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These alternatives will be incorporated into the Proposed Plan, which identifies 
the preferred alternative for future public review. Transmittal of this document 
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Executive Summary 1 

This document presents the results of a Comprehensive Environmental Response, 2 

Compensation, and Liability Act of 1980 (CERCLA)1 feasibility study (FS) for 100-K, 3 

which is a portion of the Hanford Site 100 Area that was added to the CERCLA “National 4 

Priorities List”2 in 1989. 100-K has two source operable units (OUs) (100-KR-1 and 5 

100-KR-2) and one groundwater OU (100-KR-4). The 100-K remedial investigation (RI)6 

report3 and risk assessment determined that contaminants in the vadose zone (i.e., the soil 7 

between ground surface and the top of the groundwater) and groundwater pose a threat to 8 

human health and the environment, and that a CERCLA remedial action is warranted. 9 

This FS uses the RI results to develop and evaluate remedial alternatives.  10 

Based on the 100-K RI report3 and this FS, the U.S. Department of Energy, Richland 11 

Operations Office (DOE-RL), in collaboration with the U.S. Environmental Protection 12 

Agency (EPA), will issue a proposed plan that describes the proposed final remedies to 13 

solicit comment from the Tribal Nations and the public. Working in cooperation with 14 

DOE-RL, EPA will consider input submitted during the comment period (and any new 15 

information that becomes available) and issue a Record of Decision (ROD) that identifies 16 

the final remedial alternative selected for 100-K and provides responses to Tribal Nations 17 

and public comments in a responsiveness summary. 18 

100-K includes sites where waste was disposed during past operations (waste sites).19 

Beginning in 2002, many of these waste sites were remediated under interim action 20 

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.,

Pub. L. 107-377, December 31, 2002. Available at: 

https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf. 

2 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Appendix B, “National Priorities

List,” Code of Federal Regulations. Available at: https://www.govinfo.gov/content/pkg/CFR-2011-title40-

vol28/pdf/CFR-2011-title40-vol28-part300-appB.pdf.  

3 DOE/RL-2010-97, Remedial Investigation for the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units, Rev. 0

pending, U.S. Department of Energy, Richland Operations Office, Richland, Washington. 

https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://www.govinfo.gov/content/pkg/CFR-2011-title40-vol28/pdf/CFR-2011-title40-vol28-part300-appB.pdf
https://www.govinfo.gov/content/pkg/CFR-2011-title40-vol28/pdf/CFR-2011-title40-vol28-part300-appB.pdf
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RODs4,5,6 that addressed several environmental threats. DOE-RL reviewed the relevant 1 

operational histories and the results of interim actions and conducted field investigations as 2 

necessary to determine the status of each site. Contaminated groundwater remediation 3 

began under the 1996 interim action ROD7 to protect the Columbia River, which selected 4 

treatment for hexavalent chromium (Cr(VI)) through extraction, treatment, and reinjection 5 

into the aquifer using a pump and treat (P&T) system. Groundwater P&T remediation is 6 

ongoing using systems installed or expanded under the interim action ROD and 2009 7 

explanation of significant differences.8 8 

The two reactors in 100-K (105-KE Reactor and 105-KW Reactor [referred to as the 9 

KE and KW Reactors]) will be addressed in a future decision. 100-K also contains 10 

197 waste sites, 43 of which have been closed out, consolidated, rejected, or not accepted 11 

as waste sites and do not require further consideration under the final remedy decision. 12 

The remaining 154 waste sites were evaluated in the 100-K RI report3 and this FS, and will 13 

be included in the ROD. 14 

The 154 waste sites evaluated in the 100-K RI report3 and this FS include the following: 15 

 Sixty waste sites passed screening for groundwater and surface water protection, 16 

human health risk assessment, and ecological risk assessment based on an evaluation 17 

of quantitative site-specific data and are identified for no action. 18 

                                                      
4 EPA/AMD/R10-97/044, 1997, Amendment to the Interim Remedial Action Record of Decision for the 100-BC-1, 

100-DR-1, and 100-HR-1 Operable Units, Hanford Site, Benton County, Washington, U.S. Environmental Protection 

Agency, Region 10, Washington State Department of Ecology, and U.S. Department of Energy, Seattle, Washington. 

Available at: https://pdw.hanford.gov/document/D197225332. 

5 EPA/ROD/R10-99/039, 1999, Interim Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 

100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-IU-2, 100-IU-6, and 200-CW-3 Operable Units, 

Hanford Site, Benton County, Washington (100 Area Remaining Sites), U.S. Environmental Protection Agency, 

Region 10, Washington State Department of Ecology, and U.S. Department of Energy, Olympia, Washington. 

Available at: https://pdw.hanford.gov/document/0078953H.  

6 EPA/ROD/R10-00/121, 2000, Interim Remedial Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 

100-DR-2, 100-FR-2, 100-HR-2, 100-KR-2 Operable Units, Hanford Site (100 Area Burial Grounds), Benton County, 

Washington, U.S. Department of Energy, U.S. Environmental Protection Agency, Region 10, and Washington State 

Department of Ecology, Olympia, Washington. Available at: https://pdw.hanford.gov/document/D8453142. 

7 EPA/ROD/R10-96/134, 1996, Record of Decision for the 100-HR-3 and 100-KR-4 Operable Units Interim Remedial 

Actions, Hanford Site, Benton County, Washington, U.S. Environmental Protection Agency, Region 10,Washington 

State Department of Ecology, and U.S. Department of Energy, Olympia, Washington. Available at: 

https://pdw.hanford.gov/document/D196097243. 

8 EPA, Ecology, and DOE, 2009, Explanation of Significant Differences for the 100 Area Remaining Sites Interim 

Remedial Action Record of Decision: Hanford Site Benton County, Washington, U.S. Environmental Protection 

Agency, Washington State Department of Ecology, and U.S. Department of Energy, Olympia, Washington. 

Available at: https://pdw.hanford.gov/document/0908240150. 

https://pdw.hanford.gov/document/D197225332
https://pdw.hanford.gov/document/0078953H
https://pdw.hanford.gov/document/D8453142
https://pdw.hanford.gov/document/D196097243
https://pdw.hanford.gov/document/0908240150
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 Twenty-two waste sites are identified for no action based on other 1 

site-specific evaluations.  2 

 Seventy-two waste sites are identified for further action and are evaluated in this FS. 3 

The 72 waste sites identified for further action and FS evaluations include the following: 4 

 Sixty waste sites identified for remediation under an interim action ROD, but 5 

remediation was not completed by April 2017. 6 

 Eight waste sites only have radiological contamination at concentrations greater than 7 

direct contact preliminary remediation goals (PRGs) in deep vadose zone soil 8 

(>4.6 m [15 ft] below ground surface [bgs]). 9 

 Two waste sites have shallow vadose zone (<4.6 m [15 ft] bgs) contaminant 10 

concentrations that exceed human health risk-based screening levels (RBSLs) for 11 

direct contact. One of the two waste sites also has deep vadose zone (>4.6 m 12 

[15 ft] bgs) radionuclide contamination at concentrations above the human 13 

health RBSL. 14 

 Two waste sites have contaminant concentrations that exceed groundwater or surface 15 

water PRGs and deep vadose zone (>4.6 m [15 ft] bgs) radionuclide contamination at 16 

concentrations above the human health RBSL. 17 

This FS develops and evaluates a range of remedial action alternatives for 100-K waste 18 

sites and groundwater based on unacceptable risk to human health and the environment. 19 

Exposure Assessment 20 

The 100-K RI report3 provides exposure scenarios to assess potential human health risk 21 

and ecological effects. The principal soil contaminants identified for direct contact 22 

exposure associated with one or more waste sites include cesium-137, carbon-14, 23 

cobalt-60, europium-152, europium-154, nickel-63, and strontium-90 (Sr-90). 24 

The groundwater risk assessment identified carbon-14, Cr(VI), total chromium, nitrate, 25 

Sr-90, trichloroethene, and tritium as contaminants of potential concern (COPCs) in 100-K. 26 

These soil and groundwater contaminants are evaluated for potential remedial technologies in 27 

this FS. 28 

The waste site human health and ecological risk evaluations included a comprehensive 29 

review of field data, radiological surveys, process history, analogous site information, 30 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

vi 

personal interviews, engineering drawings and as-builts, and other information identified 1 

during RI development. For waste sites proposed for remediation, the data review indicated 2 

a need for action. This waste site data and characteristics review for each waste site are 3 

sufficiently defined for alternative development and comparison in this FS and 4 

identification of a preferred alternative in the proposed plan. 5 

Quantitative evaluations identified 12 waste sites for further action. Eight waste sites have 6 

radiological contamination that exceeds direct contact soil PRGs at depths >4.6 m 7 

(15 ft) bgs, and two waste sites have radionuclide contamination that exceeds human health 8 

RBSLs in soil at a depth <4.6 m (15 ft) bgs. Two remediated waste sites have residual 9 

contaminant concentration that exceeds the surface water or groundwater PRGs and 10 

radionuclide contamination that exceeds direct contact soil PRGs at depths >4.6 m 11 

(15 ft) bgs.  12 

The 12 waste sites identified for further action and the 60 waste sites remaining for 13 

completion are evaluated for remedial action in this FS, which also evaluates remedial 14 

action for the groundwater contaminants of concern (COCs).  15 

Alternatives Development 16 

The FS portion of the RI/FS consists of three phases: remedial technology screening, 17 

remedial alternatives development, and detailed analysis of alternatives. The FS 18 

technology screening uses the basis for action, COPCs and COCs, and the applicable or 19 

relevant and appropriate requirements (ARARs) governing remedial action. The basis for 20 

action is identified in the RI by characterizing the risks to human health and the 21 

environment from vadose zone waste sites and groundwater contaminant plumes. Remedial 22 

technologies and process options for soil and groundwater contamination were identified 23 

and then screened for implementability, effectiveness, and cost to identify media- and 24 

contaminant-specific applications that can be applied at 100-K. 25 

Remedial technologies were assembled into alternatives that address contamination on 26 

a media- or source-specific basis. 27 

Remedial action objectives (RAOs) are identified for groundwater, surface water, and soil. 28 

As general descriptions of what a cleanup under CERCLA is expected to accomplish, 29 

RAOs are narrative statements that define the extent to which waste sites require cleanup to 30 

protect human health and the environment. To meet the RAOs, PRGs are established for 31 

each contaminant, receptor, exposure pathway, and environmental medium of interest. 32 
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PRGs are the numerical values that reflect the RAOs and include the interim action 1 

remedial action goals and soil screening levels provided and used by the regulatory agency 2 

when cleanup levels are defined for each COC in the ROD.  3 

A broad range of remedial technologies were screened in this FS using the CERCLA 4 

criteria of effectiveness, implementability, and relative cost to identify a subset of 5 

technologies capable of meeting the RAOs identified in this FS. Remedial 6 

technologies/process options retained for waste sites include no action; institutional 7 

controls (ICs); containment; natural attenuation; standard and deep excavation with onsite 8 

disposal (components of removal, treatment [as necessary], and disposal [RTD]); and in 9 

situ treatment using physical and chemical treatment methods (e.g., solidification, soil 10 

flushing, and stabilization/sequestration). Response actions retained for groundwater 11 

include no action, ICs, hydraulic containment, monitored natural attenuation (MNA), P&T 12 

using groundwater collection, ex situ treatment (ion exchange and air stripping), and 13 

discharge (reinjection and surface infiltration), and in situ treatment using physical 14 

methods (e.g., aquifer flushing). 15 

The remedial technologies/process options retained from the screening process were 16 

combined into remedial action alternatives for 100-K that provide a range of technology 17 

groupings for waste sites and groundwater remediation. With the exception of no action, 18 

which is required for evaluation under the National Contingency Plan,9 the remedial 19 

alternatives were developed to achieve the RAOs by considering the CERCLA program 20 

goals and expectations. The following alternatives developed to address waste sites 21 

and groundwater contamination passed the screening process and were retained 22 

for evaluation: 23 

 Alternative 1: No Action 24 

 Alternative 2: ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 25 

2 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with 26 

MNA, ICs, P&T (KW, KE), and TI Determination (Sr-90) for Groundwater 27 

                                                      
9 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Code of Federal Regulations. 

Available at: https://ecfr.io/Title-40/cfr300_main. 

https://ecfr.io/Title-40/cfr300_main
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 Alternative 3: ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 1 

2 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with 2 

MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 3 

 Alternative 4: ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for4 

3 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with5 

MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater6 

 Alternative 5: ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for7 

2 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with8 

MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater9 

Based on the physical and chemical properties of Sr-90 (which make aquifer restoration 10 

within a reasonable timeframe technically impracticable from an engineering perspective), 11 

a technical impracticability (TI) waiver for Sr-90 in the unconfined aquifer was 12 

incorporated as a component into Alternatives 2, 3, 4, and 5. Details on waiver justification 13 

are included in DOE/RL-2018-43.10 14 

Alternatives Evaluation 15 

Alternatives were evaluated both individually and comparatively, and groundwater 16 

alternatives were evaluated comparatively, against seven of the nine CERCLA criteria. 17 

Two criteria, overall protection of human health and the environment and ARAR 18 

compliance, are threshold criteria. Alternatives 2, 3, 4, and 5 all waive the Sr-90 8 pCi/L 19 

drinking water standard, which is a chemical-specific ARAR. The next five are balancing 20 

criteria and include long-term effectiveness and permanence; reduction of toxicity, 21 

mobility, or volume (TMV) through treatment; short-term effectiveness; implementability; 22 

and cost. The two remaining modifying criteria, state acceptance and community 23 

acceptance, will be evaluated in the responsiveness summary contained in the 24 

100-K decision document after the proposed plan goes through the Tribal Nation and25 

public comment process. 26 

10 DOE/RL-2018-43, Technical Impracticability Documentation for Strontium-90 100-KR-4 Groundwater Operable 
Unit Hanford Site, Benton County Washington, Draft C pending, U.S. Department of Energy, Richland Operations 

Office, Richland, Washington. 
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The purpose of the detailed and comparative analysis is to develop the information 1 

necessary to recommend a preferred alternative in the proposed plan. The analysis of 2 

alternatives resulted in the following conclusions: 3 

 Alternative 1 does not meet threshold criteria. 4 

 Alternatives 2, 3, 4, and 5 are protective of human health and the environment, 5 

comply with ARARs, and meet threshold criteria. 6 

The comparative evaluation shows that Alternatives 3, 4, and 5 perform comparably and 7 

are rated better than Alternative 2 for long-term effectiveness and permanence, reduction in 8 

TMV through treatment, short-term effectiveness, and implementability. The differences 9 

between Alternatives 3, 4, and 5 are in the remedial action for residual Cr(VI) in the deep 10 

vadose zone at the 116-K-2 waste site: Alternative 3 uses an irrigation restriction IC, 11 

Alternative 4 uses soil flushing, and Alternative 5 uses RTD. Costs for the alternatives 12 

progressively increase based on the level of remedial action, with Alternative 2 being the 13 

lowest cost alternative that meets the threshold criteria and Alternative 5 being the highest 14 

cost alternative.  15 

The analysis provides sufficient information to recommend a preferred alternative in the 16 

proposed plan.  17 

Following issuance of the ROD, DOE-RL will develop and submit for EPA approval 18 

a remedial design/remedial action work plan (RD/RAWP) and groundwater monitoring 19 

plan, prepared in accordance with the Tri-Party Agreement,11 for the final remedy selected. 20 

There will be a period of time between when the ROD is approved and when the required 21 

RD/RAWP is prepared and issued. During this time, DOE-RL will continue remedial 22 

activities such as waste site remediation and groundwater P&T. Future remedial actions 23 

will then be performed under the approved RD/RAWP. The 154 waste sites evaluated in 24 

this FS will be included in the ROD for documentation of the final remedy decision, even 25 

if no further remedial activities are needed. 26 

  27 

                                                      
11 Ecology, EPA, and DOE, 1989a, Hanford Federal Facility Agreement and Consent Order, 2 vols., as amended, 

Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy, 

Olympia, Washington. Available at: . http://www.hanford.gov/?page=81. 

http://www.hanford.gov/?page=81
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1 Introduction 1 

This document presents the 100-K Area (hereinafter referred to as 100-K) (Figure 1-1) Comprehensive 2 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) feasibility study (FS). 3 

Together with DOE/RL-2010-97, Remedial Investigation for the 100-KR-1, 100-KR-2, and 100-KR-4 4 

Operable Units (hereinafter called 100-K remedial investigation [RI] report), this FS supports developing 5 

a proposed plan for public review and will provide the basis for a Record of Decision (ROD). 6 

The 100-K ROD will apply to the 100-KR-1 and 100-KR-2 Source Operable Units (OUs) and to the 7 

100-KR-4 Groundwater OU.  8 

The 100-K Area at the Hanford Site includes the 105-KE Reactor and 105-KW Reactor (hereinafter 9 

referred to as KE Reactor and KW Reactor) and support facilities that began plutonium production 10 

in 1955. The similarly designed KE and KW Reactors were constructed beginning in 1952 with each 11 

having a plutonium production capacity approximately 60% greater than the Hanford Site’s B, C, D, DR, 12 

F, and H Reactors. The KW Reactor was shut down on February 1, 1970, and KE Reactor was shut down 13 

on January 29, 1971. Work then followed to remove their fuel and stabilize subsystems, including the 14 

effluent waste disposal sites (SNF-11168, 100 K Facility Deactivation Documentation). The KE Reactor 15 

and KW Reactor fuel storage basins (FSBs) were repurposed beginning in 1973 to temporarily store spent 16 

fuel from the N Reactor. This storage activity continued until 2004, when the spent nuclear fuel (SNF) 17 

was removed from 100-K. 18 

In 1989, the U.S. Department of Energy (DOE), the U.S. Environmental Protection Agency (EPA), 19 

and the Washington State Department of Ecology (Ecology) (hereinafter referred to as the Tri-Parties) 20 

signed Ecology et al., 1989a, Hanford Federal Facility Agreement and Consent Order (hereinafter 21 

referred to as the Tri-Party Agreement), to provide a framework for Hanford Site cleanup. The scope of 22 

the agreement addressed the CERCLA remediation of inactive hazardous waste sites; active waste 23 

management operations; Resource Conservation and Recovery Act of 1976 (RCRA) corrective action for 24 

solid waste management units; and closure of RCRA treatment, storage, and/or disposal units across the 25 

Hanford Site. 26 

Four sections of the Hanford Site (including the 100 Area) were placed on the National Priorities List for 27 

CERCLA cleanup in accordance with 40 CFR 300 “National Oil and Hazardous Substances Pollution 28 

Contingency Plan” (hereinafter referred to as the National Contingency Plan [NCP]), Appendix B, 29 

“National Priorities List.” Because of the large number of waste sites, unplanned releases (UPRs), and 30 

extensive groundwater contamination, the 100 Area was divided into source and groundwater OUs for 31 

investigation and remediation management. 32 

The River Corridor was divided into six geographic decision areas (100-BC, 100-K, 100-N, 100-D/H, 33 

100-F/IU-2/IU-6, and 300 Area) to achieve source and groundwater remedy decisions (Figure 1-1). 34 

These decisions will be made for individual OUs within the River Corridor and will incorporate interim 35 

action cleanup activities. Cleanup levels will be established that will protect human health and the 36 

environment. These levels will also comply with applicable or relevant and appropriate requirements 37 

(ARARs) and consider the cleanup levels previously used in implementation of interim action RODs for 38 

River Corridor OUs. 39 

The 100-KR-1, 100-KR-2, and 100-KR-4 OUs are referred to as the 100-K Area or simply 100-K. 40 

The boundary for the 100-KR-4 OU is not based on a geographic area; rather, it is identified from 41 

groundwater contamination originating from the 100-KR-1 and 100-KR-2 OUs. 42 
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 1 

Figure 1-1. Hanford Site Map 2 

Remediation of soil contamination from reactor operations began in 2002 under an amendment to an 3 

interim action ROD (EPA/AMD/R10-97/044, Amendment to the Interim Remedial Action Record of 4 

Decision for the 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units, Hanford Site, Benton County, 5 

Washington). The soil remediation scope was later expanded to include additional waste sites under 6 

EPA/ROD/R10-99/039, Interim Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 7 

100-DR-2, 100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-IU-2, 100-IU-6, and 8 

200-CW-3 Operable Units, Hanford Site, Benton County, Washington (100 Area Remaining Sites); and 9 

EPA/ROD/R10-00/121, Interim Remedial Action Record of Decision for the 100-BC-1, 100-BC-2, 10 

100-DR-1, 100-DR-2, 100-FR-2, 100-HR-2, and 100-KR-2 Operable Units, Hanford Site (100 Area 11 

Burial Grounds), Benton County, Washington.  12 
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Groundwater remediation began under the 1996 interim action ROD (EPA/ROD/R10-96/134, Record of 1 

Decision for the 100-HR-3 and 100-KR-4 Operable Units Interim Remedial Actions, Hanford Site, Benton 2 

County, Washington) with startup of the KR4 pump and treat (P&T) system in 1997. The groundwater 3 

remedial action expanded in 2007 when the KW P&T system began operating, and again in 2009 with the 4 

startup of the KX P&T system.  5 

1.1 Purpose and Organization of Report 6 

This chapter summarizes the site history, nature and extent of contamination, contaminant fate and 7 

transport, human health risk assessment (HHRA), and ecological risk assessment (ERA) for the 8 

100-K Area. Additional details are in the 100-K RI report (DOE/RL-2010-97). Section 1.2.7 presents 9 

a conceptual site model (CSM) that summarizes the current 100-K site conditions and establishes 10 

a foundation for this FS.  11 

The RI/FS process is outlined in EPA and DOE RI/FS guidance (EPA/540/G-89/004, Guidance for 12 

Conducting Remedial Investigations and Feasibility Studies Under CERCLA [hereinafter referred to as 13 

CERCLA RI/FS Guidance]; DOE/EH-94007658, Remedial Investigation/Feasibility Study (RI/FS) 14 

Process, Elements and Techniques). The RI/FS process represents the methodology established by the 15 

Superfund Amendments and Reauthorization Act of 1986 program for characterizing the nature and extent 16 

of risks posed by uncontrolled hazardous waste sites and evaluating potential remedial options. 17 

This FS was prepared in accordance with the previously referenced guidance, as well as 18 

EPA/540/G-89/006, CERCLA Compliance with Other Laws Manual: Interim Final (Part I); and 19 

EPA/540/G-89/009, CERCLA Compliance with Other Laws Manual: Part II, Clean Air Act and Other 20 

Environmental Statutes and State Requirements. The guidance documents provide information on the 21 

regulations and standards that govern the RI/FS process, as well as an overview of the requirements for 22 

each section of the FS.  23 

DOE has completed the RI and FS for 100-K OUs and is issuing this report as a component of its 24 

responsibilities under the NCP (40 CFR 300), acting in its role as lead agency for the cleanup. EPA is the 25 

lead regulatory agency for 100-K and, as such, has the primary responsibility for overseeing remedial 26 

action activities to ensure that the activities meet applicable requirements. DOE is responsible for 27 

performing 100-K remedial actions.  28 

The FS objectives include remedial technology identification and screening, developing remedial 29 

alternatives from screened technologies, and conducting detailed and comparative analysis of alternatives 30 

retained from screening. This chapter provides site background information, and the remaining chapters 31 

of this FS include the following:  32 

 Chapter 2, Identification and Screening of Technologies 33 

 Chapter 3, Development and Screening of Alternatives 34 

 Chapter 4, Detailed Analysis of Alternatives 35 

 Chapter 5, References 36 

This FS includes data, calculations, and assessments. Electronic links are provided with the references in 37 

Chapter 5 to direct the reader to more detailed information contained in particular studies, databases, or 38 

reports found in the Administrative Record. The appendices of this FS include the following: 39 

 Appendix A, Technology Screening – Technologies Not Retained 40 

 Appendix B, Alternative Development Supporting Documentation 41 

 Appendix C, 100-K Feasibility Study Alternative Costing – Supporting Information 42 
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 Appendix D, 100-K Feasibility Study Alternatives Modeling Information 1 

 Appendix E, Wildlife Seep Exposure Evaluation 2 

In this FS, the vadose zone is defined as follows: 3 

 Shallow vadose zone: From ground surface to a depth of 4.6 m (15 ft). This depth interval is 4 

evaluated for protection of human health and ecological receptors, as well as protection of 5 

groundwater and surface water.  6 

 Deep vadose zone: A depth >4.6 m (15 ft) below ground surface (bgs). This depth interval is 7 

evaluated for protection of groundwater and surface water. Residual contaminant concentrations in 8 

this zone are evaluated for human health protection to provide risk management information.  9 

1.2 Background 10 

The Hanford Site encompasses approximately 1,502 km2 (580 mi2) in Benton, Franklin, and Grant 11 

Counties in south-central Washington State within the semiarid Pasco Basin of the Columbia Plateau 12 

(Figure 1-1). The site is approximately 50 km (30 mi) north to south and 40 km (24 mi) east to west, 13 

immediately north-northwest of the confluence of the Yakima and Columbia Rivers; the cities of 14 

Kennewick, Pasco, and Richland (referred to as the Tri-Cities); and the city of West Richland. 15 

The Columbia River flows 80 km (50 mi) through the northern part of the Hanford Site and, turning 16 

south, forms part of the eastern boundary of the site. Two small east-west-trending ridges (Gable Butte 17 

and Gable Mountain) are located in the central portion of the site. Lands adjoining the site to the west, 18 

north, and east are principally range and agricultural. State Routes 240 and 24 skirt the southwestern and 19 

northern portions of the site, respectively.  20 

1.2.1 Site Description 21 

The Hanford Site is divided into numerically designated areas. These areas served as the location for 22 

reactor, chemical separation, and related activities for producing and purifying special nuclear materials 23 

and other nuclear activities. The reactors and their ancillary/support facilities were located along the south 24 

shore of the Columbia River in the 100 Area, due to the need for large quantities of water to dissipate the 25 

heat generated during reactor operations.  26 

The 100-K Area is adjacent to the Columbia River in the northern portion of the Hanford Site between 27 

100-BC and 100-N, as shown in Figure 1-1. The 100-K Area encompasses the operating regions for the 28 

KE Reactor and KW Reactor, and it includes the 100-KR-1 and 100-KR-2 Source OUs and the 29 

100-KR-4 Groundwater OU. It includes 9 km2 (3.5 mi2) of land along the southern shore of the Columbia 30 

River. The 100-K boundary at the Columbia River is the ordinary low water mark, characterized by the 31 

presence of the “green line” of algae delineating the permanently inundated portion of the river channel. 32 

Extending inland a quarter mile from the Columbia River along the entire length of the 100-K Area 33 

adjacent to the river, the Hanford Reach National Monument is an important ecological, cultural, 34 

historical, and recreational feature. 35 

Active facilities in 100-K include office buildings, storage buildings, an electrical substation, the 36 

KW FSB, KW Annex, 189K Water Treatment Facility, and groundwater P&T facilities. Inactive facilities 37 

remaining within 100-K include the KE and KW Reactor buildings, a water treatment plant, outfall 38 

structures, a mobile office, and numerous storage buildings.  39 

The 100-KR-4 Groundwater OU includes the groundwater contaminant plumes originating from the 40 

100-KR-1 and 100-KR-2 Source OUs that are above drinking water standards (DWSs), risk-based 41 

concentrations (RBCs), or the state surface water quality standard. The identification of groundwater OUs 42 
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based on contamination originating from source OUs is important for considering 100-KR-4 OU 1 

groundwater remediation because hexavalent chromium (Cr(VI)) from 100-K sources has migrated into 2 

the River Corridor 100-N Area (Section 1.2.3.2).  3 

1.2.2 100-K History 4 

The Hanford Site and 100-K operational and process histories are presented in Section 1.2.2 in the 5 

100-K RI report (DOE/RL-2010-97). The 100-K RI report summarizes 100-K site history, including the 6 

KE and KW Reactors and support facility operations, cooling water systems, radioactive and 7 

nonradioactive waste streams, and waste disposal facilities used during operations. The 100-K RI report 8 

also describes contaminant release locations and indicates the types of contaminants likely found in 9 

various locations at 100-K.  10 

Producing plutonium for national defense was the primary mission of the Hanford Site reactors. 11 

The KE and KW Reactors were larger than the older production reactors (B, C, D, DR, F, and H), which 12 

accounted for most of the operating history differences between the KE and KW Reactors and the older 13 

reactors. Each reactor operated with greater volumes of cooling water to and from the reactor pile, an 14 

increased volume of inert cover gas recirculated through the graphite moderator block within the pile, and 15 

an increased number of fuel elements compared to the older single-pass reactors. Materials that passed 16 

through the reactors for manufacture, and materials contacting items that passed through the reactors, 17 

were considered radiologically contaminated. These materials represent the majority of the waste 18 

produced. Active physical barriers and administrative measures were used to minimize radiological 19 

hazards. These measures affected the disposal locations and waste management processes for production 20 

operation waste streams. Figure 1-2 presents an aerial view of 100-K during operations and identifies 21 

some of the key production facilities (reactors, cooling water sedimentation basins, 183.1KE and 22 

183.1KW Headhouses, and cooling water retention basins) and waste disposal areas (116-K-1 Crib, 23 

116-K-2 Trench, and 118-K-1 Burial Ground). 24 

Liquid waste from reactor operations and associated facilities was released to the vadose zone and the 25 

Columbia River. Solid waste was disposed in burial grounds associated with the facilities. Sites for waste 26 

intentionally or unintentionally released to or buried within 100-K included trenches, cribs, french drains, 27 

retention basins, pipelines, burial grounds, and unplanned spills and releases. Site descriptions are 28 

provided in Section 1.2.2 of the 100-K RI report (DOE/RL-2010-97). The nature and extent of 29 

contaminants associated with these sites are summarized in Section 1.2.3 of this FS, with details 30 

provided in Chapter 4 of the 100-K RI report. 31 

The operation of the KE and KW FSBs storing SNF from 1975 until 2007 resulted in additional 32 

long-lived fission product contamination of the vadose zone and groundwater beneath the FSBs. 33 

The fission product contamination was due to spent fuel contamination of the FSB water and leaks from 34 

the FSBs to the vadose zone (PNNL-14033, Groundwater Monitoring and Assessment Plan for the 35 

100-K Fuel Storage Basins). Fuel rod and debris removal from the K Basins was completed in 2008, and 36 

the KE FSB and associated substructure and crib were removed in 2009. 37 

1.2.2.1 Physical Characteristics 38 

Details on physical characteristics are in the 100-K RI report (Chapter 3 in DOE/RL-2010-97). 39 

The topography at 100-K is relatively flat inland from the Columbia River, with elevations decreasing 40 

from 162 m (530 ft) in the south to 120 m (390 ft) in the north along the riverbank. The area was 41 

graded and filled extensively during reactor construction. Interim action waste site remediation 42 

includes recontouring and revegetation after completing removal, treatment, and disposal (RTD). 43 
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The semiarid climate has occasional high winds, and the land surface is mostly an undeveloped 1 

shrub-steppe community. 2 

 3 

Figure 1-2. Aerial Photograph of 100-K in 1960 4 

1.2.2.2 Site Geology and Hydrogeology 5 

Figure 1-3 presents representative 100-K geology and hydrostratigraphy. Major geologic units (from 6 

shallowest to deepest) are Holocene sediments, the Hanford formation, the Ringold Formation, and the 7 

Columbia River Basalt Group. Recent deposits include eolian sands and river alluvium, which were 8 

placed over the past 10,000 years, and backfill materials deposited by humans. Construction backfill 9 

varies in depth, depending on the excavated depth of waste sites and building foundations 10 

(WHC-SD-EN-TI-155, Geology of the 100-K Area, Hanford Site, South-Central Washington). 11 
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 1 

Figure 1-3. Generalized Geology and Hydrostratigraphy of 100-K 2 

The Hanford formation is the dominant material in the vadose zone and consists of unconsolidated 3 

sediments that cover a wide range of grain sizes, from boulder-size gravel to sand, silty sand, and silt. 4 

The Hanford formation is an informal name used to describe these Pleistocene-age cataclysmic flood 5 

deposits. The Ringold Formation is a combination of alluvial and lacustrine deposits produced by the 6 

ancestral Columbia River and other regional river systems. The typical stratigraphic units within the 7 

Ringold Formation are generally identified (from shallowest to deepest) as unit E, a low-permeability 8 

geologic unit informally designated as the Ringold Formation upper mud (RUM), units B and C, Ringold 9 

Formation lower mud (Rlm), and Ringold gravel unit A. The unconfined aquifer is predominantly within 10 

the Ringold unit E, and the RUM surface forms the bottom of the unconfined aquifer. The RUM is 11 

continuous beneath 100-K and generally slopes downward toward the north. The RUM contains 12 

near-horizontal, sandy, water-bearing units between the RUM surface and Ringold unit B, a deeper 13 

water-bearing unit. These units represent confined or semiconfined units with variable conductivity 14 

and interconnectivity. 15 
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The water table depth ranges from 0 m (0 ft) adjacent to the river to 37 m (120 ft) inland. Aquifer 1 

thickness ranges from 5.2 to 32 m (17 to 105 ft) thick. The water table is mostly flat but varies due to 2 

P&T system operations. The changing river stage directly influences groundwater elevations in a zone up 3 

to several hundred meters inland. Gradients steepen toward the river during low river stage and flatten 4 

near the river during high river stage. Water-level data and contaminant migration indicate the average 5 

groundwater flow direction through the Ringold unit E is toward the northwest. Ambient linear velocities 6 

range from about 0.013 to 0.9 m/d (0.045 to 2.8 ft/d) in the unconfined aquifer. Groundwater extraction 7 

and injection for P&T system operations result in localized flow changes. 8 

Historical and current recharge rates to the vadose zone and unconfined aquifer vary with land use and 9 

vegetative cover. Natural recharge rates for the 100 Area may be as low as 1.5 mm/yr (0.059 in./yr) where 10 

mature vegetation is present and as high as 52 mm/yr (2.0 in./yr) on disturbed soil (PNNL-14702, Vadose 11 

Zone Hydrogeology Data Package for Hanford Assessments).  12 

1.2.2.3 Interim Remedial Action 13 

Remediation of soil contamination at 100-K began in 2002 under an amendment to an interim action 14 

ROD (EPA/AMD/R10-97/044), and groundwater remediation began in 1997 under the 1996 interim 15 

action ROD (EPA/ROD/R10-96/134). Interim remediation progress through April 2017 for waste sites 16 

and groundwater is described in this section.  17 

1.2.2.3.1 Waste Sites 18 

Waste site interim remedial action is ongoing at 100-K under three separate interim action RODs. These 19 

RODs generally addressed three different categories of waste sites: liquid effluent sites, burial grounds, 20 

and remaining sites. Waste site cleanup objectives include contaminant source removal and disposal at the 21 

Environmental Restoration Disposal Facility (ERDF) on the Central Plateau. Interim remedial action 22 

objectives (RAOs) for the waste site cleanups in the 100-KR-1 and 100-KR-2 OUs are focused on 23 

protecting human health from soil contaminants, controlling groundwater contaminant sources, and 24 

protecting the Columbia River. 25 

Table 1-1 summarizes the April 2017 classification/reclassification status of 100-K waste sites. Some 26 

waste sites are administratively divided into smaller subsites. In this table and throughout this FS, subsites 27 

are considered individually (e.g., 100-K-55:1 and 100-K-55:2 are accounted for as two sites rather than as 28 

the single 100-K-55 waste site). Different subsites may have subsite-specific circumstances that 29 

distinguish how they have been or will be addressed. 30 

Waste sites with a closed out, consolidated, rejected, or not accepted classification/reclassification status 31 

were reconsidered for the 100-K RI report (DOE/RL-2010-97) to determine if there was an adequate 32 

existing basis for the status. The existing basis was sufficient for 43 sites, and these sites were not carried 33 

forward for RI evaluation or inclusion in this FS. An additional 22 of the 154 remaining waste sites were 34 

not considered for further action based on site-specific considerations (Section 4.2 in the 100-K RI 35 

report). These 22 sites are included in this FS and will be included for a final remedy decision to be 36 

documented in a ROD. Interim remedial action was completed for 64 waste sites through April 2017. 37 

Verification data representing the residual site conditions were evaluated for groundwater and surface 38 

water protectiveness, human health risk, and ecological risk in the 100-K RI report, Chapters 5 , 6, and 7, 39 

respectively. In this FS, Section 1.2.4 summarizes the groundwater and surface water protectiveness, 40 

Section 1.2.5 summarizes the HHRA, and Section 1.2.6 summarizes the ERA. Section 2.1.1 summarizes 41 

waste site dispositioning through the RI and FS, and identifies sites that pose unacceptable risk to human 42 

health or the environment. 43 
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Table 1-1. Summary Information for 100-K Waste Sites 

Operable 

Unit 

Number 

of 

Sitesa 

Closed 

Outb 

Interim 

Closed 

Outc 

Interim 

No 

Actiond 

Not 

Acceptede  Rejectedf Consolidatedg Acceptedh 

100-KR-1 18 0 5 1 0 0 1 11 

100-KR-2 179 1 62 5 24 17 0 70 

Total 197 1 67 6 24 17 1 81 

Reference: Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan. 

Note: Additional information provided in Appendix E of DOE/RL-2010-97, Remedial Investigation for the 100-KR-1, 

100-KR-2, and 100-KR-4 Operable Units. Classification/reclassification status as of April 2017, except for the 100-K-100 site, 

which is accounted for as “rejected” based on reclassification in July 2017. 

a. Number of sites is summary metrics based on accounting for subsites as individual sites. 

b. “Closed out” denotes a reclassification status indicating that because of actions taken, a waste management unit meets 

applicable cleanup standards or closure requirements.  

c. “Interim closed out” denotes a reclassification status indicating that because of actions taken, a waste management unit meets 

cleanup standards specified in an interim action ROD or action memorandum but for which a ROD has not been issued. Further 

actions may be necessary.  

d. “Interim no action” is a reclassification status indicating a waste site does not require any further remedial action under 

interim cleanup standards based on an assessment of quantitative data collected for the waste site. Existing “interim no action” 

reclassifications have been made under interim action RODs, and further actions may be necessary. 

e. “Not accepted” denotes a classification status indicating an assessment was made that a WIDS site is not a waste 

management unit and is not within the scope of Ecology et al., 1989b.  

f. “Rejected” is a reclassification status indicating a waste site does not require remediation under CERCLA based on 

qualitative information such as a review of historical records, photographs, drawings, walkdowns, ground-penetrating radar 

scans, and intrusive investigations. Such investigations do not include quantitative measurements. 

g. “Consolidated” is a reclassification status indicating a waste site is a duplicate of, physically located within, or adjacent to 

another WIDS site and will be dispositioned as part of that other WIDS site. 

h. “Accepted” is a classification status indicating an assessment has been made that a WIDS site is a waste management unit 

as defined in Ecology et al., 1989b. Sites accounted for as “accepted” are those for which no further reclassification has 

been approved. 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

ROD = Record of Decision 

WIDS = Waste Information Data System 

 1 

1.2.2.3.2 Groundwater Remediation 2 

Groundwater monitoring at 100-K in the early 1990s indicated Cr(VI) groundwater contamination and 3 

discharge to the Columbia River at concentrations greater than the state of Washington surface water 4 

quality standard. The 1996 interim action ROD (EPA/ROD/R10-96/134) selected a remedy to remove 5 

Cr(VI) discharges to the river. The remedy included groundwater pumping (extraction) from wells along 6 

and inland from the river, treatment using ion exchange (IX), and effluent injection to wells upgradient of 7 

the existing plumes. The interim action also included performance monitoring, as well as institutional 8 

controls (ICs) to restrict groundwater use and protect human health from groundwater contaminants. 9 

The KR4 P&T system began operating in 1997 under the interim action ROD (EPA/ROD/R10-96/134) to 10 

address Cr(VI) groundwater contamination. The system was designed and installed in accordance with 11 

DOE/RL-96-84, Remedial Design and Remedial Action Work Plan for the 100-HR-3 and 100-KR-4 12 

Groundwater Operable Units’ Interim Action. The initial KR4 P&T system included seven extraction 13 

wells, four injection wells, and an IX resin treatment train to remediate the Cr(VI) plume between the 14 

former 116-K-2 Trench and the Columbia River. As wells and aquifer tubes (used to monitor the 15 

nearshore environment) were added since 1997, the interpretations of the plume boundaries also changed 16 
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and the P&T network was modified. Modifications to the KR4 network between 1997 and 2008 are 1 

described in DOE/RL-2006-75, Supplement to the 100-HR-3 and 100-KR-4 Remedial Design Report and 2 

Remedial Action Workplan for the Expansion of the 100-KR-4 Pump and Treat System.  3 

The KW P&T system was installed and began operating in 2007 to address the KW Reactor area Cr(VI) 4 

plume. DOE/RL-2006-52, The KW Pump and Treat System Remedial Design and Remedial Action Work 5 

Plan, Supplement to the 100-KR-4 Groundwater Operable Unit Interim Action, summarizes the design, 6 

installation, and operation of the KW P&T system.  7 

The KX P&T system began operation in 2009, with wells installed and the system expansion in 8 

accordance with DOE/RL-2006-75 to include an additional 2,270 L/min (600 gal/min) treatment 9 

capacity and additional extraction wells between the 116-K-2 Trench and N Reactor perimeter fence. 10 

Reducing contaminant concentrations entering the Columbia River and restoring the groundwater to 11 

beneficial use remain the key objectives of groundwater remediation. The 100-KR-4 OU interim action 12 

RAOs include protecting aquatic receptors in the Columbia River from Cr(VI) groundwater discharges to 13 

surface water, protecting human health by preventing exposure, and providing information for a final 14 

remedy. Performance monitoring results for the 100-K groundwater interim action are included in annual 15 

reports (e.g., DOE/RL-2016-68, Calendar Year 2016 Annual Summary Report for the 100-HR-3 and 16 

100-KR-4 Pump and Treat Operations, and 100-NR-2 Groundwater Remediation). Figure 1-4 shows the 17 

KR4, KW, and KX P&T systems in 2016. Figure 1-5 shows the changes in Cr(VI) plume configurations 18 

from 1997 through 2016, and Table 1-2 summarizes 2016 groundwater treatment systems. 19 

1.2.3 Nature and Extent of Contamination 20 

This section discusses the nature (type and concentration) and extent of 100-K vadose zone and 21 

groundwater contamination. The nature and extent of contamination were determined from RI, Columbia 22 

River RI, and previous field investigation data; interim action remediation; and operational process 23 

information. The identification of background concentrations of constituents in soil and groundwater is 24 

important in determining which waste sites may require remedial action and which contaminants in 25 

groundwater may require remedial action. Background refers to substances or locations that are not 26 

influenced by releases from a site and are usually described as naturally occurring (present in the 27 

environment in forms that have not been influenced by human activity) or anthropogenic (present in the 28 

environment as a result of human activities not specifically related to the CERCLA site). 29 

1.2.3.1 Soil Contamination 30 

The vadose (or unsaturated) zone is the region extending from land surface to the seasonally high water 31 

table. Beneath the seasonally low water table is the saturated zone, which includes the unconfined aquifer. 32 

The layer between the high and low water table is sometimes part of the aquifer and sometimes part of the 33 

vadose zone, depending on the response to changes in Columbia River elevations. In this FS, this layer is 34 

referred to as the periodically rewetted zone (PRZ). 35 
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 1 

Figure 1-4. KR4, KW, and KX P&T Systems, 2016 2 
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Figure 1-5. 100-KR-4 OU Cr(VI) Plumes, 1997 to 2016 2 
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Table 1-2. 100-KR-4 OU P&T Systems Summary, December 2016 

System Capacity L/min (gal/min) Number of Wells 

Name Startup Original Design 2016 Operational Extraction Injection 

KR4 October 1997 1,137 (300) 1,249 (330) 11 5 

KW January 2007 757 (200) 1,249 (330) 11 4 

KX February 2009 2,300 (600) 3,407 (900) 21 10 

Total  4,194 (1,100) 5,905 (1,560) 43 19 

 1 

Vadose zone soil contaminant data were compared to Hanford Site background concentrations 2 

(DOE/RL-92-24, Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes; 3 

DOE/RL-96-12, Hanford Site Background: Part 2, Soil Background for Radionuclides; and 4 

ECF-HANFORD-11-0038, Soil Background Data for Interim Use at the Hanford Site) to define areas of 5 

contamination and contaminants of potential concern (COPCs). The soil contaminant data originated 6 

from waste site verification sampling, waste site characterization, RI monitoring wells, post-RI 7 

monitoring wells, and additional site-specific data sets. Waste sites characterized in the 100-K RI report 8 

(DOE/RL-2010-97) included the 116-K-2 Trench, 100-K-132 (below the 118-K-1 Burial Ground); 9 

116-KE-1, 116-KW-1, and 116-KE-3 Cribs; and UPR-100-K-1 (below the KE FSB). The RI field 10 

investigation advanced 15 boreholes and installed monitoring wells to characterize select locations 11 

hydraulically upgradient and downgradient from potential secondary (continuing) source waste sites. 12 

Section 1.2.7.1 of this FS discusses the 100-K sources. 13 

Interim remediated waste sites with cleanup verification package (CVP)/remaining site verification 14 

package (RSVP) and/or RI analytical data were evaluated to determine whether further remedial action 15 

may be needed for the protection of groundwater and surface water quality. Section 1.2.4.2 of this FS 16 

summarizes the evaluations. 17 

The waste site evaluations in Chapters 5 and 6 of the 100-K RI report (DOE/RL-2010-97) identified 18 

carbon-14 (C-14), cesium-137 (Cs-137), cobalt-60 (Co-60), europium-152 (Eu-152), europium-154 19 

(Eu-154), nickel-63 (Ni-63), strontium-90 (Sr-90), tritium, and Cr(VI) as soil COPCs for previously 20 

remediated sites. Additional chemicals and radionuclides identified as COPCs for sites to be remediated 21 

include americium-241 (Am-241), uranium-233/234 (U-233/234), uranium-238 (U-238), plutonium-238 22 

(Pu-238), plutonium-239/240 (Pu-239/240), antimony, arsenic, lead, mercury, total petroleum 23 

hydrocarbons (TPHs), polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), 24 

nitrate, and ethylene glycol. 25 

Several waste sites and former waste site locations indicate continuing vadose zone secondary 26 

contaminant sources to groundwater. Annual groundwater monitoring and reporting 27 

(e.g., DOE/RL-2016-67, Hanford Site Groundwater Monitoring Report for 2016), and P&T performance 28 

evaluation and reporting (e.g., DOE/RL-2016-68) identify persistent groundwater contaminant plumes. 29 

Contaminant fate and transport modeling (Section 5.5 in DOE/RL-2010-97) included transport calibration 30 

to estimate a mass release rate during the calibration period so that simulated observation well 31 

concentrations near the waste sites were matched or overestimated for conservatism. The areal footprint 32 

of the contaminated zone was as small as possible so the calibrated contaminated zone only contributed to 33 

the downgradient observation wells. The continuing sources qualitative calibration estimated mass release 34 

required from the vadose zone to the aquifer to fit the observed concentrations. Table 1-3 and Figure 1-6 35 

identify continuing contaminant source waste sites and locations. The 2016 rebound study 36 
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(SGW-62061, KW Rebound Study Summary Report and Assessment) confirmed a Cr(VI) continuing 1 

secondary source near the 183.1KW Headhouse and at the former 190KW Pump House. 2 

Table 1-3. 100-K Continuing Contaminant Sources 

Waste Site or Location Contaminants 

183.1KW Headhouse area Cr(VI) 

190KW Pump House Cr(VI) 

116-KW-1 Crib C-14, nitrate, tritium 

116-KW-2 Crib Sr-90 

183.1KE Headhouse area Cr(VI) 

UPR-100-K-1 Sr-90 

116-KE-3 Crib Sr-90 

116-KE-1 Crib C-14, nitrate, tritium 

118-K-1 Burial Ground (associated contamination is 

identified as the 100-K-132 waste site) 
Tritium 

116-K-2 Trench (east) Cr(VI) 

116-K-2 Trench (west; near 116-K-1 Crib) Sr-90 

 3 

1.2.3.2 Groundwater Contamination 4 

This section describes the distribution of Cr(VI), Sr-90, C-14, nitrate, trichloroethene (TCE), and tritium, 5 

identified as groundwater COPCs in the 100-KR-4 OU (DOE/RL-2010-97). Total chromium distribution 6 

follows the same pattern as Cr(VI). In this 100-K FS report, plumes are discussed for geographic subareas 7 

based on distribution in groundwater. Figure 1-7 identifies the groundwater contaminant plumes 8 

addressed in this FS and shows the KW, KE, KN, and 100-N geographic subareas. Discussions that 9 

incorporate these subareas include alternative development, plume and model statistical calculations, and 10 

cleanup timeframe development. These geographic subareas are designated and discussed as follows:  11 

 KW subarea: Area encompassing the KW Reactor extending downgradient to the Columbia River. 12 

 KE subarea: Area encompassing the KE Reactor extending to the western half of the 13 

116-K-2 Trench and downgradient to the Columbia River. 14 

 K North (KN) subarea: Area encompassing the remaining portion of 100-K extending from the 15 

western half of the 116-K-2 Trench to the 100-N Area boundary. 16 

 100-N subarea: The 100-N geographic decision area. 17 

Cr(VI) is the most widely distributed COPC in 100-K groundwater. Groundwater monitoring indicates 18 

five plumes with Cr(VI) concentrations greater than the 10 µg/L state surface water quality standard, and 19 

two of the five plumes with concentrations that also exceed the 48 µg/L human health RBC 20 

(WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards”). 21 

Table 1-4 identifies potential Cr(VI) plume sources. 22 
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 1 

Figure 1-6. 100-K Continuing Contaminant Source Locations 2 

 3 

Table 1-4. 100-K Cr(VI) Groundwater Plume Sources 

Cr(VI) Plume Source 

KW 183.1KW Headhouse area, 190KW Pump House 

KE 183.1KE Headhouse area 

KN 116-K-2 Trench, 116-K-1 Crib 

K-N Boundary 116-K-2 Trench 

  4 
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 1 

Figure 1-7. 100-K Groundwater Contaminant Plumes and Geographic Subareas 2 
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1.2.3.2.1 KW Subarea 1 

High Cr(VI) concentrations remain near the 183.1KW Headhouse. The KW P&T rebound test indicated 2 

a secondary source in that area and at the former 190KW Pump House (SGW-62061). Concentrations of 3 

Cr(VI) near the 183.1KW Headhouse had decreased to <20 µg/L prior to the KW P&T system shut down 4 

in May 2016. Cr(VI) concentrations increased to 160 µg/L and remained >140 µg/L through April 2017. 5 

The rebound in Cr(VI) concentrations in the KW plume indicate secondary source materials within the 6 

overlying vadose zone or PRZ. Based on the magnitude and locations of observed Cr(VI) rebound, there 7 

may be multiple areas of secondary source material within the vadose zone and/or PRZ between the 8 

reactor and headhouse. 9 

The Cr(VI) vertical distribution and analytical results for wells within the KW subarea indicate historical 10 

downward Cr(VI) movement. The well data indicate increased vertical dispersion and migration through 11 

the unconfined aquifer with increasing distance from the source area near the 183.1KW Headhouse. 12 

The active KW P&T system accounts for some dispersion, primarily related to recharge from 13 

injection wells.  14 

1.2.3.2.2 KE Subarea 15 

The KE plume extends from the 183.1KE Headhouse to the KE Reactor, and downgradient toward the 16 

Columbia River. Ongoing remediation is reducing concentrations near the 183.1KE Headhouse and 17 

reactor, although persistent elevated Cr(VI) concentrations indicate secondary source material near the 18 

183.1KE Headhouse. Another potential source area is near the 118-K-1 Burial Ground, commingling with 19 

residual Cr(VI) from the 116-K-2 Trench. Cr(VI) concentrations near the 118-K-1 Burial Ground remain 20 

elevated, but well trends indicate concentrations are generally stable or gradually decreasing.  21 

1.2.3.2.3 KN Subarea 22 

Overall Cr(VI) concentrations associated with the 116-K-2 Trench have decreased during the interim 23 

remedial action, indicated by the concentration trends at the southwestern end of the trench (Figure 1-5). 24 

Groundwater injection from the arc of P&T wells 199-K-169 to 199-K-124A contributed to the Cr(VI) 25 

reduction. Increased groundwater migration from the injection area to the extraction wells and potential 26 

contaminants flushing from the lower vadose zone may be due to hydraulic mounding created by 27 

injection wells. A secondary effect of the ongoing remediation and the injection wells upgradient of the 28 

116-K-2 Trench was segmenting the plume, separating the KN subarea plume from the historical plume at 29 

the southwestern end. The plume areas separation was helped by a higher hydraulic conductivity zone 30 

near the middle of the 116-K-2 Trench, as discussed in the 100-K RI report (Chapter 3 in 31 

DOE/RL-2010-97).  32 

Small areas of Cr(VI) were defined inland from the 116-K-2 Trench. The initial Cr(VI) concentrations 33 

in RI well 199-K-193 fluctuated from less than detection limits to nearly 35 µg/L. Since installation of 34 

this well, the concentrations have continued to fluctuate, but there is an increasing trend. The water table 35 

elevation in this well has increased about 1 m (3.3 ft) from 2011 to 2016 and exhibited an increasing trend 36 

through 2016. Farther inland, wells 699-73-61 (located nearly 1,400 m [4,700 ft] to the southeast) and 37 

well 199-K-209 (located 1,900 m [6,300 ft] to the east) have Cr(VI) concentrations at or less than the 38 

detection limits. These wells indicate the upgradient boundary of the plume occurs somewhere between 39 

well 199-K-193 and wells 699-73-61 and 199-K-109. 40 

Persistent Cr(VI) concentrations are reported in wells 199-K-201 and 199-K-154, near the eastern end of 41 

the 116-K-2 Trench. Well 199-K-201 has shown an overall decreasing trend since installation during 42 

the RI, although concentrations in May 2017 were 24 µg/L. 43 
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1.2.3.2.4 K-N Boundary Plume 1 

At the boundary between the 100-K and 100-N Areas, contamination near wells 199-K-182 and 2 

199-N-189 is migrating northward. This migration is mitigated by extraction at well 199-K-182 that 3 

decreases the hydraulic gradient. Well 199-N-189 was converted to an extraction well to further mitigate 4 

plume migration. The K-N Boundary plume is attributed to 116-K-2 Trench discharges.  5 

1.2.3.2.5 RUM and Aquifer Tubes 6 

Low levels of Cr(VI) contamination were detected in the uppermost water-bearing unit of the RUM in 7 

wells 199-K-32B and 199-K-192 during routine monitoring. Concentrations range from less than 8 

detection limits to 9 µg/L (well 199-K-192 in August 2014). Measured hydraulic heads in the uppermost 9 

RUM aquifer at 100-K are upward relative to the unconfined aquifer, precluding downward migration of 10 

contaminants under current conditions. During reactor operations, however, the large groundwater mound 11 

created by 116-K-2 Trench discharges may have initiated sufficient downward pressure, causing 12 

contaminants to migrate into the uppermost RUM aquifer.  13 

Contamination is periodically detected in aquifer tubes at 100-K. During 2016, six aquifer tube locations 14 

exceeded 10 µg/L. Aquifer tube 17-D exhibited 9.2 µg/L in a filtered total chromium sample, the highest 15 

reported value in aquifer tubes near the KW subarea; however, Cr(VI) concentrations were consistent 16 

with previous measurements. Downgradient from the KE subarea plume, aquifer tube concentrations were 17 

less than detection limits in 2016, including aquifer tubes C6245, C6246, and C6247, which reported 18 

a 12 µg/L maximum concentration in October 2014. 19 

Aquifer tube measurements near the 116-K-2 Trench were at or less than detection limits in 2016 in all 20 

but one location. Located downgradient from KR-4 P&T extraction well 199-K-114A, aquifer tube 22-D 21 

continued to exhibit increased Cr(VI) concentration in 2016 compared to 2015. With a specific 22 

conductance >200 µS/cm (which is higher than the typical river specific conductance), the Cr(VI) 23 

concentration suggests that groundwater is continuing to discharge at this location. 24 

1.2.3.2.6 Strontium-90 25 

The Sr-90 in groundwater originated from different sources. Cooling water contaminated by fuel rod 26 

failure fission products (including Sr-90) was discharged to the 116-K-1 Crib and 116-K-2 Trench. 27 

The 116-KW-2 and 116-KE-3 Cribs were used for sub-basin drainage overflow disposal containing Sr-90 28 

from the KW and KE FSBs from 1955 to 1971. Each of these cribs had a reverse well extending 29 

approximately 3 m (10 ft) below the water table. Sr-90 was also historically released to groundwater via 30 

FSB leaks (Section 1.2.2.5 in DOE/RL-2010-97). The FSBs stored SNF from 1975 (KE Reactor) and 31 

1981 (KW Reactor) until SNF removal in 2004. Both FSBs leaked, with KE releasing a much greater 32 

volume, approximately 56.8 million L (15 million gal) from 1976 to 1979 and 570,000 L (150,000 gal) 33 

in 1993. The KE FSB leak from 1976 to 1979 is estimated to have released 2,500 Ci of radionuclides, 34 

exclusive of tritium. The leaks and releases resulted in three Sr-90 plumes: one in the KW subarea, one in 35 

the KE subarea, and one near the 116-K-1 Crib and 116-K-2 Trench (Figure 1-8). The highest Sr-90 36 

concentrations in groundwater are associated with historical releases from the KE FSB.  37 

1.2.3.2.7 Carbon-14 38 

Carbon-14 is in groundwater at concentrations greater than the 2,000 pCi/L DWS in the KW and 39 

KE subareas (Figure 1-9). Low C-14 concentrations were detected along the 116-K-2 Trench. Most C-14 40 

in 100-K groundwater originated from historical discharges of reactor gas dryer condensate to the 41 

116-KE-1 and 116-KW-1 gas condensate cribs.  42 
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 1 

Figure 1-8. 100-KR-4 OU Sr-90 Plumes, 2016 2 
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 1 

Figure 1-9. 100-KR-4 OU C-14 Plumes, 2016 2 
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1.2.3.2.8 Trichloroethene 1 

The TCE sources at 100-K are likely related to using solvents during equipment maintenance activities, 2 

but specific TCE release points have not been identified. There are relatively few wells with 3 

concentrations near the 5 µg/L DWS, leading to uncertainty in interpolating the plumes extent. TCE is 4 

primarily within the KW subarea (Figure 1-10). 5 

1.2.3.2.9 Nitrate 6 

Nitrate contamination in 100-KR-4 OU groundwater is attributed to oxidation of high concentrations of 7 

ammonia in reactor gas dryer condensate (i.e., up to 36,000 mg/L) discharged to the 116-KE-1 and 8 

116-KW-1 gas condensate cribs. Additional nitrate contributions to groundwater may be sanitary waste 9 

drain fields at various locations in 100-K. Nitrate is in groundwater in most 100-K wells at concentrations 10 

less than the DWS1 of 45 mg/L. Figure 1-11 shows the nitrate plume near the KW Reactor with 11 

concentrations greater than the 45 mg/L DWS.  12 

1.2.3.2.10 Tritium 13 

Tritium is in groundwater at several areas that correlate with historical sources. Releases from reactor 14 

gas dryer condensate and the FSBs resulted in contamination downgradient from both the KW and 15 

KE Reactors and near the 116-KW-1 and 116-KE-1 gas condensate cribs. The highest tritium 16 

concentrations were near the 118-K-1 Burial Ground. The plume footprint for areas exceeding the 17 

20,000 pCi/L DWS in 2016 was approximately 0.12 km2 (0.05 mi2) (Figure 1-12). 18 

1.2.4 Contaminant Fate and Transport 19 

This section summarizes the anticipated behavior of selected contaminants in the vadose zone and 20 

groundwater at 100-K. Further details are presented in Chapter 5 of the 100-K RI report 21 

(DOE/RL-2010-97), along with approaches for assessing anticipated behavior of vadose zone 22 

contaminant secondary sources and behavior of contaminants (C-14, Cr(VI), nitrate, Sr-90, TCE, and 23 

tritium) already in groundwater.  24 

1.2.4.1 Vadose Zone Fate and Transport Modeling 25 

Vadose zone fate and transport modeling simulated future COPC behavior and concentrations to assess 26 

potential threats to human health and the environment. The 100-K RI report (DOE/RL-2010-97) presents 27 

a detailed description, which is summarized in this section. 28 

Interim remediated waste site CVP/RSVP and/or RI analytical data were evaluated to determine 29 

whether further remedial action may be needed for groundwater and surface water quality protection. 30 

Threshold values were calculated for residual soil contamination that are used to evaluate exposure 31 

point concentrations (EPCs). These values are denoted as the soil screening level (SSL) and the 32 

preliminary remediation goal (PRG). The SSL and PRG values are both PRGs: the SSL is calculated for 33 

a conservation with native vegetation land use, and the PRG is calculated for an irrigation land use. 34 

The purpose of calculating these two values is to determine if an EPC is low enough to be protective 35 

under an irrigation use. If it is not, then the EPC is subsequently compared to the second value to 36 

determine if an IC to preclude irrigation would be protective of groundwater and surface water. 37 

Figure 1-13 presents a pictorial representation of SSLs and PRGs in comparison to EPCs. 38 

                                                      
1 The federal and state DWS for nitrate is 10 mg/L expressed as NO3-N. Converting NO3-N values to nitrate as the 

NO3
- ion requires multiplying the NO3-N value by 4.43. Nitrate data provided in this report are the converted values; 

as such, the DWS is equivalent to approximately 45 mg/L as NO3. 
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 1 

Figure 1-10. 100-KR-4 OU TCE Plume, 2016 2 
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 1 

Figure 1-11. 100-KR-4 OU Nitrate Plume, 2016 2 
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 1 

Figure 1-12. 100-KR-4 OU Tritium Plumes, 2016 2 
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 1 

Figure 1-13. Pictorial Representation of SSL and PRG Relation to EPC 2 

Vadose zone fate and transport modeling results were used to calculate SSLs and PRGs protective of 3 

groundwater and surface water quality for the conditions simulated. The vadose zone transport 4 

simulations were performed using the Subsurface Transport Over Multiple Phases (STOMP2) computer 5 

code (PNNL-11216, STOMP: Subsurface Transport Over Multiple Phases Application Guide; 6 

PNNL-12030, STOMP: Subsurface Transport Over Multiple Phases Version 2.0: Theory Guide; 7 

PNNL-15782, STOMP: Subsurface Transport Over Multiple Phases Version 4.0: User’s Guide). 8 

The model development approach is presented in SGW-50776, Model Package Report: Vadose Zone 9 

Model for the River Corridor. The numerical approach for calculation of the unit-length SSLs and PRGs 10 

is described in ECF-100KR1-17-0087, Determination of Soil Screening Levels and Preliminary 11 

Remediation Goals for Waste Sites in the 100-K Source Operable Units. 12 

Contaminant fate and transport for the 100-K Area vadose zone are summarized as follows: 13 

 Interim remediated waste sites with CVP/RSVP and/or RI analytical data were evaluated to determine 14 

whether further remedial action may be needed for the protection of groundwater and surface water 15 

quality. The evaluation results are as follows: 16 

 The C-14 concentrations in the vadose zone associated with a group of four remediated waste 17 

sites (100-K-6, 100-K-46, 100-K-62, and 132-KE-1) were determined to pose a potential threat to 18 

groundwater and surface water, assuming infiltration rates based on a native vegetation scenario. 19 

The C-14 contamination at these four waste sites is associated with a collocated fifth waste site 20 

(116-KE-1) that was not completely remediated under interim action. The 116-KE-1 waste site is 21 

evaluated further in this FS.  22 

                                                      
2 STOMP is copyright of Battelle Memorial Institute, Columbus, Ohio, and is used under the limited 

government license. 
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 The Cr(VI) concentrations in the vadose zone at the 116-K-2 waste site were determined to pose 1 

a potential threat to either groundwater or surface water assuming infiltration rates based on 2 

a native vegetation scenario. The 116-K-2 waste site is evaluated further in this FS. 3 

1.2.4.2 Groundwater Fate and Transport Modeling 4 

A three-dimensional groundwater fate and transport numerical model was developed for 100-K to 5 

evaluate groundwater COPCs under baseline conditions, assuming no further remedial action, and under 6 

remedial alternatives. The 100-KR-4 OU groundwater fate and transport model (GWFTM) provides the 7 

computational basis for groundwater contaminant fate and transport simulations and to help develop 8 

remedial action alternatives. Documentation for the model development, construction, and flow and 9 

transport calibration is in CP-61711, Model Package Report: 100-K Scale-Appropriate Fate and 10 

Transport Model, Version 1.0. 11 

The 100-K GWFTM focuses on Cr(VI), C-14, nitrate, Sr-90, TCE, and tritium fate and transport. 12 

1.2.4.3 Groundwater Modeling Results 13 

The 100-K GWFTM simulation results for the no further action case establish the basis for action for 14 

groundwater contamination in 100-K. These results (Chapter 5 in DOE/RL-2010-97) were based on 15 

groundwater contamination through April 2017 and also provide the baseline for comparison with fate 16 

and transport simulation results for the remediation alternatives in this FS.  17 

Groundwater monitoring indicates mass remaining in the vadose zone for Cr(VI), C-14, nitrate, Sr-90, 18 

and tritium that sustains groundwater plumes for some time. Modeling considered the effects of potential 19 

continuing vadose zone sources to simulate no further action scenario results. The no further action 20 

scenario simulations indicated the following: 21 

 Cr(VI) persists at concentrations greater than the Model Toxics Control Act (MTCA) 22 

(WAC 173-340) 48 µg/L groundwater cleanup level near the 183.1KW Headhouse through 2142. 23 

 The Cr(VI) concentrations in groundwater discharging to the Columbia River decrease to less than 24 

the 10 µg/L state surface water standard by 2063 along the river shoreline near the KW and 25 

KE subareas and persists at concentrations greater than the surface water standard along the river 26 

shoreline near northern 100-N through 2142. 27 

 The C-14 source depletion results in groundwater concentrations less than the 2,000 pCi/L 28 

DWS by 2033. 29 

 Nitrate concentrations in groundwater decrease to less than the 45 mg/L DWS by 2027. 30 

 Tritium concentrations in groundwater decrease to less than the 20,000 pCi/L DWS by 2027. 31 

 Sr-90 groundwater contamination persists through 2142 at concentrations greater than the 32 

8 pCi/L DWS near waste sites 116-KW-2, UPR-100-K-1, and 116-K-2. In addition, Sr-90 33 

concentrations remain above the cleanup level after 300 years of simulated time. 34 

 TCE groundwater concentrations decrease to less than the 5 µg/L DWS by 2022. 35 
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1.2.5 Human Health Risk Assessment 1 

The following summarizes the results of the HHRA presented in the 100-K RI report (Chapter 6 in 2 

DOE/RL-2010-97):  3 

 A total of 64 remediated waste sites with closeout verification data were evaluated in the RI soil 4 

baseline risk assessment (BRA).  5 

 Principal soil contaminants for direct contact exposure identified at one or more of the remediated 6 

waste sites include Cs-137, C-14, Co-60, Eu-152, Eu-154, Ni-63, and Sr-90. 7 

 A total of 82 monitoring wells were evaluated in the groundwater RI BRA.  8 

 The groundwater BRA identified bromomethane, C-14, Cr(VI), total chromium, nitrate, 2-propanol, 9 

Sr-90, TCE, and tritium as groundwater COPCs for potential remedial technologies evaluation in 10 

the FS. 11 

The integration of past and current HHRAs supported the development of remedial alternatives for waste 12 

sites and contaminated groundwater for the 100-K RI report (Chapter 6 in DOE/RL-2010-77). The RI soil 13 

BRA was integrated with cleanup performed under interim action RODs. The information was used for 14 

the following:  15 

 Determine whether additional response action is necessary at a site. 16 

 Support development of PRGs. 17 

 Document the magnitude of risk and primary contributors (e.g., contaminants and exposure pathways) 18 

to risk at a site. 19 

The River Corridor baseline risk assessment (RCBRA) HHRA and the companion ERA 20 

(DOE/RL-2007-21, River Corridor Baseline Risk Assessment, Volume I: Ecological Risk Assessment, and 21 

Volume II: Human Health Risk Assessment) provided evaluations of ecological and human health risk 22 

from residual contamination at waste sites remediated under the interim action RODs and from potentially 23 

affected environmental media under various exposure scenarios. The primary purpose of the RCBRA was 24 

to provide the overall basis for action to proceed with the regulatory requirement that a BRA be 25 

performed for each River Corridor OU to reach final closeout. 26 

The EPA guidance provided in Clay, 1991, “Role of the Baseline Risk Assessment in Superfund Remedy 27 

Selection Decisions,” describes how to use the BRA to make risk management decisions such as 28 

determining whether remedial action under CERCLA Section 104 or Section 106 is necessary. 29 

Clay (1991) describes the following conditions when a CERCLA action is generally warranted:  30 

 The BRA indicates that a cumulative site risk to an individual using reasonable maximum exposure 31 

(RME) assumptions for either current or future land use exceeds the 10-4 end of the risk range. 32 

 For groundwater actions, maximum contaminant levels (MCLs) and nonzero maximum contaminant 33 

level goals (MCLGs) will generally be used to gauge whether remedial action is warranted. 34 

 Chemical-specific standards that define acceptable risk levels may also be used to determine whether 35 

an exposure is associated with an unacceptable risk to human health and the environment and whether 36 

remedial action is warranted. 37 
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As stated in the NCP (40 CFR 300.430(a)(iii)(F), “Remedial Investigation/Feasibility Study and Selection 1 

of Remedy”), “…[i]t is EPA’s expectation to return usable groundwaters to their beneficial uses wherever 2 

practicable, within a timeframe that is reasonable given the particular circumstances of the site.” 3 

To determine if an action is warranted, the tap water (residential) scenario was used to calculate 4 

cumulative cancer risks and noncancer hazards. The results of these calculations were compared to the 5 

10-4 risk threshold for radionuclides, the 10-5 risk threshold for hazardous chemicals, and a hazard index 6 

(HI) of 1 for noncancer hazards. 7 

1.2.5.1 Soil Risk Assessment 8 

Following guidance in EPA/540/1-89/002, Risk Assessment Guidance for Superfund, Volume I, Human 9 

Health Evaluation Manual (Part A) – Interim Final, the 100-K RI soil risk assessment included the 10 

following four steps: data analysis, exposure assessment, toxicity assessment, and risk characterization. 11 

Details are provided in Section 6.2 of the 100-K RI report (DOE/RL-2010-97).  12 

1.2.5.1.1 Conclusions for the Soil Risk Assessment 13 

For the 100-K RI report (DOE/RL-2010-97) soil risk assessment, the primary contaminants that are the 14 

largest contributors to calculated risks and HIs in the vadose zone are radionuclides. The radionuclides 15 

can be categorized as being related to waste disposal, including C-14, Cs-137, Co-60, Eu-152, Eu-154, 16 

Ni-63, and Sr-90. Thirty remediated waste sites (including grouped sites) have cumulative cancer risks 17 

>1×10-4. Table 1-5 identifies the remediated waste sites that warrant evaluation of remedial alternatives in 18 

the FS, the COPCs, the human health direct contact cumulative cancer risks, and the year that the 19 

cumulative cancer risk decays to <1×10-4.  20 

Table 1-5. Summary of 100-K OUs Remediated Waste Sites 
for Evaluation of Remedial Alternatives in the FS 

Reason Waste Site 

Warrants Evaluation of 

Remedial Alternatives COPC 

Cumulative Cancer 

Risk (Year Risk 

Decays <1×10-4) 

Waste Site 

Name 

Sites with deep zone human 

health direct contact 

cumulative risk currently 

>1×10-4 

Sr-90 2.7×10-4 (2054) 
100-K-3, 100-K-36, 

100-K-79:7* 

Sr-90 2.4×10-4 (2048) 
100-K-3, 100-K-36, 

100-K-79:7* 

Cs-137, Sr-90 1.8×10-3 (2135) 

100-K-3, 100-K-68, 

100-K-69, 100-K-70, 

100-K-71 

Cs-137, Sr-90 1.9×10-4 (2038) 100-K-46 

Eu-152, Sr-90 1.4×10-4 (2025) 
100-K-47*, 100-K-69, 

100-K-70, 100-K-71 

Cs-137, Co-60, Eu-152, Eu-154 1.5×10-3 (2087) 100-K-56:1 

Cs-137, Eu-152, Sr-90 9.7× 10-4 (2088) 116-K-1 

Cs-137, Eu-152, Eu-154, Ni-63, 

Sr-90 
5.8×10-3 (2185) 116-K-2 

Cs-137, Co-60, Eu-152, Eu-154, 

Ni-63, Sr-90 
6.4×10-3 (2176) 116-K-2 
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Table 1-5. Summary of 100-K OUs Remediated Waste Sites 
for Evaluation of Remedial Alternatives in the FS 

Reason Waste Site 

Warrants Evaluation of 

Remedial Alternatives COPC 

Cumulative Cancer 

Risk (Year Risk 

Decays <1×10-4) 

Waste Site 

Name 

Sites with shallow zone and 

deep zone human health 

direct contact cumulative 

risks >1×10-4 

Sr-90 2.5×10-4 (2045) 118-K-1 P1_Shallow_4 

Cs-137, Sr-90 1.7×10-4 (2032) 
118-K-1 

P1_Shallow_Focused_1 

Cs-137, Sr-90 5.6×10-4 (2084) 118-K-1 P2_Deep_7 

Cs-137, Sr-90 1.6×10-3 (2126) 
118-K-1 P2_Deep 

Focused_1 

Cs-137, Eu-152, Sr-90 1.9×10-3 (2102) 
118-K-1 

P2_Deep_Focused_2 

Cs-137, Sr-90 1.4×10-3 (2123) 
118-K-1 

P2_Deep_Focused_7 

Sites with only shallow zone 

human health direct contact 

cumulative risks >1×10-4 

— — — 

Sites with shallow zone and 

deep zone human health 

direct contact cumulative 

risks >1×10-4 and exceed the 

soil screening level for 

groundwater protection 

C-14, Cs-137, Sr-90 1.7×10-4 (2066) 

100-K-6, 100-K-46, 

100-K-62, 132-KE-1 

Shallow_1 

C-14, Cs-137, Sr-90 1.0×10-3 (6357) 

100-K-6, 100-K-46, 

100-K-62, 132-KE-1 

Shallow_2 

*Although this site or subsite is listed, it has not undergone remediation and is not classified as interim closed out. 

