detections were below PRGs within the 100-F/IU Areas (Appendix L, Tables L-56 through L-58). 

Those chemicals below PRGs do not warrant further evaluation in the FS. Aluminum, chromium, and 

copper are discussed in Section 7.5.4.3. 

Unremediated waste sites in the riparian area were not evaluated in this analysis. Because those sites 

(listed in Table 8-6) have similar histories to the sites currently evaluated, the predicted outcomes are 

anticipated to be similar as well. Evaluation of previously remediated waste sites under the interim action 

ROD have demonstrated that remediation to human health (HH) cleanup standards are also protective of 

ecological receptors. Additional discussion is provided in Section 7.6.2. 

7.5.4.1 Risks to Terrestrial Plants in the Riparian Area 

Measurements of all chemicals within the riparian soil of the 100-F/IU OUs were below plant ESLs, 

except one occurrence of copper in the 100-F riparian area (Appendix L, Tables L-52, L-53, and L-56). 

One exceedance of the ESL out of 11 samples, at an HQ of 1.07, does not constitute a risk warranting 

remedial action. Likewise, the CRC (DOE/RL-2010-117) did not identify any risks to terrestrial plants 

from exposure to island and riparian soil. Therefore, no COPECs in 100-F riparian soil warrant further 

evaluation in the FS based on risks to terrestrial plants. This finding is also supported by the results of 

several biological measures collected as part of the RCBRA (DOE/RL-2007-21), including plant 

bioassays on Sandberg’s bluegrass (Poa secunda) and plant tissue testing. Though these lines of evidence 

carry less weight given their more limited datasets and temporal variability (i.e., they were conducted just 

once), the results do support the same conclusion. There were no significant correlations with chemicals 

and bioassay measures, and there were no significant correlations between soil chemistry and plant 

tissue measurements. 

7.5.4.2 Risks to Terrestrial Invertebrates in the Riparian Area 

Concentrations of chromium, copper, mercury, and zinc exceeded RCBRA benchmarks protective of 

terrestrial invertebrates in the 100-F/IU riparian soil study area (2j, 2l, 3b, 4a, and Rip7) (RCBRA 

[DOE/RL-2007-21], Table 5-70). Chromium and copper each had 1 of 11 samples that exceeded 

Hanford Site-specific PRGs protective of terrestrial invertebrates (Appendix L, Table L-56). 

An additional 12 of 60 verification samples collected in and around the 100-F-59 waste site also exceeded 

the chromium PRG but are not expected to result in community-level effects (details are found in 

Section L4.7 of Appendix L). Even with an exceedance in one or two samples, ample unimpacted habitat 

for terrestrial invertebrates is available in the adjacent area and along the River Corridor. 

The CRC (DOE/RL-2010-117) did not identify any risks to terrestrial invertebrates from exposure to 
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island and riparian soil. Based on this analysis, no COPECs in riparian soil for terrestrial invertebrates 

warrant further evaluation in the FS based on risks to terrestrial invertebrates. 

Terrestrial invertebrate tissue concentrations, which provide an indication of contaminant uptake and 

bioavailability, were measured at riparian study sites and reference locations and some, but not all, 

chemicals were detected in terrestrial invertebrates. Statistical differences were found between terrestrial 

invertebrate tissue concentrations for certain chemicals between riparian study sites and reference sites. 

However, this line of evidence was ranked low because of the lack of detections in invertebrate tissue for 

certain riparian chemicals and the possibility of bias due to sample collection methods. 

Statistical differences in tissue concentrations of mercury and zinc in terrestrial invertebrates were noted 

between River Corridor and reference study sites; this relationship is based on data across the entire River 

Corridor and should not be inferred as a relationship that is specific for the 100-F/IU Areas. 

However, there is insufficient evidence of a correlation for chemicals between tissue concentrations in 

terrestrial invertebrates and concentrations in soil (RCBRA [DOE/RL-2007-21]). 

7.5.4.3 Risk to Wildlife in the Riparian Area 

Risk to wildlife in the riparian area was evaluated in the RCBRA (DOE/RL-2007-21) using both field 

measures and desktop food web modeling, employing models similar to those described in this ERA 

for SSLs. A separate desktop food web evaluation was included in this ERA using the SSLs and PRGs 

presented in Tables 7-2 and 7-3. Results of all three of these analyses are described below. The results all 

suggest that there is no risk to wildlife in the riparian soil of the 100-F/IU OUs. 

For riparian soil, field ecological measures of the small mammal community were developed as 

qualitative information on the status of these populations. Estimated dietary contaminant exposures and 

chemical concentrations in bird or small mammal tissues were compared to ecological effect levels 

established for dietary ingestion or related to tissue residues. For selected chemicals (cadmium, 

chromium, lead, selenium, and PCBs), measured tissue concentrations in small mammals trapped in study 

sites were not greater than reference areas (RCBRA [DOE/RL-2007-21], Table 5-48), and were less than 

available tissue effect levels (RCBRA [DOE/RL-2007-21], page 5-91). 

Dietary exposure to terrestrial birds and mammals estimated using wildlife exposure models and riparian 

soil concentrations across the River Corridor indicated potential exposure higher than LOAEL-based SSL 

values for copper, selenium, vanadium, and zinc (RCBRA [DOE/RL-2007-21], Section 8.4.1.3). 

Only zinc was identified as a final COEC for riparian soil exposure to birds and mammals. However, with 

the exception of zinc, concentrations of these four metals in soil in 100-F/IU fall within the Hanford 

Sitewide background and, therefore, should not warrant further evaluation in the FS. Zinc concentrations 

in 100-F/IU riparian soil were compared to the Hanford Site PRGs, as shown in Appendix L, 

Tables L-54 and L-55. The results from this comparison show that all zinc concentrations fell below the 

PRG. Therefore, zinc concentrations in riparian soil do not warrant further evaluation in the FS based on 

risks to wildlife. 

Most concentrations detected in riparian soil within the 100-F/IU areas fell below SSLs and PRGs. 

ESL results showed that only aluminum within riparian soil had concentrations above wildlife ESLs 

within the 100-F/IU OUs (Appendix L, Section L.4.5 and Tables L-57 and L-58). However, aluminum 

was not identified as a COEC in the RCBRA (DOE/RL-2007-21). Aluminum does not warrant further 

evaluation in the FS. Aluminum was detected below background and is not bioavailable or considered 

toxic to wildlife at pH levels above 5.5 like those found in the 100-F/IU riparian areas; therefore, 

aluminum concentrations is soil do not warrant further evaluation in the FS based on risk to wildlife. 
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A separate discussion of potential risks to wildlife feeding in the area of the 100-F-59 waste site, 

including bufflehead, is provided in Appendix L, Section L.4.7. The same conclusions were drawn and no 

unacceptable risks were identified. 

7.5.5 Summary of Evaluation of Nearshore and Columbia River 

The results from the evaluation in Appendix L showed that inorganic, organic, and radiological 

contaminants detected in near-river groundwater samples collected from the 100-FR-3 OU are not 

affecting the aquatic life exposed to pore water, surface water, or sediment in the Columbia River near the 

100-F/IU OUs.15 Numerous lines of evidence were considered as part of the evaluation. The evidence 

included, but was not limited to, the comparison of aquatic media (aquifer tube, pore water, spring/seep, 

and surface water) in the riparian and nearshore areas to ESLs, data quality, temporal significance, 

correlations (or the lack thereof) with chemistry, and observed responses in the bioassays and 

reference data. In general, data quality issues such as presence of contamination in blank samples, 

elevated detection limits relative to the criteria in wells not nearest to the river, and the use of unfiltered 

data (potentially overestimating exposure) indicate that data may overestimate risks initially identified 

through aquatic criteria comparisons. 

Although the biological measures collected do not represent all seasonal conditions and river-stage 

fluctuations, the results of pore water bioassays on aquatic invertebrates and amphibians also suggest little 

or no correlation between COPEC concentrations and observed responses in the bioassays. At many 

stations, the responses were no different from, or were better than, those of upstream references. 

Benthic invertebrate community structure data also suggest no differences between reference sites and 

locations adjacent to the Hanford Site. The results from this analysis confirm the results from the 

evaluation presented in Appendix L; no COECs are affecting aquatic life exposed to pore water or surface 

water in the Columbia River near the 100-F/IU OUs. 

In addition to the evaluation presented in Appendix L, a qualitative evaluation presented in Appendix H 

considered the potential for the exposure of threatened and endangered species to site-related chemicals 

within the Hanford Reach. The focus was to evaluate COCs having the potential to reach the 

Columbia River. The evaluation considered current and future contaminant concentrations in the 

Columbia River water and gravels resulting from groundwater originating from the 100-F/IU area of the 

Hanford Site. The evaluation supports a conclusion of no effect on species listed as threatened or 

endangered under the Endangered Species Act. Further, the evaluation shows no evidence of effect of the 

proposed remedial action on the habitat for those species. This conclusion is based on several lines 

of evidence. First, the preferred remedy does not take an action in the Columbia River, so there will not 

be any direct physical effects on fish or their habitat. Second, there are no effects of contaminants on 

listed species of fish before, during, or after the remedial actions. This second line of evidence is 

strengthened by data showing that contaminated groundwater does not flow to the river during moderate 

and high river stages when listed species have sensitive life stages in the river gravels. Appendix H should 

be referred to for a detailed description of this evaluation. 

7.5.5.1 Risk to Fish 

No COECs in the RCBRA (DOE/RL-2007-21) or CRC (DOE/RL-2010-117) were identified for surface 

water exposures to fish. 

                                                      
15 Both filtered and unfiltered water sample results were evaluated in the RCBRA (DOE/RL-2007-21). In some cases, 

the toxicity information or standards/criteria are based on dissolved metals concentrations (filtered samples). 

Therefore, exposure and the potential for risk from metals may be overestimated by using the unfiltered (or total 

metals) concentrations. 
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Pore water concentrations at study sites were greater than the State surface water quality standard for 

Cr(VI) (RCBRA [DOE/RL-2007-21], Section 8.5.1.4). The CRC (DOE/RL-2010-117) also indicated 

exceedances of the State surface water quality standard for Cr(VI) and the risk-based Tier 2 chronic 

value16 for manganese in 100-F/IU pore water samples. These values are not necessarily indicative of 

risks to fish, because these screening values are based on water quality or invertebrate risk. Most other 

lines of evidence suggest that there is no unacceptable risk to fish in the Columbia River. As described in 

Section 7.5.1 and in Appendix L (Section L.4), manganese is not found in nearshore groundwater. 

Therefore, there is no source of potential risk to fish from manganese in the 100-FR-3 OU that warrants 

additional consideration (Appendix L; Section 4.2). While Cr(VI) has not been determined to be an 

ongoing risk for aquatic communities within the area of discharge of the 100-F/IU OUs including fish, 

there is some potential for groundwater discharge above the State surface water quality standard at 

discharge points to surface water. Therefore, monitoring is recommended to ensure that ARARs are met. 

Nitrate was not identified as a COPEC for the 100-FR-3 OU within the CRC (DOE/RL-2010-117) or the 

RCBRA (DOE/RL-2007-21). Nitrate was detected in exceedance of the fish NOEC ESL in nearshore 

groundwater and aquifer tubes and has an identified plume originating from the 100-F Source OUs. 

Typically, nitrogen in nitrate (NO3-N) concentrations are predominantly based on nitrate. 

These measurements were detected below the nitrate (NO3-N) NOEC in all 3 pore water samples for 

100-IU, all 12 surface water samples for 100-F, and all but one of 52 surface water samples at 100-IU 

(Tables L-37 and L-43). As noted in Section 7.2.2 of the CRC (DOE/RL-2010-117), analytical results for 

nitrate in the Columbia River mid-channel surface water indicated that the downstream study area 

concentrations were statistically lower than or not significantly different from concentrations found in 

reference locations. While aquifer tubes may suggest an ongoing source of nitrate to the Columbia River, 

there is no direct evidence of ecological risk. Future risks are not expected, as the maximum plume 

concentration of 100 mg/L nitrate representing the future groundwater source to the Columbia River is 

equal to the nearshore plume concentration of 100 mg/L within the 100-NR-2 Groundwater OU for which 

no evidence of ecological risk was found (Remedial Investigation/Feasibility Study for the 100-NR-1 and 

100-NR-2 Operable Units [DOE/RL-2012-15]). No additional consideration for nitrate (or nitrogen in 

nitrate) is warranted. 

In general, across the River Corridor, fish were smaller (in length and mass) at study sites relative to 

reference sites. However, many factors either confound or contribute to the size of fish captured, such as 

fishing pressure or ease of capture of the target-size range. Correlation with capture size, chemical 

concentration, or any other factor (e.g., habitat and nutrient availability) was not possible because it was 

not considered as part of the original study design. There were no strong trends in fish histopathological 

observations between those collected at study sites and those from reference site locations. No tissue 

COPECs were correlated with histopathological endpoints associated with adverse effects at study sites. 

No exceedances of tissue effects levels for nearshore aquatic COPECs were measured in fish tissue. 

In addition, evidence of greater contaminant uptake in fish from study sites was not apparent for most 

COPECs and tissues. 

For the 100-FR-3 OU, COPECs detected in pore water above AWQC do not appear to be issues in 

groundwater or aquifer tubes, suggesting that the 100-FR-3 Groundwater OU is not the source of 

observed elevated concentrations. More detailed discussion of the exceedances for additional chemicals is 

provided in Appendix L. In general, exceedances of AWQC for chemicals within various aquatic media 

                                                      
16 This refers to an aquatic toxicity value and matches that used in the CRC (DOE/RL-2010-117) and RCBRA 

(DOE/RL-2007-21), and is presented in Appendix L, Table L-3. The source is Toxicological Benchmarks for 

Screening Potential Contaminants of Concern for Effects on Aquatic Biota (ES/ER/TM-96/R2).  
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(pore water, seeps, aquifer tubes, groundwater, and surface water) were either anomalous (i.e., very low 

frequency) or due to various laboratory reporting issues. 

7.5.5.2 Risks to Aquatic Plants 

Potential effects on aquatic plants were evaluated through results of a bioassay in sediment and 

comparison of sediment and pore water concentrations to SSLs (RCBRA [DOE/RL-2007-21], 

Tables 6-88 through 6-91). Based on the combined pore water and sediment concentrations, the RCBRA 

identified cadmium, chromium, Cr(VI), manganese, and uranium as COECs warranting further evaluation 

for potential effects on aquatic plants (DOE/RL-2007-21, Section 8.5.1.1). The CRC 

(DOE/RL-2010-117) identified the final COECs for pore water and sediment within the 100-FR-3 OU 

and 100 Areas as Cr(VI), chromium, and manganese. For the 100-F/IU Area nearshore sampling sites, 

antimony and chromium were detected at concentrations greater than the upper threshold sediment 

biota ESL (Appendix L, Tables L-66 and L-68) and aluminum pore water concentrations were greater 

than the chronic AWQC (Appendix L, Table L-22). Sediment COPECs/COECs are discussed in more 

detail in this section regarding risks to aquatic invertebrates and in more detail in Appendix L, with 

the conclusion that, with the exception of total chromium within 100-F, observed sediment concentrations 

are below upper threshold ESLs and do not warrant further evaluation. Pore water COPECs from the 

100-F/IU nearshore sampling sites are discussed in more detail in Appendix L, Section L.4.2, which 

concluded that, with the exception of Cr(VI), concentrations in the pore water were not at levels 

warranting additional evaluation in the FS. While Cr(VI) has not been determined to be an ongoing risk 

for aquatic communities in the 100-F/IU OUs, there is some potential for groundwater discharge above 

the State surface water quality standard at discharge points to surface water. Therefore, monitoring is 

recommended to ensure that ARARs are met. 

Laboratory bioassays (i.e., toxicity tests) were conducted with field-collected sediments. Some significant 

relationships were determined with observed responses within aquatic plant toxicity tests in association 

with confounding factors and some chemicals. Additionally, clear measures of exposure 

(i.e., accumulation into plants), primarily for inorganic chemicals, were detected in pore water 

and sediment. However, of the significant relationships determined, none was with chemicals for which 

pore water concentrations were greater than aquatic plant benchmarks. Further, no risks to aquatic plants 

were noted based on toxicity testing. 

7.5.5.3 Risks to Aquatic Invertebrates 

The primary lines of evidence used to evaluate risks to aquatic invertebrates are field surveys, results of 

bioassays, and comparison of sediment and water concentrations to ESLs. 

Abiotic Media Concentrations Compared to Literature Values. The final COECs for pore water in the CRC 

(DOE/RL-2010-117) within the 100-F/IU OUs were identified as Cr(VI) and manganese. Pore water 

concentrations at study sites across the Hanford Reach were greater than chronic water standards or 

criteria for three COECs (Cr[VI], manganese, and uranium) (RCBRA [DOE/RL-2007-21], 

Section 8.5.1.1). More detailed discussion of each of Cr(VI), manganese, uranium, and the 100-FR-3 

nitrate plume is presented in the following paragraphs. 

Cr(VI)—Cr(VI) was detected in two of three RCBRA (DOE/RL-2007-21) pore water samples in the 

100-IU-2/IU-6 nearshore area. Within 100-IU-2/IU-6, aquifer tube samples (1 of 12 filtered, and 

2 of 25 unfiltered) exceeded the ESL (Appendix L, Table L-43). Samples collected within all the other 

100-IU-2/IU-6 riparian and nearshore aqueous media (pore water, seep, and well samples) were below the 

ESL. Within the vicinity of 100-F, Cr(VI) samples were detected above the ESL in aquifer tubes (1 of 

50 filtered samples, and 4 of 50 unfiltered samples), seeps (1 of 1 sample), and nearshore groundwater 

wells (5 of 18 filtered samples, and 4 of 19 unfiltered samples). Concentrations appeared to be decreasing 
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(Appendix L, Table L-37) as they approach the hyporheic zone (i.e., decreasing at the point of exposure 

where groundwater meets pore water). Cr(VI) within the 100-FR-3 Groundwater OU was not contributing 

to concentrations in the Hanford Reach of the Columbia River adjacent to or downstream from the 100-

FR-3 Groundwater OU nearshore area. However, while Cr(VI) has not been determined to be an ongoing 

risk for aquatic invertebrates within the area of discharge of the 100-F/IU OUs, there is some potential for 

groundwater discharge above the State surface water quality standard at discharge points to surface water. 

Therefore, monitoring is recommended to ensure that ARARs are met. 

Manganese—Manganese was identified as a COEC in the CRC (DOE/RL-2010-117) based on 1 of 

3 detections exceeding the LOEC ESL of 1.31 mg/L. Within the vicinity of 100-IU-2/IU-6, only aquifer 

tubes (1 of 20 filtered samples, and 1 of 16 unfiltered samples) exceeded the ESL (Appendix L, 

Table L-43). Samples collected within all other 100-IU-2/IU-6 riparian and nearshore aqueous media 

(pore water, seeps, and nearshore well samples) were below the ESL. Further, within the reach of the 

Columbia River to which the 100-FR-3 discharges, all aqueous media (groundwater, aquifer tubes, and 

filtered seeps) were detected below the ESL, except 1 of 3 unfiltered seep samples. Therefore, it was 

concluded that there was no elevated risk to aquatic invertebrates from concentrations of manganese from 

the 100-FR-3 Groundwater OU. 

Uranium—Uranium was not sampled from the 100-F nearshore area pore water and was not detected in 

the pore water from the 100-IU-2/IU-6 nearshore area. While concentrations of uranium were elevated in 

one nearshore groundwater well unfiltered sample (Appendix L, Table L-37) within 100-F, all other 

aqueous media samples collected within the vicinity of the 100-F or 100-IU-2/IU-6 OUs were below 

the ESL. Therefore, it was concluded that there was no elevated risk to aquatic invertebrates from 

concentrations of uranium from the 100-FR-3 Groundwater OU. 

Nitrate—Nitrate was given additional consideration for aquatic invertebrates because of the uncertainty 

associated with the plant ESL and because the concentrations identified at other OUs may be in plumes 

going to the river. Nitrate was not identified as a COEC for 100-F/IU OUs in the CRC 

(DOE/RL-2010-117) or the RCBRA (DOE/RL-2007-21). Nitrate exceeded the LOEC screening 

benchmark (37.64 mg/L) in aquifer tubes (6 of 100 samples in 100-F/IU OUs combined), but was below 

the LOEC benchmark for all other media (nearshore groundwater wells) (Tables L-37 and L-43). 

Nitrate was not sampled for in seeps, pore water, or surface water for this evaluation. Nitrogen in nitrate 

concentrations were greater than the NOEC ESL (7.1 mg/L) at only 1 surface water location and seeps 

(31 of 36 samples), Nitrogen in nitrate concentrations were detected below the nitrate LOEC ESL in 27 of 

36 seep samples and in all but 1 surface water samples. Further, within other OUs, such as 100-N, key 

community metrics did not suggest that contaminant-related impacts to aquatic invertebrates were evident 

in aquatic study sites as a group. As noted in Section 7.2.2 of the CRC (DOE/RL-2010-117), analytical 

results for nitrate in the Columbia River mid-channel surface water indicated that the downstream study 

area concentrations were statistically lower than or not significantly different from concentrations found 

in reference locations. While aquifer tubes may suggest there is an ongoing source of nitrate to the 

Columbia River, there is no direct evidence of ecological risk. Future risks are not expected because the 

maximum plume concentration of 100 mg/L nitrate representing the future groundwater source to the 

Columbia River is equal to the nearshore plume concentration of 100 mg/L within the 100-NR-2 

Groundwater OU, for which no evidence of ecological risk was found (Remedial Investigation/Feasibility 

Study for the 100-NR-1 and 100-NR-2 Operable Units [DOE/RL-2012-15]). No further consideration is 

warranted for aquatic invertebrates from 100-F/IU OU nitrate. 

For the River Corridor as a whole, sediment COECs (cadmium, chromium, and manganese) suggest 

a potential for adverse effects (RCBRA [DOE/RL-2007-21], Section 8.5.1.2). Chromium and Cr(VI) 

sediment COECs were also identified for the 100 Areas as a whole in the CRC (DOE/RL-2010-117). 
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For sediment samples collected within the 100-F/IU nearshore (Appendix L, Tables L-66 and L-68), 

concentrations were greater than the upper threshold ESL for antimony and chromium. 

Given the uncertainty with representativeness, a more detailed discussion of each of these five COECs in 

100-F/IU Area nearshore sediment is presented in Appendix L. The conclusions were that there is no 

clear source of antimony, cadmium, or manganese from the 100-F/IU OUs or the 100-FR-3 Groundwater 

OU. Concentrations of most Hanford Reach sediment COECs are either below ESLs or below reference 

in the 100-F/IU area nearshore environment (explanations for the exceptions are described in 

Appendix L). This suggests that sediments upstream from the Hanford Site potentially contribute to 

concentrations observed in the 100-F/IU Area nearshore sediments. Further, riparian soil for most of the 

COECs are lower than upstream sediment and Hanford Site reference soil concentrations, suggesting that 

the riparian soil in the 100-F/IU Area is not a source of the observed sediment concentrations for the 

COECs identified. 

Concentrations of chromium are elevated in one waste site within the riparian area (100-F-59, formerly 

Area C of 128-F-2). However, as described in Sections 7.5.1 and 7.5.2 and in more detail in Section L.4 

of Appendix L, the concentrations do not represent an unacceptable risk. The area where concentrations 

exceed sediment benchmarks is a unique environment that is dry 7 months of the year and only seasonally 

inundated when river stage exceeds 210 kcfs. A significant benthic community is not present and cannot 

survive under the existing conditions. Detailed maps in Appendix L demonstrate that concentrations 

closest to the river are all below the ESL (88 mg/kg) suggesting that source material is not reaching 

the river. 

Biological measures such as amphipod bioassays, clam tubes, and community surveys from rock baskets 

show no clear indication of toxicity or correlation of response with COEC concentrations observed in the 

nearshore environment found at the 100-F, 100-IU-2, and 100-IU-6 areas. Although they do represent 

only a snapshot in time and do not represent all seasonal conditions and river-stage fluctuations, these 

measures do support the analysis that Hanford Site operations at 100-F/IU Area are not adversely 

affecting aquatic receptors exposed to sediment in the 100-F/IU Area nearshore environment. Based on 

these findings, no further evaluation is warranted in the FS to address sediment contaminants near the 

100-F/IU OUs. 

Direct Toxicity Measures. Risks to aquatic macroinvertebrates based on toxicity testing showed some 

relationships with confounding factors and some chemicals. Histopathology measures differed in study 

sites compared to reference sites; these measures also showed some negative relationships 

with chemicals. Sediment bioassays representing 100-F/IU showed statistical difference in amphipod 

(Hyalella azteca) survival relative to reference sites at 2j and 2l, and 4c (low survival and growth) 

(RCBRA [DOE/RL-2007-21]; Section 6.3.5.2 and Table 6-105). However, there was no overall 

correlation between amphipods and chemistry data, with the exception of mercury.17 Correlation between 

abiotic media chemistry and any observed differences in measured effects from bioassays was conducted 

across the whole Hanford Reach, instead of at individual OU areas. Across the Hanford Reach, mercury 

was the only chemical with a significant correlation that showed a potential negative effect with 

a significant regression for amphipods in sediment (RCBRA [DOE/RL-2007-21]; Table 6-104); however, 

mercury was below sediment ESLs at the 100-F/IU study sites. Clams were also monitored for survival. 

There was a statistical decrease in survival at study sites compared to reference sites, but there was no 

                                                      
17 Sediment bioassays were not conducted on the sample measured at 286 mg/kg or 190 mg/kg. However, as 

explained in detail in Appendix L, these samples were collected in the vicinity of 100-F-59 in an area that is dry 

more than half of the year, at a location where environmental conditions will not support establishment of 

a benthic community. 
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correlation of clam survival with COPECs. Together these measures do not indicate that substrate 

concentrations were toxic; they represent a snapshot in time and do not represent all seasonal conditions 

and river-stage fluctuations. 

Community Structure Measures. Key community metrics do not suggest that contaminant-related impacts 

to benthic macroinvertebrates are indicated in aquatic study sites as a group, as evident by the comparison 

of Ephemeroptera, Plecoptera, and Trichoptera data from study sites relative to reference sites. Most of 

the aquatic community measures did not differ between the study sites and reference sites. There were 

exceptions among the large number of aquatic community measures evaluated, but the agreement among 

measures was weak and the biological significance to populations is not evident. 

Measures of Exposure. Within the RCBRA (DOE/RL-2007-21), clear measures of exposure 

(accumulation), primarily for inorganic COPECs, were detected in water, sediment, and tissues. 

However, as shown in the RCBRA (DOE/RL-2007-21), there were no statistically significant correlations 

between COPEC concentrations in pore water or sediment with tissues of aquatic organisms, indicating a 

lack of significant COPEC bioaccumulation. Further, no tissue effect levels for COPECs in invertebrate 

tissue were exceeded. 

Most histopathology measures of clams and mussels showed no significant differences between study and 

reference sites. While some exceptions were noted, COPEC concentrations generally did not correlate 

with differences in histopathology measures. 

Weight of Evidence. As stated previously, both the abiotic and biotic measures collected for the RCBRA 

(DOE/RL-2007-21) represent only a snapshot in time and do not represent all seasonal conditions and 

river-stage fluctuations. Abiotic measurements do exceed literature-based screening values for 

some COPECs. Generally, this line of evidence is given the lowest weight because of the lack of site 

specificity in the literature-based values. Although biological measures give a different perspective than 

the chemistry, given the limited dataset and the uncertainty with full representation of seasonal 

measurements, the results of the chemistry cannot be ignored. 

Of the key groundwater plume contaminants investigated, none of the contaminants has been detected at 

concentrations of ecological relevance in the nearshore environment for the 100-F/IU OUs decision area. 

However, while Cr(VI) has not been determined to be an ongoing risk for aquatic communities in the 

100-F/IU OUs, there is some potential for groundwater discharge above the State surface water quality 

standard at discharge points to surface water. Therefore, monitoring is recommended to ensure that 

ARARs are met. 

7.5.5.4 Risk to Nearshore Wildlife 

The RCBRA (DOE/RL-2007-21) evaluated risk to middle trophic level wildlife, including the kingbird, 

mink, and bufflehead. Risks to wildlife in the nearshore environment are primarily from ingestion of prey 

consisting of aquatic invertebrates, clams, and fish, and from incidental ingestion of sediment. 

Only chromium risk to bufflehead at one study site represented a risk within the 100-F/IU 

nearshore environment. Although chromium exposures are greater than the LOAEL, and sediment and 

pore water concentrations are statistically greater than reference, it does not necessarily indicate risk to 

populations of wintering bufflehead or other waterfowl found near the site. 

Scatterplots (Attachment L-1) of paired sediment and benthic invertebrate chromium data (Appendix L, 

Table L-69) from the RCBRA (DOE/RL-2007-21) showed a single observation falling outside the 

distribution of the other observations. An outlier test was, therefore, performed to determine whether this 

sample was a statistical outlier. Grubb’s test was performed on the tissue and sediment chromium data 

and on the station-specific BAFs (Appendix L, Table L-70). Chromium in tissue and the associated BAF 
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for the samples from the 2m location were statistically identified as outliers; chromium in sediment from 

this location was not identified as an outlier. This indicates that chromium concentrations in tissue but not 

sediment from 2m are anomalous and unrepresentative of tissue concentrations of chromium observed at 

the other 34 sample locations for which collocated tissue and sediment data are available. Exclusion of 

sample 2m from the wildlife exposure calculations results in no point estimates for the bufflehead above 

the LOAEL (RCBRA [DOE/RL-2007-21); Table 6-124). 

In addition to chromium in the clam tissue sample from 2m being an outlier, the risk estimate for the 

bufflehead was calculated with several conservative assumptions, which may not be realistic. First, the 

LOAEL of 1.2 represented a point estimate for sample 2m collected in the backwater slough downstream 

of the 100-F/IU OUs and assumes that all foraging would occur in this area, or at least in areas with 

a similar concentration. However, it is very unlikely that ducks will be foraging exclusively in this one 

backwater slough. Further, detected concentrations of chromium in benthic invertebrate tissue samples 

from many other areas up and downstream on the Columbia River were much lower (Appendix L 

Table L-69). In addition, several studies have shown that chromium ingested by wildlife is not readily 

assimilated (absorbed) and, thus, the majority is excreted. As summarized in “Bioaccumulation and 

Toxicology of Chromium: Implications for Wildlife” (Outridge and Scheuhammer, 1993), gastrointestinal 

uptake of Cr(VI) is 2 to 10 percent of the presented dose, compared with 0.5 to 3 percent for Cr(III) 

(Handbook on the Toxicology or Metals, “Chromium” [Langard and Norseth, 1979], “Chromium Intake, 

Absorption and Excretion of Subjects Consuming Self-Selected Diets” [Anderson and Kozlovsky, 1985], 

“Effects of Chromium Supplementation on Urinary Cr Excretion of Human Subjects and Correlation of 

Cr Excretion with Selected Clinical Parameters” [Anderson et al., 1983], “Experimental Study of 

Adsorportion, Distribution and Excretion of Trivalent and Hexavalent Chromium” [Ogawa, 1976], and 

“Chromium” [EPA, 1988]). The HQ of 1.2 represents the ratio of ingested dose to the TRV without 

accounting for differences in assimilation from the laboratory study used to establish the TRV versus the 

modeled diet of the bufflehead, which included a clam tube sample measured at 15.4 mg/kg fresh weight. 

Assimilation of chromium in a spiked laboratory food may be more readily absorbed than chromium 

bound within the tissue of ingested clam. While not applied to the entire ingestion dose, EPA has 

previously used absorption factors within an ERA to account for the assimilation of chromium from 

incidentally ingested soil. The risk assessment for the Tex Tin site assumed that only 6 percent of 

incidentally ingested soil and sediment were absorbed, thus reducing the incidental ingestion dose by 

multiplying by a gut absorption factor of 0.06 (Final Report Tex Tin Site Texas City, Texas [EPA, 1997]). 

Given the low level of risk originally identified in the RCBRA (DOE/RL-2007-21) by just one point 

estimate from the Hanford Reach of the Columbia River, as well as the results of the additional data 

evaluation presented in this section and in Appendix L (Section L.4.7), risk to omnivorous waterfowl 

from chromium concentrations in sediment and aquatic prey from the Hanford Reach is 

considered unlikely. 

7.5.6 Summary of the Evaluation of Aquatic Risks in the Near Waste Site, Slough Area, 
Northern Shore, and 100-F-59 (Formerly 128-F2 Area C) 

The area in and around the former 128-F-2 Burn Pit and the 100-F-59 Area C represents unique 

conditions that warrant special consideration and evaluation. The 128-F-2 Burn Pit site was excavated and 

backfilled with 36 cm (12 in.) of gravel. Concentrations of verification samples indicated that the most 

inland portion of the burn pit site that abuts a steep cliff were sufficiently low to meet remediation goals, 

but the samples in the proportion closer to the Columbia River were not (Remaining Sites Verification 

Package for the 128-F-2, 100-F Burning Pit Waste Site [WSRF 2008-031]). Hence, the riparian portion 

abutting the Columbia River was assigned a new waste site status as 100-F-59. Additional verification 

samples were collected downstream of the 100-F-59 site boundary in a slough area and an area known as 

the Northern Shore. These areas are all identified in Appendix L (Figures L-12 and L-13). 
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The Near Waste Site, Slough Area, Northern Shore Area, and 128-F-2 Area C are located within or 

adjacent to the 100-F-59 waste site. While these areas were initially classified as soil, the areas are 

inundated from river-stage fluctuations. To address the potential for adverse effects to aquatic life during 

periods of inundation when aquatic life could be exposed to constituents in this riparian sediment, an 

assessment of risk to benthic organisms was completed. Data were evaluated separately from the riparian 

sediment evaluation in Appendix L because data for these areas are within a waste site unit and may 

contain source material, while other sediment data were collected from within the Columbia River. 

The analysis included terrestrial receptors because the site is dry more than half of the year. The analysis 

on aquatic invertebrates (primarily benthic invertebrates) was also included because these organisms are 

opportunistic and the most likely to use the riparian habitats during the relatively short periods of surface 

water inundation. Furthermore, aquatic invertebrates generally have limited mobility and, therefore, 

provide a conservative indication of the potential for adverse effects to aquatic life. However, as 

described in Sections 7.5.1 and 7.5.2, this scenario is unrealistic because no community is present, and the 

unique environmental conditions do not support survival of a benthic community. 

This iterative evaluation was completed (Section L4.7 of Appendix L) for the four separate riparian areas 

along the Columbia River: Near Waste Site, Slough Area, Northern Shore, and 100-F-59 Area C. 

The benthic invertebrate evaluation included the comparison of site data to sediment ESLs, to the range of 

RCBRA (DOE/RL-2010-21) riparian reference soil and sediment concentrations (comparison to range of 

reference concentrations), Columbia River background sediment concentrations (comparison to 

95 percent UCL concentration), and background soil concentrations (comparison to maximum reference 

concentration) (RCBRA [DOE/RL-2010-21]). The analytes detected above sediment ESLs, background, 

and reference concentrations were further evaluated for potential adverse effects to ecological receptors 

by estimating and evaluating chemical concentrations in pore water and comparing those estimated 

concentrations to surface water ESLs established for the protection of aquatic life. The evaluation 

concluded that there were no unacceptable risks in the riparian environments for the Near Waste Site, 

Slough Area, Northern Shore, and 128-F-2 Area C waste sites. Therefore, no further aquatic evaluation is 

warranted in the FS. 

For the evaluation of the areas in a terrestrial environment, data were compared to SSLs and PRGs with 

the conclusion that there were no unacceptable risks. No EPCs exceeded plant PRGs, and only chromium 

exceeded the invertebrate PRG. However, the PRG is a NOEC with no corresponding LOEC (e.g., the 

highest concentration tested from Hanford Soils has shown no risk). Chromium, vanadium, and 

bis(2-ethylhexly) phthalate exceeded PRGs for the killdeer. Additional refined exposure models were 

developed for these three chemicals, demonstrating that there are no significant risks to insectivorous 

birds at the waste site. 

Risk to waterfowl was also considered by developing exposure dose models for the bufflehead (assumed 

to be eating benthic organisms) and mallard. Site-specific data were used to the extent possible. The same 

chemicals (chromium, vanadium, and bis[2-ethylhexly] phthalate) exceeded PRGs. Refined models were 

developed with the same conclusions, indicating no significant risks to waterfowl that may forage at the 

waste site. 

7.5.7 Conclusions 

Table 7-13 presents the 10 COECs identified by the RCBRA (DOE/RL-2007-21) and CRC 

(DOE/RL-2010-117) in the riparian and nearshore media. For each COEC, RCBRA (DOE/RL-2007-21) 

and CRC (DOE/RL-2010-117) abiotic media data (soil, sediment, groundwater, pore water, aquifer tubes, 

seeps, and surface water) from reference areas, upstream sources, and onsite riparian and nearshore areas 

are presented and discussed in Appendix L to establish the likelihood that 100-F/IU was the source of the 

COECs identified. However, while Cr(VI) has not been determined to be an ongoing risk for aquatic 
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communities within the area of discharge of the 100-F/IU OUs, there is some potential for groundwater 

discharge above the State surface water quality standards at discharge points to surface water. 

Therefore, monitoring is recommended to ensure that ARARs are met. 

In addition, riparian soil located within the Near Waste Site, Slough Area, Northern Shore, and 128-F-2 

Area C waste sites was evaluated as sediment for those periods when the sites are inundated, and as soil 

for periods when the sites are not inundated with water. No chemicals in soil/sediment represent an 

unacceptable risk to aquatic invertebrates, plants, or wildlife; therefore, no further evaluation is warranted 

in the FS. 

7.6 Risk Conclusions and Scientific Management Decision Point 

One or more COPCs from the RCBRA (DOE/RL-2007-21) were identified in 28, 3, and 8 source OUs or 

waste sites for 100-F, 100-IU-2, and 100-IU-6, respectively, which had been reclassified as “interim 

closed” or “no action.” RCBRA (DOE/RL-2007-21) COPCs were evaluated in this ERA for each 

decision unit (e.g., shallow, shallow-focused, staging pile, and overburden) at each waste site by 

comparing the EPCs to the plant/invertebrate SSL, the wildlife SSL, background, the plants/invertebrates 

PRG, and wildlife PRG values. Analytes that exceeded an SSL, a background, and a PRG were 

considered COPECs. Within the 100-F, 100-IU-2, and 100-IU-6, 39 waste sites were identified for 

additional consideration in this SMDP based on concentrations of 13 COPECs (arsenic, barium, boron, 

copper, dieldrin, lead, mercury, molybdenum, nickel, selenium, silver, vanadium, and zinc). 

At the SMDP, the results of the ERA were considered in the context of other factors (e.g., spatial 

coverage, data, chemical specifics, receptors at risk, and confidence in PRGs) to support 

recommendations on the COECs. This included agreement on the assessment endpoints, representative 

receptors, and complete exposure pathways that correspond to those COECs. The final recommendation 

for the SMDP is a conclusion that there were no unacceptable risks to terrestrial ecological receptors. 

As part of the assessment of contributions to ecological risks identified in the riparian and nearshore 

environments of the Columbia River (RCBRA [DOE/RL-2007-21]) and the main channel, far-shore and 

island environment of the Columbia River in the CRC (DOE/RL-2010-117), one chemical is 

recommended for further evaluation in the FS. Cr(VI) has some limited potential to discharge to surface 

water above the State surface water quality standard ; thus, it is recommended to be monitored at 

discharge points to surface water. 

7.6.1 SMDP Considerations 

Within the process for conducting ERAs at CERCLA sites, several decision points occur at which risk 

managers, risk assessors, and other stakeholders can provide input on a path forward with respect to 

ecological risk associated with a site. Typical variations include the following risk assessment outcomes: 

 No unacceptable potential risks to ecological receptors (e.g., risks are sufficiently low and below 

risk-based thresholds such as SSLs or PRGs) 

 Potential for risks to ecological receptors, but the risks do not warrant the evaluation of remedial 

alternatives in the FS due to a number of considerations18 

                                                      
18 For example, a wildlife risk for a specific contaminant was driven by an estimated exposure to a badger, but the 

size of the site is 20 m
2
, representing a minimal portion of the total required foraging area for a badger and the site 

does not represent a preferential feeding area. 
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 Potential for risks to ecological receptors, but there is uncertainty in one or more components of the 

ERA that warrants the evaluation of remedial alternatives in the FS 

 Need to evaluate remedial alternatives in the FS based on the protection of another receptor or 

exposure pathway (e.g., human health) that would address any potential ecological risks 

 Potential for risk to ecological receptors warranting evaluation of remedial alternatives in the FS 

The various risk assessment outcomes were considered in the evaluation of remedial alternatives in the 

FS. To achieve one of the risk assessment outcomes, a number of factors and supporting information were 

considered in the conclusion of the risk assessment to assist risk management decisions. These outcomes 

were considered within the context of other exposure pathways and receptors evaluated at the same site. 

Factors that were considered to interpret the results of the risk characterization and determine whether the 

site requires evaluation of remedial alternatives in the FS included the following: 

 Spatial characteristics of the remediated waste site (area and excavation depth of the remediated 

waste site)  

 Proximity and size of nearby unremediated waste sites and unimpacted habitat 

 Number and location of samples collected at the site 

 Data quality (presence of qualifiers, adequacy of detection limits) 

 Frequency that risk-based thresholds are exceeded and the locations of those exceedances 

 Chemical-specific properties of each COC (e.g., does it have the potential to biomagnify in the food 

web or is it persistent in the environment) 

 Identification of specific receptors that have the potential for adverse health effects (feeding guild 

[plants, insects, or omnivorous, herbivorous, insectivorous, or carnivorous wildlife], proportion of 

receptors affected, likelihood of population-level or community-level effects, and home range of the 

receptors at risk relative to the area exceeding risk-based thresholds) 

 Recalculation of the EPC based on the home range of the receptor or to estimate the residual risk after 

the removal action has been implemented 

 Evaluation of PRG (i.e., level of confidence, basis, relation to other PRGs such as those for human 

health or groundwater protection) 

Within the 100-F/IU OUs, 39 waste sites were reported with concentrations of COPECs greater than their 

respective PRGs. Figures showing the location and concentration of COPECs reported with a HQ greater 

than one are provided in Appendix H. During development of the evaluation, the factors above were 

evaluated and resulted in a recommendation, as part of the SMDP, that no waste sites be carried forward 

into the FS for evaluation of remedial alternatives. The decisions for the 100-F/IU OUs were based on 

a subset of the factors described above, including the following: 

 Depth of samples exceeding thresholds relative to biological activity and the 4.6 m (15 ft) bgs 

standard point of compliance defined by MTCA (WAC 173-340) 

 Number and frequency of exceedances of the risk thresholds (PRGs) 

 Magnitude of exceedance relative to the risk thresholds (the HQ) 
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 Confidence in the ecological risk thresholds defining the exceedances 

 Quality of the sample data defining the exceedances 

 Location of the samples exceeding thresholds, sample frequency, and proximity of other exceedances 

 Area of exceedance relative to home range of receptor exceeding and relative to area of unimpacted 

nearby habitat 

Based on the factors discussed above, it was concluded there was no unacceptable risk to wildlife, plants, 

or invertebrates, and a recommendation is made for no further evaluation of any of the waste sites within 

the 100-FR-1, 100-FR-2, 100-IU-2, or 100-IU-6 OUs based on ecological risk. A summary of the 

rationale by chemical and receptor is provided below, with details for each specific waste site decision 

unit-chemical combination provided in Appendix H (Table H-19). For unremediated waste sites, remedial 

actions will consider the PRGs through the SMDP process outlined in this subsection. More detail in 

applying the SMDP process to unremediated sites is described in Sections 7.6.2 and 7.6.3. 

 Plants: Mercury (20 waste site decision units), vanadium (1 waste site decision unit), molybdenum 

(2 waste site decision units), arsenic (1 waste site decision unit), nickel (2 waste site decision unit), 

boron (7 waste site decision units), selenium (3 waste site decision units), and copper (3 waste site 

decision units) were all measured at concentrations above plant PRGs. Molybdenum is not expected 

to affect the plant communities adversely because it is not documented as phytotoxic in the 

published literature. The nickel exceedances were collected below the maximum depth at which plant 

roots have been observed at the Hanford Site (3 m [9.8 ft]) (Rooting Depth and Distributions of 

Deep-Rooted Plants in the 200 Area Control Zone of the Hanford Site [PNL-5247]). The magnitude 

and frequency of exceedance for the selenium, boron, arsenic, and copper samples were all low and, 

for most of these chemicals, represent exceedances of NOEC because Hanford Site-specific LOECS 

have not been established. Risk to plants from mercury is unlikely because of low confidence in the 

PRG and no exceedance of wildlife PRGs for a bioaccumulative compound, except at one location 

that was not considered a risk due to the minimal area with the elevated concentration (108 ft
2 
[10 

m
2
]). These infrequent and, in most cases, spatially distinct exceedances would not cause 

a community-level effect. If localized adverse effects did occur, habitat fragmentation in the 

100-F/IU OU would not be likely given the level of ecological services that the habitat is providing in 

the current condition and the available habitat refugia nearby (see Section 7.6.3). 

 Invertebrates: Barium (six waste site decision units), boron (seven waste site decision units), copper 

(seven waste site decision units), arsenic (one waste site decision unit), mercury (one waste site 

decision unit), nickel (one waste site decision unit), and silver (two waste site decision units) were 

measured at concentrations above terrestrial invertebrate PRGs. For most of these chemicals, the 

PRGs represent NOEC because Hanford Site-specific LOECS have not been established. These 

exceedances were infrequent and, in most cases, spatially distinct exceedances that would not cause a 

community-level effect. The barium, nickel, and one of the silver exceedances were collected below 

the maximum depth at which invertebrates have been observed at the Hanford Site (2.7 m [8.9 ft]) 

(Characterization of the Hanford 300 Area Burial Grounds: Task IV – Biological Transport 

[PNL-2774]). The arsenic and mercury exceedances were from areas too small to affect the local 

invertebrate community (14 m
2
 [151 ft

2
] and 10 m

2 
[108 ft

2
], respectively). Considering these 

infrequent exceedances, if deep excavation were to occur, the elevated concentrations would be 

mixed with much lower concentration material, resulting in a lower exposure concentration. At three 

of the waste site decision units, samples were from a depth below the maximum at which 

invertebrates have previously been observed at the Hanford Site (2.7 m [8.9 ft]) (Characterization of 
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the Hanford 300 Area Burial Grounds: Task IV – Biological Transport [PNL-2774]). Risk to the 

terrestrial invertebrate community is not expected at these waste site decision units, and there is 

ample unimpacted habitat for available invertebrates in adjacent areas and along the River Corridor. 

 Wildlife: Selenium (seven waste site decision units), boron (seven waste site decision units), mercury 

(four waste site decision units), vanadium (two waste site decision units), copper (two waste site 

decision units), arsenic (one waste site decision unit), dieldrin (one waste site decision unit), and lead 

(seven waste site decision units) were measured at concentrations above wildlife PRGs. Vanadium 

was rarely detected above background, but exceedances noted as the conservative PRG for killdeer 

(43 mg/kg) are roughly half of background (85 mg/kg). Many of the exceedances (copper, arsenic, 

and some selenium and mercury) were deep (i.e., below the maximum depth at which Hanford Site 

wildlife have been observed to burrow [1 m {3.3 ft} pocket mouse] “Loose Rock as Biobarriers in 

Shallow Land Burial” [Cline et al., 1980]). Exceedances for mercury, boron, selenium, lead, arsenic, 

and dieldrin were small and infrequent (e.g., few of the samples at waste site decision units exceeded 

the PRG). For many of the exceedances for all of these chemicals, the size of the sites was considered 

relative to the home range of wildlife receptors (i.e., application of an AUF), and HQs were 

below 1.0. The population density of small mammals and the number of individuals expected to 

reside within these small sites were also considered. The final conclusion was that there are no 

population-level effects to avian and mammalian receptors at any of the remediated waste sites that 

were evaluated, including those with some measured samples of selenium and lead above PRGs. 

 SMDP conclusion: As indicated in Table H-19 (Appendix H), consideration of the factors listed 

above resulted in the conclusion of no unacceptable risks to terrestrial wildlife or plants and 

invertebrates exposed to vadose zone soil, and a recommendation of no further action for the waste 

sites within the 100-FR-1, 100-FR-2, 100-IU-2, or 100-IU-6 Source OUs. For unremediated waste 

sites, remedial actions will consider the PRGs through the SMDP process. More detail in applying 

that process to unremediated sites is described in Sections 7.6.2 and 7.6.3. 

7.6.2 Recommendations for Evaluating Wildlife in Future Assessments at Unremediated 
Waste Sites 

Data and process knowledge indicate that ecological PRGs may be exceeded at unremediated waste sites. 

The RCBRA (DOE/RL-2007-21, Volume I), the CRC (DOE/RL-2010-117, Volume I), and other 

information sources evaluated 100-F/IU interim remediated waste sites with upland habitats for risks to 

populations and communities of ecological receptors. The risk assessments also evaluated ecological risk 

present in the riparian, nearshore and river areas adjacent to 100-F/IU. The risk assessments concluded 

that there was no ecological risk at remediated waste sites within 100-F/IU and that there were no 

contaminants of ecological concern or risk to populations or communities in riparian, nearshore, and river 

environments due to the 100-FR-1, 100-FR-2, 100-IU-2 and 100-IU-6 OUs. The risk conclusion was 

based upon the SMDP which presented the case that depth to contamination, residual contamination 

levels, and the size of waste sites relative to ecological receptor home ranges are not likely to produce 

conditions that will result in risk to ecological receptors. For 100-FR-1, 100-FR-2, 100-IU-2, and 

100-IU-6 OU waste sites that have not been interim remediated, once human health PRGs (cleanup levels 

[CUL]) are achieved, residual contamination would not be sufficient to adversely impact populations and 

communities of ecological receptors, as demonstrated by the interim remediated sites. In instances where 

ecological PRGs are exceeded in remediated waste sites, the SMDP process could be used to determine 

whether further remedial action to protect ecological receptors is warranted. The PRGs will achieve 

protection of the populations of wildlife species constituting the food web found at the Hanford Site 

(Figure 7-2), including a range of feeding guilds. The receptor species selected for quantitative 

development of PRGs are intended to be representative of the species within those feeding guilds. 
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As discussed in the technical support documents for ecological values in soil for wildlife (Tier 1 

Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site [CHPRC-00784]; 

Tier 2 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site 

[CHPRC-01311]), the values used to calculate PRGs are based on the assumption that the size of the 

waste site inhabited by a receptor is the same size as the area used by the animal (e.g., the home range, 

breeding range, or feeding/foraging range). In other words, the PRGs assume that a wildlife receptor is 

exposed 100 percent of the time to the contaminants in a waste site at uniform concentrations equal to 

the EPC. This ratio of the area of contamination to the home range is known as an AUF. An AUF 

equaling 1 is another way of stating the assumption that the contaminated area and home range are 

identical. An AUF of 1.0 means that an animal is exposed to site contaminants 100 percent of the time; 

depending on the home range of the animal in relation to the size of the waste site, assuming that the AUF 

is 1 in development of SSLs or PRGs may considerably overstate ecological risks. However, several 

wildlife receptors, particularly carnivorous mammals and most birds, have home ranges much larger than 

most of the waste sites; therefore, applying PRGs for those receptors to most waste sites would overstate 

ecological risks. 

The home ranges for the wildlife receptors used for PRG development are shown in Appendix H 

(Table H-5). In considering the home range data available for each species, recognition must be given to 

the fact that these ranges are reduced during the breeding season. On the other hand, food sources in 

a semiarid environment, such as the Hanford Site, may be scarcer than what is reflected in the studies 

available, some of which were not conducted in similar habitats. While many biological studies have been 

conducted at the Hanford Site, studies specifically on home range or population density are not available 

for all species or guilds being evaluated. 

Completion of remedial actions as part of the cleanup verification process, which is based on ecological 

PRGs, will incorporate SMDP on a case-by-case basis to determine that the action is protective of 

ecological receptors. The SMDP approach and its use in remediation decision making would be presented 

in detail in RDR/RAWPs. Further, in cases where verification samples exceed the PRGs and these PRGs 

represent the limiting value (i.e., the wildlife PRGs are lower than all other applicable PRGs), then a risk 

management decision should be made similar to the SMDP described in Section 7.6.1. Particular attention 

should be given to the number of samples exceeding the PRGs, the spatial area represented by the 

samples, and the depth at which samples exceed the PRGs. The following other key factors would be 

considered in the SMDP process: 

 Size of the waste site relative to home range of wildlife receptors (e.g., developing and applying an 

AUF in the comparison of an EPC to the PRGs) 

 Estimation of exposure using a central tendency estimate such as the 95 percent UCL 

 Size of the waste site relative to area of adjacent uncontaminated habitat 

 Nature and extent of residual contamination following remediation 

 Potential presence of exposure pathways following remediation 

 Number and frequency of exceedances of the risk thresholds (PRGs) 

 Location of the samples exceeding thresholds, sample frequency, and proximity of other exceedances 

PRGs are typically based on a concentration that may elicit adverse effects (i.e., reduce survival, growth, 

or reproduction), as observed in a low number of individuals exposed to chemicals in laboratory 

toxicity tests. For some chemicals, this is based on toxicity tests reporting a 20 percent effect level 
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(e.g., mortality observed in 20 percent or more tested organisms or growth reduced by 20 percent). 

For other chemicals, this is the lowest concentration tested with undefined adverse effects. In considering 

the results of verification data for future remedial actions relative to the PRGs, consideration must be 

given to the origins of the toxicity data upon which the exceeded PRGs are based. This should be 

considered in the context of the risk management goal (protection of populations of wildlife), the selected 

assessment endpoint (reproduction, survival, and growth), and specific life history data for the selected 

wildlife receptors selected to represent the end points (e.g., home range and population density). 

7.6.3 Recommendations for Evaluating Plants and Invertebrates in Future Assessments 
at Unremediated Waste Sites 

PRGs for terrestrial plants and invertebrates have been established for the Hanford Site (Tier 2 Terrestrial 

Plant and Invertebrate Preliminary Remediation Goals (PRGs) for Nonradionuclides for Use at the 

Hanford Site [ECF-HANFORD-11-0158]) and have been a useful tool in screening waste sites for 

potential adverse effects to these communities. However, the use of these PRGs in selecting final 

remediation goals in the FS or the proposed plan should be considered on a site-specific basis, except for 

waste sites where listed protected species are identified (i.e., federal or state-listed and protected 

threatened or endangered species). This recommendation is based upon the following lines of evidence: 

no significant adverse toxicological effects observed at the highest available concentrations tested in 

site-specific bioassays; historical and ongoing biological surveys (Surface Environmental Surveillance 

Procedures Manual, PNL-MA-580, Rev. 5 [PNNL-16744]); and the limited likelihood of habitat 

fragmentation due to areas with elevated contaminants in soil. The plant and invertebrate PRGs can help 

identify where remedial actions have been effective. However, in cases where verification samples exceed 

these PRGs and the PRGs represent the limiting value (i.e., the plant or invertebrate PRG is lower than all 

other applicable PRGs), a risk management decision should be made similar to the SMDP described in 

Section 7.6.1. Particular attention should be given to the number of samples exceeding the PRGs, the 

spatial area represented by the samples, and the depth at which samples exceed the PRGs. 

7.6.4 Evaluations of Sediment in Future Assessments and at Unremediated Waste Sites 
Below the Ordinary High Water Mark 

Waste sites extending below the ordinary high water mark of the Columbia River could be assessed as an 

aquatic environment and, as such, could be evaluated for the protection of aquatic organisms described in 

the conceptual model in Appendix L. As waste sites are remediated, if the boundaries extend into these 

areas, the appropriate PRG could be used to determine when the work is complete. The evaluation of 

surface sediment data for any future assessments will be against the freshwater sediment ESLs presented 

in Appendix L (Table L-4). These values are obtained from a number of sources and are intended for 

screening measured concentrations for potential adverse effects to aquatic organisms 

exposed to sediments.  

However, not all of the ESLs presented in Appendix L (Table L-4) are specifically designed to be used as 

cleanup levels for evaluating remedial actions. The primary source of freshwater sediment PRGs are the 

cleanup screening levels published in Development of Benthic SQVs for Freshwater Sediments in 

Washington, Oregon, and Idaho (Ecology Publication 11-09-054). These values were specifically 

selected as thresholds for freshwater sediments in Washington, Oregon, and Idaho through the evaluation 

of field-collected toxicological data. When data were not available for a specific chemical, then other 

sources were relied upon; however, the selection process remained consistent with the methodology 

presented in the CRC (DOE/RL-2010-117) and RCBRA (DOE/RL-2007-21). Recommended freshwater 

sediment PRGs are presented in Table 7-14. As with the soil investigations described in this chapter, 

future assessments should include SMDP considerations (Section 7.6.2).  
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Table 7-14. Freshwater Sediment PRGs 

Chemical PRG 

Arsenic 120 

Cadmium 5.4 

Chromium 88 

Copper 1,200 

Lead >1,300 

Mercury 0.8 

Nickel 110 

Selenium >20 

Silver 1.7 

Zinc >4,200 

TPH-Diesel 510 

Note: A “greater than (>)” value indicates that the toxic level is 

unknown but is above the concentration shown. 
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8 Identification and Screening of Technologies 

This chapter begins the feasibility study portion of the 

RI/FS. The RI defines the nature and extent of 

contamination at the site and the potential risks to HHE 

posed by site contaminants. The FS identifies and 

evaluates alternative strategies to address the risks. 

The FS consists of three phases: screening of remedial 

technologies, development of remedial alternatives, and 

detailed analysis of selected alternatives. Remedial 

technologies are assembled into alternatives that address 

contamination on a media- or source-specific basis. 

Technologies are evaluated in this chapter to determine 

their effectiveness in treating or removing contaminants 

(described in Chapter 4) or interrupting exposure 

pathways (described in Chapters 6 and 7). 

Chapter 8 presents discussion on the following: 

 RAOs, ARARs, and PRGs (Section 8.1) 

 General response actions (GRAs) (Section 8.2)  

 Identification and screening of remedial 

technologies and associated process options to 

clean up the contamination (Section 8.3)  

Chapter 9 assembles the technologies into alternatives, 

and Chapter 10 provides a detailed and comparative 

analysis of the alternatives to address contaminated 

media at 100-F/IU.  

8.1 Remedial Action Objectives 

RAOs are general descriptions of what the remedial 

action is expected to accomplish (medium-specific or site-specific goals for protecting HHE). They are 

defined as specifically as possible to address the following concerns:  

 Media of interest (soil, groundwater, or surface water) 

 Types of contaminants (radionuclide and chemical constituents) 

 Potential receptors (humans, flora, and fauna) 

 Exposure pathways (external radiation, direct contact, or ingestion) 

The RAOs provide a basis for evaluating the capability of a specific remedial alternative to achieve 

compliance with potential ARARs and/or an intended level of risk protection for HHE in accordance 

with the NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” 

[40 CFR 300.430(e)(2)(i)]) and CERCLA RI/FS Guidance (EPA/540/G-89/004). The RAOs for the 

100-F/IU Source and Groundwater OUs are presented in Section 8.1.3. Background information used in 

developing the RAOs is presented in Sections 8.1.1 through 8.1.3. 

Highlights 

 Media-specific RAOs are identified for soil, 
groundwater, and surface water. 

 To meet RAOs, PRGs are established for 
each environmental medium of interest, 
contaminants, receptors, and 
exposure pathways. 

 Of the waste sites considered at 100-F/IU, 
106 are included for further action in the FS. 
Fifteen are identified for institutional controls 
without application of further technology, and 
the remaining 91 are considered in alternatives 
evaluation. Fifty-five of the 91 sites are under 
active or near-future remediation under an 
interim action ROD and expected to be 
completed before issuance of the 100-F/IU 
ROD. 

 The groundwater evaluation identified areas 
where concentrations of nitrate, Cr(VI), 
trichloroethene, and strontium-90 were greater 
than PRGs. 

 Process options retained for vadose zone 
actions include no action, standard and deep 
excavation, disposal, and institutional controls.  

 Process options retained for groundwater 
include no action, institutional controls, MNA, 
containment, pump-and-treat, in situ treatment 
(biological—anaerobic), injection/flushing, ion 
exchange, and air stripping.  
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8.1.1 Identify Contaminants of Concern 

In the RI/FS process, contaminants are initially referred to as COPCs. The contaminants identified that 

exceed ecological and human health PRGs, developed through the risk assessment process, are referred to 

as COCs.  

8.1.1.1 Waste Site Soil 

The evaluation of remedial actions for specific waste sites relies upon a comprehensive review of all 

available data for each site, including field data, radiological surveys, process history, analogous site 

information, personal interviews, engineering drawings and as-builts, and any other available information. 

Waste sites in 100-F/IU that had closeout verification data for quantitative evaluation as of March 31, 

2013 were evaluated in Chapters 5, 6, and 7.  

The evaluation of waste sites in Chapter 5 determined that conditions at the waste sites are protective 

based on comparison to PRGs, except for 116-F-14. The results of the site-specific analysis indicated that 

residual Cr(VI) at 116-F-14 is protective of groundwater and surface water under native 

vegetation-conservation land use (PRG basis) and protective of groundwater under irrigated agriculture 

land use (SSL basis), but could potentially exceed the surface water SSL as measured by the peak 

groundwater concentration at the waste site boundary under the irrigated agricultural land use. Therefore, 

this site is evaluated in the FS. 

The risk evaluations for the previously remediated waste sites presented in Chapters 6 and 7 evaluated 

sites against the PRGs presented in Chapter 6, Table 6-12. The soil risk assessment identified 15 sites 

(including collocated sites) with concentrations of radionuclides that were greater than direct contact 

human health RBSLs. The data for 14 of the 15 sites identified the radionuclide contamination in samples 

collected at depths greater than 4.6 m (15 ft) bgs, so there is currently an incomplete exposure pathway. 

The data for the 15th site also showed concentrations of radionuclides greater than RBSLs. The data for 

the EPC at this waste site are based on the maximum result from a small statistical verification dataset 

that is representative of both shallow and deep portions of the waste site after remediation. Chapter 6, 

Table 6-53 presents a summary of remediated waste sites and COPCs for evaluation in the FS. 

For waste sites that have not been remediated, COPCs are identified based on review of available 

characterization data, waste site history/processes, and characterization of analogous waste sites. 

As a result of this comprehensive review, the characteristics of each site are sufficiently defined for the 

purpose of alternative development and comparison in the FS. Table 8-1 summarizes the site description, 

basis for action, and known or suspected contaminants for waste sites anticipated to be addressed under 

interim actions or remaining for remedial action in 100-F/IU. During implementation of remedial actions, 

if field conditions vary from those presented in the FS and indicate a need to re-evaluate the efficacy of 

the selected remedial action, the appropriate remedy modification will be used, consistent with CERCLA 

guidance. Section 8.2.1 presents additional information on the waste sites. As discussed in Chapter 4, 

Section 4.1.1, waste sites collocated within historic orchard lands will be remediated as needed to meet 

the cleanup levels for contaminants attributable to Hanford Site operations. Orchard-related 

contamination will be evaluated in the 100-OL-1 OU. 

Soil COPCs are sampled and analyzed to determine the constituents present following the interim 

remedial actions at 100-F/IU. These COPCs include radionuclides, metals, PCBs, PAHs, TPHs, 

and VOCs. Results of these analyses are used to determine the constituents requiring development of 

PRGs. PRGs are presented in Section 8.1.4.  
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Table 8-1. Waste Sites Anticipated to be Addressed under Interim Action or Remaining for Remedial Action 

Waste Site 

WIDS 

Site Type Site Description Basis for Action 

Known or 

Suspected 

Contaminants 

Waste Site Anticipated to be Addressed under Interim Action (55) 

600-298:1 

through 

600-298:8 

Unplanned 

Release 

These sites consist of various stained soil areas, 

and debris. 

Soil contamination exceeded 

interim action RAGs 

PAHs and PCBs 

600-299:1 

through 

600-299:6 

Unplanned 

Release 

Discarded batteries, surface debris, and stained 

soil. 

Solid hazardous debris 

(batteries) and suspect soil 

contamination exceeding 

interim action RAGs 

Cd, Cr (total), Cu, 

Ni, and Pb 

600-300:1 

through 

600-300:12 

Unplanned 

Release 

Various sizes of drums and containers with paint, 

tar, petroleum products, and unknown substances, 

and scattered debris. 

Visible suspect hazardous 

waste (batteries and paint) and 

suspect soil contamination 

exceeding interim action RAGs 

Metals, PAHs, 

and PCBs 

600-303 Unplanned 

Release 

The site consists of a 3 by 3 m (10 by 10 ft) area 

with four vertical pipes, 4 to 6 cm (1 to 1.5 in.) in 

diameter sticking out of the ground. The purpose of 

the pipes is unknown. 

Soil contamination exceeded 

interim action RAGs, 

particularly the human health 

RAGs for lead and individual 

PAHs 

Cd, Cr, Cu, Pb, Hg, 

Ni, Zn, and PAHs 

600-316:1 

through 

600-316:6 

Unplanned 

Release 

Mixed farmstead debris and batteries. Solid hazardous debris 

(batteries) and suspect soil 

contamination exceeding 

interim action RAGs 

Cd, Cr (total), Cu, 

Ni, and Pb 

600-318:1 

through 

600-318:5 

Unplanned 

Release 

Batteries and automotive shop debris. Solid hazardous debris (battery 

components) and suspect soil 

contamination exceeding 

interim action RAGs 

Metals 

600-320:1 

through 

600-320:9 

Unplanned 

Release 

Suspected oil dump location with visible tar in a 

subsite area. 

Soil contamination exceeded 

interim action RAGs at 

analogous River Corridor oil-

staining sites 

Metals, PAHs, 

and PCBs 

600-321:1 

through 

600-321:4 

Unplanned 

Release 

An area with insulation, metal, fire brick, and pipe 

lagging. 

Visible asbestos containing 

material present at the site 

Asbestos 

600-326:1 and 

600-326:2 

Unplanned 

Release 

An area of gray suspected insulating material and 

black porous material. 

Soil contamination exceeded 

interim action RAGs 

Metals and PAHs 

600-328 Unplanned 

Release 

The site consists of the underlying soil and 

scattered slag with a small stained soil area. The 

vegetation appears to be stressed. The lead may 

have been used for pouring joints in cast iron sewer 

systems. 

Visible solid hazardous debris 

(batteries) and potential soil 

contamination exceeding 

interim action RAGs 

Hg, Pb, PAHs, 

and PCBs 

600-356 Dumping Area The site consists of two areas of surface soil with 

dark, tar-like staining near a former railroad 

junction. 

Soil contamination exceeding 

interim action RAGs at 

analogous waste sites. 

Metals and PAHs 

Waste Sites Remaining for Remedial Action (36) 

600-20 Depression/Pit The site was originally described as two abandoned 

asphalt tanks, each with a volume capacity of 

45,420 to 52,990 L (12,000 to 14,000 gal). A 1999 

waste site walkdown identified several valve pits 

and a depression that contains discarded asphalt 

material, several pails, and drums. There was no 

evidence of hazardous or radiological waste in the 

area. 

Visible asphalt and tar 

slag wastes and suspect 

soil contamination 

Metals and PAHs 
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Table 8-1. Waste Sites Anticipated to be Addressed under Interim Action or Remaining for Remedial Action 

Waste Site 

WIDS 

Site Type Site Description Basis for Action 

Known or 

Suspected 

Contaminants 

600-279 Dumping Area The site is a large area of white ash surrounded by 

dried grass. The site is apparently related to an old 

orchard. It is suspected that the site is the remains 

of a burned storage shed. The yellow material has a 

sulfur odor. Sulfur was used in orchards to control 

mold on fruit. The burned metal pieces could be 

pieces of farm equipment. 

Small expected remediation 

footprint; soil contamination 

exceeded RAGs at similar sites 

in the River Corridor 

Metals and PAHs 

600-293 Unplanned 

Release 

The service station supported the White Bluffs 

central shops. This site may include USTs, 

associated piping, and the underlying soil. This 

facility was used to dispense fuel for automotive 

use. The service station was demolished in 1975, 

but no documentation was found related to 

removing any USTs. A subsidence area was noted 

at the site. 

Presence of pipelines 

and potential UST with 

residual petroleum products; 

underlying soil contamination 

exceeded RAGs 

Metals, PAHs, 

and PCBs 

600-294 Unplanned 

Release 

The site was the location of a service station with 

the potential for USTs, associated piping, and 

underlying soil. The service station contained two 

gasoline pumps and two buried tanks with a total 

capacity of 15,000 L (4,000 gal), one diesel fuel 

pump, and a 3,785 L (1,000 gal) buried tank. 

The waste includes petroleum 

product-contaminated soil, USTs, and associated 

piping. COPCs may include petroleum products 

(TPH and PAH) and possibly ICP metals. The 

service station was demolished and buried in place 

in 1975. 

Visible asbestos containing 

material present at the site; soil 

contamination exceeded RAGs 

Metals, PAHs, 

and asbestos 

600-301 Sanitary Sewer The site consists of the White Bluffs shops, sewer 

system, and underlying soil, as well as four 

suspected related features that are isolated discrete 

locations. The site does not include the Imhoff 

septic tank or the sanitary tile field (see 600-106) 

but does include the sanitary sewer piping from the 

Imhoff tank to the tile field. 

Soil contamination exceeded 

interim action RAGs 

Metals, nitrate, 

and PAHs 

600-329 Unplanned 

Release 

The site consists of the underlying soil and an 

unknown concrete structure near the construction 

shop of the Hanford Townsite operations, on the 

high-water line of the river edge. Ground-

penetrating radar located debris typical of 

demolition. There are several concentrations of 

anomalies in the area that have the characteristics 

of buried debris. There also are several linears in 

the area that may or may not be related to the 

structure. The abundance of shallow anomalies 

may be masking any deeper features in the area. 

The site appears to be related to the movement of 

water. 

To be determined based on 

confirmatory sampling; 

potential contamination is 

expected to be limited to 

sediments within the concrete 

structure and/or immediately 

underlying soil 

Metals, PAHs, 

and PCBs 

600-331 Unplanned 

Release 

The site is the previous location of the lime sulfur 

barrel location (UPR-600-19). The site was 

remediated in 1997; however, sample data indicate 

that high levels of lead and arsenic remain in the 

soil column. 

To be determined based on 

confirmatory sampling; 

potential soil contamination is 

expected to be limited to the 

immediate vicinity of the 

former barrel. Site is within 

former orchard areas 

Metals 

600-332 Sanitary Sewer The site consists of the underlying soil, septic tank, 

associated piping, and drain field for a septic 

system. The septic system supported the range 

house building at the firing range, which was 

located on the opposite side of the access road from 

the firing range. 

Residual septage and 

underlying soil exceeded 

RAGs at analogous River 

Corridor sites 

Metals and PAHs 
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Table 8-1. Waste Sites Anticipated to be Addressed under Interim Action or Remaining for Remedial Action 

Waste Site 

WIDS 

Site Type Site Description Basis for Action 

Known or 

Suspected 

Contaminants 

600-334:2 Burn Pit This subsite consists of a 4.6 m (15.1 ft) diameter 

burn area of unknown origin found off the 

northwest corner of the former CMX Building 

complex. 

To be determined based on 

confirmatory sampling; 

potential soil contamination 

expected to be limited to 

shallow soil at the burn area 

Metals (including 

Cr[VI], PAHs, 

and PCBs 

600-349 Dumping Area The site consists of potential unexploded ordnance 

in an area southwest of the 600-149 Small Arms 

Range, extending from the perimeter of 600-149 as 

far as a fired rifle grenade could travel. The area 

with the highest potential to contain munitions and 

explosives of concern includes a portion of Gable 

Mountain south of Prid Canal. The site operated 

from the mid-1940s through the 1950s as a practice 

range for handguns, rifles, shotguns, machine guns, 

hand grenades, smoke bombs, and other small arms 

and incendiary devices. 

Hazardous debris expected 

based on the analogous 600-

149 site 

Metals 

600-358 Dumping Area The site consists of scattered CERCLA-regulated 

debris identified during the unexploded ordnance 

characterization and clearance of the 600-149:1 

waste site. The debris was described as being a lead 

battery, a lead chunk, a burn area, and a suspect 

drum or pipe. There is no process history 

associated with the site. 

Solid hazardous debris (battery 

components) and suspect soil 

contamination exceeding 

interim action RAGs 

Cd, Cr (total), Cu, 

Ni, and Pb 

600-368 Unplanned 

Release 

The site consists of a 15 m2 (157 ft2) area covered 

with green granules. The feature is approximately 

130 m (427 ft) west of the Leazer Spur. In 1944, 

temporary construction buildings housed there 

included various warehouse, the crane operators’ 

loft, riggers’ loft, and an ice storage pit. The 

salvage/scrap yard was a kilometer south of the 

warehouses and operated as late as 

December 1948. It is not known what, if any, 

relationship existed between the two complexes. 

Small expected remediation 

footprint; soil contamination 

exceeded RAGs at similar sites 

in the River Corridor 

Metals 

600-369:1 

through 

600-369:8 

Dumping Area Burn pit, drum lids, and areas with no vegetation 

and stressed vegetation. 
Soil contamination exceeded 

RAGs at analogous River 

Corridor sites 

Metals, PAHs, and 

PCBs 

600-370 Dumping Area The site consists of a large disturbed area with 

surface debris consisting of multiple burn sites with 

burn remnants, transite, insulators, wood, and 

concrete. There is no process history associated 

with the site. 

Soil contamination exceeded 

RAGs at analogous River 

Corridor burn sites 

Metals, PAHs, 

and PCBs 

600-371 Dumping Area The site consists of multiple locations having 

a white chalky substance that resembles either 

grout or bentonite. There is no process history 

associated with the site. 

Small expected remediation 

footprint; soil contamination 

exceeded RAGs at similar sites 

in the River Corridor 

Metals 

600-372:1 and 

600-372:2 

Unplanned 

Release 

Area with discarded oil filter and devoid 

of vegetation. 

Soil contamination exceeded 

interim action RAGs at 

analogous River Corridor oil 

filter sites 

PAHs 

600-373 Dumping Area The site consists of a 28 m2 (303 ft2) area devoid of 

vegetation and covered by a white stain and crusted 

soil/grass debris. There is no process history 

associated with the site. 

Small expected remediation 

footprint; soil contamination 

exceeded RAGs at similar sites 

in the River Corridor 

Metals 

600-374 Dumping Area The site consists of an empty 55 gal drum 

(crushed) surrounded by a small area devoid of 

vegetation. There is no process history associated 

with the site. 

Small expected remediation 

footprint; soil contamination 

exceeded RAGs at similar sites 

in the River Corridor 

Metals, PAHs, 

and PCBs 
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Table 8-1. Waste Sites Anticipated to be Addressed under Interim Action or Remaining for Remedial Action 

Waste Site 

WIDS 

Site Type Site Description Basis for Action 

Known or 

Suspected 

Contaminants 

600-375:1 

through 

600-375:5 

Dumping Area Battery debris and stained soil. Solid hazardous debris 

(batteries) and suspect soil 

contamination exceeding 

RAGs 

Cd, Cr (total), Cu, 

Ni, and Pb 

600-376:1 and 

600-376:2 

Unplanned 

Release 

Stained soil, patches of bare ground, and dried 

yellow material on surface. 

Small expected remediation 

footprint; soil contamination 

exceeded RAGs at similar sites 

in the River Corridor 

Metals, PAHs, 

and PCBs 

600-377 Unplanned 

Release 

The site consists of a 3 m2 (32 ft2) area devoid of 

vegetation and containing multiple filters. This is 

no process history associated with the site. 

Soil contamination exceeded 

interim action RAGs at 

analogous River Corridor oil 

filter sites 

PAHs 

600-378 Storage Tank The site is the historical location of a 379 L 

(100 gal) underground storage tank used to store 

fuel for the 506 Telephone Exchange Emergency 

Generator Building. 

Suspected residual petroleum 

products in UST and potential 

underlying soil contamination 

based on similar sites in the 

River Corridor 

Metals, PAHs, 

and PCBs 

600-379 Dumping Area The site consists of a burn area with visible 

remnants. There is no process history associated 

with the site. 

Soil contamination exceeded 

RAGs at analogous River 

Corridor burn sites 

Metals, PAHs, 

and PCBs 

CERCLA =  Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

COPC = contaminant of potential concern 

ICP = inductively coupled plasma 

PAH = polycyclic aromatic hydrocarbon 

PCB = polychlorinated biphenyl  

RAG = remedial action goal 

SWP = Surface Water Protection 

UST = underground storage tank 

WIDS = Waste Information Data System 

  

8.1.1.2 Groundwater 

Cr(VI), strontium-90, TCE, and nitrate were identified as COCs, as presented in Chapters 6 and 7. 

The COCs are not substantially above the relevant standards. While nitrate exceeds the DWS of 45 mg/L, 

the range of concentrations is similar to the MTCA (WAC 173-340) risk threshold of 113.6 mg/L. 

The EPC for TCE is approximately two times the DWS of 5 µg/L in small, localized plumes. The EPC for 

strontium-90 is less than the DWS of 8 pCi/L, although there are localized exceedances in some wells. 

Cr(VI) concentrations are generally below the “Groundwater Cleanup Standards” (WAC 173-340-720) 

value of 48 µg/L in the relatively small plume near the river. While the plume exceeds the 10 µg/L state 

surface water quality standard (WAC 173-201A) in groundwater, aquifer tubes and pore water sampling 

indicate infrequent exceedances of this level near the surface water interface. The 10 µg/L state surface 

water quality standard for Cr(VI) is considered at the groundwater/surface water interface, and the 

48 µg/L “Groundwater Cleanup Standards” (WAC 173-340-720) for Cr(VI) is applicable at inland areas 

of the aquifer. 

While the mass of nitrate entering the river is relatively large, at about 40 kg/day, it represents about 

1.1 percent of the 3,500 kg/day that enters the Columbia River from upstream irrigation return flows 

(Irrigation Return Flow Quality South Columbia Basin Irrigation District May-August 1980 

[WA-36-1010]). A recent USGS study (National Ambient Water-Quality Assessment Program) of 

groundwater quality in the central Columbia Plateau identified the presence of nitrate at concentrations 
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above the federal DWS in 19 percent of the wells surveyed. Nitrogen fertilizers applied to crop fields are 

the primary source of the elevated nitrate concentrations observed at the surveyed wells. 

Groundwater contamination beneath the 100-IU-2/IU-6 Source OUs is generally attributed to 

contaminants that originate from the 200 East Area that have dispersed from the 200-BP-5 

Groundwater OU or 200-PO-1 Groundwater OU, respectively. It has also been influenced by 

groundwater contaminants that originate from the 200 West Area that have dispersed from the 200-ZP-1 

Groundwater OU. Additionally, the “eastern” portion of the 100-IU-2/IU-6 groundwater area contains 

groundwater contaminants that originate from the 100-FR-3 Groundwater OU. Groundwater 

contaminants within the 100-IU-2/IU-6 groundwater area are addressed by other OUs, including the 

200 Area and 100-FR-3 Groundwater OUs. 

8.1.2 ARARs 

Substantive standards of promulgated regulations pertaining to CERCLA response actions are identified 

through the ARAR identification process, which is based on “Cleanup Standards, “ “Degree of Cleanup” 

(CERCLA [Section 121(d)]) and CERCLA RI/FS Guidance (EPA/540/G-89/004); CERCLA Compliance 

with Other Laws Manual: Interim Final [EPA/540/G-89/006]; and CERCLA Compliance with Other 

Laws Manual: Part II [EPA/540/G-89/009]). Section 121(d) requires, with exceptions, that any promulgated 

substantive ARAR standard, requirement, criterion, or limitation under any federal environmental law, or 

any more stringent state requirement pursuant to a state environmental statute, or facility siting law be 

met (or a waiver justified) for any hazardous substance, pollutant, or contaminant that will remain onsite 

after completion of remedial action. Additionally, the NCP (“Remedial Design/Remedial Action, 

Operation and Maintenance” [40 CFR 300.435(b)(2)]) requires that ARARs be attained (unless waived) 

during the remedial action. Identifying ARARs is part of the 100-F/IU FS process. 

Vadose zone soils (including waste sites) and groundwater in 100-F/IU will be remediated under 

a CERCLA decision document. Any remedial action(s) implemented will be required to comply with 

ARARs. In many cases, the ARARs form the basis for the PRGs to which contaminants must be 

remediated to protect HHE. ARARs also define or restrict how specific requirements of a remedial 

alternative can be implemented based on the nature of the activity or the location of the site. 

8.1.2.1 ARARs Evaluation Process 

The ARARs evaluation prepared for this RI/FS was conducted in accordance with the NCP (“Remedial 

Investigation/Feasibility Study and Selection of Remedy” [40 CFR 300.430(f)(1)(ii)(B)(2)]).  

A distinction and clarification related to ARARs involves onsite and offsite actions. Onsite actions are 

defined to be “the areal extent of contamination and all suitable areas in very close proximity to the 

contamination necessary for implementation of the response action” (NCP [400 CFR 300]). Onsite 

actions must comply with ARARs but need only comply with the substantive parts of those requirements. 

Offsite actions must comply with both the substantive and administrative requirements.  

The identification of ARARs is a two-step process. First, it must be determined whether the law or 

regulation is applicable. If not applicable, it must be determined if the law or regulation is both relevant 

and appropriate. The terms “applicable” and “relevant and appropriate” are defined in the NCP 

(“Definitions” [40 CFR 300.5]) as follows: 

 “Applicable requirements” are substantive standards that specifically address the situation at 

a CERCLA site and would legally apply to remedial actions in the absence of CERCLA authority. 

All jurisdictional prerequisites of the requirement must be met in order for the requirement to be 
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applicable, including specific application to federal agencies (e.g., through a waiver of federal 

sovereign immunity).  

 “Relevant and appropriate” are environmental requirements such as cleanup standards that address 

problems or situations sufficiently similar to those encountered at the CERCLA site that their use is 

well suited to the particular site (NCP “General” [40 CFR 300.400(g)(2)]). A requirement that is 

relevant and appropriate may not meet one or more jurisdictional prerequisites for applicability but 

still makes sense at the site, given the circumstances of the site and the release.  

In evaluating the relevance and appropriateness of a requirement, the eight comparison factors in the NCP 

(“General” [40 CFR 300.400(g)(2)]) are considered:  

1. The purpose of the requirement and the purpose of the CERCLA action. 

2. The medium regulated or affected by the requirement, and the medium contaminated or affected at 

the CERCLA site. 

3. The substances regulated by the requirement, and the substances found at the CERCLA site. 

4. The actions or activities regulated by the requirement, and the remedial action contemplated at the 

CERCLA site. 

5. Any variances, waivers, or exemptions of the requirement, and their availability for the circumstances 

at the CERCLA site. 

6. The type of place regulated, and the type of place affected by the release or CERCLA action. 

7. The type and size of structure or facility regulated, and the type and size of structure or facility 

affected by the release or contemplated by the CERCLA action. 

8. Any consideration of use or potential use of affected resources in the requirement, and the use or 

potential use of the affected resource at the CERCLA site. 

To be considered (TBC) information represents another category of nonpromulgated advisories or 

guidance issued by federal or state governments that is not legally binding and does not have the status 

of ARARs. In some circumstances, TBC information will be evaluated, along with ARARs, in 

determining the remedial action necessary to protect HHE. TBC information complements ARARs in 

determining protectiveness at a CERCLA site or in assessing implementation of certain actions. 

For example, because cleanup standards do not exist for all contaminants, health advisories, which would 

be TBC information, may be helpful in defining cleanup levels.  

“General Provisions” (Section 161 of the AEA, as amended) provides DOE the authority to establish 

DOE orders containing instructions and operational requirements considered important to protect HHE 

from nuclear material, source material, and byproduct materials. While the requirements of DOE orders 

must be met, they are not ARARs and are independent of the TBC and ARARs identification process at 

the Hanford Site. 

Potential ARARs for the 100-F/IU were reviewed to determine if they fall into one of three categories: 

chemical-specific, location-specific, or action-specific requirements. These categories are defined 

as follows: 

 Chemical-specific requirements are usually health- or risk-based numerical values or methodologies 

that, when applied to site-specific conditions, result in the establishment of public and worker safety 

levels and site cleanup levels. 



DOE/RL-2010-98, REV. 0 

8-9 

 Location-specific requirements are restrictions placed on the concentration of dangerous substances 

or the conduct of activities solely because they occur in special geographic areas. 

 Action-specific requirements are usually technology- or activity-based requirements or limitations 

triggered by remedial actions performed at the site.  

8.1.2.2 Waivers from ARARs 

The CERCLA lead agency delegated authority under Section 121 may waive ARARs, with EPA’s 

concurrence, and select a remedial action that does not attain the same level of cleanup as that identified 

by the ARARs. In Superfund Implementation (Executive Order 12580), the President delegated CERCLA 

Section 121, “Cleanup Standards” authority to DOE for cleanup of DOE facilities. Section 121 of the 

Superfund Amendments and Reauthorization Act of 1986 identifies the following circumstances in which 

DOE may waive ARARs for onsite remedial actions: 

 The remedial action selected is only a part of a total remedial action (e.g., an interim action), and the 

final remedy will attain the ARAR upon its completion. 

 Compliance with the ARAR will result in a greater risk to HHE than alternative options. 

 Compliance with the ARAR is technically impracticable from an engineering perspective. 

 An alternative remedial action will attain an equivalent standard of performance using another 

method or approach. 

 The ARAR is a state requirement that the state has not consistently applied (or demonstrated the 

intent to apply consistently) in similar circumstances. 

ARAR waivers can be established in the ROD or through a ROD modification. During the RI/FS process, 

needed ARARs waivers are identified during the development of the RI/FS report, summarized in the 

proposed plan, and then documented in the ROD. If site conditions and available data indicate that 

attainment of ARARs is technically impracticable from an engineering perspective, then an evaluation 

may be conducted to assess whether a technical impracticability (TI) waiver from one or more chemical-

specific ARARs is warranted. TI waivers only apply to groundwater COCs for which restoration to 

ARARs is determined to be technically impracticable. 

8.1.2.3 Potential ARARs Identified 

Table 8-2 presents potential federal and Washington State ARARs. When the final remedy selection is 

documented in the ROD, all federal and state ARARs with which the final remedy must comply are also 

finalized. Key potential ARARs are identified in the following discussion.  

Potential Chemical-Specific ARARs. The chemical-specific ARARs and TBCs that may affect 100-F/IU 

remedial actions includes the elements of the Washington Administrative Code regulations that implement 

MTCA (WAC 173-340). Within this branch of the Washington Administrative Code, there are detailed 

regulations with developing standards for remedial actions involving soil cleanup standards 

(“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) and groundwater cleanup 

standards (“Groundwater Cleanup Standards” [WAC 173-340-720]). 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

Groundwater 

Safe Drinking Water Act of 1974 (Public Law 93-523, as amended; 42 USC 300f, et seq.); “National Primary Drinking Water Regulations” (40 CFR 141) 

“Maximum Contaminant Levels for 

Organic Contaminants” (40 CFR 141.61) 

“Maximum Contaminant Level Goals for 

Organic Contaminants” 

(40 CFR 141.50) 

Chemical Establishes MCLs and non-zero MCLGs as 

criteria for groundwater and surface water that are 

or may be used for drinking water. The standards/ 

goals are designed to protect human health from 

adverse effects of organic contaminants in the 

drinking water. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation. Although groundwater 

is not currently used for drinking 

water, it is a potential drinking 

water source and discharges into 

the Columbia River, which is used 

for drinking water.  

ARAR Groundwater remediation and 

management activities (e.g., groundwater 

treatment, discharge of treated 

groundwater, in situ remediation of 

groundwater, and MNA). 

“Maximum Contaminant Levels for 

Inorganic Contaminants” 

(40 CFR 141.62) 

“Maximum Contaminant Level Goals for 

Inorganic Contaminants” 

(40 CFR 141.51) 

Chemical Establishes MCLs and nonzero MCLGs as criteria 

for groundwater and surface water that are or may 

be used for drinking water. The standards/goals 

are designed to protect human health from adverse 

effects of inorganic contaminants in the 

drinking water. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation. Although groundwater 

is not currently used for drinking 

water, it is a potential drinking 

water source and discharges into 

the Columbia River, which is used 

for drinking water. 

ARAR Groundwater remediation and 

management (e.g., discharge of treated 

groundwater, in situ remediation of 

groundwater, and MNA). 

“Maximum Contaminant Levels for 

Radionuclides” 

(40 CFR 141.66) 

Chemical Establishes MCLs as criteria for groundwater and 

surface water that are or may be used for drinking 

water. The standards are designed to protect 

human health from the adverse effects of 

radionuclides in the drinking water. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation. Although groundwater 

is not currently used for drinking 

water, it is a potential drinking 

water source and discharges into 

the Columbia River, which is used 

for drinking water. 

ARAR Groundwater remediation and 

management (e.g., discharge of treated 

groundwater, in situ remediation of 

groundwater, and MNA). 

“Water Pollution Control” (RCW 90.48, as amended); “Underground Injection Control Program” (WAC 173-218) 

“UIC Well Classification Including 

Allowed and Prohibited Wells” 

(WAC 173-218-040) 

Action Establishes criteria and standards for an 

underground injection control program. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation; treated groundwater 

may be discharged through 

underground injection wells. 

ARAR Groundwater remedial activities involve 

underground injection. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“Hazardous Waste Cleanup—Model Toxics Control Act” (RCW 70.105D, as amended); “Model Toxics Control Act—Cleanup” (WAC 173-340) 

“Groundwater Cleanup Standards” 

(WAC 173-340-720) 

“Potable Groundwater Defined” 

(WAC 173-340-720(2)) 

“Method B Cleanup Levels for Potable 

Ground Water”  

(WAC 173-340-720(4)(b)(i-iii)(A)&(B)) 

“Adjustments to Cleanup Levels” 

(WAC 173-340-720(7)) 

“Points of Compliance” 

(WAC 173-340-720(8)) 

“Compliance Monitoring” 

(WAC 173-340-720(9)(b-f)) 

Chemical Groundwater cleanup levels are based on estimates of 

the highest beneficial use and the reasonable 

maximum exposure expected to occur under both 

current and potential future site use conditions. 

Method B equations (720-1 and 720-2) are used to 

calculate groundwater cleanup levels for 

noncarcinogens and carcinogens, respectively, only if 

“sufficiently protective, health-based criteria or 

standards have not been established under applicable 

state and federal laws. Groundwater cleanup levels 

are established at concentrations that do not directly 

or indirectly cause violations of surface water, 

sediment, soil, or air cleanup standards. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation. It is not currently used 

for drinking water but is a potential 

drinking water source (it discharges 

into the Columbia River, which is 

used for drinking water). 

ARAR Groundwater remediation and 

management (e.g., discharge of treated 

groundwater, in situ remediation of 

groundwater, MNA). 

“Water Well Construction” (RCW 18.104, as amended); “Minimum Standards for Construction and Maintenance of Wells” (WAC 173-160) 

“How Shall Each Water Well Be Planned 

and Constructed?” 

(WAC 173-160-161) 

Action Identifies well planning and construction 

requirements. 

Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU.  

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 

“What Are the Requirements for the 

Location of the Well Site and Access to 

the Well?” 

(WAC 173-160-171) 

Action Identifies the requirements for locating a well. Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU.  

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 

“What Are the Requirements for 

Preserving the Natural Barriers to Ground 

Water Movement Between Aquifers?” 

(WAC 173-160-181) 

Action Identifies the requirements for preserving natural 

barriers to groundwater movement 

between aquifers. 

Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU.  

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 

“What Are the Minimum Standards for 

Resource Protection Wells and 

Geotechnical Soil Borings?” 

(WAC 173-160-400) 

Action Identifies the minimum standards for resource 

protection wells and geotechnical soil borings. 

Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU.  

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 

“What Are the General Construction 

Requirements for Resource Protection 

Wells?” 

(WAC 173-160-420) 

Action Identifies the general construction requirements 

for resource protection wells. 

Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU. 

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 

“What Are the Minimum Casing 

Standards?” 

(WAC 173-160-430) 

Action Identifies the minimum casing standards. Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU. 

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“What Are the Equipment Cleaning 

Standards?” 

(WAC 173-160-440) 

Action Identifies the equipment cleaning standards. Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU. 

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 

“What Are the Well Sealing 

Requirements?” 

(WAC 173-160-450) 

Action Identifies the well sealing requirements. Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU. 

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 

“What Is the Decommissioning Process for 

Resource Protection Wells?” 

(WAC 173-160-460) 

Action Identifies the decommissioning process for 

resource protection wells. 

Groundwater monitoring and 

treatment wells and borings occur 

in 100-F/IU. 

ARAR Investigative and remediation activities 

that require siting, installation, 

construction, operation, maintenance, and 

decommissioning of wells and borings. 

Radionuclide ARAR Dose Compliance Concentrations for Superfund Sites 

“Establishment of Cleanup Levels for 

CERCLA Sites with Radioactive 

Contamination” 

(Luftig and Weinstock, 1997) 

“Distribution of OSWER Radiation Risk 

Assessment Q&A’s Final Guidance” 

(Luftig and Page, 1999) 

Chemical This memorandum presents clarification for 

establishing protective cleanup levels in media for 

radioactive contamination at CERCLA sites. EPA 

has determined that the dose limits established by 

the NRC in “Radiological Criteria for License 

Termination” (62 FR 39058) (25 mrem/yr, which 

is equivalent to 5 × 10-4 increase lifetime risk), 

will not provide a protective basis for establishing 

PRGs under CERCLA. A dose of 15 mrem/yr 

effective dose (approximately equivalent to 3 × 

10-4 increase in lifetime risk) is preferred as the 

maximum dose limit for humans. 

In the final guidance, EPA further clarifies that 

15 mrem/yr is not a presumptive cleanup level 

under CERCLA. Rather, site decision makers 

should continue to use the CERCLA risk range 

when ARARs are not used to set cleanup levels. 

This is for several reasons, as using dose based 

guidance would result in unnecessary inconsistency 

regarding how radiological and nonradiological 

(chemical) contaminants are addressed at 

CERCLA sites.  

Groundwater in 100-F/IU contains 

radioactive contaminants that, if not 

remediated, could pose 

unacceptable risk to human health.  

TBC Development of groundwater 

cleanup levels of radioactive 

contamination. 

Use of Monitored Natural Attenuation at 

Superfund, RCRA Corrective Action, and 

Underground Storage Tank Sites 

(OSWER Directive 9200.4-17P) 

Action Provides the framework and appropriateness for 

using MNA as a remedy component for organic 

and inorganic contaminants. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation. The use of MNA as 

a remedy may be appropriate.  

TBC Groundwater remediation activities, 

including MNA for strontium-90, nitrate, 

TCE, and Cr(VI). 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

Surface Water 

Clean Water Act of 1972 (Public Law 107-303, as amended; 33 USC 1251, et seq.), Section 303c; “Water Quality Standards” (40 CFR 131) 

“Toxics Criteria for Those States Not 

Complying with Clean Water Act 

Section 303(c)(2)(B)”  

(40 CFR 131.36(b)(1)) 

Chemical Establishes numeric water quality criteria for the 

protection of human health and aquatic organisms. 

Toxic criteria for the protection of aquatic life is 

provided in the water quality criteria regulations 

“Toxics Criteria for Those States Not Complying 

with Clean Water Act Section 303(c)(2)(B)” 

(40 CFR 131.36(b)(1)), “EPA’s Section 304(a), 

Criteria for Priority Toxic Pollutants,” supersede 

criteria adopted by the state, except where the state 

criteria are more stringent than the federal criteria. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation and discharges into the 

Columbia River. 

ARAR Groundwater remediation activities that 

affect surface water (e.g., discharge of 

treated groundwater, in situ remediation 

of groundwater, and MNA). 

“Hazardous Waste Cleanup—Model Toxics Control Act” (RCW 70.105D, as amended); “Model Toxics Control Act—Cleanup” (WAC 173-340) 

“Surface Water Cleanup Standards” 

(WAC 173-340-730) 

Chemical Surface water cleanup levels are based on 

estimates of the highest beneficial use and the 

reasonable maximum exposure expected to occur 

under both current and potential future site use 

conditions. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation and discharges into the 

Columbia River. The Columbia 

River is a current and future source 

of drinking water. 

ARAR Groundwater, remediation activities that 

affect surface water (e.g., discharge of 

treated groundwater, in-situ remediation 

of groundwater, and MNA). 

“Water Pollution Control” (RCW 90.48, as amended); “Water Quality Standards for Surface Waters of the State of Washington” (WAC 173-201A) 

“Toxic Substances” 

(WAC 173-201A-240(3)) 

Chemical Establishes chemical water quality standards for 

surface waters of the State of Washington 

consistent with public health and public enjoyment 

of the waters and the propagation and protection of 

fish, shellfish, and wildlife. 

Groundwater in 100-F/IU contains 

contaminants that require 

remediation and discharges into the 

Columbia River. The Columbia 

River is a current and future source 

of drinking water. The use 

designations for the Columbia 

River include aquatic life use 

(spawning and rearing), primary 

contact recreation, water supply 

(drinking, irrigation, and 

agriculture), and miscellaneous uses 

(wildlife habitat, harvesting, 

commerce, boating, and aesthetics). 

ARAR Groundwater, remediation activities that 

affect surface water (e.g., discharge of 

treated groundwater, in situ remediation 

of groundwater, and MNA) for Cr(VI). 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

Soil and Vadose Zone 

“Hazardous Waste Cleanup—Model Toxics Control Act” (RCW 70.105D, as amended); “Model Toxics Control Act—Cleanup” (WAC 173-340) 

“Unrestricted Land Use Soil Cleanup 

Standards” 

(WAC 173-340-740(3))  

Unrestricted Land Use Soil Cleanup 

Standards, Adjustments to Cleanup 

Levels” 

(WAC 173-340-740(5)) 

Unrestricted Land Use Soil Cleanup 

Standards, Point of Compliance” 

(WAC 173-340-740(6)) 

Unrestricted Land Use Soil Cleanup 

Standards” 

(WAC 173-340-740(3)) 

Chemical Establishes soil cleanup levels where residential 

land use represents the reasonable maximum 

exposure under both current and future site use 

conditions. Cleanup standards require 

specification of the following:  

 Hazardous substance concentrations that 

protect HHE (cleanup levels) 

 Location of the site where cleanup levels must 

be attained (“points of compliance”) 

 Other regulatory requirements that apply to 

the cleanup action because of the type of 

action or location of the site  

These requirements are generally established in 

conjunction with the selection of a specific 

cleanup action. 

Soil in 100-F/IU contains 

contaminants that require 

remediation. The requirements 

corresponding to Method B soil 

cleanup levels may be used to 

calculate cleanup levels based on an 

unrestricted land use, which is more 

conservative than the 

conservation/mining land use 

assigned to this area. 

ARAR Soil cleanup actions where concentration 

of hazardous substances in the soil 

exceeds Method B cleanup levels using  

“Unrestricted Land Use Soil Cleanup 

Standards” (WAC 173-340-740(3)(b) 

and (c)).  

“Deriving Soil Concentrations for 

Groundwater Protection” 

(WAC 173-340-747(3) through (8)) 

Chemical Establishes soil concentrations that will not cause 

contamination of groundwater at levels that exceed 

the groundwater cleanup levels established under 

“Groundwater Cleanup Standards” 

(WAC 173-340-720). Provides an overview of the 

methods for deriving these soil concentrations to 

meet relevant criteria. Certain methods are tailored 

for particular types of hazardous substances or 

sites and certain methods are more complex than 

others and/or require the use of site-specific data.  

Soil in 100-F/IU contains 

contaminants that require 

remediation. The requirements 

corresponding to soil cleanup levels 

may be used to calculate cleanup 

levels to ensure protection of 

groundwater. Although 

groundwater is not currently used 

for drinking water, it is a potential 

drinking water source and 

discharges into the Columbia River 

(which is used for drinking water). 

ARAR Soil cleanup actions where concentration 

of hazardous substances in the soil 

exceeds soil concentration for protection 

of groundwater. As allowed,  

“Deriving Soil Concentrations for 

Groundwater Protection” 

(WAC 173-340-747(8)), Alternative fate 

and transport models, one of the seven 

allowable methods under “Deriving Soil 

Concentrations for Groundwater 

Protection” (WAC 173-340-747) will be 

used to determine appropriate 

cleanup levels. 

Guidance for Developing Ecological Soil 

Screening Levels  

(OSWER Directive 9285.7-55) 

Chemical Provides a set of risk-based soil screening levels 

(EcoSSLs) for several soil contaminants that are of 

ecological concern for terrestrial plants and 

animals at hazardous waste sites. Also describes 

the process used to derive these levels and 

provides guidance for their use. 

Soil in 100-F/IU contains 

contaminants that require 

remediation. Comparison to SSLs 

may be appropriate for defining 

potential COPCs or to default to an 

EcoSSL for COPCs that lack 

corresponding published state 

cleanup criteria.  

TBC Soil cleanup actions to protect ecological 

receptors. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“Terrestrial Ecological Evaluation 

Procedures” 

(WAC 173-340-7490) 

“Site-Specific Terrestrial Ecological 

Evaluation Procedures” 

(WAC 173-340-7493) 

“Priority Contaminants of Ecological 

Concern” 

(WAC 173-340-7494) 

Chemical Defines goals and procedures for determining 

whether a release of hazardous substances to soil 

may pose a threat to the terrestrial environment. 

Characterizes existing or potential threats to 

terrestrial plants or animals exposed to hazardous 

substances in soil; establishes site-specific cleanup 

standards for the protection of terrestrial plants 

and animals. 

“Priority Contaminants of Ecological Concern” 

(WAC 173-340-7494) provides for numeric 

concentrations of hazardous substances 

determined to persist, bioaccumulate, or be highly 

toxic to terrestrial ecological receptors.  

Soil in 100-F/IU contains 

contaminants that require 

evaluation to determine if 

ecological exposures have the 

potential to cause significant 

adverse effects. 

TBC Soil remediation activities including 

containment, RTD, and MNA. After 

using the generic screening levels 

available in Table 749-3, site-specific 

terrestrial ecological cleanup levels have 

been developed using “Site-Specific 

Terrestrial Ecological Evaluation 

Procedures” (WAC 173-340-7493). 

Use of Monitored Natural Attenuation at 

Superfund, RCRA Corrective Action, and 

Underground Storage Tank Sites 

(OSWER Directive 9200.4-17P) 

Action Provides the framework and appropriateness for 

using MNA as a remedy component for organic 

and inorganic contaminants. 

Soil in 100-F/IU contains 

contaminants that require 

remediation. The use of MNA as 

a remedy may be appropriate.  

TBC Soil remediation activities, 

including MNA. 

Air 

“Washington Clean Air Act” (Chapter 70.94 RCW, as amended); “General Regulations for Air Pollution Sources” (WAC 173-400) 

“General Regulations for Air Pollution 

Sources” 

(WAC 173-400) 

Action Defines methods of control to be employed to 

minimize the release of air contaminants 

associated with fugitive emissions resulting from 

materials handling, construction, demolition, or 

other operations. Emissions are to be minimized 

through application of best available 

control technology. 

Soil and/or groundwater remedial 

actions implemented in 100-F/IU 

have the potential to emit emissions 

subject to these standards because 

soil and groundwater hazardous 

contaminants detected in 100-F/IU 

include covered hazardous 

air pollutants. 

ARAR Actions performed at 100-F/IU that result 

in the emission of hazardous 

air pollutants, including decontamination, 

demolition, and excavation activities 

implemented during a remedial action 

that have the potential to emit visible, 

particulate, fugitive, and hazardous air 

emissions and odors. 

“General Standards for Maximum 

Emissions” 

(WAC 173-400-040) 

Action All sources and emission units are required to 

meet the general emission standards unless a 

specific source standard is available. General 

standards apply to visible emissions, particulate 

fallout, fugitive emissions, odors, emissions 

detrimental to health and property, sulfur dioxide, 

and fugitive dust. 

Soil and/or groundwater remedial 

actions implemented in 100-F/IU 

have the potential to emit emissions 

subject to these standards because 

hazardous contaminants detected in 

100-F/IU include covered regulated 

hazardous air pollutants. 

ARAR Remedial actions that have the potential 

to release hazardous air emissions (i.e., 

fugitive emissions, odors, fugitive dust).  

“Emission Standards for Sources Emitting 

Hazardous Air Pollutants” 

(WAC 173-400-075) 

Action Establishes national emission standards for 

hazardous air pollutants. Adopts, by reference, 

“National Emission Standards for Hazardous 

Air Pollutants” (NESHAP [40 CFR 61]) 

and appendices. 

Soil and/or groundwater hazardous 

contaminants detected in 100-F/IU 

include covered regulated 

hazardous air pollutants. 

ARAR Actions performed at 100-F/IU that result 

in the emission of hazardous 

air pollutants, including decontamination, 

demolition, and excavation activities 

implemented during the remedial action 

that have the potential to emit visible, 

particulate, fugitive, and hazardous air 

emissions and odors. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“Washington Clean Air Act” (Chapter 70.94 RCW, as amended); “Controls for New Sources of Toxic Air Pollutants” (WAC 173-460) 

“Purpose” 

(WAC 173-460-010) 

“Applicability” 

(WAC 173-460-030) 

“Control Technology Requirements” 

(WAC 173-460-060) 

“Ambient Impact Requirement” 

(WAC 173-460-070) 

“First Tier Review” 

(WAC 173-460-080) 

“Table of ASIL, SQER and de Minimis 

Emission Values” 

(WAC 173-460-150) 

Action Establishes control of new sources emitting toxic 

air pollutants to prevent air pollution, reduce 

emissions to the extent reasonably possible, and 

maintain such levels of air quality as will protect 

human health and safety. Toxic air pollutants 

include carcinogens and noncarcinogens listed in 

“Table of ASIL, SQER and de Minimis Emission 

Values” (WAC 173-460-150). Three major 

requirements of this regulation are implementation 

of best available control technology for toxics, 

quantification of toxic air pollutant emissions, and 

demonstration of health and safety protection.  

Hazardous contaminants detected in 

soil and/or groundwater in 

100-F/IU include constituents that 

would constitute toxic air pollutants 

if released to the air. 

ARAR Groundwater and soil remediation 

activities, such as 100-F/IU treatment 

systems with the potential to emit 

hazardous air emissions and that would 

be considered a new source. 

“Washington Clean Air Act” (Chapter 70.94 RCW, as amended); “Ambient Air Quality Standards and Emission Limits for Radionuclides” (WAC 173-480) 

“Ambient Standard” 

(WAC 173-480-040) 

Action Defines the maximum allowable level of 

radionuclides in the ambient air, which shall not 

exceed amounts that result in an effective dose 

equivalent of more than 10 mrem/yr to the whole 

body  to any member of the public. 

Hazardous contaminants detected in 

soil and groundwater at 100-F/IU 

include radionuclides that could be 

emitted to ambient air during 

remedial actions. 

ARAR Investigative and remediation activities 

(e.g., excavation, RTD, demolition, 

ventilation, vacuuming/exhaust) that have 

the potential to emit radionuclides above 

maximum acceptable levels. 

“General Standards for Maximum 

Permissible Emissions” 

(WAC 173-480-050) 

Action At a minimum, all emission units shall make every 

reasonable effort to maintain radioactive materials 

in effluents to unrestricted areas; control 

equipment at sites operating under ALARA shall 

be defined as reasonably available control 

technology and as low as reasonably achievable 

control technology. 

The potential for fugitive and 

diffuse emissions because of 

demolition and excavation and 

related activities will require efforts 

to minimize those emissions. 

ARAR Investigative and remediation activities 

(e.g., excavation, RTD, demolition, 

ventilation, vacuuming/exhaust) that have 

the potential to emit radionuclides above 

maximum acceptable levels. 

“Emission Monitoring and Compliance 

Procedures” 

(WAC 173-480-070) 

Action Requires that radionuclide emissions shall be 

determined by calculating the dose to members of 

the public using Department of Health approved 

sampling procedures at the point of maximum 

annual air concentration in an unrestricted area 

where any member of the public may be located. 

Hazardous contaminants detected in 

soil and groundwater in 100-F/IU 

include radionuclides that could be 

emitted to unrestricted areas during 

remedial actions. 

ARAR Investigative and remediation activities 

(e.g., excavation, RTD, demolition, 

ventilation, and vacuuming/exhaust) that 

have the potential to emit radionuclides to 

unrestricted areas above maximum 

acceptable levels. 

“Emission Standards for New and 

Modified Emission Units” 

(WAC 173-480-060) 

Action Requires that construction, installation, or 

establishment of new air emission control units 

use best available radionuclide control technology. 

Hazardous contaminants detected in 

soil and groundwater in 100-F/IU 

includes radionuclides that could be 

emitted from air emission control 

units during remedial actions. 

ARAR Investigative and remediation activities 

(e.g., excavation, RTD, demolition, 

ventilation, and vacuuming/exhaust) that 

require air pollution control equipment 

and have the potential to emit 

radionuclides. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“Nuclear Energy and Radiation” (RCW 70.98, as amended); “Radiation Protection—Air Emissions” (WAC 246-247) 

 “National Standards Adopted by 

Reference for Sources of Radionuclide 

Emissions” 

(WAC 246-247-035(1)(a)(i)) (adopts by 

reference, “Prohibited 

Activities”[40 CFR 61.05]) 

Action Identifies prohibition of any owner or operator of 

any stationary source subject to a national 

emission standard for hazardous air pollutants 

from constructing or operating the new or existing 

source in violation of any such standard.  

Substantive requirements of this 

standard are applicable because the 

remedial actions in 100-F/IU may be 

subject to NESHAP air pollutant 

standards, and resultant requirements 

have the potential to be detected in, 

and potentially emitted from, 

structures, components, debris, soil, or 

groundwater involved in the 

remedial action. 

ARAR Investigative and remedial activities. 

“National Standards Adopted by 

Reference for Sources of Radionuclide 

Emissions” 

(WAC 246-247-035(1)(a)(i)) (adopts by 

reference, “Compliance with Standards 

and Maintenance Requirements” 

[40 CFR 61.12])  

Action Requires the owner or operator of each stationary 

source of hazardous air pollutants subject to a 

national emission standard for a hazardous air 

pollutant to determine compliance with numerical 

emission limits in accordance with emission tests 

established in NESHAP “Emission Tests and 

Waiver of Emission Tests” (40 CFR 61.13) or as 

otherwise specified in an individual subpart. 

Compliance with design, equipment, work 

practice, or operational standards shall be 

determined as specified in the individual subpart. 

Also, maintain and operate the source, including 

associated equipment for air pollution control, in 

a manner consistent with good air pollution 

control practice for minimizing emissions.  

Hazardous contaminants that would 

be subject to the substantive 

NESHAP air pollutant standards 

and resultant substantive 

requirements have the potential to 

be detected in, and potentially 

emitted from, structures, 

components, debris, soil, or 

groundwater involved in the 

remedial actions in 100-F/IU. 

Associated design, equipment, 

work practice, or equipment for air 

pollution control may also be 

maintained and operated. 

ARAR Investigative and remedial actions 

involve stationary sources that provide a 

potential to emit regulated hazardous air 

pollutants (e.g., vapor extraction systems, 

decontamination stations, deactivation, 

demolition, or waste removal or storage 

activities). Associated design, equipment, 

work practice, or air emissions controls 

may be maintained and operated. 

“National Standards Adopted by 

Reference for Sources of Radionuclide 

Emissions” 

(WAC 246-247-035(1)(a)(i)) (adopts by 

reference, “Monitoring Requirements” 

[40 CFR 61.14]) 

Action Requires the owner or operator to maintain and 

operate each monitoring system as specified in the 

applicable subpart, and in a manner consistent 

with good air pollution control practice for 

minimizing emissions. Approvals of alternatives to 

any monitoring requirements or procedures are 

obtained from the regulatory agency.  

Hazardous contaminants that would 

be subject to the NESHAP 

substantive air pollutant standards 

and resultant requirements have the 

potential to be detected in, and 

emitted from, structures, 

components, debris, soil, or 

groundwater involved in the 

remedial actions in 100-F/IU. 

The hazardous contaminants will be 

monitored as identified under each 

applicable NESHAP subpart.  

ARAR Investigative and remedial soil, air, and 

groundwater monitoring systems, and 

decontamination and stabilization of 

contaminated structures, treatment of 

sludge, and operation of exhausters and 

vacuums that produce airborne emissions 

of hazardous pollutants to 

unrestricted areas.  
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“National Standards Adopted by 

Reference for Sources of Radionuclide 

Emissions”  

(WAC 246-247-035(1)(a)(ii)) (adopts by 

reference, “Standard” [40 CFR 61.92]) 

Chemical Establishes emission standards for radionuclides 

equivalent to NESHAP “National Emission 

Standards for Emissions of Radionuclides Other 

Than Radon from Department of Energy 

Facilities” (40 CFR 61, Subpart H), by reference. 

Hanford Site radionuclide airborne emissions shall 

be controlled so as not to exceed amounts that 

would cause an exposure to any member of the 

public of greater than 10 mrem/yr effective 

dose equivalent. 

Hazardous radionuclide 

contaminants that would be subject 

to NESHAP radionuclide air 

pollutant standards and resultant 

requirements have the potential to 

be detected in, and emitted from, 

structures, components, debris, soil 

or groundwater involved in the 

remedial actions in 100-F/IU. 

ARAR Investigative and remedial soil, air, 

groundwater monitoring systems and 

decontamination and stabilization of 

contaminated structures, treatment of 

sludge, and operation of exhausters and 

vacuums, that produce airborne emissions 

of hazardous radionuclide pollutants to 

unrestricted areas. 

“National Standards Adopted by 

Reference for Sources of Radionuclide 

Emissions”  

(WAC 246-247-035(1)(a)(ii)) (adopts by 

reference, “Emission Monitoring and Test 

Procedures” [40 CFR 61.93]) 

Action Specifies that radionuclide emissions shall be 

determined and effective dose equivalent values to 

members of the public calculated to determine 

compliance with the 10 mrem/yr effective dose 

equivalent standard. Radionuclide emissions shall 

be collected and measured using approved 

methods. A quality assurance program shall be 

conducted that meets the performance 

requirements described in Appendix B, 

Method 114. Measurement by methods specified 

in the paragraph (b) shall be made at all release 

points that have the potential to discharge 

radionuclides to the air in quantities that cause an 

effective dose equivalent in excess of 1 percent of 

the 10 mrem/yr standard. For other release points 

that have a potential to release radionuclides into 

the air, periodic confirmatory measurements shall 

be made to verify the low emissions. 

Hazardous radionuclide 

contaminants that would be subject 

to NESHAP radionuclide air 

pollutant standards and resultant 

requirements have the potential to 

be detected in, and emitted from, 

structures, components, debris, soil, 

or groundwater involved in the 

remedial actions in 100-F/IU. 

The hazardous contaminants will be 

monitored as identified under each 

applicable NESHAP subpart. 

ARAR Investigative and remedial soil, air, and 

groundwater monitoring systems, and 

decontamination and stabilization of 

contaminated structures, treatment of 

sludge, and operation of exhausters and 

vacuums, that produce airborne emissions 

of hazardous radionuclide pollutants to 

unrestricted areas. 

“General Standards” 

(WAC 246-247-040(3)) 

“General Standards” 

(WAC 246-247-040(4)) 

Action Requires that emissions be controlled to ensure 

ALARA-based and best available control 

standards are not exceeded. 

Hazardous contaminants that would 

be subject to radionuclide air 

emission standards and resultant 

requirements have the potential to 

be detected in, and emitted from, 

structures, components, debris, soil, 

or groundwater involved in the 

remedial actions in 100-F/IU. 

ARAR Investigative and remedial soil, air, and 

groundwater monitoring systems, and 

decontamination and stabilization of 

contaminated structures, treatment of 

sludge, and operation of exhausters and 

vacuums, that produce airborne emissions 

of hazardous radionuclide pollutants to 

unrestricted areas. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“Monitoring, Testing and Quality 

Assurance” 

(WAC 246-247-075) 

Action Establishes the substantive monitoring, testing, 

and quality assurance requirements for radioactive 

air emissions. 

Emissions from nonpoint and fugitive sources of 

airborne radioactive material will be measured. 

Measurement techniques may include but are not 

limited to sampling, calculation, smears, or other 

reasonable method for identifying emissions as 

determined by the lead agency. 

Hazardous contaminants at 

100-F/IU waste sites that would be 

subject to radionuclide air emission 

standards and resultant 

requirements have the potential to 

be detected in, and emitted from, 

structures, components, debris, soil, 

or groundwater involved in the 

remedial actions.  

ARAR Investigative and remedial soil, air, and 

groundwater monitoring systems, and 

decontamination and stabilization of 

contaminated structures, treatment of 

sludge, and operation of exhausters and 

vacuums, that produce airborne emissions 

of hazardous radionuclide pollutants to 

unrestricted areas. 

Clean Air Act of 1990 and amendments; “National Emission Standard for Asbestos” (40 CFR 61, Subpart M), 

“Applicability” (40 CFR 61.140)  

“Standard for Demolition and Renovation” 

(40 CFR 61.145) 

Chemical Defines regulated ACM and regulated removal 

and handling requirements. 

Substantive sampling, inspection, handling, and 

disposal requirements for regulated sources 

having the potential to emit asbestos. Specifically, 

no visible emissions are allowed during handling, 

packaging, and transport of ACM. 

Encountering ACM on pipelines or 

buried asbestos within the 100-F/IU 

area is possible during the during 

remediation activities. Chemical 

specific ARAR for asbestos. 

ARAR Site investigation and remediation 

activities that include demolition and/or 

renovation and associated handling, 

packaging, and transportation of ACM, 

including IDW management and disposal. 

Standard for Waste Disposal for 

Manufacturing, Fabricating, Demolition, 

Renovation, and Spraying Operations  

(40 CFR 61.150)  

Chemical Identifies the substantive requirements for the 

removal and disposal of asbestos from demolition 

and renovation activities. 

Encountering ACM on pipelines or 

buried asbestos within the 100-F/IU 

area is possible during the during 

remediation activities. Chemical 

specific ARAR for asbestos 

demolition. 

ARAR Site investigation and remediation 

activities that include demolition and/or 

renovation and associated handling, 

packaging, and transportation of ACM 

including IDW management and disposal. 

Solid Wastes 

Toxic Substances Control Act of 1976 (Public Law 107-377, as amended; 15 USC Section 2605, et seq.); 

“Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, Distribution in Commerce, and Use Prohibitions” (40 CFR 761) 

“Applicability,” “PCB Waste” 

(40 CFR 761.50(b)1, 2, 3, 4 and 7) 

“Applicability,” “Storage for Disposal” 

(40 CFR 761.50(c)) 

Chemical Establishes substantive PCB disposal 

requirements for the storage and disposal of PCB 

wastes including liquid PCB wastes, PCB items, 

PCB remediation waste, PCB bulk product 

wastes, and PCB/radioactive wastes at 

concentrations greater than 50 ppm. 

PCB wastes encountered and or 

generated during the remediation of 

100-F/IU. Chemical specific ARAR 

for PCBs. 

ARAR Soil excavation and remediation, 

equipment and debris handling and 

disposal, and IDW management 

and disposal of PCBs. 

“Disposal Requirements,” “PCB Liquids” 

(40 CFR 761.60(a)) 

“Disposal Requirements,” “PCB Articles” 

(40 CFR 761.60(b)) 

“Disposal Requirements,” “PCB 

Containers”  

(40 CFR 761.60(c)) 

Chemical Establishes substantive requirements applicable to 

the handling and disposal of PCB liquids, PCB 

articles, and PCB containers. 

PCB liquids, articles, and/or 

containers encountered and/or 

generated during the remedial 

actions for 100-F/IU. Chemical 

specific ARAR for PCBs. 