COPC =  contaminant of potential concern 

 1 

1.2.5.1.2 Uncertainties in the Soil Risk Assessment 2 

The purpose of the RI soil risk assessment was to determine whether further remedial action is warranted 3 

under CERCLA. Estimating and evaluating health risks from exposure to environmental contaminants is 4 

a complex process with inherent uncertainties. Uncertainty reflects limitations in knowledge, and 5 

simplifying assumptions must be made to quantify health risks. 6 

In the RI soil risk assessment, uncertainties were associated with sampling and analysis data, sampling 7 

design, the EPCs, radiological decay, exposure, toxicity assumptions, and risk characterization. 8 

1.2.5.2 Groundwater Risk Assessment 9 

The 100-K RI groundwater HHRA consisted of the following steps: data analysis, EPC calculations, 10 

exposure assessment, toxicity assessment, and risk characterization. Details are in Section 6.3 of the 11 

100-K RI report (DOE/RL-2010-97). 12 
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1.2.5.2.1 Summary of Risk Estimates for the EPA Tap Water Scenario 1 

The contaminants in groundwater that are the largest contributors to calculated risks, dose, and 2 

hazards are summarized for individual wells in Section 6.5.2 of the 100-K RI report (DOE/RL-2010-97). 3 

In addition to reflecting an RME scenario, the EPA tap water scenario is consistent with a residential 4 

exposure scenario because it incorporates default residential exposure assumptions. Potentially complete 5 

exposure routes for the EPA tap water scenario include exposure of resident adults and children to 6 

groundwater used as a drinking water source and include the following: 7 

 Ingestion of drinking water 8 

 Inhalation of volatiles when showering and other domestic purposes 9 

 Dermal contact with skin while showering and using groundwater for other domestic purposes 10 

(e.g., washing dishes); chemicals only 11 

 External exposure to immersion in tap water; radionuclides only 12 

Based on the comparison of individual groundwater concentrations to DWSs or state groundwater 13 

cleanup levels, the following analytes are retained as COPCs: C-14, Cr(VI), nitrate, Sr-90, total 14 

chromium, TCE, and tritium. Based on the comparison of individual groundwater concentrations to 15 

federal ambient water quality criteria (AWQC) or WAC 173-201A, “Water Quality Standards for Surface 16 

Waters of the State of Washington,” Cr(VI) and total chromium are retained as COPCs. The combination 17 

of C-14, Sr-90, and tritium results in an annual dose equivalent >4 mrem to the total body or any internal 18 

organ. Results of these evaluations indicated the need to evaluate these analytes for potential remedial 19 

technologies in the FS. 20 

Based on results of the EPA tap water (residential) scenario risk assessment, bromomethane, C-14, 21 

chloroform, cyanide, 2-propanol, Sr-90, TCE, tritium, and Cr(VI) are the primary contributors to cancer 22 

risks and noncancer hazards. Therefore, these analytes were retained as COPCs to evaluate potential 23 

remedial technologies in the FS.  24 

1.2.5.2.2 Uncertainties in the Groundwater Risk Assessment 25 

In the 100-K RI groundwater risk assessment, uncertainties relate to the selection of COPCs and the 26 

development of media concentrations to which receptors may be exposed, the assumptions regarding 27 

exposure and toxicity, and the characterization of health risks. Uncertainties exist regarding the 28 

quantification of health risks in terms of several assumptions regarding exposure and toxicity, including 29 

site-specific and general uncertainties.  30 

1.2.6 Ecological Risk Assessment 31 

Chapter 7 in the 100-K RI report (DOE/RL-2010-97) presents a detailed ERA, which integrated recently 32 

collected RI data, results from previous ERAs, and operational process information with the remediation 33 

performed under the interim action RODs to identify the need for further remedial action and 34 

development of ecological PRGs.  35 

Previous remedial actions completed in the River Corridor under interim action RODs assumed that 36 

attainment of standards for protection of human health or that reduced contaminant leaching in shallow 37 

vadose zone material (<4.6 m [15 ft]) would also be protective of ecological receptors. Protection of 38 

ecological receptors from groundwater discharges into the Columbia River was considered in the interim 39 

action RODs through consideration of state water quality standards and federal AWQC. Per CERCLA 40 

requirements, the 100-K ERA was performed to determine if interim actions were sufficiently protective 41 

of ecological receptors and for completion of the final action ROD.  42 
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The ERA incorporated information from many previous investigations in 100-K and the River Corridor to 1 

assemble a holistic ERA that provides answers to questions about risk from waste sites in the 100-K OUs 2 

to the environment. The 100-K RI ERA also relied on the RCBRA (DOE/RL-2007-21) and 3 

DOE/RL-2010-117, Draft A, Columbia River Component Risk Assessment, Volume I, Screening-Level 4 

Ecological Risk Assessment (hereinafter referred to as the Columbia River Component [CRC]). 5 

Additionally, the ERA evaluated ecological receptor exposure (and risk) to contaminated soil in the 6 

shallow vadose zone (<4.6 m [15 ft] bgs) of the 100-K upland waste sites (100-KR-1 and 7 

100-KR-2 OUs); contaminated soil in the riparian zone and islands adjacent to 100-K; and porewater, 8 

sediment, and surface water in the Columbia River adjacent to 100-K.  9 

The results from the ERA (Chapter 7 in DOE/RL-2010-97) showed that inorganic, organic, and 10 

radiological contaminants detected in near-river groundwater samples collected from the 100-KR-4 OU 11 

are not affecting the aquatic life exposed to pore water, surface water, or sediment in the Columbia River 12 

near 100-K.3 Modeled future concentrations are also below effect levels (CP-61711). Numerous lines of 13 

evidence were considered as part of the evaluation. These included, but were not limited to, the 14 

comparison of aquatic media (aquifer tube, pore water, spring/seep, and surface water) in the riparian and 15 

nearshore areas to effect levels, data quality, temporal significance, and correlations (or the lack thereof) 16 

with chemistry and observed responses in the bioassays and reference data.  17 

The results of the RCBRA (DOE/RL-2007-21) and CRC (DOE/RL-2010-117) were re-examined in the 18 

100-K ERA, along with additional data collected since the completion of those reports, to reach 19 

conclusions about ecological risk at 100-K and to inform the FS.  20 

The results of the weight of evidence contained in the 100-K ERA indicate that (with the exception of 21 

Cr(VI)), contaminant concentrations in environmental media do not indicate ecological risk requiring 22 

further evaluation in the FS, or the risk is not associated with contaminated soil or groundwater resulting 23 

from Hanford Site operations. The environmental media evaluated included riparian and nearshore 24 

groundwater, seeps, springs, aquifer tubes, pore water, and riparian and island soil. 25 

Except for Cr(VI) in groundwater, there are no potential sources for the contaminants of potential 26 

ecological concern (COPECs) that are related to the Hanford Site. Sources are summarized in the RCBRA 27 

(DOE/RL-0007-21) and CRC (DOE/RL-2010-117), as well as the 100-K RI report (DOE/RL-2010-97). 28 

Only Cr(VI) from the 100-KR-4 OU was considered a source in the 100-K nearshore and riparian area. 29 

The Cr(VI) measurements in nearshore wells and measurements in pore water demonstrate continued 30 

exceedance of the 10 µg/L state surface water quality standard, indicating a continued complete pathway 31 

from 100-KR-4 OU groundwater to the Columbia River. Because Cr(VI) results in pore water are greater 32 

than the 10 µg/L state surface water quality standard, the 100-KR-4 OU requires consideration in the FS. 33 

For the purpose of alternatives evaluation in this FS, Cr(VI) in the 100-KR-4 OU is considered the only 34 

contaminant of ecological concern (COEC). 35 

1.2.7 Conceptual Site Model 36 

The CSM serves as a framework for evaluating 100-K data. ASTM E1689-95, Standard Guide for 37 

Developing Conceptual Site Models for Contaminated Sites, defines the CSM as “…a written or pictorial 38 

of an environmental system and the biological, physical, and chemical processes that determine the 39 

transport of contaminants from sources through environmental media to environmental receptors within 40 

                                                      
3 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 contaminants may be overestimated by using the unfiltered 

(or total metals) concentrations. 
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the system.” The purpose of this CSM is to present the framework for the features, events, and processes 1 

at 100-K that result in the observed environmental contamination conditions. The CSM incorporates field 2 

and laboratory data, radiological surveys, process history, analogous site information, personal interviews, 3 

engineering drawings and as-builts, and other available information. Figure 1-14 presents the basic 4 

elements associated with a CSM, and the following sections describe the elements. 5 

 6 

Figure 1-14. Conceptual Site Model 7 

1.2.7.1 Sources 8 

Liquid and solid waste from historical reactor operations were primary sources of contamination. Primary 9 

contaminant source releases occurred through various mechanisms and resulted in varying secondary 10 

contaminant sources in the vadose zone and aquifer. The primary sources included both intentional 11 

releases and UPRs. The primary sources included low-volume, high-concentration water treatment 12 

chemicals; variable volumes of liquid effluent discharged or released from reactor processes; and solid 13 

waste. Reactor operations that generated the most source materials included cooling water treatment, solid 14 

waste disposal, and effluent discharges. The primary sources included the following:  15 

 Solid waste materials: Construction materials and debris; repair and maintenance waste; and 16 

radiologically contaminated tools, materials, and reactor components placed in burial grounds or 17 

disposed on the ground surface.  18 

 Radioactive and nonradioactive liquid chemical waste: Undiluted and slightly diluted solutions of 19 

cooling water treatment chemicals (i.e., sodium dichromate dihydrate, sodium hydroxide, sodium 20 

chloride, sodium silicate, sulfuric acid, alum, and chlorine), contaminated solutions produced during 21 

reactor pile cleanout following fuel cladding failures, and complex radiologically contaminated liquid 22 

waste generated by the reactor gas drying and filtration system. Spent reactor cooling water initially 23 

contained up to 2,000 µg/L of sodium dichromate dihydrate (about 700 µg/L Cr(VI)). 24 

 Radioactive and nonradioactive contaminated wastewater: High-solids water generated by 25 

draining and backflushing the sedimentation basins, drainage water from the FSBs, and spent reactor 26 

cooling water with radioactive fission and activation products associated with normal reactor 27 

operations and fuel cladding failures. 28 

 Refined petroleum products: Diesel and fuel oil used in the oil-fired reactor steam supply boilers, 29 

backup generators, and water supply pumps. 30 

 Sanitary waste: May have occasionally included radioactively contaminated cleaning solutions. 31 

The releases of primary contaminant source materials to the environment resulted in contaminated vadose 32 

zone material beneath facilities and identified as waste sites. Secondary sources consist of environmental 33 

media (e.g., soil) affected by primary source releases that retain sufficient mobile contaminant 34 

concentrations to act as continuing sources. 35 
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The main 100-K secondary source is mobile Cr(VI) in unremediated waste sites and residues in the 1 

vadose zone soil, PRZ, and the unconfined aquifer. Secondary sources for Cr(VI) identified at 100-K 2 

(Section 1.2.3) include the 183.1KW and 183.1KE Headhouse areas, 190KW Pump House, 116-K-1 Crib, 3 

and 116-K-2 Trench. The potential for Cr(VI) contained in the RUM unit has been considered as 4 

a possible secondary source; however, sampling indicates that the RUM is not a secondary source 5 

at 100-K.  6 

Secondary sources identified at 100-K for other groundwater COPCs include the following: 7 

 C-14 and nitrate: 116-KW-1 Crib and 116-KE-1 Crib 8 

 Sr-90: 116-KW-2 Crib, UPR-100-K-1, 116-KE-3 Crib, 116-K-1 Crib, and 116-K-2 Trench 9 

 Tritium: 116-KW-1 Crib, 116-KW-2 Crib, UPR-100-K-1, 116-KE-3 Crib, 116-K-1 Crib, and 10 

118-K-1 Burial Ground (100-K-32 waste site) 11 

Tables 1-3 and 1-4 list continuing secondary sources at 100-K based on groundwater monitoring results. 12 

Figure 1-6 shows the secondary source locations. 13 

1.2.7.2 Release Mechanisms 14 

Release mechanisms are the processes that release contaminants to the environment such as resuspension 15 

of contaminated particulate matter, volatilization, surface runoff, leaching, plant intrusion, animal 16 

burrowing, erosion, or groundwater migration.  17 

Contaminants associated with dry solid waste were released to the environment through intentional 18 

disposal at waste sites, including the 118-K-1 Burial Ground, or through unplanned spills of particulate 19 

material. Soluble dry solid waste contaminants may transfer to the environment through leaching or 20 

dissolution. Insoluble dry contaminants (e.g., friable asbestos or contaminated solid waste particulates) 21 

may also become windborne, suspended in surface runoff, or transferred through physical contact. 22 

Spent reactor cooling water accounts for the greatest wastewater volume and mass. The thermally hot 23 

cooling water was held in the 107K Retention Basins to allow heat to dissipate and short-lived activation 24 

products to decay before discharge into the Columbia River. Cooling water effluent from reactor 25 

operations during upset events (e.g., fuel-cladding failures) was disposed to the 116-KW-1 Crib and then 26 

to the 116-K-2 Trench. The 116-K-1 Crib received water for only a short time before it suffered 27 

a structural failure and was replaced by the trench. In addition to the cooling water, the process sewer line 28 

from the reactors and the water treatment facilities discharged into the 116-K-2 Trench. The process 29 

sewer conveyed wastewater from the cooling water treatment facilities and overflow water from the 30 

reactor FSBs. FSB water was frequently contaminated with fuel residues and fission products. The FSB 31 

drainage was also routed to the combined crib/reverse wells identified as the 116-KE-3 and 116-KW-2 32 

waste sites. 33 

Concentrated liquid sodium dichromate dihydrate was transferred from railcars at the 183.1KE and 34 

183.1KW Headhouses and mixed into cooling water. Secondary Cr(VI) sources from spills, leaks, and 35 

equipment washing at both headhouse areas are inferred from groundwater monitoring and have been 36 

confirmed at the 183.1KW Headhouse area through the KW rebound test (SGW-62061).  37 

Liquid discharges at the 116-K-2 Trench produced a groundwater mound in the underlying unconfined 38 

aquifer that extended vertically almost to the ground surface and laterally for a distance of approximately 39 

3 km (1.9 mi) to the south and 2 km (1.2 mi) to the west and east of the head end of the trench. This 40 

groundwater mound consisted primarily of reactor cooling water, which likely displaced water within the 41 

unconfined aquifer in that area. The cooling water contained sodium dichromate dihydrate (Cr(VI)) and 42 
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radioactive fission and activation products associated with normal reactor operations and fuel cladding 1 

failures. The cooling water was also high temperature (i.e., about 95°C [203°F] upon exiting the reactors). 2 

Figure 1-15 provides a representation of the groundwater mound at 100-K (prepared in 1963) based on 3 

groundwater elevation and temperature measurements at 100-K during reactor operation. 4 

 5 
Source: HW-77170, Status of the Ground Water Beneath Hanford Reactor Areas April 1, 1962 through January, 1963. 6 
 7 

Figure 1-15. Inferred Distribution of Cooling Water Mound Near 116-K-1 Crib, 8 

116-K-2 Trench, and Retention Basins During Reactor Operations 9 

The groundwater mound near the trench dissipated after 1971 as water drained down to the water table, 10 

leaving relatively normal groundwater levels formed by the cooling water.  11 

Key aspects of these waste sites and migration of associated contaminants include the following: 12 

 Very large volumes of water containing relatively low concentrations of Cr(VI) and radionuclides 13 

were discharged.  14 

 Effluent moved vertically and laterally through the vadose zone and flowed laterally in the aquifer. 15 

The high-volume discharges created a water table mound beneath the reactor area. Distribution of 16 

contaminants inland also occurred because of the mounding.  17 

 Cooling water effluent retained in the vadose zone at concentrations less than or equal to the 18 

maximum of 700 µg/L of Cr(VI) would not produce soil with concentrations requiring interim action 19 

removal. The large effluent fluxes likely resulted in buildup of reduced trivalent chromium over time. 20 

 Contaminants were transported into the vadose zone or unconfined aquifer according to their relative 21 

mobilities and the volume and duration of discharges. Highly mobile constituents (e.g., Cr(VI) and 22 

tritium) migrated with the water, while less mobile constituents (e.g., Sr-90) migrated more slowly 23 

through the vadose zone.  24 
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 Areas at 100-K that were affected by the high-volume wastewater discharges include the following: 1 

 The vadose zone underlying the location of the 107KE and 107KW Retention Basins, which was 2 

affected by chronic leaks from the basins. 3 

 The vadose zone underlying the 116-K-1 Crib and 116-K-2 Trench, which was affected by 4 

discharge of cooling water and process sewer. 5 

 The shallow unconfined aquifer under the 116-K-2 Trench, which was affected by emplacement 6 

of reactor cooling water and process sewer water during operations. 7 

 The vadose zone and surface of the riparian zone between the retention basins and the 8 

116-K-2 Trench and the Columbia River shoreline, which were affected by cooling water springs 9 

that discharged during reactor operation. Figure 1-16 shows the 107KE Retention Basins and 10 

116-K-1 Crib during operations in 1967. 11 

 The vadose zone and shallow unconfined aquifer beneath the 116-KE-3 and 116-KW-2 waste 12 

sites that received contaminated FSB drainage discharged both to the vadose zone and directly to 13 

the aquifer via reverse wells and exhibit elevated Sr-90 and other fission and activation products 14 

in groundwater and soil. 15 

 The vadose zone beneath the area of a known leak from the KE FSB at the construction joint 16 

between the reactor building and the FSB, where elevated Cs-137 is observed in the subsurface. 17 

 18 

Figure 1-16. 116-K-1 Crib (left) and 107KE Retention Basins (right) During Operations, July 1967 19 
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Reactor cooling gas condensate releases to the 116-KE-1 and 116-KW-1 gas condensate cribs adjacent to 1 

the reactors appear to account for persistent plumes of nitrate (from oxidation of ammonia accumulated in 2 

the gas condensate), tritium, and C-14 downgradient of the reactors. This strongly alkaline waste stream 3 

was high in tritium, C-14, and ammonia. Remedial action excavations reported elevated residual C-14 and 4 

tritium in the subsurface. 5 

The 116-KW-2 and 116-KE-3 Cribs were both used for overflow disposal of an undetermined volume 6 

of sub-basin drainage containing Sr-90 from the KW and KE FSBs from 1955 to 1971. The KE and 7 

KW Reactor FSBs were repurposed beginning in 1973 to temporarily store spent fuel from N Reactor. 8 

Both FSBs leaked, with the KE FSB releasing a much greater volume, approximately 56.8 million L 9 

(15 million gal) from 1976 to 1979 and 570,000 L (150,000 gal) in 1993. The KE FSB leak from 1976 10 

to 1979 is estimated to have released 2,500 Ci of radionuclides (exclusive of tritium). The leaks at the 11 

FSBs and cooling water releases resulted in three Sr-90 plumes: one in the KW subarea (KW plume), one 12 

in the KE subarea (KE plume), and one near the 116-K-1 Crib and 116-K-2 Trench (K1/K2 plume). The 13 

highest Sr-90 concentrations in groundwater are associated with historical releases from the KE FSB. 14 

1.2.7.3 Transport Mechanisms 15 

Transport is movement of a radiological, chemical, or physical agent in the environment from a source to 16 

environmental media where human or ecological exposure could occur. Contaminants introduced into the 17 

environment can be transported between environmental media such as air, vadose zone, groundwater, and 18 

surface water through interconnecting release mechanisms. Contaminants could have been transported 19 

through the following mechanisms: 20 

 Overland flow from precipitation potentially resulting in the transport of hazardous and radioactive 21 

substances in waste site surface materials 22 

 Overland flow from past spills or releases from liquid waste disposal facilities 23 

 Historical releases from reactor and retention basin outfall structures 24 

 Possible landslides or slumping of contaminated soil from upland operational areas into the 25 

riparian zone 26 

 Fugitive dust may be transported through wind or work activities on the waste sites 27 

The processes of contaminant transport are artificial or natural. The artificial forces during operations 28 

were related to reactor operations and waste disposal practices. The practice of disposing of high volumes 29 

of liquid waste has contaminated the vadose zone and groundwater. Maintaining safe work conditions 30 

during remediation by applying water to control dust may also be a transient driving force. However, the 31 

long-term driving force is the natural system, as described by the hydrologic cycle. 32 

The hydrologic cycle plays an important role in the CSM. Most precipitation occurs during the fall and 33 

winter when evaporation and plant use are the lowest. This water is stored in the upper few meters of the 34 

soil column. Plants use up this soil moisture during the dry summer months. A fraction of water is able to 35 

percolate below the root zone, where it continues to drain essentially undisturbed vertically through the 36 

vadose zone to the water table with little lateral migration. Exceptions to this include snowmelt, when 37 

snow has drifted in selected areas and runoff from impervious surfaces. The uneven areal distribution 38 

results in zones of infiltration, which can cause local areas of lateral migration.  39 

At 100-K, the groundwater currently flows toward the Columbia River, which forms the discharge 40 

boundary for the shallow unconfined aquifer. The transition area between the aquifer and the river is 41 

called the hyporheic zone. River stage can vary as much as 3 m (10 ft) and is controlled by Priest Rapids 42 
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Dam discharge. When the river rises, it causes the water table to rise in the nearby aquifer. When the river 1 

stage drops, groundwater gradients steepen and aquifer flow increases toward the river. This results in 2 

a back and forth motion in the hyporheic zone so an individual water molecule may reverse flow direction 3 

a number of times before reaching the river.  4 

In addition to discharge of groundwater to the river through the hyporheic zone, groundwater seasonally 5 

discharges in springs or seeps at elevations above the river stage. This activity generally occurs during the 6 

period following the early summer seasonal high river stage. As the river stage recedes, groundwater that 7 

has become elevated as it equilibrated with the high river stage may drain directly to the ground surface in 8 

the riparian zone. 9 

1.2.7.4 Exposure Mechanisms 10 

Exposure is the process by which a contaminant comes into direct contact with the body; tissues; or 11 

exchange boundaries of an organism, human, plant, or animal (e.g., ingestion, inhalation, dermal 12 

absorption, or root uptake).  13 

Human exposure pathways and exposure routes for reasonably anticipated future land use include 14 

the following: 15 

 Direct contact with soil and groundwater (ingestion, dermal contact, and external gamma radiation) 16 

 Food chain (e.g., ingestion of homegrown produce, beef, milk, and fish) 17 

 Inhalation of vapors and dust in ambient air 18 

With consideration of the ecological setting, land use, and COPC release mechanisms and transport 19 

pathways at 100-K upland environments, the ecological exposure pathways considered most plausible 20 

included the following: 21 

 Direct contact of vegetation with analytes in surface soil. 22 

 Direct contact with and ingestion of surface soil by terrestrial invertebrates (e.g., beetles and ants). 23 

 Direct contact with and ingestion of surface soil by terrestrial avian and mammalian wildlife; dietary 24 

exposure of terrestrial avian and mammalian wildlife to COPCs bioaccumulated in food items 25 

(e.g., plants or prey). 26 

 Dietary exposure to emissions from radionuclides bioaccumulated and retained within the tissues of 27 

plants, terrestrial invertebrates, and terrestrial wildlife. 28 

 External exposure of plants, terrestrial invertebrates, and terrestrial wildlife to emissions from 29 

radionuclides in soil. 30 

 Ecological receptors are not likely to have complete exposure pathways to soil below the biologically 31 

active zone (0 to 1.8 m [0 to 6 ft] (MTCA [WAC 173-340]). A standard depth of compliance of 32 

4.6 m (15 ft) was used within the initial screening risk characterization, and decision units with only 33 

deep soil (>4.6 m [15 ft] bgs) were not evaluated in the 100-K RI report ERA (Chapter 7 in 34 

DOE/RL-2010-97).  35 
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Three initial contact media for contaminants at the shore are the groundwater, sediment, and soil. 1 

Groundwater/pore water upwells in seeps along the riverbed and discharges into the Columbia River. 2 

Soil and sediments along the shoreline and riverbed may accumulate contaminants as the water ebbs and 3 

flows through the system. Contaminants may also accumulate from airborne wet and dry deposition 4 

pathways. In the riparian and nearshore environments, biota living in those locations may be exposed 5 

through contact and uptake from soil, sediment, and water, and from consumption of exposed biota in the 6 

food chain. 7 

The following ecological exposure routes were identified for the riparian zone: 8 

 Incidental or intentional ingestion of contaminated soil, sediment, water, or food items (biota) 9 

 Dermal (skin) contact with contaminated soil, sediment, water, or biota 10 

 Exposure of terrestrial and aquatic vertebrates, invertebrates, and plants to external radiation emitted 11 

by contaminated soil or food items 12 

 Uptake (absorption) of the bioavailable contaminant fractions from soil, sediment, or water 13 

 Inhalation of contaminated dust or volatilized contaminants 14 

Ecological exposure routes identified for the nearshore and riverine zones are the same as those identified 15 

for the riparian zone (described above), with the exception of inhalation. 16 

1.2.7.5 Receptors 17 

Receptors include humans, plants, animals, and other species that may come into contact with 18 

contaminants. Chapters 6 and 7 in the 100-K RI report (DOE/RL-2010-97) identify receptors within 19 

100-K, including plants and animals found at the Hanford Site.  20 

The CSM supports relevant remedial technology identification, remedial alternatives development, and 21 

the evaluation of remedial alternatives effectiveness in interrupting the contaminant exposure pathways to 22 

human and environmental receptors.  23 
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2 Identification and Screening of Technologies 1 

The 100-K RI report (DOE/RL-2010-97) defined the nature and extent of soil and groundwater 2 

contamination at 100-K and characterized the risks to human health and the environment posed by the 3 

COPCs. The FS includes three phases: identification and screening of remedial technologies (Chapter 2), 4 

development of remedial alternatives (Chapter 3), and detailed and comparative analysis of selected 5 

alternatives (Chapter 4).  6 

This chapter presents the following information: 7 

 The basis for action, contaminants of concern (COCs), and the applicable or relevant and appropriate8 

requirements (ARARs) governing remedial action (Section 2.1)9 

 RAOs for soil, groundwater, and surface water (Section 2.2)10 

 PRGs for each COC based on environmental media, receptor, and exposure pathway (Section 2.3)11 

 General response actions for the waste sites and groundwater COC plumes requiring further12 

evaluation in the FS (Section 2.4)13 

 Identification and screening of applicable waste site and groundwater plume remedial action14 

technologies based on their relative effectiveness, implementability, and cost relative to the RAOs,15 

PRGs, and subsurface conditions at 100-K (Section 2.5)16 

Based on the screening results, the following technologies and process options are assembled into 17 

remedial action alternatives in Chapter 3: 18 

 Waste sites: No action, ICs, surface covers and barriers, natural attenuation (sorption, radioactive19 

decay), standard and deep excavation with onsite disposal (components of RTD), and in situ20 

treatment using physical methods (solidification and soil flushing) or combined physical and21 

chemical methods (stabilization/sequestration)22 

 Groundwater plumes: No action, ICs, hydraulic containment using extraction or injection,23 

monitored natural attenuation (MNA) through biological, chemical, and physical processes24 

(biological reduction, chemical reduction, abiotic degradation, sorption, precipitation, dilution,25 

dispersion, and radioactive decay), P&T using groundwater collection (vertical wells), ex situ26 

treatment using physical methods (air stripping) and chemical methods (IX), and onsite discharge27 

(reinjection and surface infiltration), and in situ treatment using physical methods (aquifer flushing)28 

2.1 Basis for Action 29 

Comparison of groundwater and Columbia River pore water COPC concentrations to the DWSs, 30 

aquatic standards, and criteria identified in Chapter 4 and Appendix D of the 100-K RI report 31 

(DOE/RL-2010-97); comparison of remediated waste site residual COPC concentrations to groundwater 32 

and surface water protection SSLs and PRGs (Chapter 5); and assessment of human health (Chapter 6) 33 

and ecological risk (Chapter 7) identified soil and groundwater as media of concern for human and 34 

ecological exposure to site-related radionuclide and nonradionuclide COPCs. In addition, contaminated 35 

groundwater discharge to surface water at concentrations exceeding ARARs or other criteria represents 36 

a potential complete ecological exposure pathway. Based on the human health and ecological risk 37 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

2-2 

evaluation findings, current and reasonably anticipated future land and groundwater uses, and the COCs 1 

identified in Section 2.1.1, remedial action at 100-K is required to address the following: 2 

 Radionuclide and nonradionuclide concentrations in soil exceeding PRGs or SSLs protective of 3 

groundwater and surface water 4 

 Exposure of humans to site-related radionuclides in shallow vadose zone material at concentrations 5 

corresponding to a human health direct contact risk >1×10-4 6 

 Exposure of humans to site-related radionuclides and nonradionuclides in groundwater at 7 

concentrations exceeding DWSs or state groundwater cleanup levels 8 

 Ecological receptor exposures to groundwater discharges (bank seeps or springs) to the Columbia 9 

River at concentrations exceeding federal AWQC and state water quality standards (WAC 173-201A) 10 

 Exposure of ecological receptors to contaminants in pore water at concentrations exceeding AWQC 11 

and state water quality standards (WAC 173-201A) 12 

Tables 2-1 and 2-2 summarize information for waste sites that are evaluated in the FS. Table 2-1 13 

summarizes the basis for action and soil COCs for waste sites requiring further action based on 14 

quantitative risk evaluation results. Table 2-2 summarizes the presumed basis for action and soil COPCs 15 

for waste sites identified for remediation under an interim action ROD but for which remediation was not 16 

completed prior to April 2017. Table 2-3 summarizes the basis for action and groundwater COPCs 17 

requiring further action. 18 

2.1.1 Identification of Contaminants of Concern 19 

Results of the risk assessment and fate and transport evaluations identified the COPCs, which represent 20 

the contaminants requiring evaluation in the FS. From the list of COPCs, COCs are identified in the FS to 21 

guide remedial action technology screening and alternative development, and selection of a final remedy. 22 

The COPCs carried forward as COCs are typically contaminants that exceed concentrations defined 23 

by ARARs.  24 

2.1.1.1 Waste Site Soil 25 

Evaluation of remedial actions for specific waste sites relies upon a comprehensive review of all available 26 

data for each site, including field data (if available), radiological surveys, process history, analogous site 27 

information, personnel interviews, engineering drawings and as-builts, and other available information. 28 

Waste sites in 100-K that had verification data for quantitative evaluation as of April 2017 were evaluated 29 

in the 100-K RI report (Chapters 5, 6, and 7 in DOE/RL-2010-97). Figure 2-1 shows the progression and 30 

summary of the initial dispositioning of the 197 waste sites through the RI and FS chapter evaluations. 31 

The evaluation results are discussed below and in Section 2.4.1.1.  32 
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Table 2-1. Waste Sites Evaluated in the FS Based on Quantitative Risk Evaluation – Basis for Action 

Waste Sitea WIDS Site Type Basis for Action 

Known Contaminants 

by Media 

Estimated Areab 

(m2 [ft2]) 

100-K-64 UPR Human health PRG exceedances. Human health direct contact risk 

(cumulative risk 3.4×10-4) in shallow soil (<4.6 m [15 ft] bgs).  

Shallow soil: Eu-152 74,000 (800,000) 

100-K-132 UPR Groundwater and surface water protection SSLc and PRGc exceedances. 
Waste site soil exceeds the groundwater and surface water protection SSLs 

and PRGs. 

Deep soil: Tritium 2,500 (26,910) 

Contains residual radionuclide contamination at depths >4.6 m (15 ft) bgs and 

presents a potential risk from inadvertent exposure through deep excavation 

activities. Tritium concentrations (up to 13,400 pCi/g) exceed the residential 

PRG (624 pCi/g). 

Deep soil: Tritium 2,500 (26,910) 

116-K-2 Trench Groundwater and surface water protection SSLc and PRGc exceedances. 
Waste site soil exceeds groundwater and surface water protection SSLs 

and PRGs.  

Deep soil: Cr(VI) 1,400 (15,067) (eastern 

end of trench) 

Contains residual radionuclide contamination at depths >4.6 m (15 ft) bgs and 

presents a potential risk (cumulative risk 6.4×10-3) from inadvertent exposure 

through deep excavation activities. 

Deep soil: Cs-137, 

Co-60, Eu-152, Eu-154, 

Ni-63, Sr-90 

2,800 (30,134) (eastern 

and western portions of 

trench) 

118-K-1 Burial Ground Human health PRG exceedances. Human health direct contact risk 

(cumulative risk 2.5×10-4) in shallow soil (<4.6 m [15 ft] bgs). 

Shallow soil: Cs-137, 

Sr-90 

2,960 (42,600)  

Contains residual radionuclide contamination at depths >4.6 m (15 ft) bgs and 

presents a potential risk (cumulative risk 1.9×10-3) from inadvertent exposure 

through deep excavation activities. 

Deep soil: Cs-137, 

Eu-152, Sr-90 

850 (9,149) 

100-K-3 

100-K-36 

100-K-56:1 

100-K-68 

100-K-69 

100-K-70 

100-K-71 

116-K-1 

Valve Pit 

French Drain 

Radioactive Process 

Sewer 

Catch Tank 

Sump 

Storage Tank 

Diversion Box 

Crib 

Contain residual radionuclide contamination at depths >4.6 m (15 ft) bgs and 

presents a potential risk (cumulative risk 2.7×10-4 to 1.8×10-3) from 

inadvertent exposure through deep excavation activities 

Deep soil: Cs-137, 

Co-60, Eu-152, Eu-154, 

Ni-63, Sr-90, 

All included with 100-K-3 

valve pit (200 [2,153]) 

except for the 

116-K-1 Crib (2,787 

[30,000]) 
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Table 2-1. Waste Sites Evaluated in the FS Based on Quantitative Risk Evaluation – Basis for Action 

Waste Sitea WIDS Site Type Basis for Action 

Known Contaminants 

by Media 

Estimated Areab 

(m2 [ft2]) 

100-K-6d 

100-K-46d 

100-K-62d 

132-KE-1d 

Process Unit/Plant 

French Drain 

Process Unit/Plant 

Stack 

Human health PRG exceedances.d Human health direct contact risk 

(cumulative risk 1.7×10-4 to 1.0×10-3) in shallow soil (<4.6 m [15 ft] bgs). 

Contains residual radionuclide contamination at depths >4.6 m (15 ft) bgs and 

presents a potential risk from inadvertent exposure through deep 

excavation activities. 

Shallow and deep soil: 
C-14, Cs-137, Sr-90 

Exceedances are 

associated with the 

underlying collocated 

waste site (116-KE-1) and 

will be addressed as part 

of that site (Table 2-2).  
Groundwater and surface water protection SSLc and PRGc exceedances.d 
Waste site soil exposure point concentrations exceed groundwater and surface 

water protection SSLs and PRGs. 

Deep soil: C-14 

a. Quantitative risk evaluations for these waste sites are presented in Chapters 5, 6, and 7 in DOE/RL-2010-97, Remedial Investigation for the 100-KR-1, 100-KR-2, and 100-KR-4 

Operable Units. 

b. Estimated area based on waste site dimensions, sample exceedance locations, and professional judgment.  

c. SSL refers to a PRG value calculated for an irrigation land-use scenario; PRG refers to a value calculated for conservation with native vegetation land-use scenario. 

d. No further action for waste sites 100-K-6, 100-K-46. 100-K-62, and 132-KE-1. Exceedances are associated with the underlying collocated waste site (116-KE-1) and will be addressed 

as part of that site (Table 2-2). 

SSL = soil screening level 

PRG = preliminary remediation goal 

UPR = unplanned release 

WIDS = Waste Information Data System 

  1 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

100-K-1c French Drain  This site is a concrete french drain that received heat exchanger 

cooling water from sample equipment in the 119KW Building, 

wastewater from a swamp-type cooler, and effluent from a floor 

drain located in the 119KW Building. 

X X  Cs-137, Co-60, Eu-152, 

Eu-154, Sr-90 

100-K-5c French Drain  This site is a french drain consisting of a 0.9 m (3 ft) diameter 

vitrified clay pipe that received effluent from floor drains, 

overflows, and drainage from the 1705KE experimental water 

treatment basin and facilities. It protrudes approximately 0.3 m 

(1 ft) above grade and has a wood cover. 

X X  Lead, mercury, Cr(VI) 

100-K-13d French Drain  This site was a french drain that is a 1.5 m (5 ft) diameter, 

vertical concrete pipe filled with gravel. The drain was likely 

installed and used as a disposal site for sanitary-type waste from 

several temporary 100-KW construction facilities near the site. 

X X  TPH, PAHs, PCBs 

100-K-25d Sump The pit received and neutralized sodium hydroxide waste from 

overflows and transfers associated with water treatment at the 

183KE Building. Interim remedial action was completed in 2017 

(DOE/RL-2017-22). 

X X  Lead, mercury 

100-K-27d Foundation This site was originally an aboveground, cylindrical, vertical 

steel, caustic soda (sodium hydroxide) storage tank on a concrete 

base. The aboveground tank was 7.8 m (25.5 ft) in diameter with 

a 287,660 L (76,000 gal) capacity. Sometime in the past (date 

unknown), the tank was removed.  

X X  Lead, mercury 

100-K-35d Sump This site was a below-grade, brick-lined concrete box backfilled 

with crushed limestone that was used to neutralize and dispose of 

overflow and transfer waste from nearby sulfuric acid tanks (near 

183KE facilities).  

X X  Lead, mercury 

100-K-43c Storage Basin This site is the concrete FSB that served as a collection, storage, 

and transfer facility for the irradiated fuel elements discharged 

from KW Reactor. Most of the basin is below grade 

(approximately 6 m [20 ft] bgs). Potential releases associated 

with the basin are included in the 100-K-82 waste site. 

X X X Am-241, Cs-137, Co-60, 

Eu-152, Eu-154, Pu-238, 

Pu-239/240, Sr-90, 

U-233/234, U-238, Cr(VI) 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

100-K-47c Process Sewer This site includes underground process sewer pipelines that begin 

at the KE Reactor; KW Reactor; 165KE, 190KE, and 1706KE 

buildings; and terminate at either the 116-K-3 Outfall or join the 

100-K-56 pipeline south of the outfall. 

X X X Antimony, arsenic, Cr(VI), 

lead, mercury, PAHs, 

PCBs, TPH, Cs-137, 

Co-60, Eu-152, Eu-154, 

Sr-90 

100-K-48c UPR This site shows evidence of past fuel oil spills, especially around 

the railroad tracks. The spills have absorbed into the soil and 

formed an asphalt-like substance. Some areas may have been 

covered with clean soil. 

X X  Lead, TPH, PAHs 

100-K-49c UPR This site is likely the result of several spills that occurred during 

fuel oil unloading from railcars. 

X X  Lead, TPH, PAHs 

100-K-54c Piping Product This site includes underground pipelines that transported glycol 

solutions from 116-KE-5 (150KE Heat Recovery Station) to their 

entrance to the 165KE Power Control Building facilities. 

X X  Ethylene glycol 

100-K-55:2c Radioactive 

Process Sewer 

This subsite consists of the remaining portion of the underground 

effluent pipeline inside the reactor security fence and near the 

active utility features of the 116-K-1 Crib, 116-KW-3 Retention 

Basin, and 116-K-2 Trench. Also included in this subsite is 

a 24 in. process water pipeline connecting the two reactor 

buildings. This pipeline is located on the south side of 

the reactors. 

X X X Cr(VI), Cs-137, Co-60, 

Sr-90, Eu-152, Eu-154 

100-K-56:2c Radioactive 

Process Sewer 

This subsite includes the remaining portion of the underground 

effluent pipeline inside the reactor security fence and near the 

active utility features of the 116-K-1 Crib, 116-KE-4 Retention 

Basin, and 116-K-2 Trench. A 0.61 m (24 in.) process water 

pipeline connecting the two reactor buildings is also 

administratively part of this subsite. 

X X X Cr(VI), Cs-137, Co-60, 

Sr-90, Eu-152, Eu-154 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

100-K-56:3c Radioactive 

Process Sewer 

This subsite consists of remaining pipeline segments outside the 

reactor security fence, located near the 116-K-3 Outfall and the 

116-K-4 Retention Basins and adjacent to the 100-K-56:1 

excavation area. The segments include 81 m (265 ft) of 1.7 m 

(66 in) steel pipe that is 2.7 m (9 ft) below grade; 57.6 m (189 ft) 

of 0.4 m (16 in) steel pipe that is 5.6 m (18.5 ft) below grade; and 

21.3 m (70 ft) of 1.1 m (42 in) steel pipe that is 7 m (23 ft) 

below grade. 

X X X Cr(VI), Cs-137, Co-60, 

Sr-90, Eu-152, Eu-154 

100-K-60c Process Sewer This site includes the underground process sewer pipeline that 

begins at 165KW and continues to the intersection with the 30.5 

and 40.6 cm (12 and 16 in.) pipelines coming from the 

KW Reactor. 

X X X Cr(VI), lead, mercury, 

TPH, PAHs 

100-K-72c Catch Tank This tank collected wastewater from the KW FSB sub-basin 

drainage header. 

X X X Cr(VI), Am-241, Cs-137, 

Co-60, Eu-152, Eu-154, 

Pu-238, Pu-239/240, Sr-90, 

U-233/234, U-238 

100-K-73c Diversion Box The collection box received wastewater from nine underground 

process sewers that originate in the KW Reactor. 

X X X Cr(VI), Am-241, Cs-137, 

Co-60, Eu-152, Eu-154, 

Pu-238, Pu-239/240, Sr-90, 

U-233/234, U-238 

100-K-74c Storage Tank This site is a steel storage tank for the KW FSB radioactive 

drains. The tank is buried under a 1.8 m (6 ft) deep earth berm. 

X X X Cr(VI), Am-241, Cs-137, 

Co-60, Eu-152, Eu-154, 

Pu-238, Pu-239/240, Sr-90, 

U-233/234, U-238 

100-K-75c Sump The structure is a concrete sump that received water from the 

KW FSB floor drains in the transfer area. Two electric-powered 

sump pumps returned the drain water to the basin and/or the 

underground holding tank. 

X X X Cr(VI), Am-241, Cs-137, 

Co-60, Eu-152, Eu-154, 

Pu-238, Pu-239/240, Sr-90, 

U-233/234, U-238 

100-K-79:3d Product Piping The subsite was the sodium dichromate product pipelines that ran 

from the railroad offloading areas to the sodium dichromate 

storage tanks and to the adjacent 183.1KE Headhouse.  

X X X Cr(VI), chromium 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

100-K-79:4d Product Piping The subsite was the sulfuric acid product pipelines from the 

sulfuric acid storage tanks to the 183.1KE Headhouse and the 

railroad offloading areas.  

X X X Lead, mercury 

100-K-79:5c Product Piping This subsite is the treated water pipelines between the 

KW Reactor and 165KW Power Control Building. 

X X X Cr(VI), chromium 

100-K-79:6c Product Piping This subsite is the treated water pipelines between the 

KE Reactor and 165KE Power Control Building. 

X X X Cr(VI), chromium 

100-K-79:7c Product Piping This subsite is the process water pipelines between the KE and 

KW reactor buildings. 

X X X Cr(VI), chromium 

100-K-79:8c Product Piping This subsite is the 1.22 m (48 in.) line between 183.4KW and 

183.4KE. 

X X X Cr(VI), chromium 

100-K-79:9d Product Piping This subsite was a portion of the cross-tie line removed during 

excavation of the 100-K-103 Settling Tank, part of the 1704K 

and 1717K Building septic systems. 

X X X Cr(VI), chromium 

100-K-81c UPR This site consists of a soil contamination area surrounded by 

a rope and posted as a soil contamination area. Inside the roped 

area is a cylindrical piece of equipment. 

X X  Cr(VI), Cs-137, Co-60, 

Eu-152, Eu-154, Pu-238, 

Pu-239/240, Sr-90 

100-K-82c UPR This UPR is associated with the KW FSB (100-K-43). From 

1973 through 1979, leak rates between 9.8 and 35.9 L/min 

(2.6 and 9.5 gal/min) were documented at the KE FSB. In 1978, 

leakage was identified in the KW pickup chute area. The basin 

leaks were repaired with epoxy fiberglass. It is possible the 

leakage rates were similar to those noted at the KE FSB. 

The release is not marked or posted. 

  X Am-241, Cs-137, Co-60, 

Eu-152, Eu-154, Pu-238, 

Pu-239/240, Sr-90, 

U-233/234, U-238, Cr(VI) 

100-K-83c Outfall This site is a spillway to the Columbia River. There is no 

corroborated physical or historical evidence for spillway use. 

X X  Cr(VI), Cs-137, Co-60, 

Eu-152, Eu-154, Pu-238, 

Pu-239/40, Sr-90 

100-K-94d French Drain There are two identical sites, one each for the 1702KE and 

1702KW guard houses. The waste was unconsumed water 

coming from the drinking fountains at both guardhouses. Waste 

drinking water flowed from the drinking fountain in each 

guardhouse through underground piping to a dry well. 

X X  Cs-137, Eu-152, Sr-90 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

100-K-98d French Drain The site consists of a french drain used to collect drainage from 

the transfer hose after unloading the railcar. The KE Headhouse 

rail spur was used for delivery of water treatment equipment and 

chemicals. Anecdotal information indicates that sodium 

dichromate and sulfuric acid spills were not uncommon during 

railcar unloading operations, which led to the assignment of the 

UPR along the rail spur. After railcar unloading, the sodium 

dichromate transfer hose was placed into the french drain to 

collect excess product in a controlled manner.  

X X X Lead, mercury, Cr(VI) 

100-K-99d UPR The 107KE Retention Basins were located in this area but were 

removed in 1995 (see site code 116-KE-4). Radioactively 

contaminated soil, Grifflon material, and a concrete block were 

found while excavating an area adjacent to the remediated 

116-KE-4 Basins. A reading of 24,000 dpm per 100 cm2 

beta/gamma was found on the Grifflon material, and 6,000 dpm 

per 100 cm2 beta/gamma was found in soil around the 

concrete block. 

X X  Cs-137, Co-60, Eu-152, 

Eu-154, Sr-90 

100-K-101d French Drain and 

Stained Soil 

The site consists of a french drain surrounded by mercury-stained 

soil adjacent to the KE Sedimentation basin near the abutments. 

There is also a black hose assembly. The area between the KW 

sedimentation basin and the headhouse has been sampled where 

the soil is stained. A black hose in hose assembly was observed 

that might have been used to dose the water. 

X X X Lead, mercury 

100-K-103d Drain Field This WIDS site addresses seven components of the 1717-K septic 

system that were not included in the closed out 1607-K4 waste 

site. The 100-K-103 waste site includes the original tile field, the 

replacement septic tank, one leaching trench, and four 

replacement tile fields, built in 1995. 

X X  Nitrate, PAHs 

100-K-104c French Drain A site visit in July 2008 could not visually identify the french 

drain. The drain was fed by approximately 30 m (100 ft) of 

underground piping. The effluent source was a sump in the 

166KE Pump Room. 

X X  TPH, PAHs, PCBs 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

100-K-107d Drain Field This site addresses a suspected abandoned drain field location for 

the 1706-KER facility, which provided experimental data on the 

effect of water qualities, water temperature and pressure, and 

physical and chemical properties of construction materials on 

reactor operation and control, reactor tubes and slugs, and 

associated equipment when operating closed in-pile recirculation 

systems at elevated temperatures and pressures. Effluent from the 

building toilets and floor drains exited the facility via a 10.2 cm 

(4 in.) drain line to this drain field. 

X X  C-14, Cs-137, Co-60, 

Eu-152, Eu-154, Sr-90, 

nitrate, PAHs 

100-K-108d Septic Tank The site consists of a septic tank, crib, and associated piping that 

received effluent from the hot maintenance shop in the 

1706-KER Building. The septic tank has a 2,271 L (600 gal) 

capacity. The septic tank weighs 197 kg (435 lb) and is 

constructed of 15.2 cm by 15.2 cm (6 in. by 6 in.) treated (coal 

tar creosote) Douglas fir. The outside of the crib is covered with 

0.5 in., 14/14 wire mesh. A 10.2 cm (4 in.) vent pipe exits the top 

of the crib. 

X X  C-14, Cs-137, Co-60, 

Eu-152, Eu-154, Sr-90, 

nitrate, PAHs 

116-K-3c Outfall The unit received reactor coolant water from the 107K Retention 

Basins. The radionuclide content is unknown. The structure also 

received general area waste through the concrete box sewer. 

The concrete box sewer waste went into the single chamber of 

the structure and then drained into the two pipelines and into 

the river. 

X X  Cr(VI), Cs-137, Co-60, 

Eu-152, Eu-154, Pu-238, 

Pu-239/240, Sr-90 

116-KE-1c Crib The site received condensate and other waste from the reactor gas 

purification system. The crib structure and contaminated soil up 

to 9.1 m (30 ft) bgs were removed in 2004. Remediation and 

sampling of a larger excavation area, known as 100-K Area AH, 

began in January 2009 and finished in April 2012. The larger 

area encompassed waste sites 100-K-6, 100-K-46, 100-K-62, and 

132-KE-1, and the previously excavated 116-KE-1 Crib area. 

Remediation of the site could not be completed because of the 

proximity to the KE Reactor. C-14 contamination is in the deep 

zone near the excavations.  

X  X C-14, Cs-137, Co-60, 

Eu-152, Eu-154, Sr-90, 

tritium, nitrate 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

116-KE-2d Crib Drilling in the mid-1970s next to the crib revealed radionuclides 

in the soil. The total estimated concentration was 38 Ci. 

The estimated radionuclide inventory, decayed through 

April 1, 1986, was approximately 14.6 Ci and was predominantly 

Co-60 and Sr-90. Approximately 100,000 kg (220,500 lb) of 

sodium hydroxide may have been disposed into the crib, as well 

as 100,000 kg (220,500 lb) of sulfuric acid. 

X X X C-14, Cs-137, Co-60, 

Eu-152, Eu-154, Sr-90, 

tritium 

116-KE-3c Crib/Injection/Re

verse Well 

This site is part of the sub-basin drainage disposal system for the 

KE FSB (100-K-42). The site includes a feed pipe, crib structure, 

dry well, and test hole. The site operated from 1955 to 1971 as 

an overflow crib for sub-basin drainage from the KE FSB 

(100-K-42). The crib was demolished in 2009 and excavated to 

approximately 12.5 m (41 ft), which removed the perforated crib 

pipelines. Gravel below the pipeline was not completely removed 

(DOE/RL-88-30). The reverse well remains in place below the 

excavation depth. Well 199-K-221 was installed in the 

crib footprint. 

  X Cr(VI), Cs-137, Co-60, 

Eu-152, Eu-154, Pu-238, 

Pu-239/240, Sr-90, tritium 

116-KW-1c Crib The 115KW gas condensate crib and pipeline received 

condensate and other wastewater from reactor gas purification 

systems. Remediation of the site could not be completed because 

of the proximity of adjacent buildings. The crib and pipeline were 

removed and the site backfilled with clean soil to the average 

adjacent grade elevation. Drilling at the crib in the mid-1970s 

revealed high concentrations of tritium and C-14. 

The radionuclide inventory decayed through April 1, 1986, 

included tritium (81.9 Ci), C-14 (110 Ci), and small amounts of 

other elements. Previously excavated to 9.3 m (30 ft) bgs. 

  X C-14, Cs-137, Co-60, 

Eu-152, Eu-154, Sr-90, 

tritium, nitrate  

116-KW-2c French Drain This site is part of the sub-basin drainage disposal system for the 

KW FSB (100-K-43). The site includes a feed pipe, crib 

structure, dry well, and test hole. The site operated from 1955 to 

1970 as an overflow crib for sub-basin drainage from the 

KW FSB (100-K-43). 

X X X Cr(VI), Cs-137, Co-60, 

Eu-152, Eu-154, Pu-238, 

Pu-239/240, Sr-90, tritium 

120-KE-1d Sump This site received sulfuric acid for neutralization and acid sludge 

waste removed from the sulfuric acid storage tanks in the late 

1960s and early 1970s.  

X X  Lead, mercury 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

120-KE-2d French Drain  This site received sludge removed from sulfuric acid 

storage tanks.  

X X  Lead, mercury 

120-KE-3d Trench The site was a sand lined trench that received a sludge 

water slurry. 

X X  Lead, mercury 

120-KE-4d Storage Tank The aboveground tank was used to store sulfuric acid used to 

activate sodium silicate. During periods of high turbidity, 

activated silica solution was fed into the raw water to aid in 

coagulation. The supply pipe from this unit to the point of use 

inside the 183KE Building developed a slow gradual leak. Before 

the leak was detected, an unknown quantity of sulfuric acid 

leaked into the ground at the northeast corner of the 

183KE Building. 

X X  Lead, mercury 

120-KE-5d Storage Tank This site is the westernmost of the two original sulfuric acid tanks 

at the 183.1KE Headhouse. The tank was a horizontal, 

cylindrical-shaped, steel tank supported aboveground on concrete 

saddles with a 38,267 L (10,109 gal) capacity. The sulfuric acid 

was used to activate sodium silicate, used during periods of high 

turbidity to aid in coagulation.  

X X  Lead, mercury 

120-KE-6d Foundation This site was a sodium dichromate storage tank foundation.  X X X Cr(VI) 

120-KE-8c Sump The unit contained salt brine and residue. Sampling at the 

120-KE-9 and 120-KW-7 brine pits indicated the brine and 

residue may be regulated as dangerous in accordance with 

WAC 173-303. 

X X  Mercury 

120-KE-9d Sump The salt-dissolving pits and brine pump pit were part of a single 

below-grade concrete structure that provided brine for the 183KE 

Water Treatment Plant.  

X X X Mercury 

120-KW-6c Sump The unit is a below-grade concrete structure that provided brine 

for the 165KW Powerhouse. The unit contained salt brine 

and residue. 

X X  Mercury 

130-K-2c Storage Tank This site was an underground waste oil storage tank oriented with 

the long axis of the tank in a north-south direction. The tank was 

used for storing used motor oil. 

X X  TPH, PAHs, PCBs 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

130-KE-2c Storage Tank The unit stored oil for the 165KE Power Control 

Building boilers. 

X X  TPH, PAHs, PCBs 

130-KW-1c Storage Tank This site is the location of two underground diesel storage tanks 

removed in 1992. During tank excavation, the site was found to 

be radioactively contaminated at concentrations up to 

400 counts/min in the soil and on the tank exteriors. Because of 

this contamination, the pit was backfilled with uncontaminated 

soil and posted. Documentation from the tank removal operation 

shows that the tanks were removed from a location northwest of 

where the sign is placed. 

X X  Cs-137, Co-60, Eu-152, 

Eu-154, Sr-90, TPH, PAHs  

130-KW-2c Storage Tank The tank stored oil for the 165KW Power Control 

Building boilers. 

X X  TPH, PAHs, PCBs 

1607-K1d Septic Tank The sanitary sewer system received sewage from the 

1701K Badge House, 1720K Patrol Office and change room, and 

1721K Trailer. The flow rate to this unit was estimated at 

1,982 L/d (525 gal/d). 

X X  Nitrate, PAHs 

1607-K5d Septic Tank This unit received sanitary sewage from 1706-KER Flow 

Laboratory, 1706K Water Treatment Laboratory, 

165KE Powerhouse, KE Reactor building, and 115KE Gas 

Recirculation System Building. 

X X  Cs-137, Co-60, Eu-152, 

Eu-154, nitrate, PAHs 

1607-K6c Septic Tank This unit received sanitary sewage from the KW Reactor 

building, 115KW Gas Recirculation System Building, and 

165KW Powerhouse. 

X X  Nitrate, PAHs, Cs-137, 

Co-60, Eu-152, Eu-154, 

Sr-90 
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Table 2-2. Waste Sites Evaluated in the FS Based on Known or Suspected Contamination – Presumed Basis for Action 

Waste Site 

WIDS 

Site Type Site History 

Presumed Basis for Actiona 

Known or Suspected 

Contaminantsb 

Human 

Health Ecological 

GWP/ 

SWP 

UPR-100-K-1c UPR This UPR site was below-grade leakage to soil under the 

KE FSB. An excavation to approximately 9.1 m (30 ft) bgs was 

required to accomplish demolition. Some excavation backfill was 

placed in 2012, with added backfill in 2015 prior to drilling 

well 199-K-222. 

  X Cr(VI), Am-241, Cs-137, 

Co-60, Eu-152, Eu-154, 

Pu-238, Pu-239/240, Sr-90, 

U-233/234, U-238 

References: DOE/RL-88-30, Hanford Site Waste Management Units Report, Rev. 28. 

DOE/RL-2017-22, Remaining Site Verification Package for the 14 183.1-KE Headhouse Waste Sites. 

WAC 173-303, “Dangerous Waste Regulations.” 

a. Basis for action is presumed based on process knowledge and professional judgment. 

b. Known or suspected contaminants based on process knowledge and professional judgment. 

c. Remediation projected to be completed after December 31, 2019 (post-ROD).  

d. Remediation completed under interim action after cutoff date (April 2017) or projected to be completed by December 31, 2019 (pre-ROD). The waste site was not evaluated in the 

100-K remedial investigation report (Chapters 5, 6, and 7 in DOE/RL-2010-97, Remedial Investigation for the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units). 

bgs = below ground surface 

dpm = disintegrations per minute 

FSB = fuel storage basin 

GWP = groundwater protection 

PAH = polycyclic aromatic hydrocarbon 

PCB = polychlorinated biphenyl 

ROD = Record of Decision 

SWP = surface water protection 

TPH = total petroleum hydrocarbons 

UPR = unplanned release 

WIDS = Waste Information Data System 

 1 
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Table 2-3. 100-K-4 Groundwater Plumes Evaluated in the FS – Basis for Action 

Contaminant 
of Concern Basis for Action Contaminated Zone 

Estimated Area of Interesta (km2 [ac]) 
Estimated Length of Interesta (m [ft]) 

C-14 
Concentrations in groundwater exceed the 2,000 pCi/L DWS 
for C-14 

Unconfined aquifer groundwater  Plume area >2,000 pCi/L: 0.05 km2 (12.4 ac)a 

Cr(VI) 

Concentrations in groundwater exceed the 48 μg/L 
(WAC 173-340-720) groundwater cleanup level for Cr(VI) 

Unconfined aquifer groundwater: 
KW and KE subareas and 
well 199-K-189 

Plume area >48 μg/L: 0.11 km2 (27.2 ac)a, b 

Current and projected future concentrations in groundwater at the 
shoreline exceed the 10 μg/L state surface water quality standard 
for Cr(VI)  

Shoreline groundwater  Shoreline length >10 μg/L: 311 m (1,020 ft)a 

Total chromium 

Concentrations in groundwater exceed the 100 μg/L DWS for 
total chromium 

Unconfined aquifer groundwater  Generally collocated with Cr(VI) 

Concentrations in groundwater at the shoreline exceed the 
65 μg/L ambient water quality criteria for chromium  

Unconfined aquifer groundwater Generally collocated with Cr(VI) 

Nitrate 
Concentrations in groundwater exceed the 45,000 μg/L DWS 
for nitrate 

Unconfined aquifer groundwater  Plume area >45,000 μg/L: 0.05 km2 (12.4 ac)a 

Sr-90 Concentrations in groundwater exceed the 8 pCi/L DWS for Sr-90 Unconfined aquifer groundwater Plume area >8 pCi/L: 0.03 km2 (7.4 ac)a 

TCE  

Concentrations in groundwater exceed the 5 μg/L DWS for TCE  Unconfined aquifer groundwater  Plume area >5 μg/L: 0.10 km2 (24.7 ac)a 

Concentrations in groundwater exceed the 4 μg/L 
(WAC 173-340-720) groundwater cleanup level for TCE 

Unconfined aquifer groundwater  Plume area >4 μg/L: 0.48 km2 (118 ac)d 

Tritium 
Concentrations in groundwater exceed the 20,000 pCi/L DWS 
for tritium 

Unconfined aquifer groundwater  Plume area >20,000 pCi/L: 0.12 km2 (29.7 ac)a 

Reference: WAC 173-340-720, “Model Toxics Control ActCleanup,” “Groundwater Cleanup Standards.” 

Note: Cyanide is retained as a contaminant of potential concern for further monitoring at well 199-K-204. 

a. Estimated area or length from DOE/RL-2016-67, Hanford Site Groundwater Monitoring Report for 2016.  

b. Includes about 0.2 km2 of the plume that has migrated into the 100‑N Area. 

c. Shoreline length exceeding the 10 μg/L state surface water quality standard. 

d. Estimated based on groundwater concentrations and professional judgment. 

DWS = drinking water standard 

FS = feasibility study 

 1 
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 1 
Notes: Floodplain sites 100-K-57, 100-K-64, and 100-K-111; river pipeline sites 100-K-80, 100-K-96, 100-K-113, and 100-K-114. 

Of the 60 waste sites identified for further action under the interim action ROD and this feasibility study, 24 are pre-ROD (in progress or anticipated to be 

completed before the final action ROD is signed) and 36 are post-ROD (expected to be remaining for further action after the ROD is signed). 

 

Figure 2-1. Waste Sites Evaluated and Dispositioned through the 100-K RI and FS Process 2 
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The evaluation of waste sites in the 100-K RI report (Chapter 5 in DOE/RL-2010-97) identified Cr(VI) 1 

and C-14 as COPCs (Table 2-1) because their EPCs exceeded their respective PRGs for groundwater and 2 

surface water protection at several waste sites. The PRG represents a groundwater and surface water 3 

protection value for a waste site based on conservation activities that do not include irrigated agriculture. 4 

The EPCs for Cr(VI) and C-14 also exceeded their respective SSLs for groundwater and surface water 5 

protection. The SSL represents a conservative groundwater and surface water protection value for a waste 6 

site based on the assumption of a long-term irrigation recharge scenario. Cr(VI) concentrations in deep 7 

soil exceeded the PRG and SSL for groundwater and surface water protection at the 116-K-2 waste site 8 

(eastern portion). Multiple decision units for the 100-K-6, 100-K-46, 100-K-62, and 132-KE-1 waste site 9 

group exceeded the PRG and SSL for C-14. Because they are associated with the underlying collocated 10 

116-KE-1 waste site, C-14 exceedances will be addressed as part of that site. In addition, tritium is 11 

included as a COC for the 100-K-132 waste site, which was created to address deep soil tritium 12 

contamination detected during the excavation for the 118-K-1 waste site. Detected concentrations in deep 13 

soil exceed the PRGs and SSLs for groundwater and surface water protection at the 100-K-132 waste site. 14 

Therefore, Cr(VI), C-14, and tritium are retained as COCs.  15 

The HHRA in the 100-K RI report (Chapter 6 in DOE/RL-2010-97) for waste sites compared soil EPCs 16 

to risk-based screening levels (RBSLs) and calculated a total excess lifetime cancer risk (ELCR) and 17 

noncancer HI for each remediated waste site. Based on the residential exposure scenario, the soil HHRA 18 

identified C-14, Cs-137 and Sr-90 as COPCs in shallow vadose zone material (Table 2-1). Cs-137 and 19 

Sr-90 were identified as primary contributors to total ELCR and were retained as COCs for the 118-K-1 20 

waste site. C-14, Cs-137, and Sr-90 were identified as primary contributors to ELCR for multiple decision 21 

units for the 100-K-6, 100-K-46, 100-K-62, and 132-KE-1 waste site group. Because they are associated 22 

with the underlying collocated 116-KE-1 waste site, these exceedances will be addressed as part of that 23 

site. As indicated in Figure 2-1 and Table 2-1, one of the three floodplain sites (100-K-64) is carried into 24 

the FS for shallow soil exceedances. Although it passed risk screening based on the casual recreational 25 

user scenario, this waste site is conservatively carried into the FS based on results for the residential 26 

scenario. Table G-50 of the 100-K RI report identifies Eu-152 as a primary contributor to total ELCR 27 

(residential scenario) for the 100-K-64 waste site.  28 

The soil HHRA identified C-14, Cs-137, Co-60, Eu-152, Eu-154, Ni-63, and Sr-90 as COPCs in deep 29 

vadose zone material (Table 2-1). All of the COPCs were primary contributors to total ELCR and are 30 

retained as COCs. Although there is not a current exposure pathway for deep contamination, the soil 31 

HHRA identified 14 waste sites with residual radionuclide activities, at depths >4.6 m (15 ft) bgs, that 32 

could result in a total ELCR >1.0×10-4 if exposure were to occur. Two of the 14 waste sites (116-K-2 and 33 

118-K-1) also have exceedances for groundwater protection and/or shallow vadose zone COCs. Four 34 

waste sites (100-K-6, 100-K-46, 100-K-62, and 132-KE-1) are associated with the underlying collocated 35 

116-KE-1 waste site and will be addressed as part of that site. The other eight sites were determined to be 36 

protective of groundwater and surface water and do not pose a total ELCR >1×10-4 in soil at depths 37 

<4.6 m (15 ft) bgs. In addition to the COCs identified in the HHRA, tritium is identified as a COC 38 

because deep soil concentrations at the 100-K-132 waste site exceed the direct contact PRG for tritium. 39 

The ERA (Chapter 7 in the 100-K RI report [DOE/RL-2010-97]) determined that waste site conditions 40 

are protective of terrestrial and riparian receptors based on comparison of soil concentrations to ecological 41 

SSLs and PRGs. 42 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

2-18 

For waste sites not remediated by April 2017 listed in Table 2-2, the following COPCs were identified 1 

based on review of waste site history/processes and characterization of analogous waste sites: 2 

radionuclides (Am-241, C-14, Cs-137, Co-60, Eu-152, Eu-154, Pu-238, Pu-239/240, Sr-90, and tritium), 3 

metals (antimony, arsenic, chromium, Cr(VI), lead, and mercury), TPH, PAHs, PCBs, ethylene glycol, 4 

and nitrate.  5 

In summary, based on evaluations in the 100-K RI report (Chapters 5 and 6 in DOE/RL-2010-97), C-14, 6 

Cs-137, Co-60, Eu-152, Eu-154, Ni-63, Sr-90, tritium, and Cr(VI) are the soil COCs for waste sites 7 

(known contaminants by media in Table 2-1). Additional chemicals and radionuclides identified as 8 

COPCs for sites to be remediated (known or suspected contaminants in Table 2-2) include Am-241, 9 

U-233/234, U-238, Pu-238, Pu-239/240, antimony, arsenic, lead, mercury, TPH, PAHs, PCBs, nitrate, 10 

and ethylene glycol. Through this comprehensive review, sufficient site characterization data exist to 11 

support alternative development and comparison in the FS for these waste sites. During remedial action 12 

implementation, if field conditions vary from those assessed in the RI/FS, remedy modifications may 13 

need to be developed consistent with CERCLA guidance. Section 2.4.1 provides additional information 14 

on these waste sites.  15 

2.1.1.2 Groundwater 16 

Based on the evaluations in the 100-K RI report (Chapters 5, 6, and 7 in DOE/RL-2010-97), the following 17 

were identified as COPCs for the 100-KR-4 OU: C-14, total chromium, Cr(VI), nitrate, Sr-90, tritium, 18 

and TCE. Based on results of the EPA tap water scenario risk assessment, the groundwater risk evaluation 19 

identified chloroform, 2-propanol, bromomethane, and cyanide as COPCs.  20 

Nonradiological COPCs with concentrations exceeding a DWS, state groundwater cleanup level, state 21 

surface water quality standard, or the MTCA HHRA procedures (WAC 173-340-708(5), “Human Health 22 

Risk Assessment Procedures”) cumulative risk threshold of 1×10-5 or a target HI of 1 were retained as 23 

COCs. Radiological COPCs with concentrations exceeding a DWS or the EPA upper-bound risk 24 

threshold of 1×10-4 were retained as COCs. Therefore, C-14, Cr(VI), total chromium, nitrate, Sr-90, TCE, 25 

and tritium are all retained as COCs (Table 2-3). 26 

Cr(VI) is retained as a COC for areas exceeding the 48 μg/L MTCA groundwater cleanup level 27 

(WAC 173-340-720) and the 10 μg/L state surface water quality standard (WAC 173-201A) (Table 2-3). 28 

The 48 μg/L MTCA groundwater cleanup level for Cr(VI) is applicable at inland areas of the 29 

aquifer, whereas the 10 μg/L state surface water quality standard for Cr(VI) is applicable at the 30 

groundwater/surface water interface. Total chromium is retained as a COC for areas exceeding the 31 

100 μg/L DWS and the 65 μg/L AWQC. The 100 μg/L MTCA groundwater cleanup level for total 32 

chromium is applicable at inland areas of the aquifer, whereas the 65 μg/L AWQC for total chromium is 33 

applicable at the groundwater/surface water interface.  34 

C-14 is retained as a COC for areas of the aquifer exceeding the 2,000 pCi/L DWS. Nitrate is retained as 35 

a COC for areas of the aquifer exceeding the 45,000 μg/L DWS. Sr-90 is retained as a COC for areas of 36 

the aquifer exceeding the 8 pCi/L DWS. TCE is retained as a COC for areas of the aquifer exceeding the 37 

4 μg/L MTCA groundwater cleanup level groundwater (WAC 173-340-720). A portion of this area also 38 

exceeds the 5 μg/L DWS. Tritium is retained as a COC for areas of the aquifer exceeding the 20,000 pCi/L 39 

DWS (Table 2-3). 40 

The well-specific risk assessment in Chapter 6 of the 100-K RI report (DOE/RL-2010-97) determined that 41 

the cumulative risk for collocated chloroform and tritium at one well (199-K-151) was greater than the 42 

MTCA HHRA procedures (WAC 173-340-708) risk threshold of 1×10-5. Chloroform and tritium are not 43 

retained as COCs for this location because the EPCs for chloroform (5 µg/L) and tritium (2,283 pCi/L) 44 
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for well 199-K-151 are below the DWS for chloroform (80 µg/L) and tritium (20,000 pCi/L). The EPC 1 

for chloroform is also below the groundwater carcinogenic RBC based on the MTCA 2 

(WAC 173-340-720) target risk of 1×10-5 (14 µg/L). 3 

The well-specific risk assessment in Chapter 6 of the 100-K RI report (DOE/RL-2010-97) determined that 4 

the HI was >1 for collocated 2-propanol and TCE at seven wells. TCE is the primary contributor to 5 

noncancer HI for these two chemicals. The groundwater noncarcinogenic RBC for TCE in groundwater, 6 

based on a MTCA (WAC 173-340-720) hazard quotient (HQ) of 1, corresponds to a concentration of 7 

4.0 µg/L. The EPCs for TCE (2.5 to 3.6 µg/L) are less than the 4 µg/L RBC and the 5 µg/L DWS at three 8 

locations (199-K-34, 199-K-106A, and 199-K-107A). The EPCs for TCE (4.1 to 4.5 µg/L) are greater 9 

than the RBC (4 µg/L) but less than the DWS (5 µg/L) at three locations (199-K-132, 199-K-138, and 10 

199-K-165). The EPC for TCE (7.1 µg/L) is greater than the RBC and the DWS at one location 11 

(199-K-185). The EPCs for 2-propanol at these locations (74 to 370 µg/L) are less than the 16,000 µg/L 12 

MTCA groundwater standard (WAC 173-340-720). Based on these results, 2-propanol is not retained as 13 

a COC, and TCE is retained as a COC at wells 199-K-132, 199-K-138, 199-K-165, and 199-K-185. 14 

The well-specific risk assessment determined that the HI was >1 for collocated bromomethane and Cr(VI) 15 

at five wells. Cr(VI) is the primary contributor to the noncancer HI for these two chemicals. The EPCs for 16 

bromomethane at these locations (0.94 to 1.1 µg/L) are less than the 11 µg/L MTCA groundwater 17 

standard (WAC 173-340-720). The EPCs for Cr(VI) (59 to 203 µg/L) are greater than the 48 µg/L MTCA 18 

groundwater cleanup standard at all five locations (199-K-18, 199-K-22, 199-K-36, 199-K-152, and 19 

199-K-182). Based on these results, bromomethane is not retained as a COC, and Cr(VI) is retained as 20 

a COC at all five locations. 21 

The well-specific risk assessment determined that the HQ for cyanide was >1 at two wells (199-K-132 22 

and 199-K-204). Cyanide has historically been detected in two samples (out of eight analyzed for 23 

cyanide). The groundwater noncarcinogenic RBC for cyanide in groundwater, based on the MTCA 24 

(WAC 173-340-720) HQ of 1, corresponds to a concentration of 4.8 µg/L free cyanide. The EPC for 25 

cyanide at well 199-K-204 (6.5 µg/L) is greater than the RBC. EPCs for cyanide at both locations (4.2 to 26 

6.5 µg/L) are less than the 200 µg/L DWS. Because the samples were not analyzed for free cyanide 27 

(which is typically a portion of total cyanide), it is uncertain if cyanide is a COC. Based on these results, 28 

cyanide is retained as a COPC for further monitoring at well 199-K-204. 29 

2.1.2 Potential Applicable or Relevant and Appropriate Requirements 30 

Substantive standards of promulgated regulations pertaining to CERCLA response actions are identified 31 

through the ARAR identification process. The basis for this process is CERCLA Section 121(d), 32 

“Cleanup Standards,” and EPA guidance (CERCLA RI/FS Guidance [EPA/540/G-89/004]; 33 

EPA/540/G-89/006; EPA/540/G-89/009). With exceptions, CERCLA Section 121(d) requires that any 34 

promulgated substantive ARAR standard, requirement, criterion, or limitation under any federal 35 

environmental law or any more stringent state requirement pursuant to a state environmental statute or 36 

facility siting laws be met (or a waiver justified) for any hazardous substance, pollutant, or 37 

contaminant that will remain onsite after completion of remedial action. Additionally, the NCP 38 

(40 CFR 300.435(b)(2), “Remedial Design/Remedial Action, Operation and Maintenance”) requires that 39 

ARARs be attained (unless waived) during the remedial action.  40 

Vadose zone soil, including waste sites, and groundwater remediation at 100-K will be under a CERCLA 41 

decision document. Any remedial action(s) implemented will be required to meet ARARs or any 42 

applicable ARAR waiver conditions. In many cases, ARARs form the basis for the PRGs to which 43 

contaminants must be remediated to protect human health and the environment. ARARs also define or 44 
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restrict how specific requirements of a remedial alternative can be implemented based on the nature of the 1 

activity or the location of the site. 2 

2.1.2.1 ARARs Evaluation Process 3 

This ARARs evaluation was conducted in accordance with the NCP (40 CFR 300.430(f)(1)(ii)(B)(2)).  4 

A distinction and clarification related to ARARs involves onsite and offsite actions. Onsite actions are 5 

defined to be “…the areal extent of contamination and all suitable areas in very close proximity to the 6 

contamination necessary for implementation of the response action” (NCP [40 CFR 300]). Onsite actions 7 

must comply with ARARs but only with the substantive parts of those requirements. Offsite actions must 8 

comply with both the substantive and administrative requirements. 9 

Identification of ARARs is a two-step process. First, it must be determined if the law or regulation is 10 

applicable. If not applicable, it must be determined if the law or regulation is both relevant and 11 

appropriate. The terms applicable and relevant and appropriate are defined in the NCP (40 CFR 300.5, 12 

“Definitions”) and apply to the Hanford CERCLA sites as follows:  13 

 “Applicable requirements” are substantive standards that specifically address the situation at 14 

a CERCLA site. The requirements would legally apply to remedial actions in the absence of 15 

CERCLA authority. All jurisdictional prerequisites of the requirement must be met for the 16 

requirement to be applicable, including specific application to federal agencies (e.g., through 17 

a waiver of federal sovereign immunity).  18 

 “Relevant and appropriate requirements” are environmental requirements, such as cleanup standards, 19 

that address problems or situations sufficiently similar to those encountered at the CERCLA site and 20 

that their use is well suited to the particular site (40 CFR 300.400(g)(2), “General”). A requirement 21 

that is relevant and appropriate may not meet one or more jurisdictional prerequisites for applicability 22 

but still make sense at the Hanford Site, given the circumstances of the site and the release. 23 

In evaluating the relevance and appropriateness of a requirement, the following eight comparison factors 24 

in the NCP (40 CFR 300.400(g)(2)) are considered: 25 

 Purposes of the requirement and CERCLA action 26 

 Medium regulated or affected by the requirement and medium contaminated or affected at the 27 

CERCLA site 28 

 Substances regulated by the requirement and substances found at the CERCLA site 29 

 Actions or activities regulated by the requirement and the remedial action contemplated at the 30 

CERCLA site 31 

 Variances, waivers, or exemptions of the requirement and their availability for the circumstances at 32 

the CERCLA site 33 

 Type of place regulated and type of place affected by the release or CERCLA action 34 

 Type and size of structure or facility regulated and type and size of structure or facility affected by the 35 

release or contemplated by the CERCLA action 36 

 Any consideration of use or potential use of affected resources in the requirement and the use or 37 

potential use of the affected resource at the CERCLA site 38 
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To-be-considered (TBC) information represents another category of nonpromulgated advisories or 1 

guidance issued by federal or state governments that is not legally binding and does not have the status of 2 

ARARs. In some circumstances, TBC and ARAR information will be evaluated to determine the remedial 3 

action necessary to protect human health and the environment. TBC information complements ARARs in 4 

determining protectiveness at a CERCLA site or in assessing implementation of certain actions. 5 

For example, because cleanup standards do not exist for all contaminants, health advisories (considered 6 

TBC information) may be helpful in defining cleanup levels. 7 

Section 161 of the Atomic Energy Act of 1954 (AEA), as amended, provides DOE the authority to 8 

establish orders containing instructions and operational requirements considered important for protecting 9 

human health and the environment from nuclear, source, and byproduct materials. While the requirements 10 

of DOE orders must be met, they are not ARARs and are independent of the TBC and ARARs 11 

identification process at the Hanford Site.  12 

Potential ARARs for 100-K are examined to determine whether they fall into one of three categories 13 

defined as follows: 14 

 Chemical-specific requirements are usually health- or risk-based numerical values or methodologies 15 

that, when applied to site-specific conditions, result in the establishment of public and worker safety 16 

levels and site cleanup levels. 17 

 Location-specific requirements are restrictions placed on the concentration of dangerous substances 18 

or the conduct of activities solely because they occur in special geographic areas. 19 

 Action-specific requirements are usually technology- or activity-based requirements or limitations 20 

triggered by remedial actions performed at the Hanford Site. 21 

2.1.2.2 Waivers from ARARs 22 

Executive Order 12580, Superfund Implementation, delegated CERCLA Section 121 authority to DOE 23 

for cleanup of DOE facilities. Section 121 identifies the following circumstances in which DOE, with 24 

concurrence by EPA, may waive ARARs for onsite remedial actions: 25 

 The remedial action selected is only a part of a total remedial action (e.g., an interim action), and the 26 

final remedy will attain the ARAR upon its completion. 27 

 Compliance with the ARAR will result in a greater risk to human health and the environment than 28 

alternative options. 29 

 Compliance with the ARAR is technically impracticable from an engineering perspective. 30 

 An alternative remedial action will attain an equivalent standard of performance using another 31 

method or approach. 32 

 The ARAR is a state requirement that the state has not consistently applied (or demonstrated the 33 

intent to apply consistently) in similar circumstances. 34 

Per EPA guidance, ARAR waivers can be established in the ROD; or if post-ROD information shows that 35 

an ARAR cannot be met because it is technically impracticable from an engineering perspective but the 36 

remedy will still be protective, an ARAR waiver can be granted through a ROD modification after 37 

issuance of a proposed plan and a public comment period. For groundwater, technical impracticability 38 

(TI) waivers apply only to that portion of the groundwater contaminant plume for which restoration to 39 

ARARs is determined to be technically impracticable.  40 
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2.1.2.3 Potential ARARs Identified 1 

Table 2-4 presents potential federal and Washington State ARARs. When the final remedy selection is 2 

documented in the ROD, all federal and state ARARs with which the final remedy must comply are also 3 

finalized. The following discussion identifies potential ARARs. 4 

2.1.2.3.1 Potential Chemical-Specific ARARs 5 

Chemical-specific ARARs that may affect remediation of the 100-K OUs are elements of Washington 6 

Administrative Code regulations that implement MTCA (WAC 173-340). Within this branch of the 7 

Washington Administrative Code, there are detailed regulations with developing standards for remedial 8 

actions involving MTCA soil cleanup (WAC 173-340-740, “Unrestricted Land Use Soil Cleanup 9 

Standards”) and MTCA groundwater cleanup standards (WAC 173-340-720). These standards are in the 10 

form of RBCs that help establish soil and groundwater cleanup standards for nonradioactive 11 

contaminants. Additional Washington State and federal regulations include the following: 12 

 Substantive portions of 2007 MTCA (WAC 173-340-700, “Overview of Cleanup Standards,” through 13 

WAC 173-340-7493, “Site-Specific Terrestrial Ecological Evaluation Procedures”) 14 

 Nonzero MCL goals and MCLs promulgated under the Safe Drinking Water Act of 1974; 15 

40 CFR 141, “National Primary Drinking Water Regulations”; and/or WAC 246-290, “Group A 16 

Public Water Supplies,” as they apply to primary MCL constituents 17 

 AWQC developed under the Clean Water Act of 1977 (Section 304) and/or promulgated by 18 

Washington State (WAC 173-200, “Water Quality Standards for Groundwaters of the State of 19 

Washington”; WAC 173-201A) 20 

 Toxic Substances Control Act of 1976 (TSCA) (implemented via 40 CFR 761, “Polychlorinated 21 

Biphenyls (PCBs) Manufacturing, Processing, Distribution in Commerce, and Use Prohibitions”)  22 

 40 CFR 50, “National Primary and Secondary Ambient Air Quality Standards”  23 

 40 CFR 61, “National Emissions Standards for Hazardous Air Pollutants” (hereinafter referred to 24 

as NESHAP) 25 

2.1.2.3.2 Potential Location-Specific ARARs 26 

Potential location-specific ARARs identified for the 100-KR-1, 100-KR-2, and 100-KR-4 OUs include 27 

those that protect cultural, historical, and Native American sites and artifacts under the Native American 28 

Graves Protection and Repatriation Act of 1990 and the Archaeological and Historic Preservation Act 29 

of 1974. Other identified ARARs protect listed endangered and threatened species or their critical habitat 30 

under the Endangered Species Act of 1973. The Migratory Bird Treaty Act of 1918 has been identified as 31 

a substantive standard for DOE compliance in Executive Orders and a memo of understanding (DOE and 32 

USFWS, 2013, Memorandum of Understanding Between the United States Department of Energy and the 33 

United States Fish and Wildlife Service Regarding Implementation of Executive Order 13186, 34 

“Responsibilities of Federal Agencies to Protect Migratory Birds”). The act is pertinent for CERCLA 35 

response actions when there is potential to have adverse effects on protected bird species. 36 
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Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

Regulatory Citation ARAR Category Description of Regulatory Requirement Rationale for Including Potential Relevancy Possible Application 

Groundwater 

Safe Drinking Water Act; 40 CFR 141, “National Primary Drinking Water Regulations” 

“Maximum Contaminant Levels for Organic Contaminants” 

(40 CFR 141.61) 

“Maximum Contaminant Level Goals for Organic Contaminants” 

(40 CFR 141.50(b)) 

Chemical Establishes MCLs and nonzero MCLGs as criteria for 

groundwater and surface water that are or may be used for 

drinking water. The standards and goals are designed to protect 

human health from adverse effects of organic contaminants in 

the drinking water. 

Groundwater in 100-K contains contaminants that 

require remediation. Although not currently used for 

drinking water, groundwater 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(b)) 

Chemical Establishes MCLs and nonzero MCLGs as criteria for 

groundwater and surface water that are or may be used for 

drinking water. The standards and goals are designed to protect 

human health from adverse effects of inorganic contaminants 

in the drinking water. 

Groundwater in 100-K contains contaminants that 

require remediation. Although not currently used for 

drinking water, groundwater 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 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 adverse effects of 

radionuclides in the drinking water. 

Groundwater in 100-K contains contaminants that 

require remediation. Although not currently used for 

drinking water, groundwater 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). 

“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(4)) 

Action Establishes criteria and standards for an underground injection 

control program. 

Groundwater in 100-K contains contaminants that 

require remediation; treated groundwater may be 

discharged through underground injection wells. 

ARAR Groundwater remedial activities involve 

underground injection. 

“Hazardous Waste Cleanup—Model Toxics Control Act” (RCW 70.105D, as amended); “Model Toxics Control Act—Cleanup” (WAC 173-340) 

“Portable 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) 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, sediments, soil, or 

air cleanup standards. 

Groundwater in 100-K contains contaminants that 

require remediation. Although not currently used for 

drinking water, groundwater 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). 

“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-K.  

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-K.  

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-K.  

ARAR Investigative and remediation activities that 

require siting, installation, construction, 

operation, maintenance, and decommissioning 

of wells and borings. 
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Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

Regulatory Citation ARAR Category Description of Regulatory Requirement Rationale for Including Potential Relevancy Possible Application 

“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-K.  

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-K. 

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-K. 

ARAR Investigative and remediation activities that 

require siting, installation, construction, 

operation, maintenance, and decommissioning 

of wells and borings. 

“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-K. 

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-K. 

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-K. 

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 [OSWER Directive 9200.4-18]) 

“Distribution of OSWER Radiation Risk Assessment Q&A’s 

Final Guidance”  

(Luftig and Page, 1999 [OSWER Directive 9200.4-31P]) 

Chemical Presents clarification for establishing protective cleanup levels 

in media for radioactive contamination at CERCLA sites. 

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 using 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-K contains radioactive 

contaminants that, if not remediated, could pose 

unacceptable risk to human health.  

TBC Development of groundwater cleanup levels. 

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-K contains contaminants that 

require remediation. The use of MNA as a remedy 

may be appropriate.  

TBC Groundwater remediation activities, 

including MNA. 
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Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

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; 40 CFR 131, “Water Quality Standards” 

“Toxics Criteria for Those States Not Complying with Clean Water 

Act Section 303(c)(2)(B)”  

(40 CFR 131.36(b)(1) as applied to Washington, 

40 CFR 131.36(d)(14)) 

Chemical Establishes numeric water quality criteria for the protection of 

human health and aquatic organisms. Toxic criteria for the 

protection of aquatic life are provided in the water quality 

criteria regulations (40 CFR 131.36(b)(1)), “Toxics Criteria for 

Those States Not Complying with Clean Water Act Section 

303(c)(2)(B).” “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-K 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, Method B 

(WAC 173-340-730(3)) 

“Adjustments to Cleanup Levels” 

(WAC 173-340-730(5)) 

“Points of Compliance” 

(WAC 173-340-730(6)) 

“Compliance Monitoring” 

(WAC 173-340-730(7)(c)) 

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-K contains contaminants that 

require remediation and discharges into the 

Columbia River, 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(5)) 

Chemical Establishes 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-K contains contaminants that 

require remediation and discharges into 

the Columbia River, 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). 

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)) 

“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, 

Compliance Monitoring” 

(WAC 173-340-740(7)(a)-(b)) 

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 human 

health and the environment (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 

Soil in 100-K 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)).  
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Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

Regulatory Citation ARAR Category Description of Regulatory Requirement Rationale for Including Potential Relevancy Possible Application 

“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-K 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, (WAC 173-340-747(8)), “Deriving 

Soil Concentrations for Groundwater 

Protection,” alternative fate and transport 

models, one of the seven allowable methods 

under 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 (Eco-SSLs) 

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-K contains contaminants that require 

remediation. Comparison to SSLs may be 

appropriate for defining potential COPCs or to 

default to an Eco-SSL for COPCs that lack 

corresponding published state cleanup criteria.  

TBC Soil cleanup actions to protect 

ecological receptors. 

“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 and establishes site-specific cleanup 

standards for the protection of terrestrial plants and animals. 

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-K 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-terrestrial ecological cleanup 

levels have been developed using 

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 the 

MNA as a remedy component for organic and 

inorganic contaminants. 

Soil in 100-K 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” (RCW 70.94, 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 used 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-K have the potential to emit 

emissions subject to these standards because soil 

and groundwater hazardous contaminants detected 

in 100-K include covered hazardous air pollutants. 

ARAR Actions performed at 100-K that result in 

emission of hazardous air pollutants, including 

decontamination, demolition, and excavation 

activities implemented during a remedial action 

that have potential to emit visible, particulate, 

fugitive, 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-K have the potential to emit 

emissions subject to these standards because 

hazardous contaminants detected in 100-K include 

covered regulated hazardous air pollutants. 

ARAR Remedial actions that have the potential to 

release hazardous air emissions.  

“Emission Standards for Sources Emitting Hazardous Air 

Pollutants” 

(WAC 173-400-075) 

Action Establishes national emission standards for hazardous air 

pollutants. Adopts by reference 40 CFR 61, “National 

Emission Standards for Hazardous Air Pollutants”, 

and appendices. 

Soil and/or groundwater hazardous contaminants 

detected in 100-K include covered regulated 

hazardous air pollutants. 

ARAR Actions performed at 100-K that result in 

emission of hazardous air pollutants, including 

decontamination, demolition, and excavation 

activities implemented during a remedial action 

that have potential to emit visible, particulate, 

fugitive, hazardous air emissions, and odors. 
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Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

Regulatory Citation ARAR Category Description of Regulatory Requirement Rationale for Including Potential Relevancy Possible Application 

“Washington Clean Air Act” (RCW 70.94, as amended); “Controls for New Sources of Toxic Air Pollutants” (WAC 173-460) 

“Control Technology Requirements” 

(WAC 173-460-060) 

“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 

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-K include constituents that 

would constitute toxic air pollutants if released to 

the air. 

ARAR Groundwater and soil remediation activities such 

as 100-K treatment systems with the potential to 

emit hazardous air emissions and that would be 

considered a new source. 