ARAR Equipment and debris handling, storage, 

and disposal; IDW management and 

disposal of PCBs. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“PCB Remediation Waste” 

(40 CFR 761.61) 
Chemical Provides substantive cleanup and disposal options 

for PCB remediation waste based on the 

concentration at which the PCBs are found. 

PCB remediation wastes 

encountered and/or generated during 

the remedial actions for 100-F/IU. 

Chemical specific ARAR for PCBs. 

ARAR Soil remediation, RTD, and IDW 

management and disposal. 

Solid Wastes 

“Hazardous Waste Management” (RCW 70.105, as amended); “Dangerous Waste Regulations” (WAC 173-303) 

“Identifying Solid Waste” 

(WAC 173-303-016) 

“Recycling Processes Involving Solid 

Waste” 

(WAC 173-303-017) 

Action Establishes substantive criteria for solid and 

recycled solid wastes. 

Solid wastes and/or recycled solid 

wastes will be generated during 

100-F/IU remedial actions. 

ARAR Investigative and remediation activities 

for solid waste.  

“Designation of Dangerous Waste”  

(WAC 173-303-070) 

Action Establishes the substantive method for 

determining if a solid waste is a dangerous waste 

(or an extremely hazardous waste). 

Dangerous/hazardous waste will be 

generated during 100-F/IU 

remedial actions. 

ARAR Investigative and remediation (including 

waste treatment) activities that generate 

wastes (e.g., drums, barrels, tanks, 

containers, bulk wastes, debris, and 

contaminated soil). 

“Conditional Exclusion of Special Wastes” 

(WAC 173-303-073) 

Action Establishes the conditional exclusion and the 

management requirements of special wastes, as 

defined in “Definitions” (WAC 173-303-040). 

Special wastes have the potential to 

be generated during 100-F/IU 

remedial actions.  

ARAR Remediation activities (disposal, storage, 

recycling, and onsite treatment) that 

manage special wastes consistent with the 

requirements of the Washington 

Administrative Code.  

“Requirements for Universal Waste” 

(WAC 173-303-077) 

Action Identifies those wastes exempted from regulation 

under “Land Disposal Restrictions” 

(WAC 173-303-140) and “Requirements for 

Generators of Dangerous Waste” 

(WAC 173-303-170) through “Reserved” 

(WAC 173-303-9907) (excluding, “Special 

Powers and Authorities of the Department” 

[WAC 173-303-960]). These wastes are subject to 

regulation under “Standards for Universal Waste 

Management” (WAC 173-303-573).  

Universal wastes have the potential 

to be generated during the 100-F/IU 

remedial actions. 

ARAR Remediation activities (disposal, storage, 

recycling, and onsite treatment) that 

manage universal wastes consistent with 

the requirements of the Washington 

Administrative Code.  

“Recycled, Reclaimed, and Recovered 

Wastes” 

(WAC 173-303-120) 

“Recycled, Reclaimed, and Recovered 

Wastes” 

(WAC 173-303-120(3)) 

“Recycled, Reclaimed, and Recovered 

Wastes” 

(WAC 173-303-120(5)) 

Action Defines the requirements for the recycling of 

materials that are solid and dangerous waste. 

Specifically, “Recycled, Reclaimed, and 

Recovered Wastes” (WAC 173-303-120[3]) 

provides for the management of certain recyclable 

materials, including spent refrigerants, antifreeze, 

and lead acid batteries. “Recycled, Reclaimed, and 

Recovered Wastes” (WAC 173-303-120[5]) 

provides for the recycling of used oil. 

Recycled, reclaimed, and recovered 

wastes have the potential to be 

generated during 100-F/IU 

remedial actions. 

ARAR Remediation recycling activities 

consistent with the requirements of the 

Washington Administrative Code and not 

otherwise subject to CERCLA as 

hazardous substances. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“Land Disposal Restrictions” 

(WAC 173-303-140) 

Action Establishes treatment requirements and disposal 

prohibitions for land disposal of dangerous waste 

and incorporates by reference “Land Disposal 

Restrictions” (WAC 173-303-140[2][a]), and the 

federal land disposal restrictions of “Land 

Disposal Restrictions” (40 CFR 268) that are 

applicable to solid waste that is a dangerous or 

mixed waste in accordance with “Designation of 

Dangerous Waste” (WAC 173-303-070[3]).  

Onsite land disposal at ERDF may 

be a component of the selected 

remedy for 100-F/IU dangerous 

waste and debris. 

ARAR Investigative and remediation wastes 

destined for onsite land disposal. 

“Requirements for Generators of 

Dangerous Waste” 

(WAC 173-303-170) 

Action Establishes the requirements for dangerous waste 

generators. “Requirements for Generators of 

Dangerous Waste” (WAC 173-303-170[3]) includes 

the substantive provisions of “Accumulating 

Dangerous Waste On-Site” (WAC 173-303-200) by 

reference. “Accumulating Dangerous Waste On-Site” 

(WAC 173-303-200) further includes certain 

substantive standards from “Use and Management of 

Containers” (WAC 173-303-630) and “Tank 

Systems” (WAC 173-303-640) by reference. 

Specifically, the substantive standards for 

management of dangerous/ mixed waste are applicable 

to the management of dangerous waste that will be 

generated during the remedial action. 

Dangerous wastes will be 

generated from the remedial actions 

in 100-F/IU.  

ARAR IDW and remediation wastes 

(contaminated soil and groundwater, 

personnel protective gear, 

treatment chemicals). 

“Accumulating Dangerous Waste On-Site” 

(WAC 173-303-200) 

Action Establishes the requirements for accumulating 

wastes onsite. “Accumulating Dangerous Waste 

On-Site” (WAC 173-303-200) further includes 

certain substantive standards from “Use and 

Management of Containers (WAC 173-303-630) 

and “Tank Systems” (WAC 173-303-640) 

by reference. 

Dangerous waste will be 

generated from the remedial actions 

in 100-F/IU. 

ARAR Management of dangerous waste during 

remedial and investigative actions. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

“Requirements” 

(WAC 173-303-64620(4)) 

Action Establishes the standards for implementing 

corrective action for releases of dangerous waste 

and constituents under the HWMA. Requires 

corrective action to be “consistent with” specified 

sections of “Model Toxics Control Act—Cleanup” 

(WAC 173-340) and “Dangerous Waste 

Regulations,” “Requirements” 

(WAC 173-303-64620[4]). 

Corrective action applies to all 

releases of dangerous waste and 

dangerous constituents during 

Hanford operations as stated 

in “Requirements” 

(WAC 173-303-64620[1]). 

CERCLA may be the authority 

being used to clean up the release; 

the cleanup must be “consistent 

with” corrective action. 

The substantive portions of “Model 

Toxics Control Act—Cleanup” 

(WAC 173-340) establish minimum 

requirements for HWMA 

corrective action. 

ARAR Corrective action applies to 

environmental media at the Hanford site 

where dangerous waste and dangerous 

constituents have been placed, whether 

intentional or unintentional, during 

Hanford operations. 

“Solid Waste Management—Reduction and Recycling” (RCW 70.95, as amended); “Solid Waste Handling Standards” (WAC 173-350) 

“Owner Responsibilities for Solid Waste 

(WAC 173-350-025) 

“Performance Standards” 

(WAC 173-350-040) 

“On-Site Storage, Collection and 

Transportation Standards” 

(WAC 173-350-300) 

“Remedial Action” 

(WAC 173-350-900) 

Action Establishes minimum functional performance 

standards for the proper handling and disposal of 

solid waste. Details requirements for the proper 

handling of solid waste materials originating from 

residences, commercial, agricultural and industrial 

operations, and other sources, and identifies those 

functions necessary to ensure effective solid waste 

handling programs at both the state and local level. 

Solid, nondangerous waste will be 

generated during implementation of 

100-F/IU remedial actions. 

ARAR Investigative and remedial actions that 

generate solid, nondangerous waste.  

Historical and Archeological Resources 

National Historic Preservation Act of 1966 (Public Law 89-665, as amended, 16 USC 470, et seq.) 

“Protection of Historic Properties” 

(36 CFR 800) 

Location Legislation intended to preserve historical and 

archaeological sites in the United States of 

America. Requires federal agencies to consider the 

impacts of their undertaking on cultural properties 

through identification, evaluation, mitigation 

processes, and consultation with interested parties.  

Cultural and historic sites have 

been identified within 100-F/IU. 

ARAR Investigation and remediation activities 

that occur in areas near cultural or 

historic sites. 

Protection and Enhancement of the Cultural Environment (Executive Order 11593) 

“National Historic Landmarks Program” 

(36 CFR 65) 

“National Register of Historic Places” 

(36 CFR 60) 

Location Requires federal agencies to consider the impacts 

of their undertaking on cultural properties through 

identification, evaluation, mitigation processes, 

and consultation with interested parties. 

Cultural and historic sites have 

been identified within 100-F/IU. 

ARAR Investigation and remediation activities 

that occur in areas near cultural or 

historic sites. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

Native American Graves Protection and Repatriation Act of 1990 (Public Law 101-601, as amended, 25 USC 3001, et seq.); “Native American Graves Protection and Repatriation Regulations” 

(43 CFR 10) 

 “Native American Graves Protection and 

Repatriation Regulations” 

(43 CFR 10) 

Location Establishes federal agency responsibility for 

discovery of human remains, associated and 

unassociated funerary objects, sacred objects, and 

items of cultural patrimony. Requires Native 

American Tribal consultation in the event 

of discovery. 

Native American archaeological, 

cultural, and historic sites have 

been identified within 100-F/IU; 

Native American remains and 

associated objects have the 

potential to be present. 

ARAR Investigations and remedial activities that 

affect Native American archaeological, 

cultural areas and historic sites that 

contain associated remains and objects. 

Archeological and Historic Preservation Act of 1974 (Public Law 93-291, as amended; 16 USC 469a-1 through 469a-2(d)) 

“Applicant Requirements” 

16 USC 469a-1 through 469a-2(d) 

Location Requires that remedial actions do not cause the 

loss of any archaeological or historic data. This 

act mandates preservation of the data; it does not 

require protection of the actual waste site 

or facility. 

Archaeological and historic 

sites have been identified 

within 100-F/IU. 

ARAR Investigation and remediation activities 

that occur in areas near archeological or 

historic sites. 

Natural and Ecological Resources 

Floodplain Management (Executive Order 11988) 

“Compliance with Floodplain and Wetland 

Environmental Review Requirements” 

(10 CFR 1022) 

Location Take action to avoid adverse effects, minimize 

potential harm, and restore and preserve natural 

and beneficial values of the floodplain. 

Some of the waste sites within 

100-F/IU subject to remediation 

are located within the Columbia 

River floodplain. 

ARAR Remedial actions will occur in 

the floodplain. 

Endangered Species Act of 1973 (Public Law 93-205, as amended; 7 USC Section 136; 16 USC Ch. 1531, et seq.) 

“Interagency Cooperation—Endangered 

Species Act of 1973, as Amended” 

(50 CFR 402) 

Location Prohibits actions by federal agencies that are likely 

to jeopardize the continued existence of listed 

species or result in the destruction or adverse 

modification of habitat critical to them. Mitigation 

measures must be applied to actions that occur 

within critical habitats or surrounding buffer zones 

of listed species, in order to protect the resource. 

Federal endangered and/or 

threatened species including fish, 

plants, and animals are found 

within 100-F/IU. 

ARAR Remediation actions and investigation 

activities that occur within critical 

habitats or designated buffer zones of 

federal listed species. 

Migratory Bird Treaty Act of 1918 (16 USC 703-712; Ch. 128; July 13, 1918; 40 Stat. 755), as amended 

Migratory Bird Treaty Act of 1918 

(16 USC 703-712)  

Location Protects all migratory bird species and prevents 

“take” of protected migratory birds, their young, 

or their eggs.” 

Migratory birds occur in 100-F/IU. ARAR Remedial actions that require mitigation 

measures to deter nesting by migratory 

birds on, around, or within remedial 

action site and methods to identify and 

protect occupied bird nests. 

“Powers and Duties,” “Habitat Buffer Zone for Bald Eagles—Rules” (RCW 77.12.655); “Permanent Regulations,” “Bald Eagle Protection Rules” (WAC 232-12-292) 

“Permanent Regulations,” “Bald Eagle 

Protection Rules” 

(WAC 232-12-292) 

Location Protects eagle habitat to maintain eagle 

populations so the species is not classified as 

threatened, endangered, or sensitive in 

Washington State. 

Bald eagles nest, feed, and 

overwinter along the shores of the 

Columbia River in 100-F/IU. 

ARAR Investigative and remediation activities 

that affect bald eagle habitat. 
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Table 8-2. Potential Federal and Washington State ARARs and TBCs for 100-F/IU 

Regulatory Citation 

ARAR 

Category Description of Regulatory Requirement Rationale for Including 

Potential 

Relevancy Possible Application 

Fish and Wildlife Conservation Act of 1980 (Public Law 96-366, as amended; 16 USC 2901-2911) 

“Rules Implementing the Fish and Wildlife 

Conservation Act of 1980”  

(50 CFR 83) 

Location Preserve and promote conservation of non-game 

fish and wildlife and their habitats. 

Wildlife and their habitats have the 

potential to occur in 100-F/IU. 

ARAR Remedial action that affect 

non-game fish, and wildlife and/or 

their habitats. 

Land Use and Exposure Scenarios 

Final Hanford Comprehensive Land-Use 

Plan Environmental Impact Statement 

(DOE/EIS-0222-F) 

Location Establishes the future land-use projections for the 

Hanford Site, which includes 100-F/IU.  

Land use, as stated in the Hanford 

Comprehensive Land Use Plan, is 

conservation/mining for land 

outside either (1) the Hanford 

Reach National Monument, or 

(2) the River Corridor, which 

includes 100-F/IU.  

TBC   

Note: Complete reference citations are provided in Chapter 11. 

ACM = asbestos-containing material 

ALARA = as low as reasonably achievable 

ARAR = applicable or relevant and appropriate requirement 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

COPC = contaminant of potential concern 

EcoSSL = ecological soil screening level 

EPA = U.S. Environmental Protection Agency 

HHE = human health and the environment 

HWMA = Hazardous Waste Management Act 

IDW = investigation-derived waste 

MCL = maximum contaminant level 

MCLG = maximum contaminant level goal  

MNA = monitored natural attenuation 

NRC = U.S. Nuclear Regulatory Commission 

PCB = polychlorinated biphenyl 

RTD = removal, treatment, and disposal 

TBC = to be considered 
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These standards are in the form of risk-based concentrations that help establish soil and groundwater 

cleanup standards for nonradioactive contaminants. Following is a list of additional Washington State and 

federal regulations: 

 Substantive portions of MTCA (“Selection of Cleanup Actions” [WAC 173-340-360] and MTCA 

“Overview of Cleanup Standards” [WAC 173-340-700] through MTCA “Site-Specific Terrestrial 

Ecological Evaluation Procedures” [WAC 173-340-7493]).  

 Nonzero MCL goals and MCLs promulgated under the SDWA, “National Primary Drinking Water 

Regulations” (40 CFR 141) and/or by the State of Washington (“Group A Public Water Supplies” 

[WAC 246-290]) as they apply to primary MCL constituents. 

 AWQC and state water quality standards at the groundwater/surface water interface developed under 

the CWA (Section 304) and/or promulgated by the state of Washington (“Water Quality Standards for 

Groundwaters of the State of Washington” [WAC 173-200] and “Water Quality Standards for Surface 

Waters of the State of Washington” [WAC 173-201A]) 

 Toxic Substances Control Act of 1976 (TSCA) (implemented via “Polychlorinated Biphenyls [PCBs] 

Manufacturing, Processing, Distribution in Commerce, and Use Prohibitions” [40 CFR 761])  

 “National Primary and Secondary Ambient Air Quality Standards” (40 CFR 50) 

 “National Emission Standards for Hazardous Air Pollutants” (40 CFR 61) 

Potential Location-Specific ARARs. Potential location-specific ARARs that have been identified for the 

100-F/IU include those that protect cultural, historic, and Native American sites and artifacts under the Native 

American Graves Protection and Repatriation Act of 1990, Archeological and Historic Preservation Act 

of 1974, and National Historic Preservation Act of 1966 (NHPA) and those that protect listed endangered and 

threatened species or their critical habitat under the Endangered Species Act of 1973. The Migratory Bird 

Treaty Act of 1918 has been identified as a substantive standard for DOE compliance in executive orders and 

Memorandum of Understanding Between the United States Department of Energy and the United States 

Fish and Wildlife Service Regarding Implementation of Executive Order 13186, “Responsibilities of 

Federal Agencies to Protect Migratory Birds” (DOE and USFWS, 2006), and is pertinent for CERCLA 

response actions when there is potential for adverse effects on protected bird species.  

Potential Action-Specific ARARs. Action-specific ARARs that could be pertinent to possible remediation 

activities at 100-F/IU relate to waste management activities; solid and dangerous waste regulations 

(for management of characterization and remediation wastes, and performance standards for waste left 

in place); and radioactive waste management under AEA regulations. The other major category of 

action-specific ARARs concerns standards for controlling emissions to the environment.  

8.1.2.4 Waste Management Standards 

Remedial action alternatives proposed in Chapter 9 have the potential to produce a variety of waste 

that contains both radioactive and chemical constituents. It is anticipated that most radioactive waste 

will be a low-level waste. However, quantities of PCB- contaminated waste, and asbestos and 

asbestos-containing material could be included in the remediation waste. The majority of the waste will 

be in a solid form.  

The management of CERCLA waste would be subject to the substantive provisions of RCRA. In the state 

of Washington, RCRA is implemented through “Dangerous Waste Regulations” (WAC 173-303), which 

is an EPA-authorized state RCRA program. Treatment standards for dangerous or mixed waste that is 

subject to RCRA land disposal restrictions are specified in “Dangerous Waste Regulations,” “Land 
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Disposal Restrictions” (WAC 173-303-140), which incorporates “Land Disposal Restrictions” 

(40 CFR 268) by reference. Radioactive waste is managed by DOE under the authority of the AEA. 

EPA has regulatory authority over release of radioactive waste in context of a CERCLA action. 

Waste generated through the CERCLA remedial actions and is a low-level radioactive waste that meets 

ERDF acceptance criteria (Environmental Restoration Disposal Facility Waste Acceptance Criteria 

[WCH-191]) is planned to be disposed at ERDF, which is engineered to meet appropriate performance 

standards for mixed radioactive and hazardous waste. ERDF is considered onsite with Hanford remedial 

actions for the purpose of management and/or disposal of waste.1  

CERCLA waste meeting ERDF waste acceptance criteria would be treated and disposed, as appropriate, 

to meet land disposal restrictions. ERDF is an engineered facility that provides a high degree of protection 

for HHE and is designed to meet RCRA minimum technical requirements for landfills, including 

standards for a double liner, a leachate collection system, leak detection, monitoring, and final cover. 

Construction and operation of ERDF was authorized under a separate CERCLA ROD (Declaration of the 

Interim Record of Decision for the Environmental Restoration Disposal Facility [hereinafter called ERDF 

ROD (EPA/ROD/R10-95/100)]; Record of Decision Amendment: U.S. Department of Energy 

Environmental Restoration Disposal Facility Hanford Site – 200 Area Benton County, Washington 

[EPA/AMD/R10-02/030]). Explanation of Significant Differences: USDOE Environmental Restoration 

Disposal Facility, Hanford Site, Benton County, Washington (hereinafter called ERDF ESD 

[EPA/ESD/R10-96/145]) modified the ERDF ROD (EPA/ROD/R10-95/100) to clarify the eligibility 

of waste generated during cleanup of the Hanford Site. Per ERDF ESD (EPA/ESD/R10-96/145), ERDF 

is eligible for disposal of any Hanford Site cleanup waste, provided the waste meets ERDF waste 

acceptance criteria. 

The TSCA and regulations in “Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, 

Distribution in Commerce, and Use Prohibitions” (40 CFR 761) generally govern the management and 

disposal of PCB wastes. The TSCA regulations contain specific provisions for PCB waste, including 

PCB waste that contains a radioactive component. The PCBs also are considered underlying hazardous 

constituents under RCRA and, thus, could be subject to “Dangerous Waste Regulations” (WAC 173-303) 

and “Land Disposal Restrictions” (40 CFR 268) requirements.  

Removal and disposal of asbestos and asbestos-containing material are regulated under the Clean Air Act 

of 1990 and “National Emission Standards for Hazardous Air Pollutants” (NESHAP), “National Emission 

Standard for Asbestos” (40 CFR 61, Subpart M). These regulations provide for special precautions to 

prevent environmental releases or exposure to personnel of airborne emissions of asbestos fibers during 

remedial actions. 

Some of the aqueous waste would be transported to the Effluent Treatment Facility (ETF) for treatment 

and disposal. The ETF is a RCRA-permitted facility authorized to treat aqueous waste streams generated 

                                                      
1 “Response Authorities” (CERCLA Section 104[d][4]), “…where two or more noncontiguous facilities are reasonably 

related on the basis of geography, or on the basis of the threat or potential threat to the public health or welfare or 

the environment, the President may, at his discretion, treat these facilities as one.” The preamble to the NCP 

(40 CFR 300) clarifies the stated EPA interpretation that when noncontiguous facilities are reasonably close to one 

another, and wastes at these sites are compatible for a selected treatment or disposal approach, “Response 

Authorities” (CERCLA Section 104[d][4]) allows the lead agency to treat these related facilities as one for response 

purposes. This allows the lead agency to manage waste transferred between such noncontiguous facilities 

without having to obtain a permit. The ERDF is considered to be onsite for response purposes under this 

remedial/removal/removal action. It should be noted that the scope of work covered in this remedial/removal/removal 

action is for a facility and waste contaminated with hazardous substances.  
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on the Hanford Site and dispose of these streams at a designated state-approved land disposal facility in 

accordance with applicable requirements. 

8.1.2.5 Standards Controlling Emissions to the Environment 

Remedial action alternatives proposed in Chapter 9 have the potential to generate airborne emissions of 

both radioactive and toxic/criteria airborne emissions. Implementation of these activities and associated 

air monitoring will be discussed in the RD/RA work plan for 100-F/IU. 

8.1.2.6 Radiological Air Emissions 

The federal Clean Air Act of 1990 (CAA) and the “Washington Clean Air Act” (RCW 70.94) each require 

regulation of radioactive air emissions. The state implementing regulation “Ambient Air Quality Standards 

and Emission Limits for Radionuclides” (WAC 173-480) sets standards that are as stringent or more 

stringent than the standards under the federal CAA, including the federal implementing regulation 

(“National Emission Standards for Emissions of Radionuclides Other Than Radon from Department of 

Energy Facilities” [40 CFR 61, Subpart H]). EPA’s partial delegation of “General Provisions” (40 CFR 

61, Subpart A) and “National Emission Standards for Emissions of Radionuclides Other Than Radon 

from Department of Energy Facilities” (Subpart H) authority to the state of Washington includes all 

substantive emissions monitoring, abatement, and reporting aspects of the federal regulation. These state 

standards protect the public by conservatively establishing exposure standards applicable to the 

maximally exposed public individual.  

“Ambient Air Quality Standards and Emission Limits for Radionuclides” (WAC 173-480) limits emissions 

of radionuclides to the ambient air by requiring that emissions of radionuclides in the air shall not cause a 

maximum effective dose equivalent of more than 10 mrem/yr to the whole body to any member of the 

public. Under the state implementing regulations, “Radiation Protection—Air Emissions” “Definitions” 

(WAC 246-247-030[15]) defines the member of the public (real or hypothetical) as one who abides or 

resides in an unrestricted area and may receive the highest total effective dose equivalent from the emission 

unit(s) under consideration, taking into account all exposure pathways affected by the radioactive air 

emissions. (Members of the public can travel on the Columbia River through the Hanford Reach, but they 

cannot “abide or reside” there.) In addition, by its adoption of the federal NESHAP “Standard” 

(40 CFR 61.92), the state limits radionuclide airborne emissions from the Hanford Site (i.e., facility) to not 

exceed amounts that would cause an exposure to any member of the public of greater than 10 mrem/yr 

effective dose equivalent. The state implementing regulation “Radiation Protection—Air Emissions” 

(WAC 246-247), which references the “Ambient Air Quality Standards and Emission Limits for 

Radionuclides” (WAC 173-480) standards and adopts the “National Emission Standards for Emissions of 

Radionuclides Other Than Radon from Department of Energy Facilities” (40 CFR 61, Subpart H), requires 

verification of compliance with the 10 mrem/yr standard and would be applicable to the remedial action. 

“Radiation Protection—Air Emissions” (WAC 246-247) further addresses sources emitting radioactive 

airborne emissions by requiring monitoring of such sources (emission units). Such monitoring may 

involve various methods depending upon the configuration of the source. Most stacks or vents are 

monitored by extracting representative samples of the effluent stream from the stack or vent, with 

subsequent analysis of the samples. Emissions that do not pass through a stack, vent, or functionally 

equivalent structure are termed diffuse emissions, and these are normally monitored by extraction of 

samples of the ambient air, with subsequent laboratory analyses. The substantive provisions of “Radiation 

Protection—Air Emissions” (WAC 246-247) that require monitoring of radioactive airborne emissions 

would potentially be applicable to remedial action and would generally be an “applicable” ARAR.  

The above-stated implementing regulations further require control of radioactive airborne emissions to the 

extent economically and technologically feasible (“Radiation Protection—Air Emissions,” “General 
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Standards” [WAC 246-247-040(3) and -040(4)]). To address the substantive aspect of these requirements, 

best or reasonably achieved control technology could be addressed by ensuring that applicable emission 

control technologies (those successfully operated in similar applications) would be used when 

economically and technologically feasible (i.e., based on cost/benefit). Controls will be administered, as 

appropriate, using the best methods from among those that are reasonable and effective. 

8.1.2.7 Criteria/Toxic Air Emissions 

Under “General Regulations for Air Pollution Sources” (WAC 173-400) and “Controls for New Sources 

of Toxic Air Pollutants” (WAC 173-460), requirements are established for the regulation of emissions of 

criteria/toxic air pollutants. The primary nonradioactive emissions resulting from remedial actions will be 

fugitive particulate matter. In accordance with “General Regulations for Air Pollution Sources,” “General 

Standards for Maximum Emissions” (WAC 173-400-040), reasonable precautions must be taken to prevent 

the release of air contaminants associated with fugitive emissions resulting from excavation, materials 

handling, or other operations; and to prevent fugitive dust from becoming airborne from fugitive sources 

of emissions. The use of treatment technologies that would result in emissions of toxic air pollutants that 

would be subject to the substantive applicable requirements of “Controls for New Sources of Toxic Air 

Pollutants” (WAC 173-460) is not anticipated to be a part of remedial action selected for 100-F/IU.  

If treatment of some waste encountered during the remedial action is required to meet ERDF waste 

acceptance criteria, the type of treatment anticipated would consist of solidification/stabilization 

techniques such as microencapsulation or grouting, and “Controls for New Sources of Toxic Air 

Pollutants” (WAC 173-460) would not be considered an ARAR. If more aggressive treatment is required 

that would result in the emission of regulated air pollutants, the substantive requirements of “General 

Regulations for Air Pollution Sources,” “Requirements for New Sources in Attainment or Unclassifiable 

Areas” (WAC 173-400-113[2]) and “Controls for New Sources of Toxic Air Pollutants,” “Control 

Technology Requirements” (WAC 173-460-060) would be evaluated to determine potential applicability.  

Emissions to the air will be minimized during implementation of remedial actions through use of standard 

industry practices such as the application of water sprays and fixatives. These techniques are considered 

reasonable precautions to control fugitive emissions as required by the regulatory standards. 

8.1.2.8 Groundwater Beneficial Use 

CERCLA and the NCP (40 CFR 300) establish separate requirements for a groundwater remedy: to be 

protective of HHE, and to meet ARARs. This is a concept of central importance to the development of 

the groundwater remedy for the 100-FR-3 OU. These separate requirements are further clarified in the 

memorandum, “Clarification of the Role of Applicable, or Relevant and Appropriate Requirements in 

Establishing Preliminary Remediation Goals under CERCLA” (Fields, 1997). 

The requirement to achieve threshold protectiveness and ARAR-based requirements is established by 

the NCP (40 CFR 300). The NCP (40 CFR 300) establishes an expectation to “return useable ground 

waters to their beneficial uses wherever practicable, within a timeframe that is reasonable given the 

particular circumstances of the site” (“Remedial Investigation/Feasibility Study and Selection of 

Remedy” [40 CFR 300.430(a)(1)(iii)(F)]). EPA generally defers to state agency definitions of useable 

groundwater provided under state groundwater protection programs, administered by the states across the 

United States, and a state’s determination of groundwater usability at CERCLA sites (Guidance on 

Remedial Actions for Contaminated Ground Water at Superfund Sites [EPA/540/G-88/003]). The state of 

Washington defines groundwater as potable in MTCA (“Groundwater Cleanup Standards” 

[WAC 173-340-720(2)]), unless the exclusion criteria in MTCA (“Groundwater Cleanup Standards” 

[WAC 173-340-720(2)(a) through (c)]) can be demonstrated (e.g., insufficient yield or natural constituents 

that make it unsuitable as a drinking water source). The groundwater within the100-FR-3 OU does not meet 
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the exclusion criteria; therefore, it is classified as potable and must be restored to beneficial use wherever 

practicable and within a time frame that is reasonable, consistent with NCP (40 CFR 300) requirements. 

The state of Washington has further determined that the highest beneficial use for potable groundwater at 

most of the cleanup sites within the state, including the Hanford site, is as a potential source of domestic 

drinking water (MTCA, “Groundwater Cleanup Standards” [WAC 173-340-720(1)(a)]).  

Groundwater within the 100-FR-3 OU is currently contaminated, and withdrawal is prohibited as a result 

of ICs placed on it by DOE. Under current site-use conditions, no groundwater wells are available for 

public consumption specific to 100-F/IU. Further, groundwater within this OU is not anticipated to 

become a future source of drinking water until cleanup criteria are met. However, groundwater was 

evaluated for drinking water use to support the determination of the basis for action and to support the 

development of PRGs for evaluating remedial alternatives in the FS. 

8.1.2.9 Surface Water Beneficial Use 

Surface water beneficial use is considered because groundwater within the 100-FR-3 OU currently 

discharges to the Columbia River through seeps and upwelling. “Water Quality Standards for Surface 

Waters of the State of Washington,” “Use Designations—Fresh Waters” (WAC 173-201A-600) and 

“Water Quality Standards for Surface Waters of the State of Washington,” “Table 602—Use Designations 

for Fresh Waters by Water Resource Inventory Area (WRIA)” (WAC 173-201A-602) identify the 

beneficial use (or designated uses) for rivers and streams of Washington State. Designated uses for waters 

of Washington State can include public water supply; protection for fish, shellfish, and wildlife; and 

recreational, agricultural, industrial, navigational, and aesthetic purposes. Water quality criteria are designed 

to protect the designated uses and are used to assess the general health of Washington surface waters and set 

permit limits. The surface water quality standards are considered at the groundwater/surface water interface. 

Designated uses of the Columbia River, identified in “Water Quality Standards for Surface Waters of the 

State of Washington,” “Table 602—Use Designations for Fresh Waters by Water Resource Inventory 

Area (WRIA)” [WAC 173-201A-602]), include the following:  

 Aquatic life uses: spawning and rearing 

 Recreational uses: primary contact 

 Water supply uses: drinking water, industrial water, agricultural water, and stock water 

 Miscellaneous uses: wildlife habitat, harvesting, commercial/navigation, boating, and aesthetics 

The groundwater risk assessment presented in Chapter 6, Section 6.3 evaluates potential exposure of aquatic 

organisms to contaminants present in 100-F/IU groundwater. This assessment uses the most stringent federal 

and state water quality criteria to support the basis for action and to support PRG development. Surface water 

state and/or federal ARARs would only apply to groundwater at points of discharge to surface water. 

8.1.3 Remedial Action Objectives 

Under CERCLA and the NCP (40 CFR 300), all soil and groundwater remedies must be protective of 

HHE and meet ARARs (or satisfy criteria for an ARAR to be waived). RAOs must be developed to 

address COCs, media of concern, potential receptors, and exposure pathways. RAOs are general 

descriptions of what a cleanup under CERCLA is expected to accomplish. They are narrative statements 

that define the extent to which waste sites and groundwater require cleanup to protect HHE. 

The RAOs presented below are based on existing River Corridor regulatory documents (e.g., interim 

action RODs) and were expanded to cover gaps when integrating all media and resources for an area. 

Media-specific RAOs were developed for groundwater (RAOs 1, 2, and 7), surface water (RAO 2), and 

soil (RAOs 3 through 6). The combined RAO list is as follows: 
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 RAO 1: Prevent unacceptable risk to human health from ingestion of and incidental exposure to 

groundwater containing contaminant concentrations above federal and state standards and 

risk-based thresholds. 

 RAO 2: Prevent unacceptable risk to human health and ecological receptors from groundwater 

discharges containing contaminant concentrations above federal and state standards and 

risk-based thresholds to surface water. 

 RAO 3: Prevent unacceptable risk from contaminants migrating and/or leaching through soil that will 

result in groundwater concentrations that exceed standards and risk-based thresholds for protection of 

surface water and groundwater. 

 RAO 4: Prevent unacceptable risk to human health and ecological receptors from exposure to the 

upper 4.6 m (15 ft) of soil, structures, and debris contaminated with nonradiological constituents at 

concentrations above the unrestricted land-use standards for human health (provided in MTCA 

Method B) or soil contaminant levels protective of ecological receptors. 

 RAO 5: Prevent unacceptable risk to human health and ecological receptors from exposure to the 

upper 4.6 m (15 ft) of soil, structures, and debris contaminated with radiological constituents. 

For human health and ecological receptors: 

 Prevent exposure to radiological constituents at concentrations at or above a dose rate limit that 

causes an ELCR threshold of 1 x 10-6 to 1 x 10-4 above background for the residential 

exposure scenario. 

 Protect ecological receptors based on a dose rate limit of 0.1 rad/day for terrestrial wildlife 

populations. 

 RAO 6. Manage direct exposure to radiologically contaminated soils deeper than 4.6 m (15 ft) to 

prevent an unacceptable risk to human health and the environment.  

 RAO 7. Restore groundwater impacted from 100-FR-1, 100-FR-2, 100-IU-2, and 100-IU-6 releases 

to proposed PRGs which include DWSs, within a timeframe that is reasonable given the particular 

circumstances of the site. 

8.1.4 Preliminary Remediation Goals 

To meet the RAOs, PRGs are established. These goals generally are quantitative cleanup levels that 

would meet ARARs and risk-based levels and would be protective of HHE. The PRGs are used to assess 

the effectiveness of the selected remedial alternatives in meeting the RAOs. A summary of the 100-F/IU 

human health, groundwater protection, and surface water protection PRGs is provided in Table 8-3. 

The interim action ROD RAGs identified in the 100 Area RDR/RA Work Plan (DOE/RL-96-17) are also 

listed in Table 8-3 for a direct comparison to the PRGs from this RI/FS. The evaluation of completed 

interim remedial actions for protection of HHE is summarized in Chapters 5, 6, and 7. The evaluations for 

the previously remediated waste sites indicate there are currently no waste sites with complete pathways 

that represent unacceptable risk. Contamination attributable to orchard lands is evaluated in the 

100-OL-1 OU. Evaluation of ongoing interim remedial actions will be conducted at their completion to 

confirm that there are no unacceptable risks remaining. The PRGs in Table 8-3 will be used to evaluate 

interim remedial actions for protectiveness. 

In Table 8-3, the human health PRGs for radionuclides (highlighted in yellow) are selected from the 

lower of the residential exposure scenario (based on a target cancer risk level) or the residential interim 
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action ROD RAG (based on radiological dose) as defined in the 100 Area RDR/RA Work Plan 

(DOE/RL-96-17). For nonradionuclides, except arsenic and lead, the selected human health PRGs (also 

highlighted in yellow) are the RI/FS MTCA (WAC 173-340) Method B values that are calculated based 

on the most recent guidance for the residential scenario. Green highlighting denotes the selected PRG 

(calculated in this RI/FS) above background for each analyte for groundwater/surface water protection 

except for Cr(VI), which is compared to the interim action ROD RAG of 2.0 mg/kg. 

Table 8-4 presents a summary of ecological PRGs. Ecological PRGs are presented for the four receptor 

categories (plants, invertebrates, birds, and mammals). If ecological PRGs are exceeded, the site 

managers will evaluate this exceedance using the SMDP process described in Chapter 7. 

PRGs represent a core component of the overall technology screening and remedial alternative development 

process in the FS. PRGs are numerical values expressed as concentrations for a chemical or radionuclide 

in an environmental media. A remedial action achievement of PRGs results in residual contamination that 

is protective of HHE (NCP, “Remedial Investigation/Feasibility Study and Selection of Remedy” 

[40 CFR 300.430(e)(2)(i)]). PRGs are also used to identify the area and volume of environmental media that 

must be addressed; therefore, PRGs are determined before the development of the remedial alternatives.  

Meeting PRGs and the potential ARARs and, by extension, achieving RAOs, can be accomplished by 

reducing concentrations (or activities) of contaminants to PRG levels or by eliminating potential exposure 

pathways/routes. Contaminant-specific and numeric soil PRGs for direct exposure, protection of groundwater, 

and protection of surface water typically are presented as concentrations, which for nonradionuclides are 

in milligrams per kilogram (mg/kg) for soil and in picocuries per gram (pCi/g) for radionuclides. 

Contaminant-specific and numerical cleanup levels for groundwater are typically expressed in micrograms 

per liter (µg/L) for nonradiological COCs and picocuries per liter (pCi/L) for radiological COCs. 

PRGs for residual risks to human health following completion of remediation of the waste sites must meet 

the 10
-4

 to 10
-6

 ELCR CERCLA risk range for radiological and nonradiological COCs, and must be less 

than or equal to an HI value of 1.0 for noncarcinogenic hazardous substances (as described in Chapter 6). 

As described in Section 8.1.4.2, the direct contact PRGs for individual nonradiological carcinogens in soil 

are based on an ELCR of 1 × 10-6 (ELCR of 1 × 10-5 cumulative risk) or a HQ of 1.0 for individual 

noncarcinogenic substances. As described in Section 8.1.4.3, the direct contact PRGs for radionuclides in 

soil were set as the lower of the radionuclide dose (interim action cleanup values) or an ELCR of 1 × 10-4. 

If selected ecological PRGs are exceeded, the site managers will evaluate this exceedance using the 

SMDP process described in Chapter 7.  

Finally, to demonstrate that waste site cleanups have achieved the groundwater and surface water 

protection PRGs, the cleanup verification process can involve the evaluation of the CSM against the 

assumptions used to develop these PRGs (described in Chapter 5). To the extent a significant deviation 

from the groundwater/surface water protection PRGs assumptions is observed, site-specific conditions 

can be used to revise the fate and transport models to evaluate the potential for the waste site to act as 

a source of groundwater and surface water contamination. 

8.1.4.1 Development Approach 

PRGs are presented for each environmental media of interest (soil and groundwater), each type of 

contaminant (hazardous substances and radionuclides), human and ecological receptors, and each 

potentially complete exposure pathway. The following subsections describe the approach that was taken 

to develop PRGs for each media, receptor, and exposure pathway. 
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8.1.4.2 Direct-Contact Exposure PRGs for Nonradiological Contaminants 

Development of the PRGs for direct-contact exposure to nonradiological contamination for both human 

and ecological receptors is described in the following subsections.  

Human Exposure. For human receptors, soil PRGs developed for direct contact and inhalation exposure 

pathways are risk-based standards for hazardous substances. Risk-based standards for individual hazardous 

substances are established using applicable federal and state laws and risk equations. Risk-based standards 

for individual carcinogens in an unrestricted exposure scenario are based on an ELCR of 1 × 10-6 (ELCR 

of 1 × 10-5 cumulative risk) and an HQ of 1.0 for individual noncarcinogenic substances as described in 

MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740(3)(b)(iii)(B)]).  

Consistent with this approach, the methodology described for unrestricted land use under MTCA 

(“Unrestricted Land Use Soil Cleanup Levels” [WAC 173-340-740(3)]) is used to calculate the risk-based 

standards for soil ingestion. Risk-based standards for inhalation pathways use equations and input 

parameters described in MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750(3)]) 

and EPA-published volatilization factors and particulate emission factors.  

Table 8-3 presents the soil based RAGs reported in the 100 Area RDR/RAWP (DOE/RL-96-17) and 

MTCA (“Unrestricted Land Use Soil Cleanup Levels” [WAC 173-340-740(3)]). Although residential 

land use is not consistent with DOE’s reasonably anticipated future land use, DOE has proposed 

residential cleanup levels for chemicals and radionuclides present in soil for consistency with interim 

action ROD cleanup requirements. The direct contact PRGs for radionuclides in soil were set as the lower 

of the radionuclide dose (interim action cleanup values) or risk-based calculations. Direct contact PRGs 

for nonradionuclides are based on current MTCA methods (WAC 173-340). 

Nonradiological soil PRG values were also developed for the direct-contact and inhalation pathways, 

combined, using the casual recreational user exposure scenario. The casual recreational user scenario is 

used to represent DOE’s reasonably anticipated future land use. The casual recreational user scenario is 

a site-specific scenario representing occasional recreational use that focuses on activities such as walking 

and picnicking in areas along the Columbia River where paths and benches may exist. Adults and 

children could potentially be exposed to site contaminants in shallow vadose zone material along the river 

through incidental soil ingestion, dermal absorption, and inhalation of vapors and dust in ambient air. 

PRG values for individual carcinogens are based on an ELCR of 1 × 10-6 and an HQ of 1.0 for individual 

noncarcinogenic substances. The PRG values listed in Table 8-3 for this exposure scenario are provided 

to aid in potential risk management decisions and in determining whether the cleanup actions achieve the 

CERCLA threshold criteria.  

Risk-based standards for some contaminants are calculated to be less than area background values 

or PQLs. Where risk-based standards are less than area background concentrations, PRGs may be set at 

concentrations that are equal to the agreed-upon site or area background concentrations. Area background 

values for selected nonradioactive contaminants in soil have been characterized for the Hanford Site 

(Non-Rad Soil Background document [DOE/RL-92-24]). Similarly, where risk-based standards are less 

than PQLs, PRGs will default to the PQLs. Therefore, the PRGs for individual nonradioactive 

contaminants in solid waste and particulate reflect the value that is greatest among risk-based standards, 

area background values, or PQLs.  
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Table 8-3. Summary of 100-F/IU OUs Human Health, Groundwater Protection, and Surface Water Protection Soil PRGs 
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Radionuclides 

Americium-241 14596-10-2 pCi/g -- -- 155 -- 2,570 275 32 --j  --j  --j  --j  --j  --j --  --j  --j  --j  --j  --j  --j -- 

Carbon-14 14762-75-5 pCi/g -- -- 81 -- 328,000 52,000 8.7 80 284 507 195 518 924 -- 80 284 507 195 518 924 -- 

Cesium-137 10045-97-3 pCi/g 1.1 -- 4.4 -- 100 6.2 6.2 --j --j  --j  --j  --j  --j 1,470  --j  --j  --j  --j  --j  --j 2,930 

Cobalt-60 10198-40-0 pCi/g 0.0084 -- 3.1 -- 63 3.3 1.4 --j --j  --j  --j  --j  --j 13,900  --j  --j  --j  --j  --j  --j 27,800 

Curium-243 15757-87-6 pCi/g -- -- 30 -- 527 37 22 --j  --j  --j  --j  --j  --j --  --j  --j  --j  --j  --j  --j -- 

Europium-152 14683-23-9 pCi/g -- -- 3.7 -- 66 3.8 3.3 --j  --j  --j  --j  --j  --j --  --j  --j  --j  --j  --j  --j -- 

Europium-154 15585-10-1 pCi/g 0.033 -- 4.4 -- 78 4.8 3.0 --j  --j  --j  --j  --j  --j --  --j  --j  --j  --j  --j  --j -- 

Europium-155 14391-16-3 pCi/g 0.054 -- 327 -- 5,870 354 125 --j  --j  --j  --j  --j  --j --  --j  --j  --j  --j  --j  --j -- 

Iodine-129 15046-84-1 pCi/g -- -- 0.076 -- 3,035 434 0.25 0.61 3.1 5.5  --j  --j  --j 0.25 0.61 3.1 5.5  --j  --j  --j 0.25 

Neptunium-237 13994-20-2 pCi/g -- -- 8.9 -- 202 15 2.4 209 842 1,500  --j  --j  --j 0.90 209 842 1,500  --j  --j  --j 1.8 

Nickel-63 13981-37-8 pCi/g -- -- 608 -- 575,000 91,600 4,013 --j  --j  --j  --j  --j  --j 83  --j  --j  --j  --j  --j  --j 166 

Niobium-94 14681-63-1 pCi/g -- -- 1.4 -- 26 1.7 2.4 --n  --n  --n  --n  --n  --n --  --n  --n  --n  --n  --n  --n -- 

Plutonium-238 13981-16-3 pCi/g 0.0038 -- 236 -- 3,820 605 39 --j  --j  --j  --j  --j  --j --  --j  --j  --j  --j  --j  --j -- 

Plutonium-239/240 PU-239/240 pCi/g 0.025 -- 203 -- 3,340 539 35 --j  --j  --j  --j  --j  --j --  --j  --j  --j  --j  --j  --j -- 

Technetium-99 14133-76-7 pCi/g -- -- 1.5 -- 114,449 17,322 5.8 36 127 227 88 233 415 0.46 36 127 227 88 233 415 0.92 

Total beta radiostrontium  

(strontium-90) 
SR-RAD pCi/g 0.18 -- 2.3 -- 5,060 518 4.5 24,600

p
 64,200

p
 104,000

p
  --j  --j  --j 28 24,600

p
 64,200

p
 104,000

p
  --j  --j  --j 55 

Tritium 10028-17-8 pCi/g -- -- 623 -- 15,400 1,265,000 459 1,660 7,460 13,300 2,670 9,111 16,200 13 1,660 7,460 13,300 2,670 9,111 16,200 25 

Uranium-233/234 U-233/234 pCi/g 1.1 -- 133 -- 5,810 931 1.1 --k  --k  --k  --k  --k  --k 1.1  --k  --k  --k  --k  --k  --k 1.1 

Uranium-235 15117-96-1 pCi/g 0.11 -- 16 -- 295 22 0.61 --k  --k  --k  --k  --k  --k 0.50  --k  --k  --k  --k  --k  --k 0.50 

Uranium-238 U-238 pCi/g 1.1 -- 54 -- 1,093 93 1.1 --k  --k  --k  --k  --k  --k 1.1  --k  --k  --k  --k  --k  --k 1.1 

Metals 

Antimony 7440-36-0 mg/kg 0.13 32 -- -- 365 -- 32 13 75 134 --j --j --j 5.0 12 70 125 --j --j --j 5.0 

Arsenic 7440-38-2 mg/kg 6.5 20 -- 42,414 4.5 -- 20 --j --j --j --j --j --j 20 --j --j --j --j --j --j 20 

Barium 7440-39-3 mg/kg 132 16,000 -- >1,000,000 182,000 -- 5,600 --j --j --j --j --j --j 200 --j --j --j --j --j --j 400 

Beryllium 7440-41-7 mg/kg 1.5 160 -- 75,991 1,825 -- 10 --j --j --j --j --j --j 1.5 --j --j --j --j --j --j 1.5 

Boron 7440-42-8 mg/kg 3.9 16,000 -- >1,000,000 183,000 -- 7,200 5,073 30,156 53,813 --j --j --j 320 --n --n --n --n --n --n -- 

Cadmium 7440-43-9 mg/kg 0.56 40 -- 101,000 821 -- 14 --j --j --j --j --j --j 0.81 --j --j --j --j --j --j 0.81 

Chromium 7440-47-3 mg/kg 19 120,000 -- -- >1,000,000 -- 80,000 --j --j --j --j --j --j 19 --j --j --j --j --j --j 19 

Cobalt 7440-48-4 mg/kg 16 24 -- 20,264 274 -- 24  --j  --j  --j  --j  --j  --j 16  --j  --j  --j  --j  --j  --j -- 

Copper 7440-50-8 mg/kg 22 3,200 -- -- 36,500 -- 2,960 23,402 27,133 110,711  --j  --j  --j 59 329 382 1,557  --j  --j  --j 22 
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Table 8-3. Summary of 100-F/IU OUs Human Health, Groundwater Protection, and Surface Water Protection Soil PRGs 
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Cr(VI) 18540-29-9 mg/kg -- 240 -- 2,171 2,740 -- 2.1 6.0l 6.0l 6.0l 6.0l 6.0l 6.0l 4.8 5.0 6.0l 6.0l 6.0l 6.0l 6.0l 2.0 

Lead 7439-92-1 mg/kg 10 250 -- -- -- -- 353  --j  --j  --j  --j  --j  --j 10  --j  --j  --j  --j  --j  --j 10 

Lithium 7439-93-2 mg/kg 13 160 -- -- 1,825 -- 160  --j  --j  --j  --j  --j  --j 34  --n  --n  --n  --n  --n  --n -- 

Manganese 7439-96-5 mg/kg 512 11,200 -- >1,000,000 128,000 -- 3,760  --j  --j  --j  --j  --j  --j 512  --j  --j  --j  --j  --j  --j 512 

Mercury 7439-97-6 mg/kg 0.013 24 -- >1,000,000 274 -- 24  --j  --j  --j  --j  --j  --j 0.33  --j  --j  --j  --j  --j  --j 0.33 

Molybdenum 7439-98-7 mg/kg 0.47 400 -- -- 4,563 -- 400 2,465 2,781 11,847  --j  --j  --j 8.0 39,950 45,067 191,967  --j  --j  --j -- 

Nickel 7440-02-0 mg/kg 19 1,600 -- 701,000 18,250 -- 1,600  --j  --j  --j  --j  --j  --j 19  --j  --j  --j  --j  --j  --j 27 

Selenium 7782-49-2 mg/kg 0.78 400 -- >1,000,000 4,560 -- 400 141 861 1,537  --j  --j  --j 5.0 14 86 154  --j  --j  --j 1.0 

Silver 7440-22-4 mg/kg 0.17 400 -- -- 4,563 -- 400  --j  --j  --j  --j  --j  --j 8.0  --j  --j  --j  --j  --j  --j 0.73 

Strontium 7440-24-6 mg/kg -- 48,000 -- -- 547,500 -- 48,000  --j  --j  --j  --j  --j  --j 960  --j  --j  --j  --j  --j  --j -- 

Thallium 7440-28-0 mg/kg 0.19 -- -- -- -- -- --  --j  --j  --j  --j  --j  --j --  --j  --j  --j  --j  --j  --j -- 

Tin 7440-31-5 mg/kg -- 48,000 -- -- 547,500 -- 48,000  --j  --j  --j  --j  --j  --j 960  --j  --j  --j  --j  --j  --j -- 

Uranium (soluble salts) 7440-61-1 mg/kg 3.2 240 -- >1,000,000 2,737 -- 240 36 180 321  --j  --j  --j 3.2 930 4,668 8,330  --j  --j  --j 3.2 

Vanadium 7440-62-2 mg/kg 85 400 -- -- 4,560 -- 560  --j  --j  --j  --j  --j  --j 85  --n  --n  --n  --n  --n  --n -- 

Zinc 7440-66-6 mg/kg 68 24,000 -- -- 274,000 -- 24,000  --j  --j  --j  --j  --j  --j 480  --j  --j  --j  --j  --j  --j 68 

Other Inorganics 

Chloride 16887-00-6 mg/kg 100 -- -- -- -- -- -- 9,965 35,329 63,038 24,300 64,705 115,389 25,000 9,168 32,503 57,995 22,356 59,529 106,158 -- 

Cyanide 57-12-5 mg/kg -- 48 -- 19 432 -- 1,600 30 174 314  --j  --j  --j 20 32 180 326  --j  --j  --j 1.0 

Fluoride 16984-48-8 mg/kg 2.8 4,800 -- >1,000,000 54,750 -- 4,800  --j  --j  --j  --j  --j  --j 96  --j  --j  --j  --j  --j  --j 400 

Nitrate 14797-55-8 mg/kg 52 568,000 -- -- >1,000,000 -- 567,000m 1,794 6,359 11,347 4,374 11,647 20,770 4,430m 1,794 6,359 11,347 4,374 11,647 20,770 8,860m 

Nitrite 14797-65-0 mg/kg -- 24,000 -- -- 274,000 -- 26,300m 132 466 832 321 854 1,523 329m  --n  --n  --n  --n  --n  --n 658m 

Sulfate 14808-79-8 mg/kg 237 -- -- -- -- -- -- 9,965 35,329 63,038 24,300 64,705 115,389 25,000  --n  --n  --n  --n  --n  --n -- 

Polychlorinated Biphenyls 

Polychlorinated biphenyls (PCBs) 1336-36-3 mg/kg -- 0.5 -- 320,000 2.6 -- 0.50 -- -- -- -- -- -- 0.017 -- -- -- -- -- -- 0.017 

Aroclor-1016 12674-11-2 mg/kg -- 5.6 -- >1,000,000 46 -- 0.50  --j  --j  --j  --j  --j  --j 0.017  --j  --j  --j  --j  --j  --j 0.017 

Aroclor-1221 11104-28-2 mg/kg -- 0.50 -- 0.19 2.0 -- 0.50 0.14 0.79 1.4  --j  --j  --j 0.017 0.017 0.017 0.017  --j  --j  --j 0.017 

Aroclor-1232 11141-16-5 mg/kg -- 0.50 -- 0.10 2.0 -- 0.50 0.14 0.79 1.4  --j  --j  --j 0.017 0.017 0.017 0.017  --j  --j  --j 0.017 

Aroclor-1242 53469-21-9 mg/kg -- 0.50 -- 320,000 2.6 -- 0.50  --j  --j  --j  --j  --j  --j 0.017  --j  --j  --j  --j  --j  --j 0.017 

Aroclor-1248 12672-29-6 mg/kg -- 0.50 -- 320,000 2.6 -- 0.50  --j  --j  --j  --j  --j  --j 0.017  --j  --j  --j  --j  --j  --j 0.017 

Aroclor-1254 11097-69-1 mg/kg -- 0.50 -- 320,000 2.6 -- 0.50  --j  --j  --j  --j  --j  --j 0.017  --j  --j  --j  --j  --j  --j 0.017 

Aroclor-1260 11096-82-5 mg/kg -- 0.50 -- 320,000 2.6 -- 0.50  --j  --j  --j  --j  --j  --j 0.017  --j  --j  --j  --j  --j  --j 0.017 
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Pesticides 

2,4,5-TP(2-(2,4,5-

Trichlorophenoxy)propionic acid) 

(Silvex) 

93-72-1 mg/kg -- 640 -- -- 7,300 -- 640 4.1 19 33 11 33 59 5.0 0.83 3.7 6.7 2.2 6.6 12 -- 

2,4,5-T(2,4,5-

Trichlorophenoxyacetic acid) 
93-76-5 mg/kg -- 800 -- -- 9,130 -- 800 10 46 81 27 80 143 16  --n  --n  --n  --n  --n  --n -- 

2,4-DB(4-(2,4-

Dichlorophenoxy)butanoic acid) 
94-82-6 mg/kg -- 640 -- -- 7,300 -- 640 12 55 98 34 98 175 13 614 2,827 5,044 1,731 5,020 8,951 -- 

2,4-Dichlorophenoxyacetic acid 94-75-7 mg/kg -- 800 -- -- 8,000 -- 640 3.8 16 28 9.5 28 50 7.0 5.5 22 40 14 40 71 -- 

4,4'-DDD 

(Dichlorodiphenyldichloroethane) 
72-54-8 mg/kg -- 4.2 -- >1,000,000 24 -- 4.2  --j  --j  --j  --j  --j  --j 0.037  --j  --j  --j  --j  --j  --j 0.0033 

4,4'-DDE 

(Dichlorodiphenyldichloroethylene) 
72-55-9 mg/kg -- 2.9 -- >1,000,000 17 -- 2.9  --j  --j  --j  --j  --j  --j 0.026  --j  --j  --j  --j  --j  --j 0.0033 

4,4'-DDT 

(Dichlorodiphenyltrichloroethane) 
50-29-3 mg/kg -- 2.9 -- >1,000,000 20 -- 2.9  --j  --j  --j  --j  --j  --j 0.026  --j  --j  --j  --j  --j  --j 0.0033 

Aldrin 309-00-2 mg/kg -- 0.059 -- 0.12 0.31 -- 0.059  --j  --j  --j  --j  --j  --j 0.0017  --j  --j  --j  --j  --j  --j 0.0017 

Alpha-BHC 319-84-6 mg/kg -- 0.16 -- 101,322 0.90 -- 0.16 0.014 0.068 0.12  --j  --j  --j 0.0017 0.0025 0.013 0.023  --j  --j  --j 0.0017 

Alpha-Chlordane 5103-71-9 mg/kg -- 2.9 -- >1,000,000 19 -- 2.9  --j  --j  --j  --j  --j  --j 0.025  --j  --j  --j  --j  --j  --j 0.017 

Beta-BHC 319-85-7 mg/kg -- 0.56 -- 344,111 3.1 -- 0.56 0.060 0.31 0.56  --j  --j  --j 0.0049 0.011 0.058 0.10  --j  --j  --j 0.0055 

Dalapon 75-99-0 mg/kg -- 2,400 -- -- 27,400 -- 2,400 8.2 30 53 20 54 97 20 444 1,602 2,858 1,083 2,924 5,215 -- 

Delta-BHC 319-86-8 mg/kg -- -- -- -- -- -- --  --n  --n  --n  --n  --n  --n  --  --n  --n  --n  --n  --n  --n  -- 

Dicamba 1918-00-9 mg/kg -- 2,400 -- -- 27,400 -- 2,400 26 108 192 65 192 342 48 1,349 5,526 9,859 3,346 9,834 17,535 -- 

Dieldrin 60-57-1 mg/kg -- 0.063 -- 39,648 0.35 -- 0.063  --j  --j  --j  --j  --j  --j 0.0033  --j  --j  --j  --j  --j  --j 0.0033 

Dinoseb(2-secButyl-4,6-

dinitrophenol) 
88-85-7 mg/kg -- 80 -- -- 713 -- 80 13 79 141  --j  --j  --j 0.70  --n  --n  --n  --n  --n  --n -- 

Endosulfan I 959-98-8 mg/kg -- 480 -- -- 4,277 -- 480 116 587 1,047  --j  --j  --j 9.6 0.068 0.34 0.61  --j  --j  --j 0.011 

Endosulfan II 33213-65-9 mg/kg -- 480 -- -- 4,277 -- 480 116 587 1,047  --j  --j  --j 9.6 0.068 0.34 0.61  --j  --j  --j 0.011 

Endosulfan sulfate 1031-07-8 mg/kg -- -- -- -- -- -- 480  --n  --n  --n  --n  --n  --n 9.6 1.1 5.7 10  --j  --j  --j 0.011 

Endrin 72-20-8 mg/kg -- 24 -- -- 214 -- 24 14 76 136  --j  --j  --j 0.20 0.016 0.087 0.16  --j  --j  --j 0.039 

Endrin aldehyde 7421-93-4 mg/kg -- -- -- -- -- -- 24  --n  --n  --n  --n  --n  --n 0.20 2.0 11 20  --j  --j  --j 0.039 

Endrin ketone 53494-70-5 mg/kg -- -- -- -- -- -- 24  --n  --n  --n  --n  --n  --n 0.20  --n  --n  --n  --n  --n  --n 0.039 

Gamma-BHC (Lindane) 58-89-9 mg/kg -- 0.91 -- 588,319 6.0 -- 0.77 0.059 0.30 0.53  --j  --j  --j 0.0067 0.014 0.071 0.13  --j  --j  --j 0.0038 

Gamma-chlordane 5566-34-7 mg/kg -- 2.9 -- >1,000,000 19 -- 2.9  --j  --j  --j  --j  --j  --j 0.025  --j  --j  --j  --j  --j  --j 0.017 