“Washington Clean Air Act” (RCW 70.94, 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 for radionuclides in the 

ambient air, which shall not cause a maximum accumulated 

dose equivalent of 25 mrem/yr to the whole body or 

75 mrem/yr to any critical organ. However, ambient air 

standard under NESHAP (40 CFR 61, Subpart H, “National 

Emission Standards for Emissions of Radionuclides Other 

Than Radon from Department of Energy Facilities,” and 

Subpart I, “National Emission Standards for Radionuclide 

Emissions from Federal Facilities Other Than Nuclear 

Regulatory Commission Licensees and Not Covered by 

Subpart H”), are not to exceed amounts that result in an 

effective dose equivalent of 10 mrem/yr to any member of 

the public.  

Hazardous contaminants detected in soil and 

groundwater at 100-K include radionuclides that 

could be emitted to ambient air during 

remedial actions. 

ARAR Investigative and remediation activities 

(e.g., excavation, RTD, demolition, ventilation, 

and vacuuming/exhaust) that have the potential 

to emit radionuclides above maximum 

acceptable levels. 

“General Standards for Maximum Permissible Emissions” 

(WAC 173-480-050(1)) 

Action At a minimum, all emission units shall make every reasonable 

effort to maintain radioactive materials in effluents to 

unrestricted areas ALARA; control equipment of 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, 

and vacuuming/exhaust) that have the potential 

to emit radionuclides above maximum 

acceptable levels. 

“Emission Monitoring and Compliance Procedures” 

(WAC 173-480-070(2)) 

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. 

Hazardous contaminants detected in soil and 

groundwater in 100-K includes 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-K 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. 

“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) and (ii))  

Adopts, by reference, provisions of “General Provisions”  

40 CFR 61, Subpart A, and “Radionuclides other than Radon” 

40 CFR 61, Subpart H 

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-K 

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. 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

2-28 

Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

Regulatory Citation ARAR Category Description of Regulatory Requirement Rationale for Including Potential Relevancy Possible Application 

“General Standards” 

(WAC 246-247-040(2), (3), and (4)) 

Action Requires that emissions be controlled to ensure ALARA-based 

and best available controls 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 remedial actions 

in 100-K. 

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. 

“Monitoring, Testing and Quality Assurance” 

(WAC 246-247-075)(2), (4), (8)-(14)) 

Action Establishes the monitoring, testing, and quality assurance 

requirements for radioactive air emissions. 

Emissions from nonpoint and fugitive sources of airborne 

radioactive material will be measured by techniques that may 

include, but are not limited to, sampling, calculation, smears, or 

other reasonable methods for identifying emissions as 

determined by the lead agency. 

Hazardous contaminants in 100-K 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 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; 40 CFR 60 “Standards of Performance for New Stationary Sources”; and  

40 CFR 63, “National Emission Standards for Hazardous Air Pollutants for Source Categories” 

40 CFR 60, Subpart IIII, “Standards of Performance for Stationary 

Compression Ignition Internal Combustion Engines 

40 CFR 60, Subpart JJJJ, “Standards of Performance for Stationary 

Spark Ignition Internal Combustion Engine 

40 CFR 63 Subpart ZZZZ, “National Emission Standard for 

Hazardous Air Pollutants for Stationary Reciprocating Internal 

Combustion Engines” 

Action Establishes requirements for stationary engines. This requirement applies to all stationary engines. ARAR Anywhere a stationary engine is used at 

the facility. 

Clean Air Act of 1990 and amendments; 42 USC 7401, et seq. 

“Applicability” 

(40 CFR 61.140) 

“Standard for Demolition and Renovation” 

(40 CFR 61.145) 

Action Defines regulated ACM and regulated removal and 

handling requirements. 

Specifies 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-K Area is possible during the during 

remediation activities.  

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) 

Action Identifies requirements for the removal and disposal of 

asbestos from demolition and renovation activities. 

Encountering ACM on pipelines or buried asbestos 

within the 100-K Area is possible during the during 

remediation activities. 

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 Waste 

Toxic Substances Control Act of 1976 (Public Law 107-377, as amended; 15 USC 2605, et seq.); 40 CFR 761, “Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, Distribution in Commerce, and Use Prohibitions” 

“Applicability,” “PCB Waste” 

(40 CFR 761.50(b)1, 2, 3, 4, and 7) 

“Applicability,” “Storage for Disposal” 

(40 CFR 761.50(c)) 

Action Establishes general PCB disposal requirements for the storage 

and disposal of PCB waste including liquid PCB waste, PCB 

items, PCB remediation waste, PCB bulk product waste, and 

PCB/radioactive waste at concentrations >50 parts per million. 

PCB waste encountered and/or generated during 

remediation of 100-K. 

ARAR Soil excavation and remediation, equipment and 

debris handling and disposal, and IDW 

management and disposal. 

“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)) 

Action Establishes 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 remedial actions for 100-K. 

ARAR Equipment and debris handling, storage, and 

disposal; IDW management and disposal. 
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Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

Regulatory Citation ARAR Category Description of Regulatory Requirement Rationale for Including Potential Relevancy Possible Application 

“PCB Remediation Waste” 

(40 CFR 761.61) 

Action Provides cleanup and disposal options for PCB remediation 

waste based on the concentration at which the PCBs are found. 

PCB remediation waste encountered and/or 

generated during remedial actions for 100-K. 

ARAR Soil remediation, RTD, and IDW management 

and disposal. 

 “Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities” (40 CFR 264) 

“Staging Piles” 

(WAC 173-303-64690) 
Action Establishes the substantive requirements for staging and 

accumulation of remediation waste during remedial operations. 

Remediation waste may be generated and 

accumulated during remedial actions at 100-K. 
ARAR Investigative and remediation activities that 

generate waste that needs staging prior 

to disposal. 

“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 criteria for solid and recycled solid waste. Solid waste and/or recycled solid waste will be 

generated during 100-K remedial actions. 

ARAR Investigative and remediation activities.  

“Designation of Dangerous Waste”  

(WAC 173-303-070) 

Action Establishes the method for determining if a solid waste is 

a dangerous waste (or an extremely hazardous waste). 

Dangerous/hazardous waste will be generated 

during 100-K remedial actions. 

ARAR Investigative and remediation (including waste 

treatment) activities that generate waste 

(e.g., drums, barrels, tanks, containers, bulk 

waste, debris, and contaminated soil). 

“Requirements for Universal Waste” 

(WAC 173-303-077) 

Action Identifies those wastes exempted from regulation under 

WAC 173-303-140, “Land Disposal Restrictions” and 

WAC 173-303-170, “Requirements for Generators 

of Dangerous Waste,” through 173-303-9907, “Reserved” 

(excluding WAC 173-303-960, “Special Powers and 

Authorities of the Department”). These wastes are subject to 

regulation under WAC 173-303-573, “Standards for Universal 

Waste Management.” 

Universal waste has the potential to be generated 

during the 100-K remedial actions. 

ARAR Remediation activities (disposal, storage, 

recycling, and onsite treatment) that manage 

universal waste consistent with Washington 

Administrative Code requirements.  

“Recycled, Reclaimed, and Recovered Wastes” 

(WAC 173-303-120), (3), and (5)) 

Action Defines the requirements for the recycling of materials that are 

solid and dangerous waste. Specifically, WAC 173-303-120(3) 

“Recycled, Reclaimed, and Recovered Wastes,” provides for 

the management of certain recyclable materials, including 

spent refrigerants, antifreeze, and lead acid batteries. 

WAC 173-303-120(5) provides for the recycling of used oil. 

Recycled, reclaimed, and recovered waste has the 

potential to be generated during 100-K 

remedial actions. 

ARAR Remediation recycling activities consistent with 

Washington Administrative Code requirements 

and not otherwise subject to CERCLA as 

hazardous substances. 

“Land Disposal Restrictions” 

(WAC 173-303-140) 

Action Establishes treatment requirements and disposal prohibitions 

for land disposal of dangerous waste and incorporates, by 

reference, WAC 173-303-140(2)(a) and 40 CFR 286, 

“Land Disposal Restrictions,” that are applicable to solid waste 

that is designated as dangerous or mixed waste in accordance 

with WAC 173-303-070(3), “Designation of Dangerous 

Waste.” 

Onsite land disposal will be a selected remedy for 

100-K dangerous waste and debris. 

ARAR Investigative and remediation waste destined for 

onsite land disposal. 

“Requirements for Generators of Dangerous Waste” 

(WAC 173-303-170) 

Action Establishes the requirements for dangerous waste generators. 

WAC 173-303-170(3) includes the substantive provisions of 

WAC 173-303-200, “Accumulating Dangerous Waste 

On-Site,” by reference. WAC 173-303-200 further includes 

certain substantive standards from WAC 173-303-630, “Use 

and Management of Containers,” and WAC 173-303-640, 

“Tank Systems,” 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 waste will be generated from the 

remedial actions in 100-K.  

ARAR IDW and remediation waste (contaminated soil 

and groundwater, personnel protective gear, and 

treatment chemicals). 

“Accumulating Dangerous Waste On-Site” 

(WAC 173-303-200) 

Action Establishes the requirements for accumulating waste onsite. 

WAC 173-303-200 further includes certain substantive 

standards from WAC 173-303-630 and WAC 173-303-640 by 

reference. 

Dangerous waste will be generated from the 

remedial actions in 100-K. 

ARAR Management of dangerous waste during 

remedial and investigative actions. 
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Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

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 RCW 

70.105. Corrective action is implemented by requiring 

corrective action follow certain Sections of WAC 173-340 and 

WAC 173-303-64620(4). 

Corrective action applies to all releases of 

dangerous waste and dangerous constituents 

during Hanford operations as stated in 

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 WAC 173-340 establish 

minimum requirements for RCW 70.105 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 Site 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. 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-K remedial actions. 

ARAR Investigative and remedial actions that generate 

solid nondangerous waste. 

Historical and Archeological Resources 

National Historic Preservation Act of 1966, (as amended) 

“Protection of Historic Properties” 

(36 CFR 800) 

“National Historic Landmarks Program” 

(36 CFR 65) 

“National Register of Historic Places” 

(36 CFR 60) 

Location Legislation intended to preserve historical and archaeological 

sites in the United States. 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 historical sites have been identified 

within 100-K. 

ARAR Investigation and remediation activities that 

occur in areas near cultural or historical sites. 

Native American Graves Protection and Repatriation Act of 1990 (as amended); 43 CFR 10, “Native American Graves Protection and Repatriation Regulations” 

“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 

historical sites have been identified within 100-K; 

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 historical sites that contain associated 

remains and objects. 

Preservation of Historical and Archeological Data (formerly Archaeological and Historic Preservation Act of 1974) (as amended) 

“Applicant Requirements” 

16 USC 469a-1 through 469a-2(d) 

Location Requires that remedial actions do not cause the loss of any 

archaeological or historical data. This act mandates 

preservation of the data; it does not require protection of the 

actual waste site or facility. 

Archaeological and historical sites have been 

identified within 100-K. 

ARAR Investigation and remediation activities that 

occur in areas near archeological or 

historical 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-K subject to 

remediation are located within the Columbia 

River floodplain. 

ARAR Remedial actions will occur in the floodplain. 
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Table 2-4. Potential Federal and Washington State ARARs and TBCs for 100-K 

Regulatory Citation ARAR Category Description of Regulatory Requirement Rationale for Including Potential Relevancy Possible Application 

Endangered Species Act of 1973 (as amended) 

“Endangered Species Act of 1973,” as amended, specifically 

Sections 7 and 9(a) 

“Wildlife and Fisheries,” “Endangered and Threatened Wildlife 

and Plants” (50 CFR 17) listings and prohibitions 

“Interagency Cooperation—Endangered Species Act of 1973, as 

Amended” 

(50 CFR 402) 

“General Endangered and Threatened Marine Species”  

(50 CFR 222) 

“Threatened Marine and Anadromous Species” 

(50 CFR 223) 

“Endangered Marine Anadromous Species” 

(50 CFR 224) 

“Critical Habitat for 13 Evolutionarily Significant Units (ESUs) of 

Salmon and Steelhead (Oncorhynchus spp.) in Washington, Oregon 

and Idaho” 

(50 CFR 226.2120) 

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 to protect the resource. 

Federal endangered and/or threatened species 

including fish, plants, and animals are found 

within 100-K. 

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 (as amended) 

Migratory Bird Treaty Act of 1918  

(16 USC 703-712)  

“General Provisions” 

(50 CFR 10) 

“Migratory Bird Permits” 

(50 CFR 21) 

Location Protects all migratory bird species and prevents “take” of 

protected migratory birds, their young, or their eggs. 

Migratory birds occur in 100-K Area. 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. 

RCW 77.12.655, “Powers and Duties,” “Habitat Buffer Zone for Bald Eagles—Rules” (Bald Eagle Protection Act of 1940) 

“Bald and Golden Eagle Protection Act”  of 1940 

(16 USC 668-668d) 

“Eagle Permits” 

(50 CFR 22) 

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-K. 

ARAR Investigative and remediation activities that 

affect bald eagle habitat. 

Land-Use and Exposure Scenarios 

Final Hanford Comprehensive Land-Use Plan Environmental 

Impact Statement 

(DOE/EIS-0222-F) 

Supplement Analysis: Hanford Comprehensive Land-Use Plan 

Environmental Impact Statement 

(DOE/EIS-0222-SA-01) 

Location Establishes the future land-use projections for the Hanford Site, 

which includes 100-K.  

As stated in the Hanford Comprehensive Land-Use 

Plan, land use is either preservation or conservation 

(mining) for land in either the Hanford Reach 

National Monument or the River Corridor, which 

includes 100-K.  

TBC  

Notes: Complete reference citations are provided in Chapter 5. 

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 

EPA = U.S. Environmental Protection Agency 

HWMA = Hazardous Waste Management Act 

IDW = investigation-derived waste 

MCL = maximum contaminant level  

MCLG = maximum contamination level goal 

MNA = monitored natural attenuation 

NESHAP =  National Emission Standards for Hazardous Air Pollutants 

NRC = U.S. Nuclear Regulatory Commission 

PCB = polychlorinated biphenyl 

PRG = preliminary remediation goal  

RTD = removal, treatment, and disposal 

SSL = soil screening level 

TBC = to be considered 

 1 
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2.1.2.3.3 Potential Action-Specific ARARs 1 

Action-specific ARARs that could be pertinent to possible remediation activities at 100-K relate to waste 2 

management activities, solid and dangerous waste regulations (for management of characterization and 3 

remediation waste, and performance standards for waste left in place), and radioactive waste management 4 

under AEA regulations. The other major category of action-specific ARARs concern standards for 5 

controlling emissions to the environment. 6 

2.1.2.4 Waste Management Standards 7 

Remedial action alternatives presented in this FS (Chapter 3) have the potential to generate a variety 8 

of waste streams that contain both radioactive and chemical constituents. Most of the waste generated is 9 

expected to designate as low level. However, quantities of dangerous or mixed waste, PCB-contaminated 10 

waste, and asbestos and asbestos-containing material (ACM) could be generated. Most of the waste will 11 

be in a solid form. 12 

The identification, storage, treatment, and disposal of hazardous waste and the hazardous component of 13 

mixed waste generated during the remedial action would be subject to the substantive provisions of 14 

RCRA. In the state of Washington, RCRA is implemented through WAC 173-303, “Dangerous Waste 15 

Regulations,” which is an EPA-authorized state RCRA program. The substantive portions of dangerous 16 

waste standards for generation and storage would apply to managing any dangerous or mixed waste 17 

generated during remedial action. Treatment standards for dangerous or mixed waste subject to RCRA 18 

land disposal restrictions are specified in WAC 173-303-140, “Land Disposal Restrictions,” which 19 

incorporates 40 CFR 268, “Land Disposal Restrictions,” by reference. DOE manages radioactive waste 20 

under AEA authority, and EPA has regulatory authority over release of radioactive waste in the context of 21 

a CERCLA action.  22 

The TSCA and 40 CFR 761 generally govern the management and disposal of PCB waste. TSCA 23 

regulations contain specific provisions for PCB waste, including PCB waste that contains a radioactive 24 

component. PCBs also are considered underlying hazardous constituents under RCRA and, thus, could be 25 

subject to WAC 173-303 and 40 CFR 268 requirements.  26 

Removal and disposal of asbestos and ACM are regulated under the Clean Air Act of 1990 and NESHAP 27 

(40 CFR 61, Subpart M, “National Emission Standard for Asbestos”). These regulations provide for 28 

special precautions to prevent environmental releases or exposure to personnel of airborne emissions of 29 

asbestos fibers during remedial actions.  30 

Waste generated through CERCLA remedial actions and designated as low-level radioactive waste that 31 

meets ERDF waste acceptance criteria (ERDF-00011, Environmental Restoration Disposal Facility 32 

Waste Acceptance Criteria) is planned to be disposed at ERDF, which is engineered to meet appropriate 33 

performance standards. ERDF is considered to be onsite for management and/or disposal of waste from 34 

remedial actions that may be proposed in this document.1  35 

                                                      
1 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 waste at these 

sites are compatible for a selected treatment or disposal approach, 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. ERDF is considered onsite for 

response purposes under this remedial/removal/removal action. This remedial/removal/removal action scope includes 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

2-33 

Waste designated as dangerous or mixed waste would be treated as appropriate to meet land disposal 1 

restrictions and ERDF acceptance criteria and then disposed at ERDF. ERDF provides a high degree of 2 

protection to human health and the environment and meets RCRA minimum technical requirements for 3 

landfills, including standards for a double liner, leachate collection system, leak detection, monitoring, 4 

and final cover. Construction and operation of ERDF was authorized using a separate CERCLA ROD and 5 

amendment (EPA/ROD/R10-95/100, Declaration of the Record of Decision, USDOE Hanford 6 

Environmental Restoration Disposal Facility, Hanford Site, Benton County, Washington; 7 

EPA/AMD/R10-02/030, Record of Decision Amendment: U.S. Department of Energy Environmental 8 

Restoration Disposal Facility Hanford Site – 200 Area Benton County, Washington). 9 

EPA/ESD/R10-96/145, Explanation of Significant Differences: USDOE Environmental Restoration 10 

Disposal Facility, Hanford Site, Benton County, Washington, modified the ERDF ROD 11 

(EPA/ROD/R10-95/100) to clarify the eligibility of waste generated during cleanup of the Hanford Site. 12 

Per EPA/ESD/R10-96/145, ERDF is eligible for disposal of any low-level waste, mixed waste, and 13 

hazardous/dangerous waste generated as a result of cleanup actions (e.g., remedial/removal action waste 14 

and investigation-derived waste [IDW]), provided the waste meets ERDF waste acceptance criteria 15 

requirements and appropriate CERCLA decision documents are in place. 16 

Some of the aqueous waste designated as low-level waste, dangerous waste, or mixed waste would be 17 

transported to the Effluent Treatment Facility for treatment and disposal. The facility is RCRA-permitted 18 

and authorized to treat aqueous waste streams generated on the Hanford Site and to dispose of these 19 

streams at a designated state-approved land disposal facility in accordance with applicable requirements. 20 

Waste designated as PCB remediation waste would likely be disposed at ERDF if it meets the facility’s 21 

waste acceptance criteria (ERDF-00011). The PCB waste that does not meet ERDF waste acceptance 22 

criteria would be retained at a PCB storage area that meets TSCA storage requirements. The PCB waste 23 

would be transported for future disposal at an appropriate disposal facility. Asbestos and ACM would be 24 

removed, packaged as appropriate, and disposed at ERDF. 25 

2.1.2.5 Standards Controlling Emissions to the Environment 26 

Remedial action alternatives proposed in this FS (Chapter 3) have the potential to generate airborne 27 

emissions of both radioactive and criteria/toxic airborne emissions. Implementation of these activities 28 

with the associated controls and air monitoring will be discussed in the remedial design/remedial action 29 

work plan (RD/RAWP) and/or air monitoring plan for 100-K. 30 

2.1.2.6 Radiological Air Emissions 31 

The federal Clean Air Act of 1990 and RCW 70.94, “Washington Clean Air Act,” require regulation of 32 

radioactive air pollutants. The state implementing regulation (WAC 173-480, “Ambient Air Quality 33 

Standards and Emission Limits for Radionuclides”) sets standards that are equally or more stringent than 34 

the federal Clean Air Act of 1990, including the federal NESHAP implementing regulation (40 CFR 61, 35 

Subpart H, “National Emission Standards for Emissions of Radionuclides Other Than Radon from 36 

Department of Energy Facilities”). The partial delegation by EPA of NESHAP (Subpart A, “General 37 

Provisions,” and Subpart H) authority to the state of Washington includes all substantive emissions 38 

monitoring, abatement, and reporting aspects of the federal regulation. These state standards protect the 39 

public by conservatively establishing exposure standards applicable to the maximally exposed public 40 

individual. Members of the public can travel on the Columbia River through the Hanford Reach, but they 41 

                                                      
facilities and waste contaminated with hazardous substances. Materials encountered when implementing the 

selected remedial/removal/removal action that are not contaminated with hazardous substances will be dispositioned 

by DOE. 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

2-34 

cannot “abide or reside” there (DOE/EIS-0222-SA-01, Supplement Analysis: Hanford Comprehensive 1 

Land-Use Plan Environmental Impact Statement).  2 

WAC 173-480 limits emissions of radionuclides to the ambient air by requirement that emissions of 3 

radionuclides in the air shall not cause a maximum effective dose equivalent of more than 10 mrem/yr 4 

to the whole body to any member of the public. Under the state implementing regulations 5 

(WAC 246-247-030(15)), “Radiation Protection—Air Emissions,” “Definitions”) defines the member of 6 

the public (real or hypothetical) who abides or resides in an unrestricted area and may receive the highest 7 

total effective dose equivalent from the emission unit(s) under consideration and accounting for all 8 

exposure pathways affected by the radioactive air emissions. By its adoption of NESHAP (40 CFR 61.92, 9 

“Standard”), the state limits radionuclide airborne emissions from the DOE Hanford Site (i.e., facility) to 10 

not exceed amounts that would cause an exposure to any member of the public of >10 mrem/yr effective 11 

dose equivalent. The state implementing regulation (WAC 246-247), which adopts WAC 173-480 12 

standards and NESHAP (40 CFR 61, Subpart H), requires verification of compliance with the 10 mrem/yr 13 

standard and would be applicable to emissions from the remedial action. 14 

WAC 246-247 further addresses sources emitting radioactive airborne emissions by requiring monitoring 15 

of such sources (emission units). Such monitoring may involve various methods, depending on the 16 

configuration of the source. Most stacks or vents are monitored by extracting a sample of the effluent 17 

stream from the stack or vent, with subsequent analysis of the sample. Emissions that do not pass through 18 

a stack, vent, or other orifice are termed “diffuse emissions,” which are normally monitored by extraction 19 

of a sample of the ambient air with subsequent laboratory analysis. The substantive provisions of 20 

WAC 246-247 that require monitoring of radioactive airborne emissions would potentially be applicable 21 

to remedial action and would generally be an applicable ARAR. 22 

The above-stated implementing regulations further require control of radioactive airborne emissions to the 23 

extent economically and technologically feasible (WAC 246-247-040(3) and (4), “General Standards”). 24 

To address the substantive aspect of these requirements, best or reasonably achieved control technology 25 

could be addressed by ensuring that applicable emission control technologies (those successfully operated 26 

in similar applications) would be used when economically and technologically feasible (i.e., based on 27 

cost/benefit). Controls will be administered, as appropriate, using the best methods from among those that 28 

are reasonable and effective. 29 

2.1.2.7 Criteria/Toxic Air Emissions 30 

Under WAC 173-400, “General Regulations for Air Pollution Sources”; and WAC 173-460, “Controls for 31 

New Sources of Toxic Air Pollutants,” requirements are established for the regulation of emissions of 32 

criteria/toxic air pollutants. The primary nonradioactive emissions resulting from remedial actions will be 33 

fugitive particulate matter. In accordance with WAC 173-400-040, “General Standards for Maximum 34 

Emissions,” reasonable precautions must be taken to prevent the release of air contaminants associated 35 

with fugitive emissions resulting from excavation, materials handling, or other operations, and prevent 36 

fugitive dust from becoming airborne from fugitive sources of emissions. The use of treatment 37 

technologies that would result in emissions of toxic air pollutants subject to the substantive applicable 38 

requirements of WAC 173-460 is not anticipated to be a part of remedial actions selected for 100-K. 39 

If treatment of some waste encountered during the remedial action is required to meet ERDF waste 40 

acceptance criteria (ERDF-00011), the type of treatment anticipated would consist of solidification/ 41 

stabilization techniques such as macroencapsulation or grouting, and WAC 173-460 would not be 42 

considered an ARAR. If more aggressive treatment is required that would result in the emission of 43 

regulated air pollutants, the substantive requirements of WAC 173-400-113(2), “Requirements for New 44 
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Sources in Attainment or Unclassifiable Areas”; and WAC 173-460-060, “Control Technology 1 

Requirements,” would be evaluated to determine potential applicability. 2 

Emissions to the air due to fugitive dust will be minimized during implementation of remedial actions 3 

through the use of standard industry practices such as the application of water sprays and fixatives. 4 

These techniques are considered reasonable precautions to control fugitive emissions as required by 5 

regulatory standards. 6 

2.1.2.8 Groundwater Beneficial Use 7 

CERCLA and the NCP (40 CFR 300) establish separate requirements for a groundwater remedy: to be 8 

protective of human health and the environment and to meet ARARs. This is a concept of central 9 

importance to the development of the groundwater remedy for the 100-KR-4 OU. These separate 10 

requirements are further clarified in an EPA memorandum (Fields, 1997, “Clarification of the Role of 11 

Applicable, or Relevant and Appropriate Requirements in Establishing Preliminary Remediation Goals 12 

under CERCLA”). 13 

The requirement to achieve threshold protectiveness and ARAR-based requirements is established by the 14 

NCP (40 CFR 300). The NCP (40 CFR 300.430(a)(1)(iii)(F)) also establishes the requirement to return 15 

useable groundwater to beneficial use within a timeframe that is reasonable given the particular 16 

circumstances of the site. While a site-specific groundwater beneficial-use determination for the 17 

100-KR-4 OU has not been conducted, it is generally recognized that the unconfined aquifer along the 18 

Hanford Site Columbia River corridor represents a future drinking water source or Class IIB groundwater 19 

per EPA’s classification guidance (EPA, 1986, Guidelines for Ground-Water Classification Under the 20 

EPA Ground-Water Protection Strategy). Washington State does not have an EPA-approved 21 

comprehensive state groundwater protection program; therefore, WAC 173-340-720(1) was not used to 22 

classify 100-KR-4 OU groundwater. 23 

Groundwater in the 100-KR-4 OU is contaminated, and its use for drinking water purposes is prohibited 24 

because of ICs in place by DOE. Under current site use conditions, no 100-K groundwater wells are 25 

available for public consumption; however, groundwater was evaluated for drinking water use to support 26 

the determination of the basis for action and to support the development of PRGs and remedial action 27 

alternatives in the FS. 28 

2.1.2.9 Surface Water Beneficial Use 29 

Surface water beneficial use is considered because 100-KR-4 OU groundwater discharges to the 30 

Columbia River through upwelling and shoreline seeps. WAC 173-201A-600, “Use Designations—Fresh 31 

Waters”; and WAC 173-201A-602, “Table 602—Use Designations for Fresh Waters by Water Resource 32 

Inventory Area (WRIA),” identify beneficial uses (or designated uses) for Washington State rivers and 33 

streams. Designated uses for waters of Washington State can include public water supply; protection for 34 

fish, shellfish, and wildlife; and recreational, agricultural, industrial, navigational, and aesthetic purposes. 35 

Water quality criteria are designed to protect the designated uses and are used to assess the general health 36 

of surface waters and to set permit limits. Water quality standards and criteria for surface waters are 37 

considered at the groundwater and surface water interface. 38 

Designated uses of the Columbia River identified in WAC 173-201A-602 include the following: 39 

 Aquatic life uses: spawning and rearing 40 

 Recreational uses: primary contact 41 
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 Water supply uses: drinking water, industrial water, agricultural water, and stock water 1 

 Miscellaneous uses: wildlife habitat, harvesting, commercial/navigation, boating, and aesthetics 2 

The evaluation of individual groundwater measurements in the 100-K RI report (Chapter 4 and 3 

Appendix D of DOE/RL-2010-97) determines potential exposure of aquatic organisms to 100-KR-4 OU 4 

contaminants. This assessment uses the most stringent federal and state standards and criteria for water 5 

quality to support the basis for action and support PRG development. Surface water state and/or federal 6 

ARARs would only apply to groundwater at points of discharge to surface waters. 7 

2.2 Remedial Action Objectives 8 

The RAOs are general descriptions of what remedial actions are expected to accomplish 9 

(i.e., medium-specific or site-specific goals for protecting human health and the environment). 10 

RAO definitions are specific and address the following:  11 

 Media of interest (contaminated soil or groundwater) 12 

 Types of contaminants (radionuclides and chemical contaminants) 13 

 Potential receptors (humans, flora, and fauna) 14 

 Exposure pathways (external radiation, direct contact, ingestion, or inhalation) 15 

The RAOs provide a basis to evaluate the ability of remedial alternatives to comply with potential 16 

ARARs and/or intended levels of protection for human health and the environment per the NCP 17 

(40 CFR 300.430(e)(2)(i)).  18 

This section presents the RAOs for the 100-K source and groundwater OUs, while Sections 2.1.1 19 

and 2.1.2 present background information used to develop RAOs. The following is a list of preliminary 20 

RAOs prepared for the 100 Area. Final RAOs for the 100-K OUs will be determined when a remedy is 21 

selected in the ROD: 22 

 RAO #1: Prevent unacceptable risk to human health from ingestion of and incidental exposure 23 

to groundwater containing COCs at concentrations above federal and state standards and 24 

risk-based thresholds. 25 

 RAO #2: Prevent unacceptable risk to human health and ecological receptors from groundwater 26 

discharges to surface water containing COC concentrations above federal and state standards and 27 

risk-based thresholds. 28 

 RAO #3: Prevent unacceptable risk from COCs migrating and/or leaching through soil that will result 29 

in groundwater concentrations that exceed standards and risk-based thresholds for protection of 30 

surface water and groundwater. 31 

 RAO #4: Prevent unacceptable risk to human health and ecological receptors from exposure to the 32 

upper 4.6 m (15 ft) of soil, structures, and debris contaminated with nonradiological COCs at 33 

concentrations above the MTCA unrestricted land-use standards for human health or soil contaminant 34 

levels protective of ecological receptors. 35 

 RAO #5: Prevent unacceptable risk to human health and ecological receptors from exposure to the 36 

upper 4.6 m (15 ft) of soil, structures, and debris contaminated with radiological COCs. For human 37 

health and ecological receptors: 38 

 Prevent exposure to radiological COCs at concentrations that result in an ELCR threshold of 39 

1×10-6 to 1×10-4 above background for the residential exposure scenario. 40 
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 Protect ecological receptors based on a dose rate limit of 0.1 rad/d for terrestrial 1 

wildlife populations.  2 

 RAO #6: Manage direct exposure to contaminated soils deeper than 4.6 m (15 ft) to prevent an 3 

unacceptable risk to human health and the environment. 4 

 RAO #7: Restore groundwater in 100-KR-4 to cleanup levels, which include DWSs, within 5 

a timeframe that is reasonable given the particular circumstances of the site. 6 

2.3 Preliminary Remediation Goals 7 

The PRGs are quantitative cleanup levels that would meet ARARs and RBSLs and be protective of 8 

human health and the environment as defined by the RAOs. PRGs are core components of the FS 9 

technology screening and remedial alternative development process expressed as numerical values for 10 

chemical or radionuclide concentrations in environmental media. PRGs are used as a basis for defining 11 

the scope of a remedial action (e.g., extent of surface barrier and depth of excavation) to ensure that 12 

RAOs are met. Remedies achieving PRGs result in residual contamination that is protective of human 13 

health and the environment (40 CFR 300.430(e)(2)(i)). PRGs are also used to identify the areas and 14 

volumes of environmental media requiring remediation; therefore, PRGs are determined before 15 

developing remedial alternatives.  16 

Meeting PRGs and potential ARARs (and by extension, achieving RAOs) can be accomplished by 17 

reducing environmental media (e.g., soil, groundwater, and surface water) chemical concentrations (in 18 

μg/L or mg/kg) and radionuclide activities (in pCi/g or pCi/L) to PRG levels or by controlling or 19 

eliminating human health and the environment exposure pathways. Risks (residual) after completing 20 

waste site remediation must meet the CERCLA target risk range of 10-4 to 10-6 for carcinogenic COCs 21 

and an HI of <1 for noncarcinogenic COCs. 22 

2.3.1 Development Approach 23 

PRGs are developed for each environmental medium of interest (soil and groundwater), each type of 24 

contaminant (hazardous substances and radionuclides), human and ecological receptors, and each 25 

potentially complete exposure pathway. The following sections describe the approach used to develop 26 

PRGs for each medium, receptor, and exposure pathway.  27 

2.3.1.1 Human Health Direct Contact Exposure PRGs for Nonradiological Contaminants 28 

Soil PRGs developed for human health direct contact and inhalation exposure pathways to 29 

nonradiological contaminants are risk-based standards for hazardous substances established using 30 

applicable federal and state laws and risk equations. Risk-based standards for individual carcinogens in 31 

an unrestricted exposure scenario are based on an ELCR of 1×10-6 for individual carcinogenic 32 

substances and an HQ of 1.0 for individual noncarcinogenic substances as described in 33 

WAC 173-340-740(3)(b)(iii)(B). 34 

Risk-based standards for inhalation pathways use equations and input parameters described in 35 

WAC 173-340-750(3), “Cleanup Standards to Protect Air Quality,” and EPA-published volatilization 36 

factors and particulate emission factors. 37 

Soil PRGs were also developed for the combined direct contact and inhalation pathways using the casual 38 

recreational user exposure scenario that may be applicable to some portions of 100-K. A complete 39 

description of the activities, exposure assumptions, and risk bases associated with the casual recreational 40 

user scenario is provided in Section 6.2.3.3.2 of the 100-K RI report (DOE/RL-2010-97). The PRG values 41 

listed in Table 2-5 for this exposure scenario are provided to aid in determining whether the cleanup 42 
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actions achieve the CERCLA threshold criteria. Table 2-5 also includes interim remedial action goals 1 

(RAGs) identified in the 100 Area RD/RAWP (DOE/RL-96-17, Remedial Design Report/Remedial 2 

Action Work Plan for the 100 Area).  3 

2.3.1.1.1 Ecological Exposure 4 

Ecological PRGs for the protection of plants, soil invertebrates, and wildlife (birds and mammals) were 5 

developed using a tiered approach (CHPRC-00784, Tier 1 Risk-Based Soil Concentrations Protective of 6 

Ecological Receptors at the Hanford Site). The objective of a tiered approach is to refine available 7 

generic screening levels (ecological SSLs in MTCA [WAC 173-340], Table 749-3, or biota concentration 8 

guides [BCGs]) as needed, with additional literature-derived or site-specific information to more 9 

realistically represent Hanford Site-specific ecological risks. The ecological PRGs are developed in the 10 

100-K RI report (Chapter 7 in DOE/RL-2010-97).  11 

2.3.1.2 Direct Contact Exposure PRGs for Radiological Contaminants 12 

Development of the PRGs for direct contact exposure to radiological COCs and COPCs for both human 13 

and ecological receptors is described in the following sections. 14 

2.3.1.2.1 Human Exposure 15 

PRGs for radiological COCs and COPCs for human direct contact exposure are based on EPA 16 

radionuclide soil cleanup guidance. As established by the NCP (40 CFR 300), CERCLA cleanup actions 17 

should achieve a target ELCR between 10-4 to 10-6 based on the RME for an individual. The NCP also 18 

identifies the 10-6 risk level as the point of departure for determining PRGs. 19 

The HHRA in the 100-K RI report (Chapter 6 in DOE/RL-2010-97) used EPCs based on post-interim 20 

remediation verification data collected from the base and sidewalls of excavations. As a result, the EPCs 21 

assume that residual concentrations are uniformly distributed throughout the remediated waste site. This 22 

results in an overstatement of risk because the risk reduction resulting from up to 4.6 m (15 ft) of backfill 23 

placed over residual contamination is not considered. This backfill provides shielding of residual 24 

contamination, and any future excavation would mix the fill material with residual contamination, 25 

resulting in reduced exposure and cancer risks. Ongoing and future waste site remediation will also 26 

include similar backfill of excavations. Waste sites with cancer risks between 10-4 to 10-6 are likely much 27 

less than 10-6 when considering the risk reduction from the fill material. Therefore, an ELCR of 1×10-4 at 28 

the upper end of the acceptable risk range was used to establish the 100-K direct contact exposure PRGs 29 

for individual radiological contaminants. 30 

Table 2-5 lists the direct contact human health PRGs. The methods used to derive the resident and the 31 

casual recreational user PRGs are described in the 100-K RI report (Chapter 6 in DOE/RL-2010-97). 32 

Table 2-5 also includes interim RAGs identified in the 100 Area RD/RAWP (DOE/RL-96-17).  33 

2.3.1.2.2 Ecological Exposure 34 

BCGs are proposed for use as ecological PRGs for radionuclides for terrestrial plants and animals 35 

(including soil invertebrates). The application of BCGs for radionuclide toxicity data is discussed in 36 

Chapter 7 of the 100-K RI report (DOE/RL-2010-97). BCGs are also evaluated at the scientific 37 

management decision point and population basis for informing risk management decisions. Additional 38 

evaluation may be conducted where biological exposures exceed BCGs. 39 
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Radionuclides 

Am-241 pCi/g —i — 153 — 2,770 32 153 

C-14 j pCi/g —i — 81 — 330,000 8.7 81 

Cs-137 pCi/g 1.1 — 4.4 — 98 6.2 4.4 

Co-60 pCi/g 0.0084 — 3.1 — 57 1.4 3.1 

Eu-152 pCi/g —i — 3.6 — 64 3.3 3.6 

Eu-154 pCi/g 0.033 — 4.5 — 80 3.0 4.5 

Ni-63 pCi/g —i — 594 — 600,000 4,013 594 

Pu-238 pCi/g 0.0038 — 236 — 4,610 39 236 

Pu-239/240 pCi/g 0.025 — 203 — 4,040 35 203 

Total beta radiostrontium (Sr-90) pCi/g 0.18 — 2.3 — 5,280 4.5 2.3 

Tritium pCi/g —i — 624 — 1,020 459 624 

U-233/234 pCi/g 1.1 — 133 — 6,200 1.1 133 

U-235 pCi/g 0.11 — 15 — 301 0.61 15 

U-238 pCi/g 1.1 — 52 — 1,070 1.1 52 
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Metals 

Antimony mg/kg 0.13 32 —k — 365 32 32 

Arsenic mg/kg 20 20 —k 42 20 20 20 

Hexavalent chromium mg/kg —i 240 —k 2,170 2,740 2.1 240 

Lead mg/kg 10 250 —k — — 353 250 

Mercury mg/kg 0.013 24 —k >1,000,000 274 24 24 

Selenium mg/kg 0.78 400 —k >1,000,000 4,560 400 400 

Uranium (soluble salts) mg/kg 3.2 240 —k >1,000,000 2,740 240 240 

Anions 

Nitrate mg/kg 52 568,000 —k — >1,000,000 567,000 l 568,000 

Polychlorinated Biphenyls 

Polychlorinated biphenyls  mg/kg —i 0.50 —k 320,000 2.9 0.50 0.50 

Aroclor 1254 mg/kg —i 0.50 —k 320,000 2.9 0.50 0.50 

Aroclor 1260 mg/kg —i 0.50 —k 320,000 2.9 0.50 0.50 

Volatile Organic Compounds  

Ethylene glycol mg/kg —i 160,000 —k 24 930,000 160,000 24 
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Total Petroleum Hydrocarbons 

Total petroleum hydrocarbons–diesel range mg/kg —i 2,000 —k — — 200 2,000 

Total petroleum hydrocarbons–gasoline range mg/kg —i 1,000 —k — — 200 1,000 

Total petroleum hydrocarbons–motor oil 

(high boiling) 
mg/kg —i 2,000 —k — — 200 2,000 

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, 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. 

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-10-0446, Calculation of Radiological Preliminary Remediation Goals in Soil for a Casual Recreational User Scenario for the 100 Areas and 300 Areas 

Remedial Investigation/Feasibility Study Reports. 

f. ECF-HANFORD-10-0445, Calculation of Nonradiological Preliminary Remediation Goals in Soil for a Casual Recreational User Scenario for the 100 Areas and 300 Area 

Remedial Investigation/Feasibility Study Reports. 

g. DOE/RL-96-17, Remedial Design Report/Remedial Action Work Plan for the 100 Area. 

h. The PRG selection for direct contact human health. For radionuclide human health direct contact PRGs, the RI/FS residential PRG based on a target risk of 1×10-4 is 

selected. For nonradionuclides, the PRG is the lower of the levels identified in WAC 173-340-740(3), “Unrestricted Land Use Soil Cleanup Levels”; or 

WAC 173-340-750(3)(b), “Standard Method B Air Cleanup Levels” (or the casual user recreational scenario based on a target risk of 1×10-6).  

i. A Hanford Site background value is not published. 

j. C-14 in liquid form (typically associated with reactor gas condensate). 

k. Not applicable; the RI/FS residential PRGs were developed for radionuclides only.  

l. 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. 



 
 

 

D
O

E
/R

L-2018-22, D
R

A
F

T
 B

 
A

P
R

IL 2020 

2-42 
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MTCA = Model Toxics Control Act 

OU = operable unit 

PRG = preliminary remediation goal  

RAG = remedial action goal 
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Table 2-6. Summary of 100-KR-1 and 100-KR-2 OUs Groundwater Protection SSLs and PRGs 

Analyte Name 

Unit-Length 70:30/100:0 Contaminant Source Model 

Groundwater Protection (pCi*m/g or mg*m/kg) DOE/RL-96-17 

SSLa, b PRGa, b 

Groundwater 

Protection RAGc 

(mg/kg) 

Surface Water 

Protection RAGc 

(mg/kg) 

Radionuclides 

Am-241 92,100 —d — — 

C-14e 57 77 — — 

Cs-137 389,000 —d 1,470 2,930 

Co-60 —d —d 13,900 27,800 

Eu-152 —d —d — — 

Eu-154 —d —d — — 

Ni-63 19,000 19,000 83 166 

Pu-238 —d —d — — 

Pu-239/240 —d —d — — 

Total beta radiostrontium (Sr-90)  22,500f 389,000f 28 55 

Tritium 1,040 1,07 13 25 

U-233/234 —g —g 1.1 1.1 

U-235 —g —g 0.5 0.5 

U-238 —g —g 1.1 1.1 

Metals 

Antimony 186 154,000 5 5 

Arsenic 20 20 20 20 

Hexavalent chromium 6h 6h 4.8 2 

Lead —d —d 10 10 

Mercury 79 79,000 0.33 0.33 

Selenium 139 4,400 5 1 
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Table 2-6. Summary of 100-KR-1 and 100-KR-2 OUs Groundwater Protection SSLs and PRGs 

Analyte Name 

Unit-Length 70:30/100:0 Contaminant Source Model 

Groundwater Protection (pCi*m/g or mg*m/kg) DOE/RL-96-17 

SSLa, b PRGa, b 

Groundwater 

Protection RAGc 

(mg/kg) 

Surface Water 

Protection RAGc 

(mg/kg) 

Uranium (soluble salts) —i —i 3.2 3.2 

Anions 

Nitrate 1,280 1,730 4,430j 8,860j 

Polychlorinated Biphenyls 

Polychlorinated biphenyls  —d —d 0.017 0.017 

Aroclor 1254 15 —d 0.017 0.017 

Aroclor 1260 —d —d 0.017 0.017 

Volatile Organic Compound 

Ethylene glycol 463 625 320 — 

Total Petroleum Hydrocarbons 

Total petroleum hydrocarbons–

diesel range 
2,000k 2,000k 200 200 

Total petroleum hydrocarbons–

gasoline range 
1,000k 1,000k 200 200 

Total petroleum hydrocarbons–motor oil 

(high boiling) 
2,000k 2,000k 200 200 

a. ECF-100KR1-17-0087, Determination of Unit-Length Soil Screening Levels and Preliminary Remediation Goals for Waste Sites in the 100-K Source Operable Units.  

b. The unit-length SSL or PRG provided in this column must be divided by the representative lineal-dimension in the general direction of groundwater flow (meters) for 

each waste site decision unit to obtain the evaluation SSL or PRG expressed as “mg/kg” for chemicals or as “pCi/g” for radionuclides. 

c. DOE/RL-96-17, Remedial Design Report/Remedial Action Work Plan for the 100 Area.  

d. A groundwater protection SSL is not specified because breakthrough of this contaminant above a numerically significant threshold was not predicted to occur within 

1,000 years. 

e. C-14 in liquid form (typically associated with reactor gas condensate) 

f. SSL and PRG values for Sr-90 are calculated based on a 100:0 initial source distribution, an exception to the convention that analytes with the soil-water distribution 

coefficient ≥2 mL/g were calculated based on a 70:30 initial source distribution, because of data that indicated Sr-90 is distributed throughout the vadose zone at some 

locations in these operable units. 
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Table 2-6. Summary of 100-KR-1 and 100-KR-2 OUs Groundwater Protection SSLs and PRGs 

Analyte Name 

Unit-Length 70:30/100:0 Contaminant Source Model 
Groundwater Protection (pCi*m/g or mg*m/kg) DOE/RL-96-17 

SSLa, b PRGa, b 

Groundwater 
Protection RAGc 

(mg/kg) 

Surface Water 
Protection RAGc 

(mg/kg) 

g. Uranium isotopes are accounted for by converting 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-100NR1-12-0041, Computation of Exposure Point Concentrations for the 
100-NR-1 Source Operable Unit. 
h. The PRGs for Cr(VI) are set to 6.0 mg/kg based on the evaluation in ECF-Hanford-11-0165, Evaluation of Hexavalent Chromium Leach Test Data Conducted on 
Vadose Zone Sediment Samples from the 100 Area, this value is not dependent on waste site size. 

i. No value required. Uranium is not modeled because uranium was not identified in the groundwater risk assessment as a contaminant of concern.  

j. 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. 

k. WAC 173-340-900, Table 747-5, “Residual Saturation Screening Levels for TPH.” This value is not dependent on waste site size and should not be divided by the lineal 
dimension in the general direction of groundwater flow (meters). 

OU = operable unit 

PRG = preliminary remediation goal 

RAG = remedial action goal 

SSL = soil screening level 

  1 
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Table 2-7. 100-KR-4 Groundwater OU PRGs 

Contaminant Units 

Drinking 

Water 

Standard 

WAC 173-340-720 

Cleanup Levelsa AWQC WAC 173-201A 

40 CFR 131 Water 

Quality Standard 

100-KR-4 OU 

PRGa 

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) 

Contaminants of Concern for Remedial Technology Screening and Alternative Development 

C-14 pCi/L 2,000 — — — — — — — 2,000 

Sr-90 pCi/L 8 — — — — — — — 8 

Tritium pCi/L 20,000 — — — — — — — 20,000 

Chromium 

(total) 
µg/L 100 24,000 — 570 65 156 480 156 65 

Cr(VI)b µg/L — 48 — 16 11 10 15 10 10/48 c 

Nitrate µg/L 45,000 113,600 — — — — — — 45,000 

TCE µg/L 5 4 5.4 — — — — — 4 

Contaminants of Potential Concern for Monitoring 

Cyanide µg/L 200d 4.8e — 22 5.2 5.2 22 5.2 4.8 d 

References: 40 CFR 131, “Water Quality Standards.”  

WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington.”  

WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards.” 

Note: Drinking water standard is from 40 CFR 141, “National Primary Drinking Water Regulations.”  

a. Final cleanup levels achieved at the conclusion of the remedial action will correspond to an excess lifetime cancer risk of <1×10-5 and a hazard index of <1.  

b. There is no drinking water standard specific to Cr(VI).  

c. PRGs for Cr(VI) chromium are 10 µg/L where groundwater discharges to surface water and 48 µg/L in the upland groundwater. 

d. Drinking water standard is based on total cyanide. 

e. WAC 173-340-720 cleanup level is based on free cyanide.  

AWQC = ambient water quality criteria 

CCC = criteria continuous concentration 

CMC = criteria maximum concentration 

HQ = hazard quotient 

OU = operable unit 

PRG = preliminary remediation goal 

 1 
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2.3.1.3 Soil Concentrations Protective of Groundwater and Surface Water (SSLs and PRGs) 1 

Soil contaminant concentrations protective of groundwater and soil concentrations protective of surface 2 

water are shown in Table 2-6. The derivation of these protection levels is described in Chapter 5 of the 3 

100-K RI report (DOE/RL-2010-97).  4 

2.3.1.4 Groundwater and Surface Water PRGs 5 

Groundwater COCs (Section 2.1.1.2) were identified using the information presented in Chapter 4, 6 

Chapter 6 (Section 6.3), and Appendix D of the 100-K RI report (DOE/RL-2010-97). Contaminant 7 

concentrations greater than or equal to a DWS, a RBC, AWQC, or a state surface water quality standard 8 

(WAC 173-201A) were retained as COCs. Based on the results of these evaluations, the groundwater 9 

COCs include Cr(VI), total chromium, C-14, Sr-90, TCE, and tritium. Table 2-7 shows the PRG for each 10 

COC and its regulatory basis. 11 

2.4 General Response Actions 12 

General response actions are general classes of responses implemented to remediate contaminated 13 

environmental media or to prevent exposure to contamination. The general response action identification 14 

process considers the CSM, nature and extent of contamination, environmental media, and the exposure 15 

pathways. For each general response action, several possible remedial technologies may exist, which may 16 

include multiple process options. This section discusses the general response actions identified and 17 

presents the remedial technology screening results. 18 

General response actions identified for contaminated soil in 100-K include the following:  19 

 No action 20 

 Access restrictions (ICs and engineering controls [ECs]) 21 

 Containment 22 

 Natural attenuation 23 

 Removal, ex situ treatment, and disposal (components of RTD) 24 

 In situ treatment 25 

General response actions identified for contaminated groundwater in the 100-KR-4 OU include 26 

the following:  27 

 No action 28 

 Access restrictions (ICs and ECs) 29 

 Containment 30 

 MNA 31 

 Collection, ex situ treatment, and discharge (components of P&T) 32 

 In situ treatment 33 

During the remedial technology identification step, the ability of each technology to achieve RAOs and 34 

PRGs associated with each contaminated media was considered. The identified technologies and process 35 

options were then screened with respect to their implementability, effectiveness, and relative cost per 36 

CERCLA RI/FS Guidance (EPA/540/G-89/004) and the NCP (40 CFR 300.430(e)). 37 
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2.4.1 Target Remediation Areas 1 

In accordance with CERCLA RI/FS Guidance (EPA/540/G-89/004), the areas or volumes of 2 

contaminated media requiring remedial action are defined in the FS. This section identifies the areas and 3 

volumes of waste site soil and contaminated groundwater at 100-K addressed by the remedial action 4 

alternatives presented in this FS. 5 

2.4.1.1 Waste Sites 6 

Table 2-8 summarizes the 197 waste sites (accounting for subsites individually) in 100-K. Figures 2-2 7 

and 2-3 present the locations of waste sites not carried forward and waste sites identified for no further 8 

action, respectively. Figures 2-4 and 2-5 show the locations of waste sites identified for further action.  9 

Table 2-8. 100-K Waste Site Status Summary 

Sites (197 Total) 

Sites Not Carried into FS (43) 

Not Accepted, Rejected, Consolidated, and Closed Out Sites (43) 

100-K-2 

100-K-7 

100-K-8 

100-K-9 

100-K-10 

100-K-11 

100-K-12 

100-K-15 

100-K-16 

100-K-20 

100-K-21 

100-K-22 

100-K-23 

100-K-24 

100-K-28 

100-K-39 

100-K-44 

100-K-51 

100-K-52 

100-K-58 

100-K-59 

100-K-61 

100-K-66 

100-K-67 

100-K-76 

100-K-93 

100-K-100 

100-K-112 

100-K-117 

100-K-118 

100-K-121 

100-K-122 

100-K-130 

118-KE-1 

118-KW-1 

126-K-1 

126-KE-3 

130-K-1 

130-K-3 

132-KW-1 

1607-K4 

600-4 

600-55 

Sites Identified for No Further Action (82) 

Sites Passing Screening for Groundwater/Surface Water Protection, Human Health Risk Assessment, and Ecological 

Risk Assessment (60)  

100-K-4 

100-K-6* 

100-K-14 

100-K-18 

100-K-19 

100-K-29 

100-K-30 

100-K-31 

100-K-32 

100-K-33 

100-K-34 

100-K-46* 

100-K-50 

100-K-53 

100-K-55:1 

100-K-57 

100-K-62* 

100-K-63 

100-K-77 

100-K-78 

100-K-79:1 

100-K-79:2 

100-K-80 

100-K-84 

100-K-85 

100-K-86 

100-K-88 

100-K-89 

100-K-90 

100-K-91 

100-K-92 

100-K-95 

100-K-96 

100-K-97 

100-K-102 

100-K-105 

100-K-106 

100-K-109 

100-K-110 

100-K-111 

100-K-113 

100-K-114 

116-KE-4 

116-KE-5 

116-KW-3 

116-KW-4 

120-KW-1 

120-KW-2 

120-KW-3 

120-KW-4 

120-KW-5 

120-KW-7 

126-KE-2 

128-K-1 

128-K-2 

130-KE-1 

132-KE-1* 

1607-K2 

1607-K3 

600-29 
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Table 2-8. 100-K Waste Site Status Summary 

Sites (197 Total) 

*Human health, groundwater protection, and surface water protection exceedances identified at the 100-K-6, 100-K-46, 

100-K-62, and 132-KE-1 waste sites are associated with the underlying collocated 116-KE-1 waste site and will be addressed 

as part of that site. 

No Further Action Sites Based on Site-Specific Considerations (22) 

100-K-37 

100-K-38 

100-K-42 

100-K-87 

100-K-115 

100-K-116 

100-K-119 

100-K-120 

100-K-123 

100-K-124 

100-K-125 

100-K-126 

100-K-127 

100-K-128 

100-K-129 

100-K-131 

116-KE-6A 

116-KE-6B 

116-KE-6C 

116-KE-6D 

118-KE-2 

118-KW-2 

Sites Identified for Further Action (72) 

Deep Waste Sites for ICs (Sites with Residual Radionuclide Contamination at Depths >4.6 m (15 ft) bgs and Only 

Present a Potential Risk from Inadvertent Exposure Through Deep Excavation Activities) (8)  

100-K-3 

100-K-36 

100-K-56:1 

100-K-68 

100-K-69 

100-K-70 

100-K-71 

116-K-1 

Sites with Remedial Alternatives (4) 

 Sites with Shallow zone human health direct contact cumulative risks >1×10-4 (2)  

100-K-64 118-K-1*   

 Sites with groundwater and/or surface water protection PRG Exceedances (2) 

100-K-132* 116-K-2*   

*Also have residual radionuclide contamination at depths >4.6 m (15 ft) bgs. 

Sites to be Remediated Under the Interim Action ROD (24) Sites identified for remediation under an interim action ROD 

(including candidate sites), for which remediation was not completed prior to the April 2017 cutoff date. Remediation 

anticipated to be completed pre-ROD. 

100-K-13 

100-K-25 

100-K-27 

100-K-35 

100-K-79:3 

100-K-79:4 

100-K-79:9 

100-K-94 

100-K-98 

100-K-99 

100-K-101 

100-K-103 

100-K-107 

100-K-108 

116-KE-2 

120-KE-1 

120-KE-2 

120-KE-3 

120-KE-4 

120-KE-5 

120-KE-6 

120-KE-9 

1607-K1 

1607-K5 

Sites Remaining for Remedial Action (36) Sites identified for remediation under an interim action ROD (including 

candidate sites), for which remediation was not completed prior to the April 2017 cutoff date. Remediation anticipated to be 

completed post-ROD.  

100-K-1 

100-K-5 

100-K-43 

100-K-47 

100-K-48 

100-K-49 

100-K-54 

100-K-55:2 

100-K-56:2 

100-K-56:3 

100-K-60 

100-K-72 

100-K-73 

100-K-74 

100-K-75 

100-K-79:5 

100-K-79:6 

100-K-79:7 

100-K-79:8 

100-K-81 

100-K-82 

100-K-83 

100-K-104 

116-K-3 

116-KE-1 

116-KE-3 

116-KW-1 

116-KW-2 

120-KE-8 

120-KW-6 

130-K-2 

130-KE-2 

130-KW-1 

130-KW-2 

1607-K6 

UPR-100-K-1 

bgs = below ground surface 

FS = feasibility study 

ROD = Record of Decision 
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2.4.1.1.1 Waste Sites Not Carried Forward into the FS 1 

Of the 197 sites in 100-K, 43 sites were classified as not accepted, rejected, consolidated, or closed out 2 

and, therefore, not carried forward into the RI or FS (Figure 2-2). 3 

The 118-KE-1 (KE Reactor building) and 118-KW-1 (KW Reactor building) waste sites were classified 4 

as rejected WIDS sites (WSRF 2015-011, Waste Site Reclassification Form, 118-KE-1 Waste Site; 5 

WSRF 2015-012, Waste Site Reclassification Form, 118-KW-1 Waste Site). These two sites are addressed 6 

under a separate regulatory decision. DOE issued the National Environmental Policy Act of 1969 (NEPA) 7 

ROD (58 FR 48509, “Record of Decision: Decommissioning of Eight Surplus Production Reactors at the 8 

Hanford Site, Richland, Washington”) in September 1993 that established a path forward for the Hanford 9 

reactors. An amended ROD (75 FR 43158, “Amended Record of Decision for the Decommissioning of 10 

Eight Surplus Production Reactors at the Hanford Site, Richland, WA”) was issued in July 2010. 11 

The NEPA ROD provided options for immediate dismantlement for reactor decommissioning and 12 

one-piece disposal of the reactor cores after an interim safe storage period of approximately 75 years, 13 

which allowed for decay of the radionuclide that presented the major risk for site workers. As detailed in 14 

DOE/RL-2009-10, Hanford Site Cleanup Completion Framework, the NEPA ROD indicated DOE’s 15 

intent to complete these decommissioning actions consistent with the proposed cleanup schedule for 16 

remedial actions, which includes the KW and KE Reactors at 100-K. Until reactor removal is complete, 17 

DOE will continue to conduct routine maintenance, surveillance, and radiological monitoring activities to 18 

ensure continued protection of human health and the environment during interim safe storage. 19 

2.4.1.1.2 Waste Sites Identified for No Further Action 20 

As summarized in Figure 2-1, a total of 82 waste sites were identified for no further action based on the 21 

risk assessment findings presented in Chapters 5, 6, and 7 or site-specific evaluations (Chapters 4 and 6 in 22 

the 100-K RI report [DOE/RL-2010-97]); therefore, these waste sites are not carried forward to the FS. 23 

Figure 2-3 shows the locations of these waste sites: 24 

 Sixty sites identified for no further action met PRGs for protection of human health and the 25 

environment. Data for 54 of these sites were quantitatively evaluated against the SSLs and PRGs and 26 

indicate no unacceptable risk. Site-specific evaluations for six of seven floodplain and pipeline sites 27 

indicate no unacceptable risk. 28 

 Twenty-two sites were identified for no further action based on site-specific evaluations in the 29 

100-K RI report (Section 4.2 in DOE/RL-2010-97) that indicate no unacceptable risk to human health 30 

and the environment. 31 
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 1 

Figure 2-2. Location of 100-K Waste Sites Not Carried Forward into the FS 2 
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 1 

Figure 2-3. Location of 100-K Waste Sites Identified for No Further Action 2 
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 1 

Figure 2-4. Waste Sites with Deep Residual Contamination that Only Present 2 

Potential Risk from Inadvertent Exposure 3 
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 1 

Figure 2-5. Waste Sites Identified for Further Action 2 
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2.4.1.1.3 Waste Sites Identified for Further Action 1 

Of the remaining 72 waste sites identified for further action, eight have been remediated and classified as 2 

interim closed out and, based on verification data, contain residual radionuclide contamination at depths 3 

>4.6 m (15 ft) bgs and may pose a potential risk from inadvertent exposure through deep excavation and 4 

drilling activities. Because radionuclide concentrations are not above RBSLs at depths <4.6 m (15 ft) bgs, 5 

there is no complete exposure pathway. DOE has proposed to place deep excavation ICs at these eight 6 

waste sites so future activities do not bring contamination to the surface or otherwise result in exposure to 7 

contaminant concentrations that exceed the RBSLs. The contaminants at these sites will decay to levels 8 

below RBSLs within 36 to 117 years, depending on the current individual constituent concentrations 9 

(Table 2-9). During this 36- to 117-year decay period, DOE or the federal government will maintain 10 

controls on the land to prevent exposure. The waste sites proposed for ICs based on deep zone 11 

radiological contamination only, with an incomplete exposure pathway or exceedance of 12 

groundwater/surface water protection SSLs, are not evaluated further in this FS. Additional information 13 

on ICs, including a rough order-of-magnitude cost for excavating and removing contaminated soil from 14 

these waste sites, is in Section 3.1.1.1. Figure 2-4 shows the locations of these waste sites.  15 

Table 2-9. Timeframes for Decay to Residential RBSLs of Deep Zone Soil 
Radionuclides at 100-K Waste Sites 

Waste Site Risk Drivers 

Cumulative Cancer Risk 

(Year Risk Decays to 

<1×10-4) 

Year When EPC 

is < Residential 

PRG 

100-K-3 Cs-137, Sr-90 1.8×10-3 2135 

100-K-36 Sr-90 2.7×10-4 2054 

100-K-56:1 Cs-137, Co-60, Eu-152, Eu-154 1.5×10-3 2087 

100-K-68 Cs-137, Sr-90 1.8×10-3 2135 

100-K-69 Cs-137, Eu-152, Sr-90 1.8×10-3 2135 

100-K-70 Cs-137, Eu-152, Sr-90 1.8×10-3 2135 

100-K-71 Cs-137, Eu-152, Sr-90 1.8×10-3 2135 

116-K-1 Cs-137, Eu-152, Sr-90 9.7×10-4 2088 

EPC = exposure point concentration 

PRG = preliminary remediation goal 

 16 

2.4.1.1.4 Waste Sites with Remedial Alternatives 17 

Four waste sites require further action based on the identified risks (Table 2-1). These sites are carried 18 

forward for development of remedial alternatives. Figure 2-5 shows the locations of these waste sites, 19 

which include the following: 20 

 100-K-64 UPR: The nature and extent of contamination at this waste site are described in 21 

Section 4.2.5.2 and Appendices G and H of the 100-K RI report (DOE/RL-2010-97). The 100-K-64 22 

waste site includes the shoreline embankment and adjacent floodplain area near the former 23 

107KE Retention Basins and upriver (southwest) of the 116-K-1 Crib. Radionuclide activities in 24 

shallow soil will decay to a cumulative ELCR of <1×10-4 by the year 2043 (Table G-56 in the 25 

100-K RI report).  26 
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 116-K-2 Trench: The nature and extent of contamination at this waste site are described in Chapter 4 1 

(Section 4.2.2.1) of the 100-K RI report (DOE/RL-2010-97). The former process effluent disposal 2 

trench received contaminated cooling water effluent, floor drain effluent, and decontamination waste 3 

diverted from the KE and KW Reactors. Previous remediation included excavation and disposal of 4 

contaminated soil to a maximum depth of 7.6 m (25 ft) bgs. This waste site met RAOs for interim 5 

action but has deep soil Cr(VI) concentrations in the northeast portion of the trench that exceed the 6 

SSL and PRG for protection of groundwater and surface water. The 6,060 g/kg Cr(VI) EPC is just 7 

above the scaled SSL and PRG protective of groundwater (6,000 g/kg). In addition, the waste site 8 

contains residual radionuclides (Cs-137, Eu-152, Eu-154, Co-60, Ni-63, and Sr-90) at depths 9 

>4.6 m (15 ft) bgs and presents a potential risk from inadvertent exposure through deep excavation 10 

activities. Radionuclide activities in deep soil will decay to a cumulative ELCR of <1×10-4 by the 11 

year 2185 (Table 6-184 in the 100-K RI report). 12 

 118-K-1 Burial Ground: The nature and extent of contamination at this waste site are described in 13 

CVP-2013-00002, Cleanup Verification Package for the 118-K-1 Burial Ground. The former burial 14 

ground was comprised of approximately 50 trenches and pits and 11 silos that received radioactive 15 

solid waste from the KE, KW, and N Reactors. Previous remediation included excavation and 16 

disposal of contaminated soil to a maximum depth of 15.6 m (51 ft) bgs. This waste site met RAOs 17 

for interim action but exceeds the Sr-90 PRG for human health direct contact in shallow soil (<4.6 m 18 

[15 ft] bgs). Radionuclide activities in shallow soil decay to a cumulative ELCR of <1×10-4 by the 19 

year 2045 (Table 6-184 in the 100-K RI report [DOE/RL-2010-97]). In addition, this waste site 20 

contains residual radionuclides (Cs-137, Eu-152, and Sr-90) at depths >4.6 m (15 ft) bgs and presents 21 

a potential risk from inadvertent exposure through deep excavation activities. Radionuclide activities 22 

in deep soil decay to a cumulative ELCR of <1×10-4 by year 2126 (Table 6-184 in the 100-K 23 

RI report).  24 

 100-K-132 UPR: The nature and extent of contamination at this waste site and associated 25 

borehole 199-K-227 are described in Sections 4.2.4.12 and 4.2.5.3 in the 100-K RI report 26 

(DOE/RL-2010-97). This waste site is an area of deep vadose zone soil contamination beneath the 27 

southern portion of the remediated 118-K-1 Burial Ground. The waste site was created to address 28 

residual deep vadose contamination identified during the 118-K-1 Burial Ground interim action 29 

excavation. Contamination was identified in samples from test pits excavated below the excavation 30 

floor in the southern portion of the burial ground, up to 9.4 m (30.8 ft) bgs. Sample results showed 31 

tritium activities in the soil column between 181 and 372 pCi/g (CVP-2013-00002). Elevated tritium 32 

activities between 8,520 and 13,400 pCi/g (CVP-2013-00002) were identified up to 15.6 m 33 

(51.3 ft) bgs in test pits at the southeast portion of the burial ground. This waste site exceeded interim 34 

action RAOs and RAGs for groundwater protection. Groundwater monitoring results show a tritium 35 

plume underlying the 118-K-1 waste site. The contaminant transport model calibration results in the 36 

Chapter 5 of the 100-K RI report indicate that 100-K-132 is a continuing source of tritium to the 37 

groundwater plume. In addition, the tritium contamination presents a potential risk from inadvertent 38 

exposure through deep excavation activities. Based on an EPC of 6,040 pCi/g at well 199-K-227, 39 

tritium in deep soil decays to a cumulative ELCR of <1×10-4 by the year 2058 (Table G-36 in the 40 

100-K RI report). 41 

2.4.1.1.5 Waste Sites to Be Remediated Under an Interim Action ROD or Remaining for Remedial Action 42 

There are 60 waste sites (including candidate sites) identified for remediation under an interim action 43 

ROD. Figure 2-5 shows these waste site locations. Thirty-six of these waste sites are expected to be 44 

remediated after the ROD is issued, and 24 of the sites are expected to be remediated before the ROD is 45 

signed. A final remedial action will be selected in the 100-K ROD for all 60 waste sites. 46 
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Table 2-2 identifies the contaminants and basis for action (where there are presumed risks) associated 1 

with waste sites remaining for remedial action. Risk drivers have been determined based on knowledge of 2 

the processes performed at the sites and remediation results at similar sites in the River Corridor. 3 

The remedial approaches for the major risk drivers are developed for each alternative and presented in 4 

Chapter 3 of this FS.  5 

Four of the waste sites identified for remediation under an interim action ROD have been partially 6 

remediated but are carried forward for further evaluation in this FS due to known residual deep 7 

contamination below the excavation depth. Remediation of these sites could not be fully implemented 8 

because of the proximity to structures. The four waste sites include the following: 9 

 116-KE-1 Crib: The crib structure and contaminated soil up to 9.1 m (30 ft) bgs were removed 10 

in 2004 (BHI-01737, Cleanup Status Report for the 116-KE-1 and 116-KW-1 Cribs). Remediation 11 

and sampling of a large excavation area known as 100-K Area AH began in January 2009 and was 12 

completed in April 2012. It encompassed waste sites 100-K-6, 100-K-46, 100-K-62, 132-KE-1, and 13 

the previously excavated 116-KE-1 Crib. Remediation could not be fully implemented because of 14 

proximity to the KE Reactor building. The nature and extent of contamination are described in 15 

Section 4.2.5.4 of the 100-K RI report (DOE/RL-2010-97). As indicated in Table 2-1, exceedances 16 

identified in shallow and deep soil for waste sites 100-K-6, 100-K-46, 100-K-62, and 132-KE-1 will 17 

be addressed as part of the 116-KE-1 waste site. Sample results (sample B2L2M8/B2L2M9 from 18 

0.3 m [1 ft] bgs and sample B2L2P6/B2L2P7 from 2.4 m [8 ft] bgs) indicate that shallow soil 19 

concentrations of radionuclides in 2012 result in a ELCR >10-4 in the southeastern and southwestern 20 

portions of the former excavation area, where samples contained C-14 at concentrations of 66 pCi/g 21 

and 139 pCi/g, respectively. Samples from the bottom of the excavation for 116-KE-1 identified 22 

concentrations up to 7,600 pCi/g C-14 and up to 851 pCi/g tritium. The groundwater fate and 23 

transport evaluation presented in Chapter 5 of the 100-K RI report indicates that the 116-KE-1 Crib is 24 

a continuing source of C-14 to groundwater. A vadose zone source of tritium to groundwater near the 25 

crib is suggested by observed groundwater concentrations (Section 5.5.1.5 in the 100-K RI report). 26 

In addition, C-14, Cs-137, and Sr-90 contamination presents a potential risk from inadvertent 27 

exposure through deep excavation activities (Table 6-184 in the 100-K RI report), which decay to 28 

a cumulative ELCR of <1×10-4 by the year 6357 (Table G-30 in the 100-K RI report). 29 

 116-KW-1 Crib: The crib structure and contaminated soil up to 9.1 m (30 ft) bgs were removed 30 

in 2004 (BHI-01737). Remediation of the site could not be fully implemented because of the 31 

proximity to adjacent buildings. The nature and extent of contamination are described in 32 

Section 4.2.5.4 of the 100-K RI report (DOE/RL-2010-97). C-14 and tritium were detected at 33 

concentrations up to 45,000 and 162 pCi/g, respectively, and Cs-137 and Sr-90 at concentrations up 34 

to 36.8 and 4.61 pCi/g, respectively. A vadose zone source of C-14, nitrate, and tritium to 35 

groundwater near the crib is suggested by observed groundwater concentrations (Chapter 5 in 36 

100-K RI report). 37 

 116-KE-3 Crib/Reverse Well and UPR-100-K-1 UPR: The 116-KE-3 waste site consisted of a crib, 38 

reverse well within the crib, and distribution piping. The UPR-100-K-1 waste site consists of 39 

contaminated soil resulting from KE FSB leaks. The Sr-90 concentrations in the water that leaked 40 

from the KE FSB ranged from 2 to 90 million pCi/L between 1977 and 1990 (SGW-60149, Report 41 

for Soil Borings and Well Installations in the UPR-100-K-1 and 116-KE-3 Waste Sites). The nature 42 

and extent of contamination are described in Chapter 4 of the 100-K RI report (Section 4.2.2.2 for the 43 

116-KE-3 Crib, and Section 4.2.2.3 for UPR-100-K-1 [DOE/RL-2010-97]) and in SGW-60149.  44 
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The crib was demolished between 2008 and 2009 and contaminated soil and pipelines excavated to 1 

a depth of approximately 12.5 m (41 ft) from September 2009 to May 2012. The reverse well remains in 2 

place below the excavation footprint. The reverse well was capped and covered with a small concrete pad, 3 

and the area was partially backfilled to prevent contaminant spread and to allow for additional site 4 

characterization activities. Further remediation could not be performed due to proximity to the 5 

KE Reactor and the layback required for a deeper excavation. The KE FSB was demolished between 6 

2008 and 2009, and soil excavation was performed up to 7.6 m (25 ft) bgs between 2009 and 2012. 7 

Excavation and disposal of contaminated soil at depths below 7.6 m (25 ft) could not be completed due to 8 

potential structural impacts to the KE Reactor building. Eight test pits were dug at the base of the 9 

excavation to collect soil samples. Sr-90 concentrations ranged from 4.6 to 400 pCi/g in these samples. 10 

Following excavation and sampling, the area was covered with clean material to prevent direct contact 11 

and airborne contaminant release and to support further subsurface characterization activities. These 12 

activities included gamma logging of 20 direct-push vertical and angle borings and two monitoring well 13 

boreholes, and installation of monitoring wells 199-K-221 and 199-K-222. 14 

Post-excavation soil samples collected from the borings drilled beneath the former FSB showed elevated 15 

levels of Cs-137 (up to 22,100 pCi/g), Sr-90 (up to 18,100 pCi/g), Am-241 (up to 1,170 pCi/g), Pu-238 16 

(up to 237 pCi/g), and Pu-239/240 (up to 1,770 pCi/g). These results indicated the highest radionuclide 17 

concentrations at depths of 7.6 m (25 ft) bgs, the first sampled interval below the clean fill. Radionuclide 18 

concentrations decreased or were less than background in samples collected below this depth but 19 

increased at depths of 21.2 to 22 m (69.5 to 73 ft) bgs within the PRZ or near the top of the water table. 20 

Sr-90 levels increased more within the PRZ and into the saturated zone, with concentrations of 5.42 to 21 

39.7 pCi/g reported. Gamma logging shows vadose zone contamination extending from the bottom of the 22 

soil excavation below the discharge chute to the water table and in the soil column encompassing the 23 

injection/reverse well. Sr-90 groundwater contamination resulted from discharge chute leakage and 24 

disposal to the injection/reverse well. Cs-137 is distributed over the vadose zone thickness, with the 25 

highest activities generally occurring in the upper portion of the vadose zone. Cs-137 was not detected 26 

in groundwater. 27 

Transuranic elements (i.e., Am-241 and plutonium isotopes) were detected in the upper and lower vadose 28 

zone beneath the former KE FSB but not in groundwater. Shallow soil contamination in the vadose zone 29 

extends laterally under the reactor for an unknown distance. The lateral distribution of radiological 30 

contamination beneath the former FSB in the upper portion of the vadose zone is consistent with lateral 31 

migration of water leaking from the release point(s) at the discharge chute and moving along the 32 

compacted soil layer beneath the basin foundation. The lower radionuclide activities in the middle portion 33 

of the vadose zone, with increasing levels at the PRZ, are consistent with high-concentration and 34 

downward vertical migration from the release points beneath the discharge chute and injection/reverse 35 

well to the underlying water table, with subsequent lateral spreading at the water table surface and within 36 

the PRZ. 37 

2.4.1.2 Groundwater 38 

Areas with COC concentrations that exceeded groundwater PRGs in 2016 are shown in Figure 2-6. There 39 

are currently four discrete Cr(VI) groundwater plumes and several localized areas within four geographic 40 

subareas identified as KW, KE, KN, and 100-N. Three of the larger 100-K Cr(VI) plumes generally 41 

coincide with the KE, KW, and KN subareas. In the KE and KN subareas, isolated wells downgradient of 42 

the 116-K-2 Trench exceed a Cr(VI) PRG. The K-N Boundary Cr(VI) plume is currently at the KN 43 

subarea and 100-N boundary and is projected to migrate entirely into 100-N in the future, absent remedial 44 

action. Although the K-N Boundary Cr(VI) plume is partially within 100-N, it is addressed in this 45 

100-K FS because it originated from the 100-KR-1 or 100-KR-2 Source OUs. Nitrate, tritium, C-14, 46 
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Sr-90, and TCE plumes occur in smaller areas. Total chromium distribution follows the same pattern 1 

as Cr(VI).  2 

The 100-K RI Report identified a BCG of 609 pCi/L for C-14, and noted that two seep samples from 3 

100-K Spring 63-1, collected in 2013, exceeded this concentration. Annual sampling in subsequent years 4 

reported concentrations less than the BCG. Based on these results, the 100-K RI report concluded there is 5 

no significant risk to wildlife populations from exposure to C-14 in seeps. However, modeling for the no 6 

action alternative (CP-61711) predicts C-14 discharging to the Columbia River in the KW subarea at 7 

concentrations greater than the 2,000 pCi/L DWS through 2034. The KW subarea where the C-14 8 

discharge is predicted includes seep discharge at 100-K Spring 63-1. The C-14 seep discharge was 9 

evaluated in “Wildlife Exposure to Groundwater Seeps Near the 100-K Source Operable Units” 10 

(CHPRC, 2020, provided in Appendix E). The seep discharge evaluation used multiple lines of evidence 11 

to determine that future EPCs for wildlife receptors at 100-K Spring 63-1 will be less than the 609 pCi/L 12 

BCG. 13 

As described in the 100-K RI report (Section 5.5.1.5 in DOE/RL-2010-97), C-14, Cr(VI), nitrate, Sr-90, 14 

and tritium sources in the vadose zone and PRZ were inferred based on observed groundwater 15 

concentration trends and a Cr(VI) rebound test in the KW subarea. These continuing sources were also 16 

identified as potentially requiring remediation to reduce groundwater remediation timeframes. Continuing 17 

sources for TCE have not been identified. Based on the prior knowledge about the waste sites suspected 18 

to have contributed to groundwater contamination, and groundwater concentration data at nearby wells, 19 

the following locations were identified as continuing sources (SGW-60753-VA, Overview of Soil 20 

Contamination Conditions Observed in Borings at UPR-100-K-1 and 116-KE-3 Crib in Vicinity of 21 

105-KE Reactor; Section 4.4.1 in DOE/RL-2010-97): 22 

 KW subarea locations: 23 

 183.1KW Headhouse and 190KW Pump House vicinity – Cr(VI) 24 

 116-KW-1 Crib – C-14, nitrate, tritium 25 

 116-KW-2 Crib – Sr-90 26 

 KE subarea locations: 27 

 183.1KE Headhouse vicinity – Cr(VI)  28 

 116-KE-1 Crib – C-14, nitrate, tritium 29 

 118-K-1 Burial Ground (associated tritium contamination is identified as the 100-K-132 30 

waste site) – tritium 31 

 116-K-2 Trench (west; near 116-K-1 Crib) – Sr-90 32 

 116-KE-3 Crib – Sr-90 33 

 UPR-100-K-1 waste site – Sr-90 34 

 KN subarea location: 35 

 116-K-2 Trench (east) – Cr(VI)  36 
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 1 

Figure 2-6. Groundwater Contaminant Plumes (2016) Evaluated in the FS  2 
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2.5 Identification and Screening of Technology Types and Process Options 1 

This section presents remedial technologies and process options, which are subsets of the selected 2 

general response actions, that may achieve the RAOs for contaminated soil and groundwater at 100-K. 3 

Tables 2-10 and 2-11 present the technology identification and screening results for the soil and 4 

groundwater COCs, respectively. Although no action and ICs are not considered remedial technologies, 5 

they are important response actions to be considered as part of the remediation approach and are 6 

discussed herein. 7 

The range of technologies screened in Tables 2-10 and 2-11 include Hanford Site demonstrated 8 

technologies, innovative technologies, and potential technologies and process options that have 9 

undergone laboratory or bench-scale testing. Factors considered in this evaluation include the state of 10 

technology development, site conditions, waste characteristics, nature and extent of contamination, and 11 

presence of other constituents or co-contaminants that could limit a technology’s effectiveness. 12 

The qualitative assessment of each technology based on the criteria of effectiveness, implementability, 13 

and cost forms the basis for a retained or not retained determination. The technology screening tables also 14 

present information pertaining to the environmental sustainability of a process option. It is important to 15 

note, however, that sustainability was not considered as a criterion for screening out a process options. 16 

2.5.1 Remedial Technology Screening Criteria 17 

The remedial technology and process option screening for effectiveness, implementability, and relative 18 

cost are based on the following information: 19 

 Effectiveness refers to the ability of the technology and associated process option to perform as part 20 

of a comprehensive remediation plan to meet RAOs under the conditions and limitations at the site. 21 

Additionally, the NCP (40 CFR 300) defines effectiveness as the “…degree to which an alternative 22 

reduces toxicity, mobility, or volume through treatment; minimizes residual risk; affords long-term 23 

protection; complies with ARARs; minimizes short-term impacts; and how quickly it achieves 24 

protection.” This is a relative measure for comparison of process options that perform the same or 25 

similar functions. Section 4.2.5 in the CERCLA RI/FS Guidance (EPA/540/G-89/004) states that the 26 

evaluation of process options with respect to effectiveness should focus on the following: 27 

 Potential effectiveness of process options in handling the estimated areas or volumes of media 28 

and meeting the remediation goals identified in the RAOs 29 

 Potential impacts to human health and the environment during the construction and 30 

implementation phase 31 

 How proven and reliable the process is with respect to the contaminants and conditions at the 32 

Hanford Site  33 
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Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 

General Response 

Actions Remedial Technology Process Option 

COC/COPC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative 

O&M Cost Sustainabilityc 

Retained/  

Rejectedd Screening Comment 

No action No action No action, no further action COCs: 

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs: 

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

Shallow/ 

Deep 

No further actions to address 

contamination. Source areas and 

residual contaminants in vadose zone 

are left untreated. Natural attenuation 

processes would occur. Potential 

exposure to contaminated media is 

not restricted. 

Low to High High Low Low No GHG or 

energy 

requirements. 

Retained Retained per the NCP  

(40 CFR 300.430(e)(6)) 
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. 

Access restrictions 

(institutional 

controls and 

engineering 

controls) 

Active/passive controls, 

proprietary/ 

governmental controls, 

structural/ nonstructural 

controls, and 

informational tools 

Land-use controls, site 

evaluation, excavation 

permits, deed restrictions, 

entry restrictions, 

procedural requirements for 

access, waste site 

information management, 

warning notices, fencing, 

security barriers. See 

Table 2-12 for additional 

information. 

COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs: 

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

Shallow/  

Deep 

See Table 2-12 for IC process 

option discussions. 

Moderate High Low Low Little impact Retained Retained per the NCP 

(40 CFR 300.430(e)(3) 

(ii))     

Containment Surface covers 

and barriers 

Soil, asphalt, or concrete 

cover; modified RCRA 

Subtitle C and/or D barrier; 

vegetative cap (ET cap, 

Hanford Barrier) 

COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs: 

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

Shallow/  

Deep  

Surface covers form a barrier between 

contaminated media and the surface, 

thereby preventing direct contact with 

contaminants and shielding potential 

receptors from radiation. Soil, asphalt, 

or concrete barriers can be placed 

around structures (e.g., reactors) to 

remain in place in the short term 

(75 years) to promote drainage, prevent 

infiltration into possible sources below 

the reactors, and prevent exposure to 

contaminated soil. The Hanford Barrier 

(a prototype multi-layer earthen barrier 

constructed at the Hanford Site) design 

was developed for sites containing 

low-level waste greater than Class C, 

and/or significant inventories of 

transuranic constituents.  

Impermeable surface covers can be 

designed to prevent surface water 

infiltration through the vadose zone 

and limit contaminant leaching 

to groundwater.  

Modified RCRA Subtitle C barriers are 

designed for hazardous waste and for 

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.  

ET barriers consist of a fine-grained 

soil layer overlying a relatively 

coarse-grained soil layer designed 

to functionally increase the 

water-holding capacity.  

Moderate to High High Low to High Low GHG and energy 

for installation. 

Continued impact 

to soil resources. 

Retained Retained asphalt and soil 

barriers for waste sites 

where RTD is not 

immediately 

implementable. Human 

health risk and 

groundwater cleanup 

timeframes (<15 years) 

posed by 100-K waste 

sites and continuing 

sources do not warrant 

ET barrier. 

Based on evaluation of 

leaching characteristics 

of Sr-90 at UPR-100-K-1 

and 116-KE-3 

(ECF-100KR2-16-0127), 

ET barriers would have 

no effect on leaching of 

residual Sr-90 in the PRZ 

where much of the 

residual contamination 

occurs. Limited 

effectiveness for low 

mobility COCs/COPCs. 

Prevention of direct contact 

will depend on specific 

design. Effectiveness of soil, 

asphalt, or concrete covers 

for impeding direct exposure 

to contaminants is high in 

the short term. For increased 

effectiveness, the barrier 

needs to be properly 

maintained since capping 

does not remove the source 

of radioactivity.  

Leaching of near-surface 

source COCs will be 

controlled, but residual 

COCs in capillary fringe and 

deeper vadose zone pore 

water will continue to 

impact groundwater because 

of water table fluctuation. 

For increased effectiveness 

of asphalt or concrete 

barriers for limiting 

leaching, barrier needs to be 

properly sealed, given that 

asphalt and concrete 

are permeable.  

No technical or administrative 

challenges are associated with 

implementing 

soil/asphalt/concrete covers 

(high implementability). 

Modified RCRA Subtitle C 

and/or D barriers and ET 

barriers are simple to install. 

Biointrusion may need to be 

considered as part of the 

barrier/cap design. 

Hanford Barrier 

(High) 

Modified 

RCRA 

Subtitle C 

and/or D barrier 

(Moderate) 

Soil/asphalt/ 

concrete cover 

and ET barrier 

(Low) 

O&M costs 

include 

monitoring and 

repair. 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

2-66 

Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 
General Response 

Actions Remedial Technology Process Option 
COC/COPC 
Applicabilitya 

Depth 
Rangeb Description Relative Effectiveness Relative Implementability 

Relative 
Capital Cost 

Relative 
O&M Cost Sustainabilityc 

Retained/  
Rejectedd Screening Comment 

Containment (cont.) Subsurface barriers Jet grouting, soil freezing, 
or wire saw barriers 

COCs:  

C-14, tritium, 
Cr(VI) 

COPCs: 

Mobile COPCs  

Shallow/ 
Deep 

Barriers placed beneath the 
contaminated zone to limit further 
migration. Jet grouting involves 
high-pressure injection of reactive 
slurry into soil at one specific depth. 
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. 

Rejected 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 presence of gravels 
and cobbles, and/or the depth 
of application. 

  

Natural attenuation Physical Natural attenuation 
through sorption 

COCs: Sr-90 

COPCs with 
high Kd values 

Shallow/ 
Deep 

Contaminant undergoes sorption 
reaction in the vadose zone resulting in 
decreased mobility and mass loading 
to groundwater. 

Low to High High Low Low Little impact Retained Retained for Sr-90 
(Kd = 25 mL/g) and 
COPCs with high 
soil/water Kd values. 

Effectiveness is high for 
COPCs with soil/water Kd 
values >2 0 mL/g and low 
for COPCs with soil/water 
Kd values <2 0 mL/g (see 
Chapter 5 in 
DOE/RL-2010-97).  

No administrative or technical 
implementability challenges are 
associated with implementation 
of this option. 

  

  Radioactive decay COCs:  

Cs-137, C-14, 
Sr-90, and 
tritium 

COPCs:  

Radionuclides 

Shallow/ 
Deep 

Spontaneous disintegration of the 
nucleus of radionuclide resulting in 
reduction in radionuclide activity. 

Low to High High Low Low Little impact Retained  

  Effectiveness is high for 
tritium based on half-life of 
12.4 years.  

Effectiveness is moderate 
for Cs-137 and Sr-90 based 
on half-lives of 30 and 
29.1 years, respectively. 

Low effectiveness for C-14 
based on half-life of 
5,730 years. 

No administrative or technical 
implementability challenges are 
associated with implementation 
of this option. 

  

 Biogeochemical Natural attenuation 
through reduction  

COCs:  

Cr(VI) 

COPCs:  

Some metals, 
nitrate 

Shallow/ 
Deep 

Natural reductants in sediments reduce 
contaminants into less toxic or nontoxic 
substances. Cr(VI) is reduced to less 
mobile and less toxic Cr(III). Reduction 
may occur via natural microbial 
processes or by chemical processes in 
the presence of electron donors such as 
ferrous iron, reduced sulfur compounds, 
and soil organic matter. Nitrate is 
subject to chemical or biological 
reduction to nitrite or ultimately to 
diatomic nitrogen by soil and water 
microorganisms under low oxygen 
conditions not currently found 
at 100-K. 

Low High Low Low Little impact Rejected Significant reduction of 
Cr(VI) to Cr(III) or 
nitrate to nitrite has not 
been demonstrated to 
occur in the vadose zone 
or PRZ at 100-K. 

Effectiveness of natural 
attenuation for Cr(VI) is 
low. Although naturally 
occurring reductants such as 
magnetite are present in 
Hanford sediments, little 
attenuation occurs in the 
vadose zone (PNNL-17674).  

No administrative or technical 
implementability challenges are 
associated with implementation 
of this option. 

  

Removal 
(component of RTD) 

Excavation Standard excavation  COCs: 

Cs-137, 
Eu-152, Sr-90 

COPCs:  

Radionuclides, 
metals, TPH, 
PAH, PCB, 
nitrate, 
ethylene glycol 

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. Clean 
overburden material is often staged for 
later use as backfill. 

High High Moderate to 
High 

Low Waste generation 
if excavated soil 
is disposed, GHG 
and energy for 
excavation 
equipment. Use 
of water for dust 
suppression, 
requires 
excavation also at 
the borrow area. 

Retained Currently specified in the 
100-K interim ROD 
(EPA/ROD/R10-99/039). 

Shallow contaminated 
soil removed. 

Standard excavation is typically 
straightforward. An excavation 
permit is required in the 
100, 200, and 300 Areas and 
the Hanford Reach 
National Monument. 

  No associated 
cost. 
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Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 

General Response 

Actions Remedial Technology Process Option 

COC/COPC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative 

O&M Cost Sustainabilityc 

Retained/  

Rejectedd Screening Comment 

Removal 

(component of RTD) 

(cont.) 

 Deep excavation  COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs:  

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

6 m (20 ft)/ 

>6 m 

(20 ft) 

Soil is removed from depths >6 m 

(20 ft) bgs. Deep excavation would 

require implementation of more 

complex technologies (e.g., large 

layback for open pit type excavation) 

or, alternatively, use of shoring. 

Excavated soil is segregated (automated 

or laboratory-based) to determine 

disposal or treatment requirements. 

Clean overburden material is often 

staged for later use as backfill. 

High Moderate High Low Waste generation 

if excavated soil 

is disposed, GHG 

and energy for 

excavation 

equipment are 

high for deep 

excavations. Use 

of water for dust 

suppression, 

requires 

excavation also at 

the borrow area. 

Retained Retained for waste sites 

with deep decision units 

that exceed groundwater 

protection PRGs.  

Deep excavation at some 

locations could 

potentially affect interim 

safe storage conditions 

and the structural 

integrity of the reactor. 

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 

are removed. 

Has been performed at Hanford 

using laybacks. Shoring may be 

difficult with cobbles and 

boulders. Increased safety 

challenges with very deep 

excavations. An excavation 

permit is required in the 100, 

200, and 300 Areas and the 

Hanford Reach National 

Monument. 

  No associated 

cost. 

Ex situ treatment  

(component of RTD) 

Physical treatment Soil washing COCs:  

C-14, tritium, 

Cr(VI) 

COPCs:  

COPCs with 

low Kd values 

Depends 

on 

excavation 

method 

Consists of size separation of highly 

contaminated soil fractions (fines) from 

minimally contaminated soil fractions 

(coarse), followed by 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 to Moderate Low to Moderate Moderate Low Additional 

resource impact 

(water used in 

process), GHG, 

and energy for 

process and 

additional 

treatment of 

contaminated 

fines and water. 

Rejected Mechanically intense. 

Not consistently proven 

for range of soil types 

and contaminants present 

at the Hanford Site. 

Difficult for complex 

mixtures of contaminants 

(DOE/RL-93-107, 

Draft A). Pre-treatment 

to meet ERDF waste 

acceptance criteria 

generally not required. 

Effectiveness is driven by 

the binding processes that 

exist between the 

contaminants and the soil 

particles (adsorbed or 

precipitated). Pilot testing at 

Hanford suggests that 

a number of contaminants 

strongly sorb to all sizes of 

soil. Pilot test is necessary. 

Mechanically intense. 

Conventional aggregate washing 

and screening technology is 

used to separate soil particles by 

size fraction. Contaminated soil 

and water are disposed or further 

treated. Soil that meets cleanup 

criteria (remediated coarse soil) 

can be returned to the site. 

Rinsate will require treatment 

before disposal. 

 No associated 

cost. 

 Combined 

physical/chemical 

treatment  

Solidification/stabilization COCs:  

C-14, Sr-90, 

tritium, Cr(VI) 

COPCs:  

Mobile and 

semi-mobile 

COPCs 

Depends 

on 

excavation 

method 

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, and polyethylene extrusion. 

The stabilized mass is returned to its 

original location and capped to shed 

water and prevent weathering. 

The location is engineered to withstand 

seismic activity. 

Low to Moderate Moderate High Low GHG and energy 

for production 

and delivery of 

reagent used, and 

for transport 

and mixing. 

Rejected Screened out in favor of 

the safer alternative of 

disposal in 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. 

  

 Thermal treatment Vitrification COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs:  

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

Depends 

on 

excavation 

method 

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. 

Rejected Complex technology; 

safety concerns with 

implementation.   Heavy 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 use of proven 

technology (furnaces). 

  No associated 

cost. 
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Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 

General Response 

Actions Remedial Technology Process Option 

COC/COPC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative 

O&M Cost Sustainabilityc 

Retained/  

Rejectedd Screening Comment 

Disposal  

(component of RTD) 

Reuse Backfill treated soil COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs:  

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

Depends 

on 

excavation 

method  

Excavation and ex situ treatment 

followed by onsite disposal (backfill). 

High High Low to 

Moderate 

Low GHG and energy 

for backfill. 

Rejected No ex situ treatment 

technologies are retained. 

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. 

 Landfill Disposal to ERDF COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs:  

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

Depends 

on 

excavation 

method  

Disposal of excavated soil at onsite 

landfill (ERDF). Treatment is 

performed at the facility as required to 

meet land disposal restrictions. 

High High Low to 

Moderate 

Low GHG and energy 

for transport. 

Retained Component of interim 

action ROD. 

 Implementability limited by 

COPC concentrations and onsite 

landfill requirements. 

 No associated 

cost. 

In situ treatment Physical treatment Solidification COCs:  

C-14, tritium, 

Cr(VI), Sr-90 

COPCs:  

Mobile COPCs 

Shallow/ 

Deep  

Contaminants are physically bound or 

enclosed within a stabilized mass. 

Agents include pozzolan/Portland 

cement and polyethylene extrusion.  

Moderate Moderate to High Moderate to 

High 

Low  GHG and energy 

for production 

and delivery of 

substrate/reagent. 

Retained Retained for Sr-90 and 

mobile COPCs. Angled 

and vertical borings can 

be used for areas 

inaccessible by RTD. 

Effective if delivery method 

(auger, jet injection, 

or backhoe) provides 

a high degree of contact 

between reagent and 

contaminated soil.  

Expected to have long-term 

durability under the arid and 

tectonic conditions at 100-K. 

Potential for exposure still 

exists if waste is shallow. 

Depends on delivery method.  Depends on 

volume of 

contaminated 

material. 
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Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 
General Response 

Actions Remedial Technology Process Option 
COC/COPC 
Applicabilitya 

Depth 
Rangeb Description Relative Effectiveness Relative Implementability 

Relative 
Capital Cost 

Relative 
O&M Cost Sustainabilityc 

Retained/  
Rejectedd Screening Comment 

In situ treatment 
(cont.) 

  Mobile COCs 
and COPCs 

Deep Remediation by injecting hot dry air 
and withdrawing moist air from soil, 
immobilizing contaminants by 
preventing their aqueous 
phase transport. 

Unknown Unknown Unknown Unknown GHG and energy 
for air injection. 
Waste generation 
from soil cuttings 
for well 
installation. 

Rejected Not practical due to 
unstable soil moisture 
content from daily and 
seasonal water 
table fluctuations.  

A treatability test for this 
technology was conducted 
for waste sites in the Central 
Plateau contaminated with 
Tc-99. Desiccation was 
effective at reducing 
moisture content in the 
vadose zone. Reduction of 
COC migration would be 
effective until the soil is 
rewetted. The study found 
the rate of rewetting is 
a function of the soil 
properties in the treated zone 
and the surrounding 
material, as well as the 
moisture content distribution 
at the end of active 
desiccation (PNNL-24706). 
The technology is not 
effective in the long term 
without concurrent 
infiltration control. 

Implementation requires 
installing injection and 
extraction wells, which are a 
proven technology. However, 
there is uncertainty related to the 
number of wells, well spacing, 
and well configuration details 
required for optimal field/ 
full-scale implementation. 
Would also require 
implementation of 
infiltration control. 

Cost is lower if 
using ambient 
air as the 
injected dry gas 
and if an 
injection-only 
design with no 
extraction 
is used. 

 

  Soil flushing COCs and 
COPCs with 
high to 
moderate 
solubility and 
low Kd (Cr(VI), 
C-14, nitrate) 

Shallow/ 
Deep 

Clean water is applied to the ground 
surface or in infiltration trenches to 
flush contaminants out of the vadose 
zone to the water table for recovery by 
groundwater extraction. 

Moderate High Low to High Low GHG and energy 
for installation. 

Retained Retained for Cr(VI) 
sources. Pilot test for the 
183.1KW Headhouse 
area is in the planning 
stage. DOE/RL-2017-30 
outlines the 
technical approach. 

Technology rejected for 
Sr-90 (see 
Section 2.5.2.6). 

Water follows preferential 
pathways (zones of higher 
conductivity), 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. 

Low if using 
existing 100-K 
P&T system, 
high if new 
P&T system 
required. 

 

  Soil blending COCs:  

Cs-137, C-14, 
Eu-152, Sr-90, 
tritium, Cr(VI) 

COPCs:  

Radionuclides, 
metals, TPH, 
PAH, PCB, 
nitrate, 
ethylene glycol 

Depends 
on 
excavation 
method 

Contaminated soils are mechanically 
blended with clean soil or fill to reduce 
effective contaminant concentrations. 

High Low to High Moderate Low GHG and energy 
for tilling 
equipment. 

Rejected Relies on 
contaminant dilution.  

 Conventional equipment can be 
used. High implementability for 
shallow depths. 
Implementability decreases 
with depth. 

Cost increases 
with depth. 

No associated 
cost. 
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Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 

General Response 

Actions Remedial Technology Process Option 

COC/COPC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative 

O&M Cost Sustainabilityc 

Retained/  

Rejectedd Screening Comment 

In situ treatment 

(cont.) 

Combined 

physical/chemical 

Stabilization/sequestration COCs:  

Sr-90 

COPCs:  

Sr-90 

Shallow/ 

Deep 

Chemical reactions are induced 

between the stabilizing agent and 

contaminant to reduce mobility. 

Agents include soluble phosphates 

and polyphosphates.  

Moderate Moderate to High Moderate to 

High 

Low GHG and energy 

for production 

and delivery of 

substrate/reagent. 

Retained Contaminant fate and 

transport modeling 

performed to assess 

Sr-90 continuing sources 

indicates that treatment 

of this material would 

shorten groundwater 

cleanup timeframes. 

Effectiveness depends on the 

ability to access 

contaminated soil with the 

technology. For Sr-90-

contaminated material below 

the KW and KE Reactor 

buildings, it will be difficult 

to make direct contact with 

all material; therefore, 

effectiveness is moderate. 

Potential for direct exposure 

still exists if material is 

shallow or if deep 

contamination is brought to 

the surface.  

Depends on delivery method.  Assumes 

stabilized mass 

is permanent. 

  Gaseous ammonia injection COCs:  

Inorganics 

COPCs:  

Inorganics 

Shallow/ 

Deep 

Gaseous ammonia is injected to 

increase pH and dissolve silica. Over 

time, the pH naturally decreases to 

ambient level, precipitating 

aluminosilicate mineral shells 

encapsulating or sequestering the 

contaminants. Requires detailed 

information on the location and size of 

the treatment zone. 

Low Low Moderate to 

High 

Low GHG emissions 

from injection 

activities, 

ammonia 

discharges to 

the atmosphere. 

Rejected Technology development 

is still underway, and not 

advanced to a level 

needed for the FS.  Effectiveness for 100-K 

COCs has not been assessed. 

Technology developed for 

uranium on the Hanford 

Central Plateau. 

Implementation at full-scale 

level has not been determined. 

For shallow applications, 

injected gases may escape to the 

atmosphere via preferential flow 

paths. Gaseous ammonia 

handling poses risks to workers 

and the environment. 

Technology 

evaluation has 

been limited to 

laboratory-scale 

evaluations. 

Post-treatment 

soil or 

groundwater 

sampling 

required to 

verify 

effectiveness. 

 Chemical treatment Chemical reduction COCs:  

Cr(VI) 

COPCs:  

Nitrate, metals 

with valence-

dependent 

toxicity 

Shallow/ 

Deep  

Chemical reductant (e.g., calcium 

polysulfide, dithionite, hydrogen sulfide 

gas, ferrous sulfate, and zerovalent iron) 

is applied to the subsurface to treat 

contaminants within vadose zone. 

Chemical treatment can be combined 

with solidification/ stabilization, 

biological treatment, or other 

treatment mechanisms. 

Low to Moderate Moderate Moderate Moderate to 

High 

GHG and energy 

for production 

and delivery of 

chemical agent. 

Rejected Not widely used for 

vadose zone treatment. 

Difficult to achieve 

uniform distribution of 

aqueous reagents. 

Localized, temporary 

generation of secondary 

byproducts may occur. 

May mobilize 

contaminants to 

groundwater.  

Chemical reductants are 

instantly reactive, which 

requires overloading to 

maintain reactive strength at 

depth. Much more rapid than 

biological treatment but less 

efficient in terms of 

molar requirements. 

Depends on delivery method. 

Direct contact between the 

chemical agent and targeted 

sediment contamination is 

required. Localized temporary 

generation of secondary 

byproducts may occur. May 

temporarily mobilize COPCs 

toward groundwater, therefore 

more applicable to upland areas 

than to areas near river or in 

combination with groundwater 

extraction/containment. 

Handling some chemical 

reductants (hydrogen sulfide 

gas) is a health and 

safety concern. 

Depends on 

delivery method 

and depth. 

Depends on 

size of treated 

area and 

reinjections 

required. 

Higher for 

larger areas 

and if 

reinjections 

required. 
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Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 
General Response 

Actions Remedial Technology Process Option 
COC/COPC 
Applicabilitya 

Depth 
Rangeb Description Relative Effectiveness Relative Implementability 

Relative 
Capital Cost 

Relative 
O&M Cost Sustainabilityc 

Retained/  
Rejectedd Screening Comment 

In situ treatment 
(cont.) 

 Chemical oxidation (ISCO) COPCs:  

Organics 

Shallow/ 
Deep 

Subsurface delivery of chemical 
oxidant (e.g., hydrogen peroxide, 
ozone, permanganate, persulfate, and 
percarbonate) to degrade organic 
COPCs. Oxidants cause chemical 
destruction of toxic organic chemicals. 
Petroleum hydrocarbons and PAH can 
be treated with a variety of oxidants 
(including peroxide, percarbonate, 
persulfate, and ozone). However, there 
are limited case studies demonstrating 
the successful treatment of PCBs 
with ISCO. 

Ozone is the most likely oxidant. 

Low to Moderate Low to Moderate Moderate Low to High GHG and energy 
for production 
and delivery of 
substrate/reagent.  

Rejected More challenging to 
implement as compared 
to bioventing or RTD. 
Requires handling of 
strong oxidants. 

Effectiveness is a function of 
oxidant distribution and 
contact. Injection of ozone 
a possible alternative but 
more complex than 
bioventing alone. Multiple 
applications may be 
required to achieve 
complete treatment. 

Chemical oxidants can be 
delivered using soil mixing, 
horizontal injections wells, or 
vertical injection wells. 

 O&M costs 
would be low, 
assuming 
complete 
treatment can 
be achieved 
with a single 
application, or 
high if 
multiple 
applications 
are required to 
achieve 
treatment. 

 Biological treatment Biological reduction COCs:  

Cr(VI) 

Shallow/ 
Deep 

Biological carbon source 
(e.g., molasses, sodium lactate, 
emulsified oil, and butane) is applied to 
the subsurface to transform 
contaminants into less/nontoxic forms. 

Low to Moderate Low to Moderate Low to 
Moderate 

Moderate to 
High 

GHG and energy 
for production 
and delivery of 
substrate. 
Depends on 
which substrate 
is used. 

Rejected Difficult to maintain 
chemical reducing and 
water saturated 
conditions in the vadose 
zone at the Hanford Site. 

Carbon source would follow 
preferential pathways (zones 
of higher conductivity). 
Biological reductants are 
activated by microbial 
activity, so reactive strength 
is maintained over relatively 
longer distances. Slower 
than chemical treatment but 
more efficient in terms of 
molar requirements. 

Depends on delivery method. 
Localized temporary generation 
of secondary byproducts may 
occur. May temporarily 
mobilize COPCs (in first pore 
volume) toward groundwater. 
Process requires saturation of 
vadose zone with the biological 
carbon source to maintain 
absence of oxygen, which is 
difficult in the highly permeable 
Hanford soils. 

Reductant cost 
is low. 

Depends on 
size of treated 
area and 
reinjections 
required. 
Higher for 
larger areas 
and if 
reinjections 
required. 

  Phytoremediation COPCs:  

Bioavailable 
metals, 
radionuclides, 
organics 

Shallow Phytoremediation uses plants and their 
associated rhizospheric microorganisms 
to remove, degrade, or 
contain contaminants. 

Low Moderate Low Low GHG and energy 
for installation, 
and potential 
disposal of 
harvested plants 
containing 
metals. 
Implementation 
of 
phytoremediation 
could lead to 
a GHG reduction 
credit. 

Rejected Phytoremediation would 
only be effective for low 
concentrations of 
contaminants in shallow 
soils over long periods, 
and many metals and 
radionuclides would 
accumulate in the plants 
and would not actually 
be treated, posing risks to 
ecological receptors. 

Phytoremediation is only 
effective when plants are 
active, thus the technology is 
not effective during the 
winter. Phytoremediation 
only treats soils to the 
approximate depth of the 
plant roots and is only 
appropriate for low 
concentrations of 
contaminants. It is a slow 
process that is applied over 
long periods of years or 
decades. Many metals and 
radionuclides are only taken 
up by the plants and not 
transformed to 
innocuous forms. 

Involves large land 
requirements, and considerable 
work would be required to make 
a plot of land at Hanford 
suitable for plant growth. If used 
to treat contaminants that are 
merely taken up and not 
transformed to innocuous forms, 
plants would need to be 
disposed elsewhere to avoid 
ultimately returning the 
contaminants to the soils they 
came from. Concerns about 
contaminants in the plants 
entering the food chain may 
need to be addressed. 
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Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 

General Response 

Actions Remedial Technology Process Option 

COC/COPC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative 

O&M Cost Sustainabilityc 

Retained/  

Rejectedd Screening Comment 

In situ treatment 

(cont.) 

 Bioventing COPCs:  

Organics 

Shallow/ 

Deep 

Process that stimulates the natural 

biodegradation of aerobically 

degradable compounds in soil by 

providing oxygen to existing soil 

microorganisms. Bioventing uses low 

air flow rates to provide only enough 

oxygen to sustain microbial activity. 

Moderate to High Moderate to High Moderate Low GHG and energy 

for installation of 

delivery 

mechanism and 

delivery of air; 

waste generation 

from soil 

cuttings. 

Rejected Rejected in favor of RTD 

for shallow soil. 

Currently no evidence of 

deep zone sources of 

TPH to groundwater. 

Technology is proven for 

remediating soils 

contaminated by petroleum 

hydrocarbons but is less 

effective for PAH and not 

effective for PCBs. 

Effectiveness can be limited 

by extremely low soil 

moisture content, which 

would limit biodegradation. 

Applied using horizontal or 

vertical wells. Implementability 

depends on depth of application, 

  

 Thermal treatment In situ thermal desorption COPCs:  

Organics 

Shallow/ 

Deep 

Direct application of heat (e.g., using 

electrical heating elements, electrical 

resistive heating, injection of hot air, 

steam or hot water, or radio frequency) 

to increase the temperature of soil and 

destroy or volatilize organic 

compounds. Volatile organic compound 

capture is required. 

Moderate to High Low High Low GHG and energy 

for production of 

heat and vapor 

recovery; waste 

generation from 

soil cuttings. 

Rejected Mechanically complex 

challenging to 

implement. Technology can achieve 

rapid removal/destruction of 

a mix of volatile and 

semivolatile organics and 

can achieve low 

residual concentrations. 

Technology is applied using 

vertical drilling methods, and 

requires a spacing of 1.5 to 3 m 

(5 to 10 ft). Recovery of COPC 

vapors will require soil vapor 

extraction network and vapor 

barrier over entire 

treatment area. 

 No associated 

cost. 

  In situ vitrification COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs:  

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

Shallow/ 

Deep 

Thermal treatment process that converts 

soil and other materials to glass matrix. 

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. 

Rejected Complex and 

challenging to 

implement. 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°C to 2,000°C [2,900°F to 

3,650°F]). It is important to also 

account for safety considerations 

from exposure to high heat. 

 No associated 

cost. 

Reagent delivery 

(component of in 

situ treatment) 

Physical or chemical, 

dependent on type of 

reagent used 

Void fill grouting COPCs:  

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

Varies 

(pipelines) 

Grouting for solidification of buried 

waste. Void grouting is considered 

for filling large voids, 

specifically pipelines. 

High Moderate to High Low Low GHG and energy 

for production 

and delivery of 

grout used. 

Rejected Pipelines of a smaller 

diameter adequate for 

void fill grouting are not 

encountered as waste 

sites at 100-K. 

Established and commonly 

used technology for 

removing voids in pipelines. 

Reduces the potential of 

contaminant migration by 

immobilizing contaminants. 

Established and commonly 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.  

 No associated 

cost. 

 Physical, chemical, or 

biological, dependent 

on type of reagent used 

Mixing with conventional 

excavation equipment 

COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs:  

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol 

6 m (20 ft) Use of conventional excavation 

equipment (backhoes, excavators, and 

front-end loaders) to mix amendments 

into the soil. 

High Moderate Low to 

Moderate 

Low GHG emissions 

from machinery.  

Rejected Not retained in favor of 

RTD, which removes 

the COCs. 
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 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 

General Response 

Actions Remedial Technology Process Option 

COC/COPC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative 

O&M Cost Sustainabilityc 

Retained/  

Rejectedd Screening Comment 

Reagent delivery 

(component of in 

situ treatment) 

(cont.) 

Physical, chemical, or 

biological, dependent 

on type of reagent used 

Deep soil mixing 

(vertical/horizontal) 

COCs:  

Cs-137, C-14, 

Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs:  

Radionuclides, 

metals, TPH, 

PAH, PCB, 

nitrate, 

ethylene glycol  

Shallow/ 

Deep 

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 to Moderate High Low GHG emissions 

from machinery  

Rejected Presence of large gravel 

and cobbles will limit 

treatment depths. Chemical agents are 

uniformly mixed with soil 

column, providing good 

contact and reaction between 

COC and chemical. Cement 

or clay can also be mixed 

with the chemical slurry to 

reduce the hydraulic 

conductivity and soil 

leachability. 

Implementation will be more 

challenging in gravelly/cobbly 

lithology. 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. 

 Physical, chemical, or 

biological, dependent 

on type of reagent used 

Injection wells (horizontal) COCs:  

C-14, Cr(VI) 

COPCs:  

Nitrate, some 

metals, and 

organics 

Shallow/ 

Deep 

Delivery of amendments using 

horizontal wells. Wells are installed 

using horizontal drilling techniques. 

Low to Moderate Low Moderate to 

High 

Low GHG emissions 

from well 

installation, 

development, and 

injection 

activities; waste 

generation from 

soil cuttings. 

Rejected 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 

gravelly/cobbly lithology. 

Lithology would also pose 

challenges with maintaining 

target depth and alignment 

with horizontal drilling. A pilot 

test of this technology 

encountered signification 

implementation challenges. 

  

 Physical, chemical, or 

biological, dependent 

on type of reagent used 

Injection wells (vertical) COCs:  

C-14, Cr(VI) 

COPCs:  

Nitrate, some 

metals, and 

organics 

Shallow/ 

Deep 

Delivery of amendments using 

conventional vertical wells.  

Low to Moderate Moderate Moderate to 

High 

Low GHG emissions 

from well 

installation, 

development, and 

injection 

activities; waste 

generation from 

soil cuttings. 

Retained Widely used under 

interim action ROD to 

return treated water to 

the aquifer. Effectiveness can be 

hindered by nonuniform 

amendment distribution. 

Distribution of liquid 

amendments is highly 

ineffective because of 

gravelly/cobbly 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. 

  

 Physical, chemical, or 

biological, dependent 

on type of reagent used 

Jet grouting/jet injection COCs:  

Sr-90 

COPCs:  

Sr-90 

Shallow/ 

Deep 

High-pressure injection of reactive 

slurry into soil to hydraulically mix the 

soil with the slurry. Fluidization of the 

soil is preferred.  

Low to Moderate Low to Moderate High Low GHG emissions 

from injection 

activities. 

Retained Retained for locations 

where other delivery 

methods (e.g., soil 

mixing using 

large-diameter augers) 

are not implementable. 

Retained for Sr-90 waste 

sites and continuing 

sources near reactor 

buildings and shoreline. 

While jet grouting can reach 

the required treatment depth, 

jet grouting is not likely to 

achieve uniform distribution 

or a radius of influence 

greater than approximately 

1.5 m (5 ft). Jet grouting of 

apatite and phosphate was 

pilot tested at 100-N for 

a shallow, limited 

application. Altered/ 

decreased permeability of 

soil resulted from 

amendment precipitation 

and/or liquefaction of 

fine-grained sediment 

fractures. 

Implementation will be more 

challenging in gravelly/cobbly 

lithology. 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) will be required. 

Limited radius 

of influence 

would make jet 

grouting cost 

prohibitive over 

a large area. 
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Table 2-10. Remedial Technology Screening for 100-K Waste Site Soil COCs and COPCs 

General Response 

Actions Remedial Technology Process Option 

COC/COPC 

Applicabilitya 

Depth 

Rangeb Description Relative Effectiveness Relative Implementability 

Relative 

Capital Cost 

Relative 

O&M Cost Sustainabilityc 

Retained/  

Rejectedd Screening Comment 

Reagent delivery 

(component of 

in situ treatment) 

(cont.) 

Chemical or biological, 

dependent on type of 

reagent used 

Enhanced flushing COCs:  

C-14, Cr(VI) 

COPCs:  

Mobile COPCs 

Shallow/ 

Deep 
Reagent is blended with treated water 

and distributed in the subsurface to 

desorb/dissolve contaminants from 

vadose zone soil for transport to 

groundwater. Infiltration can be done 

through drip irrigation, perforated pipe, 

or open floor basins. Systems are 

generally designed to discharge water 

30.5 cm (12 in.) below the surface and 

covered (basins only for ecological 

receptor protection. 

Moderate to High High Low Low Limited 

infrastructure. 

GHG emissions 

from production 

and delivery 

of substrate. 

Retained Retained if water 

flushing alone is 

insufficient.  
Amendments follow 

preferential pathways. 

Distribution not likely to 

be uniform. 

Surface infiltration systems are 

simple to install and accessible 

for O&M.  

  

Notes: Complete reference citations are provided in Chapter 5. 

Retained process options are shaded grey. 

a. Indicates the contaminants that can be addressed by a technology based on geochemical properties. The COCs are known contaminants identified for previously waste sites and vadose zone sources to groundwater. COPCs are presumed contaminants for waste sites remaining for remedial action. 

b. Depth range is based on practical limitations of implementing the given technology. 

c. Sustainability includes potential impacts to the environment that could arise from implementing this technology (e.g., GHG emissions, waste generation, water use and resource impacts, and energy use).  

d. Additional information on technologies not retained is provided in Appendix A of this FS. 

e. Ex situ treatment does not include treatment required for ERDF disposal or disposal at an approved offsite landfill. Treatment performed at ERDF or at the waste site as required to meet waste acceptance criteria is assumed to be part of the “disposal to ERDF.” 

bgs = below ground surface 

COC = contaminant of concern 

COPC = contaminant of potential concern 

ERDF = Environmental Restoration Disposal Facility 

ET = evapotranspiration 

FS = feasibility study 

GHG = greenhouse gas 

IC = institutional control 

ISCO = in situ chemical oxidation 

Kd = soil-water distribution coefficient 

NCP = National Contingency Plan 

O&M = operations and maintenance 

P&T = pump and treat 

PAH = polycyclic aromatic hydrocarbon 

PCB = polychlorinated biphenyl  

PRG = preliminary remediation goal 

PRZ = periodically rewetted zone 

RCRA = Resource Conservation and Recovery Act of 1976 

ROD = Record of Decision 

RTD = removal, treatment (if necessary), and disposal 

TPH = total petroleum hydrocarbons 

  1 
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Table 2-11. Remedial Technology Screening for 100-K Groundwater COCs 

General 

Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

No action No action No action, no 

further action 

Cr(VI), chromium 

(total), Sr-90, tritium, 

nitrate, C-14, TCE 

COCs are not treated nor is monitoring 

performed to assess concentration 

reductions that occur through natural 

attenuation processes. 

Low to High High Low Low Little impact Retained  Retained per the NCP 

(40 CFR 300.430(e)(6)). 
Concentrations decrease through 

natural attenuation.  

Cr(VI): Low. >125 years for 

concentrations to reach the DWS 

throughout the aquifer and the state 

water quality standard at the 

shoreline.  

Sr-90: Low. Based on half-life of 

29.1 years, >300 years required for 

Cmax concentrations to reach DWS 

throughout the aquifer. 

Tritium, nitrate, C-14, and TCE: 

High. <15 years for concentrations to 

reach DWSs throughout the aquifer. 

While readily implemented 

from a technical perspective, 

does not address CERCLA 

threshold criteria; 

therefore, may be 

administratively infeasible. 

    

Access 

restrictions 

(ICs and ECs) 

Active/passive 

controls, proprietary/ 

governmental 

controls, structural/ 

nonstructural 

controls, and 

informational tools 

Land and 

groundwater use 

controls, drilling 

permits, deed 

restrictions, 

procedural 

requirements for 

access, and 

groundwater 

monitoring 

Cr(VI), chromium 

(total), Sr-90, tritium, 

nitrate, C-14, TCE 

See Table 2-12 for IC/EC process 

option descriptions. 

Moderate High Low Low Little impact Retained Retained per the NCP  

(40 CFR300.430(e)(3)(ii)). 
    

Containment Physical Vertical 

containment wall 

(e.g., slurry wall 

or grout wall) 

Cr(VI), chromium 

(total), tritium, 

nitrate, C-14, TCE 

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 could be excavated. 

Moderate Low High Low to Moderate GHG and energy for 

installation, waste 

from trench spoils. 

Rejected Not required since there is 

an existing operating P&T 

system at 100-K. 

Additionally, technology 

has low implementability 

due to plume size and 

Hanford/Ringold 

geologic conditions. 

Effectiveness is dependent on the 

continuity of the wall and the ability 

to key into the RUM, 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 RUM is very difficult 

and cost prohibitive. Driven 

sheet piles near the river have 

been attempted but failed 

because of the presence 

of cobbles. 

Cost escalates with 

depth, particularly 

beyond approximately 

19.8 to 24.4 m (65 to 

80 ft). 

Costs for 

groundwater 

monitoring to detect 

COC breakthrough. 

Additional costs if 

gradient control 

required. 

  Sheet piling Cr(VI), chromium 

(total), tritium, 

nitrate, C-14, TCE 

Interlocking steel or fiberglass 

reinforced plastic sheets are driven into 

subsurface along the boundaries of the 

plume footprint. 

Moderate  Low High Moderate GHG and energy for 

installation. 

Rejected Not required since there is 

an existing operating P&T 

system at 100-K. 

Additionally, sheet pile 

wall pilot test conducted 

at 100-N for similar 

subsurface conditions 

had failed. 

Same as described for vertical 

containment wall.  

Effectiveness dependent on joint 

integrity. Some leakage may occur 

along joints if not sealed. Fiberglass 

reinforced plastic sheets have 

technology that greatly reduces 

potential for leakage. 

Driven sheet piles near the 

river have been attempted at 

100-N Area but failed because 

of the presence of cobbles. 

Cost escalates with 

depth and length. 

Costs for 

groundwater 

monitoring for 

plume 

breakthrough. 

Additional costs if 

gradient control 

required. 
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Table 2-11. Remedial Technology Screening for 100-K Groundwater COCs 

General 

Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

Containment 

(cont.) 

 Secant wall Cr(VI), chromium 

(total), tritium, 

nitrate, C-14, TCE 

Cement grout injected into the soil 

matrix to reduce permeability.  

Low Low High Moderate GHG and energy for 

installation. 

Rejected Eliminated due to plume 

size and Hanford/Ringold 

geologic conditions. 
Effectiveness is dependent on 

achieving a continuous array of 

overlapping columns with 

low permeability. 

Due to depth and length 

required to enclose 

COC plumes. 

Same as described for 

sheet pile. 

Same as described 

for sheet pile. 

  Cryogenic barrier Cr(VI), chromium 

(total), tritium, 

nitrate, C-14, TCE 

Converts soil water to ice, increasing 

the strength of the soil and creating 

a water-tight barrier. 

Low to Moderate Low to Moderate High High GHG and energy for 

installation and 

maintenance. 

Rejected Rejected in favor of 

existing P&T system. 
Uncertain whether an effective 

barrier could be constructed at the 

depths, lengths and geologic 

conditions at the site.  

Requires specialized 

equipment available from 

a limited number of barriers.  

Uncertain whether an effective 

barrier could be constructed 

at the depths and 

lengths required. 

 Maintaining frozen 

conditions. 

 Chemical/biological  Reactive chemical 

barrier 

Cr(VI), nitrate, TCE 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) 

is passively removed as groundwater 

moves through the treatment zone 

barriers. Sodium dithionite or 

zerovalent iron may be used as 

reductants. ISRM is currently in use at 

100-D for Cr(VI). May also be effective 

for nitrate and TCE. 

Moderate Moderate to High Moderate to High Moderate GHG and energy for 

installation. 

Rejected Rejected in favor of 

existing P&T system. 
Effective if barrier treatment zone 

conditions are maintained. High 

flows of concentrated contaminants 

in groundwater and changing water 

levels may reduce effectiveness and 

require more frequent amendments. 

The ISRM at 100-D 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 

  

  Reactive 

biological barrier 

Cr(VI), nitrate 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 to Moderate Moderate to High Moderate to High Moderate GHG and energy for 

installation. 

Rejected Rejected in favor of 

existing P&T system 
Effective if barrier treatment zone 

conditions are maintained. 

The aerobic groundwater conditions 

may require frequent amendment of 

the barrier. Not effective in treating 

the bulk of the plume.  

Can be implemented with 

injection wells or recirculation 

dipole wells. The latter option 

reduces the number of wells 

required and is more cost 

effective. Broad zones of 

secondary byproduct 

generation within treatment 

area may occur (requires 

reoxygenation of groundwater 

before discharge to the river). 

Dependent on number 

and type of wells 

  

 PRB Apatite 

sequestrationd 

Sr-90 Subsurface delivery of chemical 

reagents (such as liquid forming apatite 

chemicals) using an array of wells to 

create a PRB to immobilize/sequester 

contaminants. Chemical reactions are 

induced between the stabilizing agent 

and contaminant to reduce mobility. 

Moderate to High High Low Low to Moderate GHG emissions and 

energy for 

construction, 

chemical production 

and transport, and 

potential 

rejuvenation. 

Rejected Sr-90 plumes are not 

migrating and do not pose 

a threat to human health 

and the environment. 
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Table 2-11. Remedial Technology Screening for 100-K Groundwater COCs 

General 

Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

Containment 

(cont.) 

Hydraulic  Groundwater 

extraction 

Cr(VI), chromium 

(total), tritium, 

nitrate, C-14, TCE, 

Sr-90 

Consists of an array of vertical or 

horizontal extraction wells installed 

along the downgradient edge of a COC 

plume(s) to control migration of COCs 

to the river. Alternately, can be used to 

control releases/prevent migration from 

continuing sources.  

Low to High High Moderate Moderate to High GHG and energy for 

operations. 

Retained Existing hydraulic 

containment system with 

remedial process 

optimization have proven 

to be effective for COCs 

with Kd = 0 (Cr(VI)), TCE, 

nitrate, C-14, and tritium). 

Effectiveness is lower for 

COCs with high Kd (Sr-90) 

but may be viable for small 

plumes in difficult to 

access areas (beneath the 

KW and KE Reactor 

buildings). 

Extraction should control plume 

migration to the river, but 

upgradient plumes and hot spots are 

left untreated. 

Readily implemented using 

vendors and equipment that 

are widely available. 

Treatment of extracted 

groundwater requires pairing 

this technology with 

other technologies.  

Compatible with existing 

infrastructure, and can be 

designed to work with other 

remedial technologies. 

Facilities in place   

  Injection Cr(VI), chromium 

(total), tritium, 

nitrate, C-14, TCE, 

Sr-90 

Injection of river water or treated 

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 to Moderate Moderate Moderate Moderate GHG and energy for 

operations. 

Retained Injection is currently used 

to provide gradient control 

throughout 100-K and at 

the K-N Boundary plume 

(injection wells K-159, 

K-160, and K-164). 

Can rapidly control plume migration 

to the river. However, some flushing 

and dilution of the contamination 

already close to the river may occur. 

Can be accomplished using 

reasonable injection rates. 

Injection potentially required 

only during low river-stage 

conditions. Infiltration 

trenches may be more cost 

effective than injection/ 

horizontal wells but could 

cause seepage faces to develop 

along riverbank.  

    

MNA Varies (see below) Varies (see below) Varies (see below) Relies on natural attenuation processes 

that act without human intervention to 

reduce COC concentrations in 

groundwater. Uses groundwater 

sampling/analysis/data evaluation to 

track concentration decreases until 

cleanup levels are achieved.  

Natural attenuation processes include 

the following: reduction, sorption, 

precipitation/co precipitation, 

dispersion, dilution, and 

radioactive decay.  

Low to High Low to High Low to Moderate  Low to Moderate  Low GHG and 

energy requirements. 

Retained Retained as a component of 

a broader alternative. 
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Table 2-11. Remedial Technology Screening for 100-K Groundwater COCs 

General 

Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

MNA (cont.) Biological Reduction Cr(VI), nitrate, TCE Process where metabolic activity of 

naturally occurring microorganisms 

directly results in the reduction of 

Cr(VI) to Cr(III) or indirectly by 

creating a reducing environment for 

Cr(VI) conversion to Cr(III).  

Denitrification involves the biotic 

transformation of nitrate to other 

nitrogen species (nitrite, nitric oxide, 

nitrous oxide, and nitrogen gas). May 

occur when the dissolved oxygen 

content water becomes low and the 

water enters a reduced condition. 

Reductive dechlorination involves the 

stepwise substitution of hydrogen atoms 

for chlorine atoms on a chloroethene 

molecule, resulting in the release of 

electrons and sequential transformation 

of TCE to cis-dichloroethene, vinyl 

chloride, and ethene. 

Low to Moderate.  

Some evidence of Cr(VI) reduction 

by biotic processes was observed in 

laboratory experiments using 100-BC 

saturated zone soils (PNNL-24705). 

A test with the addition of 5 mg/L 

lactate showed a minor increase in 

the Cr(VI) reduction rate. The use of 

the biocides reduced the Cr(VI) 

reduction rate by a factor of about 5. 

The reduction process is 

effectively irreversible.  

Denitrification is not considered to be 

a significant attenuating process at 

100-K under current conditions.  

Based on observed conditions 

(e.g., dissolved oxygen 

concentrations >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-K. 

High  Low to Moderate Low to Moderate 

Costs depend on 

scope and duration 

of monitoring 

required. 

Low GHG and 

energy requirements. 

Retained Final response actions for 

groundwater are expected 

to include P&T for Cr(VI), 

which will co-extract 

nitrate and TCE. Therefore, 

this response action may 

not be needed.  

 Chemical Reduction Cr(VI), nitrate Geochemical process where naturally 

occurring reductants (e.g., ferrous iron 

and manganese) transform contaminants 

into less toxic or less mobile 

compounds. Soil organic matter may 

also promote reduction directly 

or indirectly.  

Low to Moderate  

Facies with relatively higher contents 

of reduced or Fe(II) provide 

environments with increased 

potential for abiotic transformation of 

Cr(VI) and nitrate.  

Some evidence of Cr(VI) reduction 

by abiotic processes was observed in 

laboratory experiments using 100-BC 

sediments (PNNL-24705). Abiotic 

reductive capacity is most likely 

related to ferrous iron compounds in 

the sediments. Fe(II) phases 

accounted for about one-third of the 

iron in the sediments tested. 

The reduction process is 

effectively irreversible. 

High Low to Moderate Low to Moderate 

Costs depend on 

scope and duration 

of monitoring 

required. 

Low GHG and 

energy requirements. 

Retained Final response actions for 

groundwater are expected 

to include P&T for Cr(VI), 

which will coextract nitrate. 

Therefore, this response 

action may not be needed.  

  Abiotic 

degradation 

TCE Degradation of contaminants through 

abiotic reactions. Abiotic 

transformation of TCE may occur via 

a variety of mechanisms (hydrolysis, 

dehydrohalogenation, abiotic 

hydrogenolysis, and abiotic 

dihaloelimination). A variety of 

naturally occurring iron-bearing soil 

minerals have been shown to facilitate 

degradation of chlorinated ethenes 

(EPA 600/R-09/115) by providing 

mineral surfaces that act as electron 

donors and/or reaction mediators. 

Low to Moderate 

Likely to be of importance when 

biological reactions are insignificant 

due to low microbial population 

(EPA/600/R-98/128). The removal or 

treatment of chlorinated ethenes 

through abiotic reactions avoids the 

production of toxic daughter products 

such as vinyl chloride. 

Moderate 

Detection of abiotic 

transformation products may 

be difficult because many 

reaction products are 

themselves readily degraded. 

Low to Moderate Low to Moderate Low GHG and 

energy requirements. 

Retained Final response actions for 

groundwater are expected 

to include P&T for Cr(VI), 

which will coextract TCE. 

Therefore, this response 

action may not be needed.  
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Table 2-11. Remedial Technology Screening for 100-K Groundwater COCs 

General 

Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

MNA (cont.)  Precipitation, 

co-precipitation 

Cr(VI), Sr-90 Geochemical conditions drive 

partitioning of contaminant from the 

aqueous to the solid phase, thereby 

reducing its mobility. 

Moderate 

Cr(VI). Co-precipitation with 

calcium carbonate materials of 

moderate solubility was observed in 

laboratory experiments 

(PNNL-24705). Data showed that 

even at low initial Cr(VI) 

concentrations, a substantial amount 

of Cr(VI) can co-precipitate with 

calcium carbonate and this 

mechanism may be relevant for 

Cr(VI) concentrations within the 

100-K plume. Some evidence of low 

solubility Cr(VI) compounds such as 

barium chromate was observed. 

Sr-90. Co-precipitation reactions are 

likely to occur only under situations 

of higher alkalinity with elevated 

calcium and/or ferrous iron 

concentrations (EPA/600/R-10/093). 

High Low to Moderate Low to Moderate 

Costs depend on 

scope and duration 

of monitoring 

required. 

Low GHG and 

energy requirements. 

Retained  

 Physical Adsorption Sr-90, TCE  Occurs as dissolved chemicals are 

removed from groundwater by attach to 

surface of aquifer matrix particles. 

Low to Moderate 

Sr-90: Potential adsorption onto clay 

minerals or iron oxyhydroxides. 

Strontium adsorption can be 

dominated by highly reversible ion 

exchange reactions (cation exchange 

capacities range from 8 to 

8.9 meq/100 g (DOE/RL-93-107, 

Draft A). Therefore, the primary 

function of this mechanism would be 

to limit the rate of mass transport to 

allow radioactive decay to remove 

sufficient contaminant mass 

(EPA/600/R-10/093). 

TCE: Potential sorption increases 

with organic carbon content of the 

aquifer material. TOC concentrations 

range from 0.06% to 0.164% 

(DOE/RL-93-107, Draft A). 

High Low to Moderate Low to Moderate 

Costs depend on 

scope and duration 

of monitoring 

required. 

Low GHG and 

energy requirements. 

Retained Final response actions for 

groundwater are expected 

to include P&T for Cr(VI), 

which will coextract TCE. 

Therefore, this response 

action may not be needed.  

  Dispersion Cr(VI), chromium 

(total), Sr-90, tritium, 

nitrate, C-14, TCE 

The spreading of a chemical in 

groundwater outward from its flow 

path. As groundwater moves through 

different soil types and geological 

features, it travels at different velocities. 

This creates mechanical mixing, so 

contaminants spread horizontally and 

vertically from origin creating 

wider/deeper plumes. 

Low to High 

Low for Sr-90, high for other COCs 

with low Kd. 

High Low to Moderate Low to Moderate 

Costs depend on 

scope and duration 

of monitoring 

required. 

Low GHG and 

energy requirements. 

Retained Final response actions for 

groundwater are expected 

to include P&T for Cr(VI), 

which will co-extract other 

COCs. Therefore, this 

response action may apply 

to Sr-90 only.  

  Dilution Cr(VI), chromium 

(total), Sr-90, tritium, 

nitrate, C-14, TCE 

The decrease in COC concentration 

caused by mixing with water containing 

a lower concentration of COCs from 

upgradient and infiltration flow. 

High 

During the high river stage, river 

water may intrude into the aquifer, 

causing displacement and/or dilution 

of the aquifer water in the nearshore 

environment. Dilution of 

groundwater with surface water 

occurs where groundwater enters the 

Columbia River. 

High Low to Moderate Low to Moderate 

Costs depend on 

scope and duration 

of monitoring 

required. 

Low GHG and 

energy requirements. 

Retained Final response actions for 

groundwater are expected 

to include P&T for Cr(VI), 

which will coextract other 

COCs. Therefore, this 

response action may apply 

to Sr-90 only.  
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Table 2-11. Remedial Technology Screening for 100-K Groundwater COCs 

General 

Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

MNA (cont.)  Radioactive decay Sr-90, C-14, tritium Spontaneous disintegration of the 

nucleus of radionuclide resulting in 

reduction in radionuclide activity. May 

form shorter or longer lived products 

with lower or higher toxicity. 

Low to High 

Low for C-14 based on half-life of 

5,730 years. 

Moderate for Sr-90 based on half-life 

of 29.1 years and where the decay 

timeframe is reasonable 

(e.g., <150 years). 

High for tritium based on half-life of 

12.3 years and decay timeframe is 

reasonable (e.g., <150 years). 

High Low Low Low GHG and 

energy requirements. 

Retained Final response actions for 

groundwater are expected 

to include P&T for Cr(VI), 

which will co-extract C-14 

and tritium. Therefore, this 

response action may apply 

primarily to Sr-90. 

Radioactive decay is 

appropriate for 

radionuclides with short 

half-lives (e.g., <30 years) 

that achieve PRGs within 

a reasonable timeframe 

(e.g., 150 years). 

The simulated MNA 

timeframe in the KN 

subarea (15 years) is 

reasonable. 

Sr-90 (KW and KE 

subareas) 
Low 

Low when decay timeframes exceed 

100 to 150 years. The simulated 

MNA timeframes are 140 years in 

the KW subarea and >300 years in 

the KE subarea. 

Low 

Greater implementability 

uncertainty for response 

actions that require >150 years 

to complete. 

Low 

Existing monitoring 

wells are available. 

Moderate to High 

Biennial monitoring 

for timeframes up 

to 300 years 

anticipated. 

Low GHG and 

energy requirements. 

Retained Retained due to limited 

options for Sr-90.  

Collection 

(component of 

P&T) 

Groundwater 

extraction 

Vertical wells Cr(VI), chromium 

(total), tritium, 

nitrate, C-14, TCE, 

Sr-90 

Vertical wells used to extract COC 

contaminated groundwater for 

treatment. For 100-K, involves 

operation of existing and/or new 

groundwater extraction wells.  

Low to High High Low Moderate to  

High 

Energy consumption 

and GHG emissions 

for petroleum-

powered equipment. 

Retained Current P&T system targets 

the Cr(VI) plumes. Other 

COC plumes are 

coextracted where they lie 

within the hydraulic 

capture zone. 

Effective with appropriate design, 

installation, and maintenance. High 

effectiveness for mobile COCs 

(Cr(VI), tritium, nitrate, and C-14); 

low effectiveness for low mobility 

COCs (Sr-90).  

System already in place, but 

existing wellfield may not be 

appropriate to capture all 

COCs (C-14) or all 

Cr(VI) plumes. 

Most of the 

infrastructure, including 

treatment systems, have 

been constructed. 

Cost determined by 

number and depth 

of new wells 

required. Requires 

periodic 

maintenance and 

pump electricity 

Ex situ 

treatment 

(component of 

P&T) 

Physical Air stripping C-14, TCE Water is passed through an air stripper 

where air is injected stripping out 

volatile compounds and carbon dioxide 

from the water phase. The stripper may 

be a packed tower or tray stripper. 

The off-gas is collected and treated via 

vapor-phase granular activated carbon 

or discharged to the atmosphere. 

Off-gas treatment required if air 

emissions exceed discharge limits. 

High High Moderate Low to Moderate Some energy for the 

blower. Energy 

consumption from 

process equipment. 

Retained  

With the appropriate design, can 

achieve discharge standards. 

Currently used at the 

200 West P&T facility for 

VOCs. Testing required 

for C-14. 

Air strippers are 

relatively inexpensive. 

 

  Membrane 

separation  

(e.g., reverse 

osmosis) 

Cr(VI), chromium 

(total), Sr-90, nitrate, 

C-14, TCE 

Water pressure is used to force 

contaminated water through 

a membrane resulting in a treated 

aqueous and concentrated brine streams. 

Treated water is collected from the 

“clean” or “permeate” side of the 

membrane, and water containing the 

brine is disposed. 

High Low to Moderate High High Waste generation in 

the form of brine 

and high energy use. 

Energy consumption 

from process 

equipment. 

Rejected Anticipated groundwater 

extraction rates would 

require large units. 

Implementability 

challenges from large 

volumes of brine produced 

would require further 

reduction and 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. 

Pre-treatment likely necessary, 

and a large volume of brine 

would be produced that 

would need to be treated 

and handled. 
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Table 2-11. Remedial Technology Screening for 100-K Groundwater COCs 

General 

Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

Ex situ 

treatment 

(component of 

P&T) (cont.) 

Chemical IX Cr(VI), nitrate, Sr-90 Extracted groundwater is passed 

through a packed media column where 

COCs are removed by exchange with 

nontoxic ions on the exchange medium. 

Low to High High Low to Moderate Moderate to High Waste generation 

from IX 

regeneration 

disposal or 

regeneration. Energy 

consumption from 

process equipment.  

Retained Technology currently used 

at Hanford Site for Cr(VI) 

in the 100-K interim action 

and 100-D/H final action 

P&T systems. 

Technology was used for 

a 100-NR-2 Operable Unit 

interim action Sr-90 P&T 

between 1995 and 2006. 

While it successfully 

removed Sr-90, it could not 

achieve the 8 pCi/L DWS. 

Typical effluent 

concentrations ranged 

between 265 and 

500 pCi/L.  

Effective for Cr(VI) and nitrate. Low 

effectiveness for Sr-90 due to 

preferential exchange by calcium. 

Effectiveness of this technology for 

Cr(VI) is well documented at 

Hanford Site though interim actions.  

Vendors and equipment 

readily available. Currently 

used at the Hanford Site 

for Cr(VI). 

System exists, but may 

need to be expanded or 

modified if used for 

other COCs. 

Depends on 

frequency of 

media changeouts.  

  Reduction with 

precipitation and 

co-precipitation 

Cr(VI), C-14, Sr-90 Cr(VI) reacted with reducing agent to 

convert to Cr(III), which through pH 

control is precipitated as insoluble 

chromium hydroxide and removed by 

flocculation, sedimentation, and 

filtration. Flocculation and 

sedimentation process expected to 

remove other COCs, but level of 

treatment achieved varies. 

Similar process can be used to 

precipitate calcium resulting in removal 

of C-14 and co-precipitation of Sr-90. 

Low to Moderate Moderate to High Moderate to High High   Waste generation 

from chemical 

precipitation. Energy 

consumption from 

process equipment. 

Rejected For Cr(VI), uncertainty on 

sludge volume and 

chemical handling 

requirements. Also, IX 

treatment systems are 

currently in place.  

For C-14, air stripping 

retained due to uncertainty 

on sludge volume 

and characteristics.  

For Sr-90, evaluation of 

pilot test results shows this 

technology is 

economically impractical. 

Effective for Cr(VI) treatment. For 

C-14 and Sr-90, pilot testing 

conducted for another site showed 

that the 8 pCi/L DWS for Sr-90 

would require very high resin dose, 

making the technology 

economically impractical.  

Vendors and equipment 

readily available, but no 

experience with the 

technology at Hanford. Large 

radioactive sludge volumes 

would be produced, further 

complicating sludge handling 

and disposal. 

Technology requires 

a larger number of 

equipment components. 

Radioactive sludge 

would require further 

process control and 

safety/monitoring 

equipment. 

Estimated resin 

dose of 0.3 kg/L of 

Sr-90 groundwater 

treated is 

approximately 

3,000 times higher 

than resin dose used 

for Cr(VI) 

treatment.  

  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 to Moderate Low to Moderate Moderate to High Moderate Waste generation 

from chemical 

precipitation. Energy 

consumption from 

process equipment. 

Rejected Implementability 

challenges since the IX 

treatment plants are already 

in place. Uncertain 

implementability based on 

previous pilot testing. 

Not widely used for Cr(VI) 

removal. Pilot testing at the site 

had challenges. 

Additional development and 

testing would be required. 

Potential negative impacts on 

reinjection of water. 

    

 Biological Constructed 

wetlands  

Phytoirrigation 

Cr(VI), nitrate Extracted groundwater is pumped to 

a constructed wetland where 

contaminants are degraded by aquatic 

plants and microorganisms.  

Use of plants and their associated 

rhizospheric microorganisms to remove, 

reduce/degrade, or contain 

contaminants by applying it as 

irrigation water. 

Low to Moderate Low to Moderate Low to Moderate Low to Moderate Little impacts, 

except for land 

required. 

Rejected Performance uncertainty 

will require research to 

determine effectiveness. 

Not retained since IX 

treatment system is already 

in place. 

Effective for nitrate, but additional 

research/pilot testing is required to 

verify effectiveness for Cr(VI). 

May require large surface area 

for extended period. 

Contaminated plant material 

will require proper disposal. 

Depends on land and 

construction 

requirements. Low if 

existing area for 

irrigation is identified. 

High if wetland 

construction required. 

Low for 

performance 

monitoring. 

Moderate for 

harvesting 

radionuclide 

contaminated plants 

  Anaerobic 

treatment 

Nitrate Extracted groundwater is amended with 

biological carbon source (e.g., glucose, 

sodium lactate, emulsified oil, or 

ethanol). The amended water is pumped 

to sub-surface infiltration, accomplished 

through drip irrigation and shallow 

basin system, where biological 

denitrification will take place within the 

vadose zone. 

Moderate to High Moderate Low to Moderate Moderate GHG and energy for 

production and 

delivery of substrate. 

Depends on which 

substrate is used. 

Rejected IX was selected over the 

biological-based treatment 

system used for nitrate 

removal at the 200 West 

groundwater pre-treatment 

facility due to the smaller 

flow rate requiring 

pre-treatment at 100-K. 
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Table 2-11. Remedial Technology Screening for 100-K Groundwater COCs 

General 

Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

Ex situ 

treatment 

(component of 

P&T) (cont.) 

 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 zerovalent iron). 

Cr(VI), nitrate, and TCE are 

biologically reduced as it passes 

through the media. A second-stage 

aeration/filtration stage could be 

provided to remove any biological 

byproducts (e.g., iron), petroleum, and 

solids before infiltrating or injecting 

back to groundwater. 

Moderate to High Moderate to High Low to Moderate Low Impacts include 

spent media disposal 

and land required 

Rejected Has not been demonstrated 

on a full scale for Cr(VI) or 

nitrate remediation.  Effective for nitrate, but treatability 

testing is required to verify 

effectiveness for other COPCs.  

Excavation and backfilling is 

easy to implement. 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 recharge into the ground. 

Low to Moderate Moderate to High High Moderate Waste generation 

from biological 

sludge. Energy 

consumption from 

process equipment. 

Rejected 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) reduction. Little 

experience with other COCs.  

Vendors and equipment 

readily available, but no 

current experience with the 

technology at Hanford. 

    

Discharge 

(component of 

P&T) 

Onsite discharge Reinjection into 

saturated zone 

Cr(VI), chromium 

(total), Sr-90, nitrate, 

C-14, tritium, TCE 

Treated groundwater is injected into 

onsite wells. 

High High Low to Moderate Low to 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 increase remedy effectiveness by 

enhancing contaminant flushing, 

hydraulic control, and plume capture 

and by providing supplemental 

recharge, should water-limiting 

conditions develop. 

Readily implementable at the 

site; currently used in existing 

P&T systems at a number of 

locations on the Hanford Site. 

The wells may be subject 

to clogging because of 

the buildup of chemical 

precipitates or 

microbial biofouling. 

    

  Surface infiltration Cr(VI), chromium 

(total), Sr-90, nitrate, 

C-14, tritium, TCE 

Treated groundwater is infiltrated into 

onsite trenches. 

High Moderate to High Low Low to Moderate Little impacts/GHG 

and energy for 

installation. 

Retained Proposed for use in 100-K 

treatability test. 

Effective means of disposal and may 

enhance contaminant flushing, 

hydraulic control, and capture of 

plume if trenches can be 

located appropriately. 

Infiltration would be easy to 

engineer and implement.  

Trenches are lower cost 

than wells. 

  

  Beneficial reuse of 

treated water 

Cr(VI), chromium 

(total), Sr-90, nitrate, 

C-14, tritium, TCE 

Use of treated water for a beneficial use 

such as irrigation or dust control. 

High Moderate Low to Moderate Low Water needs to be 

transported 

for reuse. 

Rejected Not used at the Hanford 

Site for CERCLA 

remedial actions.  Effective means of treated 

water disposal.  

May be simple to implement 

for dust control for nearby 

earthwork. May not be 

administratively 

implementable. No reuse 

opportunities identified at this 

time. Not used elsewhere on 

the site for CERCLA 

remedial actions. 

Low to high depending 

on location of 

reuse point. 
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Response 

Actions 

Remedial 

Technology Process Option COC Applicabilitya Description Relative Effectiveness Relative Implementability Relative Capital Cost 

Relative O&M 

Cost Sustainabilityb 

Retained/ 

Rejectedc Screening Comment 

Discharge 

(component of 

P&T) (cont.) 

Offsite discharge Discharge to 

surface water 

(NPDES) 

Cr(VI), chromium 

(total), Sr-90, nitrate, 

C-14, TCE 

Discharge of treated groundwater 

directly to the river at an outfall or 

a storm water or natural drainage ditch. 

High Low to Moderate Low Low Little impact. Rejected Historically, this discharge 

option has been 

screened out. Effective means of treated 

water disposal. 

Technically implementable 

but may not be 

administratively 

implementable. 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. 

In situ 

treatment  

Physical treatment Aquifer flushing  Cr(VI), nitrate, C-14  Clean/treated water is injected into the 

saturated zone. Injection well locations 

optimized to flush out contaminated 

groundwater to expedite remediation of 

plumes (versus injection for the purpose 

of treated water discharge). Would be 

a component of a P&T system. 

Moderate to High High Moderate Low GHG and energy for 

installation. Waste 

generation from soil 

cuttings for 

well installation. 

Retained  

The extraction wells can be located to 

capture mobilized contaminants. 

However, performance will depend on 

residual contamination in lower 

permeability layers. There is 

performance uncertainty with C-14. 

Effectiveness high for mobile COCs 

such as Cr(VI). Not effective for Sr-90 

due to high Kd. 

Standard vertical or horizontal 

wells or infiltration trenches 

used for injection. 

Costs for wells, piping, 

and transfer stations. 

  

 Combined 

physical/chemical 

Stabilization/ 

sequestration/ 

immobilization 

Sr-90 Subsurface delivery of chemical 

reagents (such as apatite forming 

chemicals) to the saturated zone in 

a regular pattern of wells to sequester 

(e.g., immobilize) the contaminants. 

Chemical reactions are induced between 

the stabilizing agent and contaminant to 

partition contaminant from aqueous 

phase to solid phase. 

Moderate Moderate Moderate to High Moderate Waste generation 

from soil cuttings 

for well installation. 

GHG and energy 

from chemical 

production 

and transport. 

Rejected Rejected because treatment 

does not restore the aquifer 

to beneficial use. While 

Sr-90 concentrations in the 

aqueous phase may meet 

the 8 pCi/L DWS, Sr-90 

concentrations in the 

aquifer matrix would 

require a deep excavation/ 

well drilling prohibition IC 

until radioactive decay 

reduces concentrations to 

protective levels. Due to 

ionic strength effects, 

chemical injections may 

temporarily mobilize Sr-90 

sorbed to aquifer matrix.  

Currently being implemented at 

100-N in a barrier approach for Sr-90 

with good results. Achieving uniform 

reagent distribution is difficult. 

Less implementable for 

large-scale plume wide 

treatment. Requires large 

number of wells and reagent 

volume to treat large plumes. 

Function of number of 

injection wells required. 

Periodic reinjection 

may be required. 

 Chemical ISCR Cr(VI), nitrate, TCE Subsurface delivery of chemical 

reductants within plume to stimulate 

reduction of contaminant. Sodium 

dithionite, calcium polysulfide, or 

zerovalent iron may be used 

as reductants. 

Moderate to High Moderate Moderate to High Moderate Waste generation 

from soil cuttings 

for well installation. 

GHG and energy for 

production and 

delivery of 

chemicals 

Rejected Rejected because treatment 

of large plume areas would 

be required, and the 

technology poses a risk of 

contaminant mobilization 

to the river. Rejected for 

areas with known 

continuing sources because 

recontamination following 

treatment is likely 

(e.g., Cr(VI) in the KE 

and KW subareas). 

 Chemical reductants instantly 

reactive; thus, strongest reduction 

achieved near injection well, 

requiring tighter spacing of injection 

wells. Recirculation approach may 

increase 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 

Requires periodic 

monitoring to 

assess performance. 

May require 

multiple injections. 
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Remedial 
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Rejectedc Screening Comment 

In situ 

treatment 

(cont.) 

Biological Enhanced 

biological 

reduction 

(anaerobic) 

Cr(VI), nitrate, TCE Subsurface delivery and/or recirculation 

of electron donors (carbon source) 

(e.g., methanol) within a vertical 

treatment zone transecting plume or in 

a regular pattern of wells in the aquifer 

to stimulate anaerobic bioreduction of 

Cr(VI) and reduction of nitrate.  

Low to High Moderate to High Moderate to High Moderate High GHG and 

energy during 

installation. 

Moderate GHG and 

energy to maintain. 

Rejected Rejected because treatment 

of large plume areas would 

be required, and the 

technology poses a risk of 

contaminant mobilization 

to the river. Rejected for 

areas with known 

continuing sources because 

recontamination following 

treatment is likely 

(e.g., Cr(VI) in the KE and 

KW subareas). 

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.  

May require large number 

of wells and/or multiple 

injections. 

Dependent on number 

and type of wells and 

size of treatment area. 

May require 

multiple injections. 

   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 to promote 

a reducing environment. 

Low Low High Moderate Waste generation 

from soil cuttings for 

well installation. 

GHG and energy for 

production and 

delivery of chemicals. 

Rejected Challenge in the distribution 

of the gases and safety risk 

associated with using 

explosive gases.  

Distribution of gases likely to be poor 

under local heterogeneous geologic 

conditions. 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 gases that 

may accumulate. 

Large number of wells 

would be required. 

Would require large 

volumes of 

purchased gas. 

Reagent 

delivery 

(component of 

in situ 

treatment) 

Physical, chemical, or 

biological, dependent 

on type of reagent or 

substrate used 

Groundwater 

recirculation 

Cr(VI), nitrate, TCE Installation of wells with two screened 

zones. Groundwater is typically pumped 

out of the formation from 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 to Moderate Low to Moderate Moderate Moderate Waste generation 

from soil cuttings for 

well installation. 

GHG and energy 

for operation.  

Rejected Asymmetrical groundwater 

flow and groundwater flow 

short circuiting, would 

limit effectiveness. 

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. 

  

 Physical, chemical, 

or biological, 

dependent on type of 

reagent or 

substrate used 

Injection –  

vertical wells 

Cr(VI), nitrate, TCE Standard vertical wells are used to 

inject water or reagents. Injection is 

performed on a localized basis to treat 

contamination hot spots. 

High High Moderate to high Moderate Waste generation 

from soil cuttings, 

GHG and energy 

for installation. 

Retained  

Effective with appropriate design, 

installation, and maintenance.  

Used extensively at the 

Hanford Site. 

Wells at Hanford are 

generally expensive to 

install relative to other 

CERCLA sites. 

Low to Moderate 

(depends on 

rehabilitation 

frequency) 

Notes: Complete reference citations are provided in Chapter 5. 

The COCs include C-14, total chromium, Cr(VI), Sr-90, nitrate, TCE, and tritium. 

a. Indicates the contaminants that can be addressed by a technology based on geochemical properties. A COC applicability of “All” indicates implementation of a technology is not dependent on the nature of a chemical. 

b. Sustainability includes potential impacts 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 sustainability of an approach. 

c. Additional details on technologies not retained are provided in Appendix A. 

d. Technology identified and screened in the Innovative Treatment and Remedial Demonstration report for potential remediation of Sr-90 (Tag, 2001). 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

COPC = contaminant of potential concern 

DWS = drinking water standard 

EC = engineering control 

GHG = greenhouse gas 

IC = institutional control 

ISCR = in situ chemical reduction 

ISRM = in situ redox manipulation 

IX = ion exchange 

Kd = soil-water distribution coefficient 

MNA = monitored natural attenuation 

NCP = National Contingency Plan 

 

NPDES = National Pollution Discharge Elimination System 

O&M = operations and maintenance 

P&T = pump and treat 

PRB = permeable reactive barrier 

RUM = Ringold Formation upper mud 

TOC = total organic carbon 

VOC = volatile organic compound 

 1 
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 Implementability refers to the relative degree of difficulty anticipated in implementing a particular 1 

process option under regulatory, technical, and schedule constraints posed by the site. As suggested 2 

by CERCLA RI/FS Guidance (EPA/540/G-89/004), process options and entire technology types can 3 

be eliminated from further consideration if a technology or process option cannot be effectively 4 

implemented at the site. As discussed in Section 4.2.5 of the CERCLA RI/FS Guidance, “…technical 5 

implementability is used as an initial screen of technology types and process options to eliminate 6 

those that are clearly ineffective or unworkable at a site.” Institutional or administrative 7 

implementability, which includes “…the ability to obtain necessary permits for offsite actions, the 8 

availability of treatment, storage, and disposal services (including capacity), and the availability of 9 

necessary equipment and skilled workers to implement the technology,” is also considered in the 10 

initial screening. 11 

 Cost screening is based on a relative scale. The CERCLA RI/FS Guidance (Section 4.2.5 in 12 

EPA/540/G-89/004) states that “…cost plays a limited role in the screening of process options.” 13 

Relative capital and operations and maintenance (O&M) costs are used rather than detailed estimates. 14 

At this stage in the process, the cost analysis is made based on engineering judgment, and each 15 

process is evaluated as to whether costs are high, low, or medium relative to other process options in 16 

the same technology type.” For this evaluation, cost screens out process options with high relative 17 

cost if lower cost choices perform similar functions with similar effectiveness. The cost criterion 18 

includes a cursory consideration of the rough order of magnitude costs of construction and any 19 

long-term O&M costs. 20 

Technologies and process options that are not technically implementable or feasible based on 21 

implementability, effectiveness, and cost are screened out. Technical implementability is the first 22 

screening criteria evaluated as part of this process per EPA guidance. However, for technologies with 23 

significant technical implementability challenges, an evaluation of effectiveness and cost was still 24 

completed to allow for a more complete evaluation. Technologies that were considered technically 25 

impracticable based on unsuccessful case studies, challenges associated with existing site conditions 26 

(lithology), a potential increased risk to worker safety, or increased complexity as compared to other 27 

technologies of comparable effectiveness were screened out. Technologies were also removed from 28 

further consideration if they were considered to have limited treatment effectiveness for the specified 29 

COC or exhibit performance uncertainties.  30 

Remedial technology types and process options retained from the screening are carried forward for 31 

assembly into remedial action alternatives (Chapter 3).  32 

The following sections summarize the technologies and process options considered as part of this 33 

evaluation. Although no action, ICs, and MNA are not considered remedial technologies, they can be 34 

important components of an overall remediation approach. 35 

2.5.2 Identification and Screening of Technologies for Soil 36 

Table 2-10 presents the remedial technologies and process options for vadose zone soil, and their 37 

screening results. For the technologies not retained, Appendix A provides additional information 38 

justifying their exclusion. The following sections summarize the screening process. 39 
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2.5.2.1 No Action 1 

The no action response means any further action to remove, remediate, monitor, or restrict access to 2 

contaminated waste sites is discontinued. Unremediated waste sites and waste sites with residual soil 3 

COCs/COPCs would not be treated, and current monitoring activities would cease. CERCLA RI/FS 4 

Guidance (EPA/540/G-89/004) and the NCP (40 CFR 300) require this response action to be carried 5 

forward in the FS process to serve as a baseline to compare against other alternatives. Although no action 6 

is often not selected as a remedial alternative, no further action may be appropriate if completed interim 7 

actions (as required in the 100 Area Remaining Sites ROD [EPA/ROD/R10-99/039]) and verification 8 

sampling show that residual waste concentrations do not present unacceptable risks to human health and 9 

the environment or pose a threat to groundwater and surface water quality.  10 

2.5.2.2 Access Restrictions 11 

Access restrictions can include ICs and ECs. Table 2-12 identifies DOE categories of ICs and ECs; 12 

provides examples of ICs and ECs currently in use at the Hanford Site; and identifies the administrative, 13 

legal, and active controls retained in the FS. 14 

2.5.2.2.1 Institutional Controls 15 

The ICs, such as administrative and/or legal restrictions, are imposed on land use to minimize the 16 

potential for human exposure to contamination and/or protect the integrity of a remedy. The ICs work by 17 

limiting land or resource use and/or by providing information that helps modify or guide human behavior 18 

at the site. For contaminated soil, ICs would remain in place until the waste site is remediated or until 19 

radionuclide COC concentrations decay to PRGs.  20 
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Table 2-12. Categories and Types of Current Hanford Site ICs 

DOE Categories of ICsa 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 using 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. 

Warning notices: 

 Requirement for placement of permanent signs and/or markers at specific areas 

of the site. 

 Applies to all COPCs. 

 Effectiveness: Moderate. 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: High. Readily implemented; requires periodic surveillance 

and maintenance. 

 Cost: Low.  

Retained 

Proprietary/government controls This type of control is based on the legal authority of landowners to 

control the use of their land. Proprietary controls (e.g., 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 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 CERCLA decision documents and as described in applicable work plans.” 

Implementation of land-use management controls can ensure that any changes in land use 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) and excavation permits. Land-use and real property 

controls ensure that land use 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. 

Groundwater use management: Ensures proper use of groundwater through groundwater 

controls. As described in 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: Moderate. 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: High. Readily implemented; must identify and comply with 

all necessary legal requirements. 

 Cost: Low. 

Retained 

Groundwater use management: 

 Groundwater controls. 

 Applies to all COPCs. 

 Effectiveness: Moderate. Ensures no improper use of groundwater. 

 Implementability: High. Readily implemented but will likely require ongoing 

oversight and coordination with state water resource managers. 

 Cost: Low.  

Retained 

Structuralb/nonstructural 

controls 

Structural controls include physical barriers (e.g., gates, fences, and 

natural barriers) to keep trespassers away from a site and signs to warn 

people of dangers and restrict disturbance to engineered barriers in place 

to restrict or contain actual or potential contaminant migration. 

Nonstructural controls are all other limitations on the use of land that do 

not require physical means of exposure prevention.  

Entry restrictions: Prevent or limit the access of humans to particular hazardous or sensitive 

areas. They can also be used to avoid disturbance and exposure to remedies such as excavation 

areas, engineered barriers, or an effective vegetative soil layer, and serve to ensure adequate 

training for those who enter these areas. Procedural requirements for access, warning signs, 

and fencing can be implemented to provide entry restrictions. 

Entry restrictions: 

 Procedural requirements for access excavation/drilling permits. 

 Applies to all COCs. 

 Effectiveness: Moderate. Reduces or eliminates the potential for direct contact 

with contaminated groundwater when well implemented and maintained for the 

duration of elevated risk period. Protects integrity of active remedies. 

 Implementability: High. Readily implemented; requires periodic surveillance 

and maintenance. 

 Cost: Low. 

Retained 
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Table 2-12. Categories and Types of Current Hanford Site ICs 

DOE Categories of ICsa DOE Categorical Description Types of Current Hanford ICs Examples of ICs 

Informational toolsb Provide information or notification about whether a remedy is operating 

as designed and/or that residual or contained contamination may 

remain onsite.  

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. DOE-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: Moderate. Ensures access to information on the location and 

nature of contamination. 

 Implementability: High. Readily implemented but requires maintenance of the 

information management system. 

 Cost: Low.  