Heptachlor 76-44-8 mg/kg -- 0.22 -- 140,292 1.3 -- 0.22 0.11 0.65 1.2  --j  --j  --j 0.0020 0.0017 0.0026 0.0047  --j  --j  --j 0.0020 

Heptachlor epoxide 1024-57-3 mg/kg -- 0.11 -- 1.3 0.62 -- 0.11  --j  --j  --j  --j  --j  --j 0.0020  --j  --j  --j  --j  --j  --j 0.0020 
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Methoxychlor 72-43-5 mg/kg -- 400 -- -- 3,564 -- 400  --j  --j  --j  --j  --j  --j 4.0  --j  --j  --j  --j  --j  --j 1.7 

Toxaphene 8001-35-2 mg/kg -- 0.91 -- 569,934 5.1 -- 0.91  --j  --j  --j  --j  --j  --j 0.20  --j  --j  --j  --j  --j  --j 0.20 

Polycyclic Aromatic Hydrocarbons 

Acenaphthene 83-32-9 mg/kg -- 4,800 -- -- 40,139 -- 4,800 1,710 10,500 18,700  --j  --j  --j 96 2,286 14,006 24,992  --j  --j  --j 129 

Acenaphthylene 208-96-8 mg/kg -- -- -- -- -- -- 4,800  --n  --n  --n  --n  --n  --n 96  --n  --n  --n  --n  --n  --n 129 

Anthracene 120-12-7 mg/kg -- 24,000 -- -- 200,696 -- 24,000  --j  --j  --j  --j  --j  --j 240  --j  --j  --j  --j  --j  --j 1,920 

Benzo(a)anthracene 56-55-3 mg/kg -- 1.4 -- >1,000,000 1.7 -- 1.4  --j  --j  --j  --j  --j  --j 0.015  --j  --j  --j  --j  --j  --j 0.015 

Benzo(a)pyrene 50-32-8 mg/kg -- 0.14 -- 165,799 0.17 -- 0.14  --j  --j  --j  --j  --j  --j 0.015  --j  --j  --j  --j  --j  --j 0.015 

Benzo(b)fluoranthene 205-99-2 mg/kg -- 1.4 -- >1,000,000 1.7 -- 1.4  --j  --j  --j  --j  --j  --j 0.015  --j  --j  --j  --j  --j  --j 0.015 

Benzo(ghi)perylene 191-24-2 mg/kg -- -- -- -- -- -- 2,400  --n  --n  --n  --n  --n  --n 48  --n  --n  --n  --n  --n  --n 192 

Benzo(k)fluoranthene 207-08-9 mg/kg -- 1.4 -- >1,000,000 1.7 -- 1.4  --j  --j  --j  --j  --j  --j 0.015  --j  --j  --j  --j  --j  --j 0.015 

Chrysene 218-01-9 mg/kg -- 14 -- >1,000,000 17 -- 14  --j  --j  --j  --j  --j  --j 0.12  --j  --j  --j  --j  --j  --j 0.10 

Dibenz[a,h]anthracene 53-70-3 mg/kg -- 1.4 -- >1,000,000 1.7 -- 1.4  --j  --j  --j  --j  --j  --j 0.030  --j  --j  --j  --j  --j  --j 0.030 

Fluoranthene 206-44-0 mg/kg -- 3,200 -- -- 26,760 -- 3,200  --j  --j  --j  --j  --j  --j 64  --j  --j  --j  --j  --j  --j 18 

Fluorene 86-73-7 mg/kg -- 3,200 -- -- 26,760 -- 3,200 1,420 8,720 15,600  --j  --j  --j 64 4,890 29,961 53,465  --j  --j  --j 260 

Indeno(1,2,3-cd)pyrene 193-39-5 mg/kg -- 1.4 -- >1,000,000 1.7 -- 1.4  --j  --j  --j  --j  --j  --j 0.33  --j  --j  --j  --j  --j  --j 0.33 

Naphthalene 91-20-3 mg/kg -- 1,600 -- 1.4 62 -- 1,600 108 543 969  --j  --j  --j 16 3,332 16,766 29,915  --j  --j  --j 988 

Phenanthrene 85-01-8 mg/kg -- -- -- -- -- -- 24,000  --n  --n  --n  --n  --n  --n 240  --n  --n  --n  --n  --n  --n 1,920 

Pyrene 129-00-0 mg/kg -- 2,400 -- -- 20,070 -- 2,400  --j  --j  --j  --j  --j  --j 48  --j  --j  --j  --j  --j  --j 192 

Volatile Organic Compounds and Semivolatile Organic Compounds 

1,1-Dichloroethene 75-35-4 mg/kg -- 4,000 -- 2.8 8,773 -- -- 0.52 2.3 4.1 1.4 4.1 7.3 -- 0.010 0.019 0.034 0.011 0.033 0.059 -- 

1,2,4-Trichlorobenzene 120-82-1 mg/kg -- 34 -- 14 257 -- 800 1.4 6.8 12  --j  --j  --j 7.0 1.8 8.9 16 --j --j --j 45 

1,2-Dichlorobenzene 95-50-1 mg/kg -- 7,200 -- 546 34,038 -- 7,200 150 734 1,309 876 1,585 2,825 60 105 514 916 613 1,109 1,978 540 

1,3-Dichlorobenzene 541-73-1 mg/kg -- -- -- -- -- -- 2,400  --n  --n  --n  --n  --n  --n 24 90 443 790 608 1,013 1,806 80 

1,4-Dichlorobenzene 106-46-7 mg/kg -- 185 -- 1.5 64 -- 42 3.2 16 28 33 44 78 0.33 8.4 42 74 89 117 208 0.97 

2,4,5-Trichlorophenol 95-95-4 mg/kg -- 8,000 -- -- 71,289 -- 8,000 693 3,482 6,212  --j  --j  --j 80 421 2,117 3,777 --j --j --j -- 

2,4,6-Trichlorophenol 88-06-2 mg/kg -- 80 -- 95 460 -- 91 1.00 4.9 8.7 5.9 11 19 0.80 0.35 1.7 3.1 2.1 3.7 6.6 0.42 

2,4-Dichlorophenol 120-83-2 mg/kg -- 240 -- -- 2,139 -- 240 2.7 13 23 8.4 23 41 4.8 8.7 41 73 27 74 131 19 

2,4-Dimethylphenol 105-67-9 mg/kg -- 1,600 -- -- 14,258 -- 1,600 24 118 210 91 219 391 32 58 280 499 216 520 928 111 

2,4-Dinitrophenol 51-28-5 mg/kg -- 160 -- -- 1,426 -- 160 1.3 4.5 8.1 3.1 8.3 15 3.2 2.8 9.8 17 6.7 18 32 14 

2,4-Dinitrotoluene 121-14-2 mg/kg -- 3.2 -- >1,000,000 18 -- 160 0.33 0.33 0.33 0.33 0.33 0.37 3.2 0.33 0.33 0.33 0.33 0.33 0.33 0.33 

2,6-Dinitrotoluene 606-20-2 mg/kg -- 80 -- -- 714 -- 80 1.2 5.5 9.8 3.2 9.7 17 1.6 9.0 40 72 24 71 127 136 
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2-Butanone 78-93-3 mg/kg -- 48,000 -- 28,400 464,000 -- -- 202 738 1,316 494 1,344 2,397 -- 20,736 75,638 134,962 50,625 137,821 245,774 -- 

2-Chloronaphthalene 91-58-7 mg/kg -- 6,400 -- -- 73,000 --  1,008 5,992 10,692  --j  --j  --j 64 1,575 9,362 16,707  --j  --j  --j 206 

2-Chlorophenol 95-57-8 mg/kg -- 400 -- -- 4,563 -- 400 10 50 89 62 109 195 4.0 21 102 181 125 222 395 19 

2-Hexanone 591-78-6 mg/kg -- 400 -- 3,600 3,599 -- -- 1.9 7.4 13 4.7 13 24 -- 163 634 1,130 401 1,141 2,035 -- 

2-Methylnaphthalene 91-57-6 mg/kg -- 320 -- -- 2,676 -- 320 50 300 535  --j  --j  --j 3.2 219 1,300 2,319  --j  --j  --j -- 

2-Methylphenol (cresol, o-) 95-48-7 mg/kg -- 4,000 -- 52,000 35,400 -- 4,000 113 553 987 760 1,266 2,258 80 3,417 16,758 29,896 23,024 38,357 68,385 -- 

2-Nitroaniline 88-74-4 mg/kg -- 800 -- >1,000,000 7,129 -- 240 11 47 84 28 83 148 2.4 175 767 1,368 449 1,349 2,405 -- 

2-Nitrophenol 88-75-5 mg/kg -- -- -- -- -- -- --  --n  --n  --n  --n  --n  --n --  --n  --n  --n  --n  --n  --n -- 

3,3'-Dichlorobenzidine 91-94-1 mg/kg -- 2.2 -- 536,409 13 -- 2.2 0.33 0.44 0.78 1.2 1.4 2.5 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 

3-Nitroaniline 99-09-2 mg/kg -- 24 -- >1,000,000 214 -- 24 0.33 1.2 2.2 0.71 2.1 3.8 0.33 6.9 30 54 18 53 94 -- 

4,6-Dinitro-2-methylphenol 534-52-1 mg/kg -- 6.4 -- -- 57 -- 8.0 0.49 2.4 4.3 5.0 6.7 12 0.33 5.0 25 44 51 68 121 -- 

4-Bromophenylphenyl ether 101-55-3 mg/kg -- -- -- -- -- -- --  --n  --n  --n  --n  --n  --n --  --n  --n  --n  --n  --n  --n -- 

4-Chloro-3-methylphenol 59-50-7 mg/kg -- 8,000 -- -- 71,289 -- 4,000 508 2,496 4,452 3,997 6,108 10,889 80 9,682 47,577 84,873 76,190 116,438 207,581 -- 

4-Chloroaniline 106-47-8 mg/kg -- 5.0 -- -- 28 -- 320 0.33 0.33 0.33 0.33 0.33 0.33 6.4 0.36 1.6 2.9 0.96 2.9 5.1 -- 

4-Chlorophenylphenyl ether 7005-72-3 mg/kg -- -- -- -- -- -- --  --n  --n  --n  --n  --n  --n --  --n  --n  --n  --n  --n  --n -- 

4-Methyl-2-pentanone 108-10-1 mg/kg -- 6,400 -- 13,100 69,400 -- -- 30 114 203 73 206 367 -- 2,832 10,854 19,367 6,937 19,597 34,946 -- 

4-Methylphenol (cresol, p-) 106-44-5 mg/kg -- 8,000 -- 55,900 70,400 -- 400 226 1,110 1,970 1,520 2,530 4,520 8.0 8,260 40,500 72,300 55,700 92,800 165,000 -- 

4-Nitroaniline 100-01-6 mg/kg -- 50 -- >1,000,000 283 -- 48 0.33 1.3 2.3 0.75 2.3 4.0 0.33 5.4 24 42 14 42 74 -- 

4-Nitrophenol 100-02-7 mg/kg -- -- -- -- 5,703 -- 640  --n  --n  --n  --n  --n  --n 13  --n  --n  --n  --n  --n  --n 1,254 

Acetone 67-64-1 mg/kg -- 72,000 -- 194,000 790,000 -- 72,000 289 1,030 1,838 705 1,885 3,362 720 29,666 105,651 188,515 72,349 193,339 344,782 -- 

Benzene 71-43-2 mg/kg -- 18 -- 0.57 22 -- -- 0.058 0.26 0.46 0.15 0.45 0.81 -- 0.087 0.39 0.69 0.23 0.68 1.2 -- 

bis(2-Chloro-1-methylethyl)ether 108-60-1 mg/kg -- 14 -- 4.8 71 -- 14 0.33 0.33 0.33 0.33 0.33 0.51 0.33 2.3 9.7 17 5.7 17 30 7.5 

bis(2-Chloroethoxy)methane 111-91-1 mg/kg -- 240 -- -- 2,139 -- 0.91 2.0 7.1 13 4.8 13 23 0.33 97 349 622 236 637 1,135 0.33 

bis(2-Chloroethyl) ether 111-44-4 mg/kg -- 0.91 -- 0.27 4.4 -- 0.91 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 

bis(2-Ethylhexyl) phthalate 117-81-7 mg/kg -- 71 -- >1,000,000 405 -- 71  --j  --j  --j  --j  --j  --j 0.60  --j  --j  --j  --j  --j  --j 0.36 

Butylbenzylphthalate 85-68-7 mg/kg -- 526 -- -- 2,981 -- 16,000 525 866 4,131  --j  --j  --j 320 94 155 739  --j  --j  --j 250 

Carbazole 86-74-8 mg/kg -- 50 -- -- 283 -- 50 7.9 47 84  --j  --j  --j 0.44  --n  --n  --n  --n  --n  --n -- 

Carbon tetrachloride 56-23-5 mg/kg -- 14 -- 0.61 22 -- 7.7 0.073 0.34 0.61 0.23 0.62 1.1 0.034 0.027 0.12 0.22 0.083 0.23 0.40 0.050 

Chlorobenzene 108-90-7 mg/kg -- 1,600 -- 73 5,440 -- -- 16 76 136 60 142 254 -- 20 99 176 78 185 330 -- 

Chloroform 67-66-3 mg/kg -- 32 -- 0.24 11 -- -- 0.096 0.42 0.75 0.24 0.74 1.3 -- 0.39 1.7 3.0 0.99 3.0 5.3 -- 

Dibenzofuran 132-64-9 mg/kg -- 80 -- -- 713 -- 160 61 117 570  --j  --j  --j 3.2 13 25 122  --j  --j  --j -- 

Diethylphthalate 84-66-2 mg/kg -- 64,000 -- -- 570,313 -- 64,000 1,071 4,856 8,665 2,899 8,594 15,324 1,280 1,423 6,450 11,508 3,850 11,414 20,353 4,600 
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Table 8-3. Summary of 100-F/IU OUs Human Health, Groundwater Protection, and Surface Water Protection Soil PRGs 
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Dimethyl phthalate 131-11-3 mg/kg -- -- -- -- -- -- 80,000  --n  --n  --n  --n  --n  --n 1,600 15,171 62,734 111,933 37,736 111,387 198,627 14,400 

Di-n-butylphthalate 84-74-2 mg/kg -- 8,000 -- -- 71,289 -- 8,000 1,357 6,822 12,173  --j  --j  --j 160 1,696 8,528 15,217  --j  --j  --j 540 

Di-n-octylphthalate 117-84-0 mg/kg -- 960 -- -- 8,560 -- 1,600  --j  --j  --j  --j  --j  --j 32  --j  --j  --j  --j  --j  --j -- 

Ethylbenzene 100-41-4 mg/kg -- 91 -- 2.3 90 -- -- 0.59 2.8 5.1 2.2 5.3 9.4 -- 2.3 11 20 8.6 21 37 -- 

Ethylene glycol 107-21-1 mg/kg -- 160,000 -- 23,600 >1,000,000 -- 160,000 646 2,308 4,119 1,576 4,222 7,529 320 66,237 236,619  --j 161,551  --j  --j -- 

Hexachlorobenzene 118-74-1 mg/kg -- 0.63 -- 396,476 3.5 -- 0.63  --j  --j  --j  --j  --j  --j 0.33  --j  --j  --j  --j  --j  --j 0.33 

Hexachlorobutadiene 87-68-3 mg/kg -- 13 -- 5.0 55 -- 13  --j  --j  --j  --j  --j  --j 0.33  --j  --j  --j  --j  --j  --j 0.33 

Hexachlorocyclopentadiene 77-47-4 mg/kg -- 480 -- 4.2 403 -- 480  --j  --j  --j  --j  --j  --j 5.0  --j  --j  --j  --j  --j  --j 48 

Hexachloroethane 67-72-1 mg/kg -- 25 -- 2.5 63 -- 71 1.1 5.5 9.7  --j  --j  --j 0.31 1.4 7.0 12  --j  --j  --j 0.38 

Isophorone 78-59-1 mg/kg -- 1,053 -- 50,500 5,962 -- 1,050 3.0 13 23 7.5 23 40 9.2 0.54 2.3 4.2 1.4 4.1 7.4 1.7 

Nitrobenzene 98-95-3 mg/kg -- 160 -- 2.0 90 -- 160 1.6 7.5 13 4.7 13 24 1.6 1.7 7.9 14 5.0 14 25 3.4 

n-Nitrosodi-n-dipropylamine 621-64-7 mg/kg -- 0.14 -- 91,190 0.81 -- 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 

n-Nitrosodiphenylamine 86-30-6 mg/kg -- 204 -- >1,000,000 1,156 -- 204 13 64 114  --j  --j  --j 1.8 2.4 12 21  --j  --j  --j 1.9 

Methylene chloride 75-09-2 mg/kg -- 480 -- 528 3,230 -- 133 0.23 0.86 1.5 0.55 1.5 2.8 0.50 0.21 0.79 1.4 0.51 1.4 2.5 0.94 

Pentachlorophenol 87-86-5 mg/kg -- 2.5 -- >1,000,000 10 -- 8.3 0.33 0.41 0.73 0.83 1.1 2.0 0.33 0.33 0.50 0.89 1.0 1.4 2.4 0.33 

Phenol 108-95-2 mg/kg -- 24,000 -- 11,500 182,000 -- 24,000 131 537 959 326 957 1,706 480 547 2,239 3,995 1,357 3,986 7,107 4,200 

Styrene 100-42-5 mg/kg -- 16,000 -- 2,910 115,000 -- -- 56 282 502 1,025 1,077 1,919 -- 21,521 108,151 192,973  --j  --j  --j -- 

Tetrachloroethene 127-18-4 mg/kg -- 476 -- 20 716 -- -- 0.92 4.5 8.0 4.0 8.7 16 -- 0.13 0.62 1.1 0.55 1.2 2.1 -- 

Tributyl phosphate 126-73-8 mg/kg -- 111 -- -- 828 -- 185 10 52 92  --j  --j  --j 3.3 26 132 236  --j  --j  --j -- 

Trichloroethene (TCE) 79-01-6 mg/kg -- 22 -- 1.1 37 -- -- 0.085 0.39 0.70 0.24 0.69 1.2 -- 0.23 1.0 1.8 0.63 1.8 3.3 -- 

Toluene 108-88-3 mg/kg -- 6,400 -- 4,770 63,800 -- 6,400 70 328 585 213 589 1,051 64 143 666 1,189 432 1,197 2,134 1,360 

Vinyl chloride 75-01-4 mg/kg -- 1.4 -- 0.53 0.07 -- -- 0.0050 0.012 0.021 0.0075 0.022 0.038 -- 0.0050 0.0050 0.0088 0.0050 0.0089 0.016 -- 

Xylenes (total) 1330-20-7 mg/kg -- 16,000 -- 104 10,400 -- 16,000 258 1,255 2,239 1,011 2,366 4,219 160  --n  --n  --n  --n  --n  --n -- 

Other Organics 

TPH-diesel range TPHDIESEL mg/kg -- 2,000 -- -- -- -- 200 2,000o 2,000o 2,000o 2,000o 2,000o 2,000o 200  --n  --n  --n  --n  --n  --n 200 

TPH-motor oil (high boiling) TPH/OILH mg/kg -- 2,000 -- -- -- -- 200 2,000o 2,000o 2,000o 2,000o 2,000o 2,000o 200  --n  --n  --n  --n  --n  --n 200 
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Notes: 

Yellow highlighting denotes the PRG selection for protection of human health. For radionuclide human health PRGs, the lowest of the PRGs calculated for the residential exposure scenario and the residential Interim Action ROD RAG defined in Remedial Design Report/Remedial Action Work Plan for the 100 Area (DOE/RL-96-17) is 

highlighted in yellow. For nonradionuclide PRGs, the PRG is the RI/FS MTCA Method B value, except for arsenic and lead, which set to the “Soil Cleanup Levels for Unrestricted Land Uses” (WAC 173-340-900, “Tables”), Table 740-1, “Method A Soil Cleanup Level for Unrestricted Land Uses.” 

Green highlighting denotes the most conservative PRG above background for each analyte for GW/SW protection except for Cr(VI), which is compared to the interim action RAG of 2.0 mg/kg. 

a. Hanford Site background values for nonradionuclides: DOE/RL-92-24, Vol. 1, Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes; ECF-HANFORD-11-0038, Soil Background Data for Interim Use at the Hanford Site; DOE/RL-96-12, Hanford Site Background: Part 2, Soil Background for Radionuclides. 

b. ECF-HANFORD-10-0444, Documentation of Standard Method B Contact Cleanup Levels for Unrestricted Land Use. PRGs for arsenic, lead, and total petroleum hydrocarbons are based on WAC 173-340-900, Table 740-1, “Method A Soil Cleanup Levels for Unrestricted Land Uses.” 

c. ECF-HANFORD-10-0429, Documentation of Preliminary Remediation Goals (PRGs) for Radionuclides Using the IAROD Exposure Scenario for the 100 and 300 Area Remedial Investigation/Feasibility Study (RI/FS) Report. 

d. ECF-HANFORD-11-0033, Calculation of Inhalation Pathway Preliminary Remediation Goals Using Standard Method B Air Cleanup Levels for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports. 

e. ECF-HANFORD-10-0445, Calculation of Nonradionuclides Preliminary Remediation Goals in Soil for a Casual Recreational User Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports. 

f. ECF-HANFORD-10-0446, Calculation of Radiological Preliminary Remediation Goals in Soil for a Casual Recreational User Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports. 

g. ECF-HANFORD-11-0142, Calculation of Radiological Preliminary Remediation Goals in Soil for a Resident Monument Worker Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports. 

h. DOE/RL 96-17, Remedial Design Report/Remedial Action Work Plan for the 100 Area. 

i. ECF-HANFORD-12-0004, STOMP 1-D Modeling for Determination of Soil Screening Levels and Preliminary Remediation Goals for 100 Area F and IU Source Areas. A 70:30 initial source distribution is used for analytes with Kd ≥2 mL/g; a 100:0 initial source distribution is used for analytes with Kd <2 mL/g. The SSL and PRG 

value for all analytes defaults to the EQL when the calculated value is less than the EQL. The EQL values are obtained from the Sampling and Analysis Plan for 100-F/IU (DOE/RL-2009-43). 

j. The SSL or PRG value for GWP or SWP is considered nonrepresentative because there is no breakthrough of the analyte simulated within 1,000 years for the majority of soil columns (breakthrough is defined as concentrations above 1E-04 µg/L or 1E-04 pCi/L). 

k. An SSL is calculated for total uranium (CAS No. 7440-61-1) but not isotopic uranium because a DWS is not available for isotopic uranium. When total uranium analytical results (µg/kg) are available, exposure point concentrations are compared to the total uranium SSL. When only isotopic uranium results (pCi/g) are available, 

uranium is addressed by converting the isotopic uranium from activity-based (pCi/g) to mass-based (µg/kg) concentrations and summing to provide a mass-based total uranium exposure point concentration (identified as Total_U_Isotopes), as described in ECF-100FR1-11-0020, “Computation of Exposure Point Concentrations for the 

100-FR-1, 100-FR-2, 100-IU-2, and 100-IU-6 Source Operable Units.” The Total_U_Isotopes exposure point concentration is then compared to the total uranium SSL. 

l. The SSL and PRG values for Cr(VI) are set to a maximum value of 6.0 mg/kg because the Kd value used in the model was derived from experiments with soil concentrations less than 6 mg/kg. 

m. Value converted from “as nitrogen” values in DOE/RL-96-17 using the following conversion factors as applicable: 4.43 g NO3-/g N and 3.29 g NO2-/ g N.  

n. A GWP or SWP SSL or PRG is not calculated because a groundwater or surface water cleanup level or DWS is not available for the analyte. 

o. The SSL for TPH is a default screening level obtained from WAC 173-340-900, “Tables,” Table 747-5, “Residual Saturation Screening Levels for TPH.” 

p. Strontium-90 is calculated based on a 100:0 initial source distribution, an exception to the convention that analytes with a Kd ≥2 were calculated based on a 70:30 initial source distribution, because of data that indicated strontium-90 was distributed throughout the vadose zone at some locations in these operable units. 

CAS = Chemical Abstract Services 

EQL = estimated quantitation limit 

GW = groundwater 

GWP = groundwater protection 

Kd = distribution coefficient 

MTCA = Model Toxics Control Act 

PRG = preliminary remediation goal 

RAG = remedial action goal 

RI/FS = remedial investigation/feasibility study 

SSL = soil screening level 

SW = surface water 

SWP = surface water protection 

TPH = total petroleum hydrocarbon 

 

  



DOE/RL-2010-98, REV. 0 

8-40 

 

This page intentionally left blank. 

 



DOE/RL-2010-98, REV. 0 

8-41 

Table 8-4. Summary of 100-F/IU OUs Ecological Soil PRGs 

Analytes 

Hanford Site 

Background 

Concentration
a
 

Preliminary Remediation Goals for Protection 

of Ecological Receptors 

Plant PRG
b
 Plant PRG

b
 Avian PRG

b
 Mammal PRG

b
 

Radionuclides (pCi/g) 

Americium-241 -- 21,500 --c 11,900 4,840 

Carbon-14 -- 60,700 --c 50 32 

Cesium-137 1.1 2,210 --c 1,430 924 

Cobalt-60 0.0084 6,130 --c 805 805 

Curium-243 -- --c --c --c --c 

Europium-152 -- 14,700 --c 1,740 1,740 

Europium-154 0.033 12,500 --c 1,610 1,610 

Europium-155 0.054 153,000 --c 33,400 33,400 

Iodine-129 -- --c --c --c --c 

Neptunium-237 -- 8,150 --c 7,880 7,880 

Nickel-63 -- --c --c --c --c 

Niobium-94 -- --c --c --c --c 

Plutonium-238 0.0038 17,500 --c 20,900 5,980 

Plutonium-239/240 0.025 12,700 --c 22,300 6,270 

Strontium-90 0.18 3,580 --c 112 91 

Technetium-99 -- 21,900 --c 5,360 8,670 

Tritium -- 1,680,000 --c 936 420 

Uranium-233/234 1.1 51,600 --c 6,370 14,200 

Uranium-235 0.11 27,400 --c 4,360 8,060 

Uranium-238 1.1 15,700 --c 5,150 11,000 

Total uranium (summed) -- --c --c --c --c 

Metals (mg/kg) 

Aluminum 11,800 --d --d --d --d 

Antimony 0.13 842 842 --c 92 

Arsenic 6.5 128 128 2,284 127 

Barium 132 500 358 1,690 2,270 

Beryllium 1.5 10 40 --c 14 

Bismuth -- --c --c --c --c 

Boron 3.9 30 29 54 32 

Cadmium 0.56 9.8 20 29 624 

Chromium 19 259 149 109 517 

Cobalt 16 16 16 484 2,140 

Copper 22 70 58 213 193 

Cr(VI) -- --c --c --c 1,250 

Lead 10 9,090 1,700 156 1,580 

Lithium 13 2.0 --c --c 1,664 

Manganese 512 1,260 1,260 14,400 3,320 
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Table 8-4. Summary of 100-F/IU OUs Ecological Soil PRGs 

Analytes 

Hanford Site 

Background 

Concentration
a
 

Preliminary Remediation Goals for Protection 

of Ecological Receptors 

Plant PRG
b
 Plant PRG

b
 Avian PRG

b
 Mammal PRG

b
 

Mercury 0.013 0.30 13 2.0 1.6 

Molybdenum 0.47 2.0 28 95 5.7 

Nickel 19 38 280 361 247 

Selenium 0.78 2.0 4.1 2.4 1.4 

Silver 0.17 560 3.0 983 9,810 

Strontium -- --c --c --c 1,210 

Thallium 0.19 1.0 0.46 --c 6.2 

Tin -- 838 838 204 279 

Total_U_Isotopes 3.2 250 100 82 40 

Uranium (soluble salts) 3.2 250 100 82 40 

Vanadium 85 89 116 43 260 

Zinc 68 621 8,980 856 1,040 

Other Inorganics (mg/kg) 

Chloride 100 --c --c --c --c 

Cyanide -- --c --c --c 20,700 

Fluoride 2.8 -- -- 2,280 13,800 

Nitrate 52 -- --c --c 340,000 

Nitrite -- -- --c --c 340,000 

Sulfate 237 -- --c --c --c 

Polychlorinated Biphenyls (PCBs) (mg/kg) 

Aroclor-1016 -- 40 --c 1.8 4.9 

Aroclor-1221 -- 40 --c 1.8 1.5 

Aroclor-1232 -- 40 --c 1.8 1.4 

Aroclor-1242 -- 40 --c 1.8 1.5 

Aroclor-1248 -- 40 --c 1.8 0.33 

Aroclor-1254 -- 40 --c 1.8 1.5 

Aroclor-1260 -- 40 --c 1.8 1.5 

Pesticides (mg/kg) 

4,4'-DDE (Dichlorodiphenyl-

dichloroethylene) 
-- --c --c 0.80 0.40 

4,4'-DDT (Dichlorodiphenyl-

trichloroethane) 
-- --c --c 1.2 0.88 

Aldrin -- --c --c 0.16 9.8 

Alpha-Chlordane -- --c 1.0 50 204 

Beta-BHC -- --c --c 4.1 8.7 

Dieldrin -- --c --c 0.079 0.021 

Endosulfan I -- --c --c 41 0.71 

Endosulfan II -- --c --c 41 0.71 

Endosulfan sulfate -- --c --c 41 0.56 
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Table 8-4. Summary of 100-F/IU OUs Ecological Soil PRGs 

Analytes 

Hanford Site 

Background 

Concentration
a
 

Preliminary Remediation Goals for Protection 

of Ecological Receptors 

Plant PRG
b
 Plant PRG

b
 Avian PRG

b
 Mammal PRG

b
 

Endrin Aldehyde -- --c --c 0.23 1.4 

Gamma-Chlordane -- --c 1.0 50 204 

Methoxychlor -- --c --c --c 22 

Polycyclic Aromatic Hydrocarbons (PAHs) (mg/kg) 

Acenaphthene -- 20 29 1,100 2,420 

Acenaphthylene -- --c 29 74 156 

Anthracene -- --c 29 678 4,210 

Benzo(a)anthracene -- --c 18 2.0 64 

Benzo(a)pyrene -- --c 18 2.4 76 

Benzo(b)fluoranthene -- --c 18 1.3 39 

Benzo(ghi)perylene -- --c 18 1.1 32 

Benzo(k)fluoranthene -- --c 18 1.3 39 

Chrysene -- --c 18 1.4 45 

Dibenz[a,h]anthracene -- --c 18 1.4 44 

Fluoranthene -- --c 18 1.1 839 

Fluorene -- --c 29 175 267 

Indeno(1,2,3-cd)pyrene -- --c 18 1.2 36 

Naphthalene -- --c 29 340 100 

Phenanthrene -- --c 29 943 5,920 

Pyrene -- --c 18 1.9 600 

Volatile and Semivolatile Organic Compounds (mg/kg) 

1,1-Dichloroethene -- --c --c 165 301 

1,1,1-Trichloroethane -- --c --c 165 10,016 

1,2,4-Trichlorobenzene -- --c --c -- -- 

1,2-Dichlorobenzene -- --c --c 164 282 

1,3-Dichlorobenzene -- --c --c 164 310 

2,4-Dinitrotoluene -- --c --c 26 28 

2-Butanone -- --c --c 3,123 412,224 

2-Hexanone -- --c --c 1,856 1,708 

2-Methylnaphthalene -- --c 29 8.4 6.0 

2-Methylphenol (cresol, o-) -- --c --c --c 9,290 

4-Chlorophenylphenyl ether -- --c --c --c --c 

4-Methyl-2-pentanone -- --c --c 1,927 227,119 

4-Methylphenol (cresol, p-) -- --c --c --c 9,360 

Benzene -- --c --c 195 70 

Bis(2-ethylhexyl) phthalate -- 100 --c 0.14 45 

Carbon tetrachloride -- --c --c 165 160 

Chloroform -- --c --c 165 412 



DOE/RL-2010-98, REV. 0 

8-44 

Table 8-4. Summary of 100-F/IU OUs Ecological Soil PRGs 

Analytes 

Hanford Site 

Background 

Concentration
a
 

Preliminary Remediation Goals for Protection 

of Ecological Receptors 

Plant PRG
b
 Plant PRG

b
 Avian PRG

b
 Mammal PRG

b
 

Diethylphthalate -- 100 --c --c --c 

Ethylbenzene -- --c --c 159 1,027 

Methylene chloride -- --c --c 166 504 

Phenol -- 70 30 --c 1,510 

Tetrachloroethene -- --c --c 164 70 

trans-1,2-Dichloroethene -- --c --c 165 453 

Toluene -- 200 --c 195 5,200 

Trichloroethene (TCE) -- --c --c 165 70 

Xylenes (total) -- --c --c 149 826 

Other Organics (mg/kg) 

TPH–diesel range -- --c 200 356,000 452,000 

Note: The need for remedial action to protect ecological receptors will be based on population and community level effects. 

Exceedance of ecological PRGs initiates a scientific management decision point to determine a basis for action. 

a. Hanford Site background values for nonradionuclides: DOE/RL-92-24, Hanford Site Background: Part 1, Soil Background 

for Nonradioactive Analytes; ECF-HANFORD-11-0038; Hanford Site background values for radionuclides: DOE/RL-96-12, 

Hanford Site Background: Part 2, Soil Background for Radionuclides. 

b. CHPRC-00784, Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site; 

CHPRC-01311, Tier 2 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site; 

ECF-HANFORD-11-0158, Tier 2 Terrestrial Plant and Invertebrate Preliminary Remediation Goals (PRGs) for 

Nonradionuclides for Use at the Hanford Site. These PRGs will be used within the SMDP process described in Chapter 7 of 

this RI/FS. 

c. A PRG is not calculated because a toxicity value is not available for this receptor or analyte. 

d. Aluminum ecotoxicity is only identified in soils with pH less than 5.5 (Ecological Soil Screening Level for Aluminum: Interim 

Final [OSWER Directive 9285.7-60]). Most soil pH measures at the Hanford Site are greater than 5.5 (River Corridor Baseline 

Risk Assessment, Volume I: Ecological Risk Assessment [DOE/RL-2007-21]; Central Plateau Ecological Risk Assessment Data 

Package Report [DOE/RL-2007-50]; ECF-HANFORD-11-0158). Thus, aluminum at the Hanford Site does not present an 

ecological risk. 

PRG = preliminary remediation goal 

TPH = total petroleum hydrocarbon 

   

Ecological Exposure. Ecological PRGs for the protection of plants, soil invertebrates, and wildlife 

(birds and mammals) are developed using a tiered approach (Tier 1 Risk-Based Soil Concentrations 

Protective of Ecological Receptors at the Hanford Site [CHPRC-00784]). The objective of a tiered 

approach is to refine available generic screening levels (EcoSSLs in MTCA [WAC 173-340], 

Table 749-3, or BCGs), as needed, with additional literature-derived or site-specific information to more 

realistically represent Hanford Site-specific ecological risks. The ecological PRGs are developed in 

Chapter 7, Section 7.3.4.  

8.1.4.3 Direct Contact Exposure PRGs for Radiological Contaminants 

The PRGs for direct contact exposure to radiological contaminants for both human and ecological 

receptors are described in the following subsections. 

Human Exposure—Soil. PRGs for radioactive wastes and radioactively contaminated soils for human 

receptor direct-contact exposures are based on EPA radionuclide soil cleanup guidance. As established by 

the NCP (40 CFR 300), CERCLA cleanup actions generally should achieve a level of risk within the 
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10-4 to 10-6 ELCR, based on the reasonable maximum exposure (RME) for an individual. Furthermore, 

EPA policy has noted that the upper boundary of the risk range is not a discrete line at 10-4 and that 

a specific risk estimate around 10-4 may be considered acceptable if justified based on site-specific 

conditions (Radiation Risk Assessment At CERCLA Sites: Q&A [EPA 540/R/99/006]). Demonstration 

that the 10-4 to 10-6 residual risk-range goal has been achieved is accomplished through final verification 

sampling during closeout of individual waste sites. The PRGs are developed for a number of exposure 

scenarios in the risk assessment. Each of these exposure scenarios are discussed in the following paragraphs. 

PRGs for radiological contaminants are developed using a residential exposure scenario. Residents could 

potentially be exposed to shallow zone soil from residential yards or groundwater from domestic wells. 

Residents could potentially be exposed to soil from direct external exposure, incidental soil ingestion, or 

inhalation of dust generated from wind or from yard maintenance activities. Residents could also be 

potentially exposed to radiological contaminants through food chain pathways (uptake of contamination 

from soil to plants and animals). From the leaching pathway, residents could potentially consume drinking 

water from a downgradient well, use the well for irrigation of crops and watering livestock, and consume 

fish raised in a pond filled with water from the downgradient well. The PRGs are calculated using a target 

cancer risk level of 1 × 10-4, which is comparable with the cleanup achieved through the interim actions as 

established by the interim action RODs. An annual dose rate of 15 mrem/yr was used in the interim action 

RODs as an RAO for protection of human health. Table 8-3 presents a summary of the RAGs reported in 

the 100 Area RDR/RAWP (DOE/RL-96-17) and the PRGs developed for the residential scenario.  

Soil radiological PRG values are also developed for the direct-contact and inhalation pathways, 

combined, using the casual recreational user exposure scenario. PRG values for individual radioisotopes 

are based on an ELCR of 1 × 10-4. The PRG values listed in Table 8-3 for these exposure scenarios are 

provided to aid in determining whether the cleanup actions achieve the CERCLA threshold criteria.  

Ecological Exposure. BCGs are proposed for use as ecological PRGs for radionuclides for terrestrial 

plants and animals (including soil invertebrates). A discussion of the application of BCGs to radionuclide 

toxicity data is presented in Chapter 7, Section 7.3. BCGs are also evaluated at the SMDP and population 

basis for decisions. Additional evaluation may be conducted where biological exposures exceed BCGs.  

8.1.4.4 Soil Concentrations Protective of Groundwater and Surface Water (SSLs and PRGs) 

Modeling was conducted to assess the fate and transport of contaminants in the vadose zone and their 

potential effects on groundwater or surface water. One-dimensional numerical simulations were 

constructed to represent the key factors of the conceptual model for 100-F/IU using the STOMP code 

(STOMP: Theory Guide [PNNL-12030]). Modeling with STOMP was performed with different waste 

distributions, recharge scenarios, and stratigraphic columns that represented the range of conditions 

within 100-F/IU. The bounding representation of waste distribution consisted of a uniform distribution 

through the entire vadose zone thickness beneath the backfill for contaminants with Kd <2 (referred to as 

the 100:0 initial distribution) and a uniform distribution through the upper 70 percent of the vadose zone 

thickness beneath the backfill for contaminants with Kd ≥2 (referred to as the 70:30 initial distribution). 

Calculations for strontium-90 were based on a 100:0 initial source distribution even though the 

strontium-90 Kd is greater than 2. The 100:0 initial source distribution was selected for strontium-90 

because the data indicated distribution throughout the vadose zone. Constituents that were persistent 

(i.e., do not degrade or decay in a reasonable period) and that had a peak concentration in groundwater 

occurring within 1,000 years in the future were evaluated. This modeling process, including assumptions 

and inputs, is described in Chapter 5, Section 5.6. 

SSL values were developed from STOMP-simulated peak groundwater concentrations obtained for an 

irrigation recharge scenario representing a bounding future recharge case (based on irrigated agriculture) 
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and for criterion protective of groundwater and surface water. Those sites/contaminants that failed the 

screening level (based on comparison of EPCs to SSLs) were next evaluated against PRG values 

developed from STOMP-simulated peak groundwater concentrations obtained for a native vegetation 

recharge scenario representative of re-establishment of the native xerophytic plant communities on the 

land surface (Table 8-3) and the same criterion protective of groundwater and surface water. 

The derivation of these protection levels is described in Chapter 5, Section 5.7. 

8.1.4.5 Groundwater and Surface Water PRGs 

The groundwater risk assessment was presented in Chapter 6, Section 6.3. The COCs (Section 8.1.1.2) 

were identified using the information provided in Chapter 6, Section 6.3. COPCs with EPCs greater than 

or equal to the DWS, AWQC, state water quality standards, or calculated cleanup levels per MTCA 

(“Groundwater Cleanup Standards” [WAC 173-340-720]) were retained as COCs. Based on the results of 

this evaluation, the list of COCs includes Cr(VI), strontium-90, TCE, and nitrate. The PRGs for each 

COC are presented in Table 8-5. 

The COPC identification process (Chapter 6, Section 6.3.2) identified three analytes with an uncertain 

status for the 100-FR-3 Groundwater OU that are considered COPCs and warrant further evaluation in 

the FS. The occurrence of antimony, cadmium, and cobalt in groundwater is uncertain because these 

analytes have historically been detected in groundwater at concentrations above the lowest promulgated 

standards; however, their presence was not associated with a specific location or a trend, and the analytical 

methods used were not of sufficient accuracy for risk characterization purposes. In addition, the EPCs 

for these analytes are less than lowest promulgated standard. Because of the uncertain status of these 

COPCs, treatment for the COPCs is not evaluated in the alternatives developed in Chapter 9. To ensure 

protectiveness and confirm current understanding of the nature and extent of contamination and potential 

risks, these analytes will be included as part of the performance monitoring. If monitoring identifies that 

remedial action is necessary for the COPCs, these changes will be addressed through a ROD change. 

8.2 General Response Actions 

GRAs consistent with RAOs were identified for 100-F/IU. GRAs are basic actions that might be 

undertaken to remediate a site, and the GRAs are identified based on the nature and extent of 

contamination and risks present at a site, as described in the RI. For each GRA, several possible remedial 

technologies may exist, which can be further divided into one or more process options. This section 

discusses the remedial technology selection process. 

Remedial technologies are selected for evaluation based on their potential ability to mitigate the identified 

risks or achieve compliance with ARARs for the remedial action. Technologies and process options 

selected for evaluation are assessed with respect to their implementability, effectiveness, and relative cost 

in accordance with CERCLA RI/FS Guidance (EPA/540/G-89/004) and the NCP (“Remedial 

Investigation/Feasibility Study and Selection of Remedy” [40 CFR 300.430(e)]). The selected final 

remedy must comply with ARARs and protect HHE. 
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Table 8-5. 100-FR-3 Groundwater OU PRGs 

Contaminant Units 

90
th

 Percentile 

Concentration 

Dose (mrem/yr) 

Based on 

90
th

 Percentile 

Concentration 

ELCR 

Based on 

90
th

 Percentile 

Concentration 

HI Based on 

90
th 

Percentile 

Concentration 

DWS 

(40 CFR 141) 

 “Groundwater” (WAC 173-340) 

Cleanup Levels 

Clean Water Act (Section 

304) Water Quality 

Criteria at the 

Groundwater/Surface 

Water Interface 

“Toxic 

Substances” 

(WAC 

173-201A) 

Water Quality Standards 

(40 CFR 131) 

100-F/IU 

Groundwater 

PRG
a
 

Noncarcinogens 

at HQ = 1 

Carcinogens at 

1 × 10-5 Risk 

Level 

Freshwater 

CMC 

(acute) 

Freshwater 

CCC 

(chronic) 

Freshwater 

CCC  

(chronic) 

Freshwater 

CMC  

(acute) 

Freshwater 

CCC  

(chronic) 

COCs for Remedial Technology Screening and Alternative Development 

Strontium-90 pCi/L 3.3 1.7 -- -- 8 -- -- -- -- -- -- -- 8 

Cr(VI)b µg/L 20 -- -- 0.42 -- 48 -- 16 11 10 15 10 10/48c 

Nitrated µg/L 109,500 -- -- 0.96 45,000 113,600 -- -- -- -- -- -- 45,000 

Trichloroethene 

(TCE) 

µg/L 11 -- 1.2 × 10-5 2.8 5 4.0 9.5 -- -- -- -- -- 4.0 

Sources: 40 CFR 131, “Water Quality Standards.” 

40 CFR 141, “National Primary Drinking Water Regulations.”  

WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.”  

WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington.” 

a. The final cleanup levels achieved at the conclusion of the remedial action will correspond to a cumulative ELCR less than 1 × 10-5 and HI of less than 1. 

b. There is no DWS specific to Cr(VI).  

c. The 10 μg/L value applies to groundwater where it discharges to surface water. The value of 48 μg/L is the PRG for inland groundwater. 

d. Nitrate may be expressed as nitrate (NO3) or as nitrate-nitrogen (NO3-N). The DWS for NO3-N is 10,000 µg/L and 45,000 µg/L for NO3.  

CCC = criteria continuous concentration 

CMC = criteria maximum concentration 

DWS = drinking water standard 

ELCR = excess lifetime cancer risk 

HI = hazard index 

HQ = hazard quotient 

PRG = preliminary remediation goal 
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CERCLA RI/FS Guidance (EPA/540/G-89/004) suggests development and evaluation of a range of 

responses, including a no action alternative, to ensure identification and selection of an appropriate 

remedy. The technology screening process consists of the following steps: 

1. Identify GRAs that may meet RAOs, either individually or in combination with other GRAs. 

2. Identify, screen, and evaluate remedial technology types for each GRA. 

3. Select representative process option(s).  

Following the technology screening, the retained technologies and their associated process options are 

assembled into remedial alternatives (presented in Chapter 9) that are evaluated further in the detailed and 

comparative analyses of alternatives (presented in Chapter 10). 

GRAs identified for vadose zone soils at waste sites at 100-F/IU include the following:  

 No action 

 ICs 

 Removal 

 Ex situ treatment and processing 

 Containment 

 In situ treatment 

 Disposal 

GRAs identified for contaminated groundwater at 100-F/IU are as follows:  

 No action 

 ICs 

 MNA 

 Containment 

 In situ treatment 

 Pump-and-treat (collection, ex situ treatment, and discharge) 

8.2.1 Target Remediation Areas 

In accordance with CERCLA RI/FS Guidance (EPA/540/G-89/004), the FS is required to determine the 

areas or volumes of media to which GRAs might be applied. This section summarizes the vadose zone 

soil, including waste site areas, and groundwater contaminant plumes to be evaluated in the FS, based on 

the findings of the HHRA, ERA, and RI presented in the preceding chapters. 

8.2.1.1 Waste Sites 

Table 8-6 summarizes the 401 sites (accounting for subsites individually) evaluated through the RI/FS 

and groups sites that are, and are not, carried forward into the FS as described in the following text. 

Table 8-6. Waste Site Tally – 100-F/IU RI/FS 

Sites (401 Total) 

Sites not carried into FS (97) 

100-F Not Accepted or Rejected Sites (23) 

100-F-1, 100-F-5, 100-F-6, 100-F-8, 100-F-17, 100-F-21, 100-F-28, 100-F-30, 100-F-32, 100-F-40, 100-F-41, 100-F41:1, 

100-F-41:2, 100-F-41:3, 100-F-41:4, 100-F-44:3, 100-F-44:6, 100-F-44:7, 100-F-44:10, 116-F-13, 118-F-9, 132-F-2, 600-31 

100-IU Not Accepted or Rejected Sites (73) 

600-24, 600-26, 600-27, 600-50, 600-121, 600-122, 600-123, 600-126, 600-130, 600-135, 600-136, 600-138, 600-153, 600-157, 

600-158, 600-159, 600-160, 600-161, 600-162, 600-163, 600-164, 600-165, 600-166, 600-167, 600-168, 600-169, 600-170, 

600-171:1, 600-171:2, 600-171:3, 600-171:4, 600-171:5, 600-171:6, 600-171:7, 600-171:8, 600-171:9, 600-171:10, 600-172, 

600-173, 600-174, 600-175, 600-177, 600-179, 600-180, 600-183, 600-184, 600-185, 600-189, 600-192, 600-193, 600-194, 

600-195, 600-196, 600-198, 600-199, 600-200, 600-203, 600-206, 600-207, 600-209, 600-213, 600-234, 600-240, 600-250, 

600-251, 600-263, 600-283, 600-304, 600-330, 600-333, 600-335, UPR-600-18, UPR-600-19 

Reactor Core Safe Storage Enclosure (1) 

118-F-8:2 
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Table 8-6. Waste Site Tally – 100-F/IU RI/FS 

Sites (401 Total) 

Sites Identified for No Further Action (198) 

100-F Sites Passing Screening for Groundwater/Surface Water Protection, Human Health Risk Assessment, and Ecological 

Risk Assessment. (106) 

100-F-2, 100-F-4, 100-F-7, 100-F-9 100-F-11, 100-F-12, 100-F-14, 100-F-15, 100-F-16, 100-F-18, 100-F-20, 100-F-23, 100-F-24, 

100-F-25, 100-F-26:1, 100-F-26:2, 100-F-26:3, 100-F-26:4, 100-F-26:5, 100-F-26:6, 100-F-26:7, 100-F-26:8, 100-F-26:9, 

100-F-26:10, 100-F-26:11, 100-F-26:12, 100-F-26:13, 100-F-26:14, 100-F-26:15, 100-F-26:16, 100-F-31, 100-F-33, 100-F-35, 

100-F-36, 100-F-37, 100-F-38, 100-F-39, 100-F-42, 100-F-43, 100-F-44:2, 100-F-44:5, 100-F-44:8, 100-F-44:9, 100-F-45, 

100-F-46, 100-F-47, 100-F-48, 100-F-49, 100-F-50, 100-F-51, 100-F-52, 100-F-53, 100-F-54, 100-F-55, 100-F-56:1, 100-F-57:1, 

100-F-57:2, 100-F-59, 100-F-60, 100-F-61, 100-F-62, 100-F-63, 100-F-64, 100-F-65, 116-F-1, 116-F-3, 116-F-4, 116-F-5, 

116-F-7:1, 116-F-7:2, 116-F-8, 116-F-10, 116-F-11, 116-F-15, 116-F-16, 118-F-1, 118-F-2, 118-F-3, 118-F-4, 118-F-5, 118-F-7, 

118-F-8:1, 120-F-1, 126-F-1, 126-F-2, 128-F-1, 128-F-2, 128-F-3, 132-F-1, 132-F-3, 132-F-4:1, 132-F-4:2, 132-F-5, 132-F-6, 

141-C, 182-F, 1607-F1, 1607-F2, 1607-F3, 1607-F4, 1607-F5, 1607-F6, 1607-F7, UPR-100-F-2, UPR-100-F-3, 600-351 

100-IU Sites Passing Screening for Groundwater/Surface Water Protection, Human Health Risk Assessment, and 

Ecological Risk Assessment. (65) 

600-3, 600-5, 600-23, 600-100, 600-107, 600-108, 600-109, 600-111, 600-120, 600-124, 600-125, 600-127, 600-128, 600-131, 

600-132, 600-139, 600-146, 600-149:2, 600-176, 600-178, 600-181, 600-182, 600-186, 600-188, 600-190, 600-202, 600-204, 

600-205, 600-257, 600-272, 600-280, 600-295, 600-296, 600-297, 600-302, 600-306, 600-307, 600-308, 600-309, 600-310, 

600-311, 600-312, 600-313, 600-315, 600-317, 600-319:1, 600-319:2, 600-319:3, 600-322, 600-323, 600-324, 600-325:1, 

600-325:2, 600-327, 600-334:1, 600-341:1, 600-341:2, 600-343, 600-344, 600-345, 600-346, 600-350, 628-1, JA JONES 1, 

UPR-600-16 

100-F No Further Action Sites Based on Site-Specific Evaluation (4) 

100-F-44:1, 100-F-44:4, 100-F-56:2, 100-F-58 

100-IU No Further Action Sites Based on Site-Specific Evaluation (23) 

600-52, 600-98, 600-99, 600-110, 600-129, 600-149:1, 600-191, 600-201, 600-208, 600-235, 600-239, 600-305:1, 600-305:2, 

600-305:3, 600-305:4, 600-305:5, 600-314:1, 600-314:2, 600-314:3, 600-314:4, 600-314:5, 600-342, UPR-600-11 

Sites Identified for Further Action (106) 

100-F Sites with Deep Contamination Exceeding Human Health Criteria, but Incomplete Pathway. (15) 

100-F-10, 100-F-19:1, 100-F-19:2, 100-F-19:3, 100-F-29, 100-F-34, 116-F-2, 116-F-6, 116-F-9, 116-F-12, 116-F-14*, 118-F-6**, 

118-F-8:3, 118-F-8:4, UPR-100-F-1 

100-IU Sites Remaining for Remedial Action. (91) 

600-20, 600-279, 600-293, 600-294, 600-298:1, 600-298:2, 600-298:3, 600-298:4, 600-298:5, 600-298:6, 600-298:7, 600-298:8, 

600-299:1, 600-299:2, 600-299:3, 600-299:4, 600-299:5, 600-299:6, 600-300:1, 600-300:2, 600-300:3, 600-300:4, 600-300:5, 

600-300:6, 600-300:7, 600-300:8, 600-300:9, 600-300:10, 600-300:11, 600-300:12, 600-301, 600-303, 600-316:1, 600-316:2, 

600-316:3, 600-316:4, 600-316:5, 600-316:6, 600-318:1, 600-318:2, 600-318:3, 600-318:4, 600-318:5, 600-320:1, 600-320:2, 

600-320:3, 600-320:4, 600-320:5, 600-320:6, 600-320:7, 600-320:8, 600-320:9, 600-321:1, 600-321:2, 600-321:3, 600-321:4, 

600-326:1, 600-326:2, 600-328, 600-329, 600-331, 600-332, 600-334:2, 600-349, 600-356, 600-358, 600-368, 600-369:1, 

600-369:2, 600-369:3, 600-369:4, 600-369:5, 600-369:6, 600-369:7, 600-369:8, 600-370, 600-371, 600-372:1, 600-372:2, 

600-373, 600-374, 600-375:1, 600-375:2, 600-375:3, 600-375:4, 600-375:5, 600-376:1, 600-376:2, 600-377, 600-378, 600-379 

Note: 100-IU sites remaining for remedial action listed in bold are anticipated to be substantially complete with remedial actions 

before issuance of the ROD resulting from this RI/FS. 

*116-F-14 site exceeds SSL based on irrigation scenario 

**118-F-6 site includes shallow and deep contamination exceeding human health criteria. 

 

Waste Sites not Carried Forward into the FS (Chapter 1). As discussed in Chapter 1, the determination on 

which 100-F/IU waste sites were to be addressed in the RI/FS was performed following specific procedures 

defined in the TPA (Ecology et al., 1989a) and the TPA Action Plan (Ecology et al., 1989b). Suspected 

waste sites are described and tracked in the WIDS database. As information is collected on the sites, or as 

they are remediated and verification data collected, they are classified or reclassified, depending on their 

status. Of the 401 sites identified as of March 2013 in 100-F/IU, 97 sites were not carried forward per 

discussion in Chapter 1. Twenty-three sites in 100-FR-1/100-FR-2 and 73 sites in 100-IU-2/100-IU-6 

were reclassified as “Rejected” or “Not Accepted” and were not considered further in this RI/FS. 
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Alternatives for the F Reactor safe storage enclosure at 100-F are also not discussed in the FS. In the 1993 

NEPA Reactor ROD (58 FR 48509), DOE decided on safe storage of the eight reactors, followed by 

deferred one-piece removal. The NEPA Reactor ROD (58 FR 48509) also states that DOE intends to 

integrate and prioritize this decision with the related CERCLA remediation activities scheduled under the 

Tri-Party Agreement (Ecology et al., 1989a).  

DOE issued “Amended Record of Decision for the Decommissioning of Eight Surplus Reactors at the 

Hanford Site, Richland, WA” (75 FR 43158) on July 23, 2010. DOE broadened the decommissioning 

approach for these eight surplus reactors, including the F Reactor, retaining the deferred one-piece 

removal option, and, based on Supplement Analysis: Decommissioning of Eight Surplus Production 

Reactors at the Hanford Site, Richland, Washington (DOE/EIS-0119F-SA-01), added an option for 

immediate dismantlement.  

DOE uses the CERCLA process to decommission and dismantle reactors based on the joint EPA/DOE 

policy on decommissioning signed in 1995 and incorporated into the TPA (Ecology et al., 1989a). Since 

the NEPA Reactor ROD (58 FR 48509) in 1993, documentation has been prepared and implemented 

under CERCLA, resulting in placement of six of the eight surplus reactors (C, D, DR, F, H, and 

N Reactors) into ISS, which is designed to prevent deterioration and release of contamination from the 

reactors. ISS for the reactors was complete in 2005 to ensure the safety of the reactor for up to 75 years as 

part of the remediation activities in 100-F/IU. 

DOE evaluated the coordination of decommissioning actions with the completion of interim field remediation 

for 100-F/IU. Based on March 2013 field remediation information, all waste sites in the immediate vicinity of 

the reactor are reclassified as interim closed out or no action under the interim action ROD. Until reactor 

removal is complete, DOE will continue to conduct routine reactor maintenance, surveillance, and radiological 

monitoring to ensure continued protection of HHE during the ISS period. All other waste sites in the 

immediate vicinity of the reactors have been addressed according to the interim action ROD and are 

considered further in the RI/FS process. It is not anticipated that remedial action will be needed for 

contaminant releases from the ISS reactor structures before their removal. Additional information developed 

through the groundwater/surface water protection evaluation presented in Chapter 5, and the human health and 

ecological risk assessments presented in Chapters 6 and 7, respectively, does not change the determination on 

which waste sites are to be excluded from the FS. Figures 8-1 and 8-2 show the location of the 100-FR-1/FR-2 

and 100-IU-2/IU-6 waste sites, respectively, that are not evaluated in the FS. Chapter 1 presents additional 

information on these waste sites that are not carried forward.  

Waste Sites Identified for No Further Action. There are 198 sites in 100-F/IU identified for no further action 

based on the risk assessment findings presented in Chapters 5, 6, and 7 or site-specific evaluations 

provided in Chapter 1. Therefore, remedial action alternatives were not developed for these sites. 

The locations of these sites are shown on Figures 8-3 and Figure 8-4 and include the following: 

 One hundred and five interim closed or no action sites in 100-FR-1/100-FR-2 with verification data 

that have been quantitatively evaluated against the PRGs in Table 8-2 and indicate no unacceptable 

risk to human health and the environment. Waste site 600-351 reported EPCs for arsenic and lead that 

were greater than soil cleanup levels for unrestricted land use (Chapter 6, Section 6.5.1.1). This waste 

site is located proximal to former orchard lands, and the source for these elevated metals 

concentrations is attributed to pesticide applications and not 100-F/IU operations. This site will be 

addressed as part of the orchard lands 100-OL-1 OU. One waste site associated with the river effluent 

pipelines (100-F-39) was evaluated for risks, as discussed in Chapters 6 and 7. Evaluations of human 

health and ecological risk were performed for the river effluent pipelines; the current condition of the 

pipeline located on or beneath the river channel bottom, and for a scenario in which a section of the 
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pipeline breaks away from the main pipeline and washes onto the shore of the river resulting in 

extended contact by humans or ecological receptors. The risk assessments associated with the river 

effluent pipeline investigation indicate no unacceptable human health or ecological risks. Therefore, 

no remedial action alternatives were developed for the below river effluent pipeline waste site in this 

FS. However, an annual inspection under the Hanford Facility Resource Conservation and Recovery 

Act Permit for Treatment, Storage, and Disposal of Dangerous Waste (WA7890008967) is conducted 

along the shoreline to identify Hanford debris or identify if any sections of pipeline have washed 

ashore. Portions of four additional waste sites are present within the riparian zone at 100-F: 100-F-

42, 100-F-43, 100-F-59, and 116-F-16.  Evaluations of ecological and human health risk were 

performed for the riparian and near shore area as described in Appendix L and Section 6.4, 

respectively.  These evaluations concluded that there are no risks that warrant further remedial action 

within the riparian zone.  Verification data for previously remediated upland area portions of these 

waste sites were also evaluated and determined to warrant no further action. 

 Sixty-five interim closed or no action sites in 100-IU-2/100-IU-6 with verification data that have been 

quantitatively evaluated against the PRGs in Table 8-2 and indicate no unacceptable risk to human 

health and the environment. 

 Four interim closed or no action sites in 100-FR-1/100-FR-2 with site specific evaluations described 

in Section 1.2.3.4 that indicate no unacceptable risk to human health and the environment. 