Retained 

a. DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions. 

b. An “informational tool” is an EPA category of an IC that is used at the Hanford Site, as discussed in DOE/RL-2001-41. 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

COC = contaminant of concern 

COPC = contaminant of potential concern 

DOE = U.S. Department of Energy 

DOE-RL = U.S. Department of Energy, Richland Operations Office 

Ecology = Washington State Department of Ecology 

EPA = U.S. Environmental Protection Agency 

IC = institutional control 

WIDS = Waste Information Data System 

 1 
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As DOE identifies ICs, they apply and implement them in an integrated manner such that mechanisms in 1 

place will ensure that the ICs are effective, implemented as planned, properly maintained, inventoried, 2 

periodically re-evaluated, and modified as necessary to reflect changes in conditions, needs, or 3 

technological advancements. DOE will seek sufficient funds to maintain the ICs as long as necessary to 4 

perform their intended protective purposes (DOE G 454.1-1, Institutional Controls Implementation Guide 5 

for Use with DOE P 454.1, Use of Institutional Controls). 6 

DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions 7 

(hereinafter referred to as the Sitewide IC Plan) describes how DOE-RL will implement and maintain 8 

OU-specific ICs specified in CERCLA decision documents. The Sitewide IC Plan is updated based on 9 

final CERCLA decision documents within 180 days after their issuance. The Sitewide IC Plan addresses 10 

the elements of EPA 540-F-00-005, Institutional Controls: A Site Manager’s Guide to Identifying, 11 

Evaluating and Selecting Institutional Controls at Superfund and RCRA Corrective Action Cleanups. 12 

DOE-RL also conducts IC reviews during the CERCLA 5-year review process.  13 

2.5.2.2.2 Engineering Controls 14 

ECs are active physical measures that prevent or minimize exposure to hazardous substances. These 15 

controls generally include fences, signs, and security to protect against inadvertent exposure to 16 

contamination until soil PRGs are achieved. For brevity, access restrictions (including IC and EC 17 

technologies and their associated process options) will be collectively referred to as ICs in this FS. 18 

2.5.2.3 Containment 19 

The remedial technologies evaluated for containment actions (surface covers and subsurface barriers) 20 

include physical measures to prevent direct contact with contaminated soil and restrict contaminant 21 

migration to groundwater (Table 2-10). 22 

2.5.2.4 Natural Attenuation 23 

Natural attenuation differs from no action because natural attenuation acknowledges that naturally 24 

occurring physical, chemical, and biological processes change the physical character and composition of 25 

certain types of contaminants and waste, making them less hazardous or nonhazardous. 26 

2.5.2.5 Removal, Ex Situ Treatment, and Disposal (Components of RTD) 27 

RTD involves the excavation, treatment (if necessary), and reuse or disposal of contaminated soil. 28 

The following sections provide additional information about the technology and process option 29 

summaries presented in Table 2-10 for RTD and its associated process options. 30 

2.5.2.5.1 Removal 31 

Engineering designs for excavating contaminated materials use existing information such as operational 32 

process knowledge, waste site characterization data, groundwater quality monitoring results, and 33 

information from similar waste site excavations. Excavation activities follow the observational approach, 34 

with waste site characterization, designation, and treatment occurring as excavation proceeds. 35 

The observational approach uses field screening, confirmation sampling, and soil borings or test pits to 36 

determine the extent of contaminant removal required to achieve cleanup goals. Excavation proceeds with 37 

support from analytical assessment, dust control, efficient waste transportation, treatment as required, 38 

and disposal.  39 
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2.5.2.5.2 Ex Situ Treatment 1 

Following excavation, soil can be treated with ex situ methods to reduce contaminant concentrations or 2 

toxicity, remove contaminants (transfer to different media), or reduce volume to allow for less costly 3 

disposal or use as backfill. Treatment can be achieved by applying physical, chemical, biological, or 4 

thermal processes. Of the ex situ treatment technologies and process options evaluated in Table 2-10, all 5 

were screened out in favor of disposal at the Hanford Site ERDF, which is authorized to receive 6 

remediation generated waste that meets waste acceptance criteria for disposal.  7 

2.5.2.5.3 Disposal 8 

Disposal includes transporting and disposing contaminated soil and debris to ERDF. The basis for ERDF 9 

waste acceptance criteria (ERDF-00011) is regulatory requirements (e.g., RCRA land disposal 10 

requirements) and risk-based considerations for long-term protection of human health and the 11 

environment. Untreated waste meeting ERDF waste acceptance criteria may be disposed without 12 

treatment. Waste exceeding ERDF waste acceptance criteria must be treated to meet the criteria and then 13 

disposed at ERDF. Part of this disposal process option is treatment required to meet ERDF waste 14 

acceptance criteria. It is not anticipated that any waste will be produced from the remaining 100-K 15 

remediation that cannot be disposed at ERDF.  16 

2.5.2.6 In Situ Treatment 17 

In situ treatment technologies evaluated include a range of physical, chemical, biological, and thermal 18 

treatments, as well as combinations of these treatments (Table 2-10). In situ treatment allows 19 

contaminated soil treatment without excavation and transport, resulting in less worker and environmental 20 

exposure to contaminants compared to RTD. Other advantages include reduced vegetation and cultural 21 

resource disturbance (relative to excavation), possibly larger areal treatment zones (relative to ex situ 22 

treatment), and minimal secondary waste generation (relative to ex situ treatment). 23 

A component of in situ treatment is subsurface delivery of the reagents. The evaluation of in situ 24 

treatment technologies included the following process options for subsurface reagent delivery: mixing 25 

with conventional excavation equipment, deep soil mixing (vertical/horizontal), horizontal injection 26 

wells, vertical injection wells, jet grouting/injection, enhanced flushing, and void fill grouting. These 27 

delivery methods can generally be used with multiple in situ treatment technologies and process options. 28 

For example, deep soil mixing can be used to mix chemical reductants (chemical treatment – reduction) 29 

or solidification agents (physical treatment – solidification) into shallow soil. Vertical injection wells can 30 

be used to introduce chemical or biological reagents to treat localized contamination areas. Jet injection 31 

can be used to hydraulically mix reactive slurries into the soil. Void fill grouting can be used to fill large 32 

voids, including pipelines.  33 

The following sections provide additional information on the technology and process option summaries 34 

presented in Table 2-10 for the retained in situ remedial actions. 35 

2.5.2.6.1 Physical Treatment – Soil Flushing 36 

Soil flushing uses liquids to flush mobile contaminants from the vadose zone to the water table, where 37 

they are collected. Flushing solutions include water or water amended with a reagent to enhance COC 38 

removal from soil. At 100-K, soil flushing with water is applicable to mobile contaminants in the deep 39 

vadose zone including Cr(VI), C-14, and nitrate. An effective collection system is required to recover the 40 

contaminants from groundwater and to treat the groundwater to remove the contaminants. Based on 41 

operating history, soil data collected through the installation of groundwater monitoring wells, routine 42 

groundwater monitoring data, and a rebound test (SGW-62061), the deep vadose zone beneath the 43 

183.1KW Headhouse is a continuing secondary source of Cr(VI) to groundwater. Analyses for Cr(VI) 44 
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contributions to groundwater (SGW-62061) indicated bounding conditions of 0.5 to 10 kg/yr 1 

(1 to 22 lb/yr) for the 183.1KW Headhouse source. The rebound test also provided data indicating 2 

a second potential source near the 190KW Pump House. The 190KW Pump House source area was 3 

estimated to contribute from 0.5 to 10 kg/yr (1 to 22 lb/yr) of Cr(VI) to groundwater. 4 

DOE/RL-2017-30, KW Soil Flushing/Infiltration Treatability Test Plan, outlined the technical approach 5 

for conducting a soil flushing/infiltration test to accelerate cleanup of the 183.1KW Headhouse Cr(VI) 6 

continuing source located in the KW subarea. This treatability test was conducted in an area of about 7 

4,645 m2 (1.15 ac) at the former 183.1KW Headhouse. An array of horizontal, slotted pipes spanning 8 

about 3,400 m2 (0.85 ac) of the test area was constructed, and soil flushing was initiated on May 28, 2019. 9 

KW P&T effluent was applied at a rate of approximately 1,000 L/min (265 gal/min) to the vadose zone to 10 

cause a saturated wetting front to extend from the infiltration distribution system to the underlying water 11 

table. Cr(VI) in vadose zone soil was mobilized by the infiltrating water and transported to groundwater. 12 

Groundwater bearing the flushed Cr(VI) was extracted and treated by the KW treatment system. 13 

The initial infiltration phase of the treatability test continued through August 12, 2019, after which the 14 

infiltration system was shut down for 4 weeks, and the groundwater mound was allowed to gravity drain 15 

and disperse. Peak Cr(VI) groundwater concentrations were observed in downgradient extraction and 16 

monitoring wells within 8 days from initiating infiltration. Initial estimates indicated about 11 kg (24 lb) 17 

of Cr(VI) removal from the test area during 3 months of operation. The Cr(VI) average monthly mass 18 

removal during the test (3.7 kg [8.1 lb]) in comparison to the average KW P&T system monthly Cr(VI) 19 

removal from January 2018 to May 2019 (0.6 kg [1.3 lb]) indicates that soil flushing effectively removed 20 

Cr(VI) from the source area. 21 

The feasibility of soil flushing using enhanced leaching was assessed in Appendix B of 22 

DOE/RL-2018-43, Technical Impracticability Documentation for Strontium-90 100-KR-4 Groundwater 23 

Operable Unit Hanford Site, Benton County Washington. The purpose of the soil flushing study was to 24 

identify effective soil flushing agents for Sr-90 and to assess the likelihood of co-contaminant releases if 25 

soil flushing were used in 100-K. Geochemical interactions of flushing fluids with vadose zone and 26 

aquifer sediments, geologic and hydrologic heterogeneity, and co-contaminants were considered in the 27 

evaluation. Ionic exchange solutions, citrate solutions, surfactant solutions, ethylenediaminetetraacetic 28 

acid (EDTA), and acid were evaluated as potential flushing agents. Ion exchange, citrate, and surfactants 29 

were identified as potentially effective for Sr-90. However, the study concluded that soil flushing was not 30 

recommended as a remedy for Sr-90 in 100-K based on the following: 31 

 None of the candidate soil flushing solutions is selective for Sr-90. Each solution type would be 32 

expected to mobilize additional metal and radiological constituents, creating the need to capture and 33 

treat multiple contaminants. 34 

 Biodegradation of citrate and surfactant solutions could result in redistribution of Sr-90 downgradient 35 

from the original source and enhanced biological activity, which could have unintended effects of 36 

biofouling and precipitation of redox-sensitive contaminants. 37 

 Heterogeneous flow could limit solution contact with contaminated sediments, reducing the 38 

efficiency and overall effectiveness of soil flushing.  39 

 Since Sr-90 in 100-K is predicted to decay to levels below the DWS before the contaminant could 40 

reach the Columbia River, soil flushing is not recommended as a remedial action for Sr-90. 41 
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2.5.2.6.2 Combined Physical/Chemical Treatment – Stabilization/Sequestration 1 

At 100-K, when the water table rises, Sr-90 from the vadose zone may be mobilized from the PRZ, 2 

causing concentrations in groundwater to increase. Stabilization/sequestration process options are 3 

applicable to Sr-90. The focus of Sr-90 sequestration studies at the Hanford Site has been on apatite 4 

sequestration. Apatite minerals sequester elements into their molecular structures via isomorphic 5 

substitution, whereby elements of similar physical and chemical characteristics replace calcium, 6 

phosphate, or hydroxide in the hexagonal crystal structure (Hughes et al., 1989, “Structural variations in 7 

natural F, OH, and Cl apatites”; Spence and Shi, 2005, Stabilization and Solidification of Hazardous, 8 

Radioactive, and Mixed Wastes). Apatite minerals are very stable and practically insoluble in water. 9 

The substitution of strontium for calcium in the crystal structure is thermodynamically favorable and will 10 

proceed provided the two elements coexist. The mixed strontium-calcium apatites have lower solubility 11 

than the calcium apatite or strontium apatite.  12 

A jet grouting pilot test for apatite injection was performed at 100-N for treatment of Sr-90-contaminated 13 

soil. Jet grouting involves the high-pressure injection of a reactive slurry into the vadose zone. Three test 14 

plots were injected using a phosphate solution, a preformed apatite (solid), and a combination of 15 

phosphate and preformed apatite. Results from collected soil cores post-injection indicate that jet injection 16 

is a viable emplacement method. 17 

2.5.3 Identification and Screening of Technologies for Groundwater 18 

Table 2-11 presents the technologies and remedial process options for groundwater and the screening 19 

results. Appendix A provides a more detailed discussion of the technologies and process options that were 20 

not retained, including a description of relevant case studies and detailed screening rationale. 21 

The following sections summarize the screening process. 22 

2.5.3.1 No Action 23 

The no action response (no further action process option) means any further action to remove, remediate, 24 

monitor, or restrict access to contaminated groundwater is discontinued. CERCLA RI/FS Guidance 25 

(EPA/540/G-89/004) and the NCP (40 CFR 300) guidance require this response action to be carried 26 

forward in the FS process to provide a baseline for comparison to all other alternatives.  27 

2.5.3.2 Institutional Controls 28 

Section 2.5.2.2 and Table 2-12 describe the ICs for the Hanford Site. Table 2-12 also presents an 29 

evaluation of management restrictions for groundwater use. 30 

For groundwater, ICs include administrative controls, access, and drilling restrictions until achievement 31 

of RAOs. Groundwater use management controls are already in place at 100-K to ensure proper use of 32 

groundwater. Groundwater use at the Hanford Site is generally restricted, except for limited research 33 

purposes and for monitoring and treatment, as approved by EPA.  34 

Other ICs include nonengineered physical controls (fences, signs, and security) to protect against 35 

inadvertent exposure to contaminated groundwater (seeps or springs) at the Hanford Site until PRGs are 36 

met. ICs also include long-term groundwater monitoring, which includes periodic sampling, laboratory 37 

sample analysis, data evaluation, and reporting used to assess groundwater concentrations and track 38 

plume migration. Monitoring can track the performance of remedial technologies or remedial alternatives. 39 

Monitoring is generally a component of groundwater remedial alternatives. 40 
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2.5.3.3 Containment 1 

The remedial technologies evaluated for groundwater containment include physical measures (i.e., slurry 2 

or grout walls, sheet piling, secant wall, and cryogenic barrier), reactive barriers, and hydraulic measures 3 

(i.e., groundwater extraction and injection) to prevent contaminated groundwater migration. Of these 4 

technologies, only hydraulic containment and its associated process options (groundwater extraction and 5 

injection) were retained (Table 2-11). 6 

2.5.3.3.1 Hydraulic Containment 7 

Hydraulic containment of the Cr(VI) plumes is an essential element of the existing 100-K P&T 8 

interim action that includes an array of 43 extraction wells, 19 injection wells, and 3 treatment 9 

systems identified as KR4, KW, and KX. Interim action to address Cr(VI) has been underway in the 10 

100-KR-4 OU since 1997, with over 21.3 billion L (5.6 billion gal) of groundwater containing 866 kg 11 

(1,910 lb) of Cr(VI) recovered through December 2016. Hydraulic containment of the Cr(VI) plumes to 12 

protect the Columbia River is effective as demonstrated by the river protection performance metric 13 

(DOE/RL-2016-68). Remedial process optimization (RPO) is conducted on these systems annually, with 14 

wells periodically realigned to improve the system’s overall effectiveness.  15 

2.5.3.4 Monitored Natural Attenuation 16 

MNA relies on natural attenuation processes (e.g., biological and chemical transformations, radioactive 17 

decay, adsorption, dilution, and dispersion) to passively treat groundwater contaminants. As presented in 18 

EPA/540/R-99/009, Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and 19 

Underground Storage Tank Sites, MNA is an appropriate remedial response where its use is protective of 20 

human health and the environment, and when it can achieve site-specific RAOs within a timeframe that is 21 

reasonable compared with other alternatives. EPA expects that source control and long-term performance 22 

monitoring will be fundamental components of any remedy that includes MNA. 23 

When relying on natural attenuation processes for site remediation, EPA prefers processes that degrade or 24 

destroy contaminants such as radioactive decay (EPA/600/R-07/139, Monitored Natural Attenuation of 25 

Inorganic Contaminants in Ground Water Volume 1 – Technical Basis for Assessment). MNA can be an 26 

important component of the overall remedy, especially for plumes or plume areas with low 27 

concentrations, and plumes with radionuclide COCs that decay to PRGs in a reasonable timeframe.  28 

The KR4, KW and KX P&T systems are collectively extracting and treating 5,900 L/min (1,560 gal/min) 29 

from an array of 49 extraction wells. Current interim actions, and anticipated final groundwater response 30 

actions, that address Cr(VI) in the 100-KR-4 OU also co-extract C-14, nitrate, tritium, and TCE. 31 

Therefore, MNA as a response action will have a limited role for the 100-KR-4 OU groundwater COC 32 

plumes. MNA as a response action for the KW and KE subarea Sr-90 plumes was retained because other 33 

technology options are limited.  34 

The MNA process for Cr(VI) is discussed in PNNL-24705, Assessment of Hexavalent Chromium Natural 35 

Attenuation for the Hanford Site 100 Area, while radioactive decay for Sr-90 is discussed in 36 

EPA/600/R-10/093, Monitored Natural Attenuation of Inorganic Contaminants in Ground Water, 37 

Volume 3, Assessment for Radionuclides Including Tritium, Radon, Strontium, Technetium, Uranium, 38 

Iodine, Radium, Thorium, Cesium, and Plutonium-Americium). 39 

2.5.3.5 Collection, Ex Situ Treatment, and Discharge (Components of P&T) 40 

The P&T general response action includes groundwater extraction, ex situ treatment, and discharge.  41 
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2.5.3.5.1 Collection – Groundwater Extraction 1 

Three P&T systems (KR4, KX, and KW) currently operate within the 100-KR-4 OU. This technology 2 

and process option pairing involves extracting contaminated groundwater through continued operation of 3 

existing groundwater extraction wells. Groundwater extraction using vertical extraction wells includes 4 

many of the same elements as hydraulic containment but uses a more aggressive pumping strategy to 5 

reduce COC concentrations throughout the plume to PRGs within a desired timeframe.  6 

2.5.3.5.2 Ex Situ Treatment 7 

Ex situ treatment uses aboveground systems to reduce groundwater contaminant concentrations to below 8 

PRGs. Aboveground treatment may involve physical, biological, or chemical processes. Ex situ treatment 9 

currently in use in the KR4, KW, and KX treatment systems include IX treatment using ResinTech® 10 

SIR-700 IX resin.  11 

Other COCs (C-14, nitrate, Sr-90, TCE, and tritium) are not affected by Cr(VI) treatment using SIR-700 12 

resin and, therefore, pass through the system where they are returned to the aquifer via injection wells. 13 

Currently, the KR4, KW, and KX P&T system influent concentrations for these COCs are below PRGs 14 

because extraction well concentrations are typically lower than monitoring wells due to the blending that 15 

occurs in the well. Concentrations are further reduced through incidental blending of multiple extraction 16 

well flows at the transfer station and/or at the equalization tank. 17 

2.5.3.5.3 Discharge 18 

The retained discharge process options include treated groundwater reinjection into onsite injection wells 19 

or surface trenches.  20 

2.5.3.6 In Situ Treatment 21 

In situ treatment of groundwater includes methods to separate and remove or degrade contaminants. 22 

Methods of in situ degradation generally involve adding agents to groundwater (via injection wells or 23 

permeable barriers) that facilitate physical, chemical or biological changes that reduce contaminant 24 

mobility, toxicity, and/or concentration. For 100-K groundwater, physical, chemical and biological in situ 25 

remedial technologies and process options, as well as several process options for delivering reagents to the 26 

subsurface, were evaluated.  27 

2.5.4 Retained Technologies 28 

Table 2-13 presents the remedial technologies/process options retained for 100-KR-1 and 100-KR-2 OU 29 

waste site COCs/COPCs, and Table 2-14 lists the remedial technologies/process options retained for the 30 

100-KR-4 OU COC plumes.  31 

Figures 2-7 through 2-19 present graphical depictions for the retained technologies.   32 

                                                      
®ResinTech is a registered trademark of ResinTech, Inc., West Berlin, New Jersey. 
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Table 2-13. Summary of Retained Remedial Technologies for Waste Sites – 
100-KR-1 and 100-KR-2 Source OUs  

General 

Response Action Technology Type Key Process Options COCs and COPCs 

No action No action No action, no further action COCs: Cs-137, C-14, Eu-152, Sr-90, 

tritium, Cr(VI) 

COPCs: Radionuclides, metals, TPH, 

PAH, PCB, nitrate, ethylene glycol 

Institutional 

controls 

Active/passive controls, 

proprietary/government 

controls, structural/ 

nonstructural controls, 

and informational tools 

Land-use controls, site evaluations, 

excavation permits, deed 

restrictions, entry restrictions, site 

procedural requirements for access, 

waste site information 

management, monitoring, warning 

notices, barricades, signs, and 

perimeter fencing  

COCs: All 

COPCs: All 

Containment* Surface barriers Soil and asphalt barriers (shallow 

waste sites only) 

COCs: Not applicable 

COPCs: All  

Natural 

attenuation 

Physical processes Sorption COCs: Sr-90 

COPCs with high Kd values 

Radioactive decay COCs: C-14, Cs-137, Eu-152, Sr-90, 

tritium 

COPCs: Radionuclides 

Removal 

(component of 

RTD) 

Excavation Standard excavation (shallow 

waste sites for human health and 

groundwater protection) 

COCs: Cs-137, Eu-152, Sr-90 

COPCs: All 

Deep excavation (deep waste sites 

for groundwater protection) 

COCs: C-14, Cr(VI), tritium 

COPCs: All 

Disposal 

(component of 

RTD) 

Landfill Environmental Restoration 

Disposal Facility 

COCs: All 

COPCs: All 

In situ treatment Physical treatment Solidification (deep waste sites or 

long-term continuing sources) 

COCs: Sr-90 

COPCs: Sr-90, COPCs with low 

Kd values  

Soil flushing (deep waste sites or 

long-term continuing sources) 
COCs: C-14, Cr(VI) 

COPCs with low Kd values  

 Combined physical/ 

chemical treatment 

Stabilization/sequestration COCs: Sr-90 

COPCs: Sr-90 

*Retained from interim action. 

COC = contaminant of concern 

COPC = contaminant of potential concern 

Kd = soil-water distribution coefficient 

PAH = polycyclic aromatic hydrocarbon 

PCB = polychlorinated biphenyl 

RTD = removal, treatment, and disposal 

TPH = total petroleum hydrocarbons 

 1 
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Table 2-14. Summary of Retained Remedial Technologies for Groundwater – 100-KR-4 Groundwater OU  

General Response 

Action Technology Type Key Process Options COCs 

No action No action No further action Cr(VI), chromium (total), Sr-90, 

tritium, nitrate, C-14, TCE 

Institutional controls Active/passive controls, 

proprietary/government 

controls, structural/ 

nonstructural controls, and 

informational tools 

Land-use controls, 

groundwater use management, 

drilling permits, procedural 

requirements for access, and 

groundwater monitoring  

Cr(VI), chromium (total), Sr-90, 

tritium, nitrate, C-14, TCE 

Containment Hydraulic Groundwater extraction and 

treatment-discharge 

Cr(VI), chromium (total), nitrate, 

TCE, C-14, tritium 

Injection Cr(VI), chromium (total), nitrate, 

TCE, C-14, tritium 

Monitored natural 

attenuation 

Biological Biological reduction Cr(VI), nitrate 

Chemical Chemical reduction Cr(VI), nitrate 

Abiotic degradation TCE 

Precipitation, co-precipitation Cr(VI), Sr-90 

Physical Sorption  Sr-90 

Radioactive decay Sr-90, tritium, C-14 

Dispersion/dilution  Cr(VI), chromium (total), Sr-90, 

tritium, nitrate, C-14, TCE 

Collection (component 

of P&T) 

Groundwater extraction Vertical wells Cr(VI), chromium (total), Sr-90, 

tritium, nitrate, C-14, TCE 

Ex situ treatment 

(component of P&T) 

Treatment – chemical Ion exchange Cr(VI), Sr-90 

Treatment – physical Air stripping C-14, TCE 

Discharge (component 

of P&T) 

Onsite discharge Reinjection (after treatment) 

into saturated zone 

Not applicable 

Surface infiltration (after 

treatment) 

Not applicable 

In situ treatment Physical treatment Aquifer flushing Cr(VI), nitrate, C-14 

COC = contaminant of concern 

OU = operable unit 

P&T = pump and treat 

1 
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Figure 2-7. Containment – Surface Covers and Barriers 2 
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Figure 2-8. Natural Attenuation (Vadose Zone) 2 
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Figure 2-9. Standard Excavation 1 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

2-100 

 

Figure 2-10. Deep Excavation 1 
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Figure 2-11. Onsite Disposal – ERDF 1 
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Figure 2-12. In Situ Physical Treatment – Solidification 1 
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Figure 2-13. In Situ Physical/Chemical Treatment – Stabilization/Sequestration 1 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

2-104 

 

Figure 2-14. Soil Flushing with Groundwater Recovery 1 
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Figure 2-15. Hydraulic Containment via Extraction (Groundwater) 1 
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Figure 2-16. Monitored Natural Attenuation 1 
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Figure 2-17. Groundwater Extraction System and Onsite Discharge 1 
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Figure 2-18. Ion Exchange  1 
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Figure 2-19. Air Stripping  1 
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3 Development and Screening of Alternatives 1 

This chapter discusses the development of remedial action alternatives for 100-K. The primary inputs for 2 

this process were from the 100-K RI report (DOE/RL-2010-97), including the physical characteristics 3 

(Chapter 3); waste site characterization information, contaminant transport mechanisms, and CSM 4 

(Chapters 4 and 5); and risk characterization (Chapters 6 and 7). A discussion of the RAOs, target 5 

remediation areas, and the remedial technology screening results are presented in Chapter 2 of this FS. 6 

Selected remedial technologies and representative process options retained from the screening described 7 

in Section 2.5 are combined into remedial alternatives for 100-K that provide a range of technology 8 

groupings for integrated waste site and groundwater remediation. Seven soil and groundwater remedial 9 

alternatives were developed. With the exception of the No Action alternative, the remedial alternatives 10 

were developed to achieve the RAOs by considering the CERCLA program goals and expectations 11 

identified in the NCP (40 CFR 300). Following the initial screening in Chapter 3, five of the seven 12 

alternatives were retained for detailed and comparative evaluation in Chapter 4. None of the alternatives 13 

developed using the Sr-90 technologies retained from the screening performed in Chapter 2 achieve the 14 

Sr-90 PRG of 8 pCi/L within a reasonable timeframe for aquifer restoration at the Hanford Site. 15 

Therefore, a TI waiver for Sr-90 is incorporated as a new component of the four retained alternatives. 16 

3.1 Assembly of Remedial Alternatives 17 

The NCP (40 CFR 300.430(a)(1)(iii)) sets the following expectations for development of remedial action 18 

alternatives: 19 

 Use treatment to address the principal threats posed by a site wherever practicable. Principal threats 20 

for which treatment is most likely appropriate include liquids, areas contaminated with high 21 

concentrations of toxic compounds, and highly mobile materials. Based on information presented in 22 

the 100-K RI report (DOE/RL-2010-97), this FS does not address principal threat waste. 23 

 Use ECs such as containment for waste that poses a relatively low long-term threat or where 24 

treatment is impracticable. 25 

 Use a combination of methods as appropriate to achieve protection of human health and the 26 

environment. In appropriate site situations, treatment of the principal threats posed by a site (with 27 

priority placed on treating waste that is liquid, highly toxic, or highly mobile) will be combined with 28 

ECs (e.g., containment) and ICs as appropriate for treatment residuals and untreated waste. 29 

 Use ICs such as water use and deed restrictions to supplement engineering controls as appropriate for 30 

short- and long-term management in order to prevent or limit exposure to hazardous substances, 31 

pollutants, or contaminants. ICs may be used during the conduct of the RI/FS and implementation of 32 

the remedial action and, where necessary, as a component of the completed remedy. The use of ICs 33 

shall not substitute for active response measures (e.g., treatment and/or containment of source 34 

material, and restoration of groundwater to its beneficial uses) as the sole remedy unless such active 35 

measures are determined not to be practicable, based on the balancing of tradeoffs among alternatives 36 

that is conducted during selection of the remedy. 37 

 Consider using innovative technology when such technology offers the potential for comparable 38 

or superior treatment performance or implementability, fewer or lesser adverse impacts than 39 

other available approaches, or lower costs for similar levels of performance than 40 

demonstrated technologies. 41 
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 Return usable groundwater to its beneficial uses wherever practicable and within a timeframe that is 1 

reasonable, given the particular circumstances of the site. When restoration of groundwater to 2 

beneficial uses is not practicable, EPA expects to prevent further migration of the plume, prevent 3 

exposure to the contaminated groundwater, and evaluate further risk reduction. 4 

The NCP (40 CFR 300.430(e)(6)) requires consideration of a No Action alternative. The No Action 5 

alternative (i.e., no further action if removal or remedial action has already occurred) is applicable to each 6 

of the waste sites carried forward (Tables 2-1 and 2-2) and to the groundwater COC plumes (Table 2-3). 7 

The NCP (40 CFR 300.430(e)(4)) also sets the expectation that for groundwater response actions, 8 

a limited number of remedial alternatives should be developed to achieve site-specific remediation levels 9 

within different restoration periods using one or more technologies.  10 

Where contaminated groundwater is not currently used or an alternate water source is readily available 11 

and there is no near-term future need for the resource, it will likely be appropriate to consider a longer 12 

timeframe for achieving restoration cleanup levels (EPA 540-R-98-031, A Guide to Preparing Superfund 13 

Proposed Plans, Records of Decision, and Other Remedy Selection Decision Documents). 14 

In the absence of a remedial technology that can achieve the groundwater cleanup ARAR in a reasonable 15 

timeframe, CERCLA provides for a TI waiver as a means of waiving ARARs, consistent with CERCLA 16 

Section 121(b); and by 40 CFR 300.430(f)(1)(ii)(C)(3), which states: 17 

An alternative that does not meet an ARAR under federal environmental or state 18 

environmental or facility siting laws may be selected under the following circumstance: 19 

(3) Compliance with the requirement is technically impracticable from an engineering 20 

perspective; 21 

and 40 CFR 300.430(a)(1)(iii)(F), which states: 22 

EPA expects to return usable groundwater to their beneficial uses wherever practicable, 23 

within a timeframe that is reasonable given the particular circumstances of the site. 24 

When restoration of groundwater to beneficial uses is not practicable, EPA expects to 25 

prevent further migration of the plume, prevent exposure to the contaminated 26 

groundwater, and evaluate further risk reduction. 27 

Although EPA has clarified that a reasonable timeframe is a site-specific decision based on the particular 28 

circumstances at a site, the agency did identify 100 years as a general “threshold” beyond which TIs 29 

should be considered (OSWER Directive 9234.2-25, Guidance for Evaluating the Technical 30 

Impracticability of Ground-Water Restoration, Interim Final). 31 

As suggested by CERCLA RI/FS Guidance (EPA/540/G-89/004), alternatives were developed 32 

incorporating process options and technologies retained in Section 2.5.4 to include a range of waste 33 

management options. The remedy component descriptions presented for each alternative were developed 34 

to the level required to prepare a cost estimate that allows for comparison of the alternatives. More 35 

detailed information on the selected remedy for 100-K will be developed during remedial design after 36 

the ROD is signed. A RD/RAWP will be developed that will discuss in detail the design of the specific 37 

components for each waste site and groundwater plume. 38 

The rationale for grouping and development of remedial alternatives for 100-K waste sites and 39 

groundwater is provided in the following sections. 40 
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3.1.1 Approach 1 

The remedial alternatives for 100-K were assembled to encompass all waste sites and groundwater COC 2 

plumes carried forward into the FS.  3 

3.1.1.1 Waste Sites 4 

As shown on Figure 2-1 and Table 2-8, of the 154 waste sites carried into the RI/FS, 82 have been 5 

determined to require no further action. Specific alternative evaluations are not developed for these sites; 6 

however, they are included in the FS and will be included in a ROD to document the final remedy 7 

decision. A total of 72 waste sites have been identified for further action: 2 waste sites that have 8 

undergone interim actions or site-specific evaluation but failed the groundwater/surface water protection 9 

and human health screening, 10 waste sites that have undergone interim actions or site-specific evaluation 10 

but failed the human health risk screening, and 60 waste sites that were identified for remediation under 11 

the interim action ROD but were not evaluated in the 100-K RI report (DOE/RL-2010-97) because 12 

remediation was not completed prior to April 2017. Appendix B describes the 72 waste sites addressed in 13 

this FS. 14 

3.1.1.1.1 Deep Waste Sites for ICs 15 

Eight of the 72 waste sites identified for further action only require action to prevent inadvertent exposure 16 

through deep excavation activities (Table 2-1). Deep excavation ICs will be implemented for these eight 17 

waste sites (100-K-3, 100-K-36, 100-K-56:1, 100-K-68, 100-K-69, 100-K-70, 100-K-71, and 116-K-1) 18 

under all the alternatives except for the No Action alternative. RTD was not considered for this deep 19 

contamination because the reasonably anticipated future land use does not anticipate direct exposure to 20 

soil at depths greater than 4.6 m (15 ft) bgs. A rough-order-of-magnitude cost to excavate radionuclide-21 

contaminated soil at these eight sites and transport the soil to ERDF for disposal is estimated at 22 

$45 million, and the basis for this cost is provided in Appendix C. The rough-order-of-magnitude cost is 23 

not included in the alternative cost estimates presented in Chapters 3 and 4 and in Appendix C of this FS. 24 

3.1.1.1.2 Waste Sites with Remedial Alternatives 25 

Four of the 72 waste sites identified for further action (100-K-64, 118-K-1, 100-K-132, and 116-K-2) are 26 

included for remedial alternative development and evaluation in the FS. The waste sites with shallow 27 

direct contact risk are 100-K-64 and 118-K-1. The waste sites with groundwater/surface water protection 28 

exceedances include 100-K-132 (tritium) and 116-K-2 (Cr(VI)). The COCs for these waste sites are listed 29 

in Table 2-1. Three of these sites (118-K-1, 100-K-132, and 116-K-2) also have residual radiological 30 

contamination in the vadose zone at depths >4.6 m (15 ft) bgs and require ICs to prevent inadvertent 31 

exposure through deep excavation activities. The 100-K-64 waste site does not have deep radiological 32 

contamination exceeding human health RBSLs or groundwater/surface water protection SSLs/PRGs. 33 

RTD was not considered for deep contamination exceeding direct contact PRGs because the reasonably 34 

anticipated future land use does not anticipate direct exposure to soil at depths greater than 4.6 m 35 

(15 ft) bgs. A rough-order-of-magnitude cost to excavate and remove deep radiological contaminants at 36 

these three waste sites is estimated at $72 million. RTD was considered for deep Cr(VI) contamination at 37 

the 116-K-2 waste site that exceeds the PRG for protection of groundwater and surface water, but the 38 

extent of this RTD would not incidentally remove all deep contamination exceeding direct contact PRGs 39 

at the waste site. RTD was not considered for deep tritium contamination at the 100-K-132 waste site that 40 

exceeds the PRG for groundwater protection. RTD is not expected to be effective in removing deep 41 

tritium contamination due to its high mobility and would mobilize a large short-term flux of 42 

contamination to groundwater. Leaving the deep contamination in place allows for radioactive decay to 43 

occur and attainment of groundwater PRGs within a reasonable timeframe. 44 
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Concentrations exceeding ecological PRGs were considered along with many other lines of evidence to 1 

reach a risk management decision (Appendix H in the 100-K RI report [DOE/RL-2010-97]). 2 

The conclusion of the risk management decision (presented in Section 7.8.4 of the 100-K RI report) was 3 

that none of the evaluated waste sites pose an unacceptable risk to ecological receptors. 4 

3.1.1.1.3 Waste Sites Remediated Under Interim Actions or Remaining for Remedial Action 5 

Of the 60 waste sites not remediated by the April 2017 cutoff date, 24 (hereinafter referred to as the 6 

pre-ROD waste sites) are currently being remediated under an interim action ROD or are anticipated to be 7 

remediated by the time the 100-K ROD is issued. The presumed basis for action and known or 8 

suspected COPCs for the pre-ROD sites are listed in Table 2-2. While these sites are expected to be 9 

remediated under interim actions, an RTD component is included until remedial actions are verified to 10 

meet cleanup requirements per 100-K ROD requirements.  11 

Of the 60 waste sites not remediated by the April 2017 cutoff date, 36 are remaining for remedial action 12 

under the 100-K ROD. These waste sites are expected to be remediated after the 100-K ROD has been 13 

issued (hereinafter referred to as the post-ROD waste sites), and cleanup for these sites will be verified to 14 

be complete per 100-K ROD requirements. The presumed basis for action and known or suspected 15 

COPCs for the 36 post-ROD waste sites are listed in Table 2-2. The identification of presumed risks is 16 

based on available characterization data, waste site process knowledge, and characterization/remediation 17 

information for similar River Corridor waste sites. One or more of the following risk drivers were 18 

presumed for these waste sites: 19 

 Human health direct contact risk in shallow soil (<4.6 m [15 ft] bgs) 20 

 Ecological risk in shallow soil (<4.6 m [15 ft] bgs)  21 

 COPC concentrations in soil greater than groundwater/surface water protection SSLs/PRGs  22 

Four post-ROD waste sites (116-KE-1, 116-KW-1, 116-KE-3, and UPR-100-K-1) were previously 23 

excavated to the depths shown in Table 2-2. Because interim action RTD depths were >4.6 m (15 ft), 24 

direct contact risk was eliminated in shallow soil (except at 116-KE-1, where confirmation sample results 25 

indicate residual shallow contamination). However, as discussed in Section 2.4.1, these waste sites are 26 

suspected continuing sources to groundwater due to residual contamination in the deep vadose zone. 27 

Additional deep vadose zone remedial action options at these waste sites, as well as the 100-K-82 and 28 

116-KW-2 waste sites, are currently limited to ICs or in situ technologies due to their proximity to the 29 

KW and KE Reactor buildings. The reactors are currently undergoing interim safe storage activities in 30 

accordance with the NEPA ROD (58 FR 48509).  31 

3.1.1.2 Groundwater 32 

The groundwater COCs at 100-K were identified in Section 2.1.1.2 and include Cr(VI), total chromium, 33 

nitrate, tritium, C-14, Sr-90, and TCE. Under CERCLA, groundwater remedial action is warranted when 34 

the EPC for a COC exceeds an MCL or nonzero MCLGs where groundwater is deemed a current or 35 

future drinking water source. Groundwater remedial action is also required when contaminated 36 

groundwater may cause an exceedance of a surface water quality protection ARAR. Remedial action for 37 

Cr(VI) (and collocated total chromium) is required to restore unconfined aquifer beneficial uses and to 38 

protect surface water quality. Remedial action for C-14, nitrate, Sr-90, tritium, and TCE is required to 39 

restore unconfined aquifer beneficial uses. Groundwater remedial action alternatives were developed for 40 

the COC plumes based on the target areas described in Section 2.4.1.2.  41 
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Under the observed geochemical conditions at the site, the majority of total chromium in groundwater 1 

exists in the hexavalent form. Total chromium was detected at concentrations above its 100 µg/L PRG 2 

in 6 of 81 wells monitored in 2016. Therefore, total chromium is not addressed specifically in the 3 

alternatives but is addressed by alternatives that target Cr(VI). Treatment of chromium-contaminated 4 

groundwater in the aquifer to the groundwater PRG of 48 µg/L Cr(VI) and in shoreline groundwater to 5 

the 10 µg/L Cr(VI) surface water protection PRG will result in achievement of the 100 µg/L total 6 

chromium PRG in the aquifer and 65 µg/L PRG in shoreline groundwater.  7 

3.1.1.2.1 Modeling 8 

Groundwater modeling was conducted to establish baseline aquifer conditions to compare and evaluate 9 

against groundwater remediation alternatives. Groundwater model assumptions and input parameters are 10 

described in the 100-K RI report (Section 5.5 in DOE/RL-2010-97) and in CP-61711. Contaminant 11 

transport for C-14, Cr(VI), nitrate, Sr-90, and tritium assumes migration of a dissolved plume in the 12 

aquifer and contributions from suspected continuing sources in the vadose zone. Contaminant transport 13 

for TCE assumes migration of a dissolved plume in the aquifer with no continuing TCE source. 14 

The model simulations provide predictions of future COC plume behavior and concentration trends for 15 

each of the remedial action alternatives. Groundwater model simulations were run for 125 years 16 

(300 years for Sr-90) to evaluate remedial action progress for each alternative. The groundwater modeling 17 

results for each alternative are included in ECF-100KR4-18-0044, Modeling of Updated Design 18 

Alternatives for the 100-KR-4 Feasibility Study (Appendix D), along with a discussion of the uncertainty 19 

associated with each due to variability in subsurface conditions and other factors.  20 

Quantitative and qualitative evaluations were performed as part of the remedial action alternative 21 

development process to assess various component configurations and to identify the most suitable 22 

configurations for each alternative. Quantitative evaluations were performed using groundwater flow and 23 

transport modeling to assess plume migration patterns, discharges to the Columbia River, and the impact 24 

of continuing sources to concentration levels in the dissolved plume and corresponding cleanup 25 

timeframes under various design scenarios. Information from ongoing RPO performed in support of the 26 

100-KR-4 OU interim action P&T was a key input in determining groundwater extraction and injection 27 

well locations and flow rates for the remedial action alternatives using P&T as a component. The design 28 

concepts presented in this FS are not final. They will be updated with additional modeling (based on the 29 

most recent conditions) during the post-ROD remedial design phase. 30 

Groundwater remedial design configurations included the following elements: 31 

 MNA 32 

 P&T, with focus on the KW, KE, KN, and K-N Boundary Cr(VI) plumes (Figure 2-6)  33 

 P&T, with focus on three Sr-90 plumes within the KW and KE subareas (Figure 2-6)  34 

 Source flushing for Cr(VI) and C-14 at waste sites and continuing source areas 35 

 In situ treatment for Sr-90 at waste sites and continuing source areas 36 

The model simulation evaluation process focused on evaluating each scenario’s effectiveness based on 37 

the following: 38 

 Duration of implementing active elements such as P&T 39 

 Number and location of groundwater extraction and injection wells 40 

 Timing, extent, and efficacy of COC mass reduction 41 

 Soil flushing contribution to decreased remedial action timeframes 42 
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Various P&T scenarios were developed considering the current extent of Cr(VI), C-14, and Sr-90 1 

distribution in the aquifer and near the Columbia River shoreline. Extraction well locations were selected 2 

for hydraulic containment and river protection, to capture high concentration portions of the plumes 3 

emanating from suspected sources, and to expedite mass removal. Optimization of extraction well 4 

locations relative to the nitrate and TCE plumes was not performed due to their low concentrations and 5 

commingling with Cr(VI). Injection well locations were selected to facilitate treated water recirculation 6 

while increasing groundwater velocities within the core region of the plumes, thereby expediting mass 7 

recovery. P&T alternatives were also developed in an attempt to achieve PRGs within four geographic 8 

subareas over a range of timeframes. Remediation timeframe statistics were generated using the 100-K 9 

model (ECF-100KR4-18-0044). Plume maps illustrating migration of all COC plumes were generated 10 

using the 100-K model results.  11 

P&T scenarios were developed to expedite Sr-90 mass removal and reduce the timeframes for achieving 12 

the 8 pCi/L PRG. These scenarios assume that P&T for Sr-90 is implemented in year 2033, after P&T for 13 

Cr(VI) has been completed. The 100-K model was used to simulate future plume migration and to 14 

calculate remediation timeframe statistics for the KW plume and two KE subarea plumes (hereinafter 15 

referred to as the KE and the K1/K2 Sr-90 plumes).  16 

Qualitative and quantitative evaluations were performed to assess the effectiveness of soil flushing on 17 

waste sites and continuing sources (residual mobile vadose zone contamination) for reducing groundwater 18 

cleanup timeframes. As described in Sections 2.4.1.1 and 2.4.1.2, the conceptual model for the 19 

distribution of Cr(VI) in the vadose zone and groundwater includes the 116-K-2 waste site and three 20 

general areas where continuing Cr(VI) sources are suspected: 183.1KW Headhouse, 190KW Pump 21 

House, and 183.1KE Headhouse. The conceptual model for the distribution of C-14 in the vadose zone 22 

and groundwater includes the 116-KW-1 and 116-KE-1 waste sites. Model simulations indicate that soil 23 

flushing of these waste sites and continuing sources can reduce the time for P&T-based alternatives to 24 

achieve aquifer and shoreline groundwater PRGs in the KW and KE subareas. Therefore, soil flushing is 25 

included as a component in several remedial action alternatives.  26 

Qualitative and quantitative evaluations were performed to assess the effectiveness of in situ treatment on 27 

Sr-90 continuing sources for reducing groundwater cleanup timeframes. As described in Section 2.4.1.2, 28 

the conceptual model for the distribution of Sr-90 in the vadose zone and groundwater includes three 29 

general areas where continuing Sr-90 sources are suspected. The KW Sr-90 groundwater plume is 30 

attributed to KW FSB leakage (100-K-82 waste site) and discharge to the 116-KW-2 Crib/reverse well. 31 

The Sr-90 groundwater plumes in the KE subarea are attributed to KE FSB leakage (UPR-100-K-1 waste 32 

site) and discharge to the 116-KE-3 Crib/reverse well (KE Sr-90 plume), and wastewater discharges to the 33 

116-K-1 Crib/116-K-2 Trench (K1/K2 Sr-90 plume). Model simulations indicate that in situ solidification 34 

would decrease the time for P&T-based alternatives to achieve aquifer PRGs in the KW and KE subareas; 35 

therefore, in situ solidification is included as a component in one remedial action alternative.  36 

3.1.1.3 Remedial Action Timeframes 37 

The waste site remedial action alternative descriptions present timeframes for each alternative to achieve 38 

PRGs based on the timeframes for radionuclide activities to decay to direct contact or groundwater 39 

protection PRGs or on the estimated timeframes to complete RTD or other remedial action. The estimated 40 

time to complete RTD is assumed to be 5 years for shallow RTD (following approval of the RD/RAWP) 41 

and 10 years for deep RTD. The additional time required for deep RTD accounts for the increased 42 

technical complexity and the larger overburden and waste volumes associated with deep excavation 43 

activities. The estimated time to complete in situ treatment at waste sites and continuing sources includes 44 

the timeframe to apply vadose zone treatment. 45 
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The groundwater remedial action alternative descriptions present a range of estimated timeframes for 1 

each alternative to achieve Cr(VI), C-14, nitrate, Sr-90, TCE, and tritium PRGs: 2 

 The lower end of the remediation timeframe range is defined by the time required for the EPC 3 

(estimated using the 90th percentile) to decrease to the PRG. The 90th percentile concentration (C90), 4 

which corresponds to the lower end of the remediation timeframe, provides a reasonable estimate for 5 

the cleanup timeframe that could be achieved with routine monitoring and RPO.  6 

 The upper end of the range is defined by the time required for the maximum concentration to decrease 7 

to the PRG. The maximum concentration (Cmax), which corresponds to the upper end of the 8 

remediation timeframe, provides a conservative estimate corresponding to potentially isolated 9 

point-concentrations. The O&M portion of the remedial action alternative cost estimate is 10 

conservatively based on the Cmax timeframe. 11 

As discussed in Section 3.1.1.2, total chromium is not addressed specifically in the alternatives because 12 

it is collocated with Cr(VI) and has higher PRGs (and presumably shorter remediation timeframes) 13 

than Cr(VI).  14 

The calculations and modeling results used for developing remedial action alternatives and estimating 15 

remedial action alternative completion timeframes are estimates based on current information. Actual times 16 

may vary depending on the final configuration of the selected alternative as determined during remedial 17 

design, the aquifer’s response to the remedy, and the scope and effectiveness of RPO. Remediation 18 

timeframes up to 50 years are rounded up to the nearest 5 years, and those >50 years are rounded up to 19 

the nearest 10-year period to account for model and remedy implementation uncertainty.  20 

3.1.1.4 Alternative Costs 21 

Cost estimates for the remedial action alternatives are presented in Appendix C of this FS. Details 22 

regarding the development of cost estimates are presented in ECF-100KR4-11-0167, 100-K Cost Estimate 23 

Scoping Form for Feasibility Study Alternative Costing (Appendix C); and ECE-100KR411-00008, 24 

Environmental Cost Estimate for 100-K Vadose Zone and Groundwater RI/FS (Appendix C). 25 

The 24 pre-ROD waste sites are excluded from the cost estimates. 26 

The remedial action alternative cost estimates presented in Section 3.2 include allowances for the 27 

following items: 28 

 Remedial design costs, including preparation of design drawings and specifications, construction bid 29 

documents, RD/RAWP, and interim remedial action report, which are calculated as a percentage of 30 

the alternative’s total capital cost. 31 

 Remedial alternative construction costs, including construction management, capital equipment, 32 

general and administrative costs, and construction subcontract costs and fees, which are calculated 33 

based on quantities obtained from the remedial action alternative descriptions presented in Section 3.2. 34 

 Estimated O&M and remedy performance monitoring and reporting costs for the duration of the 35 

remedial action. The duration of deep excavation and irrigation restriction ICs were capped at 36 

300 years for the cost estimates because the difference in the present value cost of a 300-year IC 37 

versus an IC with a duration >300 years is <1%. 38 

 Equipment replacement costs based on lifecycle times that generally range from 5 to 25 years. 39 
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 Project management calculated as a percentage of the alternative’s total capital cost. 1 

 Oversight costs and preparation of CERCLA 5-year reviews until RAOs are achieved. 2 

The detailed analysis of cost is based on a comparison of the estimated present worth for each alternative. 3 

Actual costs will depend on the final scope and design of the selected remedy, implementation schedule, 4 

competitive market conditions, and other variables. However, these factors are equally applicable to all 5 

alternatives and are not expected to affect relative cost differences between individual alternatives. 6 

Lifecycle costs are presented as net present worth values. The net present worth cost estimating method 7 

establishes a common baseline for evaluating costs that occur during different periods, thus allowing for 8 

direct cost comparisons between different alternatives. The net present worth value represents the dollars 9 

that would need to be set aside today, at the defined interest rate, to ensure that funds would be available 10 

in the future, as needed, to implement the remedial action alternative. The cost estimates are based on 11 

specific response action scenarios and assumptions. Sensitivity analyses were not performed to quantify 12 

the potential effect of changing key parametric assumptions. 13 

Net present worth costs were estimated using the real discount rate published in Appendix C, “Discount 14 

Rates for Cost-Effectiveness, Lease Purchase, and Related Analyses,” of OMB Circular No. A-94, 2017, 15 

“Guidelines and Discount Rates for Benefit-Cost Analysis of Federal Programs.” 16 

The cost estimates were prepared in accordance with EPA 540-R-00-002, A Guide to Developing and 17 

Documenting Cost Estimates During the Feasibility Study, as well as DOE G 430.1-1, Cost Estimating 18 

Guide. The cost estimates are for comparison purposes and were prepared to meet the -30%/+50% range 19 

of accuracy recommended in CERCLA RI/FS Guidance (EPA/540/G-89/004). Cost estimate details, 20 

uncertainties, and supporting information are included in ECE-100KR411-00008 (provided as 21 

Appendix C of this FS). 22 

In addition to costs associated with specific alternatives, programmatic and sitewide costs are associated 23 

with ICs and CERCLA 5-year reviews. The estimated costs for providing the sitewide or programmatic 24 

ICs, including site access; personnel badging; real estate and deeds; warning signs along the 25 

Columbia River bank and other access points; maintaining a current Sitewide IC plan; and controls 26 

for excavating soil, accessing and using groundwater, and restricting irrigation, are also provided. 27 

3.1.2 List of Alternatives 28 

Seven remedial action alternatives were developed to address the identified waste sites and groundwater 29 

COC plumes: 30 

 Alternative 1: No Action (alternative is required by the NCP (40 CFR 300.430(e)(6)) 31 

 Alternative 2: ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and 32 

No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (KW, KE) 33 

for Groundwater 34 

 Alternative 3: ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and 35 

No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) 36 

for Groundwater 37 

 Alternative 4: ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, and 38 

No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) 39 

for Groundwater 40 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

3-9 

 Alternative 5: ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste Sites, and 1 

No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) 2 

for Groundwater 3 

 Alternative 6: ICs for 18 Waste Sites, RTD for 58 Waste Sites, and No Action for 82 Waste Sites; 4 

and MNA, ICs, and River Protection P&T for Groundwater 5 

 Alternative 7: ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 6 

In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment 7 

(Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI), Sr-90) for Groundwater 8 

Table 3-1 summarizes the retained technologies identified in Chapter 2 that were combined to form the 9 

remedial alternatives. Table 3-2 summarizes the basis for action for the waste sites and continuing 10 

sources, and it explains how each waste site carried into the FS and continuing source areas are addressed 11 

under each alternative. Table 3-3 summarizes how the groundwater COC plumes carried into the FS are 12 

addressed under each alternative. 13 

3.2 Description of Remedial Alternatives 14 

The following sections describe the remedial alternatives developed to the level of detail required to 15 

prepare cost estimates and to estimate cleanup timeframes that allow for detailed and comparative 16 

analysis of the alternatives. The alternatives were developed using simulated groundwater COC plume 17 

distributions at the end of 2017 and data for waste sites with remedial action completed by April 2017 to 18 

establish baseline conditions. The actual design of the selected remedy will be developed during remedial 19 

design and provided in the RD/RAWP. Section 3.2.1 provides an overview of remedial alternative 20 

components that are common to multiple alternatives, and Sections 3.2.2 through 3.2.8 provide detailed 21 

descriptions of the remedial action alternatives. 22 

3.2.1 Alternative Components 23 

To prevent redundancy in the remedial alternative descriptions, Sections 3.2.1.1 through 3.2.1.6 provide 24 

general descriptions for ICs and RTD for waste sites, and for MNA, ICs, O&M, and remedy performance 25 

monitoring for groundwater.  26 

3.2.1.1 Institutional Controls 27 

Under Alternatives 2 through 7, while remediation is underway, ICs will be implemented to control 28 

access and prevent exposure to contamination until soil and groundwater PRGs are achieved. ICs for 29 

100-K are expected to be implemented independently for each waste site based on the defined target areas 30 

and IC duration, and for 100-KR-4 OU groundwater. ICs are defined and discussed in more detail in 31 

Section 2.5.2.2.1. ICs that are currently in place to protect workers, control site access, and restrict 32 

groundwater use will be continued during the remedial action. ICs that are in place to prevent exposure to 33 

contamination will remain in place until the waste site or groundwater contaminant concentration 34 

meet PRGs.   35 
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Table 3-1. Retained Technologies and Process Options Applied to Remedial Action Alternatives 

General Response Action Remedial Technology Process Option 

Alternative 

1 2 3 4 5 6 7 

Waste Site Soil 

No action No action No action X X X X X X X 

Institutional controls 

Active/passive controls, proprietary/government 

controls, structural/nonstructural controls, and 

informational tools  

Entry restrictions, land-use management, site evaluation, procedural 

requirements for access, waste site information management, 

barricades, signs, and perimeter fencing  

 X X X X X X 

Natural attenuation Physical Radioactive decay X X X X X X X 

Removal (component of RTD) Excavation 
Standard excavation  X X X X X X 

Deep excavation  X X X X X X 

Disposal (component of RTD) Landfill Environmental Restoration Disposal Facility  X X X X X X 

In situ treatment Physical treatment 
Soil flushing 

 

X (C-14) X (C-14) X (C-14, Cr(VI)) X (C-14)  X (C-14, Cr(VI)) 

Solidification        X (Sr-90) 

Continuing Sources 

In situ treatment Physical treatment 
Soil flushing   X (Cr(VI)) X (Cr(VI)) X (Cr(VI)) X (Cr(VI))  X (Cr(VI)) 

Solidification        X (Sr-90) 

Groundwater COC Plumes 

No action No action No action X   

 

   

Institutional controls 

Active/passive controls, proprietary/government 

controls, structural/nonstructural controls, and 

informational tools  

Land-use management, groundwater use management, drilling 

permits, procedural requirements for access, and 

groundwater monitoring  

 X X X X X X 

Containment Hydraulic containment Groundwater extraction and treatment-discharge  X X X X X X 

Monitored natural attenuation Biological, chemical, and physical 
Reduction, abiotic degradation, sorption, precipitation/ 

co-precipitation, radioactive decay, dilution/dispersion 

 

X X X X X X 

Collection (component of P&T) Groundwater extraction Vertical wells 

 

X (Cr(VI)) X (Cr(VI)) X (Cr(VI)) X (Cr(VI)) X (Cr(VI)) X (Cr(VI), Sr-90) 

Ex situ treatment (component of P&T) 
Treatment – chemical Ion exchange (Cr(VI)) 

 

X X X X X X (Cr(VI) and 

Sr-90) 

Treatment – physical Air stripping/vapor-phase granular activated carbon (C-14) 

 

X X X X X X 

Discharge (component of P&T) Onsite discharge 
Reinjection 

 

X X X X X X 

Surface infiltration  

 

X X X X X X 

COC = contaminant of concern 

P&T = pump and treat 

RTD = removal, treatment, and disposal 

  1 
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Table 3-2. Remedial Components for the Vadose Zone (Waste Sites and Continuing Sources) 

Waste Sites or Source Areas Basis for Action 

Remedial Component by Alternative 

1 2 3 4 5 6 7 

Waste Sites Identified for No Further Action 

100-K-4, 100-K-6, 100-K-14, 100-K-18, 

100-K-19, 100-K-29, 100-K-30, 100-K-31, 

100-K-32, 100-K-33, 100-K-34, 100-K-46, 

100-K-50, 100-K-53, 100-K-55:1, 100-K-57, 

100-K-62, 100-K-63, 100-K-77, 100-K-78, 

100-K-79:1, 100-K-79:2, 100-K-80, 100-K-84, 

100-K-85, 100-K-86, 100-K-88, 100-K-89, 

100-K-90, 100-K-91, 100-K-92, 100-K-95, 

100-K-96, 100-K-97, 100-K-102, 100-K-105, 

100-K-106, 100-K-109, 100-K-110, 100-K-111, 

100-K-113, 100-K-114, 116-KE-4, 116-KE-5, 

116-KW-3, 116-KW-4, 120-KW-1, 120-KW-2, 

120-KW-3, 120-KW-4, 120-KW-5, 120-KW-7, 

126-KE-2, 128-K-1, 128-K-2, 130-KE-1, 

132-KE-1, 1607-K2, 1607-K3, 600-29 

Sites pass screening for groundwater/surface water protection, 

human health risk assessment, and ecological risk assessment or 

quantitative evaluation. 

No further action No further action 

100-K-37, 100-K-38, 100-K-42, 100-K-87, 

100-K-115, 100-K-116, 100-K-119, 100-K-120, 

100-K-123, 100-K-124, 100-K-125, 100-K-126, 

100-K-127, 100-K-128, 100-K-129, 100-K-131, 

116-KE-6A, 116-KE-6B, 116-KE-6C, 

116-KE-6D, 118-KE-2, 118-KW-2 

Site-specific considerations. No further action No further action 

Waste Sites Identified for Further Action 

Deep Waste Sites for Institutional Controlsa 

100-K-3, 100-K-36, 100-K-56:1, 100-K-68, 

100-K-69, 100-K-70, 100-K-71, 116-K-1 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No further action  Deep excavation ICs until COC concentrations are below PRGs (up to year 2135). 

Waste Sites with Remedial Alternativesb 

100-K-64 Human health direct contact risk from radionuclide COCs in shallow 

soil up to 4.6 m (15 ft) bgs (cumulative cancer risk >1×10-4). 

No further action Shallow excavation ICs until cumulative cancer risk <1×10-4 (year 2043). 

100-K-132 Groundwater/surface water protection risk from residual radionuclides 

(tritium) in deep soil. 

No further action Irrigation ICs until COC concentrations are below groundwater/surface water protection PRGs (up to year 2128, based on estimated timeframe for 

maximum concentration to decay to less than scaled SSL for tritium). 

Potential for inadvertent exposure to tritium in deep soil (>4.6 m 

[15 ft] bgs) if it is brought to the surface through excavation. 

No further action Deep excavation ICs until cumulative risk <1×10-4 (up to year 2066, based on estimated timeframe for maximum concentration to decay to less than 

the PRG for tritium). 

116-K-2  

(at eastern end of trench) 

Groundwater/surface water protection risk from residual Cr(VI) in 

deep soil (>4.6 m [15 ft] bgs) under natural recharge scenario 

(concentrations greater than PRG) and future irrigation scenario 

(concentrations greater than SSL). 

No further action Irrigation ICs (assume 300 years) for Cr(VI). Soil flushinge for 

Cr(VI). 

RTD contaminated 

soil to 7.6 m 

(49 ft) bgs using 

standard and deep 

excavation methods, 

and disposal 

at ERDF. 

Irrigation ICs (assume 

300 years) for Cr(VI). 

Soil flushinge 

for Cr(VI). 

116-K-2 

(at eastern and western ends of trench) 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No further action Deep excavation ICs until cumulative cancer risk <1×10-4 (year 2185). 

118-K-1 Human health direct contact risk from radionuclide COCs in shallow 

soil up to 4.6 m (15 ft) bgs (cumulative cancer risk >1×10-4). 

No further action Shallow excavation ICs until cumulative cancer risk <1×10-4 (year 2045). 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No further action Deep excavation ICs until cumulative cancer risk <1×10-4 (year 2126). 
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Table 3-2. Remedial Components for the Vadose Zone (Waste Sites and Continuing Sources) 

Waste Sites or Source Areas Basis for Action 

Remedial Component by Alternative 

1 2 3 4 5 6 7 

Waste Sites Remediated Under Interim Actions (Pre-ROD)c 

100-K-13, 100-K-25, 100-K-27, 100-K-35, 

100-K-79:4, 100-K-94, 100-K-99, 100-K-103, 

100-K-107, 100-K-108, 120-KE-1, 120-KE-2, 

120-KE-3, 120-KE-4, 120-KE-5, 1607-K1, 

1607-K5 

Presumed human health direct contact and/or ecological risk in 

shallow soil up to 4.6 m (15 ft) bgs. 

No further action RTD with disposal at ERDF. Assumes RTD to depth of contamination up to 4.6 m (15 ft) bgs using standard excavation methods is completed 

under an interim action ROD. 

100-K-79:3, 100-K-79:9, 100-K-98, 100-K-101, 

116-KE-2, 120-KE-6, 120-KE-9 

Presumed human health direct contact and/or ecological risk in 

shallow soil (<4.6 m [15 ft] bgs) and/or presumed 

groundwater/surface water protection risk in shallow or deep soil 

(>4.6 m [15 ft] bgs). Potential for inadvertent exposure to 

radionuclides in deep soil (>4.6 m [15 ft] bgs) if it is brought to the 

surface through excavation. 

No further action RTD with disposal at ERDF. Assumes RTD to depth of contamination using standard and deep methods is completed under an interim action ROD. 

Deep excavation ICs until cumulative risk <1×10-4 (up to year 2318). 

Waste Sites Remaining for Remedial Action (Post-ROD)d 

100-K-1, 100-K-5, 100-K-48, 100-K-49, 

100-K-54, 100-K-56:2, 100-K-56:3, 100-K-74, 

100-K-81, 100-K-83, 100-K-104, 116-K-3, 

120-KE-8, 120-KW-6, 130-K-2, 130-KW-1, 

1607-K6 

Presumed human health direct contact and/or ecological risk and/or 

groundwater/surface water protection risk in shallow soil up to 4.6 m 

[15 ft] bgs. Potential for inadvertent exposure to radionuclides in deep 

soil (>4.6 m [15 ft] bgs) if it is brought to the surface through 

excavation. 

No action RTD to depth of contamination up to 4.6 m (15 ft) bgs using standard excavation methods, and disposal at ERDF. Deep excavation ICs until 

cumulative risk <1×10-4 (up to year 2318). 

100-K-47, 100-K-55:2, 100-K-60, 100-K-72, 

100-K-73, 100-K-75, 100-K-79:5, 100-K-79:6, 

100-K-79:7, 100-K-79:8, 130-KE-2, 130-KW-2 

Presumed human health direct contact and/or ecological risk in 

shallow soil (<4.6 m [15 ft] bgs) and/or presumed groundwater/ 

surface water protection risk in deep soil (>4.6 m [15 ft] bgs). 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No action RTD to depth of contamination using standard and deep excavation methods, and disposal at ERDF. Deep excavation ICs until cumulative risk 

<1×10-4 (up to year 2318). 

100-K-43  

Remedial action would commence after the FSB 

contents are removed. The completion date for 

sludge removal from the KW FSB is by 

December 31, 2019, per Tri-Party Agreement 

Milestone M-016-176. 

Presumed human health direct contact and/or ecological risk and 

groundwater/surface water protection risk in shallow vadose zone 

material (<4.6 m [15 ft] bgs). 

No action  RTD (FSB waste site 100-K-43) to 6.7 m (22 ft) bgs using standard excavation methods, and disposal at ERDF. Applicable Tri-Party Agreement 

milestones initiating deactivation of the KW FSB by December 31, 2019 (Milestone M-016-178), and completing deactivation, demolition, and 

removal of the KW FSB by September 30, 2023 (M-016-181). 

Presumed human health direct contact and groundwater/surface water 

protection risk in deep vadose zone material (>4.6 m [15 ft] bgs). 

No action 

100-K-82 

Remedial action would commence after the 

KW FSB (100-K-43 waste site) is removed (by 

December 31, 2023, per Tri-Party Agreement 

Milestone M-016-181. 

Presumed groundwater/surface water protection risk (Sr-90) in deep 

vadose zone soil (>4.6 m [15 ft] bgs). Potential for inadvertent 

exposure to radionuclides in deep soil (>4.6 m [15 ft] bgs) if it is 

brought to the surface through excavation. 

No action  RTD contaminated soil (100-K-82) to 13.7 m (45 ft) bgs using standard and deep excavation methods, and disposal at ERDF. Deep excavation ICs 

until cumulative risk <1×10-4 (up to year 36918). 

 

Applicable Tri-Party Agreement Milestone M-016-186 initiating soil remediation under the KW FSB by December 31, 2023. 

Irrigation ICs until Sr-90 PRG in groundwater is achieved (assume year 2153). In situ solidification 

depth interval 19.8 

to 24.4 m (65 to 

80 ft) bgs. 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No action Deep excavation ICs until cumulative cancer risk <1×10-4 (assume year 2153). 
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Table 3-2. Remedial Components for the Vadose Zone (Waste Sites and Continuing Sources) 

Waste Sites or Source Areas Basis for Action 

Remedial Component by Alternative 

1 2 3 4 5 6 7 

116-KE-1 

Condensate crib and contaminated soil at the 

116-KE-1 waste site and soil at overlying waste 

sites (100-K-6, 100-K-46, 100-K-62, and 

132-KE-1) were removed up to 9.1 m (30 ft) bgs, 

but remediation was not fully implemented due 

to proximity to the KE Reactor building. 

Human health direct contact and/or ecological risk in shallow vadose 

zone soil (<4.6 m [15 ft] bgs) based on results for overlying waste 

sites (100-K-6, 100-K-46, 100-K-62, and 133-KE-1). 

No further action  RTD to depth of contamination up to 4.6 m (15 ft) bgs using standard excavation methods, and disposal at ERDF. 

Groundwater/surface water protection risk (C-14 and tritium) 

identified during partial remedial action. 

No further action Soil flushing for C-14. Irrigation ICs until 

groundwater/surface 

water protection 

PRGs achieved 

(assume 300 years). 

Soil flushing for 

C-14. 

 Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No further action Assumes deep excavation ICs will not be required after flushing. Excavation ICs until 

groundwater/surface 

water protection 

PRGs achieved 

(assume 300 years). 

Assumes deep 

excavation ICs will 

not be required 

after flushing. 

116-KE-3 

Crib and contaminated soil were removed up to 

12.5 m (41 ft) bgs. The reverse well within the 

former crib remains below the excavation depth.  

Groundwater/surface water protection risk (Sr-90) in deep soil 

(>4.6 m [15 ft] bgs) identified during partial remedial action. 

No further action RTD; decommission reverse well to 24.4 m (80 ft) bgs. 

Irrigation ICs until Sr-90 PRG in groundwater is achieved (assume 300 years). In situ solidification 

depth interval 19.8 

to 24.4 m (65 to 

80 ft) bgs. 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No further action Deep excavation ICs until cumulative cancer risk <1×10-4 (assume 300 years). 

116-KW-1 

Condensate crib and contaminated soil were 

removed up to 9.1 m (30 ft) bgs, but remediation 

was not fully implemented due to proximity to 

the KW Reactor building. 

Groundwater/surface water protection risk (C-14 and tritium) 

identified during partial remedial action. 

No further action Soil flushing for C-14. Irrigation ICs until 

groundwater/surface 

water protection 

PRGs achieved 

(assume 300 years). 

Soil flushing 

for C-14. 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No further action Assumes deep excavation ICs will not be required after flushing. Deep excavation ICs 

until cumulative risk 

<1×10-4 (assume 

300 years). 

Assumes deep 

excavation ICs will 

not be required 

after flushing. 

116-KW-2 Presumed human health direct contact and/or ecological risk in 

shallow vadose zone soil (<4.6 m [15 ft] bgs) and groundwater/ 

surface water protection risk (Sr-90) in deep soil. 

No action  RTD to remove crib structure and soil contamination up to 13.7 m [45 ft] bgs using deep excavation methods, and disposal at ERDF. 

Decommission reverse well to 24.4 m (80 ft) bgs. 

Irrigation ICs until Sr-90 PRG in groundwater is achieved (assume year 2153). In situ solidification 

depth interval 19.8 

to 24.4 m [65 to 

80 ft] bgs. 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No action Deep excavation ICs until cumulative cancer risk <1×10-4 (assume year 2153). 

UPR-100-K-1 

Contaminated soil was removed up to 6 m 

(20 ft) bgs when the FSB was removed. 

Groundwater/surface water protection risk (Sr-90) in deep soil 

(>4.6 m [15 ft] bgs) identified during partial remedial action. 

No further action Irrigation ICs until Sr-90 PRG in groundwater is achieved (assume 300 years). In situ solidification 

depth interval 19.8 

to 24.4 m (65 to 

80 ft) bgs. 

Potential for inadvertent exposure to radionuclides in deep soil 

(>4.6 m [15 ft] bgs) if it is brought to the surface through excavation. 

No further action Deep excavation ICs until cumulative cancer risk <1×10-4 (year 36918). 
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Table 3-2. Remedial Components for the Vadose Zone (Waste Sites and Continuing Sources) 

Waste Sites or Source Areas Basis for Action 

Remedial Component by Alternative 

1 2 3 4 5 6 7 

Continuing Sources 

Cr(VI)  

(near 183.1KE Headhouse) 

CSM indicates residual Cr(VI) source to groundwater is present in the 

vadose zone. 

No action Soil flushinge  No action Soil flushinge  

Cr(VI) 

(near 183.1KW Headhouse) 

CSM indicates residual Cr(VI) source to groundwater is present in the 

vadose zone. 

No action Soil flushinge  No action Soil flushinge  

Cr(VI) 

(near 190KW Pump House) 

CSM indicates residual Cr(VI) source to groundwater is present in the 

vadose zone. 

No action Soil flushinge  No action Soil flushinge  

Sr-90 

(near 116-K-1/116-K-2) 

CSM indicates residual Sr-90 source to groundwater is present in the 

vadose zone. 

No action Radioactive decay In situ solidification 

depth interval 15.2 

to 18.3 m (50 to 

60 ft) bgs. 

Reference: Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan. 

a. Based on quantitative evaluation, waste sites with residual radionuclide contamination at depths >4.6 m (15 ft) bgs and present a potential risk from inadvertent exposure through deep excavation activities. 

b. Based on quantitative evaluation, waste sites with shallow zone human health direct contact cumulative risks >1×10-4 and/or groundwater/surface water protection PRG exceedances. 

c. Remediation completed under interim action after cutoff date (April 2017) and projected to be complete by December 31, 2019. RTD and disposal components are included until remedial actions are verified to meet cleanup requirements. These waste sites are excluded from the cost estimates.  

d. Remediation projected to be complete after December 31, 2019. These waste sites are included in the cost estimates. 

e. Soil flushing (at waste sites and inferred continuing source areas) includes infiltration together with pump and treat. 

bgs = below ground surface 

COC = contaminant of concern 

CSM = conceptual site model 

ERDF = Environmental Restoration Disposal Facility 

FSB = fuel storage basin 

IC = institutional control 

PRG = preliminary remediation goal 

ROD = record of decision 

RTD = removal, treatment, and disposal 

SSL = soil screening level 

Tri-Party Agreement = Hanford Federal Facility Agreement and Consent Order 
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Table 3-3. Remedial Components and Operational Timeframes for Groundwater COCs Identified for Further Action 

Alt. No. 

Alternative 

Components 

P&T Rate by System 

L/min (gal/m) 

KW KE KN 100-N 

(K-N Boundary 

Cr(VI) Plume) Cr(VI) C-14, NO3, TCE, Tritium Sr-90 Cr(VI) C-14, NO3, TCE, Tritium Sr-90* Cr(VI) Sr-90 

1 No action N/A >130 years <20 years 140 years 50 years <20 years 180 years 20 years 15 >130 years 

>300 years 

2 Restoration P&T Total: 3,464 (915) 

By system:  

KW: 1,249 (330) 

KR4: 776 (205) 

KX: 1,438 (380) 

15 years Co-extracted with Cr(VI) 

Adds C-14 treatment (air stripping 

and vapor-phase granular 

activated carbon) 

N/A 15 years Co-extracted with Cr(VI) 

Influent concentrations less 

than PRGs 

N/A N/A N/A N/A 

MNA and ICs N/A N/A C-14: 10 years  

NO3:10 years 

TCE: 10 years 

Tritium: 10 years 

140 years N/A C-14: 10 years 

NO3: 5 years 

TCE: 10 years 

Tritium: 10 years 

180 years 5 years 10 years >130 years 

>300 years 

3 Restoration P&T Total: 5,602 (1480) 

By system:  

KW: 1,249 (330) 

KR4: 1,230 (325) 

KX: 3,123 (825) 

15 years Co-extracted with Cr(VI) 

Adds C-14 treatment (air stripping) 

N/A 15 years Co-extracted with Cr(VI) 

Influent concentrations less 

than PRGs 

N/A 15 years N/A 15 years 

MNA and ICs N/A N/A C-14: 10 years  

NO3: 10 years 

TCE: 10 years 

Tritium: 10 years 

140 years N/A C-14: 10 years 

NO3: 5 years 

TCE: 10 years 

Tritium: 10 years 

200 years N/A 10 years N/A 

>300 years 

4 Restoration P&T Total: 5,602 (1480) 

By system:  

KW: 1,249 (330) 

KR4: 1,230 (325) 

KX: 3,123 (825) 

15 years Co-extracted with Cr(VI) 

Adds C-14 treatment (air stripping) 

N/A 15 years Co-extracted with Cr(VI) 

Influent concentrations less 

than PRGs 

N/A 15 years N/A 15 years 

MNA and ICs N/A N/A C-14: 10 years  

NO3: 10 years 

TCE: 10 years 

Tritium: 10 years 

140 years N/A C-14: 10 years 

NO3: 5 years 

TCE: 10 years 

Tritium: 10 years  

200 years N/A 10 years N/A 

>300 years 

5 Restoration P&T Total: 5,602 (1480) 

By system:  

KW: 1,249 (330) 

KR4: 1,230 (325) 

KX: 3,123 (825) 

15 years Co-extracted with Cr(VI) 

Adds C-14 treatment (air stripping) 

N/A 15 years Co-extracted with Cr(VI) 

Influent concentrations less 

than PRGs 

N/A 15 years N/A 15 years 

 MNA and ICs N/A N/A C-14: 10 years  

NO3: 10 years 

TCE: 10 years 

Tritium: 10 years 

140 years N/A C-14: 10 years 

NO3: 5 years 

TCE: 10 years 

Tritium: 10 years 

200 years N/A 10 years N/A 

>300 years 
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Table 3-3. Remedial Components and Operational Timeframes for Groundwater COCs Identified for Further Action 

Alt. No. 
Alternative 

Components 
P&T Rate by System 

L/min (gal/m) 

KW KE KN 100-N 
(K-N Boundary 
Cr(VI) Plume) Cr(VI) C-14, NO3, TCE, Tritium Sr-90 Cr(VI) C-14, NO3, TCE, Tritium Sr-90* Cr(VI) Sr-90 

6 River protection 
P&T  

Total: 3,502 (925)  

By system:  

KW: 454 (120) 

KR4: 984 (260) 

KX: 2,063 (545) 

50 years Co-extracted with Cr(VI) 

Adds C-14 treatment (air stripping) 

N/A 50 years Co-extracted with Cr(VI) 

Influent concentrations less 
than PRGs 

N/A 50 years N/A 50 years 

MNA and ICs N/A >80 years after P&T C-14: 20years  

NO3: 10 years 

TCE: 10 years 

Tritium: 10 years 

140 years N/A C-14: 15 years 

NO3: 5 years 

TCE: 10 years 

Tritium: 10 years  

170 years N/A 10 years N/A 

300 years 

7 Restoration P&T 
(start year 2020) 

Total: 5,602 (1480) 

By system:  

KW: 1,249 (330) 

KR4: 1,230 (325) 

KX: 3,123 (825) 

15 years Co-extracted with Cr(VI) 

Adds C-14 treatment (air stripping) 

N/A 15 years Co-extracted with Cr(VI) 

Influent concentrations less 
than PRGs 

N/A 15 years N/A 15 years 

Restoration P&T 
(start year 2033) 

Total: 1,514 (400) 

Adds ion-exchange 
treatment system 

N/A N/A 90 years N/A N/A 90 years N/A N/A N/A 

MNA and ICs N/A N/A C-14: 10 years  

NO3: 10 years 

TCE: 10 years 

Tritium: 10 years 

N/A N/A C-14: 10 years 

NO3: 5 years 

TCE: 10 years 

Tritium: 10 years 

N/A N/A 10 years N/A 

>180 years 
after Sr-90 

P&T 

*Timeframes for K1/K2 plume (top) and KE plume (bottom). 

COC = contaminant of concern 

IC = institutional control 

MNA = monitored natural attenuation 

N/A = not applicable  

PRG = preliminary remediation goal 

P&T = pump and treat 

  1 
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Existing programs to be maintained and ICs to be implemented for waste site include the following: 1 

 Excavation permits are required for excavations on the Hanford Site to prevent unplanned disturbance 2 

as prohibited by CERCLA decision documents. 3 

 Land-use and real property controls (e.g., proprietary controls including easements and 4 

covenants) ensure that the use of land is in accordance with Hanford Site plans and CERCLA 5 

decision documents. 6 

 Warning notices provide visual identification and warning of hazardous or sensitive areas. 7 

 Procedural requirements for access, warning signs, or fencing are implemented to provide entry 8 

restrictions to prevent or limit the access of humans to particular hazardous or sensitive areas. 9 

 Administrative mechanisms, such as the Waste Information Data System (WIDS) database, are used 10 

to maintain and provide access to information on the location and nature of contamination. 11 

 Irrigation restrictions are used for sites exceeding surface water/groundwater protection criteria. 12 

Existing programs to be maintained and ICs to be implemented for groundwater include the following: 13 

 Existing sitewide ICs (including groundwater use restrictions) are maintained under the Sitewide IC 14 

Plan (DOE/RL-2001-41), with modifications to include area-specific supplemental controls. 15 

 Groundwater use at 100-K is restricted, except for monitoring and treatment, as approved by EPA. 16 

 Land-use and real property controls ensure that the use of groundwater is in accordance with 17 

Hanford Site plans and CERCLA decision documents. 18 

 Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the 19 

existing plumes or their paths on the Hanford Site. 20 

 ICs are maintained for each plume for the time required to reach PRGs. 21 

Post-remediation, ICs will be put in place to address waste site contamination using excavation and 22 

irrigation restrictions, as identified in Table 3-4. 23 

3.2.1.2 Removal, Treatment, and Disposal 24 

Alternatives 2 through 7 include RTD using standard and deep excavation methods to remediate waste 25 

sites. RTD consists of the following activities:  26 

 The engineering design is initially based on existing information that may include operational process 27 

knowledge, waste site design/construction drawings, vadose zone sampling data, groundwater data, 28 

and remediation of similar waste sites. 29 

 Demolition and removal of any surface structures, as required.  30 

 Excavation of the waste site structures and vadose zone soil with COC/COPC concentrations greater 31 

than cleanup levels. The extent of excavation required is refined during excavation activities using an 32 

observational approach that includes visual, in situ and ex situ sampling, process knowledge, and field 33 

screening/analytical methods. 34 
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Table 3-4. ICs Implemented at Waste Sites Post-Remediation 

Risk Driver 

Waste Sitea – Year 
When EPC<PRG 

or 1×10-4 Risk Level 

Institutional Controls by Alternative 

2 3 4 5 6 7 

Waste sites with residual 
radiological contamination at 
depths >4.6 m (15 ft) bgs that 
pose potential risk due to 
inadvertent exposure through 
deep excavation activities 

100-K-3 — 2135 
100-K-36 — 2054 
100-K-56:1 — 2087 
100-K-68 — 2135 
100-K-69 — 2135 
100-K-70 — 2135 
100-K-71 — 2135 
116-K-1 — 2088 

Deep excavation restrictions for all eight waste sites 

Waste sites carried forward into 
the feasibility study with shallow 
soil (<4.6 m [15 ft] bgs) direct 
contact exposure risk 
(residential scenario) 

100-K-64 — 2043 
118-K-1 — 2045 

Shallow excavation restrictions for both waste sites 

Waste sites carried forward into 
the feasibility study with 
groundwater/surface water 
protection risk under native 
vegetation and irrigation land-use 
scenarios (vadose soil 
contaminant concentrations 
exceed PRG and SSL) 

100-K-132 — 2128b 
116-K-2 (eastern end) — 
indefinitec  
100-K-82 — 2153b 
116-KE-1 — 2318b 
116-KE-3 — 2318b 
116-KW-1 — 2318b 
116-KW-2 — 2153b 
UPR-100-K-1 — 2318b 

Prohibit 
irrigation for 
100-K-132,  
116-K-2,  
100-K-82, 
116-KE-3, 
116-KW-2, and 
UPR-100-K-1 

Prohibit 
irrigation for 
100-K-132,  
116-K-2, 
100-K-82, 
116-KE-3, 
116-KW-2, and 
UPR-100-K-1 

Prohibit 
irrigation for 
100-K-132, 
100-K-82, 
116-KE-3, 
116-KW-2, and 
UPR-100-K-1 

Prohibit 
irrigation for 
100-K-132, 
100-K-82, 
116-KE-3, 
116-KW-2, and 
UPR-100-K-1 

Prohibit irrigation 
for 100-K-132,  
116-K-2, 
100-K-82, 
116-KE-1, 
116-KE-3, 
116-KW-1, 
116-KW-2, and 
UPR-100-K-1 

Prohibit 
irrigation for 
100-K-132  

Waste sites with residual 
radiological contamination at 
depths >4.6 m (15 ft) bgs that 
pose potential risk due to 
inadvertent exposure through 
deep excavation activities that 
were carried forward into the 
feasibility study due to 
additional factors  

100-K-132 — 2066b 
116-K-2 (eastern and 
western ends) — 2185 
118-K-1 — 2126 
100-K-82 — 2153b 
116-KE-1 — 2318b 
116-KE-3 — 2318b 
116-KW-1 — 2318b 
116-KW-2 — 2153b 
UPR-100-K-1 — 36918d 

100-K-132 
116-K-2 
118-K-1 
100-K-82 
116-KE-3 
116-KW-2 
UPR-100-K-1  

100-K-132 
116-K-2 
118-K-1 
100-K-82 
116-KE-3 
116-KW-2 
UPR-100-K-1  

100-K-132 
116-K-2 
118-K-1 
100-K-82 
116-KE-3 
116-KW-2 
UPR-100-K-1  

100-K-132 
116-K-2 
(western) 
118-K-1 
100-K-82 
116-KE-3 
116-KW-2 
UPR-100-K-1  

100-K-132 
116-K-2 
118-K-1 
100-K-82 
116-KE-1 
116-KE-3 
116-KW-1 
116-KW-2 
UPR-100-K-1  

100-K-132 
116-K-2 
118-K-1 
100-K-82 
116-KE-3 
116-KW-2 
UPR-100-K-1 

a. Additional waste sites may be added through closure reclassifications. 

b. No risk calculation available. Decay year shown is assumed for cost-estimating purposes. 

c. Indefinite timeframe for Cr(VI); cost estimate assumes 300 years. 

d. Cost estimate based on 300 years. 

bgs = below ground surface 

EPC = exposure point concentration 

IC = institutional control 

PRG = preliminary remediation goal 

SSL = soil screening level 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

3-21 

 Excavation using best practices, which includes appropriately sloped sidewalls based on the type of 1 

the material being removed, benching, shoring, and proper placement of the stockpiled material per 2 

Occupational Safety and Health Administration standards. Sidewall protection is incorporated for any 3 

excavation >1.5 m (5 ft) deep.  4 

 Sampling and field screening during excavation ensure that remediation is adequate to meet cleanup 5 

levels. If contamination above the cleanup levels is encountered beyond the planned limits of 6 

excavation, the excavation extent is increased. The sampling design also identifies contaminant 7 

concentrations that pose a risk to groundwater and/or surface water, as this risk contributes to 8 

additional uncertainty with the extent of contamination due to potential for lateral migration to have 9 

occurred at the Hanford-Ringold contact, as discussed in the CSM. 10 

 Dust suppression during excavation to ensure that contaminants are not spread due to wind. 11 

 Excavated material (low-level waste) is disposed at ERDF as long as the material meets disposal 12 

criteria (ERDF-00011). Hazardous or mixed waste is treated to meet land disposal restrictions before 13 

disposal at ERDF. 14 

 Verification sampling is performed to demonstrate that soil remaining in the excavated area does not 15 

exceed cleanup levels.  16 

 Backfilling the excavation to the original ground surface and restoring/revegetating the disturbed 17 

area. Backfill material is obtained from local borrow pits that have been previously verified as clean 18 

(e.g., no contaminants above cleanup levels).  19 

Figures 2-9, 2-10, and 2-11 illustrate the components of RTD, which has been the predominant waste site 20 

interim action selected for the waste sites on the Hanford Site. 21 

3.2.1.3 Pump and Treat for Cr(VI) 22 

Alternatives 2 through 7 include groundwater P&T to contain (Figure 2-15) the Cr(VI) contaminant 23 

plumes hydraulically and/or to restore aquifer beneficial use by reducing COC concentrations to PRGs. 24 

The existing and proposed P&T systems consist of an extraction well network, treatment systems, and 25 

an injection well network. Figures 2-17 and 2-18 illustrate some of the components of a P&T system.  26 

Three existing P&T systems (KW, KR4, and KX) currently operate within 100-K as part of the interim 27 

action. The objective for the existing systems is to provide hydraulic containment of Cr(VI) and to begin 28 

remediation of the Cr(VI) plumes. Figure 3-1 shows the 100-KR-4 OU groundwater extraction and 29 

injections well layout and the 2016 Cr(VI) plumes. Schematic diagrams of the KW, KR4, and KX P&T 30 

systems in 2016 are included in the annual P&T report (DOE/RL-2016-68). Cr(VI)-contaminated 31 

groundwater is treated using ex situ IX technology, which uses ResinTech SIR-700 resin to remove 32 

Cr(VI) by exchanging a nontoxic anion (chloride) for Cr(VI) in the aqueous stream. The SIR-700 resin 33 

also uses a secondary mechanism for Cr(VI) removal: if influent pH is adjusted as slightly acidic, 34 

it precipitates chromium within the resin matrix. Sr-90, nitrate, C-14, and TCE-contaminated groundwater 35 

co-extracted during operation of the three P&T systems were not targeted for treatment under the 36 

interim action. Under Alternatives 2 through 7, the KW P&T system would be modified to include 37 

treatment for C-14. During P&T for Cr(VI), treatment for Sr-90, nitrate and TCE is not required 38 

because their concentrations in the combined influent are projected to be below PRGs. Similarly, 39 

treatment for tritium is also not required, although there is no current technology available for treating 40 

tritium-contaminated groundwater.  41 
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Figure 3-1. Layout of the 100-KR-4 OU P&T Systems and 2016 Cr(VI) Plumes 2 
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At the end of 2017, the combined P&T capacity (Table 3-5) was 5,905 L/min (1,560 gal/min). 1 

The KW P&T system consists of 5 groundwater extraction wells and 4 injection wells, the KR4 P&T 2 

system consists of 11 extraction wells and 5 injection wells, and the KX P&T system consists of 22 3 

extraction wells and 10 injection wells (Figure 3-1). Alternatives 2 through 7 use or expand upon these 4 

existing systems. Alternative-specific enhancements are described under each alternative in Sections 3.2.3 5 

through 3.2.8. 6 

Table 3-5. Summary of the Existing Groundwater P&T Components, December 2016 

Groundwater P&T systems Components of system include the following: 

 A combined P&T capacity of 5,905 L/min (1,560 gal/min) 

- KW at 1,249 L/min (330 gal/m) 

- KR4 at 1,249 L/min (330 gal/m) 

- KX at 3,407 L/min (900 gal/min) 

 38 extraction wells 

 19 injection wells  

 Wellhead infrastructure 

 Cr(VI) treated through ion exchange  

 Water treated to achieve requirements before injection into the 100-K aquifer  

Note: P&T is performed in accordance EPA/ROD/R10-96/134, Record of Decision for the 100-HR-3 and 100-KR-4 Operable 

Units Interim Remedial Actions, Hanford Site, Benton County, Washington. 

P&T = pump and treat 

 7 

Based on P&T costs presented in DOE/RL-2017-67, Calendar Year 2017 Annual Summary Report for 8 

the 100-HR-3 and 100-KR-4 Pump and Treat Operations, and 100-NR-2 Groundwater Remediation, 9 

the 2017 O&M cost for the three treatment systems was $3.5 million, which was roughly 47% of total 10 

costs ($7.4 million). Treatment system capital construction ($1.3 million) and well realignment 11 

($0.92 million) accounted for 17.6% and 12.4% of total costs, respectively. Performance monitoring 12 

($0.29 million) accounted for 4% of total costs, with the remaining costs for waste management, design, 13 

field studies, and project support. 14 

3.2.1.4 Monitored Natural Attenuation and ICs 15 

MNA can play an important role in overall remediation of groundwater for 100-K COCs, specifically 16 

areas with low concentrations of Cr(VI), and for Sr-90 and for tritium where active treatment is not 17 

technically practicable. The primary natural attenuation processes for these three COCs include 18 

radioactive decay, sorption, and dispersion and dilution. The following MNA processes are identified as 19 

applicable within the 100-KR-4 OU: 20 

 Radioactive decay for Sr-90 and tritium. Both COCs exhibit relatively short half-lives (29.1 years 21 

and 12.3 years, respectively), making radioactive decay an important attenuation process. Also in 22 

groundwater at 100-K, C-14 has a long half-life (5,730 years); therefore, radioactive decay is not an 23 

important attenuation process for this COC. 24 

 Sorption of constituents to aquifer matrix reduces the relative groundwater concentration of 25 

contaminants that interact with aquifer solids. The tendency of a constituent to sorb, or bind, to 26 

aquifer solids is generally described by its soil-water distribution coefficient (Kd). Constituents with 27 

higher Kd exhibit a stronger tendency to bind to the aquifer solids and reduce the relative groundwater 28 

concentration. Alternatively, constituents that exhibit lower Kd exhibit a lower tendency to bind to 29 

aquifer solids and, therefore, do not exhibit concentration reductions. Some constituents exhibit no 30 
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tendency to sorb to aquifer solids and, therefore, sorption does not provide any meaningful 1 

attenuation for those constituents. The Sr-90 in 100-K groundwater exhibits meaningful attenuation 2 

due to sorption.  3 

 Dispersion and dilution play an important attenuation role for all groundwater COCs, particularly 4 

COC with lower Kd (Cr(VI), C-14, nitrate, TCE, and tritium). Dispersion, which is a mechanical 5 

mixing process, is an important attenuation mechanism that reduces COC concentrations in 6 

groundwater as the plumes move through the aquifer matrix. Dilution occurs when contaminated 7 

groundwater mixes with infiltrating water (e.g., rainfall, snowmelt, and dust suppression) and where 8 

contaminated groundwater mixes with surface water along the Columbia River shoreline. Both 9 

processes are important for Cr(VI), tritium, and Sr-90. The 100-K contaminant plumes are generally 10 

well defined, and current ICs (e.g., prohibitions against use of groundwater for a source of drinking 11 

water) would prevent exposure to human receptors while the plumes are attenuating.  12 

Source control, through interim or planned final actions, is particularly important to supporting selection 13 

of MNA for groundwater remediation. The expected efficacy of waste site remedial alternatives at 100-K 14 

is considered in the overall assessment of MNA for groundwater plume remediation.  15 

Implementation of MNA at 100-K requires evaluation of groundwater monitoring systems to include 16 

establishment of specific monitoring locations as points of compliance for remediation performance 17 

assessment. The current understanding of conditions within the affected portions of the unconfined 18 

aquifer indicates that there are no technological limitations to establishing an effective monitoring 19 

network. Site-specific data quality objectives (DQOs) and a sampling and analysis plan (SAP) will be 20 

developed during remedial design to identify specific data needs in terms of location and timing of 21 

monitoring activities to support MNA implementation. Additionally, MNA performance monitoring 22 

would include an assessment and response plan that could be implemented if MNA does not perform 23 

as expected. 24 

3.2.1.5 Operations and Maintenance 25 

The O&M of each remedial alternative is required to ensure that the remedy is operated and maintained in 26 

a manner that ensures long-term effectiveness and permanence. The O&M requirements of the selected 27 

remedy will be described in an O&M plan, which details performance monitoring requirements including 28 

methods, analytes and frequency, maintenance activities, schedules, and procedures.  29 

The nature and scope of O&M activities vary by alternative component. For example, O&M for 30 

monitoring wells includes inspection, redevelopment, periodic replacement, and decommissioning. 31 

Groundwater P&T includes routine and preventive maintenance and replacement of equipment 32 

components at the end of their design life (typically 25 years). Alternatives with durations >25 years 33 

include multiple equipment replacement events. The scope of O&M activities assumed for each 34 

alternative is presented in the alternative descriptions and described in greater detail in Appendix C 35 

of this FS.  36 

3.2.1.6 Remedy Performance Monitoring 37 

Remedy performance monitoring will be conducted to evaluate the effectiveness of the selected 38 

alternative to attain the cleanup levels that will be identified in the 100-K decision document. The nature 39 

and scope of the performance monitoring program between the alternatives is generally similar but with 40 

some differences present in the Cr(VI) and Sr-90 monitoring durations. During remedial design of the 41 

selected alternative, the scope and frequency of the performance monitoring program will be defined 42 

through a DQO process. Therefore, the actual performance monitoring program may differ from that 43 

assumed for this FS. The P&T and MNA performance monitoring program assumed for this FS includes 44 
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the number of wells, sampling frequencies, and durations shown for each COC by alternative in 1 

Table 3-6.  2 

Sampling and analysis will also be conducted for one COPC (cyanide) identified in Chapter 2 as 3 

recommended in the BRA. To ensure protectiveness and confirm current understanding of the nature and 4 

extent of contamination, cyanide samples would be collected concurrently with other performance 5 

monitoring samples and analyzed as part of the performance monitoring program. It is expected that 6 

future CERCLA 5-year reviews will evaluate the performance monitoring data for cyanide and eliminate 7 

it as a COPC. 8 

For cost-estimating purposes, additional performance monitoring consistent with monitoring specified in 9 

the treatability test plan (DOE/RL-2017-30) is included for alternatives using soil flushing. The cost 10 

estimates include borehole soil sampling during new monitoring and extraction well installation, 11 

groundwater sampling for one year, and borehole sampling for the following: 12 

 Soil sampling during borehole drilling for new extraction, injection, and monitoring wells 13 

 Collecting aqueous samples (for laboratory analysis and field analysis) immediately prior to flushing 14 

activities to establish baseline 15 

 Collecting aqueous samples for field parameters daily during month 1, weekly during months 2 and 3, 16 

and quarterly for months 4 through 12 during flushing 17 

 Collecting aqueous samples for laboratory analysis weekly during month 1, biweekly during 18 

months 2 and 3, and quarterly for months 4 through 12 during flushing 19 

 Soil sampling post-flushing to evaluate vadose zone concentrations  20 

Further details are provided in Appendix C. 21 

3.2.2 Alternative 1 – No Action 22 

The NCP (40 CFR 300.430(e)(6) requires consideration of a No Action alternative, which serves as 23 

a baseline for evaluating other remedial action alternatives and is retained throughout the FS process. 24 

“No action” means that no remediation would be implemented to alter the existing conditions. It has been 25 

assumed that remediation has been completed at the 24 pre-ROD waste sites (shown in Table 3-2). For 26 

this alternative, it has been assumed that all site remedial activities and interim actions (with the possible 27 

exception of backfilling any open excavations that are not safe) are discontinued on December 31, 2019. 28 

This includes ceasing operation of the existing KR4, KW, and KX P&T systems and all performance 29 

monitoring. Until then, it is assumed the P&T systems continue operation as described in SGW-58690, 30 

Remedial Process Optimization Work Plan for 100-HR-3 and 100-KR-4 Groundwater Operable Units 31 

Interim Action. No design or cost estimates are prepared for Alternative 1 because no actions 32 

are proposed.  33 
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Table 3-6. Groundwater Performance Monitoring Assumptions 

COC 

Number of Wells 

and Subareas 

Groundwater Sampling by Alternative 

2 3 4 5 6 7 

Nitrate 20 in KW and KE Year 1–5: semiannual 

Years: 6–10: annual 

Years 11–15: 

semiannual 

compliance 

monitoring 

Same as Alternative 2 

TCE 20 in KW and KE Year 1–5: semiannual 

Years: 6–10: annual 

Years 11–15: 

semiannual 

compliance 

monitoring 

Tritium 15 in KW and KE Year 1–5: semiannual 

Years: 6–10: annual 

Years 11–15: 

semiannual 

compliance 

monitoring 

C-14 30 in KW and KE Year 1–5: semiannual 

Years: 6–15: annual 

Years 16–20: 

semiannual 

compliance 

monitoring 



 
 

 

3
-2

7
 

D
O

E
/R

L
-2

0
1
8

-2
2

, D
R

A
F

T
 B

 

 A
P

R
IL

 2
0

2
0
 

Table 3-6. Groundwater Performance Monitoring Assumptions 

COC 

Number of Wells 

and Subareas 

 Groundwater Sampling by Alternative 

2 3 4 5 6 7 

Cr(VI) 30 in KW, 30 in KE, 

25 in KN, and 5 in 

100-N 

Semiannual 

sampling: 

Years 1–5 in KN 

Years 1–10 in KW, 

KE, and 100-N 

Semiannual 

sampling: 

Years 1–10 in KW 

and KE 

Semiannual 

sampling: 

Years 1–5 in KN 

Years 1–10 in KW 

and KE 

Semiannual 

sampling: 

Years 1–10 in KW 

and KE 

Semiannual 

sampling: 

Years 1–5 in KN 

Years 1–10 in KW 

and KE 

Semiannual 

sampling: 

Years 1–5 in KN 

Years 1–10 in KW 

and KE 

Annual sampling:  

Years 11–15 in KE  

Years 11–125 in 

100-N 

Annual sampling: 

Years 11–15 in KE  

Annual sampling: 

Years 11–15 in KE 

Annual sampling: 

Years 11-15 in KE 

Annual sampling:  

Years 11–45 in KE  

Years 11–125 in KW 

Annual sampling: 

Years 11–15 in KE  

Semiannual 

compliance 

monitoring:  

Years 6–10 in KN 

Years 11–15 in KW 

Years 16–20 in KE 

Years 126–130 in 

100-N 

Semiannual 

compliance 

monitoring:  

Years 1–5 in KN and 

100-N 

Years 11–15 in KW 

Years 16–20 in KE 

Semiannual 

compliance 

monitoring:  

Years 1–5 in 100-N 

Years 6–10 in KN 

Years 11–15 in KW 

Years 16–20 in KE 

Semiannual 

compliance 

monitoring:  

Years 1–5 in KN and 

100-N 

Years 11–15 in KW 

Years 16–20 in KE 

Semiannual 

compliance 

monitoring:  

Years 1–5 in 100-N 

Years 6–10 in KN 

Years 46–50 in KE 

Years 126–130 in 

KW 

Semiannual 

compliance 

monitoring:  

Years 1–5 in 100-N 

Years 6–10 in KN 

Years 11–15 in KW 

Years 16–20 in KE 
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Table 3-6. Groundwater Performance Monitoring Assumptions 

COC 

Number of Wells 

and Subareas 

 Groundwater Sampling by Alternative 

2 3 4 5 6 7 

Sr-90 Alternatives 2 through 

6: 10 in KW, 15 in KE, 

(10 at main plume and 

5 at K1/K2 plume), 

5 in KN 

Alternative 7 Sr-90 

P&T: same wells as 

above for years 1-13. 

Beginning year 14, 

assumes monitoring at 

25 wells in KW, 

10 wells in KE (main) 

and 5 wells in KE 

(K1/K2)  

Semiannual 

sampling: 

Year 1 in all subareas 

Semiannual 

sampling: 

Year 1 in all subareas 

Semiannual 

sampling: 

Year 1 in all subareas 

Semiannual 

sampling: 

Year 1 in all subareas 

Semiannual 

sampling: 

Year 1 in all subareas 

Semiannual 

sampling: 

Year 1 in all subareas 

Every 5 years:  

Years 2–140 in KW  

Years 2–300 in KE  

Years 2–170 in 

K1/K2 

Years 2–10 in KN 

Every 5 years:  

Years 2–140 in KW  

Years 2–300 in KE  

Years 2–200 in 

K1/K2 

Years 2–10 in KN 

Every 5 years:  

Years 2–140 in KW  

Years 2–300 in KE  

Years 2–200 in 

K1/K2 

Years 2–10 in KN 

Every 5 years:  

Years 2–140 in KW  

Years 2–300 in KE  

Years 2–200 in 

K1/K2 

Years 2–10 in KN 

Every 5 years:  

Years 2–140 in KW  

Years 2–300 in KE 

Years 2–170 in 

K1/K2 

Years 2–10 in KN 

Every 5 years:  

Years 2–13 in all 

subareas 

Semiannual 

sampling: 

Year 14 in KW, KE, 

and K1/K2 

     Biennial sampling: 

Years 14–60 in KW  

Years 14–280 in KE  

Years 14–80 in 

K1/K2 

Semiannual 

compliance 

monitoring:  

Years 141–145 

in KW 

Years 301–305 in KE  

Years 171–175 

in K1/K2 

Years 11–15 in KN 

Semiannual 

compliance 

monitoring:  

Years 141–145 in 

KW 

Years 301–305 in KE  

Years 201–205 in 

K1/K2 

Years 11–15 in KN 

Semiannual 

compliance 

monitoring:  

Years 141–145 

in KW 

Years 301–305 in KE  

Years 201–205 

in K1/K2 

Years 11–15 in KN 

Semiannual 

compliance 

monitoring:  

Years 141–145 

in KW 

Years 301–305 in KE  

Years 201–205 

in K1/K2 

Years 11–15 in KN 

Semiannual 

compliance 

monitoring:  

Years 141–145 

in KW 

Years 301–305 in KE 

Years 171–175 

in K1/K2 

Years 11–15 in KN 

Semiannual 

compliance 

monitoring:  

Years 61–65 in KW 

Years 281–285 in KE 

Years 81–85 

in K1/K2 

Years 11–15 in KN 

COC = contaminant of concern 

P&T = pump and treat 

 1 
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3.2.2.1 Groundwater Remediation Timeframes 1 

Groundwater modeling was conducted for the No Action alternative to estimate plume migration and 2 

remedial action timeframes for the groundwater COCs: Cr(VI), C-14, nitrate, tritium, TCE, and Sr-90. 3 

The groundwater model simulations assume that operation of the existing KR4, KW, and KX P&T 4 

systems cease on December 31, 2019, and that there are continuing sources of Cr(VI), C-14, nitrate, 5 

Sr-90, and tritium to groundwater as described in Section 2.4.1.2. Figure 3-2 shows the locations of active 6 

extraction and injection wells for Alternative 1 (before the P&T systems are shut down) and the simulated 7 

continuing sources. Groundwater model simulations were conducted through year 2143 (125 years) for all 8 

COCs except Sr-90, which was simulated through year 2318 (300 years).  9 

The results from the No Action alternative, which are also presented in the 100-K RI report (Section 5.6 10 

in DOE/RL-2010-97), are summarized here for comparison to Alternatives 2 through 7. Table 3-7 11 

presents predicted remediation timeframes (the year that the PRG is met) based on the C90 and Cmax 12 

concentrations for each COC for Alternative 1. The plume fate and transport depictions are based on the 13 

Cmax concentration.  14 

3.2.2.1.1 Hexavalent Chromium 15 

As shown in Table 3-7, model simulations based on C90 and Cmax indicate that Cr(VI) concentrations 16 

throughout the KN subarea and 100-N are below the 48 µg/L MTCA groundwater cleanup level within 17 

5 years. Cr(VI) concentrations in groundwater in the KW and KE subareas are <48 µg/L in 2018 based on 18 

C90 but are >48 µg/L until up to year 2143 (125 years) based on Cmax. The C90 and Cmax concentrations in 19 

shoreline groundwater in all subareas exceed the 10 µg/L state surface water quality based PRG. 20 

Concentrations remain >10 µg/L for timeframes between years 2026 (KN subarea based on C90) and 2143 21 

(K-N Boundary plume at the 100-N shoreline based on Cmax). 22 

Figures 3-3 through 3-5 present the simulated Cr(VI) plumes at the end of 2018, 2022, 2027, 2037, 23 

2067, and 2092 (i.e., years 1, 5, 10, 20, 50, and 75). This model simulation assumes Cr(VI) source 24 

contributions from the vadose zone in the KW subarea (183.1KW Headhouse and 190KW Pump House), 25 

KE subarea (183.1KE Headhouse), and KN subarea (116-K-2 waste site). Model simulation results based 26 

on Cmax indicate that concentrations <48 µg/L would not be achieved at the KW subarea within the 27 

125-year simulation time period. Natural depletion of continuing sources cause the Cr(VI) plume in the 28 

KW subarea to diminish but not disappear after 75 years (Figure 3-5). Cr(VI) concentrations throughout 29 

the KE subarea are <48 µg/L within 50 years (Figure 3-5). Cr(VI) concentrations throughout the KN 30 

subarea and K-N Boundary plume are <48 µg/L in 2022 (Figure 3-3). 31 

Shoreline Cr(VI) concentrations downgradient of the K-N Boundary plume are <10 µg/L until the plume 32 

migrates to the 100-N shoreline in approximately 75 years (Figure 3-5). Based on information provided in 33 

Appendix D, projected Cmax concentrations (between 10 and 16 µg/L) are >10 µg/L at the shoreline 34 

(ECF-100KR4-18-0044) from 2085 to 2143. The C90 results for the shoreline are similar (between 10 and 35 

13 µg/L from 2091 to 2133).   36 
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 1 

Figure 3-2. Alternative 1 – Well Layout and Simulated Continuing Sources 2 
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Table 3-7. Simulated Groundwater Remediation Timeframes for Alternative 1 

COC and PRG 

Subarea and Year PRG is Meta 

(C90/Cmax) 

KW KE KN 100-N All Subareas 

Cr(VI) (aquifer) 

48 µg/L 
2018/2143+ 2018/2065 2018b/2022b 2018c/2018c 2018/2143+ 

Cr(VI) (shoreline) 

10 µg/L 
2056/2063 2055/2059 2026d/2037d 2133e/2143+e 2133/2143+ 

C-14 

2,000 pCi/L 
2027/2034 2019/2035 N/A N/A 2027/2035 

Sr-90 

8 pCi/L 
2045/2152 2139f/2318+f 2018/2032 N/A 2139/2318+ 

Nitrate 

45,000 µg/L 
2018/2028 2018/2021 N/A N/A 2018/2028 

Tritium 

20,000 pCi/L 
2018/2028 2018/2027 N/A N/A 2018/2028 

TCE 

4 µg/L 
2021/2027 2018/2024 N/A N/A 2021/2027 

a. Year PRG is met based on C90 and Cmax simulations. 

b. Timeframe is for the KN Cr(VI) plume and the portion of the K-N Boundary Cr(VI) plume within the KN subarea.  

c. Timeframe is for the portion of the K-N Boundary Cr(VI) plume within the 100-N subarea. 

d. Timeframe is for the downgradient portion of the KN Cr(VI) plume.  

e. Timeframe is for the K-N Boundary plume, which migrates into the 100-N subarea before reaching the shoreline. 

f. Timeframe for the KE subarea, which includes the KE and K1/K2 Sr-90 plumes. When evaluated individually, C90/Cmax 

concentrations are <8 pCi/L in years 2181/2318+ for the KE plume and years 2054/2195 for the K1/K2 plume. 

+ = COC concentration exceeds the PRG 

at the end of the last year simulated 

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the 

model domain 

COC = contaminant of concern 

N/A = not applicable 

PRG = preliminary remediation goal 

  1 
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Figure 3-3. Alternative 1 – Simulated Cr(VI) Plumes After Years 1 (2018) and 5 (2022) 1 
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Figure 3-4. Alternative 1 – Simulated Cr(VI) Plumes After Years 10 (2027) and 20 (2037) 1 
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Figure 3-5. Alternative 1 – Simulated Cr(VI) Plumes After Years 50 (2067) and 75 (2092) 1 
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3.2.2.1.2 Carbon-14 1 

Figure 3-6 presents the simulated KW and KE subareas C-14 plumes at the end of 2018, 2022, and 2027 2 

(years 1, 5, and 10) based on Cmax. This model simulation assumes C-14 source contributions from the 3 

vadose zone in the KW subarea (116-KW-1 waste site) and the KE subarea (116-KE-1 waste site). Model 4 

simulation results indicate that the C-14 plume extents in the KW and KE subareas are shrinking. 5 

The C-14 half-life (5,730 years) is too long for radioactive decay to affect the model results over the 6 

simulation timeframe, indicating that the plumes are shrinking as a result of dilution and dispersion, as 7 

well as continuing source depletion. Model simulations indicate that C-14 concentrations throughout the 8 

KW subarea are below the 2,000 pCi/L PRG within 10 years based on C90 and 20 years based on Cmax 9 

(Table 3-7). The C-14 concentrations throughout the KE subarea are <2,000 pCi/L within 5 years based 10 

on C90 and 20 years based on Cmax.  11 

3.2.2.1.3 Strontium-90 12 

Figure 3-7 presents the simulated KW and KE subareas Sr-90 plumes at the end of 2022, 2092, 2167, and 13 

2317 (i.e., years 5, 75, 150, and 300) based on Cmax. This model simulation assumes Sr-90 source 14 

contributions from the vadose zone in the KW subarea (116-KW-2 and 100-K-82 waste sites) and the 15 

KE subarea (waste sites 116-KE-3 and UPR-100-K-1, and K1/K2 area). The highest Sr-90 concentrations 16 

in the 100-KR-4 OU are located near the UPR-100-K-1 waste site. Under Alternative 1, radioactive decay 17 

reduces Sr-90 concentrations, but the presence of sources near both reactors (especially UPR-100-K-1) 18 

and high initial concentrations result in concentrations greater than the 8 pCi/L DWS for up to 300 years.  19 

Model simulations indicate that Sr-90 concentrations throughout the KW subarea are below the 8 pCi/L 20 

DWS in 2045 based on C90 or in 2152 based on Cmax. The Sr-90 concentrations throughout the KE subarea 21 

(including the KE and K1/K2 plumes) decrease below the 8 pCi/L DWS in 2139 based on C90 or after 22 

year 2318 based on Cmax. The KE plume decreases below the 8 pCi/L DWS in 2181 based on C90 or after 23 

year 2318 based on Cmax, whereas the K1/K2 plume decreases below the 8 pCi/L DWS in 2054 based on 24 

C90 or in year 2195 based on Cmax. The Sr-90 concentrations throughout the KN subarea are less than the 25 

8 pCi/L DWS in 2018 based on C90 and in 2032 based on Cmax (Table 3-7). 26 

3.2.2.1.4 Nitrate 27 

Figure 3-8 presents the simulated KW subarea nitrate plume at the end of year 2018 and 2022 (years 1 28 

and 5) based on Cmax. This model simulation assumes nitrate source contributions from the vadose zone in 29 

the KW subarea (116-KW-1 waste site). Due to continuing source depletion at the 116-KW-1 waste site, 30 

the KW subarea plume extent is greatly reduced, and all simulated concentrations are below the 31 

45,000 µg/L DWS within 10 years. Model simulations indicate that nitrate concentrations throughout the 32 

KW subarea are below the 45,000 µg/L PRG in 2018 based on C90 or in 2028 based on Cmax. Nitrate 33 

concentrations throughout the KE subarea are below the 45,000 µg/L PRG in 2018 based on C90 or 34 

in 2021 based on Cmax (Table 3-7). 35 

3.2.2.1.5 Tritium 36 

Figure 3-9 presents the simulated KW and KE subareas tritium plumes at the end of year 2018 and 2022 37 

(years 1 and 5) based on Cmax. This model simulation assumes tritium source contributions from the 38 

vadose zone in the KW subarea (116-KW-1 waste site) and the KE subarea (100-K-132 and 116-KE-1 39 

waste sites). Source depletion and radioactive decay act to reduce impacts to groundwater, with no tritium 40 

concentrations above the 20,000 pCi/L PRG within 10 years. Model simulations indicate that tritium 41 

concentrations throughout the KW subarea are below the 20,000 pCi/L PRG in 2018 based on C90 and 42 

2028 based on Cmax. Tritium concentrations throughout the KE subarea are below the 20,000 pCi/L PRG 43 

in 2018 based on C90 and 2027 based on Cmax (Table 3-7). 44 
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Figure 3-6. Alternative 1 – Simulated C-14 Plumes After Years 1 (2018), 5 (2022), and 10 (2027)  2 
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Figure 3-7. Alternative 1 – Simulated Sr-90 Plumes After Years 5 (2022), 75 (2092), 150 (2167), and 300 (2317) 2 
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Figure 3-8. Alternative 1 – Simulated Nitrate Plumes After Years 1 (2018) and 5 (2022)2 
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Figure 3-9. Alternative 1 – Simulated Tritium Plumes After Years 1 (2018) and 5 (2022) 2 
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3.2.2.1.6 Trichloroethene 1 

Figure 3-10 presents the simulated TCE plume at the end of year 2018 and 2022 (years 1 and 5) based 2 

on Cmax. This model simulation assumes no TCE source contributions from the vadose zone. The TCE 3 

plume straddles the KW and KE subareas. Model simulations indicate that TCE concentrations 4 

throughout the plume are below the 4 µg/L PRG and the 5 µg/L DWS within 5 years based on C90 and 5 

within 10 years based on Cmax (Table 3-7). 6 

3.2.3 Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste 7 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 8 

and P&T (KW, KE) for Groundwater 9 

This alternative includes the following primary components: 10 

 ICs to prevent direct contact exposure at waste sites with shallow soil contamination exceeding 11 

human health PRGs. 12 

 RTD to address waste sites with known or presumed shallow soil direct contact risk and groundwater 13 

protection PRG exceedances. 14 

 ICs to restrict excavation at waste sites that contain residual radionuclide contamination at depths 15 

>4.6 m (15 ft) that pose a potential risk from inadvertent exposure through deep excavation activities. 16 

 ICs prohibiting irrigation at waste sites with groundwater and/or surface water protection 17 

SSL exceedances. 18 

 Soil flushing (together with P&T) to enhance the removal and transport of C-14 from waste site 19 

sources to groundwater where aqueous C-14 is removed using P&T. 20 

 Soil flushing (together with P&T) to enhance the removal and transport of Cr(VI) from continuing 21 

vadose zone sources to groundwater where aqueous Cr(VI) is removed using P&T. 22 

 P&T for Cr(VI) (with co-extraction of other COCs) in the KW and KE subareas to control plume 23 

migration and to remediate the Cr(VI) plumes to the aquifer and shoreline groundwater PRGs through 24 

extraction, treatment, and reinjection. 25 

 MNA with ICs for Cr(VI) in KN subarea and 100-N (K-N Boundary plume); for C-14, nitrate, 26 

tritium, and TCE in the KW and KE subareas; and for Sr-90 in the KW, KE, and KN subareas, 27 

restricting groundwater use until PRGs are met. 28 

Table 3-8 summarizes the waste site and groundwater components of Alternative 2, provides the total 29 

present value soil and groundwater cost estimates, and includes the estimated time to achieve 30 

groundwater PRGs based on the C90 and Cmax concentrations. Table 3-4 provides additional information 31 

on the waste site excavation and irrigation ICs. 32 

3.2.3.1 No Action for Waste Sites 33 

No further actions are required for 82 waste sites passing risk or site-specific evaluations (Table 3-2).   34 
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Figure 3-10. Alternative 1 – Simulated TCE Plumes After Years 1 (2018) and 5 (2022)  2 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

3-46 

 1 

This page intentionally left blank. 2 

 



 
 

 

3
-4

7
 

D
O

E
/R

L
-2

0
1
8

-2
2

, D
R

A
F

T
 B

 

 A
P

R
IL

 2
0

2
0
 

Table 3-8. Description of Components for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing for 2 Waste Sites 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (KW, KE) for Groundwater 

Components Description 

Waste sites  No further actiona No additional remedial actions are taken at 82 waste sites, including 60 waste sites where CVP sample results confirm the 

interim actions completed under an interim action ROD meet PRGs and 22 waste sites with site-specific considerations. 

Deep Waste Sites for ICs 

ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-3, 

100-K-36, 100-K-56:1, 100-K-68, 100-K-69, 100-K-70, 100-K-71, and 116-K-1; up to year 2135 (Table 3-4). 

Waste Sites with Remedial Alternatives 

ICs Excavation ICs to minimize the potential for direct contact exposure for sites with potential shallow human health direct 

contact risk until <1×10-4: 100-K-64 and 118-K-1 waste sites; up to year 2045 (Table 3-4). 

Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-132, 

118-K-1, and 116-K-2 (eastern and western); up to year 2185 (Table 3-4). 

Irrigation ICs to address potential groundwater/surface water protection risk from radionuclide or chemical COCs in soil until 

less than the PRG: 100-K-132 and 116-K-2 (eastern) waste sites; up to year 2318 (Table 3-4). 

Waste Sites Remediated under Interim Actions (Pre-ROD)a 

RTDb  24 waste sites assumed remediated under interim actions before December 31, 2019: shallow RTD at 100-K-13, 100-K-25, 

100-K-27, 100-K-35, 100-K-79:4, 100-K-94, 100-K-99, 100-K-103, 100-K-107, 100-K-108, 120-KE-1, 120-KE-2, 120-KE-3, 

120-KE-4, 120-KE-5, 1607-K1, and 1607-K5; and deep RTD at 100-K-79:3, 100-K-79:9, 100-K-98, 100-K-101, 116-KE-2, 

120-KE-6, and 120-KE-9. 

 Waste Sites Remaining for Remedial Action (Post-ROD) 

 ICsb Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-82, 

116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 36918 (Table 3-4). 

Irrigation ICs to address groundwater/surface water protection risk at waste sites located near reactor facilities: waste sites 

100-K-82, 116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

 RTD RTD up to 4.6 m (15 ft) to address presumed human health direct contact and/or ecological risk and/or groundwater/surface 

water protection risk using standard excavation technology, as described in Section 3.2.1.2: waste sites 100-K-1, 100-K-5, 

100-K-48, 100-K-49, 100-K-54, 100-K-56:2, 100-K-56:3, 100-K-74, 100-K-81, 100-K-83, 100-K-104, 116-K-3, 120-KE-8, 

120-KW-6, 130-K-2, 130-KW-1, and 1607-K6. 

RTD to depth of contamination exceeding surface/groundwater PRGs using standard and deep excavation technologies, as 

described in Section 3.2.1.2: waste sites 100-K-47, 100-K-55:2, 100-K-60, 100-K-72, 100-K-73, 100-K-75, 100-K-79:5, 

100-K-79:6, 100-K-79:7, 100-K-79:8, 130-KE-2, and 130-KW-2. 

RTD to remove structure (fuel storage basin waste site 100-K-43) and underlying contaminated soil (100-K-82 waste site) after 

fuel storage basin contents have been removed (assumed RTD depth of 13.7 m [45 ft] bgs). 

RTD up to 4.6 m (15 ft) to address human health direct contact risk identified during partial remediation: 116-KE-1 waste site. 

RTD to decommission reverse well at the 116-KE-3 waste site. 
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Table 3-8. Description of Components for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing for 2 Waste Sites 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (KW, KE) for Groundwater 

Components Description 

Waste sites (cont.) RTD to address presumed human health direct contact and/or ecological risk and groundwater/surface water protection risk at 

the 116-KW-2 waste site. RTD to remove structure (crib at the 116-KW-2 waste site) and underlying contaminated soil 

(assumed RTD depth of 13.7 m [45 ft] bgs), and decommission reverse well.  

Table 3-2 identifies applicable waste sites remediated by RTD using standard excavation technology and also sites for deep 

excavation based on process knowledge. 

For NHPA planning considerations, the majority of the anticipated area of potential effect associated with RTD is within 

previously disturbed operational areas. A portion of this area has been inventoried for cultural resources within the past 

10 years. There are previously documented archaeological resources and one known traditional cultural property within the 

area of potential effect. Mitigation documentation requirements for facilities within the area of potential effect have already 

been met. 

 

 Soil flushing  Soil flushing (together with P&T) for C-14 at 116-KE-1 and 116-KW-1 former condensate cribs. 

Surface infiltration of treated water. 

Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Two new extraction wells in each area. 

Monitoring and verification sampling, which includes installation of two monitoring wells in each area to monitor groundwater 

quality changes daily to quarterly during the injection period (one year).  

Two infiltration areas at 116-KW-1 and one infiltration area at 116-KE-1, each 150 m2 (1,615 ft2) in size (approximately 

5 m by 30 m [16.4 ft by 98.4 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 2.3 m (7.5 ft) spacing 

Estimated system flow rate ranging from 11 to 114 L/min (3 to 30 gal/min). 

Soil flushing for one year (2025). 

A small total anticipated area of potential effect (<0.04 ha [0.1 ac]) is associated with soil flushing at waste sites for NHPA 

planning considerations. These waste site areas were previously disturbed under interim actions.  

Continuing sources Soil flushing Soil flushing (together with P&T) for Cr(VI) in three locations: 183.1KW Headhouse, 190KW Pump House, and 

183.1KE Headhouse, 

Surface infiltration of treated water. Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Monitoring and verification sampling, which includes installation of six monitoring wells (two monitoring wells in each 

treatment area) to monitor groundwater quality changes daily to quarterly during the injection period (one year). 

Each infiltration area 4,645 m2 (50,000 ft2) in size (approximately 61 m by 76 m [200 ft by 250 ft]).  

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 4.6 m (15 ft) spacing. 

Estimated system flow rate ranging from 110 to 1,100 L/min (30 to 300 gal/min). 

Soil flushing for 3 years (2021, 2023, and 2026) at 183.1KW Headhouse and 190KW Pump House areas; flushing for 1 year 

(2021) at 183.1KE Headhouse area. 

A small total anticipated area of potential effect (<2 ha [5 ac]) is associated with soil flushing at the three locations for NHPA 

planning considerations. These areas were previously disturbed under interim actions. 
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Table 3-8. Description of Components for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing for 2 Waste Sites 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (KW, KE) for Groundwater 

Components Description 

Groundwater  ICs Maintain existing sitewide ICs (including groundwater use restrictions) in accordance with DOE/RL-2001-41, with 

modifications to include area-specific supplemental controls. 

Groundwater use at 100-K is restricted, except for monitoring and treatment, as approved by EPA. Land-use and real property 

controls ensure that the use of groundwater is in accordance with Hanford Site plans and CERCLA decision documents. 

Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the existing plumes or their paths 

on the Hanford Site. 

Maintain ICs for each plume for the time required to reach PRGs. 

 P&T for Cr(VI) 

(collection) 

P&T to provide hydraulic containment at the shoreline and aquifer restoration by removing Cr(VI)-contaminated groundwater 

in the KW and KE subareas. 

Install additional extraction wells for Cr(VI) and C-14 in the KW and KE subareas.  

Modify the KW P&T building to add ex situ treatment for C-14.  

Operate the KW, KR4, and KX P&T systems at an estimated total combined rate of 3,464 L/min (915 gal/m). The operational 

duration for Cr(VI) is estimated at 13 years (through December 2032) to reach and remain <48 µg/L in the aquifer and 10 µg/L 

at the shoreline. 

P&T network includes 24 extraction wells and 12 injection wells. The actual number and placement of extraction and 

injection wells and the pumping rates will be refined during RD/RAWP development and may differ from the configuration 

described in this FS.  

The RPO process will be used to provide ongoing evaluations to ensure that the system demonstrates progress toward RAO 

achievement. RPO will increase system efficiency, which may decrease timeframes for achieving PRGs. RPO may adjust 

extraction and injection flow rates for each well or cycle wells on and off (e.g., pulsed pumping) to improve capture efficiency 

and flow-path control. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the P&T network for NHPA 

planning considerations. Well and piping siting, as well as cultural resources review and any mitigation planning requirements, 

will be addressed in the RD/RAWP. 

 P&T for Cr(VI) (ex situ 

treatment) 

Treat extracted groundwater through IX for Cr(VI) at the KW, KR4, and KX P&T systems. Treatment for C-14 performed in 

new 232 m2 (2,500 ft2) treatment room constructed at the KW P&T building. 

IX treatment reduces Cr(VI) concentrations below the state surface water quality standard (10 µg/L). Air stripping reduces 

C-14 concentrations below the DWS (2,000 pCi/L).  

New C-14 treatment equipment would include an equalization tank, transfer pumps, acid feed system, low-profile tray stripper, 

fan blower, and vapor-phase granular activated carbon vessels (two) for off-gas treatment. 

Treatment for Sr-90, tritium, nitrate, and TCE is not required because the combined influent concentrations are projected to 

remain below their respective PRGs. No treatment technologies for tritium are available. 

Ex situ treatment for Cr(VI) and C-14 will continue for the estimated duration of P&T operations (13 years at KW, KR4, 

and KX P&T systems ). 
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Table 3-8. Description of Components for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing for 2 Waste Sites 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (KW, KE) for Groundwater 

Components Description 

Groundwater (cont.) P&T for Cr(VI) 

(discharge) 

Treated groundwater from KW, KR4, and KX P&T systems reinjected within the 100-KR-4 OU. 

 O&M O&M of the extraction well network, injection well network, conveyance infrastructure, and above-grade infrastructure 

(transfer stations) will be based on the times for Cr(VI) concentrations to reach the PRG. The nature and scope of O&M 

activities will be developed in the RD/RAWP. 

 Monitoring requirements 

P&T and MNAc 

Remedy performance monitoring during P&T to evaluate the progress and effectiveness of P&T to attain the Cr(VI) PRG in the 

KW and KE subareas, and MNA to attain the Cr(VI) PRG in the KN subarea and 100-N (K-N Boundary plume) (up to 

130 years). 

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the PRGs (nitrate, tritium, TCE, and 

C-14) (up to 10 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the Sr-90 PRG (up to 300 years). 

Monitoring plans will be developed as part of the RD/RAWP.  

For cost estimating, it is assumed that sampling for nitrate, TCE, and tritium is semiannual in years 1–5 and annual in  

years 6–10. Sampling for C-14 is semiannual in years 1–5 and annual in years 6–10. Monitoring for Sr-90 is semiannual in 

year 1, and every 5 years for years 2–300. Monitoring for Cr(VI) is semiannual in years 1–10 and annual in years 11–125.  

Monitoring network assumed to include existing monitoring wells.  

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the existing monitoring network 

for NHPA planning considerations. Well location siting, as well as cultural resource review and any mitigation planning 

requirements, will be addressed in the RD/RAWP. 

 Groundwater remediation 

timeframed 
COC PRG 

Estimated Remediation Timeframe (years) 

 Cmax C90 

 Cr(VI) 48 µg/L 15 0 

 Cr(VI) 10 µg/L 130 5 

 C-14 2,000 pCi/L 10 5 

 Sr-90 8 pCi/L >300 130 

 Nitrate 45,000 µg/L 10 0 

 Tritium 20,000 pCi/L 10 0 

 TCE 4 µg/L 10 5 

 Compliance monitoring 

requirements 

Semiannual monitoring will be performed for an additional 5 years after PRGs are initially achieved (through P&T and MNA) 

to confirm that PRGs have been met.  
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Table 3-8. Description of Components for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing for 2 Waste Sites 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (KW, KE) for Groundwater 

Components Description 

Present value costs Total: $344 million 

Waste sites: $198 million 

Continuing sources: $13 million 

Groundwater:  $133 million 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions. 

a. Excluded from cost estimates. 

b. Additional sites warranting excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities may be identified, as listed in Table 3-1.  

c. Additional information on P&T and MNA monitoring requirements appears in Section 3.2.1.6. 

d. Remediation timeframes up to 50 years are rounded up to the nearest 5 years, and those >50 years are rounded up to the nearest 10 years. 

bgs = below ground surface 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

CVP = cleanup verification package 

DWS = drinking water standard 

EPA = U.S. Environmental Protection Agency 

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

NHPA = National Historic Preservation Act of 1966 

O&M = operations and maintenance 

OU = operable unit 

P&T = pump and treat 

PRG = preliminary remediation goal 

RAO = remedial action objective 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RPO = remedial process optimization 

RTD = removal, treatment, and disposal 

1 
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3.2.3.2 ICs for Waste Sites 1 

Alternative 2 includes ICs to address direct contact or groundwater/surface water protection risk at eight 2 

deep waste sites for ICs and four waste sites with remedial alternatives and to address presumed risk at 3 

four post-ROD waste sites (Table 3-8). Alternative 2 also includes the potential for ICs to address direct 4 

contact risk from inadvertent exposure through deep excavation activities at waste sites remaining for 5 

remedial action (pre-ROD and post-ROD) (Table 3-1). 6 

3.2.3.2.1 Deep Waste Sites for ICs 7 

ICs restricting deep excavation will be implemented for eight sites (Table 3-8) with exceedances of 8 

human health RBSLs (residential scenario) for radionuclide compounds in the vadose zone only below 9 

a depth of 4.6 m (15 ft). Deep excavation ICs will be maintained for these sites until unrestricted use is 10 

allowed. The range of years for radioactive decay to decrease concentrations below human health direct 11 

contact RBSLs in deep soil ranges from year 2054 to year 2135 (Table 3-4). 12 

3.2.3.2.2 Waste Sites with Remedial Alternatives 13 

Alternative 2 uses shallow excavation ICs at two waste sites (100-K-64 and 118-K-1) with potential 14 

shallow soil direct contact exposure risk under a residential scenario. ICs would be required until 15 

radioactive decay reduces cumulative risk to <1×10-4 risk, which is year 2043 (23 years) at the 100-K-64 16 

waste site and year 2045 (25 years) at the 118-K-1 waste site (Table 3-4). 17 

ICs to prohibit irrigation are used at the 100-K-132 and 116-K-2 waste sites because COC concentrations 18 

exceed groundwater protection PRGs and SSLs. ICs prohibiting irrigation at 100-K-132 would remain in 19 

place until tritium decays to levels protective of groundwater (assumed year 2128 based on the maximum 20 

detected concentration of 13,400 pCi/g and a half-life of 12.3 years). Based on the estimated timeframe 21 

for the KE subarea tritium plume to achieve the 20,000 pCi/L PRG under Alternative 2 (year 2027), the 22 

tritium source is likely depleted in a shorter timeframe; therefore, the proposed irrigation IC timeframe is 23 

conservative. Irrigation ICs for the eastern portion of the 116-K-2 waste site would remain in place until 24 

Cr(VI) levels in soil are protective of groundwater and surface water (indefinite time period; year 2318 25 

[300 years] assumed for cost estimate) (Table 3-4). Based on the estimated timeframe for the KN subarea 26 

Cr(VI) plume to achieve the PRGs under Alternative 2 (up to year 2023), the proposed irrigation IC 27 

timeframe is conservative.  28 

ICs restricting deep excavation are used at waste sites 118-K-1, 100-K-132, and 116-K-2 (eastern and 29 

western portions) where exposure to residual radionuclides present a potential risk from inadvertent 30 

exposure through deep excavation activities. The COC concentrations at these waste sites exceed human 31 

health RBSLs (residential scenario) for radionuclides present in the vadose zone below a depth of 4.6 m 32 

(15 ft), in addition to having a 1×10-4 risk exceedance for shallow soil or groundwater/surface water 33 

protection SSLs and/or PRGs. ICs restricting deep excavation would be maintained until radioactive 34 

decay reduces concentrations in deep soil to below RBSLs. The timeframe when RBSLs would be 35 

achieved in deep soil ranges from year 2066 to year 2185 (Table 3-4).  36 

3.2.3.2.3 Waste Sites Remaining for Remedial Action  37 

Alternative 2 uses ICs restricting irrigation and deep excavation at 4 of the 36 post-ROD waste sites: 38 

116-KE-3, UPR-100-K-1, 100-K-82, and 116-KW-2. At the 116-KE-3, 100-K-82, and 116-KW-2 waste 39 

sites, these ICs would be required after other remedial actions (RTD or well decommissioning) 40 

are completed. 41 

The crib structure at the 116-KE-3 waste site and contaminated soil at the 116-KE-3 and UPR-100-K-1 42 

waste sites were removed to depths up to 9.1 m (41 ft) bgs. Further excavation was not possible due to the 43 
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proximity of the KE Reactor building. The RI characterization borehole sampling and contaminant 1 

transport model calibration results suggest that these waste sites are contributing to the underlying Sr-90 2 

groundwater plume. Natural source depletion through radioactive decay decreases Sr-90 concentrations in 3 

the vadose zone. Based on the timeframes required for Sr-90 concentrations in KE subarea groundwater 4 

to decay to the 8 pCi/L DWS, irrigation ICs will be maintained at the 116-KE-3 and UPR-100-K-1 waste 5 

sites for 300 years, and deep excavation ICs will be maintained until unrestricted use is allowed 6 

(Table 3-4). 7 

Vadose zone characterization data are not available for waste sites 100-K-82 (soil underlying the 8 

100-K-43 FSB) and the 116-KW-2 Crib/reverse well. However, leakage from the KW FSB is documented 9 

and evidenced by the Sr-90 plume downgradient of the basin. Decommissioning of the KW FSB, which 10 

includes sludge removal; deactivation, demolition, and removal of the concrete structure; and remediation 11 

of the underlying soil, began in 2018 and is projected to continue through December 2023. It is assumed, 12 

based on similar process history, that Sr-90-contaminated soil will remain after RTD. Therefore, 13 

Alternative 2 uses ICs restricting irrigation and deep excavation after RTD is completed. It is assumed 14 

that irrigation ICs will be maintained at the 116-KW-2 and 100-K-82 waste sites until the Sr-90 PRG in 15 

KW subarea groundwater is achieved (year 2153), and deep excavation ICs will be maintained until 16 

unrestricted use is allowed (Table 3-4). 17 

ICs restricting deep excavation will also be implemented as warranted for waste sites remaining for 18 

remedial action (Table 3-1) following waste site RTD. Residual deep radionuclide concentrations at these 19 

sites are expected to decay below human health direct contact RBSLs by year 2318. 20 

3.2.3.3 RTD for Waste Sites 21 

Alternative 2 includes RTD to address presumed direct contact and groundwater/surface water protection 22 

risk at the post-ROD waste sites. Shallow RTD uses standard methods (Figure 2-9), and deep RTD uses 23 

deep methods (Figure 2-10). 24 

3.2.3.3.1 Waste Sites Remediated Under Interim Actions – Pre-ROD 25 

As shown in Table 3-8, Alternative 2 assumes that remediation (RTD with disposal at ERDF) has been 26 

completed for the 24 pre-ROD waste sites. Therefore, no additional remediation costs for these waste 27 

sites are included in the FS cost estimate. 28 

3.2.3.3.2 Waste Sites Remaining for Remedial Action – Post-ROD 29 

Alternative 2 uses RTD at 34 of 36 post-ROD waste sites (Table 3-8). RTD is used to address presumed 30 

human health direct contact and potential ecological risk in shallow soil up to 4.6 m [15 ft] bgs and 31 

presumed groundwater/surface water protection risk in shallow or deep soil (>4.6 m [15 ft] bgs). 32 

Estimated RTD depths to address groundwater/surface water protection generally range from 6 to 15 m 33 

(20 to 50 ft) bgs. Areas and depth assumptions used for cost-estimating purposes for each of these waste 34 

sites are provided in Appendix C of this FS. For most of these waste sites, previous remedial actions have 35 

not been completed. Information for five waste sites with existing data or additional considerations is 36 

presented below. 37 

The 116-KE-1 waste site was partially remediated in 2004 and 2009 but requires additional remedial 38 

action to address shallow soil contamination. Sample results (for 100-K-6, 100-K-46, 100-K-62, and 39 

132-KE-1 Shallow_1 and Shallow_2 decision units) indicate that shallow soil concentrations of 40 

radionuclides in 2012 result in an ELCR >10-4. Therefore, Alternative 2 includes shallow RTD to remove 41 

soil in the southeastern and southwestern portions of the former excavation area, where samples contained 42 

C-14 at concentrations of 66 and 139 pCi/g, respectively. C-14 remaining deep soil is addressed using soil 43 

flushing (discussed in Section 3.2.3.4). 44 
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The KW FSB (100-K-43 waste site) stored radioactive sludge until 2019, when the sludge was removed 1 

per Tri-Party Agreement Milestone M-016-176 (Ecology et al., 1989b, Hanford Federal Facility 2 

Agreement and Consent Order Action Plan). Following decommissioning and decontamination, the 3 

structure (100-K-43) and underlying contaminated soil (100-K-82) will be remediated using RTD. 4 

Alternative 2 includes costs for demolishing and removing the FSB and completing soil removal in 5 

accordance with applicable Tri-Party Agreement milestones for the 100-K-43 and 100-K-82 waste sites, 6 

which include the following:  7 

 Initiating deactivation of the KW FSB by December 31, 2019 (Milestone M-016-178)  8 

 Completing deactivation, demolition, and removal of the KW FSB by September 30, 2023 9 

(Milestone M-016-181)  10 

 Initiating soil remediation under the KW FSB by December 31, 2023 (Milestone M-016-186) 11 

The reverse wells at the 116-KW-2 and 116-KE-3 waste sites remain in place. Alternative 2 includes 12 

decommissioning the reverse wells to a depth of 24.4 m (80 ft) bgs. In addition, deep RTD is used to 13 

remove the crib structure and contaminated soil at the 116-KW-2 waste site to a depth of 13.7 m 14 

(45 ft) bgs. The assumed depth is based on the RTD depth for the 116-KE-3 Crib, which is similar in 15 

construction. The 116-KE-3 Crib was demolished in 2009, and contaminated soil was excavated to 16 

a depth of approximately 12.5 m (41 ft). 17 

3.2.3.4 Soil Flushing for Waste Sites 18 

Alternative 2 uses soil flushing in conjunction with active P&T at two post-ROD waste sites (116-KE-1 19 

and 116-KW-1). Soil flushing is used to remove and transport C-14 from the deep vadose zone and 20 

PRZ to groundwater where it can be captured by groundwater extraction wells. Figure 2-14 illustrates the 21 

application of the soil flushing technology to vadose zone soil contamination.  22 

The condensate cribs and contaminated soil at the 116-KE-1 and 116-KW-1 waste sites were removed 23 

to depths up to 9.1 m (30 ft) bgs. Further excavation was not possible due to the proximity of these 24 

waste sites to the KE and KW Reactor buildings. As discussed in Section 2.4.1.1, deep vadose zone 25 

C-14 concentrations at 116-KE-1 exceed groundwater/surface water protection PRGs and SSLs. 26 

The contaminant transport model calibration results suggest that 116-KE-1 is a continuing source of 27 

tritium and 116-KW-1 a continuing source of C-14, nitrate, and tritium to groundwater. Based on the 28 

half-life of C-14 (5,280 years), thousands of years would be required for the maximum detected 29 

concentrations (45,000 pCi/g at 116-KW-1 and 7,600 pCi/g at 116-KE-1) for radioactive decay alone to 30 

achieve the groundwater protection and direct contact PRGs. Therefore, soil flushing is proposed to 31 

accelerate C-14 removal from the vadose zone. Soil flushing could also remove collocated contaminants 32 

with low Kd values, including nitrate and tritium.  33 

Figure 3-11 illustrates a conceptual layout of the proposed infiltration system for the 116-KE-1 and 34 

116-KW-1 waste sites. The following system design components were assumed for soil flushing at 35 

116-KE-1 and 116-KW-1 in Alternatives 2, 3, 4, 5, and 7: 36 

 Infiltration areas overlying or near the cribs and associated piping, each measuring 150 m2 (1,615 ft2) 37 

in size (approximately 5 m by 30 m [16.4 ft by 98.4 ft]), are included. Based on model simulations, 38 

one infiltration area at 116-KE-1 and two infiltration areas at 116-KW-1 are assumed. 39 

 Source water obtained from the KW P&T system is infiltrated into the subsurface using perforated 40 

drain pipe buried approximately 0.9 m (3 ft) bgs. 41 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

3-55 

 Water is delivered through a 4 to 6 in. diameter high-density polyethylene (HDPE) main line to 1 

a distribution header. From the header, the water flow is distributed to two drip emitters/perforated 2 

laterals that branch off at approximately 2.3 m (7.5 ft) spacing.  3 

 The drip emitters/perforated laterals dispense water based on the flow rate and pressure in each 4 

the line. The estimated flow rate for each system is 11 to 114 L/min (3 to 30 gal/min).  5 

 Groundwater extraction occurs within or downgradient of the soil flushing area using two new 6 

extraction wells.  7 

Monitoring and verification sampling includes installing four new monitoring wells (two monitoring 8 

wells in each treatment area) to monitor C-14 changes in groundwater. 9 

It is assumed the flushing system will use treated effluent from the KW P&T system as the source water. 10 

The need to amend the source water will be determined during remedial design. For Alternatives 2, 3, 4, 11 

5, and 7, it is assumed that amendments would not be required. It is assumed that treatment of extracted 12 

groundwater for C-14 will be required and performed at the KW P&T building, modified to install C-14 13 

treatment equipment within a new radiological treatment room.  14 

Costs included for the FS assume that two new water table monitoring wells and two new extraction wells 15 

will be installed within or downgradient of each waste site. Borehole and groundwater monitoring 16 

assumptions through year 1 for each area are included. The cost estimate assumes the performance 17 

monitoring program would include sampling and analysis for radionuclides, total and dissolved metals, 18 

general chemistry, and field water quality parameters. Samples would be collected weekly during the 19 

initial flushing operational period (first pore volume flush) and biweekly to quarterly for the remainder of 20 

the flushing period. Two post-flushing confirmation boreholes are assumed for each area. Post-flushing 21 

groundwater monitoring costs are included within the scope of the performance monitoring program 22 

described in Section 3.2.1.6. Performance monitoring plans would be developed as part of the RD/RAWP 23 

to refine monitoring requirements and associated costs, which may differ from the FS assumptions. 24 

Project support and O&M costs for the flushing system are included in the FS cost estimate, assuming 25 

one flushing period occurring in 2025, with the flushing period lasting one year. 26 

3.2.3.5 Source Treatment – Soil Flushing for Cr(VI) Continuing Sources 27 

Alternative 2 uses soil flushing in conjunction with active P&T to target areas with persistent 28 

Cr(VI) contamination in groundwater. The CSM described in Section 1.2.7 identifies potential Cr(VI) 29 

sources in the deep vadose zone and PRZ that could contribute to groundwater contamination. Contaminant 30 

transport model calibration results (Section 5.5.2.2 in the 100-K RI report [DOE/RL-2010-97]) indicate that 31 

simulated COC concentrations in groundwater match more closely with observed concentrations when 32 

a continuing source term is included in the model, providing an additional line of evidence that continuing 33 

sources are at these locations.  34 
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 1 

Figure 3-11. Waste Site Soil Flushing for C-14 – Conceptual Layout for Alternatives 2, 3, 4, 5, and 7 2 
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Alternative 2 assumes soil flushing is implemented at three locations (Figure 3-12) as follows:  1 

 183.1KW Headhouse: The 183.1KW Headhouse area is associated with the receipt and handling of 2 

concentrated sodium dichromate solution. As discussed in the 100-K RI report (Section 4.6.3 in 3 

DOE/RL-2010-97), high Cr(VI) concentrations remain in groundwater near the 183.1KW Headhouse. 4 

The KW P&T rebound test (SGW-62061) indicates a continuing source near well 199-K-205, where 5 

concentrations increased from 12 to 180 µg/L. The Cr(VI) concentration rebound in the KW plume 6 

area indicates the presence of a continuing source within the overlying vadose zone and/or PRZ.  7 

 190KW Pump House: As discussed in 100-K RI report (Section 4.6.3 of DOE/RL-2010-97), based 8 

on the magnitude and locations of observed Cr(VI) concentration rebound, a continuing source may 9 

be present within the vadose zone and/or PRZ. The KW P&T rebound test (SGW-62061) indicates 10 

a continuing source in the area between wells 199-K-224 and 199-K-173, located near the 11 

190KW Pump House. 12 

 183.1KE Headhouse: The KE subarea Cr(VI) plume extends from the 183.1KE Headhouse to the 13 

KE Reactor, and continues toward the Columbia River. Ongoing P&T interim action is reducing 14 

concentrations near the headhouse and reactor; however, persistent elevated Cr(VI) concentrations in 15 

groundwater indicate a continuing source in this area. Well 199-K-36, located adjacent to the former 16 

183.1KE Headhouse, historically had the highest Cr(VI) concentrations in the area and currently 17 

exhibits a stable to increasing concentration trend.  18 

A soil flushing treatability test for the 183.1KW Headhouse area is underway (DOE/RL-2017-30). Using 19 

treated groundwater from the KW P&T system, the test is designed to determine whether soil flushing can 20 

enhance the removal and transport of Cr(VI) from a continuing source(s) to groundwater for extraction 21 

and subsequent treatment. The pore volume of the treatability test area is estimated at 30 million L 22 

(8 million gal). At an infiltration rate of 1,000 L/min (265 gal/min), it will take approximately 23 days to 23 

fully saturate the test area. An estimated 3 to 5 pore volumes of treated water will be flushed through the 24 

test area during the treatability test. 25 

Based on information presented in DOE/RL-2017-30, the following soil flushing design components are 26 

assumed for Alternative 2: 27 

 Three infiltration areas, each measuring 4,645 m2 (50,000 ft2, approximately 61 m by76 m [200 ft by 28 

250 ft]), are included. Figure 3-13 illustrates a conceptual layout of the proposed infiltration area. 29 

Groundwater extraction will occur within or downgradient of each soil flushing area. 30 

 Source water is obtained from the KW P&T system and infiltrated into the subsurface using 31 

perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 32 

 Water is delivered through a 4 to 6 in. diameter HDPE main line to a distribution header. From the 33 

header, water flow is distributed to drip emitters/perforated laterals that branch off at approximately 34 

4.6 m (15 ft) spacing. These perforated laterals dispense water based on flow rate and pressure in 35 

each line. 36 

 The estimated flow rate for each system ranges from 110 to 1,100 L/min (30 to 300 gal/min).  37 
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Figure 3-12. Cr(VI) Continuing Source Soil Flushing Conceptual Layout for Alternatives 2, 3, 4, 5, and 7 2 
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 1 

Figure 3-13. Proposed Infiltration Area Schematic 2 

Monitoring and verification sampling includes installation of six new monitoring wells (two monitoring 3 

wells in each treatment area) to monitor Cr(VI) changes in groundwater. 4 

The flushing system will use treated effluent from the KW P&T system as the source water. In 2017, the 5 

average influent pH for the KW P&T system was 6.78 units. As indicated in DOE/RL-2017-30, the 6 

solubility of calcium carbonate, a mineral associated with Cr(VI) continuing sources, is pH-dependent, 7 

with order of magnitude solubility increases occurring if the pH is decreased from 8 to 6 units. The need 8 

to further acidify the source water will be determined during treatability testing. For Alternative 2, it is 9 

assumed that pH adjustment would not be required.  10 

The actual design and operation of the soil flushing component will be developed during the remedial 11 

design and provided in the RD/RAWP and may differ from the description presented in this FS. Criteria 12 

used to evaluate the effectiveness of soil flushing operations will be presented in the RD/RAWP. 13 

Costs included for the FS assume that two new monitoring wells will be installed within each treatment 14 

area (total of six). At each new monitoring well borehole location, vadose zone soil will be sampled for 15 

the presence or absence of chromate-substituted calcium carbonate. Groundwater samples would be 16 

collected before initiating flushing to determine the presence of mobile constituents in groundwater 17 

underlying the treatment area, concentrations of nontarget metals, Cr(VI), and general water quality and 18 

field parameters. 19 
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Project support and O&M costs for the flushing system are included in the FS cost estimate, assuming 1 

four flushing periods occurring in years 2020, 2021, 2023, and 2026, with each flushing period 2 

lasting one year. Under Alternative 2, it is assumed soil flushing would be implemented in years 3 

2020, 2023, and 2026 at the 183.1KW Headhouse and Pump House locations and in year 2021 at the 4 

183.1KE Headhouse location.  5 

The cost estimate assumes that the performance monitoring program would include sampling and analysis 6 

for Cr(VI), general chemistry, and field water quality parameters. Samples would be collected weekly 7 

during the initial flushing operational period (first pore volume flush) and biweekly to quarterly for the 8 

remainder of the flushing period. Two post-flushing confirmation boreholes are assumed. Post-flushing 9 

groundwater monitoring costs are included within the scope of the performance monitoring program 10 

described in Section 3.2.1.6. Performance monitoring plans would be developed as part of the RD/RAWP 11 

to refine monitoring requirements and associated costs, which may differ from the FS assumptions. 12 

3.2.3.6 MNA, ICs, and P&T (KW, KE) for Groundwater 13 

Under Alternative 2, P&T is used in combination with soil flushing of Cr(VI) continuing sources in the 14 

KW and KE subareas to remediate the KW and KE subareas Cr(VI) plumes, and MNA is used to 15 

remediate the KN subarea and K-N Boundary Cr(VI) plumes. MNA is also used to remediate C-14, 16 

nitrate, tritium, and TCE in the KW and KE subareas; and Sr-90 in the KW, KE, and KN subareas, with 17 

ICs restricting groundwater use until PRGs are met.  18 

The interim action P&T well network is expanded in Alternative 2 to include additional extraction wells. 19 

Extraction and injection wells flow rates have been optimized to control hydraulic gradients in soil flushing 20 

areas and to accelerate Cr(VI) plume remediation. Well use (i.e., extraction or injection), flow rates, and 21 

duration of well operation are detailed in ECF-100KR4-11-0167. P&T operations would begin in 22 

January 2020 and operate at an estimated total flow rate of 3,464 L/min (915 gal/min) for up to 13 years 23 

(through December 2032). Individual system flow rates include 1,249 L/min (330 gal/min) for the KW P&T 24 

system; 776 L/min (205 gal/min) for the KR4 P&T system; and 1,438 L/min (380 gal/min) for 25 

the KX P&T system. 26 

Alternative 2 largely uses existing extraction wells, injection wells, and conveyance piping. Figure 3-14 27 

shows the locations of extraction and injection wells for Alternative 2 and the simulated continuing 28 

sources. The groundwater fate and transport model for Alternative 2 assumes new extraction 29 

wells 199-K-X01 and 199-K-X02 are located in the downgradient portion of the KW subarea C-14 plume, 30 

new extraction well 199-K-X03 is located at the downgradient portion of the KE subarea Cr(VI) plume, 31 

and new C-14 soil flushing extraction wells RW-WC14-01 and RW-EC14-01 are located near the 32 

116-KW-1 and 116-KE-1 waste sites, respectively. Alternative 2 assumes wells RW-WC14 and 33 

RW-EC14 begin operating when soil flushing at 116-KW-1 and 116-KE-1 commences in 2025. 34 
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 1 

Figure 3-14. Alternative 2 – Well Layout and Simulated Continuing Sources 2 
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Treatment of extracted groundwater to remove Cr(VI) will be performed using the existing KW, KR4, 1 

and KX P&T systems using IX, and the treated groundwater is reinjected at 100-K. Although model 2 

projected concentrations for the combined C-14 influent (peak concentration of 960 pCi/L occurs in 3 

February 2025) are below the 2,000 pCi/L PRG, Alternative 2 assumes that flow from new extraction 4 

wells 199-K-X01, 199-K-X02, RW-WC14-01, and RW-EC14-01 would be segregated and undergo 5 

pre-treatment for C-14. The representative process option identified for C-14 treatment includes 6 

acidification followed by air stripping and vapor-phase granular activated carbon (VPGAC) adsorption 7 

(Figure 3-15). The acidification step converts C-14 as bicarbonate to carbon dioxide, which is removed by 8 

the air stripper unit. The air stripper off-gas is then drawn through VPGAC to remove the carbon dioxide. 9 

During remedial design, further evaluation will be conducted to determination the optimum pH for the 10 

acidification step, confirm the need for VPGAC treatment by simulating aqueous and vapor-phase C-14 11 

concentrations as a function of pH, and the optimum pressure for operation of the VPGAC unit (if 12 

needed). The C-14 treatment system would be housed in a new portion of the existing KW treatment 13 

building, which would be modified by adding a new 232 m2 (2,500 ft2) radiological treatment room to 14 

house the acidification, air stripping, and VPGAC equipment (Figure 3-15). New treatment equipment 15 

would include an equalization tank where water from the extraction wells is collected, transfer pumps, 16 

acid feed system, a low-profile tray stripper; fan blower, and VPGAC vessels (two) for off-gas treatment. 17 

Acid for pH adjustment would be supplied from existing tanks used for Cr(VI) treatment. Figures 2-18 18 

and 2-19 illustrate the IX and air stripping technologies, respectively. 19 

As described in Section 3.2.1.3 and ECF-100KR4-11-0167, the projected Sr-90, nitrate, and TCE 20 

concentrations for the combined influent are below their respective PRGs; therefore, treatment for these 21 

COCs is not required. Any TCE co-extracted in the KW subarea would also undergo partial treatment in 22 

the KW P&T air stripping system that targets C-14. Final design and pre-treatment implementation will 23 

be determined during remedial design and provided in the RD/RAWP.  24 

The P&T system performance monitoring would evaluate contaminant mass removal and would include 25 

both hydraulic and COC concentration monitoring of extracted groundwater. MNA performance 26 

monitoring would include COC concentration monitoring. The nature and scope of the performance 27 

monitoring program will be developed in the RD/RAWP and included in a performance monitoring plan 28 

that refines the monitoring and cost assumptions. Section 3.2.1.6 discusses general information on the 29 

scope and frequency of performance monitoring assumed for this FS. 30 

3.2.3.7 Groundwater Remediation Timeframes 31 

Simulated remediation timeframes for each COC to reach cleanup levels at the aquifer and shoreline for 32 

Alternative 2 are compared with Alternative 1 – No Action in Table 3-9 using the C90 and Cmax 33 

concentration statistics. The groundwater model simulations for Alternative 2 assume that the P&T 34 

system is operational in the KW and KE subareas starting in 2020. Prior to 2020, only the wells operating 35 

under the interim action P&T are active. The model assumes that Cr(VI) soil flushing occurs in the 36 

KE subarea in 2021, and in years 2020, 2023, and 2026 in the KW subarea. C-14 soil flushing occurs at 37 

the 116-KW-1 and 116-KE-1 waste sites in 2025. 38 
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Figure 3-15. Alternatives 2 Through 7 – Groundwater Treatment System  2 
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Table 3-9. Simulated Groundwater Remediation Timeframes – Comparison Between Alternatives 2 and 1 

COC and PRG Alternative 

Subarea and Year PRG is Meta 

C90/Cmax 

KW KE KN 100-N All Subareas 

Cr(VI) (aquifer) 

48 µg/L 

Alternative 2 

Alternative 1 

2018/2029 

2018/2143+ 

2018/2031 

2018/2065 

2018b/2019b 

2018b/2022b 

2018c/2018c 

2018c/2018c 

2018/2031 

2018/2143+ 

Cr(VI) (shoreline) 

10 µg/L 

Alternative 2 

Alternative 1 

2018/2018 

2056/2063 

2018/2019 

2055/2059 

2022d/2023d 

2026d/2037d 

2018e/2143+e 

2133e/2143+e 

2022/2143+ 

2133/2143+ 

C-14 

2,000 pCi/L 

Alternative 2 

Alternative 1 

2021/2028 

2027/2034 

2019/2027 

2019/2035 
N/A N/A 

2021/2028 

2027/2035 

Sr-90 

8 pCi/L 

Alternative 2 

Alternative 1 

2036/2153 

2045/2152 

2141f/2318+f 

2139f/2318+f 

2018/2026 

2018/2032 
N/A 

2141/2318+ 

2139/2318+ 

Nitrate 

45,000 µg/L 

Alternative 2 

Alternative 1 

2018/2028 

2018/2028 

2018/2023 

2018/2021 
N/A N/A 

2018/2028 

2018/2028 

Tritium 

20,000 pCi/L 

Alternative 2 

Alternative 1 

2018/2025 

2018/2028 

2018/2025 

2018/2027 
N/A N/A 

2018/2025 

2018/2028 

TCE 

4 µg/L 

Alternative 2 

Alternative 1 

2021/2026 

2021/2027 

2018/2025 

2018/2024 
N/A N/A 

2021/2026 

2021/2027 

a. Year PRG is met based on C90 and Cmax simulations.  

b. Timeframe is for the KN subarea Cr(VI) plume and the portion of the K-N Boundary Cr(VI) plume within the KN subarea. 

c. Timeframe is for the portion of the K-N Boundary Cr(VI) plume within the 100-N subarea.  

d. Timeframe is for the downgradient portion of the KN subarea Cr(VI) plume.  

e. Timeframe is for the K-N Boundary plume, which migrates into the 100-N subarea before reaching the shoreline.  

f. Timeframe for the KE subarea, which includes the KE and K1/K2 Sr-90 plumes. When evaluated individually, the C90/Cmax 

concentrations are <8 pCi/L in years 2179/2318+ for the KE plume and years 2048/2189 for the K1/K2 plume. 

+ = COC concentration exceeds the PRG at the end of 

the last year simulated 

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the 

model domain 

COC = contaminant of concern 

N/A = not applicable 

PRG = preliminary remediation goal 

 1 

The P&T and Cr(VI) soil flushing result in reduced Cr(VI) remediation timeframes for the aquifer and 2 

shoreline groundwater in the KW and KE subareas compared to Alternative 1. Aquifer remediation 3 

timeframes are reduced by 115 years for the KW subarea and 35 years for the KE subarea, and shoreline 4 

timeframes are reduced by 45 years at the KW subarea and 40 years at the KE subarea (Table 3-9) based 5 

on Cmax concentrations. Predicted aquifer remediation timeframes for the KW and KE subareas (0 years) 6 

are the same as Alternative 1, whereas shoreline remediation timeframes are reduced by 40 years for the 7 

KW and KE subareas based on C90 concentrations. Because Alternative 2 uses MNA for the KN subarea 8 

and K-N Boundary plumes, remediation timeframes are nearly the same as for Alternative 1, except the 9 

C90 timeframe for the K-N Boundary plume is reduced by 115 years.  10 

Figures 3-16 through Figure 3-18 present the simulated Cr(VI) plumes at the end of years 2018, 2022, 11 

2027, 2037, 2067, and 2092 (years 1, 5, 10, 20, 50, and 75) for Alternative 2. The simulated Cmax 12 

Cr(VI) concentration results indicate that 15 years of P&T and soil flushing would result in Cr(VI) 13 

concentrations decreasing below the 48 μg/L groundwater PRG in the aquifer and below the 10 μg/L 14 

shoreline groundwater PRG in the KW and KE subareas. Cr(VI) concentrations in the KN subarea and 15 
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100-N are <48 μg/L before simulation year 5. After simulation year 5, Cr(VI) concentrations in the 1 

KN subarea drop to <10 µg/L along the shoreline. Shoreline Cr(VI) concentrations in the downgradient 2 

portion of the K-N Boundary plume are <10 µg/L until the plume migrates to the 100-N shoreline in 3 

approximately 75 years (Figure 3-18). Based on information provided in Appendix D of this FS, projected 4 

Cmax concentrations (between 10 and 14 µg/L) exceed 10 µg/L at the shoreline (ECF-100KR4-18-0044) 5 

from 2084 to 2143. 6 

Figure 3-19 presents the simulated Cmax KW and KE subareas C-14 plumes at the end of years 2018, 7 

2022, and 2027 (years 1, 5, and 10) for Alternative 2. Table 3-9 presents the projected remediation 8 

timeframes based on C90 and Cmax. The model simulations indicate that C-14 concentrations throughout 9 

the KW and KE subareas are below the 2,000 pCi/L PRG within 5 years based on C90 or within 10 years 10 

based on Cmax. The C90 timeframe for the KW subarea is 10 years shorter than for Alternative 1. The Cmax 11 

timeframes for the KW and KE subareas are 10 years shorter than for Alternative 1.  12 

Nitrate, tritium, and TCE in the KW and KE subareas are co-extracted with Cr(VI) by the P&T system. 13 

As shown in Table 3-9, remediation timeframes for nitrate, tritium, and TCE are within 3 years of the 14 

Alternative 1 remediation timeframes. Model simulations indicate that concentrations throughout the 15 

plumes are below their respective PRGs within 5 years based on C90 and within 10 years based on Cmax 16 

(Table 3-9). 17 

The KW and KE subareas Sr-90 plumes and localized Sr-90 in KN subarea groundwater are remediated 18 

primarily through radioactive decay. As expected, P&T does not affect the remediation timeframe 19 

(Table 3-9) compared to Alternative 1 – No Action. Predicted remediation timeframes for Sr-90 are 20 

similar to Alternative 1 (approximately 140 years in the KW subarea and 300 years in the KE subarea), 21 

except the C90 timeframe is about 10 years less in the KW subarea under Alternative 2. The Cmax 22 

timeframe for Sr-90 in the KN subarea (year 2026) is 6 years shorter than for Alternative 1. 23 
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Figure 3-16. Alternative 2 – Simulated Cr(VI) Plumes After Years 1 (2018) and 5 (2022) 2 
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Figure 3-17. Alternative 2 – Simulated Cr(VI) Plumes After Years 10 (2027) and 20 (2037) 2 
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 1 

Figure 3-18. Alternative 2 – Simulated Cr(VI) Plumes After Years 50 (2067) and 75 (2092) 2 
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Figure 3-19. Alternative 2 – Simulated KW and KE Subareas C-14 Plumes After Years 1 (2018), 5 (2022), and 10 (2027) 2 
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3.2.4 Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste 1 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 2 

and P&T (All Areas) for Groundwater 3 

Alternative 3 is the same as Alternative 2 for waste sites and Cr(VI) continuing sources. Alternative 3 4 

expands P&T to the north to include P&T for Cr(VI) in KN subarea groundwater and the K-N Boundary 5 

Cr(VI) plume. The key components of Alternative 3 include the following: 6 

 ICs to prevent direct contact exposure at waste sites with shallow soil contamination exceeding 7 

human health PRGs 8 

 RTD to address waste sites with known or presumed shallow soil direct contact risk and groundwater 9 

protection PRG exceedances 10 

 ICs to restrict excavation at waste sites that contain residual radionuclide contamination at depths 11 

>4.6 m (15 ft) that pose a potential risk from inadvertent exposure through deep excavation activities 12 

 ICs prohibiting irrigation at waste sites with groundwater and/or surface water protection 13 

SSL exceedances 14 

 Soil flushing (together with P&T) to enhance the removal and transport of C-14 from waste site 15 

sources to groundwater where aqueous C-14 is removed using P&T 16 

 Soil flushing (together with P&T) to enhance the removal and transport of Cr(VI) from continuing 17 

vadose zone sources to groundwater where aqueous Cr(VI) is removed using P&T 18 

 P&T for Cr(VI) (with co-extraction of other COCs) in the KW, KE, and KN subareas and the 19 

K-N Boundary plume to control plume migration, and to remediate the Cr(VI) plumes to the aquifer 20 

and shoreline groundwater PRGs through extraction, treatment, and reinjection 21 

 MNA with ICs for C-14, nitrate, tritium, and TCE in the KW and KE subareas; and for Sr-90 in the 22 

KW, KE, and KN subareas, restricting groundwater use until groundwater PRGs are met 23 

Table 3-10 summarizes the waste site and groundwater components of Alternative 3, the total present 24 

value soil and groundwater cost estimates, and the estimated time to achieve groundwater PRGs based on 25 

the Cmax and C90 concentrations. Table 3-4 provides additional information on the waste site excavation 26 

and irrigation ICs. 27 

3.2.4.1 No Action for Waste Sites 28 

No further actions are required for 82 waste sites passing risk or site-specific evaluations (Table 3-2).  29 

3.2.4.2 ICs for Waste Sites 30 

For the waste site ICs, Alternative 3 is the same as described for Alternative 2 (Section 3.2.3.2).  31 

3.2.4.3 RTD for Waste Sites 32 

Under Alternative 3, RTD for waste sites is the same as described for Alternative 2 (Section 3.2.3.3). 33 
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Table 3-10. Description of Components for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing 
for 2 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Waste sites  No further action No additional remedial actions are taken at 82 waste sites, including 60 waste sites where CVP sample results confirm the 

interim actions completed under an interim action ROD meet PRGs and 22 waste sites with site-specific considerations. 