 Twenty-three interim closed, closed, or no action sites in 100-IU-2/100-IU-6 with site specific 

evaluations described in Section 1.2.3.4 that indicate no unacceptable risk to human health and the 

environment. 

Waste Sites Remaining for Remedial Action. The remaining 106 sites are identified for further action. 

Fifteen of these sites have been remediated and interim closed and have verification data with 

radionuclide concentrations above RBSLs
 
at depths greater than 4.6 m (15 ft) bgs. Since radionuclides are 

not present at concentrations above RBSLs at depths less than 4.6 m (15 ft), there is currently no complete 

exposure pathway. DOE has proposed to place deep excavation ICs at these waste sites to limit exposure. 

The rough order of magnitude cost for excavating and removing contaminated soil from the deep 

radionuclide waste sites is estimated at $160 million. However, radionuclide concentrations will continue 

to decay to levels below RBSLs within 13 to 265 years, depending on the current concentration of 

individual constituent(s). During this time, DOE or the federal government will maintain controls on the land 

to prevent exposure to these materials until RBSLs are met. For this reason, ICs will be maintained for these 

sites until unrestricted use is allowable. Therefore, no further remedial action alternatives for the deep 

radionuclide waste sites were developed for consideration in the feasibility study. Additional information 

on ICs is presented in Section 8.3 and Section 9.1.3 (Chapter 9). The radionuclides present at these sites 

will decay to levels less than RBSLs in the following periods: 

 100-F-19:1, 100-F-19:3, 100-F-34, and 116-F-12: year 2113 

 100-F-10, 100-F-19:2, 100-F-29, and UPR-100-F-1: year 2057 

 116-F-2: year 2108 

 116-F-6: year 2122 

 116-F-9: year 2074 

 116-F-14: year 2110 

 118-F-8:3: year 2278 

 118-F-8:4: year 2059 
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Figure 8-1. Location of 100-FR-1/FR-2 Waste Sites Not Carried Forward to the FS  
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Figure 8-2. Location of 100-IU-2/IU-6 Waste Sites Not Carried Forward to the FS 
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Figure 8-3. Location of 100-FR-1/FR-2 Waste Sites Identified for No Further Action 



 

8-56 

D
O

E
/R

L
-2

0
1
0

-9
8

, R
E

V
. 0

 

 

8
-5

6
 

 

Figure 8-4. Location of 100-IU-2/IU-6 Waste Sites Identified for No Further Action 
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The 118-F-8:3 site is immediately adjacent to the 105-F Reactor safe storage enclosure. It is anticipated 

that portions of the site with elevated radiological contamination present will be incidentally removed 

during future removal of the safe storage enclosure, such that residual radionuclide activities for the entire 

site no longer exceed RBSLs. DOE has, therefore, proposed to place ICs on this site until removal of the 

reactor safe storage enclosure.  

Residual Cr(VI) concentrations present at the 116-F-14 waste site also exceed the surface water protection 

SSL based on an irrigated land-use scenario, but do not exceed PRGs for groundwater and surface water 

protection. Therefore, DOE has proposed to place an additional IC at this waste site to prevent 

future irrigation. 

The EPC for strontium-90 at a 15th waste site (118-F-6) was greater than the RBSL. The EPC is based on 

the maximum result from a small statistical verification dataset that is representative of both shallow and 

deep portions of the waste site after remediation. This conservative EPC will continue to decay and be 

below RBSLs in 2033. DOE has proposed to place an IC at this waste site to prevent unrestricted 

exposure to residual strontium-90 until levels decay below RBSLs. 

The waste sites proposed for ICs based on deep zone radiological contamination but an incomplete 

exposure pathway, exceedance of the SSL, and shallow radionuclides are not evaluated further in 

this RI/FS. The location of these waste sites is shown on Figure 8-3. 

The remaining 91 sites are identified for further action based on the identified risks and known or 

suspected contaminants present at each of the sites, as identified in Table 8-1. Fifty-five of these 91 sites 

are currently being remediated by RTD under the 100 Area Remaining Sites ROD (EPA/ROD/R10-99/039) 

and are anticipated to be substantially complete by the time the 100-F/IU ROD is issued. The locations of 

these sites are shown in Figure 8-5. These sites will continue to be remediated under the interim actions 

until the ROD is signed. The protectiveness of the interim actions will be confirmed by comparison to the 

PRGs selected in the 100-F/IU ROD. These sites are included in the remedial alternatives in Chapter 9, 

but no additional substantial costs are anticipated to be incurred under the 100-F/IU ROD. 

The remaining 36 sites are expected to be remediated after the ROD is issued. These sites are evaluated for 

remedial alternatives in Chapter 9. Risk drivers have been determined based on knowledge of the process 

that was performed at the sites and remediation results at similar sites in the River Corridor. The remedial 

approaches for the major risk drivers are developed for each alternative and presented in Chapter 9. 

The locations of the sites remaining for remedial action are shown on Figure 8-6 and include the following: 

 Thirty-three sites planned for remediation under interim actions but where interim actions are not 

expected to be substantially complete before issuance of the 100-F/IU ROD. This includes the 

previously rejected 600-20 waste site, which will be classified as an accepted site, as described in 

Chapter 1, Section 1.2.3. 

 Three candidate sites that have not yet undergone confirmatory evaluation under interim actions 

(600-329, 600-331, and 600-334:2).  

The 100 Area Remaining Sites ROD (EPA/ROD/R10-99/039) established a process whereby new and 

existing sites that did not have sufficient information to make a remedial action determination could be 

evaluated to make this decision. These sites are referred to as “candidate sites” or “confirmatory sites” 

under the interim action framework. There are 3 waste sites identified as candidate sites that have not yet 

been evaluated as of March 2013. Remedial alternatives have been developed for the three sites under the 

assumption that remediation is determined to be warranted. Confirmatory evaluation will determine the 

need for remediation for these three sites. 
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Figure 8-5. 100-F Sites with Deep Contamination Exceeding Human Health Criteria, but Incomplete Pathway 
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Figure 8-6. Location of 100-IU-2/IU-6 Waste Sites Remaining for Remedial Action 



DOE/RL-2010-98, REV. 0 
 

8-60 

8.2.1.2 Groundwater 

Four contaminant plumes exceeding groundwater PRGs are present in 100-F/IU (Figure 8-7). 

Groundwater modeling for remedial alternatives evaluation (Modeling of RI/FS Design Alternatives for 

100 FR-3 [ECF-100FR3-11-0116] in Appendix F) was conducted to establish baseline conditions. 

Table 8-7 summarizes the area and estimated volume of contaminated groundwater associated with each 

plume based on 2011 data. The initial distribution of each COC in groundwater within 100-F/IU was 

established using the maximum reported concentration for each monitoring location from samples 

collected in 2009 and 2010 supplemented by more recent data at selected locations to ensure that a 

comprehensive data set is used that reflects the current interpretations of the COC distribution in 

the aquifer. 

8.3 Identification and Screening of Technology Types and Process Options 

This section presents remedial technologies and process options that are subsets of the selected GRAs, 

and that may potentially meet RAOs for contaminated waste sites and groundwater at 100-F/IU. 

The potential remedial technologies were evaluated and screened for implementability; effectiveness in 

eliminating, reducing, or controlling risks to HHE; and relative cost. The technologies retained from the 

screening are combined into a range of remedial alternatives in Chapter 9. 

8.3.1 Identification and Screening of Technologies 

This section summarizes the technologies and process options considered as part of this evaluation. 

No action and ICs are not considered remedial technologies, but are important response actions to be 

considered as part of the remediation approach and are discussed herein. No action and ICs are described 

in Section 8.3.1.1. 

Tables 8-8 and 8-9 present the identification and screening of technologies and remedial process options 

for 100-F/IU. Table 8-8 identifies technologies for treatment of vadose zone soil, while Table 8-9 presents 

information on technologies for the Cr(VI), strontium-90, TCE, and nitrate groundwater contaminant 

plumes. Appendix I provides a discussion of the technologies not retained. Technology-specific fact 

sheets (Figures 8-8 through 8-18) and information contained in Chapter 9 present additional information 

on the specific technologies retained. 
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Figure 8-7. 100-F/IU Groundwater Contaminant Plumes (2011) Evaluated in the FS 
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Table 8-7. Groundwater Contaminant Plumes Evaluated in the FS 

Groundwater 

COC 

Rationale for 

Inclusion in FS 

Areal Footprint for 

FS Evaluation 

Volume of 

Contaminated 

Groundwater for FS 

Evaluation 

Groundwater 

Cr(VI) 90th percentile EPC of 20 µg/L exceeds 

10 µg/L PRG 

16.5 ha (41ac) 34 million gal* 

Strontium-90 90th percentile EPC 3.3 pCi/L less than 

8 pCi/L PRG, but localized area with a 

maximum detected concentration of 

270 pCi/L exceeds PRG 

7.3 ha (18 ac) 14.8 million gal* 

Trichloroethene 

(TCE)** 

90th percentile EPC of 11 µg/L exceeds 

PRG of 4.0 µg/L 

1.5 ha (3.6 ac) 

98 ha (242 ac) 

715 million gal* 

Nitrate 90th percentile EPC of 109,500 µg/L 

exceeds PRG of 45,000 µg/L 

1,059 ha (2,617 ac) 2.1 billion gal* 

* Volume estimated by multiplying plume area by porosity of 0.18 and average plume thickness of 4.3 m (14 ft). 

** Note that volume and area estimates for TCE are based on the DWS of 5 µg/L 

COC = contaminant of concern 

EPC = exposure point concentration 

FS = feasibility study 

PRG = preliminary remediation goal 

   

8.3.1.1 Identification and Screening of Technologies for Vadose Zone Contamination 

No Action. The no action response means any further action to remove, remediate, monitor, or restrict 

access to contaminated sites is discontinued. Source areas and residual soil contaminants in the waste sites 

would be left untreated, and current monitoring activities would cease. The CERCLA RI/FS Guidance 

(EPA/540/G-89/004) and the NCP (40 CFR 300) require this response to remain in the FS process, where 

it serves as a baseline against which to compare all other alternatives. Although generally considered 

unacceptable as a remedial alternative, no action may be an appropriate alternative component where 

interim actions have been completed as dictated by the interim action RODs, and verification-sampling 

data indicates that the waste site does not pose a risk to HHE.  

Institutional Controls. ICs are non-engineered instruments (e.g., administrative controls and/or legal 

restrictions) imposed on land use that help to minimize the potential for human exposure to contamination 

and/or protect the integrity of a remedy. For soils, ICs will remain in place until the waste site is 

remediated. ICs work by limiting land or resource use and/or by providing information that helps modify 

or guide human behavior at the site. The requirements for ICs are evaluated in the FS and recorded in 

CERCLA decision documents. The decision document is part of the Administrative Record for the 

selection of remedial actions. 

As they are identified, DOE will apply and implement ICs in an integrated manner so the mechanisms in 

place will ensure that controls are effective, implemented as planned, properly maintained, inventoried, 

periodically re-evaluated, and modified as necessary to reflect changes in conditions, needs, or 

technological advancements. DOE will maintain the ICs as long as necessary to perform their intended 

protective purposes (Use of Institutional Controls [DOE P 454.1]). 
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Table 8-8. Technology Screening for Waste Sites at 100-IU-2/IU-6 

General 

Response 

Actions Remedial Technology Process Option 

COC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative Capital 

Cost 

Relative O&M 

Cost Sustainabilityc 

Retained/  

Not  

Retainedd Screening Comment 

No Action No Action No action All All No further actions to address contamination. 

Source areas and residual contaminants in 

vadose zone are left untreated. 

Low/High High Low Low Little impact. Retained Retained per the NCP 

(40 CFR 300). 
No remedial actions are taken, but 

effectiveness could be high if risk 

is previously mitigated. 

No administrative or technical 

implementability challenges 

are associated with 

implementation of this option, 

since no actions are required.  

No associated 

cost. 

No associated 

cost. 

Institutional –

Controls 

Entry Restrictions Procedural requirements for 

- Access (badging) 

- Fencing/security 

- Excavation/drilling permits 

All All Uses one or more of the identified process 

options to control the exposure pathway.  

Moderate/High. Reduces or 

eliminates the potential for 

direct contact when enforceable 

provisions are employed for the 

duration of elevated risk period. 

Protects integrity of 

active remedies. 

High. Readily implemented, 

especially when coupled 

with the Sitewide IC Plan 

(DOE/RL-2001-41). Requires 

periodic surveillance 

and reporting. 

Low Low, especially 

for radionuclides 

with short 

half-lives, such as 

100-F COCs.  

Little impact. Retained DOE has implemented 

ICs under interim action 

RODs. These can be 

readily extended. 

Waste Site Information 

Management 

Administrative  All All Uses existing information to inform workers 

and the public of potential hazards so 

appropriate controls can be implemented to 

prevent/minimize exposure. 

Moderate. Provides access to 

information on the location and 

nature of contamination. 

High. Readily implemented, 

but requires maintenance 

of the information 

management system. 

Low Low Little impact. Retained DOE already has a waste 

information program 

in place. 

Monitored 

Natural 

Attenuation 

(MNA) 

MNA MNA Radionuclides All Relies on natural radioactive decay to reduce 

COC concentrations. Nonintrusive data 

evaluations are performed to identify that 

COC concentrations are declining in 

accordance with expectations.  

High for radionuclides with short 

half-lives. 

High. Readily implemented 

technically. 

Low Low Little impact. Retained  

Containment Surface Barrier Surface barriers 

(e.g., modified RCRA 

Subtitle C and/or D barrier, 

asphalt/ concrete barrier, 

vegetative barrier 

[evapotranspiration barrier], 

Hanford Barrier) 

All All Surface barriers are generally designed to be 

impermeable to prevent surface water 

infiltration through the vadose zone and limit 

contaminant leaching to groundwater. 

Surface barriers may also prevent direct 

contact to contaminants. 

Modified RCRA Subtitle C barriers are 

designed for hazardous waste, Category 3 

and Category 1 (mixed) low-level waste. 

Modified RCRA Subtitle D barriers are 

designed for nonradiological and 

nonhazardous solid waste, or Category 1 

low-level waste where hazardous 

constituents are not present.  

Asphalt/concrete caps can be placed around 

structures to remain in place (e.g., reactors) 

in the short term (up to 75 years) to promote 

drainage, prevent infiltration into possible 

sources below the reactors, and prevent 

exposure to contaminated soil.  

Evapotranspiration barriers consist of 

a fine-grained soil layer overlying 

a relatively coarse-grained soil layer 

designed to functionally increase the 

water-holding capacity. 

The Hanford Barrier design was developed 

for sites containing low-level waste greater 

than Class C, and/or significant inventories 

of TRU constituents. 

Moderate/High High Low/High Low GHG and energy for 

installation. 

Continued affect to 

soil resources. 

Not retained Waste sites with 

characteristics that could 

benefit from this technology 

are not identified in 

100-IU-2/IU-6. 

Leaching of near-surface source 

COCs will be controlled, but 

residual COCs in capillary fringe 

and deeper vadose zone pore water 

may continue to affect groundwater 

because of water table fluctuation. 

Prevention of direct contact will 

depend on specific design. 

Effectiveness for asphalt caps is 

high in the short term; for increased 

effectiveness, barrier needs to be 

properly sealed, given that asphalt 

and concrete are permeable. 

No technical or administrative 

challenges are associated with 

implementing asphalt/concrete 

caps (high implementability). 

Modified RCRA Subtitle C 

and/or D barrier and 

evapotranspiration caps are 

simple to install.  

For all surface barriers (except 

asphalt/concrete caps), 

biointrusion will need to be 

considered as part of the 

barrier/cap design. 

Implementability of the 

Hanford Barrier is low 

because the large number of 

layers makes this technology 

more difficult to implement. 

Hanford Barrier 

(High); modified 

RCRA 

Subtitle C and/or 

D barrier 

(Moderate); 

asphalt/ concrete 

cap and 

evapotranspira-

tion barrier 

(Low) 

Dependent on type 

of barrier and 

depth of 

contamination. 
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Table 8-8. Technology Screening for Waste Sites at 100-IU-2/IU-6 

General 

Response 

Actions Remedial Technology Process Option 

COC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative Capital 

Cost 

Relative O&M 

Cost Sustainabilityc 

Retained/  

Not  

Retainedd Screening Comment 

Containment 

(cont.) 

Subsurface Barriers Jet grouting, soil freezing, or 

wire saw barriers 

All 6 m (20 ft)/ 

greater than 

6 m (20 ft) 

Barriers placed beneath the contaminated 

zone to limit further migration. Jet grouting 

injects a binding agent (typically cement) 

that binds fills the voids and binds the soil 

into a cohesive mass. Soil freezing involves 

placement of cooling media distribution 

systems into the subsurface to freeze a soil 

layer below the contamination. Wire saw 

barrier involves cutting a thin horizontal 

trench that is filled with grout using 

a diamond-wire saw. The saw is placed in 

an excavation around the soil mass to 

be contained. 

Low Low High Low Large amount of 

waste would be 

generated during 

installation and 

GHG, and energy 

for installation. 

Not retained Difficult to implement. 

Significant uncertainty on the 

completeness of the barrier with 

all methods. 

Would be difficult or 

impossible to implement at 

Hanford because of the 

presence of gravels and 

cobbles, and/or the depth 

of application. 

  

Compaction Dynamic compaction All 6 m (20 ft) Dynamic compaction is used for 

consolidation of soils and buried wastes, and 

can be used to minimize the potential 

subsidence for a subsequent barrier. 

The process involves dropping a weight from 

a predetermined height onto the area to 

be compacted. 

Moderate/High Moderate Low Low GHG and energy for 

installation.  

Not retained Waste sites with 

characteristics that could 

benefit from this technology 

are not present in 

100-IU-2/IU-6.  

Effective at removing void spaces 

and compacting surface soil, where 

voids exist around buried waste. 

Not effective for native soils. 

Not effective for treatment of 

hazardous waste. 

Simple and widely used 

technology. 

 No associated 

cost. 

Removal Excavation Standard excavation  All 6 m (20 ft) Shallow soil is removed using conventional 

construction equipment. Excavation limited 

to approximately 6 m (20 ft) bgs. Excavated 

soil is segregated (automated or laboratory 

based) to determine disposal or 

treatment requirements. 

High High Moderate/ High None Waste generation if 

excavated soil is 

disposed of, GHG 

and energy for 

excavation 

equipment. 

Retained  

Shallow contaminated 

soil removed. 

Shallow excavation is 

typically straightforward. 

An excavation permit is 

required for excavation in the 

100, 200, and 300 Areas and 

the Hanford Reach National 

Monument. 

 No associated 

cost. 

Deep excavation  All 6 m (20 ft)/ 

greater than 

6 m (20 ft) 

Soil is removed to deeper depths. Deep 

excavation would require implementation of 

more complex technologies, for example, 

large lay back for open-pit type excavation or 

alternatively use of shoring. Excavated soil 

is segregated to determine disposal or 

treatment requirements. 

High Moderate High None Waste generation if 

excavated soil is 

disposed of, GHG 

and energy for 

excavation 

equipment. 

Retained  

Locations of the deep contaminated 

soil will be difficult to identify, 

meaning large areas would have to 

be excavated to depth to ensure that 

the deep sources were removed. 

Has been performed at the 

Hanford Site using laybacks. 

Shoring may be difficult with 

cobbles and boulders. 

Increased safety challenges 

with very deep excavations. 

An excavation permit is 

required for excavation in the 

100, 200, and 300 Areas 

and the Hanford Reach 

National Monument. 

 No associated 

cost. 

Ex Situ 

Treatment and 

Processing 

Ex Situ Treatment 

and Processinge 

Solidification/ stabilization Mobile to 

semi-mobile 

contaminants 

All Contaminants are physically bound or 

enclosed within a stabilized mass 

(solidification), or chemical reactions are 

induced between the stabilizing agent and 

contaminants to reduce their mobility 

(stabilization). Agents include soluble 

phosphates, pozzolan/Portland cement, 

polyethylene extrusion, etc. The stabilized 

mass is returned to its original location, 

capped to shed water and prevent weathering, 

and the location is engineered to withstand 

seismic activity. 

Low/Moderate Moderate High Low GHG and energy for 

production and 

delivery of reagent 

used, and for 

transport 

and mixing. 

Not retained Screened out in favor of the 

safer alternative of disposal 

in the ERDF, a centralized 

facility engineered to protect 

against weathering and 

seismic activity.  

Effective at immobilizing 

contaminants in excavated 

material. However, the stabilized 

mass must be protected from 

weathering and seismic activity for 

long-term durability. 

Well established technology. 

Site-specific studies need 

to be completed to evaluate 

equipment required and 

appropriate solidification/ 

stabilization agents. 

Mechanically intense process; 

additional handling of the 

excavated soil could increase 

the potential for contaminant 

exposure, which could pose 

risk to workers. 

  



DOE/RL-2010-98, REV. 0 

8-65 

Table 8-8. Technology Screening for Waste Sites at 100-IU-2/IU-6 

General 

Response 

Actions Remedial Technology Process Option 

COC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative Capital 

Cost 

Relative O&M 

Cost Sustainabilityc 

Retained/  

Not  

Retainedd Screening Comment 

Ex Situ 

Treatment and 

Processing 

(cont.) 

Ex Situ Treatment 

and Processing (cont.) 

Soil washing Cr(VI) All Consists of (1) size separation of highly 

contaminated soil fractions (fines) from 

minimally contaminated soil fractions 

(coarse), followed by (2) mechanical 

abrasion or washing to remove surface 

contamination. Final contaminated fraction is 

typically treated by technologies such as 

solidification/stabilization before onsite or 

offsite disposal. 

Low/Moderate Low/Moderate Moderate Low Additional resource 

impact (water used 

in process), GHG 

and energy for 

process, and 

additional treatment 

of contaminated 

fines and water. 

Not retained Mechanically intense. 

Not proven for conditions 

similar to the Hanford Site. 
Effectiveness is driven by the 

binding processes that exist 

between the contaminants and the 

soil particles (adsorbed or 

precipitated). Pilot testing at the 

Hanford Site suggests many 

contaminants strongly sorb to all 

sizes of soil. Pilot test is necessary 

for Cr(VI). 

Mechanically intense. 

Conventional aggregate 

washing and screening 

technology is used to separate 

soil particles by size fraction. 

Contaminated soils and water 

are disposed of, or further 

treated. Soils that meet 

cleanup criteria (remediated 

coarse soil) can be returned to 

the site. Rinsate will need to 

be treated before disposal. 

 No associated 

cost. 

  Vitrification All All Thermal treatment process that converts 

excavated soil and other materials into stable 

crystalline substances. The thermal treatment 

process is typically performed inside 

a chamber using plasma torches or electric 

arc furnaces to melt the soil. Organic 

contaminants are typically destroyed during 

the process by pyrolysis, while metals and 

radionuclides are retained in the molten soil. 

High Low High Low GHG and energy for 

heat generation. 

High energy 

requirements to 

sustain required 

heat. 

Not retained Complex technology, 

safety concerns 

with implementation.  
Metals and radionuclides are 

incorporated into the glass 

structure, which is generally 

resistant to leaching 

High complexity of equipment 

required. Ex situ joule heating 

vitrification uses furnaces that 

have evolved from the glass 

industry. Implementability is 

higher than for in situ 

application given the use of 

proven technology (furnaces). 

 No associated 

cost. 

Disposal Disposal Backfill treated soil All All Excavation and ex situ treatment followed by 

onsite disposal (backfill). 

High High Low/ Moderate Low GHG and energy for 

backfill. 

Not retained No ex situ treatment 

technologies are retained. 

Screened out in favor of the 

safer alternative of disposal 

in the ERDF, a centralized 

facility engineered to protect 

against weathering and 

seismic activity. 

Contaminated material has been 

treated by ex situ technologies. 

Excavated and treated soil will 

need to be compared to 

cleanup criteria to verify 

backfill is appropriate. 

 No associated 

cost. 

Disposal to the ERDF All All Disposal of excavated soil at onsite landfill 

(ERDF). Treatment performed at the facility 

as required to meet land disposal restrictions. 

High High Low/ Moderate Low GHG and energy for 

transport. 

Retained  

 Implementability limited by 

COPC concentrations and 

onsite landfill requirements. 

  

Other EPA-approved 

landfill 

All All Disposal of excavated soil at an 

offsite landfill. 

High High Moderate Low GHG and energy for 

transport. 

Retained  

Contaminated material has been 

treated by ex situ technologies. 

Implementability limited by 

COC concentrations and 

offsite landfill requirements. 

  

In Situ 

Treatment 

Treatment 

via Reagent 

Reagent 

approach 

Physical/ 

chemical/ 

biological 

Solidification All 6 m (20 ft) Contaminants are physically bound or 

enclosed within a stabilized mass. Agents 

include pozzolan/Portland cement and 

polyethylene extrusion, etc. With organics, 

typically only used for free phase to 

reduce mobility. 

Low/Moderate Moderate High Low/Moderate GHG and energy for 

production and 

delivery of 

substrate/reagent. 

Not retained Technology not well 

suited to Hanford 

formation gravels.  
There is debate about the long-term 

durability of the monolith and 

whether it is in fact permanent. 

Potential for exposure still exists if 

waste is shallow. 

Depends on delivery method.   

    Stabilization/

sequestration 

All All Chemical reactions are induced between the 

stabilizing agent and contaminant to reduce 

mobility. Agents include soluble phosphates 

and polyphosphates. 

Low/Moderate Low/Moderate High Low/Moderate GHG and energy for 

production and 

delivery of 

substrate/reagent. 

Not retained Technology not retained due 

to uncertainty in 

effectiveness relative to 

removal by excavation. 

Potential for direct exposure still 

exists if waste is shallow. 

Depends on delivery method.   
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Table 8-8. Technology Screening for Waste Sites at 100-IU-2/IU-6 

General 

Response 

Actions Remedial Technology Process Option 

COC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative Capital 

Cost 

Relative O&M 

Cost Sustainabilityc 

Retained/  

Not  

Retainedd Screening Comment 

In Situ 

Treatment 

(cont.) 

Treatment 

via Reagent 

(cont.) 

Reagent 

approach 

(cont.) 

Physical/ 

chemical/ 

biological 

Chemical 

reduction 

Cr(VI) All Chemical reductant (e.g., calcium 

polysulfide, dithionite, hydrogen sulfide gas, 

ferrous sulfate, zero valent iron) is applied to 

the subsurface to treat contaminants within 

vadose zone. Chemicals can be combined 

with solidification/stabilization or other 

treatment mechanisms. 

Low/Moderate Moderate Moderate Moderate/High GHG and energy 

for production and 

delivery of 

chemical agent. 

Not retained Technology not retained due 

to uncertainty in 

effectiveness relative to 

removal by excavation. 

Chemical reductants are instantly 

reactive, which requires 

overloading to maintain reactive 

strength at depth. Reduction of 

uranium is potentially reversible. 

Depends on delivery method. 

Localized temporary 

generation of secondary 

byproducts may occur. 

May temporarily mobilize 

COCs toward groundwater. 

Handling chemical reductants 

is potential health and 

safety concern. 

Depends on 

delivery method 

 

 Biological 

reduction 

Cr(VI) All Biological carbon source (e.g., molasses, 

sodium lactate, emulsified oil, butane, etc.) 

is applied to the subsurface to treat 

contaminants within vadose zone. 

Moderate/High Moderate Low/ Moderate Moderate GHG and energy for 

production and 

delivery of 

substrate. Depends 

on which substrate 

is used. 

Not retained Technology not retained due 

to uncertainty in 

effectiveness relative to 

removal by excavation. 

Carbon source follows source 

release pathways. Biological 

reductants are activated by 

microbial activity, so reactive 

strength is maintained over 

relatively longer distances. 

Reduction of uranium is 

potentially reversible. 

Depends on delivery method. 

Localized temporary 

generation of secondary 

byproducts may occur. 

May temporarily mobilize 

COPCs (in first pore volume) 

toward groundwater. 

  

 Combined 

chemical/ 

biological 

reduction 

Cr(VI) All Chemical reductant (e.g., calcium 

polysulfide, hydrogen sulfide gas, ferrous 

sulfate, zero valent iron, etc.) and biological 

carbon source (e.g., molasses, sodium lactate, 

emulsified oil, etc.) are applied in 

combination to the subsurface to treat 

contaminants within vadose zone. 

Moderate Moderate Low/ Moderate Moderate GHG and energy for 

production and 

delivery of 

substrate/reagent. 

Depends on which 

substrate is used. 

Not retained Technology not retained due 

to uncertainty in 

effectiveness relative to 

removal by excavation. 

Amendments follow source release 

pathways. Combined chemical 

and biological reagents might 

improve performance. 

Depends on delivery method. 

Localized temporary 

generation of secondary 

byproducts may occur. 

May temporarily mobilize 

COPCs (in first pore volume) 

toward groundwater. Handling 

chemical reductants is health 

and safety concern. 

  

Gaseous 

ammonia 

injection 

Cr(VI) All One of a number of possible gaseous 

reagents that are being investigated (along 

with ISGR below). It involves the injection 

of ammonia gas to increase pH to dissolve 

silica, The pH naturally decreases to ambient 

conditions over time and aluminosilicate 

minerals precipitate and possibly coat and 

immobilize various contaminants. 

Unknown Unknown Unknown Unknown GHG emissions 

from injection 

activities. 

Not retained Evaluation of results from 

the ongoing treatability 

study is needed before 

making a decision regarding 

its full-scale use at the 

Hanford Site. This 

technology not retained due 

to uncertainty in 

effectiveness relative to 

removal by excavation. 

Effectiveness is being studied 

as part of a laboratory-scale 

investigation. 

Implementation is unknown at 

a full-scale level. Containment 

of injected gases in the 

shallow vadose zone may be 

an issue. 

Technology 

evaluation has 

been limited to 

laboratory tests. 

Technology 

evaluation has 

been limited to 

laboratory tests. 

Soil heterogeneity will result in 

preferential flow and limit 

treatment effectiveness of lower 

permeability soil. Reduction of 

uranium is potentially reversible. 

Vapor extraction wells are 

installed around injection well 

at a radial spacing of 

approximately 4.6 m (15 ft); 

large numbers of wells are 

required. Monitoring and 

emergency response plan are 

required for transporting, 

storing, and handling because 

of health and safety risks. 

  

  Delivery 

Method 

Mixing with conventional 

excavation equipment 

All 6 m (20 ft) Use of conventional excavation equipment 

(backhoes, excavators, front-end loaders, 

etc.) to mix amendments into the soil. 

High Moderate Low/ Moderate Low GHG emissions 

from machinery.  

Not retained Not retained due to the 

coarse-grained nature of 

Hanford formation soils. 
Agents are uniformly mixed with 

soil column, providing good 

contact and reaction between 

COPC and chemical. 

Simple technology. Dust 

mitigation techniques will 

need to be implemented to 

control/prevent mechanical 

dispersion of contaminants. 

 No associated 

cost. 
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Table 8-8. Technology Screening for Waste Sites at 100-IU-2/IU-6 

General 

Response 

Actions Remedial Technology Process Option 

COC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative Capital 

Cost 

Relative O&M 

Cost Sustainabilityc 

Retained/  

Not  

Retainedd Screening Comment 

In Situ 

Treatment 

(cont.) 

Treatment 

via Reagent 

(cont.) 

In Situ 

Treatment 

(cont.) 

Deep soil mixing 

(vertical/horizontal) 

All All Large mixing augers (1.5 to 3 m [5 to 10 ft] 

in diameter) or horizontally rotating heads 

are used to blend and homogenize reactants 

with soil. The reactants may be chemical 

reductants, biological substrate, or 

solidification/stabilization agents. 

High Low/Moderate High None GHG emissions 

from machinery  

Not retained Deep soil mixing 

implementability will be 

limited by site conditions 

(coarse-grained soil) and 

required depth of treatment. 

Chemical agents are uniformly 

mixed with soil column, providing 

good contact and reaction between 

COPC and chemical. Cement or 

clay can also be mixed with the 

chemical slurry to reduce the 

hydraulic conductivity and 

leachability of the soil. 

Implementation will be more 

challenging in gravel/cobble 

lithologies. Although deep soil 

mixing has been performed to 

depths of 30 m (100 ft) bgs, 

most field applications have 

been limited to approximately 

15 m (50 ft) bgs. 

 No associated 

cost. 

   Foam delivery of reagents Cr(VI) All Injection of foam into vadose zone. The foam 

is a mixture of a surfactant solution to create 

the foam, and a reagent, such as phosphate to 

calcium polysulfide. The foam increases the 

horizontal migration of the reagent away 

from the injection well. 

Unknown Unknown Unknown Unknown Waste generation 

from soil cuttings 

for well installation. 

Not retained Evaluation of results from 

the ongoing treatability 

study is needed before 

making a decision regarding 

its full-scale use at the 

Hanford Site.  

Technology evaluation has been 

limited to laboratory scale tests. 

The stability of the foam, which 

will dictate the well spacing, is 

unknown, as is the ability of the 

foam to sweep a large volume of 

the vadose zone. 

Technology evaluation has 

been limited to 

laboratory-scale tests. 

Technology 

evaluation has 

been limited to 

laboratory-scale 

tests. 

Technology 

evaluation has 

been limited to 

laboratory-scale 

tests. 

Gas delivery of reagents Cr(VI) All A gaseous mixture of chemical reagent is 

injected into and drawn through the vadose 

zone to reduce mobile COPCs. 

Unknown Unknown Unknown Unknown GHG emissions 

from injection 

activities. Waste 

generation from soil 

cuttings for well 

installation. 

Not retained Evaluation of results from 

the ongoing treatability 

study is needed before 

making a decision regarding 

its full-scale use at the 

Hanford Site.  

Soil heterogeneity will result in 

preferential flow and limit 

treatment effectiveness of lower 

permeability soil. 

Vapor extraction wells are 

installed around injection well 

at a radial spacing of 

approximately 4.6 m (15 ft); 

large numbers of wells are 

required. Monitoring and 

emergency response plan are 

required for transporting, 

storing, and handling because 

of health and safety risks. 

  

  Horizontal injection wells Cr(VI) All Delivery of amendments using horizontal 

wells. Wells are installed using horizontal 

drilling techniques. 

Low/Moderate Low Moderate/ High Low GHG emissions 

from well 

installation, 

development, and 

injection activities; 

waste generation 

from soil cuttings. 

Not retained Testing at the Hanford Site 

has not been successful. 
Effectiveness can be hindered by 

nonuniform amendment 

distribution. Soil heterogeneity will 

result in preferential flow and limit 

treatment effectiveness of lower 

permeability soil. Multiple 

injections could be required. 

Implementation is challenging 

in gravel/cobble lithologies. 

Lithology would also pose 

challenges with maintaining 

target depth and alignment 

with horizontal drilling. A 

pilot test of this technology 

encountered signification 

implementation challenges. 

  

Vertical injection wells Cr(VI) All Delivery of amendments using conventional 

vertical wells. 

Low/Moderate Moderate Moderate/ High Low GHG emissions 

from well 

installation, 

development, and 

injection activities; 

waste generation 

from soil cuttings. 

Not retained Waste sites with 

characteristics that could 

benefit from this technology 

are not present in 

100-IU-2/IU-6. 

Effectiveness can be hindered by 

nonuniform amendment 

distribution. Distribution of liquid 

amendments is highly ineffective 

because of gravel/cobble lithology. 

Distribution in lower permeability 

soil can be enhanced with the use 

of shear-thinning fluids. 

Radius of influence likely to 

be low, requiring large 

number of injection wells. 

  

In Situ 

Treatment 

(cont.) 

Treatment 

via Reagent 

(cont.) 

In Situ 

Treatment 

(cont.) 

Surface infiltration Cr(VI) All Reagent is applied to ground surface to treat 

contaminants within vadose zone. Surface 

infiltration can be done through drip 

irrigation and shallow basin systems. 

Systems are generally designed to be 30.5 cm 

(12 in.) below the surface and covered to 

be protected. 

Moderate/High High Low Low Limited 

infrastructure. GHG 

emissions from 

production and 

delivery of 

substrate. 

Not retained Waste sites with 

characteristics that could 

benefit from this technology 

are not present in 

100-IU-2/IU-6. 

Amendments follow source release 

pathways. Distribution not likely to 

be uniform. 

Surface infiltration systems 

are simple to install and 

accessible for O&M.  

  

Void filling/ grouting All Structures 

and pipelines 

Grouting for solidification of buried wastes. 

Void grouting is considered for filling large 

voids, specifically pipelines. 

High Moderate/High Low Low GHG and energy 

for production and 

delivery of 

Not retained Waste sites with 

characteristics that could 

benefit from this technology 
Established and commonly used Established and commonly  No associated 
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Table 8-8. Technology Screening for Waste Sites at 100-IU-2/IU-6 

General 

Response 

Actions Remedial Technology Process Option 

COC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative Capital 

Cost 

Relative O&M 

Cost Sustainabilityc 

Retained/  

Not  

Retainedd Screening Comment 

technology for removing voids 

in pipelines. 

used technology for removing 

voids in pipelines. Pipe branch 

lines/breaks need to be 

identified. Implementability 

can be more challenging and 

costly with long or 

large-diameter pipelines.  

cost. grout used. are not present in 

100-IU-2/IU-6. 

 In Situ Treatment Other Physical/ 

chemical/ 

biological 

Jet grouting All All High-pressure injection of reactive slurry into 

soil to hydraulically mix the soil with the 

slurry. Fluidization of the soil is preferred.  

Low/High Low/High High None GHG emissions 

from injection 

activities. 

Not retained Not retained. Could 

be considered in the future 

if technology develops. 

Currently, jet grouting 

has potentially limited 

effectiveness in 

gravelly material.  

Jet grouting has been performed to 

depths of up to 91 m (300 ft). 

Many closely spaced injection 

points (approximately 1.5 m [5 ft] 

spacing) typically required. 

Limited radius of influence 

would make jet grouting 

cost-prohibitive over 

a large area. 

  

 Soil 

blending 

Radionuclides Depends on 

excavation 

method. 

Contaminated soils are mechanically 

blended with clean soil or fill to reduce the 

effective concentration. 

High High Moderate Low GHG and energy for 

tilling equipment. 

Not retained Not effective since it relies 

on contaminant dilution. 
Implementation more challenging 

in gravel/cobble lithologies.  

Conventional equipment can 

be used. 

 No associated 

cost. 

Vitri-

fication 

All 6 m (20 ft)/ 

greater than 

6 m (20 ft) 

Thermal treatment process that converts soil 

and other materials into stable crystalline 

substances. Contaminants are incorporated 

into the glass structure, which is generally 

strong, durable, and resistant to leaching. 

High Low High Low GHG and energy for 

heat generation. 

High energy 

requirements to 

sustain required 

heat. 

Not retained Complex and challenging 

to implement. 
Heavy metals and radionuclides 

are retained within the treated soil, 

which is generally resistant 

to leaching. 

High complexity of equipment 

required. Process uses an 

electric current to melt soil or 

other earthen materials at 

extremely high temperatures 

(1,600 to 2,000°C or 2,900 to 

3,650°F). It is important to 

also account for safety 

considerations from exposure 

to high heat. 

 No associated 

cost. 

In Situ 

Treatment 

(cont.) 

In Situ Treatment Other 

(cont.) 

Physical/ 

chemical/ 

biological 

(cont.) 

Soil 

flushing— 

vadose 

zone, water 

Cr(VI) 6 m (20 ft)/ 

greater than 

6 m (20 ft) 

Clean or treated water is applied to the 

ground surface or in infiltration trenches 

to flush contaminants from the vadose zone 

to the water table for capture/recovery by 

groundwater extraction wells and 

aboveground treatment. 

Low/Moderate High Low/Moderate Low GHG and energy for 

installation. 

Not retained Waste sites with 

characteristics that could 

benefit from this technology 

are not present in 

100-IU-2/IU-6. 

Water follows source release 

pathways, but contaminants that 

remain in adsorbed phase will 

not be treated. May create a larger 

groundwater problem if the 

groundwater capture is 

not effective. 

Drip irrigation system or 

trenches are simple to install 

and accessible for O&M. 

  

Effective at removing void spaces 

and compacting surface soil, where 

voids exist around buried waste. 

Not effective for native soils. 

Not effective for treatment of 

hazardous waste. 

Simple and widely 

used technology. 

 No associated 

cost. 

Sources: 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan.” 

DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions. 

a. Indicates the contaminants that can be addressed by a technology based on geochemical properties. A COPC applicability of “All” indicates that implementation of a technology is not dependent on the nature of a chemical.  

b. Depth range is based on practical limitations of implementing the given technology. 

c. Sustainability includes potential effects to the environment that could arise from implementing this technology (e.g., GHG emissions, waste generation, water use and resource impacts, energy use). Alternative design will dictate the sustainability of an approach. 

d. Additional details of technology screening are provided in Appendix I. 

e. Ex situ treatment does not include treatment done for disposal at the ERDF or an approved offsite landfill. Treatment performed at the ERDF or at the waste site as required to meet disposal restrictions is assumed to be part of the “disposal to ERDF” or “other approved EPA landfill” process options. 



DOE/RL-2010-98, REV. 0 

8-69 

Table 8-8. Technology Screening for Waste Sites at 100-IU-2/IU-6 

General 

Response 

Actions Remedial Technology Process Option 

COC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative Capital 

Cost 

Relative O&M 

Cost Sustainabilityc 

Retained/  

Not  

Retainedd Screening Comment 

bgs = below ground surface 

COC = contaminant of concern 

COPC = contaminant of potential concern 

EPA = U.S. Environmental Protection Agency 

ERDF = Environmental Restoration Disposal Facility 

GHG = greenhouse gas 

IC = institutional control 

ISGR = in situ gaseous reduction 

NCP = National Contingency Plan (40 CFR 300) 

O&M = operation and maintenance 

RCRA = Resource Conservation and Recovery Act of 1976 

TRU = transuranic 
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Table 8-9. Technology Screening for Cr(VI), Strontium-90, TCE, and Nitrate in Groundwater at 100-FR-3  

General Response Actions 

Remedial 

Technology Process Option COC Applicabilityc Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ Not 

Retaineda Screening Comment 

No Action No Action No action All No remedial actions taken. Low/High High Low Low Little impacts Retained Retained per the NCP 

(40 CFR 300). 
No remedial actions are taken, but 

effectiveness could be high if risk is 

previously mitigated. 

      

MNA MNA MNA All Relies on natural attenuation processes to 

manage the contamination on site. Uses 

groundwater sampling/analysis/data 

evaluation to track natural attenuation 

processes until RAOs are achieved. 

Typically combined with other technologies 

that manage the source area(s) and to 

control exposure. Natural attenuation 

processes include the following: 

 Biological reduction: Processes where 

naturally occurring microorganisms 

(e.g., yeast, fungi, and bacteria) break 

down target substances into less toxic or 

non-toxic substances (Cr[VI], TCE, 

and nitrate]. 

 Chemical reduction: Geochemical 

process where natural reductants in 

sediments reduce contaminants into less 

toxic or nontoxic substances (Cr[VI], 

TCE, and nitrate]. 

 Adsorption: Occurs in groundwater, as 

dissolved chemicals are removed from 

the solution and attach to soil particles 

(Cr[VI] and strontium-90]. 

 Dispersion: The spreading of a chemical 

in groundwater outward from its 

expected path. As groundwater moves 

through different soil types and 

geological features, it travels at different 

velocities. This creates mechanical 

mixing, so groundwater spreads away 

from source areas into wider plumes (all 

COCs). 

 Dilution: The decrease in the chemical 

concentration in a fluid caused by mixing 

with a fluid containing a lower 

concentration (all COCs). 

 Radioactive decay: Spontaneous 

disintegration of the nucleus of 

radionuclide resulting in reduction in 

radionuclide activity (strontium-90). 

Biological 

reduction 

Low/Moderate High Low/Moderate Low/Moderate Little impacts Retained Details on MNA processes 

for the 100-FR-3 

groundwater COCs are 

provided in Appendix M. Chemical 

reduction 

Moderate/High       

Adsorption Low/Moderate 

Dispersion High 

Dilution High 

Radioactive 

decay 

Moderate 

(strontium-90) 

Pump-and- 

Treat 

Collection Extraction Groundwater 

extraction system 

All Operation of new groundwater 

extraction wells.  

Moderate/High High Low/Moderate Moderate/High Energy 

consumption and 

GHG emissions 

from pumping 

systems. 

Retained Used at other 100 Area 

groundwater OUs under 

interim action RODs.  
 Groundwater extraction is a proven 

technology for removing Cr(VI) and 

TCE in groundwater, and is effective 

for nitrate. There is some uncertainty as 

to its ability to remove strontium-90 

from the aquifer because of 

strontium-90’s affinity for 

aquifer sediments. 

Extraction wells installed 

elsewhere in River Corridor 

under interim action RODs. 

Cost 

determined by 

number or wells 

required and 

depth of 

the wells.  
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Table 8-9. Technology Screening for Cr(VI), Strontium-90, TCE, and Nitrate in Groundwater at 100-FR-3  

General Response Actions 

Remedial 

Technology Process Option COC Applicabilityc Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ Not 

Retaineda Screening Comment 

Pump-and-

Treat (cont.) 

Ex Situ 

Treatment 

Chemical Ion exchange Cr(VI), strontium-90, 

nitrate 

Ions from the aqueous phase are removed 

by exchange with innocuous ions on the 

exchange medium. 

Moderate/High High Moderate Moderate/ High Waste generation 

from ion 

exchange 

regeneration 

disposal or 

regeneration. 

Energy 

consumption 

from process 

equipment.  

Retained Technology used at Hanford 

Site for Cr(VI) and 

strontium-90 removal 

from groundwater.  Effective for Cr(VI) treatment.  

Variable, depending on COPC. 

Vendors and equipment 

readily available. Currently 

used at the site. 

System would 

have to be 

installed. Cost 

determined 

based on 

required 

treatment rates.  

  

 Chemical 

reduction/ 

softening and 

precipitation 

Cr(VI), nitrate Dissolved Cr(VI) transformed into an 

insoluble solid, which is removal by 

flocculation, sedimentation, and filtration. 

Other COPCs or naturally occurring metals 

are also removed. Dissolved nitrate 

converted to nitrogen gas or biomass and 

removed through volatilization or with 

sludge. 

Low/Moderate Moderate/High Moderate/ High Moderate Waste generation 

from chemical 

precipitation. 

Energy 

consumption 

from process 

equipment. 

Not retained For Cr(VI) and nitrate, 

implementability challenges 

given potential large sludge 

volumes and the fact that 

ion exchange technology is 

widely used for Cr(VI) in 

the 100 Area.  

 Effective for Cr(VI) treatment 

and nitrate. 

Vendors and equipment 

readily available but no 

experience with the 

technology at the Hanford 

Site. Large sludge volumes 

may be produced depending 

on COC influent 

concentrations. 

    

 Electrocoagulation Cr(VI) Relies on electrochemical generation of 

ferrous iron. The ferrous iron reduces 

metals that are susceptible to reduction and 

converts them to insoluble solids, which are 

removed by sedimentation and filtration.  

Low/Moderate Low/Moderate Moderate/ High Moderate Waste generation 

from chemical 

precipitation. 

Energy 

consumption 

from process 

equipment. 

Not retained Implementability challenges 

for technology have been 

observed at Hanford during 

previous testing. 

 Not widely used for Cr(VI) removal. 

Pilot testing at the site had challenges. 

Additional development and 

testing would be required. 

Potential negative effects on 

reinjection of water. 

    

  Biological Wetlands Cr(VI), nitrate Extracted groundwater is pumped to 

a constructed wetland where contaminants 

are biologically reduced, or taken up by 

plants and algae. TCE may volatilize. 

Moderate/High Low/Moderate Moderate Low Little impacts, 

except for land 

required. 

Not retained Performance uncertainty. 

Implementability challenges 

given large area required  
 Effective for nitrate, but additional 

research/pilot testing is required to 

verify effectiveness for Cr(VI) and 

other COCs. 

May require large surface 

area for extended period. 

Depends on 

land 

requirements 

  

 Anaerobic Cr(VI), nitrate, TCE Extracted groundwater is amended with 

biological carbon source (e.g., glucose, 

sodium lactate, emulsified oil, ethanol). 

The amended water is pumped to 

subsurface infiltration, accomplished 

through drip irrigation and shallow basin 

system, where biological denitrification will 

take place within the vadose zone. 

Moderate/High Moderate Low/ Moderate Moderate GHG for energy 

production and 

delivery of 

substrate.  

Retained  

 Technology currently in use for 

200 West Groundwater Treatment 

Facility for nitrate. 

    

 Subgrade 

bioreactors 

Cr(VI), nitrate, TCE Extracted groundwater is pumped into 

a lined excavated area that has been 

backfilled with organic media (e.g., wood 

mulch with zero-valent iron). Cr(VI), 

nitrate and TCE are biologically reduced as 

water passes through the media. A second 

stage aeration/filtration stage could be 

provided to remove any biological 

byproducts (e.g., iron) and solids before 

injecting back into aquifer. 

Moderate/High Moderate/High Low/Moderate Low Effects include 

spent media 

disposal and land 

requirements. 

Not retained Has not been demonstrated 

on a full scale for Cr(VI) or 

nitrate remediation.  
 Effective for identified COCs based on 

200 West Groundwater Treatment 

Facility experience.  

Excavation and backfilling 

are readily implemented. 

Piping can be incorporated 

into the design to facilitate 

future delivery of liquid 

carbon sources 

(e.g., vegetable oil). 

Treatability testing required 

to verify implementability. 

Depends on 

land 

requirements 

  

   Bioreactors Cr(VI), nitrate, TCE Groundwater is amended with electron 

donor (carbon source) and passes through a 

matrix (fixed bed, fluidized bed, or 

membranes) with microbial films, where 

contaminants are biologically reduced. 

Effluent is oxygenated, filtered, and 

amended before injecting back into aquifer. 

Low/Moderate Moderate/High High Moderate Waste generation 

from biological 

sludge. Energy 

consumption 

from process 

equipment. 

Not retained Performance uncertainty for 

Cr(VI). Considering large 

and complex system 

requirements for nitrate 

removal, and since in situ 

bioremediation or subgrade 

bioreactors could be used, 

ex situ bioreactors have not 

been retained.  

  

 Bioreactors commonly used for nitrate 

removal, but less commonly for Cr(VI) 

and TCE reduction.  

Vendors and equipment 

readily available, but no 

current experience with the 

technology at the 

Hanford Site. 

    



DOE/RL-2010-98, REV. 0 

8-72 

Table 8-9. Technology Screening for Cr(VI), Strontium-90, TCE, and Nitrate in Groundwater at 100-FR-3  

General Response Actions 

Remedial 

Technology Process Option COC Applicabilityc Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ Not 

Retaineda Screening Comment 

Pump-and-

Treat (cont.) 

Ex Situ 

Treatment 

(cont.) 

Biological 

(cont.) 

Phytoremediation Cr(VI), nitrate, 

strontium-90 

Use of plants and their associated 

rhizospheric microorganisms to remove, 

reduce/degrade, or contain chemical 

contaminants in soil or groundwater. 

Contaminants in groundwater can also be 

removed by applying it as irrigation water 

for plants. 

Low/Moderate Low/Moderate Low Low Effects include 

land required and 

potential disposal 

of harvested 

plants containing 

strontium-90.  

Not retained Would only be effective for 

low concentrations of 

contaminants where 

groundwater is shallow over 

long periods, or when 

applied as irrigation water. 

Cr(VI) and strontium-90 

would accumulate in the 

plants and not actually be 

treated, posing risks to 

ecological receptors.  

Low/Moderate for Cr(VI). Additional 

research/pilot testing is required to 

verify effectiveness for site conditions. 

Could be used as a barrier approach, 

but there would be challenges with the 

depth to the water table even close to 

the river. 

Commonly used for nitrate removal. 

Plants used for remediating 

strontium-90 would require harvesting. 

Requires large surface area 

for plants. Potential cultural 

challenges with 

implementation near river. 

    

  Physical Air stripping TCE Water is passed through an air stripper 

where air is injected and strips out volatile 

compounds or carbon dioxide from the 

water phase. The stripper maybe a packed 

tower, tray stripper, or similar device. The 

offgas is collected and treated in activated 

carbon or similar process. Offgas treatment 

would only be required if emissions exceed 

discharge limits. 

High High Moderate Low/ Moderate GHG for energy 

production and 

electricity for the 

blower 

operation. 

Energy 

consumption 

from other 

process 

equipment. 

Retained Technology is being used in 

200 West Groundwater 

Treatment Facility. 
  With appropriate design and operation, 

can achieve very low concentrations. 

Currently used at the 

200 West Groundwater 

Treatment Facility 

for VOCs. 

Air strippers are 

relatively 

inexpensive. 

  

   Membrane 

separation  

(e.g., reverse 

osmosis) 

All Water pressure is used to force water 

molecules through a very fine membrane, 

leaving the contaminants behind. Purified 

water is collected from the “clean” or 

“permeate” side of the membrane, and 

water containing the concentrated 

contaminants is disposed. 

High Low/Moderate High High Waste generation 

inform of brine 

and high energy 

use. Energy 

consumption 

from process 

equipment. 

Not retained Implementability challenges 

from large volumes of brine 

produced would require 

further reduction and 

then disposal. 

  With the appropriate design, reverse 

osmosis can be effective for almost 

any compound. 

Vendors and equipment 

readily available, although 

additional site specific 

testing would be required. 

Pretreatment likely 

necessary, and a large 

volume of brine would be 

produced that would need to 

be treated and handled. 

    

 Discharge Onsite discharge Groundwater 

injection wells 

All Treated groundwater is injected into 

onsite wells. 

High High Low Low/ Moderate Waste generation 

from soil 

cuttings for well 

installation. 

Retained Injection wells are being 

used elsewhere in the 

100 Area for treated 

water disposal. 

Can enhance contaminant flushing, 

hydraulic control and plume capture. 

Readily implementable 

at the site, currently used in 

existing pump-and-treat 

systems. Wells may 

be subject to clogging 

because of the buildup of 

chemical precipitates or 

microbial fouling. 

    

Surface infiltration All Treated groundwater is infiltrated into 

onsite trenches, located outside of zones of 

known waste sites. 

High Moderate/High Low Low/ Moderate Little impacts. Not retained Trenches require large 

footprint that may adversely 

affect cultural or 

ecologically sensitive areas. 

Effective means of disposal and may 

enhance contaminant flushing, 

hydraulic control and capture of plume, 

if located appropriately. 

Infiltration would be easy to 

engineer and implement.  

Trenches are 

lower cost than 

wells 

  

Beneficial reuse of 

treated water 

All Use of treated water for a beneficial use 

such as irrigation or dust control. 

High Moderate Low/Moderate Low Water needs to 

be transported 

for reuse. 

Not retained May be useful if water can 

be used for dust control and 

similar uses.  
Effective means of treated water 

disposal, although it may affect the 

in situ removal mechanisms. 

No nearby facility that 

could use large quantities of 

water. May be simple to 

implement for dust control 

for nearby earthwork. 

   

 Offsite discharge Discharge to 

surface water 

All Discharge of treated groundwater directly 

to the river at an outfall. 

High Low Low Low Little impacts. Not retained Not allowed. 

Effective means of treated 

water disposal. 

Although surface water 

discharge is commonly 

practiced for treated 

wastewater, no new outfalls 

are allowed on the Hanford 

Reach National Monument.  

  Little or no 

maintenance 

required 
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Table 8-9. Technology Screening for Cr(VI), Strontium-90, TCE, and Nitrate in Groundwater at 100-FR-3  

General Response Actions 

Remedial 

Technology Process Option COC Applicabilityc Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ Not 

Retaineda Screening Comment 

In Situ 

Treatment  

Reagent 

Approach 

Chemical Reduction Cr(VI), nitrate, TCE Subsurface delivery of chemical reductants 

(e.g., calcium polysulfide) within plume to 

stimulate reduction of contaminant. 

Moderate Moderate Moderate/ High Moderate Waste generation 

from soil 

cuttings for well 

installation. 

GHG and energy 

for production 

and delivery of 

chemicals. 

Not retained More challenging to 

implement and costly as 

compared to biological 

reduction. 

Chemical reductants instantly reactive, 

thus strongest reduction achieved near 

injection well, requiring tighter spacing 

of injection wells. Recirculation 

approach may increases size of 

reducing zone, and allows broader well 

spacing. Iron and sulfate reduction 

increases reductive capacity of 

subsurface, which makes the formation 

less sensitive to rebound.  

May require large number 

of wells. 

Dependent on 

number and 

type of wells. 

Likely higher 

capital cost 

compared to 

in situ 

biological 

 

Stabilization Strontium-90 Subsurface delivery of chemical reagents 

(such as phosphate) in a regular pattern of 

wells in the aquifer to sequester 

strontium-90. Chemical reactions are 

induced between the stabilizing agent and 

contaminant to reduce mobility. 

Moderate/High Moderate Moderate/ High Moderate Waste generation 

from soil 

cuttings for well 

installation. 

GHG and energy 

from chemical 

production and 

transport. 

Retained Retained for localized 

treatment of strontium-90.  
Currently being implemented at 100-N 

in a barrier approach for strontium-90 

with favorable results. Achieving even 

distribution may be difficult. 

Requires large number of 

wells to cover a large area. 

Function of 

number of 

injection wells 

required 

Periodic 

reinjection may 

be required. 

Biological Anaerobic Cr(VI), nitrate, TCE Subsurface delivery and recirculation of 

various organic substrates using an array of 

injection and extraction wells in the aquifer 

to stimulate anaerobic bioreduction of 

Cr(VI) and reduction of nitrate. Cr(VI) and 

nitrate in groundwater that is reinjected 

would be reduced in situ. Would be a 

component of a pump-and-treat system. 

High Moderate/High Moderate/ High Moderate Waste generation 

from soil 

cuttings for well 

installation. 

GHG and energy 

for production 

and delivery of 

substrate. 

Depends on 

which substrate 

is used.  

Retained Preferred over chemical 

reduction as a more easily 

implemented and proven 

technology. 

Reactive life of biological electron 

donors is longer than chemical 

reductants so reactive strength is 

maintained over relatively longer 

distances compared to in situ chemical 

treatment. Iron and sulfate reduction 

increases reductive capacity of 

subsurface, which makes the formation 

less sensitive to rebound.  

Requires large number of 

wells to cover a large area. 

Dependent on 

number and 

type of wells 

  

   Hydrogen or other 

organic gas 

sparging 

Cr(VI), nitrate, TCE Injection of biodegradable organic gases 

(e.g., propone or butane) or hydrogen into 

sparge wells that are screened below the 

water table. 

Low Low High Moderate Waste generation 

from soil 

cuttings for well 

installation. 

GHG and energy 

for production 

and delivery of 

chemicals. 

Not retained Challenge in the distribution 

of the gases and safety risk 

associated with using 

explosive gases.  

Distribution of gases likely to be poor 

in the coarse formation. Has not been 

demonstrated for Cr(VI). 

The radius of influence 

around each sparge well is 

likely to be low, so a large 

number of wells would be 

required. Safety challenges 

exist because of residual 

explosive gasses that may 

accumulate. 

Large number 

of wells would 

be required 

  

Chemical/ 

biological 

Combination of 

biological and 

chemical 

substrates 

Cr(VI), nitrate, TCE Subsurface delivery and recirculation of 

both chemical reductants and electron 

donors within plume to stimulate chemical 

and anaerobic biological reduction of 

target contaminants. 

High Moderate Moderate/ High Moderate Waste generation 

from soil 

cuttings for well 

installation. 

GHG and energy 

for production 

and delivery of 

chemicals. 

Retained May be more challenging to 

implement and more costly 

compared to biological 

reduction alone. 

Chemical reductants could be used to 

treat smaller hot spot areas, while 

biological reductants could be used to 

sustain treatment over larger dilute 

plume areas. Recirculation approach 

increases the size of reducing zone, and 

allows broader well spacing. Iron and 

sulfate reduction increases reductive 

capacity of subsurface. Less sensitive to 

rebound from residual sources because 

of residual reactive phase. 

Recirculation will likely be 

limited by extraction rate. 

Addition of fresh water can 

be used to enhance coverage 

around injection wells. 

The formation of secondary 

byproducts may affect 

restoration to beneficial use. 

Dependent on 

number and 

type of wells 

 

Physical Flushing— 

saturated zone, 

water 

Cr(VI), nitrate Clean/treated water is injected to flush out 

contaminated groundwater to expedite 

remediation of plumes. Would be 

component of a pump-and-treat system. 

Moderate/High High Moderate/High Moderate/High GHG and energy 

for installation. 

Waste generation 

from soil 

cuttings for well 

installation. 

Retained   

The extraction wells system should be 

able to capture any contaminants 

mobilized. However, performance will 

depend on residual contamination in 

lower permeability layers. 

Standard vertical or 

horizontal wells or 

infiltration trenches used 

for injection. 

Costs for wells 

and piping, and 

transfer 

stations. 
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Table 8-9. Technology Screening for Cr(VI), Strontium-90, TCE, and Nitrate in Groundwater at 100-FR-3  

General Response Actions 

Remedial 

Technology Process Option COC Applicabilityc Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ Not 

Retaineda Screening Comment 

In Situ 

Treatment 

(cont.) 

 Surface 

infiltration 

Surface infiltration NA Trenches, French drains, or drip irrigations 

systems are used to inject water or reagents.  

High Moderate Low Moderate Less GHG and 

energy for 

installation. 

Retained  

With appropriate design, installation 

and, maintenance they can be effective.  

Location of vadose zone 

contamination in relation to 

water table must be known. 

    

  Groundwater 

circulation wells  

Groundwater 

circulation wells 

VOCs Installation of wells with two screened 

zones. Groundwater is typically pumped 

out of the formation from the lower screen 

zone, and injected back into the formation 

in the upper zone. A circulation pattern is 

created in the formation. The groundwater 

can be stripped inside the well to remove 

VOCs, or the wells can be used to 

deliver reagents.  

Low/Moderate Low/Moderate Moderate Moderate Waste generation 

from soil 

cuttings for well 

installation. 

GHG and energy 

for operation.  

Not retained Asymmetrical groundwater 

flow and groundwater 

flow short-circuiting, may 

limit the effectiveness 

of groundwater 

circulation wells. 

The establishment of a reasonable 

circulation pattern depends on the 

formation characteristics. The 

low-permeability lenses present in 

some locations may be problematic. 

Very high permeability may result in 

a small radius of influence so more 

wells will be required. 

A large number of wells 

may be required. 

Depends on the 

number of wells 

required 

  

  Vertical wells Vertical wells NA Standard vertical wells are used to inject 

water or reagents.  

High High Moderate/ High Moderate Waste generation 

from soil 

cuttings, GHG 

and energy for 

installation. 

Retained  

Effective with appropriate design, 

installation, and maintenance.  

Use extensively at Hanford. Wells at the 

Hanford are 

generally 

expensive 

  

  Horizontal wells Horizontal wells NA Horizontally drilled wells are used to inject 

water or reagents.  

Low/Moderate Low Moderate/ High Moderate Waste generation 

from soil 

cuttings, GHG 

and energy for 

installation. 

Not retained Hanford pilot test was 

not successful. 
Uncertain performance. Hanford pilot test was not 

successful. 

Costs are high 

but fewer wells 

are required 

  

Containment  Physical Containment wall 

(e.g., slurry wall 

or grout wall) 

All Slurry or grout wall barriers consist of 

a vertical barrier perpendicular to the 

groundwater flow direction, partially filled 

with bentonite slurry, grout, or other low 

permeability material. The barrier is 

typically keyed into a lower permeability 

zone. The slurry/grout could be jet injected, 

mixed with the soils using large augers 

or excavated. 

Moderate Low High Low/ Moderate GHG and energy 

for installation, 

waste from 

trench spoils. 

Not retained Not required since there is 

an existing hydraulic 

containment system and not 

likely to be implementable. 

Effectiveness is dependent on the 

continuity of the wall and the ability to 

key into the Ringold Upper Mud, which 

will be difficult to achieve because of 

depth. Does not reduce toxicity or 

volume of contaminants by itself. This 

technology requires groundwater 

extraction to control groundwater 

pressures from building up behind the 

barrier and potentially damaging the 

barrier or causing groundwater to flow 

under, over, or around the barrier. 

Installation of wall through 

cobbles and boulders to key 

into the Ringold upper mud 

is very difficult and 

cost-prohibitive. Driven 

sheet piles near the river 

have been attempted but 

failed because of the 

presence of cobbles. 

    

  Chemical/ 

biological 

Reactive chemical 

barrier 

(ISRM) 

All Subsurface delivery and/or recirculation of 

chemical reductants along cross-gradient 

rows transecting plume. Residual reducing 

chemicals are retained in the aquifer matrix 

so Cr(VI)/nitrate are passively removed as 

groundwater moves through the treatment 

zone barriers. Sodium dithionite or 

zero-valent iron maybe used as reductants.  

Moderate/High Moderate/High Moderate/ High Moderate ISRM already 

exists, limited 

GHG and energy 

to augment. 

Not retained Eliminated due to plume 

size. Trenched barriers also 

have large disturbance 

footprints, which may 

interfere with cultural 

resource sites.  

  

 Effective if barrier treatment zone 

conditions are maintained. High flows 

of highly toxic groundwater, and 

changing water levels are likely to 

reduce effectiveness and require more 

frequent amendments. The current 

ISRM has experienced some 

breakthrough. Not effective in treating 

the bulk of the plume.  

Can be implemented with 

injection wells or 

recirculation dipole wells. 

Broad zones of secondary 

byproduct generation within 

treatment area may occur. 

Dependent on 

number and 

type of wells 
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Table 8-9. Technology Screening for Cr(VI), Strontium-90, TCE, and Nitrate in Groundwater at 100-FR-3  

General Response Actions 

Remedial 

Technology Process Option COC Applicabilityc Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ Not 

Retaineda Screening Comment 

Containment 

(cont.) 

 Chemical/ 

biological (cont.) 

Reactive 

biological barrier 

Cr(VI), nitrate, TCE Subsurface delivery and recirculation of 

electron donors along cross-gradient rows 

transecting plume. Residual reducing 

byproducts and biomass are retained in the 

aquifer matrix so that contaminants are 

passively removed as groundwater moves 

through the treatment zone barriers. 

Low/Moderate Moderate/High Moderate/ High Moderate GHG and energy 

for installation. 

Not retained Eliminated due to plume 

size. Trenched barriers also 

have large disturbance 

footprints, which may 

interfere with cultural 

resource sites. 

   Effective if barrier treatment zone 

conditions are maintained. Given the 

highly aerobic groundwater, 

re-amendment of the barrier would 

need to be frequent. Not effective in 

treating the bulk of the plume.  

Can be implemented with 

injection wells or 

recirculation dipole wells—

latter option reduces number 

of wells required and is 

more cost effective. Broad 

zones of secondary 

byproduct generation within 

treatment area may occur; 

requires re-oxygenation of 

groundwater before 

discharge to the river. 

Dependent on 

number and 

type of wells 

  

  Hydraulic 

Control 

Hydraulic 

containment via 

extraction 

All Install extraction wells along downgradient 

edge of plumes to control migration of 

COPCs to the river. 

High High Moderate Moderate GHG and energy 

for operations. 

Retained.  

Extraction should control plume 

migration to the river, but upgradient 

plumes and hot spots are left untreated. 

Compatible with existing 

infrastructure, and can be 

designed to work with other 

remedial technologies. 

Facilities in 

place 

  

   Hydraulic 

containment via 

injection 

All Injection of river water or groundwater 

parallel to the river. Manages hydraulic 

gradients to create conditions (e.g., an 

inward gradient) throughout the year that 

mimic natural conditions of low plume 

discharge encountered during periods of 

high river stage. Barrier comprising closely 

spaced injection wells, infiltration trenches, 

and/or horizontal wells. Source of water 

from existing permitted Columbia River 

supply and/or groundwater. 

Low/Moderate Moderate Moderate Moderate GHG and energy 

for operations. 

Retained Coupled with extraction. 

Should rapidly control plume migration 

to the river. However, some flushing 

and dilution of the contamination 

already close to the river may occur and 

may not be viewed favorably. 

Can be accomplished using 

practically achievable 

injection rates. Injection 

only required two to three 

seasons (6 to 9 months). 

Infiltration trenches will be 

more cost effective than 

injection/horizontal wells 

but could cause seepage 

faces to develop along river 

cliff faces.  

    

Source: 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan.” 

a. Additional details of technology screening are provided in Appendix I. 

b. Sustainability includes potential effects to the environment that could arise from implementing this technology (e.g., GHG emissions, waste generation, water use and resource impacts, and energy use). Alternative design will dictate the sustainability of an approach. 

c. Indicates the contaminants that can be addressed by a technology based on geochemical properties. A COPC applicability of “All” indicates that implementation of a technology is not dependent on the nature of a chemical. 

COC = contaminant of concern 

COPC = contaminant of potential concern 

GHG = greenhouse gas 

ISRM = in situ redox manipulation 

MNA = monitored natural attenuation 

NA = not applicable 

OU = operable unit 

RAO = remedial action objective 

ROD = record of decision 

TCE = trichloroethene 

VOC = volatile organic compound 
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Figure 8-8. Monitored Natural Attenuation 
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Figure 8-9. Standard Excavation 
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Figure 8-10. Deep Excavation 
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Figure 8-11. Onsite Disposal—Environmental Restoration Disposal Facility 

  



DOE/RL-2010-98, REV. 0 

8-81 

 

Figure 8-12. Pump-and-Treat 
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Figure 8-13. Ion Exchange—Groundwater Treatment  
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Figure 8-14. Subgrade Bioreactor—Groundwater Treatment 
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Figure 8-15. Air Stripping—Groundwater Treatment 
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Figure 8-16. In Situ Biological Degradation—Groundwater 
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Figure 8-17. Flushing—Saturated Zone, Water 
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Figure 8-18. Hydraulic Containment 
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Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions (hereinafter called the 

Site-Wide IC Plan [DOE/RL-2001-41]) describes how RL will implement and maintain OU-specific 

ICs specified in CERCLA decision documents. The Site-Wide IC Plan is updated based on final 

CERCLA decision documents within 180 days after issuance of the final decision document. 

The Site-Wide IC Plan addresses the elements of Institutional Controls: A Site Manager’s Guide to 

Identifying, Evaluating and Selecting Institutional Controls at Superfund and RCRA Corrective Action 

Cleanups (EPA 540-F-00-005). In addition, ICs are reviewed during the CERCLA 5-year review process. 

Table 8-10 identifies DOE categories of ICs and the examples of ICs currently in use at the Hanford Site. 

ICs are maintained as both waste site and groundwater technologies. 

Removal. Removal technologies include excavation of contaminated materials. The engineering design is 

based on existing information. Existing information, including operational process knowledge, vadose 

zone data, groundwater data, and waste site remediation of similar sites, is used in determining the area 

for remediation. Excavation of sites with contaminated soil follows the observational approach, allowing 

waste characterization and treatment to occur as excavation proceeds. The observational approach uses 

a variety of techniques including field screening, confirmation sampling, and soil borings or test pits as 

appropriate to determine the extent of contaminant removal required until cleanup goals have been met. 

Excavation is coupled with analytical assessment, dust control, efficient transportation, treatment as 

required, and disposal. Excavated soil is segregated to determine disposal or treatment requirements. 

Excavation can use conventional equipment and methods, including excavators, bulldozers, and wheeled 

loaders. Earthmoving equipment removes clean overburden, which can be staged for later use in 

backfilling, and contaminated media to stage for appropriate waste management activities. Contaminated 

media are typically removed in lifts (layers of uniform thickness) to allow screening for contamination. 

Field screening supports waste characterization and helps determine achievement of remedial goals.  

Process options under the removal general response actions GRA include standard excavation (depths up 

to 6 m [20 ft]) and deep excavation (to depths greater than 6 m [20 ft]). At excavations exceeding 6 m 

(20 ft) bgs, implementation requires technologies that are more complex, such as large layback for 

open-pit-type excavation or use of shoring. Given the increased complexity, deep excavations have an 

increased cost compared to standard excavation. 

Ex Situ Treatment and Processing. Following excavation, soil can be treated with ex situ methods to 

reduce contaminant concentrations or toxicity, remove contaminants (transfer to different media), or 

reduce volume, and to allow for less costly disposal or use as backfill. Treatment can be achieved by 

applying physical, chemical, biological, or thermal processes.  

Additional treatment that may be required to meet ERDF waste acceptance criteria is not included in the 

costs for this process. This ex situ treatment process option only covers technologies that could be used to 

treat the soil so that part or all of the soil volume could be backfilled at the location from which it 

was removed.  

Ex situ treatment process options include the following:  

 Ex situ solidification/stabilization  

 Soil washing  

 Ex situ vitrification  

 Ex situ thermal desorption  
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Table 8-10. Categories and Types of Current Hanford ICs 

DOE Categories of ICs
a
 DOE Categorical Description Types of Current Hanford ICs Examples of ICs 

Active/Passive Controls These controls have long been understood to apply to the long-term 

management of radioactive waste. Active controls require clear institutional 

and human responsibilities and the active performance of responsibilities such 

as controlling access to a disposal site by means such as guards, performing 

maintenance operations or remedial actions at a site, controlling or cleaning up 

releases from a site, or monitoring parameters related to disposal system 

performance. Passive controls are defined by their dependence on the design of 

controls and structures such as permanent markers placed at a disposal site, 

public records and archives, government ownership and regulations regarding 

land or resource use, and other methods of preserving knowledge about the 

location design and contents of a disposal system.  

Warning Notices: Provide visual identification and warning of hazardous or sensitive areas. 

A mechanism of warning notices includes signs that provide visual identification and warning of 

hazardous or sensitive areas. 

Entry Restrictions: Prevent or limit the access of humans to particular hazardous or sensitive areas. 

Procedural requirements for access warning signs (in conjunction with an engineering control, such as 

fencing) can be implemented to provide entry restrictions. 

Warning Notices and Entry Restrictions: 

 Requirement for placement of permanent signs and/or markers at specific areas of the site. 

 Procedural requirements for access excavation/drilling permits. 

 Applies to all COPCs. 

 Effectiveness: Good. Reduces or eliminates the potential for direct contact with radiological 

contamination and contaminated groundwater for the duration of elevated risk period, and for 

preserving knowledge about a specific area or design. Protects integrity of active remedies. 

 Implementability: Very good. Readily implemented, requires periodic surveillance and maintenance. 

 Cost: Low.  

Proprietary/Government 

Controls 

This type of control is based on the legal authority of landowners to control the 

use of their land. Proprietary controls, such as easements, are based on the 

rights associated with ownership of an interest in land. Government controls 

rely on the powers of governments to protect the public health and safety 

through zoning, legislation, land ownership, or permit programs.  

Land Use Management: Ensures that use of the land is compatible with any hazards that exist. As 

presented in Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions 

(DOE/RL-2001-41), “DOE will restrict the use of land on waste sites and prohibit activities that would 

interfere with the remedial activity in accordance with the ICs requirements of the CERCLA decision 

documents and as described in applicable work plans.” Implementation of land use management controls 

can ensure that any changes in use of the land are assessed before being allowed, and that ICs are 

maintained beyond change of ownership, as appropriate. Mechanisms include land use and real property 

controls (e.g., proprietary controls including easements and covenants), including irrigation restrictions 

and excavation permits. Land use and real property controls ensure that the use of land is in accordance 

with Hanford Site plans and CERCLA decision documents. Site evaluations are required before any land 

disturbance activity, and excavation permits are required for excavations on the Hanford Site to prevent 

unplanned disturbance or infiltration as prohibited by CERCLA decision documents. Irrigation 

restrictions would be placed on sites that have a groundwater/surface water protection risk if irrigation 

were applied. 

Groundwater Use Management: Ensures proper use of groundwater through groundwater controls. 

As described in Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions 

(DOE/RL-2001-41), groundwater use on the Hanford Site is generally restricted, except for limited 

research purposes and for monitoring and treatment, as approved by EPA or Ecology, or as authorized in 

EPA- or Ecology-approved documents. Excavation permits and the land-use process also control 

groundwater use.  

Land Use Management: 

 Land-use and real property controls (e.g., proprietary controls including easements and covenants). 

 Applies to all COPCs. 

 Effectiveness: Good. Reduces or eliminates the potential for direct contact with contaminated 

groundwater when well implemented and maintained for the duration of elevated risk period. 

Ensures compatible land use. 

 Implementability: Very good. Readily implemented, must identify and comply with all necessary 

legal requirements. 

 Cost: Low. 

 Retained. 

Groundwater Use Management: 

 Groundwater controls. 

 Applies to all COPCs. 

 Effectiveness: Good. Ensures no improper use of groundwater. 

 Implementability: Very good. Readily implemented, but will likely require ongoing oversight and 

coordination with state water resource managers. 

 Cost: Low. 

Informational Toolsb Provide information or notification about whether a remedy is operating as 

designed and/or that residual or contained contamination may remain onsite. 

Information devices include state registries, deed notices, and advisories.  

Waste Site Information Management: This is an administrative mechanism implemented to maintain 

and provide access to information on the location and nature of contamination. The WIDS database 

identifies waste management units on the Hanford Site, their location, waste type, and status. Other 

descriptive information contained in WIDS includes size, extent, and appearance; testing or sampling 

efforts; regulatory information; bibliographic references; images; change history; and data validation. RL 

maintains the system in accordance with the WIDS change control system, which documents and traces 

additions, deletions, and/or other changes dealing with the status of waste management units. 

Waste Site Information Management: 

 Administrative. 

 Applies to all COPCs. 

 Effectiveness: Good. Ensures access to information on the location and nature of contamination. 

 Implementability: Very good. Readily implemented, but requires maintenance of the information 

management system. 

 Cost: Low.  

a. Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions (DOE/RL-2001-41). 

b. An “Informational Tool” is an EPA category of an IC that is used at the Hanford Site as discussed in Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions (DOE/RL-2001-41). 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

COPC = contaminant of potential concern 

DOE = U.S. Department of Energy 

Ecology = Washington State Department of Ecology  

EPA = U.S. Environmental Protection Agency 

IC = institutional control 

WIDS = Waste Information Data System 
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Disposal. Following excavation, contaminated soil needs to be properly disposed, either at the onsite or 

offsite landfill, or by backfilling treated soil. Before implementation of a disposal option, waste 

acceptance criteria must be evaluated. Treatment required to meet the ERDF waste acceptance criteria is 

evaluated under the disposal GRA.  

Backfilling treated soil involves excavation and ex situ treatment, followed by onsite disposal. Before 

implementing this disposal option, treated soil will need to be compared to PRGs to verify that backfilling 

is appropriate.  

Disposal at the onsite landfill includes transport of excavated soil to EDRF. The waste acceptance criteria 

for the ERDF are based on regulatory requirements (e.g., RCRA land disposal requirements) and 

risk-based considerations for long-term protection of HHE. If waste cannot be accepted at the ERDF, 

a suitable EPA-approved disposal facility will be used. Part of this process option is treatment required to 

meet ERDF waste acceptance criteria. Therefore, an ex situ treatment process option does not need to be 

evaluated if excavation and disposal at the ERDF are selected as remedial options. 

In Situ Treatment. In situ treatment consists of actions that treat contamination in place using physical, 

chemical, or biological treatment techniques. The main advantage of in situ treatment is that it allows soil to 

be treated without being excavated and transported, resulting in significantly reduced exposure to site 

workers relative to removal of contaminated media for disposal or ex situ treatment. Other advantages 

include reduced disturbances to vegetation and cultural resources relative to excavation. In situ treatment 

may also provide a larger areal zone of treatment and there is typically little secondary waste generated. 

For this evaluation, in situ process options were subdivided by technologies that require delivery of 

a reagent to the subsurface for treatment and those that implement another technique. Within actions 

requiring delivery of a reagent, technologies can be further subdivided by the reagent approach (physical, 

chemical, or biological), and the method for delivering the reagent to the subsurface. For treatment of 

contaminated soil at 100-F, the following in situ remedial technologies and process options were evaluated: 

 Reagent approach: 

 In situ solidification 

 In situ stabilization/sequestration  

 Chemical reduction 

 In situ chemical oxidation  

 Surface bioremediation (land farming) 

 Biological reduction  

 Combined chemical/biological reduction 

 Gaseous ammonia injection 

 Bioventing 

 Reductive dechlorination using zero-valent metals or bioremediation 

 In situ gaseous reduction (ISGR) with chemical reductant or biological substrate  

 Delivery method: 

 Mixing with conventional excavation equipment 

 Deep soil mixing (vertical/horizontal) 

 Foam delivery of reagents  

 Gas delivery of reagents 

 Horizontal injection wells 

 Vertical injection wells  
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 Jet grouting 

 Surface infiltration  

 Void fill grouting 

 In situ treatment—other: 

 Soil blending 

 Desiccation 

 Thermal desorption 

 Vitrification  

 Soil flushing – vadose zone, water 

 Phytoremediation  

Technologies for in situ treatment of contaminated soil in 100-IU-2/IU-6 were generally not retained 

because of the impracticality in implementation for small and scattered surficial sites that are not expected 

to have substantial contamination at depth. 

Containment. Containment actions consist of physical measures to restrict contaminant migration to 

groundwater. Containment remedial technologies include surface barriers, horizontal subsurface barriers, 

and compaction. Containment options were evaluated for waste sites affected by mobile contaminants that 

have the potential to affect groundwater.  

Surface barrier technologies are constructed over contaminated waste sites to control the vertical entry 

of water into contaminated media, which in turn, reduces leaching of contaminants to groundwater. 

In addition to their hydrological performance, surface barriers can function as physical obstructions to 

prevent intrusion by human and ecological receptors, limit wind and water erosion, and attenuate 

radioactivity. Surface barriers include maintaining existing soil cover (when applicable), the Hanford 

Barrier, modified RCRA Subtitle C or Subtitle D barrier, asphalt/concrete cap, and evapotranspiration 

barrier. The Hanford Barrier design was developed specifically for use at the Hanford Site for sites 

containing low-level waste greater than Class C, and/or significant inventories of TRU constituents. 

Emplaced horizontal subsurface barriers are set beneath existing in situ contaminants. These bottom 

barriers have features similar to those of vertical barriers in that they minimize movement of contaminants, 

restrict infiltration of groundwater, and are constructed of similar materials with similar technologies. 

Horizontal barrier technologies can include jet grouting, soil freezing, and wire saw barriers. 

8.3.1.2 Identification and Screening of Technologies for Groundwater 

No Action. The No Action response means any further action to remove, remediate, monitor, or restrict 

access to contaminated groundwater is discontinued. CERCLA RI/FS Guidance (EPA/540/G-89/004) and 

the NCP (40 CFR 300) require this response to remain in the FS process for comparative purposes, where 

it is used as a baseline against which all other alternatives will be compared.  

Institutional Controls (ICs). ICs are administrative controls and legal restrictions imposed on land use to 

prevent or reduce exposure to hazardous wastes or hazardous constituents and/or to protect the integrity 

of a remedy. Section 8.3.1.1 and Table 8-10 describe ICs for the Hanford Site. 

For groundwater, ICs include administrative controls, access, and drilling restrictions until achievement 

of RAOs. Groundwater use management controls are in place to ensure proper use of groundwater. 

Groundwater use on the Hanford Site is generally restricted, except for limited research purposes and for 

monitoring and treatment, as approved by EPA or Ecology, or as authorized in EPA- or Ecology-approved 

documents. Table 8-10 presents an evaluation of groundwater use management restrictions.  
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Monitored Natural Attenuation (MNA). MNA relies on natural attenuation degradation and non-degradation 

processes to decrease contaminant concentrations. MNA includes an evaluation of the natural attenuation 

mechanisms and implements source control and long-term monitoring to track progress toward 

complying with RAOs. When relying on natural attenuation processes for site remediation, EPA prefers 

processes that degrade or destroy contaminants (Monitored Natural Attenuation of Inorganic 

Contaminants in Ground Water: Volume 1 – Technical Basis for Assessment [EPA/600/R-07/139]). 

Therefore, MNA can be an important component of the overall remedy, especially when contaminants 

are short-lived radionuclides.  

As presented in Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and 

Underground Storage Tank Sites (OSWER Directive 9200.4-17P), MNA is an appropriate remedial 

response only where its use will be protective of HHE, and when it will be capable of achieving 

site-specific RAOs within a time frame that is reasonable compared with other alternatives. Largely 

because of the uncertainty associated with the potential effectiveness of MNA to meet remediation 

objectives that are protective of HHE, EPA expects that source control and long-term performance 

monitoring will be fundamental components of any MNA remedy 

Evaluation of MNA as an appropriate response action for contaminated groundwater was performed 

in Appendix M in accordance with the guidelines provided in the following: 

 Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and Underground 

Storage Tank Sites (OSWER Directive 9200.4-17P)  

 Decision-Making Framework Guide for the Evaluation and Selection of Monitored Natural 

Attenuation Remedies at U.S. Department of Energy Sites (DOE, 1999a)  

 Technical Guidance for the Long-Term Monitoring of Natural Attenuation Remedies at 

U.S. Department of Energy Sites (DOE, 1999b) 

 Monitored Natural Attenuation of Inorganic Contaminants in Ground Water Volume 2 – Assessment 

for Non-Radionuclides Including Arsenic, Cadmium, Chromium, Copper, Lead, Nickel, Nitrate, 

Perchlorate, and Selenium, and Volume 3 – Assessment for Radionuclides Including Tritium, Radon, 

Strontium, Technetium, Uranium, Iodine, Radium, Thorium, Cesium, and Plutonium-Americium 

(EPA/600/R-10/093) 

MNA may be selected as appropriate technology for remediation of contaminated groundwater under 

certain circumstances. MNA may be considered as an individual remedial alternative, or it may be 

combined with other technologies to develop a compound alternative (Figure 8-8 illustrates MNA of 

groundwater). Determining how MNA fits with other remediation technologies requires evaluation of the 

specific role that MNA will play in the alternative. Evaluation of a MNA technology application follows 

an assessment using the following four functional requirements: 

 The condition does not currently present an actual risk to human or ecological receptors. 

There must be an expectation that exposure mitigation can and will be maintained throughout the 

MNA period. Site monitoring must be adequate to confirm exposure mitigation. 

 The source of the observed contamination is no longer contributing to the plume. The source 

may have been previously controlled through an engineered remedy or naturally ceased to contribute 

to the problem. In some cases, a source control element (e.g., vadose zone RTD) may be combined 

with the MNA alternative to ensure adequate control of secondary sources (e.g., residual mobile 

contamination in the vadose zone).  
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 The target plume is static or retreating, or existing monitoring data otherwise confirm that 

attenuating processes are present and operating at the site. This is assessed using historical 

groundwater and/or soil analytical results that demonstrate a clear and meaningful trend of decreasing 

contaminant mass and/or concentration over time at appropriate monitoring or sampling points. 

In the case of a groundwater plume, decreasing concentrations should not be solely the result of 

plume migration. In the case of inorganic contaminants, the primary attenuating mechanism should 

also be understood (Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, 

and Underground Storage Tank Sites [OSWER Directive 9200.4-17P]).  

 Effective monitoring either exists currently, or can be implemented. This will provide 

confirmation that the attenuation is proceeding as expected and that remedial goals are achieved. 

Development and evaluation of MNA as either a technology, or as a stand-alone alternative for 

groundwater contaminant plumes, requires thorough understanding and description of current site 

conditions, knowledge of contaminant characteristics, in addition to representative historical monitoring 

results to form the basis for evaluation of MNA as an appropriate alternative. The following conditions 

will be considered in evaluating MNA for COCs at 100-F/IU: 

 Reduction of Cr(VI): May also occur in reducing conditions within the aquifer, or through chemical 

reaction with reduced iron and sulfide compounds. Biological and chemical reduction of Cr(VI) 

produces Cr(III), which is subject to precipitation of chromium oxide and hydroxide compounds that 

exhibit extremely low water solubility. In groundwater at 100-F/IU, Cr(VI) reduction generally 

occurs only at locations where the aquifer has been modified through an anthropogenic process 

(e.g., anaerobic conditions related to EAF septic discharges, septic tank/leach field discharges, or 

historical releases of reducing constituents). Because the aquifer at 100-F/IU is generally aerobic and 

chemically oxidizing, biological reduction of Cr(VI) is not generally considered to be a substantial 

attenuating process. However, within localized, fine-grained hydrostratigraphic zones, chemical 

reduction is expected to be taking place. These zones are associated with geologic materials 

containing elevated iron- and sulfide-bearing minerals.  

 Abiotic degradation of TCE: Abiotic processes can also play an important role in the natural 

attenuation of TCE (Identification and Characterization Methods for Reactive Minerals Responsible 

for Natural Attenuation of Chlorinated Organic Compounds in Ground Water [EPA 600/R-09/115]). 

Abiotic degradation of TCE tends to favor dechloroelimination reactions that produce acetylene in 

lieu of the sequential hydrogenolysis reaction typical of anaerobic biodegradation processes that 

produce cis-1,2-dichloroethene and vinyl chloride (“Kinetics of the Transformation of Halogenated 

Aliphatic Compounds by Iron Sulfide” [Butler and Hayes, 2000]). Abiotic processes can also 

degrade chlorinated ethenes to glycolate, acetate, formate, and carbon dioxide (“Biotic and Abiotic 

Anaerobic Transformations of Trichloroethene and cis-1,2-dichloroethene in Fractured Sandstone” 

[Darlington et al., 2008]). The removal or treatment of chlorinated ethenes through abiotic reactions 

avoids the production of toxic daughter products such as vinyl chloride. Reactive iron minerals such 

as iron sulfides (disordered mackinawite, mackinawite, and pyrite), iron oxides (magnetite), green 

rust, and iron-bearing clays have been shown to support complete or nearly complete transformation 

of perchloroethene, TCE, and carbon tetrachloride. Abiotic processes are important when the 

concentrations of TCE decline with distance along the flow path, and there is no evidence of 

cis-1,2-dichloroethene and vinyl chloride accumulation; a condition observed at 100-F/IU. Based on 

observed conditions, and knowledge of River Corridor geologic conditions, abiotic decomposition of 

TCE is expected to be an important attenuation process. 
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 Anaerobic degradation of TCE: Not currently confirmed by the presence of common decomposition 

products (e.g., cis- and trans-1,2-dichloroethene, and vinyl chloride) and geochemical conditions 

typically associated with reductive dechlorination. TCE degradation via the reductive dechlorination 

pathway generally occurs under anaerobic (i.e., dissolved oxygen less than 0.5 mg/L) conditions in 

groundwater. The aquifer at 100-F/IU is generally aerobic and TCE in that system would not be subject 

to typical reductive dechlorination processes. The TCE concentrations observed in groundwater are 

relatively low (e.g., less than 15 µg/L). It is possible that degradation is occurring and that the 

degradation products are not persistent or present at detectable levels. Based on observed conditions 

(e.g., dissolved oxygen concentrations greater than 0.5 mg/L and absence of cis- and 

trans-1,2-dichloroethene), anaerobic degradation of TCE is not considered a significant attenuating 

process at 100-F/IU. 

 Reduction of nitrate: Primarily facilitated by microbial populations in groundwater, may occur when 

the dissolved oxygen content water becomes low and the water enters a reduced condition. Indigenous 

facultative and obligate anaerobic microbes, which are native to the subsurface but frequently electron 

donor-limited (Toxic Substances Hydrology Program [USGS, 2010]) use the oxygen atoms of the 

nitrate molecule in their metabolic processes, reducing the nitrate to nitrite and nitrogen gas. While 

these processes may occur in localized areas not detectable with the current 100-F/IU monitoring well 

network, the aquifer is generally aerobic and, as a result, nitrate tends to be stable and mobile as 

evident by the size of the current plume. Reduction of nitrate to nitrogen gas in the aquifer system is 

not considered to be a significant attenuating process at 100-F/IU under current conditions. 

 Radioactive decay of strontium-90: Occurs within the 100-F/IU aquifer without human intervention 

and is independent of geochemical conditions. With a half-life of 29.7 years, the 270 pCi/L peak 

concentration of strontium-90 detected in 100-F/IU aquifer groundwater at the end of 2011 

(well 199-F5-55) will require about five half-lives (150 years) to decrease to a concentration less than 

the 8 pCi/L PRG. 

 Dispersion and diffusion: Within the aquifer are physical processes that reduce contaminant 

concentrations in groundwater over time and distance. Dispersion is a physical and scale-dependent 

process that results in mixing of contaminants within the aquifer because of variations in groundwater 

flow velocity along the tortuous flow paths that occur within the aquifer. This mixing results in 

reduction in contaminant concentrations over distance. Diffusion is a concentration-driven process 

that results in movement of dissolved contaminants from areas of high concentration to areas of lower 

concentration. The 100-F/IU groundwater plumes cover a relatively large area. The distance along 

groundwater flow paths between inland areas and points of potential exposure along the river is 

relatively short. This indicates that the overall portion of the aquifer where dispersion may occur and 

provide substantial concentration reduction is relatively small. Nevertheless, dispersion is still an 

important 100-F/IU attenuation process. Diffusion is generally less significant than dispersion, except 

in low-permeability aquifers. Therefore, diffusion is not expected to be an important attenuation 

process at 100-F/IU. 

 Groundwater-surface water mixing in the bank storage zone: Daily and seasonal Columbia River 

stage fluctuations result in the formation of a groundwater/surface water mixing region within the 

area where river water intrusion into the aquifer occurs. The location and volume of this mixing 

region are expected to be relatively constant on a daily basis, but volume increases during the spring 

months, while contracting in the fall months in response to seasonal runoff. Within this region, 

contaminated groundwater mixes with noncontaminated surface water, resulting in a significant 

reduction in contaminant concentrations before groundwater enters the river. This is an important 

process at 100-F/IU. 
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Pump-and-Treat. The pump-and-treat GRA includes collection, ex situ treatment, and discharge: 

 Collection: This process option involves extraction of contaminated groundwater through vertical 

wells. The groundwater is transferred to a treatment facility through pipes. 

 Ex situ treatment: Aboveground treatment may involve physical, biological, or chemical processes. 

Ex situ treatment process options include the following:  

 Ion exchange 

 Chemical reduction and precipitation 

 Electrocoagulation  

 Wetlands 

 Biological treatment (anaerobic) 

 Subgrade bioreactors 

 Bioreactors 

 Phytoremediation  

 Air stripping  

 Membrane separation (reverse osmosis)  

 Discharge: 

 Onsite discharge includes groundwater injection wells, surface infiltration, and beneficial reuse 

of treated water.  

 Offsite discharge includes surface water discharge.  

In Situ Treatment. In situ treatment consists of actions that treat contaminants in place. In situ treatment of 

contaminated groundwater generally includes methods to degrade contaminants, such as adding reagents to 

groundwater (via injection wells or permeable barriers) that facilitate chemical or biological destruction or 

immobilization. For this evaluation, technologies are subdivided by the reagent approach (physical, chemical, 

or biological), and the method for delivering the reagent to the subsurface. For treatment of contaminated 

groundwater at 100-F/IU, the following in situ remedial technologies and process options were evaluated: 

 Reagent approach: 

 Chemical treatment/reduction  

 Biological treatment (anaerobic) 

 Hydrogen or other organic gas sparging 

 Combination of biological and chemical substrates 

 Flushing—saturated zone, water  

 Delivery method:  

 Surface infiltration  

 Groundwater circulation wells 

 Vertical wells  

 Horizontal wells  

Containment. Containment technologies assist in preventing or significantly reducing the migration of 

contaminants in groundwater through physical barriers or treatment barriers. For treatment of 

contaminated groundwater in 100-F/IU, the following containment process options were evaluated: 
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 Containment wall (e.g., slurry wall or grout wall) 

 Reactive chemical barrier (ISRM) 

 Reactive biological barrier  

 Hydraulic containment via extraction 

 Hydraulic containment via injection  

8.3.2 Evaluation of Technologies and Selection of Representative Technologies 

Tables 8-8 and 8-9 present the identification and screening of technologies and remedial process options 

for 100-F/IU. Table 8-8 presents general response actions for waste sites. Table 8-9 presents GRAs and 

process options for the four COCs present in 100-F/IU groundwater. 

The various technologies screened in the tables include demonstrated and proven processes, innovative 

technologies, and potential processes that have undergone laboratory trials or bench-scale testing. Factors 

considered in this evaluation include the state of technology development, site conditions, waste 

characteristics, nature and extent of contamination, and presence of constituents that could limit the 

effectiveness of the technology. A qualitative comparison of implementability, effectiveness, and cost 

provided additional evaluation of technologies. The screening tables present information pertaining to the 

sustainability of a process option. It is important to note, however, that sustainability was not considered 

as a criterion for screening process options. 

Implementability refers to the relative degree of difficulty anticipated in implementing a particular 

process option under regulatory, technical, and schedule constraints posed by the Site. As suggested by 

CERCLA RI/FS Guidance (EPA/540/G-89/004), process options and entire technology types can be 

eliminated from further consideration if a technology or process option cannot be effectively implemented 

at the site. As discussed in Section 4.2.5 of CERCLA RI/FS Guidance (EPA/540/G-89/004), “technical 

implementability is used as an initial screen of technology types and process options to eliminate those 

that are clearly ineffective or unworkable at a site.” Institutional or administrative implementability, 

which includes “the ability to obtain necessary permits for offsite actions, the availability of treatment, 

storage, and disposal services (including capacity), and the availability of necessary equipment and 

skilled workers to implement the technology,” is also considered in the initial screening. 

Effectiveness refers to the ability of the process option to perform as part of a comprehensive remediation 

plan to meet RAOs under the conditions and limitations present at the site. Additionally, the NCP 

(40 CFR 300) defines effectiveness as the “degree to which an alternative reduces toxicity, mobility, or 

volume through treatment; minimizes residual risk; affords long-term protection; complies with ARARs; 

minimizes short-term effects; and how quickly it achieves protection.” This is a relative measure for 

comparison of process options that perform the same or similar functions. Section 4.2.5 of CERCLA RI/FS 

Guidance (EPA/540/G-89/004) states that the evaluation of process options with respect to effectiveness 

should focus on “(1) the potential effectiveness of process options in handling the estimated areas or 

volumes of media and meeting the remediation goals identified in the remedial action objectives; (2) the 

potential impacts to HHE during the construction and implementation phase; and (3) how proven and 

reliable the process is with respect to the contaminants and conditions at the site.” 

For the initial screening of technology types and process options, the cost criterion is relative. It compares 

processes and technologies that perform similar functions and have similar effectiveness. Section 4.2.5 of 

CERCLA RI/FS Guidance (EPA/540/G-89/004) states that “cost plays a limited role in the screening of 

process options. Relative capital and operations and maintenance (O&M) costs are used rather than 

detailed estimates. At this stage in the process, the cost analysis is made on the basis of engineering 

judgment, and each process is evaluated as to whether costs are high, low, or medium relative to other 
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process options in the same technology type.” For this evaluation, cost is used to screen out process 

options that have a high relative cost if there are other choices that perform similar functions with similar 

effectiveness. The cost criterion includes a cursory consideration of the rough order-of-magnitude costs of 

construction and any long-term costs to operate and maintain the technologies. 

Technologies that are not technically implementable or feasible based on implementability, effectiveness, 

and cost were screened out. Technical implementability is the first screening criteria evaluated as part of 

this process, per EPA guidance. However, for technologies with significant technical implementability 

challenges, an evaluation of effectiveness and cost was still completed to allow for a more complete 

evaluation. Technologies that were considered technically impracticable based on unsuccessful case studies 

at the site, challenges associated with existing site conditions (lithology), a potential increased risk to worker 

safety, or of increased complexity as compared to other technologies of comparable effectiveness were 

screened out. Technologies were also removed from further consideration if they were considered to have 

limited treatment effectiveness for the specified COPC or performance uncertainties. Appendix I 

discusses the technologies not retained, including a detailed screening rationale. Remedial technology 

types and process options considered viable for remediating contaminated soil at 100-F/IU are carried 

forward into the development (Chapter 9) and detailed analysis of alternatives (Chapter 10). The list of 

retained options should be considered dynamic, flexible, and subject to revision based on subsequent 

design investigation findings, results of treatability studies, or technological developments. An evaluation 

of the state and potential full-scale application of innovative technologies that were not retained may also 

be considered during the 5-year review process once additional information on these technologies 

becomes available.  

8.3.2.1 Evaluation of Technologies and Selection of Representative Technologies 
for Vadose Zone Contamination 

For remediation of vadose zone soil including waste sites (Table 8-8) at 100-F, the following response 

actions were retained:  

 ICs—provides controls during and after remediation to interrupt the exposure pathway 

 MNA-provides for removal of contaminants through radioactive decay 

 Removal 

 Standard excavation—provides for removal of contaminants 

 Deep excavation—provides for removal of contaminants  

 Disposal 

 Disposal to ERDF—provides for treatment at the facility (if necessary) and disposal of 

contaminants 

 Disposal to offsite EPA-approved landfill—provides for disposal of contaminants 

The alternatives development process presented in Chapter 9 relies on proven process options and 

technologies that have demonstrated effectiveness at the Hanford Site. The “No Action” general response 

action does not provide capability to remove contaminants or interrupt the exposure pathway to receptors 

but is also retained per the NCP (40 CFR 300). 

8.3.2.2 Evaluation of Technologies and Selection of Representative Technologies 
for Groundwater Contamination 

For treatment of contaminated groundwater (Table 8-9) at 100-F/IU, the following response actions 

were retained:  



DOE/RL-2010-98, REV. 0 

8-99 

 ICs—provides controls during and after remediation to interrupt the exposure pathway 

 MNA—treatment of contaminants through biological and chemical reduction, radioactive decay, 

adsorption, dispersion, and dilution/mixing 

 Pump-and-treat—provides for treatment of contaminants  

 Collection through groundwater extraction system (vertical wells) 

 Ex situ physical treatment—ion exchange (Cr[VI], strontium-90, and nitrate) 

 Ex situ biological treatment—anaerobic through liquid substrate (nitrate) 

 Ex situ physical treatment—air stripping (TCE) 

 Discharge—vertical injection wells, surface infiltration, and beneficial reuse of treated water 

 In situ treatment—provides for treatment of contaminants 

 Biological treatment (anaerobic) —using liquid substrate 

 Physical treatment—flushing saturated zone with water to facilitate contaminant movement 

to allow for capture and treatment from the aquifer (i.e., pump-and-treat with 

hydraulic containment) 

 Delivery methods 

 Surface infiltration—release of water or reagents at the surface or near surface 

 Vertical wells—used to inject water or reagents to enhance contaminant flushing or promote 

biological treatment 

 Containment 

 Hydraulic containment via extraction—provides engineered system to interrupt the 

exposure pathway 

The “No Action” GRA does not provide capability to remove contaminants or interrupt the exposure 

pathway to receptors but is also retained per the NCP (40 CFR 300). 

Figures 8-8 through 8-18 present specific information on technologies that have been retained. 

For 100-F/IU, Chapter 9 presents technologies that are applicable to waste sites and develops the 

technology into a remedial action alternative. Appendix I provides a discussion of the technologies not 

retained, including a technology description, relevant case studies, and the screening rationale.  
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Highlights 

 Remedial action alternatives developed for 
100-F/IU vadose zone sites include the 
following: 

 Alternative S-1: No Action 

 Alternative S-2: RTD and ICs 

 Groundwater remedial action alternatives 
were developed for the Cr(VI), strontium-
90, trichloroethene, and nitrate plumes. 
The remedial action alternatives included: 

 Alternative GW-1: No Action 

 Alternative GW-2: MNA and ICs 

 Alternative GW-3: Pump-and-Treat 
with in situ Treatment and MNA 

 Alternative GW-4: Enhanced 
Pump-and-Treat 

9 Development and Screening of Alternatives 

This chapter presents remedial action alternatives for 

100-F/IU. The primary sources of information used to 

develop the remedial action alternatives included the 

physical characteristics of the site (Chapter 3); waste site 

and groundwater contaminant plume characterization 

information (Chapters 4 and 5); the identified risks 

(Chapters 6 and 7); and the RAOs, remedial action target 

areas, and remedial technology screening results (Chapter 8). 

In this chapter, the remedial technologies retained from the 

screening presented in Section 8.3 were combined into 

remedial action alternatives to provide a viable range of 

technology groupings that address the identified 100-F/IU 

waste sites and groundwater contaminant plumes. With the 

exception of the No Action Alternative, the remedial action 

alternatives were developed to target achievement of the 

RAOs identified in Chapter 8 by considering the CERCLA 

Program Goals and Expectations identified in the NCP 

(40 CFR 300). The remedial action alternatives presented in 

this chapter are carried forward for detailed and comparative 

evaluation in Chapter 10. 

9.1 Development of Remedial Alternatives 

The NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” [40 CFR 

300.430(a)(1)(iii)]), sets the following expectations for remedial action alternative development: 

 To use treatment to address the principal threats posed by a site, wherever practicable. Principal 

threats for which treatment is most likely appropriate include liquids, areas contaminated with high 

concentrations of toxic compounds, and highly mobile materials. 

 To use engineering controls, such as containment, for waste that poses a relatively low long-term 

threat or where treatment is impracticable. 

 To use a combination of methods, as appropriate, to achieve protection of HHE. In appropriate site 

situations, treatment of the principal threats posed by a site, with priority placed on treating waste that 

is liquid, highly toxic, or highly mobile, will be combined with engineering controls (such as 

containment) and ICs, as appropriate, for treatment residuals and untreated waste. 

 To use ICs, such as water use and deed restrictions, to supplement engineering controls as appropriate 

for short- and long-term management to prevent or limit exposure to hazardous substances, pollutants, 

or contaminants. ICs may be used during the conduct of the RI/FS and implementation of the 

remedial action and, where necessary, as a component of the completed remedy. The use of ICs shall 

not substitute for active response measures (e.g., treatment and/or containment of source material, 

restoration of groundwater to their beneficial uses) as the sole remedy, unless such active measures 

are determined not to be practicable, based on the balancing of trade-offs among alternatives that is 

conducted during selection of the remedy. 
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 To consider using innovative technology when such technology offers the potential for comparable or 

superior treatment performance or implementability, fewer or lesser adverse effects than other 

available approaches, or lower costs for similar levels of performance than demonstrated technologies. 

 To return usable groundwater to beneficial uses wherever practicable, within a timeframe that is 

reasonable, given the particular circumstances of the site. When restoration of groundwater to 

beneficial uses is not practicable, the EPA expects to prevent further migration of the plume, prevent 

exposure to the contaminated groundwater, and evaluate further risk reduction. 

The NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” [40 CFR 300.430(e)(6)]) 

requires consideration of a No Action Alternative. The No Action Alternative (no further action if some 

removal or remedial action has already occurred at a site) is applicable to each of the waste sites carried 

forward from the evaluations described in previous chapters of the RI/FS and to the groundwater COC 

plumes. The NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” 

[40 CFR 300.430(e)(4)]) also sets the expectation that for groundwater response actions, a limited number 

of remedial alternatives should be developed to achieve site-specific remediation levels within different 

restoration periods using one or more technologies.  

Where the contaminated groundwater is not currently used, or an alternate water source is readily 

available, and there is no near-term future need for the resource, it will likely be appropriate to consider a 

longer timeframe for achieving restoration cleanup levels (A Guide to Preparing Superfund Proposed 

Plans, Records of Decision, and Other Remedy Selection Decision Documents [EPA 540-R-98-031]). 

As suggested by CERCLA RI/FS Guidance (EPA/540/G-89/004), alternatives were developed 

incorporating process options and technologies retained in Chapter 8 to include an appropriate range of 

waste management options to ensure the protection of HHE. The conceptual designs presented for each 

alternative were developed to the level required to prepare a cost estimate that allows for comparison of 

the alternatives. More detailed information on the selected remedy for 100-F will be developed during 

remedial design, after the ROD is signed. A RD/RA work plan will be developed that will discuss in 

detail the design of the specific components for each waste site and groundwater plume.  

9.1.1 Waste Sites 

As presented in Table 8-6 (Chapter 8), 304 sites have been determined to require no further action or to 

require evaluation for further action through the FS. The COPCs for waste sites remaining to be addressed 

are listed in Table 8-1 (Chapter 8). The evaluation of proposed remedial actions relies on the review of 

available data associated with the waste sites, including field data, radiological surveys, process history, 

analogous site information, personal interviews, engineering drawings and as-builts, and other 

information identified during the development of the RI/FS. The comprehensive review and evaluation of 

this information is provided in Chapters 4 to 7 of this RI/FS. 

Of the 304 sites, 198 sites are identified in Chapter 8 as having no identified unacceptable risks and are 

designated for no further action. The majority of these sites were previously remediated or determined not 

to require remediation under the Interim Action RODs, and all have been evaluated through this RI/FS. 

Remedial alternatives are not developed for these sites. Fifteen of the 106 remaining sites are identified 

for ICs with no further technology application or alternatives development. The alternatives for the 

remaining 91 sites identified for further action are developed based on the identified risks and known or 

suspected contaminants present at each of the waste sites, as identified in Table 8-1. During 

implementation of remedial actions, should field conditions vary from those presented in the FS and 

indicate a need to re-evaluate the efficacy of the selected remedial action, the appropriate remedy 
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modification will be used, consistent with CERCLA guidance. Additional details for the waste site groups 

considered for further action under the FS are provided in the following sections.  

9.1.1.1 Waste Sites for Institutional Controls  

As discussed in Section 8.2,14 sites have been interim closed and had verification data with exceedances 

of human health RBSLs (residential scenario) for select radionuclide compounds in the vadose zone 

below a depth of 4.6 m (15 ft). Contamination was detected in deep zone verification soil samples; however, 

there is no current direct exposure pathway. Deep excavation ICs are considered a common element for 

the waste site alternatives, except for No Action. Radionuclide contamination at the waste sites will 

continue to decay to concentrations below human health RBSLs within 265 years. ICs will be maintained 

for these sites until unrestricted use is allowable, therefore, no further remedial action alternatives were 

developed for these sites. Additionally, residual Cr(VI) concentrations present at one site (116-F-14) 

exceeded the surface water protection SSL (e.g. irrigation land use scenario) but did not exceed PRGs for 

groundwater and surface water protection. Therefore, DOE will place an additional IC at this waste site 

that prohibits future irrigation. Waste site 118-F-6 reported an EPC greater than the RBSL. The EPC is 

based on the maximum concentrations from a small data set that is representative of both shallow (less 

than 4.6 m [15 ft]) and deep (greater than 4.6 m [15 ft]) waste site soil following remediation. The 

radionuclides present in the sample set used to calculate the EPC will decay to concentrations less than 

RBSL within approximately 20 years. DOE will place an IC on this site during this period to limit 

exposure.  

9.1.1.2 Waste Sites Remaining for Remedial Action  

Fifty-five of the 91 sites remaining for remedial action are currently being remediated by RTD under the 

100 Area Remaining Sites ROD (EPA/ROD/R10-99/039) and are anticipated to be substantially complete 

by the time the 100-F/IU ROD is issued. These sites are identified in Table 8-6 (Chapter 8), and 

associated risks are identified in Table 8-1 (Chapter 8). These 55 sites are retained for remedial action 

under the 100-F/IU ROD, and cleanup for all of these sites will be verified to be complete per 100-F/IU 

ROD requirements.   

Thirty-six of the 91 sites remaining for remedial action do not have an action identified under an interim 

action record of decision (IAROD) and/or are not expected to be remediated by the time the 100-F/IU 

ROD is issued. The identified risks and known or suspected contaminants for these sites are identified in 

Table 8-1 (Chapter 8) and are used to develop the remedial action alternatives and data for cost 

estimating. The identification of risk drivers is based on available sample data, process knowledge for site 

activities, and remediation results at similar sites in the River Corridor. One or more of the following risk 

drivers were identified for each site: 

 Human health direct contact risk in shallow soil (depth less than 4.6 m [15 ft] bgs) 

 Ecological risk in shallow soil (depth less than 4.6 m [15 ft] bgs)  

 Groundwater/surface water protection risk in soil 

9.1.2 Groundwater 

Under CERCLA, groundwater remedial action is warranted when EPCs for the identified COCs exceed 

MCLs or nonzero MCLGs where groundwater is deemed a current or future drinking water source. 

Groundwater remedial action is also required under scenarios where contaminated groundwater discharge 

to surface water may cause an exceedance of a surface water quality standard or risk based concentration. 

As summarized in Table 8-7, four COCs were identified for groundwater: Cr(VI), nitrate, strontium-90, 

and trichloroethene.  
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To support the development and evaluation of groundwater remedial action alternatives, a numerical 

groundwater flow and contaminant transport model of the 100 Area was constructed. In Modeling of 

RI/FS Design Alternatives for 100-FR-3 (ECF-100FR3-11-0116), provided in Appendix F, COC transport 

simulations and particle tracking were performed to identify the benefits and differences between each 

alternative. Because of its much larger size relative to the other COC plumes, the nitrate simulations 

focused on treatment within two different areas differentiated by concentrations. The model was also used 

to perform a limited amount of optimization relative to well location placement and pumping schemes. 

The designs developed for this FS are conceptual and would be refined as necessary in the post-ROD 

RD/RA work plan.  

The groundwater flow model was constructed using the USGS modular groundwater flow model 

MODFLOW. Particle tracking was performed using the USGS program MODPATH. To simulate 

contaminant plume response to various remedial action alternatives, the contaminant transport model 

MT3DMS was used. Model development and calibration are documented in Geohydrologic Data 

Package in Support of 100-FR-3 Modeling (SGW-47040) and Modeling of RI/FS Design Alternatives for 

100-FR-3 (ECF-100FR3-11-0116) in Appendix F. These supplemental documents also discuss potential 

uncertainty with the model results arising from variability in subsurface conditions and other factors. 

100-F/IU groundwater remedial action alternatives were developed for each COC plume based on the 

target remediation areas described in Section 8.2. The groundwater remedial action alternative descriptions 

present a range of estimated timeframes for each alternative to achieve PRGs. The lower end of the 

remediation timeframe range is defined by the time required for the exposure point concentration (estimated 

using the 90th percentile) to decline to the PRG while the upper end of the range is defined by the time required 

for the maximum concentration to decline to the PRG.  

During the groundwater remedial action alternative simulations, the transport model calculates, for each 

specified time step, a COC concentration for each model grid block (in three dimensions). The C90 

concentration corresponds to the 90th percentile value of all the calculated concentrations across the model 

domain for a given time step. This C90 concentration is different from the EPC presented in the risk 

assessment, which is also calculated using a 90th percentile approach, but is determined from actual 

concentration measurements at existing monitoring wells.  

From the same set of model calculated COC concentrations described above for the C90 determination, the 

Cmax concentration is selected as the maximum concentration value calculated across the model domain.  

The C90 concentration, which corresponds to the lower end of the remediation timeframe, provides a 

reasonable estimate for the cleanup timeframe that could be achieved with rigorous monitoring and remedial 

process optimization. The O&M portion of the remedial action alternative cost estimates is based on the C90 

timeframe. The Cmax concentration, which corresponds to upper end of the remediation timeframe, provides a 

conservative estimate corresponding to isolated point-concentrations that might occur. 

Because of the relatively large area of lower concentration measurements within the TCE plume, the C90 

model prediction was found to be less representative of field conditions. The exposure point concentration 

calculated for the risk assessment is about 11 µg/L (Table 6-40), which is above the PRG (and less than the 

maximum observed concentration value of 20 µg/L). The Cmax value is based on an initial condition which 

uses the maximum measured concentration. Therefore, the timeframe to complete remediation of the TCE 

plume was conservatively selected as Cmax to represent future conditions in this case. 

Modeling of RI/FS design alternatives for 100-FR-3 (ECF-100FR3-11-0116), presented in Appendix F, 

presents the calculations and modeling results used for developing remedial action alternatives and estimating 

remedial action alternative completion timeframes. These timeframes are estimates based on current 



DOE/RL-2010-98, REV. 0 

9-5 

information. The actual timeframes may vary depending on the final configuration of the selected alternative, 

as determined during remedial design, the aquifer’s response to the remedy, and the scope and effectiveness of 

remedial process optimization. 

For future monitoring results, the EPC will be based on a 95th UCL on the mean groundwater 

concentration values. Performance monitoring of the 100-F/IU selected groundwater remedy will use the 

95th UCL to evaluate attainment of cleanup levels as described in “Groundwater Cleanup Standards” 

[WAC-173-340-720(9)(d)(i)] and Methods for Evaluating The Attainment of Cleanup Standards 

Volume 2: Ground Water [EPA 230-R-92-014]). 

9.2 Description of Remedial Alternatives 

As suggested by CERCLA RI/FS Guidance (EPA/540/G-89/004), alternatives were developed that incorporate 

process options and technologies that were retained from the screening performed in Section 8.3 and include 

an appropriate range of waste management options to ensure the protection of HHE. Alternatives were 

developed separately for soil and groundwater. 

The groundwater remedial action alternative descriptions presented in the following subsections provide a 

range of estimated timeframes for each alternative to achieve PRGs. The lower end of the range is defined by 

the C90 concentration while the upper end of the range is based on the Cmax concentration. The C90 

concentration represents the 90th percentile concentration value for all groundwater model cells within the 

model domain where the contaminant plume occurs. The lower end of the remediation timeframe provides a 

reasonable estimate for the cleanup timeframe that could be achieved with rigorous monitoring and remedial 

process optimization. The O&M portion of the remedial action alternative cost estimates is based on the C90 

timeframe. The upper end of the range is defined using the maximum concentration calculated by the model 

for the same domain. The longest duration remediation timeframe provides an upper bound estimate that may 

occur without a remedial process optimization program. Modeling of RI/FS Design Alternatives for 100-FR-3 

(ECF-100FR3-11-0116), in Appendix F, presents the calculations and modeling results used for developing 

remedial action alternatives and estimating remedial action alternative completion timeframes. These 

timeframes are estimates based on current information. The actual timeframes may vary, depending on the 

final configuration of the selected alternative, as determined during remedial design, the aquifer’s response to 

the remedy, and the scope and effectiveness of remedial process optimization. 

9.2.1 Common Elements 

The remedial action alternatives developed for 100-F/IU contain elements that are common to multiple 

alternatives. To limit redundancy in the discussion of these common elements, they are discussed in this 

section.  

9.2.1.1 Institutional Controls 

Existing ICs and other measures that place controls on land and groundwater use to prevent exposure are 

defined and discussed in Section 8.3.1 and Table 8-10. While remediation is underway, ICs will be put in 

place to control access and prevent exposure to contamination. ICs for 100-F/IU are expected to be 

implemented independently for each waste site or groundwater COC plume. ICs are currently in place to 

protect workers and control site access, and will continue during the period of remedial actions. ICs that 

are in place to prevent exposure to contamination will remain in place until the waste site or groundwater 

plume is remediated. Post remediation, ICs will remain in place to prevent excavation/drilling at the sites 

identified with deep (greater than 4.6 m [15 ft]) radiological contamination (although the exposure 

pathway is incomplete); to prevent irrigation at one waste site where site-specific modeling indicates 

irrigation may pose a risk to a State surface water quality standard; and to maintain excavation restrictions 

at the waste site with combined shallow and deep radionuclide contamination (see Table 9-1).  
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Table 9-1. ICs Implemented at Waste Sites Post Remediation* 

Risk Driver IC Type Waste Site - IC Expiration Year 

Waste sites with groundwater/surface water 

protection risk if irrigation were applied  

Irrigation prohibition 116-F-14 - indefinite   

Waste sites with deep (greater than 4.6 m 

[15 ft] bgs) radiological contamination 

exceeding human health direct contact 

preliminary remediation goal levels 

Deep excavation/ 

drilling restrictions 

100-F-19:1, 100-F-19:3, 100-F-34,  

and 116-F-12 – 2113 

100-F-10, 100-F-19:2, 100-F-29,  

and UPR-100-F-1 – 2057 

116-F-2 – 2108 

116-F-6 – 2122 

116-F-9 – 2074 

116-F-14 – 2110 

118-F-8:3 – 2278** 

118-F-8:4 – 2059 

Waste site with combined shallow (less than 4.6 

m [15 ft] and deep composite sample indicating 

radiological contamination exceeding HH direct 

contact PRG 

Excavation restrictions 118-F-6 – 2033 

* Additional waste sites may be added through closure reclassifications. 