 Deep Waste Sites for ICs 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-3, 

100-K-36, 100-K-56:1, 100-K-68, 100-K-69, 100-K-70, and 100-K-71, 116-K-1; up to year 2135 (Table 3-4). 

 Waste Sites with Remedial Alternatives 

 ICs Excavation ICs to minimize the potential for direct contact exposure for sites with potential shallow human health direct 

contact risk until <1×10-4: 100-K-64 and 118-K-1 waste sites; up to year 2045 (Table 3-4). 

Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 

100-K-132, 118-K-1, and 116-K-2 (eastern and western); up to year 2185 (Table 3-4). 

Irrigation ICs to address potential groundwater/surface water protection risk from radionuclide or chemical COCs in soil 

until less than the PRG: 100-K-132 and 116-K-2 (eastern) waste sites; up to year 2318 (Table 3-4). 

 Waste Sites Remediated Under Interim Actions (Pre-ROD)a 

 RTD 24 waste sites assumed remediated under interim actions before December 31, 2019: shallow RTD at 100-K-13, 100-K-25, 

100-K-27, 100-K-35, 100-K-79:4, 100-K-94, 100-K-99, 100-K-103, 100-K-107, 100-K-108, 120-KE-1, 120-KE-2, 

120-KE-3, 120-KE-4, 120-KE-5, 1607-K1, and 1607-K5; and deep RTD at 100-K-79:3, 100-K-79:9, 100-K-98, 100-K-101, 

116-KE-2, 120-KE-6, and 120-KE-9. 

 Waste Sites Remaining for Remedial Action (Post-ROD) 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 

100-K-82, 116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

Irrigation ICs to address groundwater/surface water protection risk at waste sites located near reactor facilities: waste sites 

100-K-82, 116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

 RTD RTD up to 4.6 m (15 ft) to address presumed human health direct contact and/or ecological risk and/or 

groundwater/surface water protection risk using standard excavation technology, as described in Section 3.2.1.2: waste 

sites 100-K-1, 100-K-5, 100-K-48, 100-K-49, 100-K-54, 100-K-56:2, 100-K-56:3, 100-K-74, 100-K-81, 100-K-83, 

100-K-104, 116-K-3, 120-KE-8, 120-KW-6, 130-K-2, 130-KW-1, and 1607-K6. 

RTD to depth of contamination exceeding surface/groundwater PRGs using standard and deep excavation technologies, as 

described in Section 3.2.1.2: waste sites 100-K-47, 100-K-55:2, 100-K-60, 100-K-72, 100-K-73, 100-K-75, 100-K-79:5, 

100-K-79:6, 100-K-79:7, 100-K-79:8, 130-KE-2, and 130-KW-2. 

RTD to remove structure (fuel storage basin waste site 100-K-43) and underlying contaminated soil (100-K-82 waste site) 

after fuel storage basin contents have been removed (assumed RTD depth of 13.7 m [45 ft] bgs). 
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Table 3-10. Description of Components for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing 
for 2 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Waste sites (cont.)  RTD up to 4.6 m (15 ft) to address human health direct contact risk identified during partial remediation: 116-KE-1 

waste site. 

RTD to decommission reverse well at the 116-KE-3 waste site. 

RTD to address presumed human health direct contact and/or ecological risk and groundwater/surface water protection risk 

at the 116-KW-2 waste site. RTD to remove structure (crib at the 116-KW-2 waste site) and underlying contaminated soil 

(assumed RTD depth of 13.7 m [45 ft] bgs), and decommission reverse well.  

Table 3-2 identifies applicable waste sites remediated by RTD using standard excavation technology and also sites for deep 

excavation based on process knowledge. 

For NHPA planning considerations, the majority of the anticipated area of potential effect associated with RTD is within 

previously disturbed operational areas. A portion of this area has been inventoried for cultural resources within the past 

10 years. There are previously documented archaeological resources and one known traditional cultural property within the 

area of potential effect. Mitigation documentation requirements for facilities within the area of potential effect have already 

been met. 

 Soil flushing  Soil flushing (together with P&T) for C-14 at 116-KE-1 and 116-KW-1 former condensate cribs. 

Surface infiltration of treated water. 

Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Two new extraction wells in each area. 

Monitoring and verification sampling, which includes installation of two monitoring wells in each area to monitor 

groundwater quality changes daily to quarterly during the injection period (one year). 

Two infiltration areas at 116-KW-1 and one infiltration area at 116-KE-1, each 150 m2 (1,615 ft2) in size (approximately 

5 m by 30 m [16.4 ft by 98.4 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 2.3 m (7.5 ft) spacing. 

Estimated system flow rate ranging from 11 to 114 L/min (3 to 30 gal/min). 

Soil flushing for one year (2025). 

A small total anticipated area of potential effect (<0.04 ha [0.1 ac]) is associated with soil flushing at waste sites for NHPA 

planning considerations. These waste site areas were previously disturbed under interim actions. 

Continuing sources Soil flushing Soil flushing (together with P&T) for Cr(VI) in three locations: 183.1KW Headhouse, 190KW Pump House, and 

183.1KE Headhouse. 

Surface infiltration of treated water. Source water delivery using perforated drain pipe buried approximately 0.9 m 

(3 ft) bgs. 

Monitoring and verification sampling, which includes installation of six monitoring wells (two monitoring wells in each 

treatment area) to monitor groundwater quality changes daily to quarterly during the injection period (one year). 

Each infiltration area 4,645 m2 (50,000 ft2, approximately 61 m by 76 m [200 ft by 250 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 4.6 m (15 ft) spacing. 
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Table 3-10. Description of Components for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing 
for 2 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Continuing sources (cont.)  Estimated system flow rate ranging from 110 to 1,100 L/min (30 to 300 gal/min). 

Soil flushing for 3 years (2021, 2023, and 2026) at 183.1KW Headhouse and 190KW Pump House areas; flushing for one 

year (2021) at 183.1KE Headhouse area. 

A small total anticipated area of potential effect (<2 ha [5 ac]) is associated with soil flushing at the three locations for 

NHPA planning considerations. These areas were previously disturbed under interim actions. 

Groundwater ICs Maintain existing sitewide ICs (including groundwater use restrictions) under DOE/RL-2001-41, with modifications to 

include area-specific supplemental controls. 

Groundwater use at 100-K is restricted except for monitoring and treatment as approved by EPA. Land-use and real 

property controls ensure that the use of groundwater is in accordance with Hanford Site plans and CERCLA 

decision documents. 

Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the existing plumes or their 

paths on the Hanford Site. 

Maintain ICs for each plume for the time required to reach PRGs. 

 P&T for Cr(VI) (collection) P&T to provide hydraulic containment at the shoreline and aquifer restoration by removing Cr(VI)-contaminated 

groundwater in the KW, KE, and KN subareas and the K-N Boundary plume. 

Install additional extraction wells for Cr(VI) and C-14 in the KW and KE subareas.  

Modify the KW P&T building to add ex situ treatment for C-14.  

Operate the KW, KR4, and KX P&T systems at an estimated total combined rate of 5,602 L/min (1,480 gal/min). 

The operational duration for Cr(VI) is estimated at 13 years (through December 2032) to reach and remain <48 µg/L in the 

aquifer and 10 µg/L at the shoreline. 

P&T network includes 42 extraction wells and 19 injection wells. The actual number and placement of extraction and 

injection wells and the pumping rates will be refined during RD/RAWP development and may differ from the configuration 

described in this FS.  

The RPO process will be used to provide ongoing evaluations to ensure that the system demonstrates progress toward RAO 

achievement. RPO may adjust extraction and injection flow rates for each well or cycle wells on and off (e.g., pulsed 

pumping) to improve capture efficiency and flow-path control. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the P&T network for NHPA 

planning considerations. Well and piping siting, as well as cultural resources review and any mitigation planning 

requirements, will be addressed in the RD/RAWP. 
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Table 3-10. Description of Components for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing 
for 2 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Groundwater (cont.) P&T for Cr(VI) (treatment) Treat extracted groundwater through IX for Cr(VI) at the KW, KR4, and KX treatment plants. Treatment for C-14 

performed in new 232 m2 (2,500 ft2) treatment room constructed at the KW P&T building. 

IX treatment reduces Cr(VI) concentrations below the state surface water quality standard (10 µg/L). Air stripping reduces 

C-14 concentrations below the DWS (2,000 pCi/L).  

New C-14 treatment equipment would include an equalization tank, transfer pumps, acid feed system, low-profile tray 

stripper, fan blower, and VPGAC vessels (two) for off-gas treatment. 

Treatment for Sr-90, tritium, nitrate, and TCE would not be performed because the combined influent concentrations are 

projected to remain below their respective PRGs. No treatment technologies for tritium are available. 

Ex situ treatment for Cr(VI) and C-14 will continue for the estimated duration of P&T operations (13 years at KW, KR4, 

and KX P&T systems). 

 

 P&T for Cr(VI) (discharge) Treated groundwater from the KW, KR4, and KX P&T systems is reinjected within the 100-KR-4 OU. 

 O&M O&M of the extraction well network, injection well network, conveyance infrastructure, and above-grade infrastructure 

(transfer stations) will be based on the times for Cr(VI) concentrations to reach the PRG. The nature and scope of O&M 

activities will be developed in the RD/RAWP. 

 Monitoring requirements 

P&T and MNAb 

Remedy performance monitoring during P&T to evaluate the progress and effectiveness of P&T to attain the Cr(VI) PRG at 

the KW, KE, and KN subareas and the K-N Boundary plume (up to 15 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the PRGs (nitrate, tritium, TCE, and 

C-14) (up to 10 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the Sr-90 PRG (up to 300 years). 

Monitoring plans will be defined developed as part of the RD/RAWP.  

For cost estimating, it is assumed sampling for nitrate, TCE, and tritium is semiannual in years 1–5 and annual in  

years 6–10. Sampling for C-14 is semiannual in years 1–5 and annual in years 6–10. Monitoring for Sr-90 is semiannual in 

year 1, and every 5 years for years 2–300. Monitoring for Cr(VI) is semiannual in years 1–10 and annual in years 11–15.  

Monitoring network assumed to include existing monitoring wells. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the existing monitoring 

network for NHPA planning considerations. Well location siting, as well as cultural resource review and any mitigation 

planning requirements, will be addressed in the RD/RAWP. 
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Table 3-10. Description of Components for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, and Soil Flushing 
for 2 Waste Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Groundwater (cont.) Groundwater remediation 

timeframec 
COC PRG 

Estimated Remediation Timeframe (years) 

Cmax C90 

Cr(VI) 48 µg/L 15 0 

Cr(VI) 10 µg/L 5 0 

C-14 2,000 pCi/L 10 5 

Sr-90 8 pCi/L >300 130 

Nitrate 45,000 µg/L 10 0 

Tritium 20,000 pCi/L 10 0 

TCE 4 µg/L 10 5 

 Compliance monitoring 

requirements 

Semiannual monitoring will be performed for an additional 5 years after PRGs are initially achieved (through P&T and 

MNA) to confirm that PRGs have been met.  

Present value costs Total: $374 million 

Waste sites: $198 million 

Continuing sources: $13 million 

Groundwater:  $163 million 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions. 

a. Excluded from cost estimates. 

b. Additional information on P&T and MNA monitoring requirements appears in Section 3.2.1.6. 

c. Remediation timeframes up to 50 years are rounded up to the nearest 5 years, and those >50 years are rounded up to the nearest 10 years. 

bgs = below ground surface 

CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

CVP = cleanup verification package 

DWS = drinking water standard 

EPA = U.S. Environmental Protection Agency 

IC = institutional control 

IX = ion exchange 

MNA =  monitored natural attenuation 

O&M = operations and maintenance 

OU = operable unit 

NHPA = National Historic Preservation Act of 1966 

P&T = pump and treat 

PRG = preliminary remediation goal 

RAO = remedial action objective 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RPO = remedial process optimization 

RTD = removal, treatment, and disposal 

 1 
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3.2.4.4 Soil Flushing for Waste Sites 1 

Under Alternative 3, soil flushing for waste sites is the same as described for Alternative 2 2 

(Section 3.2.3.4). 3 

3.2.4.5 Source Treatment – Soil Flushing for Cr(VI) Continuing Sources 4 

Under Alternative 3, soil flushing for continuing sources is the same as described for Alternative 2 5 

(Section 3.2.3.5). 6 

3.2.4.6 MNA, ICs, and P&T (All Areas) for Groundwater 7 

Under Alternative 3, P&T is used in combination with soil flushing of Cr(VI) continuing sources in the 8 

KW and KE subareas to remediate the KW, KE, and KN subareas and K-N Boundary Cr(VI) plumes. 9 

MNA is used to remediate C-14, nitrate, tritium, and TCE in the KW and KE subareas; and Sr-90 in the 10 

KW, KE, and KN subareas, with ICs restricting groundwater use until PRGs are met.  11 

Extraction and injection wells flow rates have been optimized to control hydraulic gradients in soil 12 

flushing areas and to accelerate Cr(VI) plume remediation. Well use (i.e., extraction or injection), 13 

flow rates and the duration of well operation are detailed in ECF-100KR4-11-0167. P&T operations 14 

would begin in January 2020 and operate at an estimated total flow rate of 5,602 L/min (1,480 gal/min) 15 

for up to 13 years. Individual system flow rates include 1,249 L/min (330 gal/min) for the KW P&T 16 

system; 1,230 L/min (325 gal/min) for the KR4 P&T system; and 3,123 L/min (825 gal/min) for 17 

the KX P&T system. 18 

Alternative 3 largely uses existing extraction wells, injection wells, and conveyance piping. Figure 3-20 19 

shows the locations of extraction and injection wells for Alternative 3 and the simulated continuing 20 

sources. The groundwater fate and transport model for Alternative 3 assumes that new extraction 21 

wells 199-K-X01 and 199-K-X02 are located in the downgradient portion of the KW subarea C-14 plume, 22 

new extraction well 199-K-X03 is located at the downgradient portion of the KE subarea Cr(VI) plume, 23 

and new C-14 soil flushing extraction wells RW-WC14-01 and RW-EC14-01 are located near the 24 

116-KW-1 and 116-KE-1 waste sites, respectively. Wells RW-WC14 and RW-EC14 begin operating 25 

when soil flushing at 116-KW-1 and 116-KE-1 commences in 2025. 26 

Treatment of extracted groundwater to remove Cr(VI) will be performed using the existing KW, KR4, 27 

and KX P&T systems using IX, and the treated groundwater reinjected at 100-K. C-14 is treated by 28 

acidification followed by air stripping and VPGAC adsorption using new process equipment, as described 29 

for Alternative 2 (Section 3.2.3.6). Figure 3-15 provides a conceptual process flow schematic for the P&T 30 

systems for Alternative 3.  31 

As described in Section 3.2.1.3 and shown in ECF-100KR4-11-0167, the projected Sr-90, nitrate, and 32 

TCE concentrations for the combined influent are below their respective PRGs; therefore, treatment for 33 

these COCs would not be performed. Any TCE co-extracted in the KW subarea would also undergo 34 

partial treatment in the KW P&T air stripping system that targets C-14. Final design and pre-treatment 35 

implementation will be determined during remedial design and provided in the RD/RAWP. 36 

P&T system performance monitoring would evaluate contaminant mass removal and would include both 37 

hydraulic and COC concentration monitoring of extracted groundwater. MNA performance monitoring 38 

would include COC concentration monitoring. The nature and scope of the performance monitoring 39 

program will be developed in the RD/RAWP phase and included in a performance monitoring plan that 40 

refines the monitoring and cost assumptions. General information on the scope and frequency of 41 

performance monitoring assumed for this FS is described in Section 3.2.1.6. 42 
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 1 

Figure 3-20. Alternative 3 – Well Layout and Simulated Continuing Sources 2 
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3.2.4.7 Groundwater Remediation Timeframes 1 

Simulated remediation timeframes for each COC to reach cleanup levels at the aquifer and shoreline for 2 

Alternative 3 are compared with Alternative 1 – No Action in Table 3-11 using the C90 and Cmax 3 

concentration statistics. The groundwater model simulations for Alternative 3 assume that the P&T 4 

system for this alternative is operational in the KW, KE, and KN subareas (including the KN and 5 

K-N Boundary plumes) starting in 2020, prior to which only the wells operating under the interim action 6 

P&T are active. The model assumes that Cr(VI) soil flushing occurs at continuing sources in the 7 

KE subarea in 2021; and in years 2020, 2023, and 2026 in the KW subarea. C-14 soil flushing occurs at 8 

the 116-KW-1 and 116-KE-1 waste sites in 2025.  9 

Table 3-11. Simulated Groundwater Remediation Timeframes – Comparison Between Alternatives 3 and 1 

COC Alternative 

Subarea and Year PRG is Meta 

(C90/Cmax) 

KW KE KN 100-N  All Subareas 

Cr(VI) (aquifer) 

48 µg/L 

Alternative 3 

Alternative 1 

2018/2029 

2018/2143+ 

2018/2031 

2018/2065 

2018b/2019b 

2018b/2022b 

2018c/2018c 

2018c/2018c 

2018/2031 

2018/2143+ 

Cr(VI) (shoreline) 

10 µg/L 

Alternative 3 

Alternative 1 

2018/2018 

2056/2063 

2018/2019 

2055/2059 

2018d/2018d 

2026d/2037d 

2018e/2018e 

2133e/2143+e 

2018/2019 

2133/2143+ 

C-14 

2,000 pCi/L 

Alternative 3 

Alternative 1 

2021/2028 

2027/2034 

2019/2026 

2019/2035 
N/A N/A 

2021/2028 

2027/2035 

Sr-90 

8 pCi/L 

Alternative 3 

Alternative 1 

2038/2152 

2045/2152 

2146f/2318+f 

2139f/2318+f 

2018/2026 

2018/2032 
N/A 

2146/2318+ 

2139/2318+ 

Nitrate 

45,000 µg/L 

Alternative 3 

Alternative 1 

2018/2028 

2018/2028 

2018/2023 

2018/2021 
N/A N/A 

2018/2028 

2018/2028 

Tritium 

20,000 pCi/L 

Alternative 3 

Alternative 1 

2018/2025 

2018/2028 

2018/2025 

2018/2027 
N/A N/A 

2018/2025 

2018/2028 

TCE 

4 µg/L 

Alternative 3 

Alternative 1 

2021/2026 

2021/2027 

2018/2025 

2018/2024 
N/A N/A 

2021/2026 

2021/2027 

a. Year PRG is met based on C90 and Cmax simulations. 

b. Timeframe is for the KN subarea Cr(VI) plume and the portion of the K-N Boundary Cr(VI) plume within KN.  

c. Timeframe is for the K-N Boundary Cr(VI) plume.  

d. Timeframe is for the downgradient portion of the KN subarea Cr(VI) plume.  

e. Timeframe is for the K-N Boundary plume, which migrates into the 100-N subarea before reaching the shoreline.  

f. Timeframe for the KE subarea, which includes the KE and K1/K2 Sr-90 plumes. When evaluated individually, C90/Cmax 

concentrations are <8 pCi/L in years 2181/2318+ for the KE plume and years 2052/2214 for the K1/K2 plume. 

+ = COC concentration exceeds the PRG 

at the end of the last year simulated  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in 

the model domain 

COC = contaminant of concern 

N/A = not applicable 

PRG = preliminary remediation goal 

 10 
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The P&T and Cr(VI) soil flushing in the KW and KE subareas and the P&T in KN subarea and the 1 

K-N Boundary plume result in reduced remediation timeframes for the aquifer and shoreline under 2 

Alternative 3 compared to Alternative 1. Aquifer remediation timeframes (Cmax) are reduced by 115 years 3 

for the KW subarea, 35 years for the KE subarea, and 5 years for the KN subarea; and shoreline 4 

timeframes are reduced by 45 years at the KW subarea, 40 years at the KE subarea, and 10 years at the 5 

KN subarea. The P&T of the K-N Boundary plume results in a 125-year reduction of the shoreline 6 

remediation timeframe at the 100-N shoreline. The C90 concentrations are <48 µg/L throughout the 7 

aquifer and 10 µg/L along the shoreline in 2018 (all subareas) in year 1 under Alternative 3 (Table 3-11). 8 

Figures 3-21, 3-22, and 3-23 present the simulated Cr(VI) plumes at the end of 2018, 2022, 2027, 2037, 9 

2067, and 2092 (years 1, 5, 10, 20, 50, and 75) for Alternative 3. The simulated Cmax Cr(VI) concentration 10 

results indicate that 15 years of P&T and soil flushing would result in Cr(VI) concentrations decreasing 11 

below the 48 μg/L groundwater PRG throughout the aquifer and below the 10 μg/L shoreline groundwater 12 

PRG in the KW and KE subareas. Cr(VI) concentrations in the KN subarea and 100-N are <48 μg/L in 13 

the aquifer and <10 µg/L along the shoreline after one year of P&T. After 15 years of P&T at the 14 

K-N Boundary plume, further concentration reduction occurs through MNA, resulting in concentrations 15 

<10 µg/L when the plume reaches the 100-N shoreline, thereby reducing the overall remediation 16 

timeframe at the 100-N shoreline by 125 years.  17 

Simulated Cmax KW and KE subareas C-14 plumes at the end of 2018, 2022, and 2027 (years 1, 5, and 10) 18 

for Alternative 3 are similar to those presented in Figure 3-19 for Alternative 2. The C-14 concentrations 19 

throughout the KW and KE subareas are below the 2,000 pCi/L PRG within 5 years based on C90 or 20 

within 10 years based on Cmax. The C90 and Cmax timeframes for the KW subarea and the Cmax timeframe 21 

for the KE subarea are 10 years shorter than for Alternative 1 (Table 3-11).  22 

Nitrate, tritium, and TCE are co-extracted by the P&T system. As shown in Table 3-11, remediation 23 

timeframes for nitrate, tritium, and TCE, are similar to (within 3 years of) the Alternative 1 timeframes.  24 

The KW and KE Sr-90 plumes and localized Sr-90 at KN subarea wells are remediated primarily through 25 

radioactive decay. P&T does not affect the remediation timeframe (Table 3-11) compared to 26 

Alternative 1. Predicted remediation timeframes for Sr-90 are similar to Alternative 1 (approximately 27 

140 years in the KW subarea and 300 years in the KE subarea), except the C90 timeframe is about 28 

10 years less in the KW subarea and 10 years greater in the KE subarea under Alternative 3. 29 
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 1 

Figure 3-21. Alternative 3 – Simulated Cr(VI) Plumes After Years 1 (2018) and 5 (2022) 2 
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 1 

Figure 3-22. Alternative 3 – Simulated Cr(VI) Plumes After Years 10 (2027) and 20 (2037) 2 
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 1 

Figure 3-23. Alternative 3 – Simulated Cr(VI) Plumes After Years 50 (2067) and 75 (2092) 2 
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3.2.5 Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste 1 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 2 

and P&T (All Areas) for Groundwater 3 

Alternative 4 is the same as Alternatives 2 and 3 for waste sites except that soil flushing for Cr(VI) 4 

replaces the irrigation IC for one waste site (the eastern portion of 116-K-2). Alternative 4 is the same as 5 

Alternative 3 for Cr(VI) continuing sources and groundwater. This alternative includes the following 6 

primary components: 7 

 ICs to prevent direct contact exposure at waste sites with shallow soil contamination exceeding 8 

human health PRGs 9 

 RTD to address waste sites with known or presumed shallow soil direct contact risk and groundwater 10 

protection PRG exceedances 11 

 ICs to restrict excavation at waste sites that contain residual radionuclide contamination at depths 12 

>4.6 m (15 ft) that pose a potential risk from inadvertent exposure through deep excavation activities 13 

 ICs prohibiting irrigation at waste sites with groundwater and/or surface water protection 14 

SSL exceedances 15 

 Soil flushing (together with P&T) to enhance the removal and transport of C-14 and Cr(VI) from 16 

waste site sources to groundwater where aqueous C-14 and Cr(VI) are removed using P&T 17 

 Soil flushing (together with P&T) to enhance the removal and transport of Cr(VI) from continuing 18 

vadose zone sources to groundwater where aqueous Cr(VI) is removed using P&T 19 

 P&T for Cr(VI) (with co-extraction of other COCs) to control plume migration and remediate Cr(VI) 20 

plumes to the aquifer and shoreline groundwater PRGs through extraction, treatment, and reinjection 21 

 MNA for C-14, nitrate, tritium, and TCE in the KW and KE subareas; and for Sr-90 in the KW, KE, 22 

and KN subareas, restricting groundwater use until groundwater PRGs are met 23 

Table 3-12 summarizes the waste site and groundwater components of Alternative 4, provides the total 24 

present value soil and groundwater cost estimates, and includes the estimated time to achieve 25 

groundwater PRGs based on the Cmax and C90 concentrations. Table 3-4 provides additional information 26 

on the waste site excavation and irrigation ICs. 27 

3.2.5.1 No Action for Waste Sites 28 

No further actions are required for 82 waste sites passing risk or site-specific evaluations (Table 3-2).  29 

3.2.5.2 ICs for Waste Sites 30 

Alternative 4 includes ICs to address direct contact or groundwater/surface water protection risk at deep 31 

waste sites for ICs and waste sites with remedial alternatives and to address presumed risk at post-ROD 32 

waste sites (Table 3-12).  33 
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Table 3-12. Description of Components for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Waste sites No further action No additional remedial actions are taken at 82 waste sites, including 60 waste sites where CVP sample results confirm the 

interim actions completed under an interim action ROD meet PRGs and 22 waste sites with site-specific considerations. 

 Deep Waste Sites for ICs 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-3, 

100-K-36, 100-K-56:1, 100-K-68, 100-K-69, 100-K-70, and 100-K-71, 116-K-1; up to year 2135 (Table 3-4) 

 Waste Sites with Remedial Alternatives 

 ICs Excavation ICs to minimize the potential for direct contact exposure for sites with potential shallow human health direct 

contact risk until <1×10-4: 100-K-64 and 118-K-1 waste sites; up to year 2045 (Table 3-4). 

Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-132, 

118-K-1, and 116-K-2 (eastern and western); up to year 2185 (Table 3-4). 

Irrigation ICs to address potential groundwater/surface water protection risk from radionuclides in soil until <PRG: 100-K-132 

waste site until year 2128 (Table 3-4). 

 Soil flushing  Soil flushing (together with P&T) for Cr(VI) at 116-K-2 (eastern end). 

Surface infiltration of treated water. 

Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Two new extraction wells. 

Monitoring and verification sampling, which includes installation of two monitoring wells to monitor groundwater quality 

changes daily to quarterly during the injection period (one year). 

Infiltration area 1,400 m2 (15,070 ft2) in size (approximately 80 m by 17.5 m [262 ft by 57 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 4.6 m (15 ft) spacing. 

Estimated system flow rate ranging from 38 to 380 L/min (10 to 100 gal/min). 

Soil flushing for one year (assumes year 2022). 

A 1.5 ha (3.7 ac) total anticipated area of potential effect is associated with soil flushing at 116-K-2. The majority of this area was 

previously disturbed under interim actions. 

 Waste Sites Remediated under Interim Actions (Pre-ROD)a 

 RTD 24 waste sites assumed remediated under interim actions before December 31, 2019: shallow RTD at 100-K-13, 100-K-25, 

100-K-27, 100-K-35, 100-K-79:4, 100-K-94, 100-K-99, 100-K-103, 100-K-107, 100-K-108, 120-KE-1, 120-KE-2, 120-KE-3, 

120-KE-4, 120-KE-5, 1607-K1, and 1607-K5; and deep RTD at 100-K-79:3, 100-K-79:9, 100-K-98, 100-K-101, 116-KE-2, 

120-KE-6, and 120-KE-9. 
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Table 3-12. Description of Components for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Waste Sites (cont.) Waste Sites Remaining for Remedial Action (Post-ROD) 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-82, 

116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

Irrigation ICs to address groundwater/surface water protection risk at waste sites located near reactor facilities: waste sites 

100-K-82, 116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

 RTD RTD up to 4.6 m (15 ft) to address presumed human health direct contact and/or ecological risk and/or groundwater/surface 

water protection risk using standard excavation technology, as described in Section 3.2.1.2: waste sites 100-K-1, 100-K-5, 

100-K-48, 100-K-49, 100-K-54, 100-K-56:2, 100-K-56:3, 100-K-74, 100-K-81, 100-K-83, 100-K-104, 116-K-3, 120-KE-8, 

120-KW-6, 130-K-2, 130-KW-1, and 1607-K6. 

RTD to depth of contamination exceeding surface/groundwater PRGs using standard and deep excavation technologies, as 

described in Section 3.2.1.2: waste sites 100-K-47, 100-K-55:2, 100-K-60, 100-K-72, 100-K-73, 100-K-75, 100-K-79:5, 

100-K-79:6, 100-K-79:7, 100-K-79:8, 130-KE-2, and 130-KW-2. 

RTD to remove structure (fuel storage basin waste site 100-K-43) and underlying contaminated soil (100-K-82 waste site) 

after fuel storage basin contents have been removed (assumed RTD depth of 13.7 m [45 ft] bgs). 

RTD up to 4.6 m (15 ft) to address human health direct contact risk identified during partial remediation: 116-KE-1 waste site. 

RTD to decommission reverse well at the 116-KE-3 waste site. 

RTD to address presumed human health direct contact and/or ecological risk and groundwater/surface water protection risk at 

the 116-KW-2 waste site. RTD to remove structure (crib at the 116-KW-2 waste site) and underlying contaminated soil 

(assumed RTD depth of 13.7 m [45 ft] bgs), and decommission reverse well.  

Table 3-2 identifies applicable waste sites remediated by RTD using standard excavation technology and also sites for deep 

excavation based on process knowledge. 

For NHPA planning considerations, the majority of the anticipated area of potential effect associated with RTD is within 

previously disturbed operational areas. A portion of this area has been inventoried for cultural resources within the past 

10 years. There are previously documented archaeological resources and one known traditional cultural property within the 

area of potential effect. Mitigation documentation requirements for facilities within the area of potential effect have already 

been met. 

 Soil flushing  Soil flushing (together with P&T) for C-14 at 116-KE-1 and 116-KW-1 former condensate cribs. 

Surface infiltration of treated water. 

Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Two new extraction wells in each area. 

Monitoring and verification sampling, which includes installation of two monitoring wells in each area to monitor 

groundwater quality changes daily to quarterly during the injection period (one year). 

Two infiltration areas at 116-KW-1 and one infiltration area at 116-KE-1, each 150 m2 (1,615 ft2) in size (approximately 

5 m by 30 m [16.4 ft by 98.4 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 2.3 m (7.5 ft) spacing. 

Estimated system flow rate ranging from 11 to 114 L/min (3 to 30 gal/min). 
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Table 3-12. Description of Components for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Waste Sites (cont.)  Soil flushing for one year (assumes year 2025). 

A small total anticipated area of potential effect (<0.04 ha [0.1 ac]) is associated with soil flushing at waste sites for NHPA 

planning considerations. These waste site areas were previously disturbed under interim actions. 

Continuing sources Soil flushing Soil flushing (together with P&T) for Cr(VI) in three locations: 183.1KW Headhouse, 190KW Pump House, and 

183.1KE Headhouse. 

Surface infiltration of treated water. Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Monitoring and verification sampling, which includes installation of six monitoring wells (two monitoring wells in each 

treatment area) to monitor groundwater quality changes daily to quarterly during the injection period (one year). 

Each infiltration area 4,645 m2 (50,000 ft2) in size (approximately 61 m by 76 m [200 ft by 250 ft]).  

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 4.6 m (15 ft) spacing. 

Estimated system flow rate ranging from 110 to 1,100 L/min (30 to 300 gal/min). 

Soil flushing for 3 years (assumes years 2021, 2023, and 2026) at 183.1KW Headhouse and 190KW Pump House areas; flushing 

for one year (2021) at 183.1KE Headhouse area. 

A small total anticipated area of potential effect (<2 ha [5 ac]) is associated with soil flushing at the three locations for NHPA 

planning considerations. These areas were previously disturbed under interim actions. 

Groundwater  ICs Maintain existing sitewide ICs (including groundwater use restrictions) under DOE/RL-2001-41, with modifications to include 

area-specific supplemental controls. 

Groundwater use at 100-K is restricted, except for monitoring and treatment, as approved by EPA. 

Land-use and real property controls ensure that the use of groundwater is in accordance with Hanford Site plans and CERCLA 

decision documents. 

Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the existing plumes or their paths 

on the Hanford Site. 

Maintain ICs for each plume for the time required to reach PRGs. 

 P&T for Cr(VI) (collection) P&T to provide hydraulic containment at the shoreline and aquifer restoration by removing Cr(VI)-contaminated groundwater 

in the KW, KE, and KN subareas and K-N Boundary plumes. 

Install additional extraction wells for Cr(VI) and C-14 in the KW and KE subareas.  

Modify the KW P&T building to add ex situ treatment for C-14. 

Operate the KW, KR4, and KX P&T systems and treat Cr(VI) at an estimated 5,602 L/min (1,480 gal/min). The operational 

duration for Cr(VI) is estimated at 13 years (through December 2032) to reach and remain <48 µg/L in the aquifer and 

10 µg/L at the shoreline. 

P&T network includes 42 extraction wells and 19 injection wells. The actual number and placement of extraction and injection 

wells and the pumping rates will be refined during RD/RAWP development and may differ from the configurations described 

in this FS.  
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Table 3-12. Description of Components for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Groundwater (cont.)  The RPO process will be used to provide ongoing evaluations to ensure that the system meets performance requirements that 

will be defined in the RD/RAWP. RPO will increase system efficiency, which may decrease timeframes for achieving PRGs. 

RPO will adjust extraction and injection rates for each well to better achieve capture efficiency and flow-path control. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the P&T network for NHPA 

planning considerations. Well and piping siting, as well as cultural resources review and any mitigation planning requirements, 

will be addressed in the RD/RAWP. 

 P&T for Cr(VI)  

(ex situ treatment) 

Treat extracted groundwater through IX for Cr(VI) at the existing KW, KR4, and KX treatment plants. Treatment for C-14 

performed in new 232 m2 (2,500 ft2) treatment room constructed at the KW P&T building. 

IX treatment reduces Cr(VI) concentrations below the state surface water quality standard (10 µg/L). Air stripping reduces 

C-14 concentrations below the DWS (2,000 pCi/L).  

New C-14 treatment equipment would include an equalization tank, transfer pumps, acid feed system, low-profile tray 

stripper, fan blower, and vapor-phase granular activated carbon vessels (two) for off-gas treatment. 

Treatment for Sr-90, nitrate, and TCE would not be performed because the combined influent concentrations are projected to 

remain below their respective PRGs. No treatment technologies for tritium are available. 

Ex situ treatment for Cr(VI) and C-14 will continue for the estimated duration of the P&T operations (13 years at KW, KR4, 

and KX P&T systems). 

 P&T for Cr(VI) (discharge) Treated groundwater from the KW, KR4, and KX P&T systems reinjected at the 100-KR-4 OU. 

 O&M O&M of the extraction well network, injection well network, conveyance infrastructure, and above-grade infrastructure 

(transfer stations) will be based on the times for Cr(VI) concentrations to reach the PRG. The nature and scope of O&M 

activities will be developed in the RD/RAWP. 

 Monitoring requirements P&T 

and MNAb 

Remedy performance monitoring during P&T to evaluate the progress and effectiveness of P&T to attain the Cr(VI) PRG in 

all areas (up to 15 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the PRGs (nitrate, tritium, TCE, and 

C-14) (up to 10 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the Sr-90 PRG (up to 300 years). 

Monitoring plans will be defined developed as part of the RD/RAWP.  

For cost estimating, it is assumed sampling for nitrate, TCE, and tritium is semiannual in years 1–5 and annual in years 6–10. 

Sampling for C-14 is semiannual in years 1–5 and annual in years 6–10. Monitoring for Sr-90 is semiannual in year 1 and 

every 5 years for years 2–300. Monitoring for Cr(VI) is semiannual in years 1–10 and annual in years 11–15.  

Monitoring network assumed to include existing monitoring wells. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the existing monitoring network 

for NHPA planning considerations. Well location siting, as well as cultural resource review and any mitigation planning 

requirements, will be addressed in the RD/RAWP. 
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Table 3-12. Description of Components for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Groundwater (cont.) Groundwater remediation 

timeframec 
COC PRG 

Estimated Remediation Timeframe (years) 

 Cmax C90 

 Cr(VI) 48 µg/L 15 0 

 Cr(VI) 10 µg/L 5 0 

 C-14 2,000 pCi/L 10 5 

 Sr-90 8 pCi/L >300 130 

 Nitrate 45,000 µg/L 10 0 

 Tritium 20,000 pCi/L 10 0 

 TCE 4 µg/L 10 5 

 Compliance monitoring 

requirements 

Semiannual monitoring will be performed for an additional 5 years after PRGs are initially achieved (through P&T and MNA) 

to confirm that PRGs have been met.  

Present value costs Total: $377 million 

Waste sites: $201 million 

Continuing sources: $13 million  

Groundwater:  $163 million 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions. 

a. Excluded from cost estimates. 

b. Additional information on P&T and MNA monitoring requirements appears in Section 3.2.1.6. 

c. Remediation timeframes up to 50 years are rounded up to the nearest 5 years, and those >50 years are rounded up to the nearest 10 years. 

bgs = below ground surface 

CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

CVP = cleanup verification package 

DWS = drinking water standard 

EPA = U.S. Environmental Protection Agency 

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

O&M = operations and maintenance 

OU = operable unit 

NHPA = National Historic Preservation Act of 1966 

P&T = pump and treat 

PRG = preliminary remediation goal 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RPO = remedial process optimization 

RTD = removal, treatment, and disposal 

 1 
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3.2.5.2.1 Deep Waste Sites for ICs 1 

The ICs information from Alternative 2, Section 3.2.3.2 (deep waste sites for ICs), applies to 2 

Alternative 4. 3 

3.2.5.2.2 Waste Sites with Remedial Alternatives 4 

The ICs information from Alternative 2, Section 3.2.3.2 (waste sites with remedial alternatives) applies to 5 

Alternative 4, except for the 116-K-2 waste site. Alternative 4 assumes that irrigation ICs would not be 6 

required for the eastern portion of 116-K-2 because soil flushing will reduce Cr(VI) in soil to levels 7 

protective of groundwater and surface water. 8 

3.2.5.2.3 Waste Sites Remaining for Remedial Action – Post-ROD 9 

The ICs information from Alternative 2, Section 3.2.3.2 (waste sites remaining for remedial action 10 

post-ROD) applies to Alternative 4. 11 

3.2.5.3 RTD for Waste Sites 12 

The RTD information from Alternative 2, Section 3.2.3.3 applies to Alternative 4. 13 

3.2.5.4 Soil Flushing for Waste Sites 14 

Alternative 4 uses soil flushing in conjunction with active P&T at three waste sites: 116-KE-1, 15 

116-KW-1, and 116-K-2. Soil flushing is used to remove and transport C-14 or Cr(VI) from the deep 16 

vadose zone and PRZ to groundwater where it can be captured by groundwater extraction wells. 17 

Figure 2-14 illustrates application of the soil flushing technology to vadose zone soil contamination.  18 

The soil flushing information from Alternative 2, Section 3.2.3.4 applies to Alternative 4 for the 19 

116-KE-1 and 116-KW-1 waste sites. Alternative 4 adds soil flushing for Cr(VI) at the 116-K-2 waste site 20 

(eastern portion).  21 

A conceptual layout of the proposed infiltration system for the 116-K-2 waste site is illustrated in 22 

Figure 3-24. The following system design components were assumed for soil flushing for Cr(VI) at the 23 

116-K-2 Trench in Alternatives 4 and 7: 24 

 One infiltration area at the eastern portion of the 116-K-2 waste site, measuring 1,400 m2 (15,070 ft2) 25 

in size (approximately 80 m by 17.5 m [262 ft by 57 ft]), is included.  26 

 Source water obtained from the KX P&T system is infiltrated into the subsurface using perforated 27 

drain pipe buried approximately 0.9 m (3 ft) bgs. 28 

 Water is delivered through a 4 to 6 in. diameter HDPE main line to a distribution header. From the 29 

header, the water flow is distributed to an array of three drip emitters/perforated laterals that branch 30 

off at approximately 4.6 m (15 ft) spacing.  31 

 The drip emitters/perforated laterals dispense water based on the flow rate and pressure in each the 32 

line. The estimated flow rate for the system is 38 to 380 L/min (10 to 100 gal/min).  33 

 Groundwater extraction occurs within or downgradient of the soil flushing area using two new 34 

extraction wells.  35 

 Monitoring and verification sampling includes installation of two new monitoring wells to monitor 36 

Cr(VI) changes in groundwater. 37 
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 1 

Figure 3-24. Soil Flushing for Cr(VI) at the 116-K-2 Waste Site – Conceptual Layout for Alternatives 4 and 7 2 
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It is assumed that the flushing system will use treated effluent from the KX P&T system as the source 1 

water. In 2017, the average influent pH for the KX P&T system was 6.76 units. As indicated in 2 

DOE/RL-2017-30, the solubility of calcium carbonate (a mineral associated with Cr(VI) continuing 3 

sources) is pH-dependent, with order of magnitude solubility increases occurring if the pH is decreased 4 

from 8 to 6 units. The need to further acidify the source water will be determined during remedial design. 5 

For Alternatives 4 and 7, it is assumed that pH adjustment would not be required. 6 

The actual design and operation of the soil flushing component will be developed during the remedial 7 

design and provided in the RD/RAWP, and may differ from the description presented in this FS. Criteria 8 

used to evaluate the effectiveness of soil flushing operations will be presented in the RD/RAWP. 9 

Costs included for the FS assume that two new water table monitoring wells and two new extraction wells 10 

will be installed within or downgradient of the treatment area. At each new monitoring well borehole 11 

location, vadose zone soil will be sampled for the presence or absence of chromate-substituted calcium 12 

carbonate. Groundwater samples would be collected before initiating flushing to determine the presence 13 

of mobile constituents in groundwater underlying the treatment area, concentrations of nontarget metals, 14 

Cr(VI), and general water quality and field parameters.  15 

Project support and O&M costs for the flushing system are included in the FS cost estimate, assuming one 16 

flushing period lasting one year and occurring in 2022. The cost estimate assumes that the performance 17 

monitoring program would include sampling and analysis for Cr(VI), general chemistry, and field water 18 

quality parameters. Samples would be collected weekly during the initial flushing operational period (first 19 

pore volume flush) and biweekly to quarterly for the remainder of the flushing period. Two post-flushing 20 

confirmation boreholes are assumed. Post-flushing groundwater monitoring costs are included within the 21 

scope of the performance monitoring program described in Section 3.2.1.6. Performance monitoring plans 22 

would be developed as part of the RD/RAWP to refine monitoring requirements and associated costs, 23 

which may differ from the FS assumptions. 24 

3.2.5.5 Source Treatment – Soil Flushing for Cr(VI) Continuing Sources 25 

Alternative 4 uses soil flushing in conjunction with active P&T to target areas with persistent 26 

Cr(VI) contamination in groundwater. The soil flushing information from Alternative 2, Section 3.2.3.5 27 

(source treatment – soil flushing for Cr(VI) continuing sources) applies to Alternative 4. 28 

3.2.5.6 MNA, ICs, and P&T (All Areas) for Groundwater 29 

Under Alternative 4, P&T is used in combination with soil flushing of Cr(VI) continuing sources in the 30 

KW and KE subareas to remediate the KW, KE, and KN subareas and K-N Boundary Cr(VI) plumes. 31 

MNA is used to remediate C-14, nitrate, tritium, and TCE in the KW and KE subareas; and Sr-90 in the 32 

KW, KE, and KN subareas, with ICs restricting groundwater use until PRGs are met. 33 

Extraction and injection wells flow rates have been optimized to control the hydraulic gradients in soil 34 

flushing areas and accelerate Cr(VI) plume remediation. Well use (i.e., extraction or injection), flow rates, 35 

and duration of well operation are detailed in ECF-100KR4-11-0167. P&T operations would begin in 36 

January 2020 and operate at a total flow rate of 5,602 L/min (1,480 gal/min) for up to 13 years. Individual 37 

system flow rates include 1,249 L/min (330 gal/min) for the KW P&T system; 1,230 L/min (325 gal/min) 38 

for the KR4 P&T system; and 3,123 L/min (825 gal/min) for the KX P&T system. 39 

Alternative 4 largely uses existing extraction wells, injection wells, and conveyance piping. Figure 3-25 40 

shows the locations of extraction and injection wells for Alternative 3 and the simulated 41 

continuing sources.  42 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

3-94 

 1 

Figure 3-25. Alternative 4 – Well Layout and Simulated Continuing Sources 2 
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The groundwater fate and transport model for Alternative 4 assumes that new extraction wells 199-K-X01 1 

and 199-K-X02 are located in the downgradient portion of the KW subarea C-14 plume, new extraction 2 

well 199-K-X03 is located at the downgradient portion of the KE subarea Cr(VI) plume, new Cr(VI) soil 3 

flushing extraction well RW-ECrVI-01 is located at the 116-K-2 waste site, and new C-14 soil flushing 4 

extraction wells RW-WC14-01 and RW-EC14-01 are located near the 116-KW-1 and 116-KE-1 waste 5 

sites, respectively. Well RW-ECrVI-01 begins operating when soil flushing at the 116-K-2 waste site 6 

commences in 2022. Wells RW-WC14 and RW-EC14 begin operating when soil flushing at the 7 

116-KW-1 and 116-KE-1 waste sites commences in 2025. 8 

Treatment of extracted groundwater to remove Cr(VI) will be performed using the existing KW, KR4, 9 

and KX P&T systems using IX, and the treated groundwater is reinjected at 100-K. The C-14 is treated by 10 

acidification followed by air stripping and VPGAC adsorption using new process equipment, as described 11 

for Alternative 2 (Section 3.2.3.6). Figure 3-15 provides a conceptual process flow schematic for the P&T 12 

systems for Alternative 4. 13 

As described in Section 3.2.1.3 and ECF-100KR4-11-0167, the projected Sr-90, nitrate, and TCE 14 

concentrations for the combined influent are below their respective PRGs; therefore, treatment for these 15 

COCs would not be performed. Any TCE co-extracted in the KW subarea would undergo partial 16 

treatment in the KW P&T air stripping system that targets C-14. Final design and pre-treatment 17 

implementation will be determined during remedial design and provided in the RD/RAWP. 18 

P&T system performance monitoring would evaluate contaminant mass removal and would include both 19 

hydraulic and chemical/radionuclide monitoring of extracted groundwater. MNA performance monitoring 20 

would include COC concentration monitoring. The nature and scope of the performance monitoring 21 

program will be developed during the RD/RAWP phase and would be included in a performance 22 

monitoring plan that refines the monitoring and cost assumptions. General information on the scope and 23 

frequency of performance monitoring assumed for this FS is described in Section 3.2.1.6. 24 

3.2.5.7 Groundwater Remediation Timeframes 25 

Simulated remediation timeframes for each COC to reach cleanup levels at the aquifer and shoreline for 26 

Alternative 4 are compared with Alternative 1 – No Action in Table 3-13 using the C90 and Cmax 27 

concentration statistics. The groundwater model simulations for Alternative 4 are the same as for 28 

Alternative 3, except Alternative 4 adds Cr(VI) soil flushing at the 116-K-2 waste site in 2022. 29 

The P&T and Cr(VI) soil flushing in the KW and KE subareas, and P&T in the KN subarea and the 30 

K-N Boundary plume, reduce remediation timeframes for the aquifer and shoreline groundwater in the 31 

KW, KE, and KN subareas and 100-N under Alternative 4 compared to Alternative 1. The Cmax aquifer 32 

remediation timeframes are reduced by 115 years for the KW subarea and 35 years for the KE subarea, 33 

whereas the timeframe is increased by one year in the KN subarea due to soil flushing at the 116-K-2 34 

waste site in year 2022. The Cmax shoreline timeframes are reduced by 45 years at the KW subarea, 35 

40 years at the KE subarea, 5 years at the KN subarea, and 125 years at 100-N (Table 3-13). The 125-year 36 

timeframe reduction at 100-N is a result of P&T at the K-N Boundary plume (Table 3-13). The C90 37 

shoreline timeframes for the KW, KE, and KN subareas and 100-N (K-N Boundary plume) are 40, 40, 10, 38 

and 115 years, respectively, which is shorter than for Alternative 1. Under Alternative 4, all simulated C90 39 

results are below the aquifer and shoreline PRGs by 2019.  40 
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Table 3-13. Simulated Groundwater Remediation Timeframes – Comparison Between Alternatives 4 and 1 

COC and PRG Alternative 

Subarea and Year PRG is Meta 

(C90/Cmax) 

KW KE KN 100-N  All Subareas 

Cr(VI) (aquifer) 

48 µg/L 

Alternative 4 

Alternative 1 

2018/2029 

2018/2143+ 

2018/2031 

2018/2065 

2018b/2023b 

2018b/2022b 

2018c/2018c 

2018c/2018c 

2018/2031 

2018/2143+ 

Cr(VI) (shoreline) 

10 µg/L 

Alternative 4 

Alternative 1 

2018/2018 

2056/2063 

2018/2019 

2055/2059 

2018d/2018d 

2026d/2037d 

2018e/2018e 

2133e/2143+e 

2018/2019 

2133/2143+ 

C-14 

2,000 pCi/L 

Alternative 4 

Alternative 1 

2021/2028 

2027/2034 

2019/2026 

2019/2035 
N/A N/A 

2021/2028 

2027/2035 

Sr-90 

8 pCi/L 

Alternative 4 

Alternative 1 

2038/2152 

2045/2152 

2147f/2318+f 

2139f/2318+f 

2018/2026 

2018/2032 
N/A 

2147/2318+ 

2139/2318+ 

Nitrate 

45,000 µg/L 

Alternative 4 

Alternative 1 

2018/2028 

2018/2028 

2018/2023 

2018/2021 
N/A N/A 

2018/2028 

2018/2028 

Tritium 

20,000 pCi/L 

Alternative 4 

Alternative 1 

2018/2025 

2018/2028 

2018/2025 

2018/2027 
N/A N/A 

2018/2025 

2018/2028 

TCE 

4 µg/L 

Alternative 4 

Alternative 1 

2021/2026 

2021/2027 

2018/2025 

2018/2024 
N/A N/A 

2021/2026 

2021/2027 

a. Year PRG is met based on C90 and Cmax simulations 

b. Timeframe is for the KN subarea Cr(VI) plume and the portion of the K-N Boundary Cr(VI) plume within KN.  

c. Timeframe is for the K-N Boundary Cr(VI) plume.  

d. Timeframe is for the downgradient portion of the KN subarea Cr(VI) plume.  

e. Timeframe is for the K-N Boundary plume, which migrates into the 100-N subarea before reaching the shoreline.  

f. Timeframe for the KE subarea, which includes the KE and K1/K2 Sr-90 plumes. When evaluated individually, C90/Cmax 

concentrations are <8 pCi/L in years 2181/2318+ for the KE plume and years 2052/2215 for the K1/K2 plume. 

+ = COC concentration exceeds the PRG at the end 

of the last year simulated 

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in 

the model domain 

COC = contaminant of concern 

N/A = not applicable 

PRG = preliminary remediation goal 

 1 

Figure 3-26 through 3-28 present the simulated Cr(VI) plumes at the end of 2018, 2022, 2027, 2037, 2 

2067, and 2092 (years 1, 5, 10, 20, 50, and 75) for Alternative 4. The simulated Cmax Cr(VI) concentration 3 

results indicate that 15 years of P&T and soil flushing would result in Cr(VI) concentrations decreasing 4 

below the 48 μg/L groundwater PRG throughout the aquifer and below the 10 μg/L shoreline groundwater 5 

PRG in the KW, KE, and KN subareas. After 15 years of P&T at the K-N Boundary plume, further 6 

concentration reduction occurs through MNA, resulting in concentrations <10 µg/L when the plume 7 

reaches the 100-N shoreline, thereby reducing the overall remediation timeframe at the 100-N shoreline 8 

by 125 years. 9 
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 1 

Figure 3-26. Alternative 4 – Simulated Cr(VI) Plumes After Years 1 (2018) and 5 (2022)  2 
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 1 

Figure 3-27. Alternative 4 – Simulated Cr(VI) Plumes After Years 10 (2027) and 20 (2037) 2 
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 1 

Figure 3-28. Alternative 4 – Simulated Cr(VI) Plumes After Years 50 (2067) and 75 (2092)  2 
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Simulated Cmax KW and KE subareas C-14 plumes at the end of CYs 2018, 2022, and 2027 (years 1, 5, 1 

and 10) for Alternative 4 are similar to those presented in Figure 3-19 for Alternative 2. The C-14 2 

concentrations throughout the KW and KE subareas are below the 2,000 pCi/L PRG within 5 years based 3 

on C90 or within 10 years based on Cmax. The C90 and Cmax timeframes for the KW subarea and the Cmax 4 

timeframe for the KE subarea are 10 years shorter than for Alternative 1, whereas the other timeframes 5 

are the same as for Alternative 1 (Table 3-13). 6 

Nitrate, tritium, and TCE are co-extracted by the P&T system. As shown in Table 3-13, remediation 7 

timeframes for nitrate, tritium, and TCE, are similar to (within 3 years of) the Alternative 1 timeframes. 8 

The KW and KE Sr-90 plumes and localized Sr-90 in the KN subarea are remediated primarily through 9 

radioactive decay. P&T does not affect the remediation timeframe (Table 3-13) compared to Alternative 1 10 

– No Action. Predicted remediation timeframes for Sr-90 are similar to Alternative 1 (approximately 11 

140 years in the KW subarea and 300 years in the KE subarea), except that the C90 timeframe is about 12 

10 years less in the KW subarea and 10 years greater in the KE subarea under Alternative 4. 13 

3.2.6 Alternative 5 – ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste 14 

Sites, and No Action for 82 Waste Sites; Source Treatment (Cr(VI)) with MNA, ICs, and P&T 15 

(All Areas) for Groundwater 16 

Alternative 5 is the same as Alternatives 2, 3, and 4 for waste sites, except that RTD for Cr(VI) replaces 17 

ICs (Alternatives 2 and 3) or soil flushing (Alternative 4) for one waste site (the eastern portion of 18 

116-K-2). Alternative 5 is the same as Alternative 3 for groundwater and Cr(VI) continuing sources. 19 

This alternative includes the following primary components: 20 

 ICs to prevent direct contact exposure at waste sites with shallow soil contamination exceeding 21 

human health PRGs 22 

 RTD to address waste sites with known or presumed shallow soil direct contact risk and groundwater 23 

protection PRG exceedances 24 

 ICs to restrict excavation at waste sites that contain residual radionuclide contamination at depths 25 

>4.6 m (15 ft) that pose a potential risk from inadvertent exposure through deep excavation activities 26 

 ICs prohibiting irrigation at waste sites with groundwater and/or surface water protection 27 

SSL exceedances 28 

 Soil flushing (together with P&T) to enhance the removal and transport of C-14 from waste site 29 

sources to groundwater where aqueous C-14 is removed using P&T 30 

 Soil flushing (together with P&T) to enhance the removal and transport of Cr(VI) from continuing 31 

vadose zone sources to groundwater where aqueous Cr(VI) is removed using P&T 32 

 P&T for Cr(VI) (with co-extraction of other COCs) to control plume migration and remediate Cr(VI) 33 

plumes to the aquifer and shoreline groundwater PRGs through extraction, treatment, and reinjection  34 

 MNA for C-14, nitrate, tritium, and TCE in the KW and KE subareas; and for Sr-90 in the KW, KE, 35 

and KN subareas, restricting groundwater use until groundwater PRGs are met 36 

Table 3-14 summarizes the waste site and groundwater components of Alternative 5, provides the total 37 

present value soil and groundwater cost estimates, and includes the estimated time to achieve 38 

groundwater PRGs based on the Cmax and C90 concentrations. Table 3-4 provides additional information 39 

on the waste site excavation and irrigation ICs. 40 
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3.2.6.1 No Action for Waste Sites 1 

No further actions are required for 82 waste sites passing risk or site-specific evaluations (Table 3-2).  2 

3.2.6.2 ICs for Waste Sites 3 

Alternative 5 includes ICs to address direct contact or groundwater/surface water protection risk at deep 4 

waste sites for ICs and waste sites with remedial alternatives and to address presumed risk at post-ROD 5 

waste sites (Table 3-14).  6 

3.2.6.2.1 Deep Waste Sites ICs 7 

The ICs information from Alternative 2, Section 3.2.3.2 (deep waste sites for ICs) applies to 8 

Alternative 5. 9 

3.2.6.2.2 Waste Sites with Remedial Alternatives 10 

The ICs information from Alternative 2, Section 3.2.3.2 (waste sites with remedial alternatives) applies to 11 

Alternative 5, except for the 116-K-2 waste site. Alternative 5 assumes that irrigation and excavation ICs 12 

would not be required for the eastern portion of the 116-K-2 waste site because RTD would remove soil 13 

contaminated with Cr(VI) and radionuclides. Alternative 5 uses excavation ICs to address potential risk 14 

from inadvertent exposure through deep excavation activities at the western portion of the waste site.  15 

3.2.6.2.3 Waste Sites Remaining for Remedial Action – Post-ROD 16 

The ICs information from Alternative 2, Section 3.2.3.2 (waste sites remaining for remedial action 17 

post-ROD) applies to Alternative 5. 18 

3.2.6.3 RTD for Waste Sites 19 

The RTD information from Alternative 2, Section 3.2.3.3 applies to Alternative 5, except Alternative 5 20 

adds RTD to address direct contact or groundwater/surface water protection risk at one waste site with 21 

remedial alternatives (Table 3-14).  22 

3.2.6.3.1 Waste Sites with Remedial Alternatives 23 

The 116-K-2 waste site was remediated to a maximum depth of 7.6 m (25 ft) but requires additional 24 

remedial action to address soil concentrations exceeding the groundwater/surface water protection PRG 25 

(6,000 µg/kg) in the eastern portion of the waste site. Alternative 5 includes deep RTD to remove 26 

Cr(VI)-contaminated soil to a depth of approximately 15 m (49 ft) bgs, which would also remove residual 27 

radionuclide contamination.  28 
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Table 3-14. Description of Components for Alternative 5 – ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Waste sites No further action No additional remedial actions are taken at 82 waste sites, including 60 waste sites where CVP sample results confirm the 

interim actions completed under an interim action ROD meet PRGs and 22 waste sites with site-specific considerations. 

 Deep Waste Sites for ICs 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-3, 

100-K-36, 100-K-56:1, 100-K-68, 100-K-69, 100-K-70, and 100-K-71, 116-K-1; up to year 2135 (Table 3-4). 

 Waste Sites with Remedial Alternatives 

 ICs Excavation ICs to minimize the potential for direct contact exposure for sites with potential shallow human health direct 

contact risk until <1×10-4: 100-K-64 and 118-K-1 waste sites; up to year 2045 (Table 3-4). 

Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-132, 

118-K-1, and 116-K-2 (western); up to year 2185 (Table 3-4). 

Irrigation ICs to address potential groundwater/surface water protection risk from radionuclides in soil until less than PRG: 

100-K-132 waste site until year 2128 (Table 3-4). 

 RTD  RTD for Cr(VI) at 116-K-2 (eastern end). Assumes that the contaminated area is 1,400 m2 (15,070 ft2) in size (approximately 

80 m by 17.5 m [262 ft by 57 ft]). RTD to depth of contamination exceeding surface/groundwater PRGs using standard and 

deep excavation technologies, as described in Section 3.2.1.2 (assumed RTD depth of 15 m [49 ft] bgs). 

 Waste Sites Remediated under Interim Actions (Pre-ROD)a 

 RTD 24 waste sites assumed remediated under interim actions before December 31, 2019: shallow RTD at 100-K-13, 100-K-25, 

100-K-27, 100-K-35, 100-K-79:4, 100-K-94, 100-K-99, 100-K-103, 100-K-107, 100-K-108, 120-KE-1, 120-KE-2, 120-KE-3, 

120-KE-4, 120-KE-5, 1607-K1, and 1607-K5; and deep RTD at 100-K-79:3, 100-K-79:9, 100-K-98, 100-K-101, 116-KE-2, 

120-KE-6, and 120-KE-9. 

 Waste Sites Remaining for Remedial Action (Post-ROD) 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-82, 

116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

Irrigation ICs to address groundwater/surface water protection risk at waste sites located near reactor facilities: waste sites 

100-K-82, 116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

 RTD RTD up to 4.6 m (15 ft) to address presumed human health direct contact and/or ecological risk and/or groundwater/surface 

water protection risk using standard excavation technology, as described in Section 3.2.1.2: waste sites 100-K-1, 100-K-5, 

100-K-48, 100-K-49, 100-K-54, 100-K-56:2, 100-K-56:3, 100-K-74, 100-K-81, 100-K-83, 100-K-104, 116-K-3, 120-KE-8, 

120-KW-6, 130-K-2, 130-KW-1, and 1607-K6. 

RTD to depth of contamination exceeding surface/groundwater PRGs using standard and deep excavation technologies, as 

described in Section 3.2.1.2: waste sites 100-K-47, 100-K-55:2, 100-K-60, 100-K-72, 100-K-73, 100-K-75, 100-K-79:5, 

100-K-79:6, 100-K-79:7, 100-K-79:8, 130-KE-2, and 130-KW-2. 

 

 



 
 

 

3
-1

0
4
 

D
O

E
/R

L
-2

0
1
8

-2
2

, D
R

A
F

T
 B

 

 A
P

R
IL

 2
0

2
0
 

Table 3-14. Description of Components for Alternative 5 – ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Waste sites (cont.) RTD to remove structure (fuel storage basin at the 100-K-43 waste site) and underlying contaminated soil (100-K-82 waste 

site) after fuel storage basin contents have been removed (assumed RTD depth of 13.7 m [45 ft] bgs). 

RTD up to 4.6 m (15 ft) to address human health direct contact risk identified during partial remediation: 116-KE-1 waste site. 

RTD to decommission reverse well at the 116-KE-3 waste site. 

RTD to address presumed human health direct contact and/or ecological risk and groundwater/surface water protection risk at 

the 116-KW-2 waste site. RTD to remove structure (crib at the 116-KW-2 waste site) and underlying contaminated soil 

(assumed RTD depth of 13.7 m [45 ft] bgs), and decommission reverse well.  

Table 3-2 identifies applicable waste sites remediated by RTD using standard excavation technology and also sites for deep 

excavation based on process knowledge. 

For NHPA planning considerations, the majority of the anticipated area of potential effect associated with RTD is within 

previously disturbed operational areas. A portion of this area has been inventoried for cultural resources within the past 

10 years. There are previously documented archaeological resources and one known traditional cultural property within the 

area of potential effect. Mitigation documentation requirements for facilities within the area of potential effect have already 

been met. 

 Soil flushing  Soil flushing (together with P&T) for C-14 at 116-KE-1 and 116-KW-1 former condensate cribs. 

Surface infiltration of treated water. 

Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Two new extraction wells in each area. 

Monitoring and verification sampling, which includes installation of two monitoring wells in each area to monitor groundwater 

quality changes daily to quarterly during the injection period (one year). 

Two infiltration areas at 116-KW-1 and one infiltration area at 116-KE-1, each 150 m2 (1,615 ft2) in size (approximately 

5 m by 30 m [16.4 ft by 98.4 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 2.3 m (7.5 ft) spacing. 

Estimated system flow rate ranging from 11 to 114 L/min (3 to 30 gal/min). 

Soil flushing for one year (assumes year 2025). 

A small total anticipated area of potential effect (<0.04 ha [0.1 ac]) is associated with soil flushing at waste sites for NHPA 

planning considerations. These waste site areas were previously disturbed under interim actions. 

Continuing sources Soil flushing Soil flushing (together with P&T) for Cr(VI) in three locations: 183.1KW Headhouse, 190KW Pump House, and 

183.1KE Headhouse. 

Surface infiltration of treated water. Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Monitoring and verification sampling, which includes installation of six monitoring wells (two monitoring wells in each 

treatment area) to monitor groundwater quality changes daily to quarterly during the injection period (one year). 

Each infiltration area 4,645 m2 (50,000 ft2) in size (approximately 61 m by 76 m [200 ft by 250 ft]).  

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 4.6 m (15 ft) spacing. 
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Table 3-14. Description of Components for Alternative 5 – ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Continuing sources 

(cont.) 

 Estimated system flow rate ranging from 110 to 1,100 L/min (30 to 300 gal/min). 

Soil flushing for 3 years (assumes years 2021, 2023, and 2026) at 183.1KW Headhouse and 190KW Pump House areas; flushing 

for one year (2021) at 183.1KE Headhouse area. 

A small total anticipated area of potential effect (<2 ha [5 ac]) is associated with soil flushing at the three locations for NHPA 

planning considerations. These areas were previously disturbed under interim actions. 

Groundwater  ICs Maintain existing sitewide ICs (including groundwater use restrictions) under DOE/RL-2001-41, with modifications to include 

area-specific supplemental controls. 

Groundwater use at 100-K is restricted, except for monitoring and treatment, as approved by EPA. 

Land-use and real property controls ensure that the use of groundwater is in accordance with Hanford Site plans and CERCLA 

decision documents. 

Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the existing plumes or their paths 

on the Hanford Site. 

Maintain ICs for each plume for the time required to reach PRGs. 

 P&T for Cr(VI) (collection) P&T to provide hydraulic containment at the shoreline and aquifer restoration by removing Cr(VI)-contaminated groundwater 

in the KW, KE, and KN subareas and K-N Boundary plume. 

Install additional extraction wells for Cr(VI) and C-14 in the KW and KE subareas.  

Modify the KW P&T building to add ex situ treatment for C-14. 

Operate the KW, KR4, and KX P&T systems and treat Cr(VI) at an estimated 5,602 L/min (1,480 gal/min). The operational 

duration for Cr(VI) is estimated at 13 years (through December 2032) to reach and remain <48 µg/L in the aquifer and 10 µg/L 

at the shoreline. 

P&T network includes 42 extraction wells and 19 injection wells. The actual number and placement of extraction and injection 

wells and the pumping rates will be refined during RD/RAWP development and may differ from the configurations described 

in this FS.  

The RPO process will be used to provide ongoing evaluations to ensure that the system meets performance requirements that 

will be defined in the RD/RAWP. RPO will increase system efficiency, which may decrease timeframes for achieving PRGs. 

RPO will adjust extraction and injection rates for each well to better achieve capture efficiency and flow-path control. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the P&T network for NHPA 

planning considerations. Well and piping siting, as well as cultural resources review and any mitigation planning requirements, 

will be addressed in the RD/RAWP. 

 

 P&T for Cr(VI)  

(ex situ treatment) 

Treat extracted groundwater through IX for Cr(VI) at the existing KW, KR4, and KX treatment plants. Treatment for C-14 

performed in new 232 m2 (2,500 ft2) treatment room constructed at the KW P&T building. 

IX treatment reduces Cr(VI) concentrations below the state surface water quality standard (10 µg/L). Air stripping reduces 

C-14 concentrations below the DWS (2,000 pCi/L).  
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Table 3-14. Description of Components for Alternative 5 – ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Groundwater (cont.) New C-14 treatment equipment would include an equalization tank, transfer pumps, acid feed system, low-profile tray stripper, 

fan blower, and vapor-phase granular activated carbon vessels (two) for off-gas treatment. 

Treatment for Sr-90, nitrate, and TCE would not be performed because the combined influent concentrations are projected to 

remain below their respective PRGs. No treatment technologies for tritium are available. 

Ex situ treatment for Cr(VI) and C-14 will continue for the estimated duration of the P&T operations (13 years at KW, KR4, 

and KX P&T systems). 

 

 

 

P&T for Cr(VI) (discharge) Treated groundwater from the KW, KR4, and KX P&T systems is reinjected at the 100-KR-4 OU. 

O&M O&M of the extraction well network, injection well network, conveyance infrastructure, and above-grade infrastructure 

(transfer stations) will be based on the times for Cr(VI) concentrations to reach the PRG. The nature and scope of O&M 

activities will be developed in the RD/RAWP. 

 Monitoring requirements P&T 

and MNAb 

Remedy performance monitoring during P&T to evaluate the progress and effectiveness of P&T to attain the Cr(VI) PRG in all 

areas (up to 15 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the PRGs (nitrate, tritium, TCE, and 

C-14) (up to 10 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the Sr-90 PRG (up to 300 years). 

Monitoring plans will be defined developed as part of the RD/RAWP.  

For cost estimating, it is assumed sampling for nitrate, TCE, and tritium is semiannual in years 1–5 and annual in years 6–10. 

Sampling for C-14 is semiannual in years 1–5 and annual in years 6–10. Monitoring for Sr-90 is semiannual in year 1, and 

every 5 years for years 2–300. Monitoring for Cr(VI) is semiannual in years 1–10 and annual in years 11–15. 

Monitoring network assumed to include existing monitoring wells. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the existing monitoring network 

for NHPA planning considerations. Well location siting, as well as cultural resource review and any mitigation planning 

requirements, will be addressed in the RD/RAWP. 
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Table 3-14. Description of Components for Alternative 5 – ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and P&T (All Areas) for Groundwater 

Components Description 

Groundwater (cont.) Groundwater remediation 

timeframec 
COC PRG 

Estimated Remediation Timeframe (years) 

 Cmax C90 

 Cr(VI) 48 µg/L 15 0 

 Cr(VI) 10 µg/L 5 0 

 C-14 2,000 pCi/L 10 5 

 Sr-90 8 pCi/L >300 130 

 Nitrate 45,000 µg/L 10 0 

 Tritium 20,000 pCi/L 10 0 

 TCE 4 µg/L 10 5 

 Compliance monitoring 

requirements 

Semiannual monitoring will be performed for an additional 5 years after PRGs are initially achieved (through P&T and MNA) 

to confirm that PRGs have been met.  

Present value costs Total: $385 million 

Waste sites: $209 million 

Continuing sources: $13 million  

Groundwater:  $163 million 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions. 

a. Excluded from cost estimates. 

b. Additional information on P&T and MNA monitoring requirements appears in Section 3.2.1.6. 

c. Remediation timeframes up to 50 years are rounded up to the nearest 5 years, and those >50 years are rounded up to the nearest 10 years. 

bgs = below ground surface 

CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

CVP = cleanup verification package 

DWS = drinking water standard 

EPA = U.S. Environmental Protection Agency 

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

O&M = operations and maintenance 

OU = operable unit 

NHPA = National Historic Preservation Act of 1966 

P&T = pump and treat 

PRG = preliminary remediation goal 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RPO = remedial process optimization 

RTD = removal, treatment, and disposal 

 1 
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3.2.6.4 Soil Flushing for Waste Sites 1 

The soil flushing information from Alternative 2, Section 3.2.3.4 applies to Alternative 5 for the 2 

116-KE-1 and 116-KW-1 waste sites.  3 

3.2.6.5 Source Treatment – Soil Flushing for Cr(VI) Continuing Sources  4 

The soil flushing information from Alternative 2, Section 3.2.3.5 (source treatment – soil flushing for 5 

Cr(VI) continuing sources) applies to Alternative 5. 6 

3.2.6.6 MNA, ICs, and P&T (All Areas) for Groundwater 7 

Under Alternative 5, P&T is used in combination with soil flushing of Cr(VI) continuing sources in the 8 

KW and KE subareas to remediate the KW, KE, and KN subareas and K-N Boundary Cr(VI) plumes. 9 

MNA is used to remediate C-14, nitrate, tritium, and TCE in the KW and KE subareas; and Sr-90 in the 10 

KW, KE, and KN subareas, with ICs restricting groundwater use until PRGs are met. 11 

Extraction and injection well flow rates have been optimized to control the hydraulic gradients in soil 12 

flushing areas and accelerate Cr(VI) plume remediation. Well use (i.e., extraction or injection), flow rates, 13 

and duration of well operation are detailed in ECF-100KR4-11-0167. P&T operations would begin in 14 

January 2020 and operate at a total flow rate of 5,602 L/min (1,480 gal/min) for up to 13 years. Individual 15 

system flow rates include 1,249 L/min (330 gal/min) for the KW P&T system; 1,230 L/min (325 gal/min) 16 

for the KR4 P&T system; and 3,123 L/min (825 gal/min) for the KX P&T system. 17 

Alternative 5 largely uses existing extraction wells, injection wells, and conveyance piping. The locations 18 

of extraction and injection wells for Alternative 5 are the same as those shown for Alternative 3 19 

(Figure 3-20). The groundwater fate and transport model for Alternative 5 assumes that new extraction 20 

wells 199-K-X01 and 199-K-X02 are located in the downgradient portion of the KW subarea C-14 plume, 21 

new extraction well 199-K-X03 is located at the downgradient portion of the KE subarea Cr(VI) plume, 22 

and new C-14 soil flushing extraction wells RW-WC14-01 and RW-EC14-01 are located near the 23 

116-KW-1 and 116-KE-1 waste sites, respectively. Wells RW-WC14 and RW-EC14 begin operating 24 

when soil flushing at 116-KW-1 and 116-KE-1 commences in 2025. 25 

Treatment of extracted groundwater to remove Cr(VI) will be performed using the existing KW, KR4, 26 

and KX P&T systems using IX, and the treated groundwater will be reinjected at 100-K. The C-14 is 27 

treated by acidification followed by air stripping and VPGAC adsorption using new process equipment as 28 

described for Alternative 2. Figure 3-15 provides a conceptual process flow schematic for the P&T 29 

systems for Alternative 5. 30 

As described in Section 3.2.1.3 and ECF-100KR4-11-0167, the projected Sr-90, nitrate, and TCE 31 

concentrations for the combined influent are below their respective PRGs; therefore, treatment for these 32 

COCs would not be performed. Any TCE co-extracted in the KW subarea would undergo partial 33 

treatment in the KW P&T air stripping system that targets C-14. Final design and pre-treatment 34 

implementation will be determined during remedial design and provided in the RD/RAWP. 35 

P&T system performance monitoring would evaluate contaminant mass removal and would include both 36 

hydraulic and chemical/radionuclide monitoring of extracted groundwater. MNA performance monitoring 37 

would include COC concentration monitoring. The nature and scope of the performance monitoring 38 

program will be developed during the RD/RAWP phase and would be included in a performance 39 

monitoring plan that refines the monitoring and cost assumptions. General information on the scope and 40 

frequency of performance monitoring assumed for this FS is described in Section 3.2.1.6. 41 
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3.2.6.7 Groundwater Remediation Timeframes 1 

Simulated remediation timeframes for each COC to reach cleanup levels at the aquifer and shoreline for 2 

Alternative 5 are compared with Alternative 1 – No Action in Table 3-15 using the C90 and Cmax 3 

concentration statistics. The groundwater model simulations and results for Alternative 5 are the same as 4 

for Alternative 3. The groundwater model simulations for Alternative 5 assume that the P&T system for 5 

this alternative is operational in the KW, KE, and KN subareas (including the KN and K-N Boundary 6 

plumes) starting in 2020, prior to which only the wells operating under the interim action P&T are active. 7 

The model assumes that Cr(VI) soil flushing occurs at continuing sources in the KE subarea in 2021, and 8 

in years 2020, 2023, and 2026 in the KW subarea. The C-14 soil flushing occurs at the 116-KW-1 and 9 

116-KE-1 waste sites in 2025. 10 

Table 3-15. Simulated Groundwater Remediation Timeframes – Comparison Between Alternatives 5 and 1 

COC and PRG Alternative 

Subarea and Year PRG is Meta 

C90/Cmax 

KW KE KN 100-N All Subareas 

Cr(VI) (aquifer) 

48 µg/L 

Alternative 5 

Alternative 1 

2018/2029 

2018/2143+ 

2018/2031 

2018/2065 

2018b/2019b 

2018b/2022b 

2018c/2018c 

2018c/2018c 

2018/2031 

2018/2143+ 

Cr(VI) (shoreline) 

10 µg/L 

Alternative 5 

Alternative 1 

2018/2018 

2056/2063 

2018/2019 

2055/2059 

2018d/2018d 

2026d/2037d 

2018e/2018e 

2133e/2143+e 

2018/2019 

2133/2143+ 

C-14 

2,000 pCi/L 

Alternative 5 

Alternative 1 

2021/2028 

2027/2034 

2019/2026 

2019/2035 
N/A N/A 

2021/2028 

2027/2035 

Sr-90 

8 pCi/L 

Alternative 5 

Alternative 1 

2038/2152 

2045/2152 

2146f/2318+f 

2139f/2318+f 

2018/2026 

2018/2032 
N/A 

2146/2318+ 

2139/2318+ 

Nitrate 

45,000 µg/L 

Alternative 5 

Alternative 1 

2018/2028 

2018/2028 

2018/2023 

2018/2021 
N/A N/A 

2018/2028 

2018/2028 

Tritium 

20,000 pCi/L 

Alternative 5 

Alternative 1 

2018/2025 

2018/2028 

2018/2025 

2018/2027 
N/A N/A 

2018/2025 

2018/2028 

TCE 

4 µg/L 

Alternative 5 

Alternative 1 

2021/2026 

2021/2027 

2018/2025 

2018/2024 
N/A N/A 

2021/2026 

2021/2027 

a. Year PRG is met based on C90 and Cmax simulations 

b. Timeframe is for the KN subarea Cr(VI) plume and the portion of the K-N Boundary Cr(VI) plume within KN.  

c. Timeframe is for the K-N Boundary Cr(VI) plume.  

d. Timeframe is for the downgradient portion of the KN subarea Cr(VI) plume.  

e. Timeframe for the K-N Boundary plume, which migrates into the 100-N subarea before reaching the shoreline.  

f. Timeframe for the KE subarea, which includes the KE and K1/K2 Sr-90 plumes. When evaluated individually, C90/Cmax 

concentrations are <8 pCi/L in years 2181/2318+ for the KE plume and years 2052/2214 for the K1/K2 plume. 

+ = COC concentration exceeds the PRG at the end 

of the last year simulated 

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in 

the model domain 

COC = contaminant of concern 

N/A = not applicable 

PRG = preliminary remediation goal 

  11 
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The P&T and Cr(VI) soil flushing in the KW and KE subareas, and P&T in the KN subarea and the 1 

K-N Boundary plume, result in reduced remediation timeframes for the aquifer and shoreline under 2 

Alternative 5 compared to Alternative 1. Aquifer remediation timeframes (Cmax) are reduced by 115 years 3 

for the KW subarea, 35 years for the KE subarea, and 5 years for the KN subarea; and shoreline 4 

timeframes are reduced by 45 years at the KW subarea, 40 years at the KE subarea, and 10 years at the 5 

KN subarea. The P&T of the K-N Boundary plume results in a 125-year reduction of the shoreline 6 

remediation timeframe at the 100-N shoreline. The C90 concentrations are <48 µg/L throughout the 7 

aquifer and 10 µg/L along the shoreline in 2018 (all subareas) in year 1 under Alternative 5 (Table 3-15). 8 

Simulated Cr(VI) plumes at the end of 2018, 2022, 2027, 2037, 2067, and 2092 (years 1, 5, 10, 20, 50, 9 

and 75) for Alternative 5 are the same as for Alternative 3 (Figures 3-21, 3-22, and 3-23). 10 

Simulated Cmax KW and KE subarea C-14 plumes at the end of years 2018, 2022, and 2027 (years 1, 5, 11 

and 10) for Alternative 5 are similar to those presented in Figure 3-19 for Alternative 2. The C-14 12 

concentrations throughout the KW and KE subareas are below the 2,000 pCi/L PRG within 5 years based 13 

on C90 or within 10 years based on Cmax. The C90 and Cmax timeframes for the KW subarea and the Cmax 14 

timeframe for the KE subarea are 10 years shorter than for Alternative 1 (Table 3-15).  15 

Nitrate, tritium, and TCE are co-extracted by the P&T system. As shown in Table 3-15, remediation 16 

timeframes for nitrate, tritium, and TCE, are similar to (within 3 years) of the Alternative 1 timeframes.  17 

The KW and KE Sr-90 plumes and localized Sr-90 at KN subarea wells are remediated primarily through 18 

radioactive decay. P&T does not affect the remediation timeframe (Table 3-15) compared to 19 

Alternative 1. Predicted remediation timeframes for Sr-90 are similar to Alternative 1 (approximately 20 

140 years in the KW subarea and 300 years in the KE subarea), except the C90 timeframe is about 21 

10 years less in the KW subarea and 10 years greater in the KE subarea under Alternative 5. 22 

3.2.7 Alternative 6 – ICs for 18 Waste Sites, RTD for 58 Waste Sites, and No Action 23 

for 82 Waste Sites; and MNA, ICs, and River Protection P&T for Groundwater 24 

Alternative 6 is similar to Alternative 2 but uses irrigation ICs in lieu of soil flushing at waste sites and 25 

continuing sources and uses P&T for river protection versus aquifer restoration. This alternative includes 26 

the following primary components: 27 

 ICs to prevent direct contact exposure at waste sites with shallow soil contamination exceeding 28 

human health PRGs 29 

 RTD to address waste sites with known or presumed shallow soil direct contact risk and groundwater 30 

protection PRG exceedances 31 

 ICs to restrict excavation at waste sites that contain residual radionuclide contamination at depths 32 

>4.6 m (15 ft) that pose a potential risk from inadvertent exposure through deep excavation activities 33 

 ICs prohibiting irrigation at waste sites with groundwater and/or surface water protection 34 

SSL exceedances 35 

 P&T for Cr(VI) (with co-extraction of other COCs) to control plume migration to the river through 36 

hydraulic containment, and to remediate the Cr(VI) plumes to the shoreline groundwater PRGs 37 

through extraction, treatment, and reinjection 38 

 MNA with ICs for Cr(VI) in KW; for C-14, nitrate, tritium, and TCE in the KW and KE subareas; 39 

and for Sr-90 in the KW, KE, and KN subareas, restricting groundwater use until PRGs are met 40 
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Table 3-16 summarizes the waste site and groundwater components of Alternative 6, provides the total 1 

present value soil and groundwater cost estimates, and includes the estimated time to achieve 2 

groundwater PRGs based on the Cmax and C90 concentrations. Table 3-4 provides additional information 3 

on the waste site excavation and irrigation ICs.  4 

3.2.7.1 No Action for Waste Sites 5 

No further actions are required for 82 waste sites passing risk or site-specific evaluations (Table 3-2).  6 

3.2.7.2 ICs for Waste Sites 7 

Alternative 6 includes natural attenuation with ICs and RTD to address direct contact or groundwater/ 8 

surface water protection risk at deep waste sites for ICs and waste sites with remedial alternatives and to 9 

address presumed risk at post-ROD waste sites (Table 3-16). 10 

3.2.7.2.1 Deep Waste Sites for ICs 11 

The ICs information from Alternative 2, Section 3.2.3.2 applies to Alternative 6. 12 

3.2.7.2.2 Waste Sites with Remedial Alternatives 13 

The ICs information from Alternative 2, Section 3.2.3.2 applies to Alternative 6. 14 

3.2.7.2.3 Waste Sites Remaining for Remedial Action – Post-ROD 15 

The ICs information from Alternative 2, Section 3.2.3.2 applies to Alternative 6 but adds ICs restricting 16 

irrigation and deep excavation at the 116-KE-1 and 116-KW-1 waste sites. As discussed in 17 

Section 3.2.3.4, deep vadose zone C-14 concentrations at 116-KW-1 (up to 45,000 pCi/g) and 116-KE-1 18 

(up to 7,600 pCi/g) exceed groundwater/surface water protection PRGs and SSLs. Based on the estimated 19 

timeframes required for C-14 concentrations in soil to decay to levels protective of groundwater, 20 

irrigation ICs will be maintained at the 116-KE-1 and 116-KW-1 waste sites for 300 years, and deep 21 

excavation ICs will be maintained until unrestricted use is allowed. Based on the estimated timeframe for 22 

the KW and KE subareas C-14 plumes to achieve the PRGs under Alternative 6 (up to year 2034), the 23 

proposed irrigation IC timeframe is conservative. 24 

3.2.7.3 RTD for Waste Sites 25 

The RTD information from Alternative 2, Section 3.2.3.3 applies to Alternative 6. 26 

3.2.7.4 MNA, ICs, and River Protection P&T for Groundwater 27 

Under Alternative 6, the primary objective of the P&T system is to provide hydraulic containment of the 28 

Cr(VI) plumes above the 10 µg/L groundwater PRG at the shoreline. The interim action P&T system is 29 

expanded in Alternative 6 to include two additional extraction wells.  30 

To the extent possible, extraction and injection wells flow rates have been optimized to control the 31 

hydraulic gradients and minimize plume discharge to the Columbia River. Well use (i.e., extraction or 32 

injection), flow rates, and duration of well operation are detailed in ECF-100KR4-11-0167. P&T 33 

operations would begin in January 2020 and operate at a total flow rate of 3,502 L/min (925 gal/min) for 34 

up to 49 years. Individual system flow rates under Alternative 6 include 454 L/min (120 gal/min) for the 35 

KW P&T system; 984 L/min (260 gal/min) for the KR P&T system; and 2,063 L/min (545 gal/min) for 36 

the KX P&T system. MNA is used to remediate Cr(VI) in the KW subarea (after P&T); C-14, nitrate, 37 

tritium, and TCE in the KW and KE subareas; and Sr-90 in the KW, KE, and KN subareas, with ICs 38 

restricting groundwater use until PRGs are met. 39 
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Table 3-16. Description of Components for Alternative 6 – ICs for 18 Waste Sites, RTD for 58 Waste Sites, 
and No Action for 82 Waste Sites; and MNA, ICs, and River Protection P&T for Groundwater 

Components Description 

Waste sites  No further action No additional remedial actions are taken at 82 waste sites, including 60 waste sites where CVP sample results confirm the 

interim actions completed under an interim action ROD meet PRGs and 22 waste sites with site-specific considerations. 