** Radioactive decay timeframe to reach total cumulative ECLR of less than 1 × 10-4 is estimated to be 265 years. Because of the 

proximity of this site to the reactor, portions of the site with elevated radionuclide contamination present are anticipated to be 

removed during future removal of the safe storage enclosure such that the entire site no longer exceeds RBSLs. If this is the case 

the IC controlling excavation and drilling could be removed at that time (approximately 75 years) 

ELCR  =  excess lifetime cancer risk 

RBSL  =  risk based screening level 

IC  =  institutional control 

 

Programs are in place to control access onto and specific uses of the Hanford Site that, in addition to 

preservation of the national monument, security, and safety, also protect HHE by limiting potential 

exposure to hazardous substances. Many of these multi-purpose or programmatic controls were put in 

place under previous interim action CERCLA RODs. The programmatic controls include site access; 

personnel badging; warning signs along the Columbia River bank and other access points; maintaining a 

current site wide ICs plan; controls for excavating soil, accessing and using groundwater; and irrigation 

restrictions. While these controls transcend any specific CERCLA ROD or even the overall CERCLA 

cleanup, DOE and EPA recognize the importance of maintaining these controls until unrestricted use, 

related to the protection of HHE, is permitted. 

9.2.1.2 Monitored Natural Attenuation 

As described in Section 8.3.1.2, natural attenuation processes reduce COC concentrations in groundwater. 

MNA is distinguished from no action in that it measures and documents contaminant concentration 

reductions arising from various naturally occurring physical, chemical, and biological processes. 

The primary natural attenuation processes for COCs present in 100-F/IU groundwater include 

biodegradation and abiotic degradation, radioactive decay, dispersion, volatilization, and sorption.  
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For each alternative that includes MNA as a component of a broader alternative, MNA complements other 

actions, including the source control (waste site) remedial actions. The MNA component includes periodic 

sampling, laboratory analysis, and data evaluation to assess attenuation process and overall protectiveness. 

Under Alternatives GW-2, GW-3, and GW-4, a site-specific data quality objective (DQO) would be used 

to identify data gaps required for the design of an effective monitoring and data evaluation program for 

100-F/IU groundwater. Existing characterization data and confirmatory sampling data would be used to 

establish a baseline for use in assessing future contaminant distribution and concentration trends. 

MNA for 100-F/IU groundwater is proposed under the following circumstances:  

 Alternative GW-2. To address all COC plumes.  

 Alternative GW-3. To address the low concentration portion of the nitrate plume where 

concentrations between one and two times the PRG occur, and to address residual strontium-90 

following cessation of pump-and-treat. 

 Alternative GW-4. To address residual strontium-90 following cessation of pump-and-treat. 

Additional information on MNA, as a standalone alternative and as a component of a broader alternative, 

is provided in Appendix M. 

9.2.1.3 Operations and Maintenance 

O&M of each remedial alternative (except the No Action Alternative) is required to ensure that the 

remedy is operated and maintained in a manner that ensures long-term effectiveness and permanence. 

O&M requirements of the selected remedy will be described in a separate O&M plan prepared during the 

post-ROD RD/RA phase. The O&M plan will describe performance monitoring data needs and 

monitoring requirements, monitoring methods, analytes and sampling frequencies, routine maintenance 

activities and frequencies, and reporting.  

For the groundwater alternatives, operations and maintenance (O&M) activities for an MNA-based 

remedy would include inspection, maintenance, and periodic replacement of monitoring wells, whereas a 

groundwater pump-and-treat based remedy would include routine and preventive maintenance programs, 

as well as replacement of pump-and-treat system components at the end of their design life (typically 

25 years). 

9.2.1.4 Remedy Performance Monitoring 

Remedy performance monitoring will be conducted to evaluate the effectiveness of the selected 

alternative, with the exception of the No Action Alternative, to attain the remedial goals specified in the 

100-F/IU ROD. The nature and scope of the performance monitoring program will vary by alternative, 

and will be presented in a future performance monitoring plan developed during the post-ROD RD/RA 

phase. Remedy performance monitoring applies to MNA actions, as well as active engineered remedies. 

The largest component of remedy performance monitoring under Alternatives GW-3 and GW-4 is 

expected to be associated with the groundwater remedial components. Performance monitoring of a 

pump-and-treat system would be designed to evaluate hydraulic capture, contaminant mass removal from 

100-F/IU groundwater, and COC concentration trends. The monitoring program would include both 

hydraulic and chemical/radionuclide concentration monitoring of extracted groundwater. Hydraulic 

monitoring would consist of measuring flow rates, total flow, and groundwater elevations at selected 

monitoring well locations. The injection well network would also be monitored for hydraulic 

performance. Water-level measurements would be used to evaluate whether extraction and injection wells 
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are operating within their design criteria to capture the plume. Results of the evaluation would be used to 

optimize the remedy by altering extraction and injection flow rates, adding new wells if necessary, 

shutting down wells where pumping is no longer required, or shifting to a pulsed pumping strategy. 

Chemical/radionuclide monitoring would consist of sampling monitoring wells for COCs, degradation 

byproducts, and geochemical parameters to support the overall remedy performance evaluation. The 

geochemical groundwater parameters used for assessing MNA effectiveness, for the groundwater 

alternatives where MNA is a component, typically include pH, dissolved organic carbon, sulfide, 

dissolved oxygen, iron (II), specific conductance, temperature, major anions and cations, oxidation-

reduction potential, alkalinity, dissolved gases, and isotope ratios (Monitored Natural Attenuation of 

Inorganics in Ground Water: Volume 2 – Assessment for Non-Radionuclides Including Arsenic, 

Cadmium, Chromium, Copper, Lead, Nickel, Nitrate, Perchlorate, and Selenium [EPA/600/R-07/140]). 

Sampling and analysis will also be conducted for antimony, cadmium, and cobalt. To ensure 

protectiveness and confirm current understanding of the nature and extent of contamination and potential 

risks, these analytes will be included as part of the performance monitoring.  

The number of wells monitored and the frequency of remedy performance monitoring is anticipated to 

vary, depending on the phase of remediation. A geostatistical analysis will be conducted to determine the 

optimum spatial distribution for the performance monitoring network. For alternatives where active 

remediation is occurring, the frequency of monitoring typically varies, depending on site-specific 

conditions. Frequencies may include quarterly (for new wells during the first year following installation), 

annually, biennially, or every 5 years. Sampling frequencies are typically reduced once contaminant 

concentration trends are established.  

9.2.2 Alternative S-1: No Action 

The NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” [40 CFR 300.430(e)(6)]) 

requires consideration of a No Action Alternative. The No Action Alternative, which serves as a baseline 

for evaluating other remediation action alternatives, is retained throughout the FS process. No action 

means that remediation would not be implemented to alter the existing conditions. For this alternative, it 

is assumed that all site remedial activities and interim actions, with the possible exception of backfilling 

any unsafe open excavations, will be discontinued. No design or cost estimates are prepared for 

Alternative S-1 because no actions are proposed. 

9.2.3 Alternative S-2: RTD and ICs 

Table 9-2 presents the components of this alternative for waste sites evaluated in the FS. 

Table 9-2. Components for Alternative S-2—RTD and ICsfor Waste Sites 

General Components 

No Further Action No additional remedial actions are taken for the sites identified in Chapter 8 as having 

no identified unacceptable risks based on evaluation. 

Institutional Controls Institutional controls to be implemented within 100-F/IU for land use management 

and waste site information management include the following: 

 Permits required for excavations on the Hanford Site to prevent unplanned 

disturbance or infiltration as prohibited by CERCLA decision documents. 

 Land use and real property controls (for example, easements and covenants) 

ensure that the use of land is in accordance with Hanford Site plans and CERCLA 

decision documents. 
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Table 9-2. Components for Alternative S-2—RTD and ICsfor Waste Sites 

General Components 

  Notices providing visual identification and warning of hazardous or sensitive 

areas. 

 Procedural requirements for access, warning signs, or fencing implemented to 

prevent or limit the access of humans to hazardous or sensitive areas. 

 Administrative mechanisms, such as the WIDS database, to maintain and provide 

access to information on the location and nature of contamination.  

Additional information on institutional controls is presented in Section 8.3.1.1 and 

Table 8-10.  

Table 9-1 identifies post remediation institutional controls implemented at specific 

waste sites. 

For Waste Sites That Exceed Human Health, Environment, Surface Water, or Groundwater 

Protection PRGs 

RTD RTD is effective in meeting the human health, environment, surface water, and 

groundwater PRGs as reflected in the risk evaluation of completed waste sites with 

close out/verification data (Chapter 6). 

RTD includes the following actions: 

 Collection of confirmatory samples where warranted, based on the expected and 

actual risk drivers (media and COPCs). Confirmatory evaluation will determine the 

need for remediation at selected sites and confirmation of COCs. 

 Demolition of any surface and/or subsurface structures, as required. 

 Excavation of waste site structures and vadose zone soil where contaminant 

concentrations are above cleanup levels. RTD to depth of contamination exceeding 

cleanup levels for direct contact or ecological PRGs up to 15 feet bgs, or groundwater 

and surface water PRGs until groundwater is encountered if contamination exceeding 

groundwater protection PRGs extends to groundwater, using standard and deep 

excavation technologies. 

 Determination of the extent of excavation required uses an observational approach. 

Removal actions use in situ and ex situ sampling, process knowledge, and field 

measurements to guide day-to-day excavation. 

 Excavation using best practices, which includes appropriately sloped sidewalls 

based on the type of the material being removed, benching, shoring, and proper 

placement of the stockpiled material according to Occupational Safety and Health 

Administration standards. 

 Sampling and field screening during excavation to ensure that the overall 

remediation meets the cleanup levels. 

 Suppression of dust during excavation to ensure that contaminants are not spread by 

wind. 

 Disposal of excavated material to ERDF as long as the material meets disposal 

criteria. Waste is treated as needed to meet land disposal restrictions before disposal 

at ERDF or an EPA-approved offsite location. 

 Verification sampling following remediation to demonstrate that soil remaining in 

the remediation area does not exceed the cleanup levels. Within the SMDP process, 

ecological PRGs will be considered at a population level for wildlife and at a 

community level for plants and invertebrates, to determine whether cleanup action 

is required to protect ecological receptors. 
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Table 9-2. Components for Alternative S-2—RTD and ICsfor Waste Sites 

General Components 

  Backfilling and contouring the excavation to match the surrounding ground surface 

and restore and revegetate the site. Sources for backfill material include local 

borrow pits and the excavated material determined to be clean (verified as clean by 

meeting cleanup levels). Sites are revegetated with native plant species after 

backfilling. 

CERCLA =  Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

COC =  contaminant of concern  

COPC =  contaminants of potential concern 

EPA =  U.S. Environmental Protection Agency 

ERDF =  Environmental Restoration Disposal Facility 

PRG =  preliminary remediation goal 

RTD =  removal, treatment, and disposal 

SMDP =  scientific management decision point 

WIDS =  Waste Information Data System 
 

Figures 8-9 through 8-11 (Chapter 8) illustrate the components of RTD, which has been the basic part of 

the interim remedial actions performed for waste sites at the Hanford Site.  

Remediation that has the potential to affect cultural resources will require an analysis of cultural resource 

effects before any remedial action. The National Historic Preservation Act of 1966 is an ARAR for 

remedial actions where cultural resources are present. Such an analysis is required by the ARARs discussed 

in Chapter 8. This will include an assessment of the cultural resources present at a site in accordance with 

Hanford Cultural Resources Management Plan (DOE/RL-98-10). The guidelines and strategies have been 

developed based on the Hanford Site’s unique history and cultural resources, and through recurring 

discussions with the State Historic Preservation Office and the Native American Tribes and Nations 

regarding the protective and mitigative measures that are needed. If during design or implementation of the 

remedy, culturally sensitive sites are identified for which mitigation activities to protect cultural resources 

would be inadequate, DOE and EPA will work with the Tribes to identify an alternative remediation 

strategy. This alternative remediation strategy would be implemented through a ROD change. Once the 

waste sites have been remediated and verification sampling demonstrates acceptable levels of the COCs, 

closure will be obtained following the procedures in the ROD and RDR/RAWP. 

9.2.4 Alternative GW-1: No Action 

The NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” [40 CFR 300.430(e)(6)]) 

requires consideration of a No Action Alternative. The No Action Alternative, which serves as a baseline 

for evaluating other remedial action alternatives, is retained throughout the FS process. No action means 

that no remediation would be implemented to alter the existing conditions. No conceptual designs or cost 

estimates are prepared for Alternative GW-1 because no actions are proposed. 

9.2.5 Alternative GW-2: MNA and ICs 

Alternative GW-2 uses MNA processes to reduce COC concentrations to PRGs and ICs to prevent 

exposure to contaminated groundwater until the remedy is complete. Table 9-3 provides a summary of 

remedy components for Alternative GW-2 including the estimated time frame to achieve PRGs based on 

the Cmax and C90 concentrations. Groundwater sampling and analysis, and data evaluation and reporting 

are also an important component of this alternative to confirm that natural attenuation processes are 
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reducing COC concentrations in accordance with expectations, and to provide a basis for determining 

when remedial action is complete and ICs can be removed.  

Table 9-3. Components for Alternative GW-2 MNA and ICs 

Media Component Description 

Groundwater 

Components 

(Additional 

information on 

common elements 

is provided in 

Section 9.2.1) 

ICs  Maintain existing sitewide ICs (including groundwater use restrictions) already 

in place under Sitewide Institutional Controls Plan for Hanford CERCLA 

Response Actions and RCRA Corrective Actions (DOE/RL-2001-41). 

 ICs are maintained for each plume area for the duration required to reach PRGs. 

MNA  Monitoring of Cr(VI), strontium-90, trichloroethene, and nitrate to track the 

attenuation processes through periodic sampling of the monitoring well network 

for up to 90 years. 

 Monitoring well network assumed to be composed of 38 existing monitoring 

wells, 10 existing aquifer tubes, and installation of 15 new wells to supplement 

monitoring locations. 

 Monitoring will be defined in the DQO and SAP developed as part of the 

RD/RAWP. For cost estimating purposes, it is assumed that monitoring of new 

wells will be performed quarterly and existing wells sampled annually for the 

first year to establish baseline conditions, with annual monitoring for years 2 to 

10 and biennial monitoring thereafter. 

 Remedial 

Action 

Timeframe 

 Cr(VI) based on 10 µg/L State surface water quality standard – Cmax: 35 years     

C90: 25 years 

 Cr(VI) based on 48 µg/L MTCA groundwater cleanup level – Cmax: 20 years     

C90: 10 years 

 Nitrate – Cmax: 80 years     C90: 30 years 

 Strontium-90 – Cmax: 150 years     C90: 90 years 

 TCE – Cmax: 50 years  

Compliance 

Monitoring 

Requirements 

 Annual monitoring will be performed for an additional 5 years after PRGs are 

initially achieved to confirm that PRGs have been met. 

IC =  institutional control 

PRG =  preliminary remediation goal 

DQO =  data quality objective 

RD/RAWP =  remedial design/remedial action work plan 

Cmax =  maximum concentration 

C90 =  the concentration that corresponds to the 90th percentile value of all the calculated concentrations across 

 the model domain for a given time step 

TCE =  trichloroethene 

SAP =  sampling and analysis plan 

MNA =  monitored natural attenuation 

SMDP =  scientific management decision point 

WIDS =  Waste Information Data System 

   

Groundwater modeling (Modeling of RI/FS Design Alternatives for 100-FR-3 [ECF-100FR3-11-0116], 

presented in Appendix F) was conducted to define initial conditions and to estimate the fate and transport 

of each COC under the GW-2: MNA and ICs alternative. Figure 9-1 shows the initial distribution of 

Cr(VI), strontium-90, trichloroethene, and nitrate as interpreted by the model. The initial distribution of 



DOE/RL-2010-98, REV. 0 

9-12 

each COC in groundwater within 100-F/IU was identified using the maximum reported COC 

concentrations for each monitoring well location from samples collected in 2009 and 2010.  

Figure 9-2 presents the groundwater model prediction for Cr(VI) based on Cmax at time steps of 1, 10, 

25, and 50 years. The model estimates that the Cr(VI) plume would persist near the river shoreline at 

concentrations above the State surface water quality standard of 10 µg/L for approximately 35 years 

based on the Cmax concentration and 25 years based on the C90 concentration1. Recent pore water 

sampling in the river adjacent to the Cr(VI) plume has not shown Cr(VI) concentrations above the 

10 µg/L State surface water quality standard (Hanford Site Groundwater Monitoring and Performance 

Report for 2009: Volumes 1 & 2 [DOE/RL-2010-11]). For the inland portion of the aquifer, where the 

MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level is 48 µg/L, the model estimates 

the Cr(VI) plume would persist for up to 20 years based on the Cmax concentration and up to 10 years 

based on the C90 concentration. The maximum observed Cr(VI) concentration within the inland portion 

of the aquifer based on the 2011 data set was 41.6 µg/L. 

Figure 9-3 illustrates groundwater model predictions for the nitrate plume at time steps of 1, 10, 25, and 

75 years. The model estimates that nitrate would persist in groundwater above its 45,000 µg/L DWS for 

up to 80 years based on the Cmax concentration and up to 30 years based on the C90 concentration. 

Figures 9-4 illustrates groundwater model predictions for the strontium-90 plume at time steps of 10, 25, 

75, and 150 years. The model estimates that strontium-90 would persist in groundwater at concentrations 

above the DWS of 8 pCi/L for up to 150 years based on the Cmax concentration and up to 90 years based 

on the C90 concentration. The model does not predict the plume would reach the Columbia River above 

8 pCi/L, because of the limited mobility of strontium-90 under current conditions. 

Figure 9-5 illustrates groundwater model predictions for the trichloroethene plume at time steps of 1, 10, 25, 

and 50 years. The model estimates the trichloroethene plume would persist in groundwater at concentrations 

above the MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level of 4 µg/L for up to 

50 years based on the Cmax concentration. Under conditions simulated using data through 2010, the model 

predicted C90 concentration is currently less than 4 µg/L. Therefore, for the purposes of the FS, this was 

deemed not representative and the Cmax timeframe of 50 years is used. 

9.2.6 Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 

Alternative GW-3 reduces Cr(VI), nitrate, strontium-90, and trichloroethene concentrations through 

pump-and-treat and in situ treatment of nitrate and Cr(VI) in the northern half of the nitrate plume. Nitrate 

would also be reduced in the southern portion of the plume through MNA processes.  

 

                                                      
1 Groundwater model simulations and maps showing COC distribution at the C90 concentration were not prepared 

for this FS Report.  
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Figure 9-1. Initial Groundwater COC Plume Conditions from Maximum Concentrations Detected in 2009-2010 
 

  

Cr(VI) > 10 µg/L  – 56 acres 

Cr(VI) > 48 µg/L – 31 acres  
TCE – 172 acres  

Strontium-90 – 25 acres  Nitrate – 3160 acres  
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Figure 9-2. Cr(VI) Cmax Plume Projections for Alternative GW-2: MNA and ICs 
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Figure 9-3. Nitrate Cmax Plume Projections for Alternative GW-2: MNA and ICs 
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Figure 9-4. Strontium-90 Cmax Plume Projections for Alternative GW-2: MNA and ICs 

Year 75 

Year 10 

Year 150 

Year 25 



DOE/RL-2010-98, REV. 0 

9-17 

 

 

Figure 9-5. Trichloroethene Cmax Plume Projections for Alternative GW-2: MNA and ICs  
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Pump-and-treat would occur using a network of extraction and injection wells targeting each of the COC 

plumes combined with ex situ treatment at a central treatment facility before reinjection of treated 

groundwater into the aquifer. In situ treatment for nitrate and Cr(VI) would be accomplished through 

amendment of treated groundwater with a substrate2 before reinjection into the aquifer. The substrate type 

and concentration would be determined during remedial design. Figure 9-6 shows the extraction and injection 

well locations for Alternative GW-3, Figure 9-7 the conveyance piping routing while Figure 9-8 depicts the 

estimated hydraulic capture zone for the extraction and injection wellfield when operating at the model 

simulated pumping rates. Alternative GW-3 includes substrate injection at nine injection well locations. 

Ex situ groundwater treatment would be performed using IX technology for Cr(VI), nitrate, and 

strontium-90. Separate IX columns would be used to treat flows from each COC plume. Groundwater 

extracted from the trichloroethene plume would be conveyed separately to the treatment facility for 

treatment with an air stripper. Individual treatment units would be placed in a series configuration where 

treatment for multiple COCs is necessary. Figure 9-9 provides a conceptual process flow schematic for 

the pump-and-treat system and in situ substrate amendments for Alternative GW-3. The final treatment 

system configuration would be determined during remedial design. Table 9-4 provides a summary of the 

components comprising Alternative GW-3. 

Figure 9-10 presents the Alternative GW-3 groundwater model simulations for the Cr(VI) plume at time 

steps of 1 and 5 years. The modeling estimates that Cr(VI) concentrations would be reduced to 

concentrations below the State surface water quality standard of 10 µg/L within 5 years based on the 

Cmax concentration and 5 years based on the C90 concentration. Within the inland portion of the aquifer, 

Cr(VI) concentrations would be reduced to concentrations less than the MTCA (“Groundwater Cleanup 

Standards” [WAC 173-340-720]) level of 48 µg/L within 5 years based on the Cmax concentration and 5 

years based on the C90 concentration. An O&M period of 5 years was used for cost estimating purposes. 

Figures 9-11 and 9-12 present the Alternative GW-3 groundwater model simulations for the nitrate plume 

at time steps of 1, 5, 10, 15, 20, 25, 50, and 75 years. The modeling estimates that nitrate concentrations 

within the plume would be reduced to levels below the 45,000 µg/L within 75 years based on the Cmax 

concentration and 20 years based on the C90 concentration. An O&M duration of 10 years was assumed 

for estimating pump-and-treat costs and 60 years for estimating MNA costs. 

Figures 9-13 and 9-14 present the Alternative GW-3 groundwater model simulations for the strontium-90 

plume at time steps of 1, 5, 10, 15, 20, 25, 50, and 75 years. Because of strontium-90’s low mobility, 

pump-and-treat does not shorten the remediation timeframe significantly. The modeling estimates that 

strontium-90 concentrations would decline below the DWS of 8 pCi/L within 150 years based on the 

Cmax concentration and 85 years based on the C90 concentration. An O&M duration of 10 years was 

used for estimating pump-and-treat costs and 75 additional years of MNA costs following cessation of pump-

and-treat. 

                                                      
2 Carbon substrates such as methanol, ethanol, acetate, whey, and sugar can enhance reduction of Cr(VI) to Cr(III) 

and reduction of nitrate to nitrogen gas (denitrification) by serving as an electron donor and energy supply for 

ndigenous bacteria. For the purposes of Alternative GW-3, ethanol at a concentration of 500 mg/L in the treated 

injection water was stoichiometrically determined to be the amount required to address the dissolved oxygen, Cr(VI), 

and nitrate concentrations present in groundwater. The redox conditions resulting from biodegradation of the 

substrate are also expected to promote reductive dechlorination of trichloroethene to cis 1,2-dichloroethene, although 

this process was not included in the Alternative GW-3 simulations.  
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Figure 9-6. Extraction and Injection Well Locations for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 
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Figure 9-7. Conveyance Piping Layout Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 



 

 

9
-2

2
 

 

D
O

E
/R

L
-2

0
1
0

-9
8

, R
E

V
. 0

 

 

Figure 9-8. Hydraulic Capture Area for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 
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Figure 9-9. Conceptual Process Flow Diagram for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 
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Table 9-4. Components for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 

Media Component Description 

Groundwater 

(Additional 

information on 

common 

elements is 

provided in 

Section 9.2.1) 

ICs   Maintain existing sitewide ICs (including groundwater use restrictions) already in place under 

Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions (DOE/RL-2001-

41). 

 ICs are maintained for each plume area for the duration required to reach PRGs. 

MNA  Monitoring of strontium-90 and nitrate concentrations to track natural attenuation progress 

through periodic sampling of the monitoring well network. 

 Monitoring network and frequency will be defined in the DQO and SAP developed as part of 

the RD/RAWP. For cost estimating purposes, it is assumed that monitoring of new wells will 

be performed quarterly and existing wells sampled annually for the first year to establish 

baseline conditions, with annual monitoring for years 2 to 10, and biennial monitoring 

thereafter. 

In Situ 

Treatment 

 In situ treatment of nitrate and Cr(VI) consisting of in-situ chemical reduction. Incidental in 

situ reduction of trichloroethene also expected. Groundwater extracted, treated and amended 

with a reducing agent (to be identified during remedial design) and reinjected to the aquifer. 

For cost estimating purposes, it is assumed a total of six nitrate plume injection wells injecting 

at a total rate of 240 gpm will be amended for up to 10 years. Two Cr(VI) and one 

trichloroethene plume injection wells injecting at a total rate of 150 gpm will be amended for 

up to 10 years. The actual number of injection wells, injection rates, and substrate dose may 

be modified during remedial design.  

 The extraction and injection well networks will be optimized during the remedial design and 

remedial action to promote in situ treatment of the plumes, and to enhance flow path control 

and hydraulic containment of the plumes. 

 Pump-and-

Treat 

 Installation of four extraction wells operating at a total extraction rate of 180 gpm for removal 

of Cr(VI), and installation of two injection wells for Cr(VI) capable of injecting a total of 110 

gpm. The operational duration for Cr(VI) extraction and injection wells is estimated at 5 

years.  

 Installation of 11 extraction wells operating at a total extraction rate of 455 gpm for removal 

of nitrate, and installation of 13 nitrate plume injection wells capable of injecting a total of 

495 gpm. The operational duration for nitrate extraction and injection wells is 10 years. 

 Installation of one extraction well operating at a total extraction rate of 40 gpm for removal of 

strontium-90. Co-extraction of Cr(VI) and nitrate may also occur. The operational duration 

for strontium-90 extraction is 10 years. 

 Installation of two extraction wells operating at a total extraction rate of 80 gpm for removal 

of trichloroethene, and installation of one injection well capable of injecting a total of 40 gpm. 

The operational duration for trichloroethene extraction and injection wells is 10 years. Co-

extraction of nitrate also expected. 

 The actual number and placement of extraction and injection wells, and pumping rates, will 

be refined during remedial design and may differ from the configurations described.  

 Remedial process optimization will be used to increase system efficiency, potentially 

resulting in decreased timeframes for achieving PRGs. Remedial process optimization will be 

used to adjust extraction and injection rates for each well to better achieve capture efficiency 

and flow path control. 
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Table 9-4. Components for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 

Media Component Description 

 Ex Situ 

Treatment 

 Ion exchange for Cr(VI), strontium-90, and nitrate above drinking water standards. Separate 

Cr(VI) IX and nitrate IX trains will treat 180 gpm and 455 gpm, respectively. An IX treatment 

train capable of treating 40 gpm from the strontium-90 plume will be added as needed, 

depending upon extracted concentrations of strontium-90. 

 A separate air stripping treatment train capable of treating 80 gpm of groundwater extracted 

from the trichloroethene plume will be used. No offgas treatment is anticipated, based on 

projected trichloroethene concentrations. 

 Ex situ treatment operations will continue through the 10-year duration of extraction 

pumping, with reduced flow rates and shutdown of unit treatment processes as COC plume 

concentrations reach their respective PRGs. 

 The actual treatment processes, number of treatment vessels, and their final configuration will 

be determined during remedial design and may differ from the configuration described, which 

was developed for cost estimating purposes only.  

Operations 

and 

Maintenance 

 O&M of extraction well network, injection well network, conveyance infrastructure, and 

above-grade infrastructure will be based on the times for COC concentrations to reach their 

respective PRGs. 

 Monitoring 

Requirements 

 Monitoring of strontium-90 for up to 85 years to track the attenuation processes through 

periodic sampling of the monitoring well network.  

 Remedy performance monitoring to evaluate the progress and effectiveness of pump-and-treat 

and in situ treatment to attain PRGs.  

 MNA and remedy performance monitoring will be defined in the DQO and SAP developed as 

part of the remedial design.  

 Monitoring well network will include up to 10 existing aquifer tubes, 38 existing monitoring 

wells, and assumes installation of 15 new wells to supplement the existing monitoring 

network. 

 Monitoring will be performed quarterly at each new well location for the first year to establish 

baseline conditions, and annually for the next 10 years with a reduction to a biennial 

frequency thereafter.  

 Monitoring for existing wells will occur annually for the first 10 years and biennially 

thereafter. 

Remedial 

Action 

Timeframe 

 Cr(VI) based on 10 µg/L State surface water quality standard – Cmax: 5 years     C90: 5 years 

 Cr(VI) based on 48 µg/L MTCA groundwater cleanup level – Cmax: 5 years     C90: 5 years 

 Nitrate - Cmax: 75 years     C90: 20 years 

 Strontium-90 – Cmax: 150 years     C90: 85 years 

 Trichloroethene – Cmax: 10 yrs 

Compliance 

Monitoring 

Requirements 

 Annual monitoring will be performed for an additional 5 years after PRGs are initially 

achieved to confirm that PRGs have been met. 

IC =  institutional control 

PRG =  preliminary remediation goal 

DQO =  data quality objective 

gpm =  gallons per minute 

RD/RAWP =  remedial design/remedial action work plan 

Cmax =  maximum concentration 

C90 =  the concentration that corresponds to the 90th percentile value of all the calculated concentrations across  

  the model domain for a given time step 

COC =  contaminant of concern 

O&M =  operations and maintenance 

SAP =  sampling and analysis plan 

MNA =  monitored natural attenuation 
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Figure 9-10. Cr(VI) Cmax Plume Projections for Alternative GW-3: Pump-and-Treat with  
In Situ Treatment and MNA  
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Figure 9-11. Nitrate Cmax Plume Projections for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 

Year 5 Year 1 

Year 10 Year 15 

Wells Turned Off After Year 10 
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Figure 9-12. Nitrate Cmax Plume Projections for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 

Year 75 

Year 25 

Year 50 

Year 20 
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Figure 9-13. Strontium-90 Cmax Plume Projections for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 

Year 1 Year 5 

Year 10 Year 15 

Well Turned Off After Year 10 
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Figure 9-14. Strontium-90 Cmax Plume Projections for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 

Year 20 Year 25 

Year 50 Year 75 
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Figure 9-15 presents the Alternative GW-3 groundwater modeling simulation for the trichloroethene 

plume at time steps of 1, 5, and 10 years. The modeling estimates that trichloroethene concentrations 

would decline below the MTCA (“Groundwater Cleanup Standards” [WAC 173-340-720]) level of 

4 µg/L within 10 years based on the Cmax concentration. For O&M cost estimating purposes, a 

timeframe of 10 years was used. 

9.2.7 Alternative GW-4: Enhanced Pump-and-Treat 

This alternative is similar to Alternative GW-3 (see Table 9-5) for the Cr(VI), strontium-90, and 

trichloroethene plumes but uses additional groundwater extraction wells to accelerate cleanup of the 

nitrate plume. This alternative uses similar ex situ treatment technologies as employed for many of the 

100 Area groundwater interim actions to achieve groundwater protection PRGs within a shorter 

timeframe. Alternative GW-4 reduces Cr(VI), strontium-90, trichloroethene, and nitrate concentrations 

through enhanced pump-and-treat. Groundwater pump-and-treat is used to control plume migration 

through hydraulic containment and to remediate the groundwater plume through extraction and treatment 

before aquifer reinjection.  

Alternative GW-4 consists of a network of extraction and injection wells, conveyance piping and 

infrastructure, and a central treatment system. The groundwater extraction and injection wells are located to 

control the groundwater flow path, increase extraction well capture efficiency, and minimize plume 

migration to the Columbia River. Figure 9-16 shows the extraction and injection well locations for 

Alternative GW-4, Figure 9-17 the conveyance pipe route, and Figure 9-18 the estimated hydraulic 

capture zone based on the model simulated pumping rates. The treatment system components for 

Alternative GW-4 are the same as those described under Alternative GW-3, with the exception of 

variations in the treatment flow rates and durations, and elimination of substrate injection. Figure 9-19 

provides a conceptual process flow schematic for the pump-and-treat system for Alternative GW-4. 

Table 9-6 provides a summary of the components comprising Alternative GW-4. 

Figure 9-20 presents the Alternative GW-4 groundwater model simulations for the Cr(VI) plume at time 

steps of 1, 5, and 10 years. The modeling estimates that Cr(VI) concentrations would be reduced to 

concentrations below the State surface water quality standard of 10 µg/L within 10 years based on the 

Cmax concentration and 5 years based on the C90 concentration. Within the inland portion of the aquifer, 

Cr(VI) concentrations would be reduced to concentrations less than the MTCA (“Groundwater Cleanup 

Standards” [WAC 173-340-720]) level of 48 µg/L within 5 years based on the Cmax concentration and 

5 years based on the C90 concentration. An O&M period of 5 years was used for cost estimating 

purposes. Although the extraction and injection well configurations are similar, the estimated period to 

achieve the State surface water quality standard for Cr(VI) under Alternative GW-4 is slightly longer than 

Alternative GW-3 because there is no in situ treatment component.  

Figure 9-21 presents the Alternative GW-4 groundwater model simulation for the nitrate plume at time 

steps of 1, 5, 10, and 20 years. The modeling estimates that nitrate concentrations would decline below 

the DWS of 45,000 µg/L within 25 years based on the Cmax concentration and 10 years using the C90 

concentration. For O&M cost estimating purposes, a timeframe of 10 years was used. 

Figure 9-22 presents the Alternative GW-4 groundwater model simulations for the strontium-90 plume at 

time steps of 1, 25, 50, and 75 years. The modeling estimates that strontium-90 concentrations would 

decline below the DWS of 8 pCi/L within 150 years based on the Cmax concentration and 85 years using 

the C90 concentration. The pump-and-treat duration is 10 years, so approximately 75 years of MNA 

would be required following pump-and-treat operations before the DWS is achieved.  

Figure 9-23 presents the Alternative GW-4 groundwater model simulations for the trichloroethene plume 

at time steps of 1, 5, and 10 years. The modeling estimates that the MTCA (“Groundwater Cleanup 
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Standards” [WAC 173-340-720]) level of 4 µg/L would be achieved within 10 years based on the Cmax 

concentration. A pump-and-treat O&M duration of 10 years was used for cost estimating purposes. 

9.3 Remedial Alternative Screening Evaluation 

As discussed in The Feasibility Study: Development and Screening of Remedial Action Alternatives 

(OSWER Directive 9355.3-01FS3), screening of alternatives can be used to provide a preliminary 

evaluation of alternatives based on effectiveness, implementability, and cost before being carried into the 

detailed evaluation in Chapter 10. The purpose of this screening step is to eliminate those alternatives that are 

not effective, implementable, or cost effective. No alternatives were eliminated in the screening evaluation. 

Consequently, all of the alternatives are carried forward into the detailed evaluation in Chapter 10. 
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Figure 9-15. Trichloroethene Cmax Plume Projections for Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA  

Year 1 Year 5 

Year 10 

Wells Turned Off After Year 10 
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Table 9-5. Comparison of Alternatives GW-3 and GW-4 Pump-and-Treat Components 

Component GW-3: Pump-and-Treat with In Situ Treatment and MNA GW-4: Enhanced Pump-and-Treat 

Extraction Wells 18 24 

Injection Wells 9 26 

Injection Wells with Substrate Amendment 9 0 

Total Number of Wells 36 50 

Number of New Monitoring Wells 15 15 

Pumping Rate (gallons per minute) 
Years 1-5 Years 5-10 Years 1-5 Years 5-10 

755 635 995 875-160 

MNA =  monitored natural attenuation 
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Figure 9-16. Extraction and Injection Well Locations for Alternative GW-4: Enhanced Pump-and-Treat 
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Figure 9-17. Conveyance Piping Layout for Alternative GW-4: Enhanced Pump-and-Treat 
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Figure 9-18. Hydraulic Capture Area for Alternative GW-4: Enhanced Pump-and-Treat 
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Figure 9-19. Conceptual Process Flow Diagram for Alternative GW-4: Enhanced Pump-and-Treat
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Table 9-6. Components for Alternative GW-4-Enhanced Pump-and-Treat 

Media Component Description 

Groundwater 

(Additional 

information on 

common elements 

is provided in 

Section 9.2.1) 

ICs  Maintain existing sitewide ICs (including groundwater use restrictions) already in place 

under Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions 

(DOE/RL-2001-41). 

 ICs are maintained for the duration required to reach PRGs for all COCs (85 years for 

strontium-90).  

MNA  Monitoring of strontium-90 concentrations to track natural attenuation processes through 

periodic sampling of the monitoring well network. 

 Monitoring will be defined in the DQO and SAP developed as part of the RD/RAWP. For 

cost estimating purposes, it is assumed that monitoring of new wells will be performed 

quarterly and existing wells sampled annually for the first year to establish baseline 

conditions, with annual monitoring for years 2 to 10, and biennial monitoring thereafter. 

Pump-and-

Treat 

 Installation of four extraction wells operating at a total extraction rate of 180 gpm for 

removal of Cr(VI), and installation of four injection wells for Cr(VI) capable of injecting a 

total of 220 gpm. The operational duration for Cr(VI) extraction and injection wells is 

5 years. 

 Installation of 17 extraction wells operating at a total extraction rate of 695 gpm for 

removal of nitrate, and installation of 21 injection wells for nitrate capable of injecting a 

total of 695 gpm. The operational duration for nitrate extraction and injection wells is 10 

years. 

 Installation of 1 extraction well operating at a rate of 40 gpm for removal of strontium-90. 

The operational duration for strontium-90 extraction is 10 years. 

 Installation of 2 extraction wells operating at a total extraction rate of 80 gpm for removal 

of trichloroethene, and installation of 1 injection well capable of injecting a total of 40 

gpm. The operational duration for trichloroethene extraction and injection wells is 10 

years. 

 The actual number and placement of extraction and injection wells, and pumping rates, 

will be refined during remedial design and may differ from the configurations described 

above. 

 Remedial process optimization will be used to increase system efficiency, potentially 

resulting in decreased timeframes for achieving PRGs. Remedial process optimization will 

be used to adjust extraction and injection rates for each well to better achieve capture 

efficiency and flow path control. 

 Ex Situ 

Treatment 

 Ion exchange for Cr(VI), strontium-90, and nitrate above drinking water standards. 

Separate Cr(VI) IX and nitrate IX trains will treat 180 gpm and 695 gpm, respectively. 

An IX treatment train capable of treating 40 gpm will be added as needed depending upon 

extracted concentrations of strontium-90. 

 A separate air stripping treatment train capable of treating 80 gpm of groundwater 

extracted from the trichloroethene plume will be used. No offgas treatment is anticipated 

based on projected trichloroethene concentrations. 

 Ex situ treatment operations will continue through the 10-year duration of extraction 

pumping, with reduced flow rates and shutdown of unit treatment processes as COCs reach 

their respective PRGs. 

 The actual treatment processes, number of treatment vessels, and their final configuration 

will be determined during remedial design and may differ from the configuration described 

above which was developed for cost estimating purposes only.  
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Table 9-6. Components for Alternative GW-4-Enhanced Pump-and-Treat 

Media Component Description 

 Operations 

and 

Maintenance 

 O&M of the extraction well network, injection well network, conveyance infrastructure, 

and ex situ treatment system will be performed over the duration required for all COCs to 

fall below their respective PRGs. 

 Monitoring 

Requirements 
 Monitoring of strontium-90 for up to 75 years following cessation of pump-and-treat to 

track natural attenuation processes through periodic sampling of the monitoring well 

network.  

 Performance monitoring for Cr(VI), strontium-90, trichloroethene, and nitrate for up to 

10 years to evaluate the progress and effectiveness of pump-and-treat to attain PRGs.  

 Remedy performance monitoring will be defined in the DQO and SAP developed as part 

of the remedial design.  

 Monitoring well network will include up to 10 existing aquifer tubes, 38 existing 

monitoring wells and assumes installation of 15 new wells to supplement the existing 

monitoring network. 

 Performance monitoring will be performed quarterly for the duration of pump-and-treat 

operations. 

Remedial 

Action 

Timeframe 

 Cr(VI) based on 10 µg/L State surface water quality standard – Cmax: 10 years     C90: 5 

years 

 Cr(VI) based on 48 µg/L MTCA cleanup level – Cmax: 5 years     C90: 5 years 

 Nitrate – Cmax: 25 years   C90: 10 years 

 Strontium-90 – Cmax: 150 years     C90: 85 years 

 Trichloroethene – Cmax: 10 years 

Compliance 

Monitoring 

Requirements 

 Annual monitoring will be performed for an additional 5 years after PRGs are initially 

achieved to confirm that PRGs have been met. 

IC =  institutional control 

PRG =  preliminary remediation goal 

DQO =  data quality objective 

gpm =  gallons per minute 

RD/RAWP =  remedial design/remedial action work plan 

Cmax =  maximum concentration 

C90 =  the concentration that corresponds to the 90th percentile value of all the calculated concentrations across the model domain for a 

given time step 

COC =  contaminant of concern 

O&M =  operations and maintenance 

SAP =  sampling and analysis plan 

MNA =  monitored natural attenuation 
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Figure 9-20. Cr(VI) Cmax Plume Projections for Alternative GW-4: Enhanced Pump-and-Treat 

Year 5 

Wells Turned Off After Year 5 

Year 1 

Year 10 
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Figure 9-21. Nitrate Cmax Plume Projections for Alternative GW-4: Enhanced Pump-and-Treat 

Year 1 Year 5 

Wells Turned Off After Year 10 

Year 10 Year 20 
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Figure 9-22. Strontium-90 Cmax Plume Projections for Alternative GW-4: Enhanced Pump-and-Treat 

Year 50 

Year 1 Year 25 

Year 75 

Well Turned Off After Year 10 
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Figure 9-23. Trichloroethene Cmax Plume Projections for Alternative GW-4: Enhanced Pump-and-Treat 

Year 5 Year 1 

Wells Turned off After Year 10 

Year 10 
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10 Detailed Analysis of Alternatives 

This chapter presents a detailed analysis of 

the remedial action alternatives developed for waste 

sites and groundwater at 100-F/IU. This analysis 

follows the development of alternatives presented in 

Chapter 9 and precedes the Proposed Plan, which will 

identify the preferred alternative. The remedial action 

alternatives are evaluated against seven of the nine 

CERCLA criteria described in the NCP (“Remedial 

Investigation/Feasibility Study and Selection of 

Remedy” [40 CFR 300.430(e)(9)]).  

The CERCLA evaluation criteria are presented in 

Section 10.1, and each of the remedial action 

alternatives evaluated individually and comparatively 

against the CERCLA criteria in Sections 10.2 and 

10.3, respectively. The remaining two criteria, which 

are identified as modifying criteria, are formally 

assessed following review of public and stakeholder 

comments on the Proposed Plan. The purpose of 

the detailed and comparative analysis is to develop 

the information necessary to recommend a preferred 

alternative in a Proposed Plan. Following public, 

Tribal Nations and stakeholder review of 

the Proposed Plan, EPA and DOE will select final 

remedial action alternatives for soil and groundwater 

for 100-F/IU and identify the selected alternative in 

the ROD.  

10.1 Description of CERCLA 
Evaluation Criteria 

The nine CERCLA evaluation criteria upon which the detailed and comparative evaluations are based are 

designed to enable the analysis of each alternative to address the statutory, technical, and policy 

considerations necessary for selecting a remedial alternative. These evaluation criteria (Table 10-1) 

provide the framework for conducting the detailed analysis of alternatives and selecting an appropriate 

remedial action. Table 10-1 provides the more detailed questions that CERCLA guidance recommends to 

address these criteria. The performance or acceptability of each alternative is first evaluated individually, 

so relative strengths and weaknesses may be identified (Section 10.2). Section 10.3 compares each 

alternative, relative to the CERCLA criteria.  

The evaluation criteria are divided into three categories (threshold, balancing, and modifying) based on 

the function of each category in the remedy selection process. the NCP (“Remedial Investigation/ 

Feasibility Study and Selection of Remedy” [40 CFR 300.430(f)]) states that the first two criteria-protection 

of HHE and compliance with ARARs are “threshold criteria” that must be met by the selected remedial 

action unless a waiver can be granted under CERCLA (“Cleanup Standards,” “Degree of Cleanup” 

[Section 121(d)(4)]). 

Highlights 

 Alternatives S-1: No Action and GW-1: No Action do 

not satisfy the threshold criteria for protection of HHE. 

Therefore, these alternatives were not evaluated 

against the balancing criteria.  

 Alternative S-2: satisfies the threshold criteria and 

performs well against the balancing criteria.  

 The total estimated present worth cost for Alternative 

S-2 is $20.6 million. 

 Alternatives GW-2, GW-3, and GW-4 perform very 

well for long-term effectiveness. Alternative GW-4 

performs very well for reduction of toxicity, mobility, or 

volume through treatment, whereas Alternatives 

GW-3 and GW-2 are expected to perform moderately 

well and less well, respectively.  

 Alternatives GW-2, GW-3, and GW-4 are expected to 

perform moderately well relative to short-term 

effectiveness. Alternative GW-2 is expected to 

perform very well relative to implementability, while 

Alternatives GW-3 and GW-4 are expected to perform 

moderately well, respectively.  

 The total estimated present worth cost for Alternative 

GW-2 is $36.3 million, Alternative GW-3 is 

$176.8 million, and Alternative GW-4 is $193.8 million. 

 The analysis provides enough information to 

recommend a preferred alternative in 

the Proposed Plan. 
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Table 10-1. Summary of CERCLA Criteria 

Threshold Criteria 

Overall Protection of HHE The assessment against this criterion describes how the alternative, as a whole, 

achieves and maintains protection of human health and the environment. 

Compliance with ARARs The assessment against this criterion describes how the alternative complies with 

ARARs, or if a waiver is required and how it is justified. The assessment also 

addresses other information from advisories, criteria, and guidance that the lead 

and support agencies have agreed is “to be considered.” 

Balancing Criteria 

Long-Term Effectiveness and 

Permanence 

The assessment of alternatives against this criterion evaluates the long-term 

effectiveness of alternatives in maintaining protection of HHE after response 

objectives have been met. 

Reduction of Toxicity 

Mobility or Volume (TMV) 

through Treatment 

The assessment against this criterion evaluates the anticipated performance of 

the specific treatment technologies an alternative may employ. 

Short-Term Effectiveness The assessment against this criterion examines the effectiveness of alternatives in 

protecting HHE during the construction and implementation of a remedy until 

response objectives have been met. 

Implementability This assessment evaluates the technical and administrative feasibility of 

alternatives and the availability of required goods and services. 

Cost This assessment evaluates the capital and the operation and maintenance (O&M) 

costs of each alternative. 

Modifying Criteria 

State Acceptance* This assessment reflects the state’s (or support agency’s) apparent preferences 

among or concerns about alternatives. 

Community Acceptance* This assessment reflects the community’s apparent preferences among or concerns 

about alternatives. 

* These criteria are not assessed in this report. 

 

The five “balancing criteria” represent technical considerations, upon which the detailed analysis is 

primarily based, and include long-term effectiveness and permanence; reduction of toxicity, mobility, or 

volume (TMV) through treatment; short-term effectiveness; implementability; and cost. The preferred 

alternative identified in the Proposed Plan will be the alternative that is protective of HHE, is 

ARAR-compliant, and performs best relative to the balancing criteria factors.  

The final two criteria—State and Community Acceptance—are “modifying criteria.” These are formally 

assessed following review of Tribal Nations, public, and stakeholder comments on the Proposed Plan. 

Community and State Acceptance are not addressed in the FS. Based on information from public 

participation, EPA and DOE may modify some aspects of the preferred alternative or decide that another 

alternative is more appropriate. 

10.1.1 Overall Protection of Human Health and the Environment 

Overall protection of HHE is the primary requirement that remedial actions must meet under CERCLA. 

This evaluation criterion is an assessment of whether an alternative achieves and maintains adequate 

protection of HHE, in both the short-term and the long-term, from unacceptable risks posed by 
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contaminants. Alternatives are protective by eliminating, reducing, or controlling exposure through 

the applicable exposure pathways (NCP, “Remedial Investigation/Feasibility Study and Selection of 

Remedy” [40 CFR 300.430(e)(2)(i)]). Overall protection of HHE draws on the assessments of the other 

evaluation criteria, especially long-term effectiveness and permanence, short-term effectiveness, and 

compliance with ARARs. 

10.1.2 Compliance with Applicable or Relevant and Appropriate Requirements 

Compliance with ARARs is the second threshold criterion of remedy selection. This evaluation criterion 

is used to determine whether an alternative meets the federal, state, and local ARARs identified for 

the site, as presented in Chapter 8. Alternatives are assessed to determine whether they meet ARARs and 

other requirements, or if a basis exists for invoking one of the waivers cited in the NCP (“Remedial 

Investigation/Feasibility Study and Selection of Remedy” [40 CFR 300.430(f)(l)(ii)(C)]).  

10.1.3 Long-Term Effectiveness and Permanence 

Alternatives are assessed for the long-term effectiveness and permanence they afford, along with 

the degree of certainty that the alternative will prove successful in meeting the RAOs. The following 

factors are considered in this assessment: 

 The magnitude of residual risk from untreated waste or treatment residuals remaining at 

the conclusion of the remedial action, including the reduction in TMV. The magnitude of residual risk 

is defined as the risk remaining from untreated waste or treatment residuals after remediation.  

 The adequacy and reliability of controls that can be used to manage treatment residuals or residual 

contamination that remains at the site, such as containment systems or ICs. For example, this factor 

addresses uncertainties associated with land disposal for providing long-term protection from 

treatment residuals; the assessment of the potential need to replace technical components of 

the alternative, such as a treatment system; and the potential exposure pathways and risks posed if 

the remedial action needs to be replaced. 

10.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

This evaluation criterion concerns the statutory preference for remedies that employ treatment to reduce 

the TMV of the hazardous substances. This preference is satisfied when treatment is used to reduce 

the principal threats at a site through destruction of toxic contaminants, reduction in contaminant 

mobility, or reduction of the total mass or total volume of contaminated media. This criterion is specific 

to evaluating how the treatment reduces TMV.  

The degree to which the alternative employs treatment that reduces TMV will be assessed. The following 

factors are considered for the evaluation:  

 the treatment process and the materials treated 

 the amount of hazardous substances, pollutants, or contaminants that will be destroyed or treated 

 the degree of expected reduction in TMV of the waste as a percentage of reduction  

 the degree to which the treatment is irreversible 

 the type and quantity of residuals that will remain following treatment, taking into consideration 

the persistence, toxicity, mobility, and propensity of hazardous substances and their constituents to 

bioaccumulate 

 the degree to which the treatment reduces the inherent hazards posed by the principal threats 
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10.1.5 Short-Term Effectiveness 

This criterion focuses on short-term effects of the remedial alternatives by examining the effectiveness of 

alternatives in protecting HHE during the construction and implementation phase until RAOs are met. 

As outlined by the CERCLA guidance, this criterion includes the following analysis factors:  

 Protection of the community during remedial actions (e.g., dust from excavations and transportation 

of hazardous materials)  

 Protection of workers during remedial actions  

 Potential adverse environmental impacts (e.g., waste and generation of greenhouse gas [GHG] 

emissions) and the effectiveness and reliability of mitigating measures  

 Time until RAOs are achieved  

10.1.6 Implementability 

The implementability criterion relates to the technical and administrative feasibility of executing an 

alternative and the availability of various services and materials required during its implementation. 

The ease or difficulty of implementing the alternative is assessed by considering the following types of 

factors, as appropriate:  

 Technical feasibility, including the technical difficulties and unknowns associated with constructing 

and operating the technology, the reliability of the technology, the ease of undertaking additional 

remedial actions, and the ability to monitor the effectiveness of the remedy 

 Administrative feasibility, including activities requiring coordination with other agencies, and 

the ability and time needed to obtain any necessary approvals and permits for offsite actions 

 Availability of required services, personnel, resources, technologies, and materials necessary to 

construct and operate the alternative 

10.1.7 Cost 

The cost estimate for each remedial alternative typically includes the following items: 

 Remedial design costs including preparation of design drawings and specifications, construction bid 

documents, the RD/RAWP, and the interim remedial action report, which is typically calculated as a 

percent of the capital cost 

 Remedial alternative construction costs, including construction management, capital equipment, 

general and administrative costs, and construction subcontract costs and fees 

 Estimated operating, maintenance, and remedy performance monitoring and reporting costs for 

the duration of the remedial action 

 Equipment replacement costs 

 Project management 

 Oversight costs and preparation of CERCLA five-year reviews until RAOs are achieved 

The evaluation of the cost criterion is based on a comparison of the estimated present worth values for each 

alternative. Actual costs will depend on the final scope and design of the selected remedial action, 

the implementation schedule, competitive market conditions, and other variables. However, these factors, 
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equally applicable to all alternatives, are not expected to affect the relative cost differences between 

alternatives. 

Lifecycle costs are presented as net present worth values. The net present worth cost estimating method 

establishes a common baseline for evaluating costs that occur during different periods, thus allowing for 

direct cost comparisons between different alternatives. The net present worth value represents the dollars 

that would need to be set aside today, at the defined interest rate, to ensure that funds would be available 

in the future, as they are needed to implement the remedial action alternative. 

Net present worth costs were estimated using the real discount rate published in Appendix C (“Discount 

Rates for Cost-Effectiveness, Lease Purchase, and Related Analyses”) of “Guidelines and Discount Rates 

for Benefit-Cost Analysis of Federal Programs” (OMB Circular A-94), effective through December 2012.  

The cost estimates are based on specific response action scenarios and assumptions. Sensitivity analyses 

were not performed to quantify the potential effect of changing key parametric assumptions.  

The cost estimates were prepared in accordance with A Guide to Developing and Documenting Cost 

Estimates During the Feasibility Study (EPA 540-R-00-002), along with Cost Estimating Guide 

(DOE G 430.1-1). The cost estimates are for comparison purposes and are prepared to meet the -30 to 

+50 percent range of accuracy recommended in CERCLA RI/FS Guidance (EPA/540/G-89/004). 

The cost estimate details, uncertainties, and supporting information are included in Environmental Cost 

Estimate for 100 FIU Vadose Zone and Groundwater RI/FS (ECE-100FR111-00010) in Appendix K.  

In addition to costs associated with specific alternatives, there are programmatic and sitewide costs 

associated with ICs and CERCLA five-year reviews. the estimated costs for providing the sitewide or 

programmatic ICs, including: site access; personnel badging; real estate and deeds; warning signs along 

the Columbia River bank and other access points; maintaining a current sitewide IC plan; and controls for 

excavating soil, accessing and using groundwater, and restricting irrigation, are also provided.  

The programmatic ICs costs are projected for the next 150 years. In 2068, ICs costs are reduced by 

50 percent to reflect removal of the 100 Area reactors, as the more active programmatic controls, like site 

access, would be likewise reduced. 

The total non-discounted cost for the ICs for 150 years is estimated at $563 million for the Hanford Site 

(about $26 million per ROD). The total discounted cost for the ICs at Hanford are estimated at $221 

million. For the purposes of estimating cost for the 100-F/IU OUs, the proportional cost is $10 million. 

The total non-discounted cost for the five-year reviews for 150 years is estimated to be $14 million (about 

$630,000 per ROD). The TPA (Ecology et al., 1989a) currently identifies 22 CERCLA RODs, so each 

ROD would be allocated an equal portion of the CERCLA Five-Year Review cost. The total discounted 

cost for the five-year reviews for 150 years is estimated to be $4 million (about $190,000 per ROD). Cost 

estimates for programmatic ICs and five-year reviews are in Institutional Controls Cost Apportioned by 

ROD Groups (ECF-HANFORD-12-0067) in Appendix K. 

10.2 Individual Analysis of Alternatives  

This section evaluates each of the remedial action alternatives defined in Chapter 9 against 

the CERCLA threshold and balancing criteria described in Section 10.1. Criteria evaluation details for 

the remedial alternatives are documented in tabular form. The ratings provided are based on the following 

three levels: 

  = Expected to perform very well against the criterion with minimal disadvantages or 

 uncertainties 
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  = Expected to perform moderately well against the criterion but with some disadvantages or 

 uncertainties 

  = Expected to perform less well against the criterion with more disadvantages or uncertainty 

10.2.1 Waste Site Alternatives 

This section presents the evaluation of alternatives for the waste sites. The alternatives retained from 

the preliminary screening conducted in Section 9.3 included: 

 S-1: No Action  

 S-2: RTD and ICs 

Alternative S-1: No Action. The NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” 

[40 CFR 300.430(e)(6)]) requires consideration of a No Action Alternative to serve as a baseline for 

evaluating other remedial action alternatives. The No Action Alternative is retained throughout the FS 

process. As described in Chapter 9, this alternative presumes all ongoing site-related activities, including 

existing ICs and planned interim actions (with the possible exception of backfilling any open 

excavations), would cease. Because all future site-related activities would be discontinued, no costs are 

associated with implementation of this alternative. 

Evaluation of the No Action Alternative against the CERCLA threshold criteria (Table 10-2) indicates 

that this alternative does not protect human health nor does it comply with ARARs under unrestricted 

use/unrestricted exposure assumptions. Given that No Action fails the threshold criteria established in NCP 

(“Remedial Investigation/Feasibility Study and Selection of Remedy” [40 CFR300.430(f)]), information 

regarding the performance of this alternative with respect to the balancing criteria is not included. 

Table 10-2. CERCLA Evaluation Summary for Alternative S-1: No Action 

Criterion Rating Detailed Analysis 

Overall Protection of 

HHE 

No Not expected to be protective of HHE 

RAOs will not be achieved. 

Potential for exposure to human and ecological receptors and 

potential for contaminants to leach to groundwater may remain at 

the waste sites. 

Compliance with ARARs No Is not compliant 

Since there is no action, ARARs for waste sites will not be met. 

Long-term Effectiveness 

and Permanence 

N/A Alternative S-1 fails threshold criteria. Therefore, an evaluation 

against the balancing criteria was not performed. 

Reduction of TMV 

through Treatment 

N/A Alternative S-1 fails threshold criteria. Therefore, an evaluation 

against the balancing criteria was not performed. 

Short-term Effectiveness N/A Alternative S-1 fails threshold criteria. Therefore, an evaluation 

against the balancing criteria was not performed. 

Implementability N/A Alternative S-1 fails threshold criteria. Therefore, an evaluation 

against the balancing criteria was not performed. 

Cost $0  Alternative S-1 has no components. Therefore, there is no cost.  
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Table 10-2. CERCLA Evaluation Summary for Alternative S-1: No Action 

Criterion Rating Detailed Analysis 

ARAR =  applicable or relevant and appropriate requirement 

CERCLA =  Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

HHE =  human health and the environment 

N/A =  not applicable 

RAO =  remedial action objective 

TMV =  toxicity, mobility, or volume 

 

Alternative S-2: RTD and ICs. This alternative uses RTD for waste site contamination to achieve RAOs, 

building off ongoing and previously completed interim actions. Alternative S-2 requires ICs restricting 

digging and excavation at waste sites until cleanup levels are achieved. In Chapter 9, Table 9-2 provides 

additional information on this alternative. Section 9.2.1.1 discusses ICs and provides a list of 15 waste 

sites where ICs would be implemented under this alternative. 

Evaluation of Alternative S-2 against the CERCLA threshold criteria (Table 10-3) indicates this 

alternative protects HHE and complies with ARARs. RAOs are achieved in a relatively short timeframe 

by removing contaminated soil and transferring it to ERDF, which is designed to provide for long-term 

management of chemical and radionuclide-contaminated soil. Relative to the CERCLA balancing criteria, 

this alternative performs very well against the long-term effectiveness criterion and less well against 

the reduction of TMV through treatment, short-term effectiveness, and implementability criteria. The total 

net present value (NPV) cost for this alternative is estimated at $20.6 million for all waste sites expected 

to have remediation performed under the ROD. 

Table 10-3. CERCLA Evaluation Summary for Alternative S-2: RTD and ICs 

Criterion Rating Detailed Analysis 

Overall Protection of 

HHE 

Yes Protects HH 

 Potential exposure is eliminated by moving material to ERDF. 

 RAOs achieved in a short timeframe. 

 RTD eliminates direct contact risk at waste sites.  

 Excavated material transferred to ERDF, which is designed to 

provide for long-term management of contaminated soil. 

Protects the Environment 

  RTD eliminates exposure to terrestrial and aquatic receptors.  

Compliance with ARARs Yes Complies with ARARs 

 Remedial action designed to meet chemical-specific, 

location-specific, and action-specific ARARs. 
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Table 10-3. CERCLA Evaluation Summary for Alternative S-2: RTD and ICs 

Criterion Rating Detailed Analysis 

Long-term Effectiveness 

and Permanence 
 Provides high degree of long-term effectiveness and permanence 

Factors that enable this alternative to perform very well against 

the long-term effectiveness and permanence criterion: 

 RTD used successfully for interim actions to achieve remedial 

action goals established in interim action RODs 

 RTD using conventional equipment is reliable and practiced 

extensively at the Hanford Site. ERDF disposal is effective 

and reliable 

 Contaminated material is transferred to ERDF, which is designed 

to provide for long-term management 

 Risks are removed from the River Corridor 

Reduction of TMV 

through Treatment 
 Provides no reduction of toxicity, mobility or volume through 

treatment 

 Contaminated soil removal by RTD does not provide reduction of 

toxicity, mobility, or volume through treatment, except as required 

for disposal of excavated soil and material. RTD is the primary 

remediation technology implemented for most of the waste sites, 

and for this reason, this alternative performs poorly for this 

criterion 

Short-term Effectiveness  Expected to have moderate short-term effectiveness 

Factors that enable this alternative to perform moderately well 

against the short-term effectiveness criterion: 

 No adverse risks to the community from implementation of RTD 

activities because of the site’s remote location and implementation 

of ICs 

 Risks to workers minimized through adherence to a HSP and 

proper PPE  

 Achieves RAOs in relatively short timeframe (3-5 years) 

Factors that may provide some disadvantages or uncertainty to 

the short-term effectiveness: 

 Physical risks to workers associated with remediation 

 Generation of GHG from use of excavation equipment and 

transportation to ERDF 

Implementability  Highly Implementable 

 Proven implementable and reliable through interim actions 

 Conventional equipment and vendors for RTD-related activities 

are readily available 

 ERDF widely used for disposal of contaminated material 

generated from Hanford site remedial actions  

Net Present Worth Cost* All Sites: 

$20,579,000 

 

Total Non-discounted 

Cost* 

All Sites: 

$37,388,000 

 

ARAR =  applicable or relevant and appropriate requirement 
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Table 10-3. CERCLA Evaluation Summary for Alternative S-2: RTD and ICs 

Criterion Rating Detailed Analysis 

CERCLA =  Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

ERDF =  Environmental Restoration Disposal Facility 

GHG =  greenhouse gas 

HSP =  health and safety plan 

HH =  human health 

HHE =  human health and the environment 

IC =  institutional control 

PPE =  personal protective equipment 

RAO =  remedial action objective 

ROD =  record of decision 

RTD =  removal, treatment, and disposal 

TMV =  toxicity, mobility, or volume 

* Includes allowance for capital costs 

 

10.2.2 Groundwater Plume Alternatives 

This section presents the evaluation of alternatives for the four 100-FR-3 groundwater COC plumes. 

These plumes are located within 100-F and the east portion of 100-IU-2/IU-6. Following are the four 

alternatives retained from the initial screening conducted in Section 9.3: 

 Alternative GW-1: No Action 

 Alternative GW-2: MNA and ICs 

 Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA 

 Alternative GW-4: Enhanced Pump-and-Treat 

The primary attributes of the 100-FR-3 COC plumes are summarized in Table 10-4. 

Alternative GW-1: No Action. The No Action Alternative was developed per NCP requirements (“Remedial 

Investigation/Feasibility Study and Selection of Remedy” [40 CFR 300.430(e)(6)]) to provide a baseline 

for comparison to other alternatives.  

The No Action Alternative represents a scenario where no restrictions, controls, or active remedial actions 

are applied to a site. Under this alternative, COC concentrations in unconfined aquifer groundwater would 

remain elevated above PRGs for timeframes estimated to range from 10 to 90 years, depending on the COC 

plume. Sampling from the aquifer tubes located along the river shoreline has historically shown infrequent 

detections of Cr(VI) and strontium-90 concentrations above PRGs. Although Cr(VI) and strontium-90 may 

have been detected in individual samples from the aquifer tubes at concentrations above PRGs on occasion, 

these occurrences are localized to small sections of the river shoreline. Across a typical aquatic receptor 

exposure area, COC concentrations are not expected to exceed PRGs on a chronic exposure basis.  
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Table 10-4. 100-FR-3 Groundwater COC Plume Attributes 

COC Units 

90
th

 

Percentile 

EPC 

(through 

2010) 

Cmax 

(through 

2011) PRG 

2010 Model  

Simulated 

Plume Size 

Based on 

PRG 

2011 

Plume 

Size 

Based 

on PRG 

2010 

Estimated 

Mass of 

COC in 

Plume 

Estimated 

Timeframe 

Before COC 

Concentrations 

Decline to 

PRGs Based on 

Cmax/C90 

under No 

Action 

(years) 

Cr(VI) μg/L 20 41.6 10 23 ha  

(56 ac) 

16.5 ha 

(41ac) 

16.5 kg 35/25 

μg/L 20 41.6 48 12.7 ha 

 (31 ac) 

0 ha 

(0 ac) 

9.1 kg 20/10 

Strontium-90 pCi/L 3.3 285 8 9.9 ha  

(24.5 ac) 

7.3 ha 

(18 ac) 

2.1 Ci 150/90 

TCE μg/L 11 20 4 70 ha 
a
 

(172 ac) 

99.5 ha 

(246 ac) 

8 kg 50/--
b
 

Nitrate μg/L 109,500 201.000 45,000 1280 ha  

(3162 ac) 

1059 ha 

(2617 ac) 

1.2 million 

kg 

80/30 

a. Plume size was approximated based on the DWS of 5 µg/L. 

b. The fate and transport model estimates the C90 concentration for TCE within the model domain is currently less than the PRG. 

Therefore, only the Cmax timeframe is presented as discussed in Section 9.1.  

Cmax =  maximum concentration value 

COC =  contaminant of concern 

DWS =  drinking water standard 

EPC =  exposure point concentration 

PRG =  preliminary remediation goal 

TCE =  trichloroethene 

 

Evaluation of the No Action Alternative against the CERCLA threshold criteria (Table 10-5) indicates 

this alternative does not protect HHE. Because this alternative does not protect HHE, it cannot be selected 

under CERCLA. Therefore, an evaluation against the CERCLA balancing criteria was not performed. 

 

Table 10-5. CERCLA Evaluation Summary for Alternative GW-1: No Action 

Criterion Rating Detailed Analysis 

Overall Protection of 

HHE 

No Does not protect HHE 

Contains no provisions to protect against human exposure to COCs 

by restricting groundwater use.  

Compliance with ARARs No Does not comply with ARARs 

Since there is not action, ARARs for groundwater will not be met. 
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Table 10-5. CERCLA Evaluation Summary for Alternative GW-1: No Action 

Criterion Rating Detailed Analysis 

Long-term Effectiveness 

and Permanence 

N/A Alternative GW-1 fails threshold criteria for protection of HHE. 

Therefore, an evaluation against the balancing criteria was not 

performed. 

Reduction of TMV 

through Treatment 

N/A Alternative GW-1 fails threshold criteria for protection of HHE. 

Therefore, an evaluation against the balancing criteria was not 

performed. 

Short-term Effectiveness N/A Alternative GW-1 fails threshold criteria for protection of HHE. 

Therefore, an evaluation against the balancing criteria was not 

performed. 

Implementability N/A Alternative GW-1 fails threshold criteria for protection of HHE. 

Therefore, an evaluation against the balancing criteria was not 

performed. 

Net Present Worth Cost $0 Alternative GW-1 has no components, therefore, there is no cost.  

Total Non-discounted 

Cost 

$0 Alternative GW-1 has no components, therefore, there is no cost.  

ARAR   =  applicable or relevant and appropriate requirement 

CERCLA =  Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
HHE      =  human health and the environment 

N/A      =  not applicable 

TMV   =  toxicity, mobility, or volume 

 

Alternative GW-2: MNA and ICs. This alternative includes the following components:  

 MNA to include periodic sampling and analysis from up to 38 existing monitoring wells, 15 new 

wells, and up to 10 existing aquifer tubes. It is assumed for cost estimating purposes that new 

monitoring wells would be sampled quarterly for Year 1, annually for Years 2 through 10, and 

biennially thereafter. Existing monitoring wells and aquifer tubes are sampled annually for years 1 

through 10, and biennially thereafter. Groundwater sampling and analysis results would be evaluated 

and presented in the annual groundwater report. 

 The scope of the ICs would include a prohibition on groundwater use except for monitoring, 

remediation, or research purposes as authorized in EPA approved documents. This would be 

accomplished through the Sitewide IC Plan (DOE/RL-2001-41). ICs would be maintained until COC 

concentrations achieve cleanup levels.  

The duration of the MNA sampling, analysis, and data evaluation period is based on the model-estimated 

timeframe for each COC to achieve its cleanup level using the C90 calculation approach, except for TCE 

where a Cmax approach was used, as described in Section 9.1. The estimated timeframes were rounded 

up to account for model uncertainties. the estimated timeframe for each COC is Cr(VI) = 25 years based 

on 10 µg/L PRG and 10 years based on 48 µg/L PRG; strontium-90 = 90 years; trichloroethene = 

50 years; and nitrate = 30 years. It is assumed that an additional five years of compliance monitoring 

would be performed once cleanup levels for each COC plume are achieved. This five-year period is not 

included in these timeframe estimates. 

Evaluation of Alternative GW-2 against the CERCLA threshold criteria (Table 10-6) indicates this 

alternative protects human health by restricting groundwater use until MNA reduces COC concentrations 



DOE/RL-2010-98, REV. 0 

10-12 

to cleanup levels (ARARs). ICs developed under this alternative will provide a comprehensive array of 

measures to control and prevent inadvertent exposure to contaminated groundwater. Conditions associated 

with the 100-F reactor interim safe storage (ISS) and related controls are expected to remain in place for 

up to 75 years, thus providing an additional vehicle to monitor the effectiveness of land and groundwater 

use ICs.  

Table 10-6. CERCLA Evaluation Summary for Alternative GW-2: MNA and ICs 

Criterion Rating Detailed Analysis 

Overall Protection of 

HHE 
Yes Protects HHE 

 Modification to the Sitewide IC Plan (DOE/RL-2001-41) will 

implement ICs that prohibit groundwater use, thereby preventing 

exposure until remedial goals are achieved. 

 Natural attenuation processes are reducing COC concentrations.  

 Existing groundwater, aquifer tube and pore water monitoring 

data show that Cr(VI) and strontium-90 concentrations are low 

enough such that adverse effects to aquatic receptors are unlikely 

to occur.  

Compliance with ARARs Yes Complies with ARARs 

 Chemical-specific ARARs for protection of groundwater as a 

drinking water source achieved throughout the aquifer for all 

COCs in approximately 90 years. 

 Chemical-specific ARARs for Cr(VI) in surface water have 

already been achieved at a majority of the aquifer tubes and pore 

water sample locations.  

 Monitoring programs will be designed to demonstrate compliance 

with ARARs. 

Long-term Effectiveness 

and Permanence 
 Provides high degree of long-term effectiveness and permanence 

Factors that enable this alternative to perform very well against 

the long-term effectiveness and permanence criterion: 

 Drinking water and surface water quality protection-based 

remedial goals achieved at completion of remedial action.  

 ICs prohibit exposure until remedial goals are achieved.  

 The Sitewide IC Plan (DOE/RL-2001-41) and ISS maintenance 

requirements ensure a high degree of IC reliability. 

 Radioactive decay reduces strontium-90 concentrations at known 

rates without human intervention. 

 Cr(VI), trichloroethene, and nitrate concentrations are being 

reduced through degradation and non-degrading natural 

attenuation processes that act without human intervention. 

Factors that may represent a disadvantages or uncertainty to 

long-term effectiveness and permanence: 

 None identified. 

Reduction of TMV 

through Treatment 
 A MNA remedy does not reduce the toxicity, mobility, or volume of 

contaminants through active treatment.  

Short-term Effectiveness  Provides low to moderate degree of short-term effectiveness 

Factors that enable this alternative to perform moderately well 

against the short-term effectiveness criterion: 
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Table 10-6. CERCLA Evaluation Summary for Alternative GW-2: MNA and ICs 

Criterion Rating Detailed Analysis 

 There are no risks to the community from implementation of ICs 

and MNA because of the remote site location. 

 Risks to workers from implementation of periodic IC surveillance 

and MNA groundwater monitoring programs minimized through 

an HSP, proper PPE, and limited intrusive activity. 

 Limited effects to environment from implementation of ICs and 

MNA groundwater monitoring program expected. 

 Estimated time to achieve PRGs: 25 years for Cr(VI) and 30 years 

for nitrate.  

Factors that may provide some disadvantages or uncertainty relative 

to short-term effectiveness: 

Estimated time to achieve PRGs is 50 years for trichloroethene and 

90 years for strontium-90. 

Implementability  Readily implemented 

 No technical or administrative challenges are associated with 

implementation of ICs or MNA monitoring programs. Both 

technologies are widely used at the Hanford Site.  

 ICs have been previously approved and implemented at other 

100 Area groundwater OUs under interim action RODs.  

Net Present Worth 

Cost* 

Total All 

Plumes:  

$36,261,000 

Total Non-discounted 

Cost* 

Total All 

Plumes: 

$59,639,000 

ARAR =   applicable or relevant and appropriate requirement 

CERCLA =   Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

COC =   contaminant of concern 

HHE =   human health and the environment 

HSP =   health and safety plan 

IC =   institutional control 

ISS =   interim safe storage 

MNA =   monitored natural attenuation 

OU =   operable unit 

PPE =   personal protective equipment 

PRG =   preliminary remediation goal 

ROD =   record of decision 

TMV =   toxicity, mobility, or volume 

* Includes allowances for capital, operations and maintenance, and periodic costs. 

 

Groundwater samples collected from aquifer tubes and pore water samples indicate that COC 

concentrations are below PRGs in nearly all samples in the last three years. Therefore, this alternative is 

protective of the aquatic environment along the shoreline. The evaluation presented in Appendix M 

indicates that existing natural attenuation processes are reducing COC concentrations in 100-FR-3 OU 

groundwater, thus providing protection for the environment. The effectiveness of these processes is 
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evident in the time series charts that show declining COC concentrations at many monitoring well 

locations and the plume maps shown in Chapter 9 demonstrating a reduced plume size over time.  

Future groundwater monitoring results will provide information to evaluate protectiveness of this 

alternative. Relative to the CERCLA balancing criteria (Table 10-6), this alternative performs very well 

for long-term effectiveness and implementability, moderately well for short-term effectiveness, and less 

well relative to TMV through treatment. The total present worth cost for Alternative GW-2 is estimated at 

$36,261,000, with a capital cost of $4,930,000 and a combined annual O&M and periodic non-discounted 

cost of $54,709,000. These costs are to develop and implement a monitoring system and evaluate MNA 

mechanisms over a 90-year period.  

Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA. This alternative includes the following 

components:  

 Implement ICs as described for Alternative GW-2, modified as necessary to reflect the shorter 

remedial action timeframe. 

 Groundwater pump-and-treat for the Cr(VI), strontium-90, and trichloroethene plumes, and 

the northern portion of the nitrate plume. Eighteen new extraction wells would be installed and 

the wells pumped at estimated rates of approximately 36 to 40 gpm each (755 gpm total) for the first 

five years. As the COC plumes contract and remedial goals are achieved on the plume margins, 

extraction wells would be turned off and the total pumping rate decreased to 635 gpm for years 6 to 

10. All pumping would terminate following year 10. Actual pumping rates and durations will be 

determined during remedial design and may differ from these estimated values. 

 The four Cr(VI) extraction wells would be pumped at an estimated rate of 180 gpm for up to five 

years, the two trichloroethene wells at 80 gpm for up to 10 years, and the single strontium-90 well at 

40 gpm for up to 10 years. Pump-and-treat for nitrate occurs in the concentrated northern portion of 

the plume with 11 extraction wells pumping at a combined rate of up to 455 gpm for up to 10 years. 

The actual number and placement of extraction and injection wells, and pumping rates, will be refined 

during remedial design and may differ from these estimated values. 

 Treatment of extracted groundwater at a newly constructed central treatment system, and injection of 

treated groundwater to enhance gradient control and removal of the COCs from the aquifer. 

The actual treatment processes, number of treatment vessels, and their final configuration will be 

determined during remedial design and may differ from the configuration shown in Figure 9-9, which 

was developed for cost estimating purposes.  

 In situ treatment of nitrate, Cr(VI), and trichloroethene to accelerate cleanup. A portion of the treated 

groundwater would be amended with a substrate (to be identified during remedial design) and 

injected into the upgradient portion of the nitrate, Cr(VI), and trichloroethene plumes transforming 

nitrate to nitrogen gas, Cr(VI) to Cr(III), and trichloroethene to cis 1,2-dichloroethene. Substrate 

injection would continue for up to 10 years.  

 MNA for strontium-90 for an additional 75 years following shutdown of the extraction well in year 10. 

Performance monitoring for this alternative includes periodic sampling and analysis from up to 

38 existing monitoring wells, 15 new wells, and up to 10 existing aquifer tubes. For cost estimating 

purposes, it is assumed that the new monitoring wells are sampled quarterly for Year 1, annually for 

Years 2 through 10, and biennially thereafter. Existing monitoring wells and aquifer tubes are sampled 

annually for Year 1, annually for Years 2 through 10, and biennially thereafter. Groundwater sampling 

and analysis results would be evaluated and presented in the annual groundwater report.  
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The duration of the O&M period for pump-and-treat operations is 5 years for Cr(VI) and 10 years for 

TCE, strontium-90, and nitrate. The pumping durations will be refined during remedial design and during 

remedy implementation through remedial process optimization.  

The estimated timeframe to achieve the remedial goal using the C90 calculation approach, except for TCE 

where the Cmax timeframe is used as described in Section 9.1, is as follows: Cr(VI) = 5 years based on 

the 10 µg/L and 48 µg/L PRGs; strontium-90 = 85 years; trichloroethene = 10 years; nitrate = 20 years. 

Evaluation of Alternative GW-3 against the CERCLA threshold criteria (Table 10-7) indicates this 

alternative protects human health by implementing and maintaining ICs until pump-and-treat and in situ 

treatment reduces COC concentrations to PRGs. the environment is protected by reducing COC 

concentrations in groundwater and preventing plume expansion and exposure through hydraulic control. 

Reducing COC concentrations to PRGs and documenting these reductions while constructing and 

operating the remedy in accordance with the remedial design ensures compliance with ARARs. Relative 

to the CERCLA balancing criteria, this alternative performs moderately to very well against each of 

the balancing factors. This alternative will require further design analysis and testing. The total present 

worth cost is estimated at $176,780,000 with a capital cost of $83,243,000 and combined annual O&M 

and periodic non-discounted cost of $123,703,000. The total non-discounted cost is estimated at 

$203,946,000. 

Table 10-7. CERCLA Evaluation Summary for Alternative GW-3: Pump-and-Treat with  
In Situ Treatment and MNA 

Criterion Rating Detailed Analysis 

Overall Protection of 

HHE 

Yes Protects HHE 

 Modification to the Sitewide IC Plan (DOE/RL-2001-41) will 

implement ICs that prohibit groundwater use, thereby preventing 

exposure to contaminated groundwater until remedial goals are 

achieved.  

 Groundwater pump-and-treat reduces the potential for Cr(VI) 

PRG exceedance at the groundwater/surface water interface.  

 Concentrations of strontium-90 along the river shoreline are 

expected to remain below the 8 pCi/L PRG. 

Compliance with ARARs Yes Complies with ARARs 

 Chemical-specific ARARs for protection of groundwater as a 

drinking water source achieved throughout the aquifer in 

approximately 85 years. 

 Chemical-specific ARARs for surface water quality protection for 

Cr(VI) in groundwater along the shoreline estimated to be 

achieved within 5 years.  

Long-term Effectiveness 

and Permanence 
 Provides high degree of long-term effectiveness and permanence 

Factors that enable this alternative to perform well against 

the long-term effectiveness and permanence criterion: 

 Drinking water and surface water quality PRGs for Cr(VI), 

trichloroethene, and the northern, more concentrated portion of 

the nitrate plume, are achieved at completion of remedial action 

using pump-and-treat. 

 ICs will remain in effect until remedial goals are achieved.  

  



DOE/RL-2010-98, REV. 0 

10-16 

Table 10-7. CERCLA Evaluation Summary for Alternative GW-3: Pump-and-Treat with  
In Situ Treatment and MNA 

Criterion Rating Detailed Analysis 

  Relies on MNA to address the southern, low concentration portion 

of the nitrate plume, and the balance of the strontium-90 plume 

following shutdown of the single strontium-90 extraction well. 

Factors that may represent a disadvantages or uncertainty to 

long-term effectiveness and permanence: 

 None identified.  

Reduction of TMV 

through Treatment 
 Provides moderate degree of TMV through treatment 

Factors that enable this alternative to perform moderately well 

against the reduction of TMV by treatment criterion: 

 Significant mass of nitrate is removed through pumping and ion 

exchange treatment. Trichloroethene mass is reduced in 

groundwater through air stripping. 

 Cr(VI), trichloroethene, and nitrate TMV reduced rapidly in 

groundwater through above ground and/or in situ treatment.  

 Strontium-90 toxicity and volume initially reduced through above 

ground treatment.  

Factors that may provide some disadvantages or uncertainty to 

the reduction of TMV by treatment: 

 TMV for the southern portion of the nitrate plume occurs 

primarily through physical (advection and dispersion) natural 

attenuation processes. 

 Treatment media (IX resin) will require stabilization and disposal 

at ERDF.  

 The balance of toxicity and volume reduction for strontium-90 

occurs through radioactive decay. 

Short-term Effectiveness  Provides moderate degree of short-term effectiveness 

Factors that enable this alternative to perform moderately well 

against the short-term effectiveness criterion: 

 No adverse risks to the community from implementation of 

pump-and-treat remedy because of the remote site location and ICs. 

 Risks to workers from implementation of active treatment actions 

are minimized through an HSP and proper PPE. 

 Time to achieve PRGs in actively remediated Cr(VI), TCE, and 

northern nitrate plume areas is estimated at 5, 10, and 10 years, 

respectively. Time to achieve PRGs for nitrate in the southern 

plume area is estimated at 20 years. 

Factors that may provide some disadvantages or uncertainty to 

the short-term effectiveness: 

 Strontium-90 plume may require up to 85 years to achieve the PRG. 
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Table 10-7. CERCLA Evaluation Summary for Alternative GW-3: Pump-and-Treat with  
In Situ Treatment and MNA 

Criterion Rating Detailed Analysis 

Implementability  Performs moderately well against Implementability criterion 

Factors that enable this alternative to perform moderately well 

against the implementability criterion: 

 DOE has extensive experience with design and O&M of 

pump-and-treat systems implemented under previous interim 

action RODs. 

 Pump and treat is a widely used and reliable technology for 

conditions present at the Hanford Site. 

 ICs have been previously approved and implemented at other 

100 Area groundwater OUs under interim action RODs.  

Factors that may provide some disadvantages or uncertainty to 

the implementability: 

 Injection of organic substrate to stimulate in situ treatment of nitrate 

and trichloroethene not widely used at the Hanford Site. Will 

require pilot testing and an injection well rehabilitation program.  

Total Present Worth 

Cost* 

Total All 

Plumes: 

$176,780,000 

Total Non-discounted 

Cost* 

Total All 

Plumes: 

$203,946,000 

ARAR = applicable or relevant and appropriate requirement 

CERCLA =  Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

ERDF = Environmental Restoration Disposal Facility 

HHE = human health and the environment 

HSP = health and safety plan 

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

O&M =  operations and maintenance 

OU = operable unit 

PPE = personal protective equipment 

PRG = preliminary remediation goal 

ROD = record of decision 

TMV = toxicity, mobility, or volume 

* Includes allowances for capital, O&M, and periodic costs. 

 

Alternative GW-4: Enhanced Pump-and-Treat. The primary components of this alternative include 

the following actions:  

 Implement ICs as described for Alternative GW-2, modified as necessary to reflect the shorter 

remedial action timeframe. 
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 Groundwater pump-and-treat for the Cr(VI), strontium-90, trichloroethene, and entire nitrate plumes. 

The 24 new extraction wells would be installed and the wells pumped at estimated rates of 

approximately 40 gpm each (995 gpm total) for the first five years. As the COC plumes contract and 

PRGs are achieved along the plume margins, extraction wells would be turned off and the total 

pumping rate reduced to 875 gpm and eventually 160 gpm between years 6 through 10. All pumping 

would be terminated following year 10. 

 The four Cr(VI) extraction wells would initially be pumped at a rate of 180 gpm for up to 5 years, 

the 2 trichloroethene wells at 80 gpm for up to 10 years, the single strontium-90 well at 40 gpm for up 

to 10 years, and the 17 nitrate wells at 695 gpm for up to 10 years. 

 Treatment of extracted groundwater at a newly constructed central treatment system, and reinjection 

of treated groundwater to enhance gradient control and removal of the COCs from the aquifer. 

The actual treatment processes, number of treatment vessels, and their final configuration will be 

determined during remedial design. 

 MNA for strontium-90 for an additional 75 years following shutdown of the extraction well in 

year 10. 

Performance monitoring for this alternative includes periodic sampling and analysis from up to 

38 existing monitor wells, 15 new wells, and up to 10 existing aquifer tubes. For cost estimating purposes, 

it is assumed that the new monitoring wells are sampled quarterly for Year 1, annually for Years 2 

through 10, and biennially thereafter. Existing monitoring wells and aquifer tubes are sampled annually 

for Year 1, annually for Years 2 through 10, and biennially thereafter. Groundwater sampling and analysis 

results would be evaluated and presented in the annual groundwater report.  

the duration of the O&M period for pump-and-treat operations is 5 years for Cr(VI) and 10 years for 

TCE, strontium-90, and nitrate. The pumping durations will be refined during remedial design and during 

remedy implementation through remedial process optimization.  

the estimated timeframe to achieve the remedial goal using the C90 calculation approach, except for TCE 

where the Cmax timeframe is used as described in Section 9.1, is as follows: Cr(VI) = 5 years based on 

the 10 µg/L and 48 µg/L PRGs; strontium-90 = 85 years; trichloroethene = 10 years; and nitrate = 10 years. 

Evaluation of Alternative GW-4 against the CERCLA threshold criteria (Table 10-8) indicates this 

alternative protects human health by implementing and maintaining ICs until pump-and-treat reduces 

COC concentrations to PRGs. the environment is protected by reducing COC concentrations in 

groundwater and preventing plume expansion and exposure through hydraulic control. Reducing COC 

concentrations to PRGs, and constructing and operating the remedy in accordance with the remedial 

design ensure compliance with ARARs. Relative to the CERCLA balancing criteria, this alternative 

performs very well against the balancing factors of long-term effectiveness and permanence, TMV 

reduction through treatment, and moderately well against the criterion of short-term effectiveness and 

implementability. The total present worth cost is estimated at $193,814,000 with a capital cost of 

$96,534,000 and combined annual O&M and periodic non-discounted cost of $124,391,000. The total 

non-discounted cost is estimated at $220,925,000. 
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Table 10-8. CERCLA Evaluation Summary for Alternative GW-4: Enhanced Pump-and-Treat 

Criterion Rating Detailed Analysis 

Overall Protection of 

HHE 

Yes Protects HHE 

 ICs prohibit exposure to contaminated groundwater until remedial 

goals are achieved.  

 PRG exceedance at the groundwater/surface water interface is 

prevented through pump-and-treat system capture zone.  

 Concentrations of strontium-90 along the river shoreline are 

expected to remain below the 8 pCi/L PRG. 

 Nitrate concentrations in the groundwater plume are reduced to 

the PRG in 10 years.  

Compliance with ARARs Yes Complies with ARARs 

 Chemical-specific ARARs for protection of groundwater as a 

drinking water source achieved throughout the aquifer in 

approximately 85 years. 

 Chemical-specific ARARs for surface water quality protection for 

Cr(VI) achieved in groundwater along the shoreline within 5 years.  

Long-term Effectiveness 

and Permanence 
 Provides high degree of long-term effectiveness and permanence 

Factors that enable this alternative to perform moderately well 

against the long-term effectiveness and permanence criterion: 

 Pump-and-treat is a widely used and reliable technology for 

conditions present at the Hanford site. 

 ICs will remain in effect until remedial goals are achieved.  

 Ex situ treatment permanently removes COCs from groundwater 

and returns treated water to the aquifer. 

Factors that may represent a disadvantages or uncertainty to 

long-term effectiveness and permanence: 

 None identified.  

Reduction of TMV 

through Treatment 
 Provides high degree of TMV through treatment 

Factors that enable this alternative to perform well against 

the reduction of TMV by treatment criterion: 

 TMV in groundwater reduced rapidly for Cr(VI), trichloroethene, 

and nitrate through above ground treatment 

 Strontium-90 toxicity and volume initially reduced through above 

ground treatment  

Factors that may provide some disadvantages or uncertainty to 

the reduction of TMV by treatment: 

 Treatment media (IX resin) will require stabilization and disposal 

at ERDF.  

 The balance of toxicity and volume reduction for strontium-90 

occurs through radioactive decay.  
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Table 10-8. CERCLA Evaluation Summary for Alternative GW-4: Enhanced Pump-and-Treat 

Criterion Rating Detailed Analysis 

Short-term Effectiveness  Provides moderate degree of short-term effectiveness 

Factors that enable this alternative to perform moderately well 

against the short-term effectiveness criterion: 

 No adverse risks to the community from implementation of 

pump-and-treat remedy because of the remote site location and ICs 

 Risks to workers from implementation of active treatment actions 

are minimized through an HSP and proper PPE 

 Time to achieve PRGs ranges from 5 to 10 years in actively 

remediated Cr(VI), trichloroethene and nitrate plume areas  

Factors that may provide some disadvantages or uncertainty to 

the short-term effectiveness: 

 Strontium-90 plume may require up to 85 years to achieve PRGs. 

Implementability  Provides moderate degree of implementability 

Factors that enable this alternative to perform well against 

the implementability criterion: 

 DOE has extensive experience with design and O&M of 

pump-and-treat systems implemented under previous interim 

action RODs. 

 Pump and treat is a widely used and reliable technology for 

conditions present at the Hanford site. 

 ICs have been previously approved and implemented at other 

100 Area groundwater OUs under interim action RODs.  

Factors that may provide some disadvantages or uncertainty to 

the implementability: 

 None identified 

Total Present Worth 

Cost* 

Total All 

Plumes: 

$193,814,000 

Total Non-discounted 

Cost* 

Total All 

Plumes: 

$220,925,000 

AWQC = ambient water quality criteria 

ARAR = applicable or relevant and appropriate requirement 

COC = contaminant of concern 

ERDF = Environmental Restoration Disposal Facility 

HHE = human health and the environment 

HSP = health and safety plan 

IC = institutional control 

IX = ion exchange 

O&M = operation and management 

OU = operable unit 

PPE = personal protective equipment 

PRG = preliminary remediation goal 

ROD = record of decision 

TMV = toxicity, mobility, or volume 

* Includes allowances for capital, O&M, and periodic costs. 
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10.3 Comparative Analysis of Alternatives 

This section summarizes the comparative analysis of alternatives. The comparative analysis is designed to 

assess the advantages and disadvantages of each alternative relative to one another to identify key 

tradeoffs that should be noted during remedy selection. The waste site alternative comparative analysis is 

summarized in Table 10-9 and the groundwater alternative comparison in Table 10-10.  

Table 10-9. Comparative Analysis of Waste Site Alternatives 

Criterion 

Alternative S-1: No Action 

Alternative S-2: RTD 

and ICs 

Rating Rating 

Overall Protection of HHE No Yes 

Compliance with ARARs No Yes 

Long-term Effectiveness and Permanence N/A  

Reduction of Toxicity, Mobility, or Volume through 

Treatment 

N/A  

Short-term Effectiveness N/A  

Implementability N/A  

Net Present Worth Cost $ 0 $20,579,000 

 = Expected to perform very well against the criterion with no apparent disadvantages or uncertainty. 

 = Expected to perform moderately well against the criterion but with some disadvantages or uncertainty. 

 = Expected to perform less well against the criterion with more disadvantages or uncertainty. 

ARAR = applicable or relevant and appropriate requirement 

HHE = human health and the environment 

IC = institutional control 

N/A = not applicable 

RTD = removal, treatment, and disposal 

* Detailed cost estimates are presented in Appendix K. 

 

 

Table 10-10. Comparative Analysis of Groundwater Alternatives 

Criterion 

Alternative 

GW-1: No 

Action 

Alternative 

GW-2: MNA 

and ICs 

Alternative GW-3: 

Pump-and-Treat with In 

Situ Treatment and MNA 

Alternative GW-4: 

Enhanced 

Pump-and-Treat 

Rating Rating Rating Rating 

Overall Protection 

of HHE 

No Yes Yes Yes 

Compliance with 

ARARs 

Yes Yes Yes Yes 
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Table 10-10. Comparative Analysis of Groundwater Alternatives 

Criterion 

Alternative 

GW-1: No 

Action 

Alternative 

GW-2: MNA 

and ICs 

Alternative GW-3: 

Pump-and-Treat with In 

Situ Treatment and MNA 

Alternative GW-4: 

Enhanced 

Pump-and-Treat 

Rating Rating Rating Rating 

Long-term 

Effectiveness and 

Permanence 

N/A    

Reduction of 

Toxicity, Mobility, 

or Volume by 

Treatment 

N/A    

Short-term 

Effectiveness 

N/A    

Implementability N/A    

Net Present Worth 

Cost* 

$ 0 $36,261,000 $176,780,000 $193,814,000 

 = Expected to perform very well against the criterion with no apparent disadvantages or uncertainty. 

 = Expected to perform moderately well against the criterion but with some disadvantages or uncertainty. 

 = Expected to perform less well against the criterion with more disadvantages or uncertainty. 

ARAR = applicable or relevant and appropriate requirement 

HHE = human health and the environment 

IC = institutional control 

MNA = monitored natural attenuation 

N/A = not applicable 

RTD = removal, treatment, and disposal 

* Detailed cost estimates are presented in Appendix K. 

 

10.3.1 Overall Protection of HHE  

Waste Site Alternatives. For the waste sites, Alternative S-2: RTD and ICs is the only alternative that 

protects HHE. This is accomplished by removing and transporting contaminated soil and debris to an 

engineered waste disposal facility (ERDF) or applying ICs at waste sites identified in Chapter 9, 

Table 9-1. Alternative S-1: No Action does not protect HHE because no actions are taken to protect 

current and future HHE against direct contact with contaminated soil or leaching of contaminants to 

groundwater.  

Groundwater Alternatives. Each of the alternatives, except GW-1: No Action, protects current and future 

human health by preventing exposure to contaminated groundwater with ICs until RAOs are achieved.  

Alternative GW-2: Natural attenuation processes reduce COC concentrations to remedial goals. Although 

some of the Cr(VI) mass of 16 kg, TCE mass of 8 kg, and nitrate mass of 1.2 million kg may enter 

the river over timeframes up to 30 years (based on C90 concentration), the concentrations in the river 

substrate pore water will be low and not pose a threat to aquatic receptors. While the mass of nitrate 

entering the river is relatively large, at about 40 kg/day it represents only 1.1 percent of the 3,500 kg/day 

that enters the Columbia River from upstream irrigation return flows (Irrigation Return Flow Quality 
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South Columbia Basin Irrigation District May-August 1980 [WA-36-1010]). A recent USGS study 

(National Ambient Water-Quality Assessment Program) of groundwater quality in the Central Columbia 

Plateau identified the presence of nitrate at concentrations above the federal DWS in 19 percent of 

the wells surveyed. Nitrogen fertilizers applied to crop fields are the primary source of the elevated nitrate 

concentrations observed at the surveyed wells.  

Alternative GW-3: Pump-and-Treat with In Situ Treatment and MNA provides protection for HHE using 

ex situ treatment for all COCs in combination with enhanced in situ treatment to transform nitrate, Cr(VI), 

and trichloroethene to nontoxic or less toxic compounds. Alternative GW-3 enhances in situ treatment by 

injecting a substrate through a network of injection wells to accelerate the transformation process. 

The enhancement step provides greater certainty that full treatment will occur and achieves treatment 

within the nitrate, Cr(VI), and trichloroethene plume footprints within a shorter timeframe relative to 

Alternative GW-2. 

Alternative GW-4: Enhanced Pump-and-Treat is expected to provide protection for HHE because a 

majority of the COC mass is removed from groundwater in an above ground treatment facility using 

technology proven successful elsewhere at the Hanford Site. COC mass is concentrated on a sorption type 

media (IX), which is either regenerated and reused or disposed at ERDF. Volatile contaminants, such as 

TCE, are vented by the air stripper to the atmosphere for photodegradation. 

10.3.2 Compliance with ARARs 

Waste Site Alternatives. Alternative S-2 is the only waste site alternative that complies with ARARs.  

Groundwater Alternatives. All of the groundwater alternatives achieve chemical-specific ARARs for 

the defined remedial action target areas within timeframes that vary, depending on the COC. Exclusive of 

strontium-90, Alternative GW-4 complies with ARARs within 10 years, Alternative GW-3 within 

20 years, and Alternatives GW-2 and GW-1 within 30 years. Relative to strontium-90, all of 

the alternatives comply with ARARs in timeframes estimated to range from 85 to 90 years.  

10.3.3 Long-Term Effectiveness and Permanence 

Waste Site Alternatives. Alternative S-2: RTD and ICs performs very well relative to the long-term 

effectiveness and permanence criterion because COC-contaminated soil and debris exceeding PRGs is 

removed and transported to ERDF. Once the contaminated soil is removed, there is no need for any 

further controls. Although waste is left in place at 15 waste sites where ICs would be implemented, 

radionuclides are the primary COCs and, therefore, radioactive decay will reduce COC concentrations to 

PRGs such that ICs can be removed in the future at the dates specified in Chapter 9, Table 9-1. At 

the 116-F-14 waste site, where Cr(VI) leaching poses a groundwater/surface water protection threat, 

the no irrigation IC needs to be maintained indefinitely based on current information. Because Alternative 

S-1 does not satisfy threshold criteria, which would preclude its selection, it was not evaluated against 

this criterion.  

Groundwater Alternatives. Alternatives GW-2, GW-3, and GW-4 are expected to perform very well 

relative to the long-term effectiveness and permanence criterion. Each of the alternatives employs varying 

levels of active and passive treatment that permanently reduce COC concentrations within different 

timeframes. At the end of the remedial timeframe, COC concentrations for all alternatives are protective 

of HHE. Above ground treatment residuals generated under alternatives GW-3 and GW-4 will be 

transported to ERDF. Because Alternative GW-1 does not satisfy the threshold criteria for protection of 

HHE, which would preclude its selection, it was not evaluated against this criterion. 
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10.3.4 Reduction of Toxicity, Mobility or Volume through Treatment 

Waste Site Alternatives. Alternative S-2 performs less well relative to this criterion as there is no TMV 

reduction through treatment, except as required for disposal of excavated soil and material to meet ERDF 

waste acceptance criteria. Because Alternative S-1 does not satisfy threshold criteria, which would 

preclude its selection, it was not evaluated against this criterion.  

Groundwater Alternatives. Alternative GW-4 performs very well relative to this criterion, whereas 

alternatives GW-3 and GW-2 are expected to perform moderately and less well, respectively. Under 

Alternative GW-4, the majority of the COC mass is removed from the aquifer using groundwater extraction 

and above ground treatment, and the treatment residuals immobilized and disposed at a secure long-term 

management facility (ERDF). Groundwater extraction and injection wells are also used to contain the COC 

plumes hydraulically, preventing their expansion into other areas. Alternative GW-3 provides a moderate 

degree of TMV reduction because it focuses on the northern portion of the nitrate plume, and relies on 

MNA for the southern portion. Additionally, incomplete treatment (because of poor substrate distribution) 

may result in the formation of treatment residuals, a condition that does not occur when treatment is 

performed using above ground, physical treatment methods. Alternative GW-2 provides no degree of TMV 

reduction through treatment. Because Alternative GW-1 does not satisfy the threshold criteria for protection 

of HHE, which would preclude its selection, it was not evaluated against this criterion. 

10.3.5 Short-Term Effectiveness 

Waste Site Alternatives. Alternative S-2 is expected to perform moderately well against this criterion. 

Risks to the community are low because of the waste site’s remote location. While risks to workers and 

the environment are controlled using engineering measures and personal protective equipment (PPE), 

excavation sidewall stability and materials handling always pose potential threats. Alternative S-2 

achieves RAOs within a three- to five-year timeframe. Because Alternative S-1 does not satisfy threshold 

criteria, which would preclude its selection, it was not evaluated against this criterion.  

Groundwater Alternatives. Alternatives GW-2, GW-3, and GW-4 are all expected to perform moderately 

well relative to this criterion. However, GW-2 has the lowest potential for adverse impact to 

the community, workers, or the environment (e.g., GHG) because there is less construction-related 

activity. The overall timeframe to achieve all PRGs throughout the aquifer (85 to 90 years) is similar for 

all three alternatives (Table 10-11) due to strontium-90; however, Alternatives GW-3 and GW-4 do 

provide faster remediation for the Cr(VI), trichloroethene, and nitrate plumes. Because Alternative GW-1 

does not satisfy the threshold criteria for protection of HHE, which would preclude its selection, it was 

not evaluated against this criterion. 

10.3.6 Implementability 

Waste Site Alternatives. Alternative S-2 is readily implemented because the required administrative and 

technical resources are available due to their frequent use at the Hanford site under interim action RODs. 

Because Alternative S-1 does not satisfy threshold criteria, which would preclude its selection, it was not 

evaluated against this criterion. 

Groundwater Alternatives. Alternative GW-2 performs very well against this criterion because it only 

involves installation of new monitoring wells and sampling and analysis of groundwater samples from 

new/existing wells and aquifer tubes. The resources needed to perform this work are readily available. 

Alternatives GW-3 and GW-4 are expected to perform moderately well. The in situ treatment for 

Alternative GW-3 does require specialized biological reagents, but it is a proven technology. Because 

Alternative GW-1 does not satisfy the threshold criteria for protection of HHE, which would preclude its 

selection, it was not evaluated against this criterion.   
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Table 10-11. Comparison of Remedial Action Timeframe Estimates (Years) 

COC PRG 

GW-1: No 

Action 

GW-2: MNA and 

ICs 

GW-3: Pump-

and-Treat with 

In Situ 

Treatment and 

MNA 

GW-4: Enhanced 

Pump-and-Treat 

Cmax C90 Cmax C90 Cmax C90 Cmax C90 

Cr(VI) 10 µg/L 35 25 35 25 5 5 10 5 

Cr(VI) 48 µg/L 20 10 20 10 5 5 5 5 

Nitrate 45,000 µg/L 80 30 80 30 75 20 25 10 

Trichloroethene 4 µg/L 50 --
*
 50 --

*
 10 --

*
 10 --

*
 

Strontium-90 8 pCi/L 150 90 150 90 150 85 150 85 

Cmax =  maximum concentration value 

C90 =  corresponds to the 90th percentile value of all the calculated concentrations across the model domain for a given time  
  step 

COC =  contaminant of concern 

DWS =  drinking water standard 

EPC =  exposure point concentration 

IC =  institutional control 

MNA =  monitored natural attenuation 

PRG =  preliminary remediation goal 

TCE =  trichloroethene  

* The model estimated C90 concentration for trichloroethene is currently less than the PRG; therefore, the C90 concentration is 

not presented or used for the detailed and comparative evaluation of alternatives. The use of Cmax for trichloroethene evaluation 
is discussed in Section 9.1.  

 

10.3.7 Cost  

Waste Site Alternatives. The total net present worth cost for Alternative S-2 is $20,579,000. 

Alternative S-1 has a cost of $0.  

Groundwater Alternatives. The total net present worth cost for Alternative GW-1: No Action is $0, 

Alternative GW-2: MNA and ICs $36.3 million, Alternative GW-3: Pump-and-Treat Optimized with In 

Situ Treatment and MNA $176.8 million, and Alternative GW-4: Enhanced Pump-and-Treat 

$193.8 million. 

10.4 NEPA Values 

This section addresses the incorporation of NEPA values into CERCLA documents. This is consistent 

with National Environmental Policy Act Compliance Program (DOE O 451.1B Chg 2), which requires 

that CERCLA actions address and incorporate NEPA values such as socioeconomic, ecological, offsite, 

and cumulative effects in CERCLA documents to the extent practicable.  

The alternatives developed to address COCs present in groundwater in the 100-FR-3 OU include a broad array 

of media-specific options. The No Action Alternative would not mitigate the environmental impacts from 

contaminated groundwater. All other alternatives mitigate the effects, using an increasingly more complex 

array of remedial technologies that achieve RAOs in a progressively shorter timeframe at higher costs.  
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NEPA values associated with remediation are based on information presented in this RI/FS, including 

the site characteristics (Chapters 1, 2, and 3), final COCs (Chapter 8), and identification and evaluation of 

remedial actions (Chapter 9). Applying a “sliding scale” of NEPA analysis to 100-F/IU (using 

Recommendations for the Preparation of Environmental Assessments and Environmental Impact 

Statements: Second Edition [DOE, 2004]) and considering CERCLA ARARs (identified in Table 8-2), 

the principal resource areas of concern include the contaminants in waste sites, contaminants in 

the groundwater and surface water, solid and liquid radioactive and hazardous waste management, air 

emissions, potential adverse effects to historic and cultural resources, ecological resources, 

socioeconomics (including environmental justice concerns), and transportation.  

The net anticipated effect from implementation of groundwater alternatives (GW-2, GW-3, or GW-4) 

could be an overall positive contribution to cumulative environmental effects at the Hanford Site.  

In addition, DOE has included the combined effects anticipated from ongoing CERCLA/TPA 

(Ecology et al., 1989a) response actions as part of the cumulative impact analysis in Draft Tank Closure 

and Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington 

(DOE/EIS-0391), which includes a sitewide cumulative impact groundwater analysis. This has presented 

the public with a separate opportunity for comment as part of that NEPA process, and is being used to 

inform the public concerning ongoing implementing cleanup actions on the Hanford Site. The NEPA 

values (i.e., resource area and relevant NEPA considerations) most relevant to and potentially affected by 

the actions taking place under this remedial action are described in Table 10-12. 

10.5 Coordination of Interim and Final CERCLA Remedial Activities 

A feature of each area is the ongoing implementation of interim action RODs, CERCLA removal actions, 

RCRA corrective actions, treatability tests, and other activities to remediate contaminated areas or to 

develop more effective methods that advance remediation, as discussed in preceding chapters. 

Implementation of these interim action ROD activities is generating information that allows an improved 

understanding of site complexity, supports refinement of the CSM, and documents the effectiveness of 

the remedial actions. 

Cleanup of waste sites in accordance with the interim action RODs and focused FSs is ongoing and 

expected to continue until final action RODs are in place. As remedial actions under interim action RODs 

are completed, verification sampling and laboratory analyses are performed to document the extent to 

which RAGs established under the interim action RODs have been met. This information will be essential 

to supporting final action RODs. 

Characterization data and information developed through implementation of remedial actions under interim 

action RODs will be coordinated and evaluated in support of reaching a final action ROD. To support a final 

action remedy, the current remedial actions under interim action RODs for the 100 Area OUs will continue 

until issuance of the final action ROD. While these interim remedial actions are underway, data will be 

generated to support final action decision making through the CERCLA process. The 100 Area integrated 

RI/FS process will be concluded with a data summary for all media (i.e., surface soil, vadose zone, 

groundwater, and surface water), as documented in Chapters 1 through 7 of the RI report, and evaluated 

through remedial alternatives analyses in the FS (Chapters 8 through 10). The final action remedy selection 

completes the RI/FS process and will be presented in the Proposed Plan. Under CERCLA, five-year 

reviews continue to be required to evaluate the implementation and effectiveness of remedial actions.  
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Table 10-12. NEPA Values Evaluation 

NEPA Values Description Evaluation* 

Transportation Considers effects of the proposed action 

on local traffic (i.e., traffic at 

the Hanford Site) and traffic in 

the surrounding region. 

Implementation of all action alternatives (except No Action) would be expected to 

produce short-term effects on local traffic. A majority of the effect relates to increased 

truck traffic associated with the alternatives; they would involve transport of 

contaminated soil moved from a waste site(s) to ERDF. Transportation effects were 

considered in Remedial Investigation and Feasibility Study Report for the Environmental 

Restoration Disposal Facility (DOE/RL-93-99) as part of the evaluation of short-term 

effectiveness and implementability. NEPA values in the planning for the ERDF operation 

were explained in detail in NEPA Roadmap for the Environmental Restoration Disposal 

Facility Regulatory Package (DOE/RL-94-41).  

Water Quality Considers potential water quality 

concerns associated with 

the groundwater below the site and 

the Columbia River. 

Performance of waste site excavation requires the application of considerable quantities 

of water for dust control. The application of this water may result in infiltration to 

groundwater. This effect could be observed for Alternative S-2 because excavation is a 

component of this alternative. 

Contaminants would be removed from groundwater with ex situ treatment under 

Alternatives GW-3 and GW-4, whereas Alternative GW-2 reduces COC concentrations in 

situ. Ex situ treatment is expected to provide a greater net benefit for water quality in both 

groundwater and the Columbia River. Spent ion exchange resin would be generated and 

managed as solid waste. Volatile contaminants such as trichloroethene would be vented to 

the atmosphere for photodegradation. 

Air Quality Considers potential air quality concerns 

associated with emissions generated 

during the proposed action. 

Airborne releases associated with Alternatives S-2, GW-3, and GW-4 could occur due to 

dust generation during excavation, drilling, site grading, and trichloroethene treatment. 

An estimated 15,000 m
3
 (20,000 yd

3
) of contaminated soil and debris would be removed 

(excludes clean overburden and sideslope soil). Any potential airborne release of 

contaminants during remedial actions would be controlled in accordance with DOE 

radiation control and air pollution control standards to minimize emissions of air 

pollutants at the Hanford Site and protect all communities outside the site boundaries. 

Operation of trucks and other diesel-powered equipment for these alternatives would be 

expected to introduce quantities of carbon dioxide, sulfur dioxide, nitrogen dioxide, 

particulates, and other pollutants to the atmosphere.  
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Table 10-12. NEPA Values Evaluation 

NEPA Values Description Evaluation* 

Natural, Cultural, and 

Historical Resources 

Considers effects of the proposed action 

on wildlife, wildlife habitat, 

archeological sites and artifacts, and 

historically significant properties. 

Effects on ecological resources near the remedial actions could result from excavation of 

contaminated soil, installation of groundwater extraction and injection wells, and 

construction of above ground conveyance piping and a treatment facility. Such effects 

would be mitigated in accordance with Hanford Site Biological Resources Management 

Plan (DOE/RL-96-32) and Hanford Site Biological Resources Mitigation Strategy 

(DOE/RL-96-88), and with the applicable standards of all relevant biological species 

protection regulations.  

Alternatives GW-3 and GW-4 could pose an effect on cultural resources since they might 

require installation of wells in a potentially culturally sensitive area (“Protection of 

Historic Properties” [36 CFR 800]; National Historic Preservation Act of 1966 [NHPA], 

Section 106, documentation). However, because many of these sites have already been 

disturbed and only isolated artifacts would be expected to be encountered during project 

activities, implementation of Hanford Cultural Resources Management Plan 

(DOE/RL-98-10) and consultation with area Tribes would help ensure appropriate 

mitigation to avoid or minimize any adverse cultural or historical resource effects and 

address any relevant concerns. 

Effects to other cultural values will be minimized through implementation of Hanford 

Cultural Resources Management Plan (DOE/RL-98-10), Revised Mitigation Action Plan 

for the Environmental Restoration Disposal Facility (DOE/RL-2005-27), and 

consultation with area Tribes, as needed. This will help ensure appropriate mitigation to 

avoid or minimize any adverse effects to natural and cultural resources and address any 

other relevant concerns. 

Potential effects to cultural and historical resources that may be encountered during 

the short-term construction activities associated with implementing the action would be 

mitigated through compliance with the appropriate substantive requirements of NHPA 

and other ARARs related to cultural preservation. 

Socioeconomic Effects Considers effects pertaining to 

employment, income, other services 

(e.g., water and power utilities), and 

the effect of implementation of 

the proposed action on the availability 

of services and materials. 

The proposed action is within the scope of current DOE-RL environmental restoration 

activities and would have minimal effect on the current availability of services and 

materials. This work would be expected to be accomplished largely using employees from 

the existing contractor workforce. Even if the remedial activities creates additional service 

sector jobs, the total expected increase in employment would be expected to be less than 

1 percent of the current employment levels. The socioeconomic effect of the project 

would contribute to the continuing overall positive employment and economic effects on 

eastern Washington communities from Hanford Site cleanup operations.  
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Table 10-12. NEPA Values Evaluation 

NEPA Values Description Evaluation* 

Environmental Justice Considers whether the proposed 

response actions would have 

inappropriately- or 

disproportionately-high and adverse 

human health or environmental effects 

on minority- or low-income 

populations. 

Per Federal Actions to Address Environmental Justice in Minority Populations and 

Low-Income Populations (Executive Order 12898), DOE seeks to ensure that no group of 

people bears a disproportionate share of negative environmental consequences resulting 

from proposed federal actions. There were no effects associated with proposed activities 

associated with 100-F/IU that could reasonably be determined to affect any member of 

the public; therefore, they would not have the potential for high and disproportional 

adverse effects on minority or low income groups.  

Cumulative Effects 

(Direct and Indirect) 

Considers whether the proposed action 

could have cumulative effects on human 

health or the environment when 

considered together with other activities 

locally at the Hanford Site or in 

the region. 

The environmental concern of 100-F/IU is associated directly with the targeted area. 

Because of the temporary nature of the activities and their remote location, cumulative 

effects on air quality or noise with other Hanford Site or regional construction and 

cleanup projects would be minimal. When soil at a site in this area is found to be 

contaminated with hazardous substances in concentrations presenting a threat to HHE, 

that threat would be mitigated. The net anticipated effect could be a positive contribution 

to cumulative environmental effects at the Hanford Site through RTD of such hazardous 

substances and COCs into a facility that has been designed and legally authorized to 

contain such contaminants safely, such as ERDF. Contaminated soil removed under any 

alternative would meet the ERDF waste acceptance criteria as described in Environmental 

Restoration Disposal Facility Waste Acceptance Criteria (WCH-191). As noted earlier, 

the estimated volume of soil and debris that could be generated for disposal during 

implementation of the remedial action is approximately 15,000 m
3
 (20,000 yd

3
) over 

the expected duration of this action. 

Cumulative Effects 

(Direct and Indirect) 

(cont.) 

Considers whether the proposed action 

could have cumulative effects on human 

health or the environment when 

considered together with other activities 

locally, at the Hanford Site, or in 

the region.  

Wastes generated during implementation of the proposed alternatives would be 

manageable within the capacities of existing facilities. For perspective, ERDF received 

more than 700,000 tons of waste in CY 2008 and more than 430,000 tons in CY 2007. 

Radiological contamination is expected to be minimal; by definition, these are waste sites 

that are believed to be shallow in nature, do not affect groundwater, and have relatively 

small inventories. ERDF received approximately 22,500 Ci in CY 2008 and 

approximately 13,000 Ci in CY 2007. 
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Table 10-12. NEPA Values Evaluation 

NEPA Values Description Evaluation* 

Mitigation Considers that, if adverse effects cannot 

be avoided, response action planning 

should minimize them to the extent 

practicable. This value identifies 

required mitigation activities. 

Compliance with the substantive requirements of the ARARs would mitigate potential 

environmental impacts on the natural environment, including migratory birds and 

endangered species. DOE has established policies and procedures for the management of 

ecological and cultural resources when actions might affect such resources (Hanford Site 

Biological Resources Management Plan [DOE/RL-96-32], Hanford Site Biological 

Resources Mitigation Strategy [DOE/RL-96-88], and Hanford Cultural Resources 

Management Plan [DOE/RL-98-10]). Cultural resource and biological species 

reviews/surveys are undertaken that also provide suggested mitigation activities to assure 

adverse effects associated with implementing the actions are minimized or avoided. 

Health and safety procedures, documented in the HSPs established by Site contractors, 

would mitigate risks to workers from the remedial activities. 

Irreversible and 

Irretrievable 

Commitment of 

Resources 

Considers the use of nonrenewable 

resources for the proposed response 

actions and the effects that resource 

consumption would have on future 

generations. 

(When a resource [e.g., energy minerals, 

water, wetland] is used or destroyed and 

cannot be replaced within a reasonable 

amount of time, its use is considered 

irreversible.) 

Material that would be used to backfill waste sites could be taken, if needed, from 

the surrounding area to contour the backfill to match the surrounding area. For all waste 

site alternatives, normal use of resources during construction activities, such as fuel and 

water, would be irreversible. Potential effects are expected to be greatest for Alternative 

S-2 because of the extent of RTD. Restoration of formerly disturbed areas to a more 

natural state would be expected to result in a net benefit to the ecological and visual 

resources within the region.  

ARAR = applicable or relevant and appropriate requirement 

COC = contaminant of concern 

CY = calendar year 

ERDF = Environmental Restoration Disposal Facility 

HHE = human health and the environment 

HSP = health and safety plan 

IX = ion exchange 

NEPA = National Environmental Policy Act of 1969 

NHPA = National Historic Preservation Act of 1966 

RTD = removal, treatment, and disposal 

* Includes the evaluation for each alternative. 
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10.6 CERCLA and RCRA Corrective Action 

The TPA (Ecology et al., 1989a) states the intent of the Tri-Parties that CERCLA remediation at 

the Hanford Site will also fulfill the corrective action requirements for the Hanford Site as a facility 

containing permitted TSD units. The TPA (Ecology et al., 1989a) guides integration and coordination of 

CERCLA and RCRA at the Hanford Site. The following articles explain the relations of CERCLA 

remedial actions and RCRA corrective actions: 

 Article IV, Paragraph 17, which cites the Tri-Parties’ intent “to integrate DOE’s CERCLA response 

obligations, and RCRA corrective action obligations that relate to the release(s) of hazardous 

substances, hazardous wastes, pollutants and contaminants” covered by the TPA (Ecology et al., 1989a)  

 Article XIV, which applies to the performance of both CERCLA remedial action and RCRA 

corrective action 

 Article XXIII, which acknowledges the potential for overlap between CERCLA and RCRA cleanup 

 Article XXIV, which specifies the approach for regulatory oversight 

Section 5.4 of the TPA Action Plan (Ecology et al., 1989b) addresses the rationale and approach for past 

practice cleanup. Two key objectives are to “ensure that only one past practice program will be applied at 

each operable unit,” and that “the process selected be sufficiently comprehensive to satisfy the technical 

requirements of both statutory authorities and the respective regulations.” 

DOE’s corrective action obligation on the Hanford Site is addressed in Hanford Facility Resource 

Conservation and Recovery Act Permit for Treatment, Storage, and Disposal of Dangerous Waste 

(WA7890008967), Condition II.Y.2.a, which provides that DOE corrective action obligations are met 

through adherence to the TPA (Ecology et al., 1989a). In particular, “Overview of Cleanup Standards” 

(WAC 173-340-700) through “Sediment Cleanup Standards” (WAC 173-340-760) function as ARAR 

standards for CERCLA remedial actions on the Hanford Site.  
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