 Deep Waste Sites for ICs 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-3, 

100-K-36, 100-K-56:1, 100-K-68, 100-K-69, 100-K-70, and 100-K-71, 116-K-1; up to year 2135 (Table 3-4). 

 Waste Sites with Remedial Alternatives 

 ICs Excavation ICs to minimize the potential for direct contact exposure for sites with potential shallow human health direct 

contact risk until <1×10-4: 100-K-64 and 118-K-1 waste sites; up to year 2045 (Table 3-4). 

Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-132, 

118-K-1, and 116-K-2 (eastern and western); up to year 2185 (Table 3-4). 

Irrigation ICs to address potential groundwater/surface water protection risk from radionuclide or chemical COCs in soil until 

<PRG: 100-K-132 and 116-K-2 (eastern) waste sites; up to year 2318 (Table 3-4). 

 Waste Sites Remediated under Interim Actions (pre-ROD)* 

 RTD 24 waste sites assumed remediated under interim actions before December 31, 2019: shallow RTD at 100-K-13, 100-K-25, 

100-K-27, 100-K-35, 100-K-79:4, 100-K-94, 100-K-99, 100-K-103, 100-K-107, 100-K-108, 120-KE-1, 120-KE-2, 120-KE-3, 

120-KE-4, 120-KE-5, 1607-K1, and 1607-K5; and deep RTD at 100-K-79:3, 100-K-79:9, 100-K-98, 100-K-101, 116-KE-2, 

120-KE-6, and 120-KE-9, 

 Waste Sites Remaining for Remedial Action (Post-ROD) 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-82, 

116-KE-1, 116-KE-3, 116-KW-1, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

Irrigation ICs to address groundwater/surface water protection risk at waste sites located near reactor facilities: waste sites 

100-K-82, 116-KE-1, 116-KE-3, 116-KW-1, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

 RTD RTD up to 4.6 m (15 ft) to address presumed human health direct contact and/or ecological risk and/or groundwater/surface 

water protection risk using standard excavation technology, as described in Section 3.2.1.2: waste sites 100-K-1, 100-K-5, 

100-K-48, 100-K-49, 100-K-54, 100-K-56:2, 100-K-56:3, 100-K-74, 100-K-81, 100-K-83, 100-K-104, 116-K-3, 120-KE-8, 

120-KW-6, 130-K-2, 130-KW-1, and 1607-K6. 

RTD to depth of contamination exceeding surface/groundwater PRGs using standard and deep excavation technologies, as 

described in Section 3.2.1.2: waste sites 100-K-47, 100-K-55:2, 100-K-60, 100-K-72, 100-K-73, 100-K-75, 100-K-79:5, 

100-K-79:6, 100-K-79:7, 100-K-79:8, 130-KE-2, and 130-KW-2. 

RTD to remove structure (fuel storage basin at 100-K-43 waste site) and underlying contaminated soil (100-K-82 waste site) 

after fuel storage basin contents have been removed (assumed RTD depth of 13.7 m [45 ft] bgs). 

RTD up to 4.6 m (15 ft) to address human health direct contact risk identified during partial remediation: 116-KE-1 waste site. 

RTD to decommission reverse well at the 116-KE-3 waste site. 
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Table 3-16. Description of Components for Alternative 6 – ICs for 18 Waste Sites, RTD for 58 Waste Sites, 
and No Action for 82 Waste Sites; and MNA, ICs, and River Protection P&T for Groundwater 

Components Description 

Waste sites (cont.)  RTD to address presumed human health direct contact and/or ecological risk and groundwater/surface water protection risk at 

the 116-KW-2 waste site. RTD to remove structure (crib at the 116-KW-2 waste site) and underlying contaminated soil 

(assumed RTD depth of 13.7 m [45 ft] bgs), and decommission reverse well.  

Table 3-2 identifies applicable waste sites remediated by RTD using standard excavation technology and also sites for deep 

excavation based on process knowledge. 

For NHPA planning considerations, the majority of the anticipated area of potential effect associated with RTD is within 

previously disturbed operational areas. A portion of this area has been inventoried for cultural resources within the past 

10 years. There are previously documented archaeological resources and one known traditional cultural property within the 

area of potential effect. Mitigation documentation requirements for facilities within the area of potential effect have already 

been met. 

Continuing sources No action No action  

Groundwater ICs Maintain existing sitewide ICs (including groundwater use restrictions) under DOE/RL-2001-41, with modifications to include 

area-specific supplemental controls. 

Groundwater use at 100-K is restricted, except for monitoring and treatment, as approved by EPA. 

Land-use and real property controls ensure that the use of groundwater is in accordance with Hanford Site plans and CERCLA 

decision documents. 

Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the existing plumes or their paths 

on the Hanford Site. 

Maintain ICs for each plume for the time required to reach PRGs. 

 P&T for Cr(VI) (collection) P&T to provide hydraulic containment at the shoreline. 

Install two additional extraction wells in KW for C-14.  

Modify the KW P&T building to add ex situ treatment for C-14 using air stripping/vapor-phase granular activated carbon 

adsorption. 

Operate the KW, KR4, and KX P&T systems and treat Cr(VI) at an estimated 3,502 L/min (925 gal/min). The operational 

duration for Cr(VI) is estimated at 49 years to reach and remain <10 µg/L at the shoreline. 

P&T network includes 26 extraction wells and 14 injection wells. The actual number and placement of extraction and injection 

wells and the pumping rates will be refined during RD/RAWP development and may differ from the configurations described 

in this FS.  

The RPO process will be used to provide ongoing evaluations to ensure that the system meets performance requirements that 

will be defined in the RD/RAWP. RPO will increase system efficiency, which may decrease timeframes for achieving PRGs. 

RPO will adjust extraction and injection rates for each well to better achieve capture efficiency and flow-path control. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the P&T network for NHPA 

planning considerations. Well and piping siting, as well as cultural resources review and any mitigation planning requirements, 

will be addressed in the RD/RAWP. 
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Table 3-16. Description of Components for Alternative 6 – ICs for 18 Waste Sites, RTD for 58 Waste Sites, 
and No Action for 82 Waste Sites; and MNA, ICs, and River Protection P&T for Groundwater 

Components Description 

Groundwater (cont.) P&T for Cr(VI) (ex situ 

treatment) 

Treat extracted groundwater through IX for Cr(VI) at the existing KW, KR4, and KX treatment plants. Treatment for C-14 

performed in new 232 m2 (2,500 ft2) treatment room constructed at the KW P&T building. 

IX treatment reduces Cr(VI) concentrations below the state surface water quality standard (10 µg/L). Air stripping reduces 

C-14 concentrations below the DWS (2,000 pCi/L).  

New C-14 treatment equipment would include an equalization tank, transfer pumps, acid feed system, low-profile tray stripper, 

fan blower, and vapor-phase granular activated carbon vessels (two) for off-gas treatment.  

Treatment for Sr-90, nitrate, and TCE would not be performed because the combined influent concentrations are projected to 

remain below their respective PRGs. No treatment technologies for tritium are available. 

Ex situ treatment for Cr(VI) and C-14 will continue for the estimated duration of the P&T operations (49 years at KW, KR4, 

and KX P&T systems). 

 P&T for Cr(VI) (discharge) Treated groundwater from the KW, KR4, and KX P&T systems is reinjected at the 100-KR-4 OU. 

 O&M O&M of the extraction well network, injection well network, conveyance infrastructure, and above-grade infrastructure 

(transfer stations) will be based on the times for Cr(VI) concentrations to reach the PRG. The nature and scope of O&M 

activities will be developed in the RD/RAWP. 

 Monitoring requirements P&T 

and MNAb 

Remedy performance monitoring during P&T to evaluate the progress and effectiveness of P&T to attain the Cr(VI) PRGs in 

the aquifer and at the shoreline at KE and KN subareas and 100-N (K-N Boundary plume) up to 49 years.  

Post-P&T monitoring for Cr(VI) to evaluate the progress and effectiveness of MNA to attain the Cr(VI) PRG in the aquifer 

at the KW subarea (up to 80 years post-P&T). 

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the PRGs (nitrate, tritium, TCE, and 

C-14) (up to 20 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the Sr-90 PRG (up to 300 years).  

Monitoring plans will be defined developed as part of the RD/RAWP.  

For cost estimating, it is assumed that sampling for nitrate, TCE, and tritium is semiannual in years 1–5 and annual in 

years 6–10. Sampling for C-14 is semiannual in years 1–5 and annual in years 6–15. Monitoring for Sr-90 is semiannual in 

year 1, and every 5 years for years 2–300. Monitoring for Cr(VI) is semiannual in years 1–10 and annual in years 11–125.  

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the existing monitoring network 

for NHPA planning considerations. Well location siting, as well as cultural resource review and any mitigation planning 

requirements, will be addressed in the RD/RAWP. 
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Table 3-16. Description of Components for Alternative 6 – ICs for 18 Waste Sites, RTD for 58 Waste Sites, 
and No Action for 82 Waste Sites; and MNA, ICs, and River Protection P&T for Groundwater 

Components Description 

Groundwater (cont.) Groundwater remediation 

timeframec COC PRG 

Estimated Remediation Timeframe (years) 

Cmax C90 

Cr(VI) 48 µg/L 130 0 

Cr(VI) 10 µg/L 5 0 

C-14 2,000 pCi/L 20 5 

Sr-90 8 pCi/L >300 140 

Nitrate 45,000 µg/L 10 0 

Tritium 20,000 pCi/L 10 0 

TCE 4 µg/L 10 5 

 Compliance monitoring 

requirements 

Semiannual monitoring will be performed for an additional 5 years after PRGs are initially achieved (through P&T and MNA) 

to confirm that PRGs have been met.  

Present value costs Total: $634 million 

Waste sites: $193 million 

Continuing sources: $0  

Groundwater:  $441 million 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions. 

a. Excluded from cost estimates. 

b. Additional information on P&T and MNA monitoring requirements appears in Section 3.2.1.6. 

c. Remediation timeframes up to 50 years are rounded up to the nearest 5 years, and those >50 years are rounded up to the nearest 10 years. 

bgs = below ground surface 

CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

CVP = cleanup verification package 

DWS = drinking water standard 

EPA = U.S. Environmental Protection Agency 

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

O&M = operations and maintenance 

OU = operable unit 

NHPA = National Historic Preservation Act of 1966 

P&T = pump and treat 

PRG = preliminary remediation goal 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RPO = remedial process optimization 

RTD = removal, treatment, and disposal 

 1 
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Alternative 6 largely uses existing extraction wells, injection wells, and conveyance piping but adds two 1 

new extraction wells (199-K-X01 and 199-K-X02) at the downgradient portion of the KW subarea C-14 2 

plume. Figure 3-29 shows the locations of extraction and injection wells for Alternative 6 and the 3 

simulated continuing sources. 4 

Treatment of extracted groundwater to remove Cr(VI) will be performed using the existing KW, 5 

KR4, and KX P&T systems using IX, and the treated groundwater is reinjected at 100-K. The C-14 is 6 

treated by acidification followed by air stripping and VPGAC adsorption using new process equipment as 7 

described for Alternative 2 (Section 3.2.3.6). Figure 3-15 provides a conceptual process flow schematic 8 

for the P&T systems for Alternative 6.  9 

Alternative 6 uses P&T to hydraulically contain and remediate the upland K-N-Boundary Cr(VI) plume 10 

before it reaches the Columbia River. The K-N-Boundary plume is hydraulically contained using the 11 

existing P&T system.  12 

As described in Section 2.2.1.3 and ECF-100KR4-11-0167, the projected Sr-90, nitrate, and TCE 13 

concentrations for the combined influent are below their respective PRGs; therefore, treatment for these 14 

COCs would not be performed. Because Sr-90 and nitrate are anions (like Cr(VI)), these two COCs may 15 

be partially treated by the Cr(VI) IX system. Any TCE co-extracted in the KW subarea would also 16 

undergo partial treatment in the KW P&T air stripping system that targets C-14. Final design and 17 

pre-treatment implementation will be determined during remedial design and provided in the RD/RAWP. 18 

P&T system performance monitoring would evaluate contaminant mass removal and would include both 19 

hydraulic and chemical/radionuclide monitoring of extracted groundwater. MNA performance monitoring 20 

would include COC concentration monitoring. The nature and scope of the performance monitoring 21 

program will be developed during the RD/RAWP phase and would be included in a performance 22 

monitoring plan that refines the monitoring and cost assumptions. Section 3.2.1.6 provides general 23 

information on the scope and frequency of performance monitoring assumed for this FS. 24 

3.2.7.5 Groundwater Remediation Timeframes 25 

Simulated remediation timeframes for each COC to reach cleanup levels at the aquifer and shoreline 26 

for Alternative 6 are compared with Alternative 1 – No Action in Table 3-15 using the C90 and Cmax 27 

concentration statistics. The groundwater model simulations for Alternative 6 assume that the P&T 28 

system is operational for 49 years starting in 2020. Prior to 2020, only the wells operating under the 29 

interim action P&T are active. Soil flushing is not a component of the Alternative 6 simulations. 30 

As shown in Table 3-17, P&T does not reduce the overall Cr(VI) remediation timeframe for the aquifer 31 

compared to Alternative 1 and does not reduce timeframes for the KW and KN subareas and 100-N. 32 

Shoreline groundwater remediation Cmax timeframes are reduced by 45 years at the KW subarea, 40 years 33 

at the KE subarea, 20 years at the KN subarea, and 125 years at 100-N (K-N Boundary plume). 34 

The 125-year timeframe reduction at 100-N is a result of P&T for the K-N Boundary plume (Table 3-17). 35 

The predicted C90 timeframes for the KW, KE, and KN subareas and 100-N at the shoreline are 40, 40, 36 

10, and 115 years shorter, respectively, than for Alternative 1. Under Alternative 6, all simulated C90 37 

results are below the aquifer and shoreline PRGs by 2018. 38 
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 1 

Figure 3-29. Alternative 6 – Well Layout and Simulated Continuing Sources 2 
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Table 3-17. Simulated Groundwater Remediation Timeframes – Comparison Between Alternatives 6 and 1 

COC and PRG Alternative 

Subarea and Year PRG is Meta 

(C90/Cmax) 

KW KE KN 100-N  All Subareas 

Cr(VI) (aquifer) 

48 µg/L 

Alternative 6 

Alternative 1 

2018/2143+ 

2018/2143+ 

2018/2061 

2018/2065 

2018b/2022b 

2018b/2022b 

2018c/2018c 

2018c/2018c 

2018/2143+ 

2018/2143+ 

Cr(VI) (shoreline) 

10 µg/L 

Alternative 6 

Alternative 1 

2018/2018 

2056/2063 

2018/2019 

2055/2059 

2018d/2018d 

2026d/2037d 

2018e/2018e 

2133e/2143+e 

2018/2019 

2133/2143+ 

C-14 

2,000 pCi/L 

Alternative 6 

Alternative 1 

2020/2034 

2027/2034 

2019/2031 

2019/2035 
N/A N/A 

2020/2034 

2027/2035 

Sr-90 

8 pCi/L 

Alternative 6 

Alternative 1 

2082/2154 

2045/2152 

2152f/2315f 

2139f/2318+f 

2018/2026 

2018/2032 
N/A 

2152/2315 

2139/2318+ 

Nitrate 

45,000 µg/L 

Alternative 6 

Alternative 1 

2018/2028 

2018/2028 

2018/2021 

2018/2021 
N/A N/A 

2018/2028 

2018/2028 

Tritium 

20,000 pCi/L 

Alternative 6 

Alternative 1 

2018/2025 

2018/2028 

2018/2025 

2018/2027 
N/A N/A 

2018/2025 

2018/2028 

TCE 

4 µg/L 

Alternative 6 

Alternative 1 

2022/2027 

2021/2027 

2018/2027 

2018/2024 
N/A N/A 

2022/2027 

2021/2027 

a. Year PRG is met based on C90 and Cmax simulations. 

b. Timeframe is for the KN subarea Cr(VI) plume and the portion of the K-N Boundary Cr(VI) plume within KN.  

c. Timeframe is for the K-N Boundary Cr(VI) plume.  

d. Timeframe is for the downgradient portion of the KN subarea Cr(VI) plume.  

e. Timeframe is for the K-N Boundary plume, which migrates into the 100-N subarea before reaching the shoreline.  

f. Timeframe for the KE subarea, which includes the KE and K1/K2 Sr-90 plumes. When evaluated individually, C90/Cmax 

concentrations are <8pCi/L in years 2217/2315 for the KE plume and years 2053/2181 for the K1/K2 plume. 

+ = COC concentration exceeds the PRG at the 

end of the last year simulated  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in 

the model domain 

COC = contaminant of concern 

N/A = not applicable 

PRG = preliminary remediation goal 

 1 

Figures 3-30, 3-31, and 3-32 present the simulated Cr(VI) plumes at the end of 2018, 2022, 2027, 2037, 2 

2067, and 2092 (years 1, 5, 10, 20, 50, and 75) for Alternative 6. The simulated Cmax Cr(VI) concentration 3 

results indicate that 50 years of P&T would result in Cr(VI) concentrations decreasing below the 48 μg/L 4 

groundwater PRG within 5 years in the KN subarea and 100-N and within 50 years in the KE subarea but 5 

would remain >48 μg/L in localized areas of the KW subarea for over 80 years after P&T. After P&T, 6 

further concentration reduction occurs through MNA. After simulation year 5, concentrations in all areas 7 

are <10 µg/L along the shoreline and remain <10 µg/L after P&T operations cease. 8 

Figure 3-33 presents the simulated Cmax KW and KE subareas C-14 plumes at the end of 2018, 2022, and 9 

2027 (years 1, 5, and 10) for Alternative 6. Simulated Cmax KW and KE subareas C-14 plumes in 2018, 10 

2022, and 2027 (years 1, 5, and 10) for Alternative 6 are similar to those presented in Figure 3-19 for 11 

Alternative 2. The C-14 concentrations throughout KW subarea are below the 2,000 pCi/L PRG within 12 

5 years based on C90 or within 20 years based on Cmax. The C-14 concentrations throughout the 13 

KE subarea are below the 2,000 pCi/L PRG within 5 years based on C90 or 15 years based on Cmax. 14 
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The C90 timeframe for the KW subarea and the Cmax timeframe for the KE subarea are 10 years shorter 1 

than for Alternative 1, whereas the other timeframes are the same as for Alternative 1 (Table 3-17). 2 

Nitrate, tritium, and TCE are co-extracted with Cr(VI) by the P&T system. As shown in Table 3-17, 3 

remediation timeframes for nitrate, tritium, and TCE are similar to (within 3 years of) the 4 

Alternative 1 timeframes.  5 

The KW and KE Sr-90 plumes and localized Sr-90 in the KN subarea are remediated primarily through 6 

radioactive decay. P&T does not affect the Sr-90 remediation timeframe (Table 3-13) compared to 7 

Alternative 1 – No Action. The predicted Cmax remediation timeframes for Sr-90 (approximately 8 

140 years in the KW subarea and 300 years in the KE subarea) are similar to Alternative 1. The predicted 9 

C90 timeframe is increased by 40 years in the KW subarea and 15 years in the KE subarea. 10 

3.2.8 Alternative 7 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste 11 

Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; and 12 

Source Treatment (Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI), Sr-90) for Groundwater 13 

Alternative 7 is the same as Alternative 4 for waste sites and continuing sources, except in situ treatment 14 

(solidification) replaces irrigation ICs for Sr-90. For groundwater, Alternative 7 is the same as 15 

Alternative 4 for Cr(VI) P&T. Under Alternative 7, P&T is used (together with solidification of Sr-90 16 

waste sites and continuing sources in the KW and KE subareas) to remediate the KW, KE, and K1/K2 17 

Sr-90 plumes. This alternative includes the following primary components: 18 

 ICs to prevent direct contact exposure at waste sites with shallow soil contamination exceeding 19 

human health PRGs 20 

 RTD to address waste sites with known or presumed shallow soil direct contact risk and groundwater 21 

protection PRG exceedances 22 

 ICs to restrict excavation at waste sites that contain residual radionuclide contamination at depths 23 

>4.6 m (15 ft) that pose a potential risk from inadvertent exposure through deep excavation activities 24 

 Soil flushing (together with P&T) to enhance the removal and transport of C-14 and Cr(VI) from 25 

waste site sources to groundwater where aqueous C-14 and Cr(VI) are removed using P&T 26 

 In situ solidification to immobilize Sr-90 in the deep vadose zone at four waste sites suspected to 27 

contribute to the Sr-90 plumes near the KE and KW Reactor buildings 28 

 Soil flushing (together with P&T) to enhance the removal and transport of Cr(VI) from continuing 29 

vadose zone sources to groundwater where aqueous Cr(VI) is removed using P&T 30 

 In situ solidification to immobilize Sr-90 in the deep vadose zone at a suspected Sr-90 continuing 31 

source to the K1/K2 plume  32 

 P&T for Cr(VI) (with co-extraction of other COCs) in the KW, KE, and KN subareas and the 33 

K-N Boundary plume to control plume migration and remediate the Cr(VI) plumes to the aquifer and 34 

shoreline groundwater PRGs through extraction, treatment, and reinjection   35 
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 1 

Figure 3-30. Alternative 6 – Simulated Cr(VI) Plumes After Years (2018) 1 and 5 (2022)  2 
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 1 

Figure 3-31. Alternative 6 – Simulated Cr(VI) Plumes After Years 10 (2027) and 20 (2037)  2 
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 1 

Figure 3-32. Alternative 6 – Simulated Cr(VI) Plumes After Years 50 (2067) and 75 (2092)  2 
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 1 

Figure 3-33. Alternative 6 – Simulated C-14 Plumes After Years 1 (2018), 5 (2022), and 10 (2027) 2 
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 P&T for Sr-90 to remediate the Sr-90 plumes to the aquifer groundwater PRG through extraction, 1 

treatment, and reinjection  2 

 MNA for C-14, nitrate, tritium, and TCE in the KW and KE subareas; and after P&T, MNA for Sr-90 3 

in the KE subarea, restricting groundwater use until groundwater PRGs are met 4 

Table 3-18 summarizes the waste site and groundwater components of Alternative 7, provides the total 5 

present value soil and groundwater cost estimates, and includes the estimated time to achieve 6 

groundwater PRGs based on the Cmax and C90 concentrations. Table 3-4 provides additional information 7 

on the waste site excavation and irrigation ICs. 8 

3.2.8.1 No Action for Waste Sites 9 

No further actions are required for 82 waste sites passing risk or site-specific evaluations (Table 3-2).  10 

3.2.8.2 ICs for Waste Sites 11 

Alternative 7 includes ICs to address direct contact or groundwater/surface water protection risk at deep 12 

waste sites for ICs and waste sites with remedial alternatives and to address presumed risk at post-ROD 13 

waste sites (Table 3-18).  14 

3.2.8.2.1 Deep Waste Sites for ICs 15 

The ICs information from Alternative 2, Section 3.2.3.2 (deep waste sites for ICs) applies to 16 

Alternative 7. 17 

3.2.8.2.2 Waste Sites with Remedial Alternatives 18 

The ICs information from Alternative 2, Section 3.2.3.2 (waste sites with remedial alternatives) applies to 19 

Alternative 7, except for the 116-K-2 waste site. Alternative 7 assumes irrigation ICs would not be 20 

required for the eastern portion of the 116-K-2 waste site because soil flushing will reduce Cr(VI) in soil 21 

to levels protective of groundwater and surface water. 22 

3.2.8.2.3 Waste Sites Remaining for Remedial Action – Post-ROD 23 

Alternative 7 uses ICs restricting deep excavation at four of the 36 post-ROD waste sites: 100-K-82, 24 

116-KW-2, 116-KE-3, and UPR-100-K-1. ICs would be required after other remedial actions (RTD and 25 

in situ solidification) are completed and would be maintained until unrestricted use is allowed. For cost 26 

estimating, it is assumed that deep excavations ICs will be maintained at the 116-KW-2 and 100-K-82 27 

waste sites until the Sr-90 PRG in KW subarea groundwater is achieved (year 2153) and at 116-KE-3 and 28 

UPR-100-K-1 for 300 years. 29 

3.2.8.3 RTD for Waste Sites 30 

The RTD information from Alternative 2, Section 3.2.3.3 applies to Alternative 7. 31 

3.2.8.4 Soil Flushing for Waste Sites 32 

Alternative 7 includes soil flushing for C-14 at the 116-KE-1 and 116-KW-1 waste sites and soil flushing 33 

for Cr(VI) at the 116-K-2 waste site (eastern portion). The soil flushing information for waste sites from 34 

Alternative 4, Section 3.2.5.4 applies to Alternative 7. 35 
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Table 3-18. Description of Components for Alternative 7 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, 
Soil Flushing for 3 Waste Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI) and Sr-90) for Groundwater 

Components Description 

Waste sites  No further action No additional remedial actions are taken at 82 waste sites, including 60 waste sites where CVP sample results confirm the 

interim actions completed under an interim action ROD meet PRGs and 22 waste sites with site-specific considerations. 

 Deep Waste Sites for ICs 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-3, 

100-K-36, 100-K-56:1, 100-K-68, 100-K-69, 100-K-70, and 100-K-71, 116-K-1; up to year 2135 (Table 3-4). 

 Waste Sites with Remedial Alternatives 

 ICs Excavation ICs to minimize the potential for direct contact exposure for sites with potential shallow human health direct contact 

risk until <1×10-4: 100-K-64 and 118-K-1 waste sites; up to year 2045 (Table 3-4). 

Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-132, 

118-K-1, and 116-K-2 (eastern and western); up to year 2185 (Table 3-4). 

Irrigation ICs to address potential groundwater/surface water protection risk from radionuclides in soil until less than PRG: 

100-K-132 waste site until year 2128 (Table 3-4). 

 Soil flushing  Soil flushing (together with P&T) for Cr(VI) at 116-K-2 (eastern end). 

Surface infiltration of treated water. 

Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Two new extraction wells. 

Monitoring and verification sampling, which includes installation of two monitoring wells to monitor groundwater quality 

changes daily to quarterly during the injection period (one year). 

Infiltration area 1,400 m2 (15,070 ft2) in size (approximately 80 m by 17.5 m [262 ft by 57 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 4.6 m (15 ft) spacing. 

Estimated system flow rate ranging from 38 to 380 L/min (10 to 100 gal/min). 

Soil flushing for one year (2022). 

A 1.5 ha (3.7 ac) total anticipated area of potential effect is associated with soil flushing at 116-K-2. The majority of this area 

was previously disturbed under interim actions. 

 

 

 Waste Sites Remediated under Interim Actions (Pre-ROD)a 

 RTD 24 waste sites assumed remediated under interim actions before December 31, 2019: shallow RTD at 100-K-13, 100-K-25, 

100-K-27, 100-K-35, 100-K-79:4, 100-K-94, 100-K-99, 100-K-103, 100-K-107, 100-K-108, 120-KE-1, 120-KE-2, 120-KE-3, 

120-KE-4, 120-KE-5, 1607-K1, and 1607-K5; and deep RTD at 100-K-79:3, 100-K-79:9, 100-K-98, 100-K-101, 116-KE-2, 

120-KE-6, and 120-KE-9. 
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Table 3-18. Description of Components for Alternative 7 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, 
Soil Flushing for 3 Waste Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI) and Sr-90) for Groundwater 

Components Description 

Waste sites (cont.) Waste Sites Remaining for Remedial Action (Post-ROD) 

 ICs Excavation ICs to minimize the potential for inadvertent exposure through deep excavation activities: waste sites 100-K-82, 

116-KE-3, 116-KW-2, and UPR-100-K-1; up to year 2318 (Table 3-4). 

 RTD RTD up to 4.6 m (15 ft) to address presumed human health direct contact and/or ecological risk and/or groundwater/surface 

water protection risk using standard excavation technology, as described in Section 3.2.1.2: waste sites 100-K-1, 100-K-5, 

100-K-48, 100-K-49, 100-K-54, 100-K-56:2, 100-K-56:3, 100-K-74, 100-K-81, 100-K-83, 100-K-104, 116-K-3, 120-KE-8, 

120-KW-6, 130-K-2, 130-KW-1, and 1607-K6. 

RTD to depth of contamination exceeding surface/groundwater PRGs using standard and deep excavation technologies, as 

described in Section 3.2.1.2: waste sites 100-K-47, 100-K-55:2, 100-K-60, 100-K-72, 100-K-73, 100-K-75, 100-K-79:5, 

100-K-79:6, 100-K-79:7, 100-K-79:8, 130-KE-2, and 130-KW-2. 

RTD to remove structure (fuel storage basin at the 100-K-43 waste site) and underlying contaminated soil (100-K-82 waste 

site) after fuel storage basin contents have been removed (assumed RTD depth of 13.7 m [45 ft] bgs). 

RTD up to 4.6 m (15 ft) to address human health direct contact risk identified during partial remediation: 116-KE-1 waste site. 

RTD to decommission reverse well at the 116-KE-3 waste site. 

RTD to address presumed human health direct contact and/or ecological risk and groundwater/surface water protection risk at 

the 116-KW-2 waste site. RTD to remove structure (crib at the 116-KW-2 waste site) and underlying contaminated soil 

(assumed RTD depth of 13.7 m [45 ft] bgs), and decommission reverse well.  

Table 3-2 identifies applicable waste sites remediated by RTD using standard excavation technology and also sites for deep 

excavation based on process knowledge. 

For NHPA planning considerations, the majority of the anticipated area of potential effect associated with RTD is within 

previously disturbed operational areas. A portion of this area has been inventoried for cultural resources within the past 

10 years. There are previously documented archaeological resources and one known traditional cultural property within the 

area of potential effect. Mitigation documentation requirements for facilities within the area of potential effect have already 

been met. 

 Soil flushing  Soil flushing (together with P&T) for C-14 at 116-KE-1 and 116-KW-1 former condensate cribs. 

Surface infiltration of treated water. 

Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Two new extraction wells in each area. 

Monitoring and verification sampling, which includes installation of two monitoring wells in each area to monitor groundwater 

quality changes daily to quarterly during the injection period (one year). 

Two infiltration areas at 116-KW-1 and one infiltration area at 116-KE-1, each 150 m2 (1,615 ft2) in size (approximately 

5 m by 30 m [16.4 ft by 98.4 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 2.3 m (7.5 ft) spacing. 
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Table 3-18. Description of Components for Alternative 7 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, 
Soil Flushing for 3 Waste Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI) and Sr-90) for Groundwater 

Components Description 

Waste sites (cont.)  Estimated system flow rate ranging from 11 to 114 L/min (3 to 30 gal/min). 

Soil flushing for one year (2025). 

A small total anticipated area of potential effect (<0.04 ha [0.1 ac]) is associated with soil flushing at waste sites for NHPA 

planning considerations. These waste site areas were previously disturbed under interim actions. 

 In situ solidification In situ solidification to address Sr-90 at waste sites near reactor buildings: 100-K-82, 116-KW-2, 116-KE-3, and UPR-100-K-1. 

Four treatment areas, two measuring 250 m2 (2,700 ft2) in size and two measuring 160 m2 (1,700 ft2) in size. 

The target treatment interval is within the periodically rewetted zone from 19.8 to 24.4 m (65 to 80 ft) bgs. 

In situ solidification treatment using jet grouting equipment would create an array of cement-like columns within the treatment 

zone, each with an assumed 0.76 m (2.5 ft) radius of influence (total 452 columns). 

Assumes angled borings would be required to reach the portions of the target treatment zones underlying the reactor structures. 

Assumes a 9% Portland cement and 1% bentonite mixture is used. Treatability testing would be performed during 

remedial design. 

Treatment implemented in years 2031 and 2032. 

Continuing sources Soil flushing Soil flushing (together with P&T) for Cr(VI) in three locations: 183.1KW Headhouse, 190KW Pump House, and 

183.1KE Headhouse. 

Surface infiltration of treated water. Source water delivery using perforated drain pipe buried approximately 0.9 m (3 ft) bgs. 

Monitoring and verification sampling, which includes installation of six monitoring wells (two monitoring wells in each 

treatment area) to monitor groundwater quality changes daily to quarterly during the injection period (one year). 

Each infiltration area 4,645 m2 (50,000 ft2) in size (approximately 61m by 76 m [200 ft by 250 ft]). 

Source water delivered to header with drip emitters/perforated pipes branching off at approximately 4.6 m (15 ft) spacing. 

Estimated system flow rate ranging from 110 to 1,100 L/min (30 to 300 gal/min). 

Soil flushing for 3 years (2021, 2023, and 2026) at 183.1KW Headhouse and 190KW Pump House areas; flushing for one year 

(2021) at 183.1KE Headhouse area. 

A small total anticipated area of potential effect (<2 ha [5 ac]) is associated with soil flushing at the three locations for NHPA 

planning considerations. These areas were previously disturbed under interim actions. 

 In situ solidification In situ solidification to address presumed deep Sr-90 source to groundwater near the former 116-K-1 Crib and 116-K-2 Trench 

(K1/K2 plume). 

Treatment area measuring 1,997 m2 (21,500 ft2) in size. 

The target treatment interval is 15.2 to 18.3 m (50 to 60 ft) bgs. 

In situ solidification treatment using jet grouting equipment would create an array of cement-like columns within the treatment 

zone, each with an assumed 0.76 m (2.5 ft) radius of influence (total 1,095 columns). 
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Table 3-18. Description of Components for Alternative 7 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, 
Soil Flushing for 3 Waste Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI) and Sr-90) for Groundwater 

Components Description 

Continuing sources 

(cont.) 

 Assumes a 9% Portland cement and 1% bentonite mixture is used. Treatability testing would be performed during 

remedial design. 

Treatment implemented in year 2030. 

Groundwater  ICs Maintain existing sitewide ICs (including groundwater use restrictions) under DOE/RL-2001-41, with modifications to include 

area-specific supplemental controls. 

Groundwater use at 100-K is restricted, except for monitoring and treatment, as approved by EPA. Land-use and real property 

controls ensure that the use of groundwater is in accordance with Hanford Site plans and CERCLA decision documents. 

Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the existing plumes or their paths 

on the Hanford Site. 

Maintain ICs for each plume for the time required to reach PRGs. 

 P&T for Cr(VI) (collection) P&T to provide hydraulic containment at the shoreline and aquifer restoration by removing Cr(VI)-contaminated groundwater 

in KW, KE, and KN subareas and the K-N Boundary plume. 

Install additional extraction wells for Cr(VI) and C-14 in the KW and KE subareas.  

Modify the KW P&T building to add ex situ treatment for C-14.  

Operate the KW, KR4, and KX P&T systems at an estimated total combined rate of 5,602 L/min (1,480 gal/min). 

The operational duration for Cr(VI) is estimated at 13 years (through December 2032) to reach and remain <48 µg/L in the 

aquifer and 10 µg/L at the shoreline. 

P&T network includes 42 extraction wells and 19 injection wells. The actual number and placement of extraction and 

injection wells and the pumping rates will be refined during RD/RAWP development and may differ from the configuration 

described in this FS.  

The RPO process will be used to provide ongoing evaluations to ensure that the system demonstrates progress toward RAO 

achievement. RPO may adjust extraction and injection flow rates for each well or cycle wells on and off (e.g., pulsed pumping) 

to improve capture efficiency and flow-path control. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the P&T network for NHPA 

planning considerations. Well and piping siting, as well as cultural resources review and any mitigation planning requirements, 

will be addressed in the RD/RAWP. 

 P&T for Cr(VI) (ex situ 

treatment) 

Treat extracted groundwater through IX for Cr(VI) at the KW, KR4, and KX treatment plants. Treatment for C-14 performed in 

new 232 m2 (2,500 ft2) treatment room constructed at the KW P&T building. 

IX treatment reduces Cr(VI) concentrations below the state surface water quality standard (10 µg/L). Air stripping reduces 

C-14 concentrations below the DWS (2,000 pCi/L).  

New C-14 treatment equipment would include: an equalization tank, transfer pumps, acid feed system, low-profile tray stripper, 

fan blower, and vapor-phase granular activated carbon vessels (two) for off-gas treatment. 
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Table 3-18. Description of Components for Alternative 7 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, 
Soil Flushing for 3 Waste Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI) and Sr-90) for Groundwater 

Components Description 

Groundwater (cont.)  Treatment for Sr-90, tritium, nitrate, and TCE would not be performed because the combined influent concentrations are 

projected to remain below their respective PRGs. No treatment technologies for tritium are available. 

Ex situ treatment for Cr(VI) and C-14 will continue for the estimated duration of P&T operations (13 years at the KW, KR4, 

and KX P&T systems). 

 P&T for Cr(VI) (discharge) Treated groundwater from the KW, KR4, and KX P&T systems is reinjected within the 100-KR-4 OU. 

 P&T for Sr-90 (collection) P&T to provide aquifer restoration by removing Sr-90 contaminated groundwater in the KW and KE subareas (KW, KE, and 

K1/K2 plumes) starting in year 2033 (after Cr(VI) P&T). 

Install 20 additional extraction wells: 3 in the KW plume, 12 in the KE plume, and 5 in the K1/K2 plume.  

Add ex situ treatment for Sr-90 using IX in new treatment building.  

Operate system at estimated total combined rate of 1,514 L/min (400 gal/min). The operational duration for Sr-90 is estimated 

at 90 years. 

P&T network includes 20 new extraction wells and 7 new injection wells. The actual number and placement of extraction and 

injection wells and the pumping rates will be refined during RD/RAWP development and may differ from the configuration 

described in this FS.  

The RPO process will be used to provide ongoing evaluations to ensure that the system demonstrates progress toward RAO 

achievement. RPO may adjust extraction and injection flow rates for each well or cycle wells on and off (e.g., pulsed pumping) 

to improve capture efficiency and flow-path control. 

 

 P&T for Sr-90 (ex situ 

treatment) 

New 1,858 m2 (20,000 ft2) radiological building located in the KE subarea.  

Treat extracted groundwater through IX for Sr-90 at the new treatment room constructed at the KE P&T building.  

Assumes IX treatment reduces Sr-90 concentrations by 80%. 

Two three-vessel series IX treatment trains with one spare vessel. Each vessel is 176 ft3 in size and filled with clinoptilolite. 

A 75,708 L (21,000 gal) influent and effluent tank are used for flow equalization and blending.  

 P&T for Sr-90 (discharge) Install seven additional injection wells upgradient of the Sr-90 plumes: two at the KW plume, three at the KE plume, and two at 

K1/K2 plume. Treated groundwater reinjected into the new wells within the 100-KR-4 OU. 

 O&M O&M of the extraction well network, injection well network, conveyance infrastructure, and above-grade infrastructure 

(transfer stations) will be based on the times for Cr(VI) and Sr-90 concentrations to reach the PRG. The nature and scope of 

O&M activities will be developed in the RD/RAWP. 
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Table 3-18. Description of Components for Alternative 7 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, 
Soil Flushing for 3 Waste Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI) and Sr-90) for Groundwater 

Components Description 

Groundwater (cont.) Monitoring requirements P&T 

and MNAb 

Remedy performance monitoring during P&T to evaluate the progress and effectiveness of P&T to attain the Cr(VI) PRG at 

KW, KE, and KN subareas and the K-N Boundary plume (up to 15 years).  

Groundwater monitoring to evaluate the progress and effectiveness of MNA to attain the PRGs (nitrate, tritium, TCE, and C-14) 

(up to 10 years).  

Remedy performance monitoring during and after P&T to track the progress and effectiveness of P&T and MNA to attain the 

Sr-90 DWS (8 pCi/L) (up to 280 years). 

Monitoring plans will be defined developed as part of the RD/RAWP.  

For cost estimating, it is assumed sampling for nitrate, TCE, and tritium is semiannual in years 1–5 and annual in years 6–10. 

Sampling for C-14 is semiannual in years 1–5 and annual in years 6–10. Monitoring for Sr-90 is semiannual in year 1, every 

5 years for years 2–13, and biannual in years 14–280. Monitoring for Cr(VI) is semiannual in years 1–10 and annual in  

years 11–15. 

Monitoring network assumed to include existing monitoring wells. 

A small total anticipated area of potential effect (<0.4 ha [1 ac]) is associated with expanding the existing monitoring network 

for NHPA planning considerations. Well location siting, as well as cultural resource review and any mitigation planning 

requirements, will be addressed in the RD/RAWP. 

 

 Groundwater remediation 

timeframec 
COC PRG 

Estimated Remediation Timeframe (years) 

 Cmax C90 

 Cr(VI) 48 µg/L 15 0 

 Cr(VI) 10 µg/L 5 0 

 C-14 2,000 pCi/L 10 5 

 Sr-90 8 pCi/L 280 40 

 Nitrate 45,000 µg/L 10 0 

 Tritium 20,000 pCi/L 10 0 

 TCE 4 µg/L 10 5 

 Compliance monitoring 

requirements 

Semiannual monitoring will be performed for an additional 5 years after PRGs are initially achieved (through P&T and MNA) to 

confirm that PRGs have been met.  
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Table 3-18. Description of Components for Alternative 7 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, 
Soil Flushing for 3 Waste Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI), Sr-90) with MNA, ICs, and P&T (Cr(VI) and Sr-90) for Groundwater 

Components Description 

Present value costs Total: $910 million 

Waste sites: $209 million 

Continuing sources: $36 million 

Groundwater:  $665 million 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions. 

a. Excluded from cost estimates. 

b. Additional information on P&T and MNA monitoring requirements appears in Section 3.2.1.6. 

c. Remediation timeframes up to 50 years are rounded up to the nearest 5 years, and those >50 years are rounded up to the nearest 10 years. 

bgs = below ground surface 

CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

CVP = cleanup verification package 

DWS = drinking water standard 

EPA = U.S. Environmental Protection Agency 

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

O&M = operations and maintenance 

OU = operable unit 

NHPA = National Historic Preservation Act of 1966 

P&T = pump and treat 

PRG = preliminary remediation goal 

RAO = remedial action objective 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RPO = remedial process optimization 

RTD = removal, treatment, and disposal 

 1 
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3.2.8.5 In Situ Solidification for Waste Sites 1 

In situ physical treatment of four waste sites with Sr-90 concentrations exceeding groundwater protection 2 

PRGs is a component of Alternative 7. Residual Sr-90 present in the lower vadose zone and PRZ would 3 

be treated in situ by immobilizing the residual Sr-90. Figure 2-12 illustrates application of the in situ 4 

solidification technology to vadose zone soil contamination. Alternative 7 assumes that a cement reagent 5 

will be injected into the target treatment zone using jet grouting. Although apatite reagents were used to 6 

immobilize Sr-90 at 100-N, cement was selected for 100-K waste sites based on proximity to reactor 7 

buildings. It is assumed cement would maintain the unconfined compressive strength for soil column 8 

underlying the reactor buildings. 9 

Figure 3-34 shows the CSM for Sr-90 contamination at waste sites UPR-100-K-1 (contaminated soil 10 

beneath the former FSB) and 116-KE-3 (reverse well) located near the KE Reactor building, based on 11 

data from previous investigations and partial excavation. The target treatment area at UPR-100-K-1 12 

partially underlies the KE Reactor. The distribution of Sr-90 contamination at waste sites 13 

100-K-43/100-K-82 (KW FSB/underlying soil), and 116-KW-2 (reverse well) located near the 14 

KW Reactor building is assumed to be similar to the KE Reactor Sr-90 distribution, but has not been 15 

investigated. 16 

 17 

Figure 3-34. Sr-90 Distribution in Subsurface Soil Near the KE Reactor 18 
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For Alternative 7, in situ solidification at waste sites would include the following elements/assumptions: 1 

 Four waste site treatment areas, two measuring 250 m2 (2,700 ft2) in size and two measuring 160 m2 2 

(1,700 ft2) in size, are included (Table 3-18). The target treatment interval is 19.8 to 24.4 m (65 to 3 

80 ft) bgs. 4 

 In situ solidification treatment would be performed using jet grout equipment, similar to the jet 5 

injection apatite demonstration equipment (SGW-47062, Treatability Test Report for Field-Scale 6 

Apatite Jet Injection Demonstration for the 100-NR-2 Operable Unit) to fluidize the reagent and 7 

Sr-90-contaminated soil. Jet grout in situ solidification creates an array of cement-like columns within 8 

the treatment zone, each with an assumed 0.76 m (2.5 ft) radius of influence.  9 

 Angled borings would be required to reach the portions of the target treatment zones underlying the 10 

reactor structures. The cost estimate assumes that the drilling/slurry cost for angle borings is the same 11 

as vertical borings. 12 

 Treatability testing would be performed during remedial design to determine the optimum reagents, 13 

mix ratios, and reagent addition rates needed to achieve the groundwater protection PRG. The mix 14 

design would be evaluated by measuring hydraulic conductivity, unconfined compressive strength, 15 

and overall leaching reduction in a series of tests prepared using Sr-90-contaminated soil.  16 

 Based on experience with the technology at other CERCLA sites (CH2M HILL 2016, American 17 

Creosote Work Site Feasiobility Study CERCLIS No. LAD000239814 Winnfield, Louisiana) and 18 

reagent component availability, a 9% Portland cement and 1% bentonite mixture is assumed for 19 

FS purposes. 20 

 Leachability/strength testing would be conducted during treatability testing on both untreated and 21 

Sr-90-contaminated soil treated with various mix designs. The testing would be conducted in 22 

accordance with ITRC, 2011, Development of Performance Specifications for Solidification/ 23 

Stabilization, using the EPA pre-method Leaching Environmental Assessment Framework. 24 

The leaching characteristics of the untreated material would be evaluated using pre-Method 1314 or 25 

1316, while the treated material would be evaluated using pre-Method 1315 to assess the reduction in 26 

leaching after treatment. 27 

In situ solidification field activities would include the following: 28 

 A remedial design investigation to confirm the lateral and vertical boundaries of the 29 

Sr-90-contaminated area to inform development of the remedial design drawings and specifications.  30 

 Plugging and abandonment of reverse wells located at the 116-KE-3 and 116-KW-2 waste sites and 31 

any monitoring wells located within the in situ solidification footprint.  32 

 Mobilization of the in situ solidification jet grout equipment and reagent batch plant to the site and 33 

set up. The batch plant includes pumps, mixers, silos, mixed reagent storage, tool shed, and 34 

laydown areas.  35 

 Based on the number of columns to be drilled (at total of 452 at the four waste sites) and productivity 36 

rates of four columns per day (two rigs assumed), in situ solidification treatment could be completed 37 

within 6 months. Excess reagent material that flows from the borehole will be collected in a sump, 38 

excavated at the surface, and disposed at ERDF. 39 
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 Quality control during in situ solidification implementation includes verifying calculations for reagent 1 

volume and reagent additions, monitoring for potential pressure buildup, and collecting periodic 2 

samples for field (color, pH, and slump) and laboratory (leachability) testing. 3 

 Demobilization of the in situ solidification equipment and batch plant once treatment is complete.  4 

 Groundwater sampling and analysis would be performed downgradient of the in situ solidification 5 

treatment zone to confirm overall treatment effectiveness (included in overall groundwater 6 

monitoring costs). 7 

It is assumed that in situ solidification would be implemented in year 2031 at the KE subarea waste sites 8 

and in year 2032 at the KW subarea waste site. In the KW subarea, Alternative 7 assumes that RTD has 9 

been completed to 13.7 m (45 ft) (Table 3-18) and the excavation backfilled before in situ solidification is 10 

implemented. Tri-Party Agreement Milestone M-016-186 (Ecology et al., 1989b) requires initiating soil 11 

remediation under the KW FSB by December 31, 2023. The RTD and in situ solidification activities 12 

would require coordination. The option to delay backfilling until after in situ solidification (resulting in 13 

reduced drilling footage) could be evaluated during remedial design. 14 

3.2.8.6 Source Treatment - Soil Flushing for Cr(VI) Continuing Sources 15 

The soil flushing information for continuing sources from Alternative 2, Section 3.2.3.5 (source 16 

treatment – soil flushing for Cr(VI) continuing sources) applies to Alternative 7. 17 

3.2.8.7 Source Treatment – In Situ Solidification for Sr-90 Continuing Sources 18 

Alternative 7 uses in situ solidification in conjunction with active P&T to address a presumed 19 

groundwater contamination continuing source at the K1/K2 plume. The source would be treated in situ by 20 

immobilizing residual Sr-90 in the deep vadose zone. Cost input quantities are provided in Appendix C of 21 

this FS.  22 

In situ solidification at the K1/K2 plume continuing source would include the same assumptions and field 23 

procedures as described for in situ solidification at the waste sites (Section 3.2.8.5), with the following 24 

exceptions: one continuous source treatment area, measuring 1,997 m2 (21,500 ft2) in size is included; the 25 

target treatment interval is 15.2 to 18.3 m (50 to 60 ft) bgs; a total of 1,095 columns would be completed 26 

in approximately 13 months; and in situ solidification at the K1/K2 plume would be implemented in 27 

year 2030. 28 

3.2.8.8 MNA, ICs, and P&T ((CrVI) and Sr-90) for Groundwater 29 

Under Alternative 7, P&T is used together with soil flushing of Cr(VI) at continuing sources in the 30 

KW and KE subareas to remediate the KW, KE, and KN subareas and K-N Boundary Cr(VI) plumes. 31 

MNA is used to remediate C-14, nitrate, tritium, and TCE in the KW and KE subareas, with ICs 32 

restricting groundwater use until PRGs are met. P&T operations for Cr(VI) are the same as described for 33 

Alternative 4. P&T would begin in January 2020 and operate at an estimated total flow rate of 34 

5,602 L/min (1,480 gal/min) for up to 13 years (through December 2032). Except for Sr-90, the MNA, 35 

ICs, and P&T information for Alternative 4 (Section 3.2.5.2) applies to Alternative 7. 36 

Under Alternative 7, P&T is used (together with solidification of Sr-90 at waste sites and continuing 37 

sources in the KW and KE subareas) to remediate the KW and KE subareas Sr-90 plumes. Alternative 7 38 

uses P&T to remediate the KW, KE, and K1/K2 Sr-90 plumes. To the extent possible, extraction and 39 

injection wells flow rates have been optimized to control hydraulic gradients and to accelerate Sr-90 40 

plume remediation. Well use (i.e., extraction or injection), flow rates, and duration of well operation are 41 

detailed in Appendix C of this FS. P&T operations would begin in January 2033 and operate at an 42 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

3-136 

estimated total flow rate of 1,514 L/min (400 gal/min) for up to 90 years (December 2122). Estimated 1 

extraction rates for the individual plumes are 227 L/min (60 gal/min) for the KW plume, 908 L/min 2 

(240 gal/min) for the KE plume, and 379 L/min (100 gal/min) for the K1/K2 plume. After P&T, MNA is 3 

used to remediate Sr-90 in the KE subarea, with ICs restricting groundwater use until PRGs are met 4 

(approximately 180 years after P&T ends). 5 

Alternative 7 uses all new extraction wells, injection wells, and conveyance piping. Figure 3-35 shows the 6 

locations of extraction and injection wells for Alternative 7 and the simulated continuing sources. A total 7 

of 20 new extraction wells and 7 new injection wells would be used to implement P&T for the KW, KE, 8 

and K1/K2 Sr-90 plumes.  9 

Treatment of extracted groundwater to remove Sr-90 will be performed using a new treatment system 10 

using IX, and the treated groundwater reinjected at 100-K. Figure 3-36 provides a conceptual process 11 

flow schematic for the Sr-90 P&T system for Alternative 7. Final design and pre-treatment 12 

implementation will be determined during remedial design and provided in the RD/RAWP. Rebuilds of 13 

the system are included after 30 and 60 years. A treatment technology to remove Sr-90 from extracted 14 

groundwater to the 8 pCi/L PRG does not exist. This alternative assumes 80% treatment effectiveness. 15 

P&T system performance monitoring would evaluate contaminant mass removal and would include both 16 

hydraulic and Sr-90 concentration monitoring of extracted groundwater. MNA performance monitoring 17 

would include Sr-90 concentration monitoring. The nature and scope of the performance monitoring 18 

program will be developed in the RD/RAWP phase and included in a performance monitoring plan that 19 

refines the monitoring and cost assumptions. General information on the scope and frequency of 20 

performance monitoring assumed for this FS is described in Section 3.2.1.6. 21 

3.2.8.9 Groundwater Remediation Timeframes 22 

Simulated remediation timeframes for each COC to reach cleanup levels at the aquifer and shoreline for 23 

Alternative 7 are compared with Alternative 1 – No Action in Table 3-19 using the C90 and Cmax 24 

concentration statistics. The groundwater model simulations for Alternative 7 assume that the P&T 25 

systems for this alternative are operational in the KW, KE, and KN subareas (including the KN and 26 

K-N Boundary plumes) starting in 2020, and the Sr-90 P&T system is operational in the KW and 27 

KE subareas starting in 2033. Prior to 2020, only the wells operating under interim action P&T are active. 28 

The model assumes that Cr(VI) soil flushing occurs at continuing sources in the KE subarea in 2021; and 29 

in years 2020, 2023, and 2026 in the KW subarea. Cr(VI) soil flushing occurs at the 116-K-2 waste site in 30 

2022, and C-14 soil flushing occurs at the 116-KW-1 and 116-KE-1 waste sites in 2025. The model 31 

assumes that in situ solidification occurs at four KW and KE subarea waste sites in 2031 and 2032 and 32 

one continuing source in the KE subarea in 2030, and it assumes that the treatment efficiency is 65% for 33 

this component. For extracted groundwater, the model assumes 80% treatment effectiveness for Sr-90 34 

before the treated water is reinjected. 35 

For all COCs (except for Sr-90 in the KW and KE subareas), the remediation timeframe information from 36 

Alternative 4, Section 3.2.5.7 applies to Alternative 7. 37 
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 1 

Figure 3-35. Alternative 7 – Well Layout and Simulated Continuing Sources 2 
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 1 

Figure 3-36. Alternative 7 – Sr-90 Groundwater Treatment System 2 

Table 3-19. Simulated Groundwater Remediation Timeframes – Comparison Between Alternatives 7 and 1 

COC Alternative 

Subarea and Year PRG is Meta 

(C90/Cmax) 

KW KE KN 100-N All Subareas 

Cr(VI) (aquifer) 

48 µg/L 

Alternative 7 

Alternative 1 

2018/2029 

2018/2143+ 

2018/2031 

2018/2065 

2018b/2023b 

2018b /2022b 

2018c/2018c 

2018c/2018c 

2018/2031 

2018/2143+ 

Cr(VI) (shoreline) 

10 µg/L 

Alternative 7 

Alternative 1 

2018/2018 

2056/2063 

2018/2019 

2055/2059 

2018d/2018d 

2026d/2037d 

2018e/2018e 

2133e/2143+e 

2018/2019 

2133/2143+ 

C-14 

2,000 pCi/L 

Alternative 7 

Alternative 1 

2021/2028 

2027/2034 

2019/2026 

2019/2035 
N/A N/A 

2021/2028 

2027/2035 

Sr-90 

8 pCi/L 

Alternative 7 

Alternative 1 

2053/2079 

2045/2152 

2058f/2297f 

2139f/2318+f 

2018/2026 

2018/2032 
N/A 

2058/2297 

2139/2318+ 

Nitrate 

45,000 µg/L 

Alternative 7 

Alternative 1 

2018/2028 

2018/2028 

2018/2023 

2018/2021 
N/A N/A 

2018/2028 

2018/2028 

Tritium 

20,000 pCi/L 

Alternative 7 

Alternative 1 

2018/2025 

2018/2028 

2018/2025 

2018/2027 
N/A N/A 

2018/2025 

2018/2028 

TCE 

4 µg/L 

Alternative 7 

Alternative 1 

2021/2026 

2021/2027 

2018/2025 

2018/2024 
N/A N/A 

2021/2026 

2021/2027 

a. Year PRG is met based on C90 and Cmax simulations. 

b. Timeframe is for the KN subarea Cr(VI) plume and the portion of the K-N Boundary Cr(VI) plume within KN.  

c. Timeframe is for the K-N Boundary Cr(VI) plume.  

d. Timeframe is for the downgradient portion of the KN subarea Cr(VI) plume.  

e. Timeframe is for the K-N Boundary plume, which migrates into the 100-N subarea before reaching the shoreline.  

f. Timeframe for the KE subarea, which includes the KE and K1/K2 Sr-90 plumes. When evaluated individually, C90/Cmax 

concentrations are <8 pCi/L in years 2064/2297 for the KE plume and years 2053/2093 for the K1/K2 plume. 
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Table 3-19. Simulated Groundwater Remediation Timeframes – Comparison Between Alternatives 7 and 1 

COC Alternative 

Subarea and Year PRG is Meta 

(C90/Cmax) 

KW KE KN 100-N All Subareas 

+ = COC concentration exceeds the PRG at the 

end of the last year simulated  

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in 

the model domain 

COC = contaminant of concern 

N/A = not applicable 

PRG = preliminary remediation goal  

 1 

Model simulations for Alternative 7 indicate that Sr-90 concentrations throughout the KW subarea are 2 

below the 8 pCi/L DWS in 2053 based on C90 or in 2079 based on Cmax. The Sr-90 concentrations 3 

throughout the KE subarea (including the KE and K1/K2 plumes) decrease below the 8 pCi/L DWS 4 

in 2058 based on C90 or in 2297 based on Cmax. The P&T for Sr-90 and in situ solidification in the 5 

KW and KE subareas result in reduced remediation timeframes for the KW subarea aquifer under 6 

Alternative 7 compared to Alternative 1. Aquifer remediation timeframes (Cmax) are reduced by 75 years 7 

for the KW subarea, 25 years for the KE subarea, and 10 years for the KN subarea. Aquifer remediation 8 

timeframes (C90) are increased by 10 years for the KW subarea, decreased by 85 years for the KE subarea, 9 

and with no change for the KN subarea (Table 3-19). When evaluated individually, the C90/Cmax 10 

concentrations are <8 pCi/L in years 2064/2297 for the KE plume and years 2053/2093 for the K1/K2 11 

plume (Table 3-19). When compared with Alternative 1, C90/Cmax aquifer remediation timeframes are 12 

decreased by 120/25 years for the KE plume and by 5/105 years for the K1/K2 plume. 13 

Figures 3-37 through 3-40 present the strontium P&T well locations and the simulated KW and KE 14 

subareas Sr-90 plumes at the end of 2032, 2067, 2092, and 2167 (years 15, 50, 75, and 150) based 15 

on Cmax. The last year of Cr(VI) P&T is 2032 (year 15) and represents Sr-90 plume conditions before 16 

Sr-90 P&T startup in 2033. The 35th and 60th years of Sr-90 P&T are 2067 (year 50) and 2092 (year 75). 17 

During 2167 (year 150) is 45 years after Sr-90 P&T has ceased. Under Alternative 7, P&T, source 18 

treatment, and MNA (radioactive decay) reduce Sr-90 concentrations, but the presence of sources residual 19 

near both reactors (especially the UPR-100-K-1 waste site) and high initial concentrations result in 20 

concentrations greater than the 8 pCi/L DWS for up to 280 years. The KW subarea plume concentrations 21 

are <8 pCi/L after 90 years of Sr-90 P&T and remain <8 pCi/L after P&T ends. The KE plume 22 

concentrations are <8 pCi/L after 90 years of Sr-90 P&T but rebound to >8 pCi/L after P&T ends 23 

(Figure 3-40). 24 

3.3 Remedial Alternative Screening Evaluation 25 

As described in CERCLA RI/FS Guidance (EPA/540/G-89/004) and the NCP (40 CFR 300.430(e)(1)), an 26 

initial screening of remedial action alternatives may be performed to identify the most viable options to 27 

carry forward for detailed analysis. The purpose of the screening step is to eliminate those alternatives 28 

that are not effective, implementable, or cost effective. The following sections describe the screening 29 

criteria, the approach used to screen Alternatives 1 through 7, and the screening results. Based on these 30 

results, the alternatives that are eliminated and those to be carried forward for detailed analysis in 31 

Chapter 4 are identified. 32 
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 1 

Figure 3-37. Alternative 7 – Simulated Sr-90 Plumes Before First Year of Sr-90 P&T in 2032 (Year 15) 2 
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 1 

Figure 3-38. Alternative 7 – Simulated Sr-90 Plumes After 35 Years of Sr-90 P&T in 2067 (Year 50) 2 
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 1 

Figure 3-39. Alternative 7 – Simulated Sr-90 Plumes After 60 Years of Sr-90 P&T in 2092 (Year 75) 2 
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 1 

Figure 3-40. Alternative 7 – Simulated Sr-90 Plumes After 150 Years in 2167 (Year 150)  2 
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3.3.1 Screening Criteria Description 1 

The remedial action alternative screening criteria of effectiveness, implementability, and cost are defined 2 

in the NCP (40 CFR 300.430(e)(7)) and CERCLA RI/FS Guidance (EPA/540-G-89/004), as presented in 3 

the following sections.  4 

3.3.1.1 Effectiveness 5 

The screening evaluation for effectiveness assesses how well each alternative protects human health and 6 

the environment based on the following: 7 

 Short-term effectiveness: Considers protection of human health and the environment that is 8 

achieved during the alternative’s construction and implementation period. 9 

 Long-term effectiveness: Considers protection of human health and the environment that is achieved 10 

after the remedial action is complete.  11 

 Reductions in toxicity, mobility, or volume (TMV): Considers changes in the characteristics of the 12 

hazardous substances and/or contaminated environmental media associated with an alternative’s 13 

treatment methods that reduce the inherent threats or risks associated with the hazardous material. 14 

3.3.2 Alternatives Summary 15 

Table 3-20 provides a comparison of the groundwater P&T, waste site, and soil flushing components in 16 

Alternatives 1 through 7. 17 

The screening for effectiveness considered the maximum estimated time for the soil COCs to achieve 18 

their corresponding shallow soil direct contact and groundwater protection PRGs and the degree of 19 

potential worker exposure or other risk. This information was considered for the 4 waste sites with 20 

remedial alternatives (100-K-64, 118-K-1, 100-K-132, and 116-K-2) and 36 waste sites remaining for 21 

remedial action (post-ROD) (Table 3-2).  22 

The screening for effectiveness considered the estimated timeframe for the groundwater COCs to 23 

achieve their corresponding PRG (Table 3-20) with up to 100 years considered a reasonable timeframe 24 

in accordance with OSWER Directive 9230.2-24, Summary of Technical Impracticability Waivers at 25 

National Priorities List Sites. For screening purposes, a 100- to 150-year period was established as 26 

a reasonable timeframe for groundwater restoration in the 100-KR-4 OU based on the following factors:  27 

 Current and future groundwater use: The 100-KR-4 OU is not a current source of drinking water. 28 

However, a RAO has been established to restore unconfined aquifer groundwater to a drinking water 29 

beneficial use. Until this RAO is achieved, drinking water at 100-K will be obtained from the 30 

Hanford Export Water System; or if the groundwater were to be used for drinking water, it could be 31 

obtained from portions of 100-K not effected by site-related contamination.  32 

 Contaminant and hydrogeological factors: This factor relates primarily to Sr-90 in groundwater. 33 

With a Kd of 12 mL/g, Sr-90 sorbs strongly to the aquifer sediments and, therefore, has low mobility 34 

and is difficult to extract from the unconfined aquifer. The other primary groundwater COCs 35 

(Cr(VI) and C-14) have Kd values of 0 and are readily extracted from the unconfined aquifer. 36 

The highest observed concentration of Sr-90 detected in 2016 and 2017 was 41.5 pCi/L in the 37 

KW plume; 15,600 pCi/L in the KE plume; and 166 pCi/L in the K1/K2 plume. These concentrations 38 

are 5 to 1,950 times higher than the 8 pCi/L DWS.  39 
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Table 3-20. Alternative Remedial System Component Comparison 

Alternative Components 

Alternative 

1 2 3 4 5 6 7 

Waste Sites (see Table 3-2; multiple components are applied at some waste sites) 

No further action 
154 waste sites 

carried into FS 
82 waste sitesa 82 waste sitesa 82 waste sitesa 82 waste sitesa 82 waste sitesa 82 waste sitesa 

Shallow excavation ICs N/A 
2 waste sites up 

to year 2045 

2 waste sites up 

to year 2045 

2 waste sites up to 

year 2045 

2 waste sites up 

to year 2045 

2 waste sites up 

to year 2045 

2 waste sites up 

to year 2045 

Deep excavation ICs N/A 
15 waste sites up 

to year 2318 

15 waste sites up 

to year 2318 

15 waste sites up 

to year 2318 

15 waste sites up 

to year 2318 

17 waste sites up 

to year 2318 

15 waste sites up 

to year 2318 

Irrigation ICs N/A 
6 waste sites up 

to year 2318 

6 waste sites up 

to year 2318 

5 waste sites up to 

year 2318 

5 waste sites up 

to year 2318 

8 waste site up to 

year 2128 

1 waste site up to 

year 2128 

Shallow RTD (up to 4.6 m 

[15 ft] bgs) 
N/A 

18 post-ROD 

waste sites 

17 pre-ROD sites 

18 post-ROD 

waste sites 

17 pre-ROD sites 

18 post-ROD 

waste sites 

17 pre-ROD sites 

18 post-ROD 

waste sites 

17 pre-ROD sites 

18 post-ROD 

waste sites 

17 pre-ROD sites 

18 post-ROD 

waste sites 

17 pre-ROD sites 

Deep RTD (>4.6 m [15 ft] bgs) N/A 

16 post-ROD 

waste sites 

(up to 15.2 m 

[50 ft] bgs) 

7 pre-ROD 

waste sites 

16 post-ROD 

waste sites 

(up to 15.2 m 

[50 ft] bgs) 

7 pre-ROD 

waste sites 

16 post-ROD 

waste sites 

(up to 15.2 m 

[50 ft] bgs) 

7 pre-ROD 

waste sites 

116-K-2 east 

16 post-ROD 

waste sites 

(up to 15.2 m 

[50 ft] bgs) 

plus 2 wells 

7 pre-ROD 

waste sites 

16 post-ROD 

waste sites 

(up to 15.2 m 

[50 ft] bgs) 

7 pre-ROD 

waste sites 

16 post-ROD 

waste sites 

(up to 15.2 m 

[50 ft] bgs) 

7 pre-ROD 

waste sites 

Soil flushing for Cr(VI) with 

P&T (CY) 
N/A N/A N/A 

116-K-2 east 

(2022) 
N/A N/A 

116-K-2 east 

(2022) 

 Total soil flushing infiltration 

area (m2 [ft2]) 
N/A N/A N/A 1,400 (15,070) N/A N/A 1,400 (15,070) 

 Total soil flushing infiltration 

rate (L/min [gal/min]) 
N/A N/A N/A 

38 to 380 (10 to 

100) 
N/A N/A 

38 to 380 

(10 to 100) 

Soil flushing for C-14 with 

P&T (CY) 
N/A 

116-KE-1 and 

116-KW-1 

(2025) 

116-KE-1 and 

116-KW-1 

(2025) 

116-KE-1 and 

116-KW-1 (2025) 

116-KE-1 and 

116-KW-1 

(2025) 

N/A 
116-KE-1 and 

116-KW-1 (2025) 

 Total infiltration area 

(m2 [ft2]) 
N/A 450 (4,845) 450 (4,845) 450 (4,845) 450 (4,845) N/A 450 (4,845) 
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Table 3-20. Alternative Remedial System Component Comparison 

Alternative Components 

Alternative 

1 2 3 4 5 6 7 

 Total infiltration rate 

(L/min [gal/min]) 
N/A 

22 to 228  

(6 to 60) 

22 to 228  

(6 to 60) 

22 to 228  

(6 to 60) 

22 to 228  

(6 to 60) 
N/A 

22 to 228  

(6 to 60) 

Total new extraction wells – 

soil flushing 
N/A 4b 4b 6b N/A 4b 6b 

Total new monitoring wells – 

soil flushing 
N/A 4 4 6 N/A 4 6 

In situ solidification at waste sites 

for Sr-90 (CY) 
N/A N/A N/A N/A N/A N/A 

UPR-100-K-1 

(2031), 

116-KE-3 (2031), 

100-K-82 (2032), 

116-KW-2 (2032) 

 Total treatment area 

(m2 [ft2]) 
N/A N/A N/A N/A N/A N/A 820 (8,840) 

 Treatment interval 

(m2 [ft2]) bgs 
N/A N/A N/A N/A N/A N/A 

19.8 to 24.4  

(65 to 80) 

 Number of treatment columns 

(assumes 0.76 m [2.5 ft] 

radius of influence) 

N/A N/A N/A N/A N/A N/A 452 

Continuing Sources 

Soil flushing for KW Cr(VI) with 

P&T (CYs) 
N/A 

183.1KW 

Headhouse and 

KW Pump House 

(2020, 2023, 

and 2026) 

183.1KW 

Headhouse and 

KW Pump 

House (2020, 

2023, and 2026) 

183.1KW 

Headhouse and 

KW Pump House 

(2020, 2023, 

and 2026) 

183.1KW 

Headhouse and 

KW Pump 

House (2020, 

2023, and 2026) 

N/A 

183.1KW 

Headhouse and 

KW Pump House 

(2020, 2023, 

and 2026) 

 KW total infiltration area 

(m2 [ft2]) 
N/A 

9,290 

(100,000) 

9,290 

(100,000) 

9,290 

(100,000) 

9,290 

(100,000) 
N/A 

9,290 

(100,000) 

 KW total infiltration rate 

(L/min [gal/min]) 
N/A 1,000 (265) 1,000 (265) 1,000 (265) 1,000 (265) N/A 1,000 (265) 

Soil flushing for KE Cr(VI) with 

P&T (CY) 
N/A 

183.1KE 

Headhouse 

(2021) 

183.1KE 

Headhouse 

(2021) 

183.1KE 

Headhouse 

(2021) 

183.1KE 

Headhouse 

(2021) 

N/A 

183.1KE 

Headhouse 

(2021) 
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Table 3-20. Alternative Remedial System Component Comparison 

Alternative Components 

Alternative 

1 2 3 4 5 6 7 

 KE infiltration area 

(m2 [ft2]) 
N/A 

4,645 

(50,000) 

4,645 

(50,000) 

4,645 

(50,000) 

4,645 

(50,000) 
N/A 

4,645 

(50,000) 

 KE infiltration rate 

(L/min [gal/min]) 
N/A 132 (35) 132 (35) 132 (35) 132 (35) N/A 132 (35) 

Total new monitoring wells – soil 

flushing (continuing sources) 
N/A 6 6 6 0 N/A 6 

In situ solidification for Sr-90 

source (CY) 
N/A N/A N/A N/A N/A N/A K1/K2 (2030) 

 Total treatment area 

(m2 [ft2]) 
N/A N/A N/A N/A N/A N/A 1,997 (21,500) 

 Treatment interval 

(m2 [ft2] bgs) 
N/A N/A N/A N/A N/A N/A 

15.2 to 18.3 

(50 to 60) 

 Number of treatment columns 

(assumes 0.76 m [2.5 ft] 

radius of influence) 

N/A N/A N/A N/A N/A N/A 1,095 

Groundwater P&T with MNA and ICs 

Targeted P&T for Cr(VI) plumes 

with incidental extraction of C-14, 

nitrate, Sr-90, TCE, and tritium 

N/A KW, KE 
KW, KE, KN, 

K-N Boundary 

KW, KE, KN, 

K-N Boundary 

KW, KE, KN, 

K-N Boundary 
River protection 

KW, KE, KN, 

K-N Boundary 

 Cr(VI) P&T timeframe (after 

2 years of interim action P&T 

from 2018 through 2019) 

P&T ceases on 

12/31/2020 
01/20 to 12/32 01/20 to 12/32 01/20 to 12/32 01/20 to 12/32 01/20 to 12/68 01/20 to 12/32 

 Cr(VI) P&T operation (years) N/A 13 years 13 years 13 years 13 years 49 years 13 years 

 Total extraction rate 

(L/min [gal/min]) 
N/A 3,464 (915) 5,602 (1,480) 5,602 (1,480) 5,602 (1,480) 3,502 (925) 5,602 (1,480) 

 Number of extraction wells 

operating during timeframe 
0 21 to 24 39 to 42 39 to 42 39 to 42 26 39 to 42 

 Number of injection wells 

operating during timeframe 
0 8 to 12 15 to 19 15 to 19 15 to 19 14 15 to 19 
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Table 3-20. Alternative Remedial System Component Comparison 

Alternative Components 

Alternative 

1 2 3 4 5 6 7 

 Number of new 

extraction wellsc 
N/A 6c 6c 6c 6c 2c 6c 

 Number of new 

injection wells 
N/A 0 0 0 0 0 0 

Targeted P&T for Sr-90 plumes N/A N/A N/A N/A N/A NA KW, KE, K1/K2 

 Sr-90 P&T timeframe 

(after Cr(VI) P&T) 
N/A N/A N/A N/A N/A N/A 12/2033 to 12/2122 

 Sr-90 P&T operation (years) N/A N/A N/A N/A N/A N/A 90 years 

 Extraction rate 

(L/min [gal/min]) 
N/A N/A N/A N/A N/A N/A 1,514 (400) 

 Number of extraction wells 

operating (all new) 
N/A N/A N/A N/A N/A N/A 20 

 Number of injection wells 

operating (all new) 
N/A N/A N/A N/A N/A N/A 7 

IX treatment: 

Cr(VI) for Alternatives 1 through 6 

Cr(VI) and Sr-90 for Alternative 7 

N/A Existing system Existing system Existing system Existing system 

Existing system 

with rebuild 

after 30 years 

Existing system for 

13 years; new 

system year 2033 

with rebuilds after 

30 and 60 years 

Air stripping/VPGAC treatment 

for C-14 (new) 
N/A 

Added to 

KW system 

Added to 

KW system 

Added to 

KW system 

Added to 

KW system 

Added to 

KW system 

Added to 

KW system 

Groundwater Remediation Timeframes Based on C90 Concentration (years) 

Cr(VI) (aquifer/shoreline) 0/120 0/5 0/0 0/0 0/0 0/0 0/0 

C-14 (aquifer) 10 5 

Sr-90 (aquifer, all plumes) 130 140 40 

Sr-90 plumes (KW, KE, K1/K2) 30, 170, 40 20, 170, 30 20, 170, 35 20, 170, 35 20, 170, 35 70, 200, 35 35, 50, 35 

Nitrate, TCE, and tritium (aquifer) Up to 5 
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Table 3-20. Alternative Remedial System Component Comparison 

Alternative Components 

Alternative 

1 2 3 4 5 6 7 

Groundwater Remediation Timeframes Based on Cmax Concentration (years) 

Cr(VI) (aquifer/shoreline) 130/130 15/130 15/5 15/5 15/5 130/5 15/5 

C-14 (aquifer) 20 10 20 10 

Sr-90 (aquifer, all plumes) >300 >300 >300 >300 >300 300 300 

Sr-90 plumes (KW, KE, K1/K2) 140, >300, 180 140, >300, 180 140, >300, 200 140, >300, 200 140, >300, 200 140, 300, 170 70, 280, 80 

Nitrate, TCE, and tritium (aquifer) 10 

Notes: The components included in this table are projected and were developed for cost-estimating purposes for this FS. Components of the selected approach will be determined during 

the remedial design/remedial action work plan. Extraction and injection rates include new and existing wells. 

a. Includes 60 waste sites identified for no further action based on risk assessment or quantitative evaluation and 22 for site-specific evaluation. 

b. Waste site cost estimates conservatively assume two new extraction wells per soil flushing waste site (116-KW-1, 116-KE-1, and 116-K-2), whereas model simulations include one 

extraction well per waste (wells RW-WC14-01, RW-EC14-01, and RW-ECrVI-01). 

c. Groundwater cost estimates for Alternatives 2, 3, 4, 5, and 7 conservatively assume a total of six new extraction wells for the Cr(VI) soil flushing source areas and contaminant of 

concern plumes (excluding Sr-90), whereas model simulations include three new extraction wells in the KW and KE subareas (199-K-X01, 199-K-X02, and 199-K-X03). Groundwater 

cost estimate for Alternative 6 assumes two new extraction wells in the KW subarea (199-K-X01 and 199-K-X02) 

C90 = 90th percentile concentration 

Cmax = highest model cell COC concentration in the 

  model domain 

CY = calendar year 

FS = feasibility study  

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

N/A = not an applicable component of the alternative 

P&T = pump and treat 

ROD = Record of Decision 

RTD = removal, treatment, and disposal 

VPGAC = vapor-phase granular activated carbon 

 1 
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 Reliability of ICs: DOE will maintain an active presence in 100-K and across the Hanford Site for 1 

the foreseeable future through ongoing decommissioning and remediation activities. This presence 2 

increases the reliability of ICs as a measure to prevent current and future exposure at waste sites and 3 

groundwater COC plumes where ICs are required for >30 years.  4 

3.3.2.1 Implementability 5 

Implementability considers the technical and administrative feasibility of a remedial action alternative. 6 

Technical feasibility refers to the ability to construct, reliably operate, and meet technology-specific 7 

regulations for an alternative’s associated process options until a remedial action is complete. It also 8 

includes operation, maintenance, replacement, and monitoring of the technical components of an 9 

alternative, if required, into the future after the remedial action is complete. Administrative feasibility 10 

refers to the ability to obtain approvals from other regulatory offices/agencies; the availability of 11 

treatment, storage, and disposal services and capacity; and the requirements for, and availability of, 12 

specific equipment and technical specialists. 13 

The determination that an alternative is not technically feasible or the process options not available 14 

typically precludes an alternative from further consideration unless steps can be taken to change the 15 

conditions responsible for the determination. Negative factors affecting administrative feasibility will 16 

normally involve coordination steps to lessen the negative aspects of the alternative but will not 17 

necessarily eliminate an alternative from consideration. 18 

3.3.2.2 Cost 19 

Under this criterion, both capital and O&M costs are considered, using present value to facilitate 20 

comparison for alternatives with different lifecycle durations. 21 

3.3.3 Screening Approach 22 

In assessing each alternative’s performance against the effectiveness and implementability criteria, 23 

a rating of poor, moderate, and good was used, with rating ranges of poor to moderate and moderate to 24 

good also used to further distinguish between the alternatives. Total present value costs, as well as waste 25 

site, continuing source, and groundwater component costs, were also used to distinguish the alternatives. 26 

The screening was performed by evaluating how well each of the individual alternative’s key technology/ 27 

process options performed for waste sites with total ELCR >1×10-4, waste sites with an EPC greater than 28 

the groundwater protection PRG, waste sites remaining for remedial action, groundwater plume 29 

continuing sources, and groundwater COC plumes. Waste sites with deep soil radionuclide COC 30 

concentrations exceeding human health direct contact cleanup levels were not included in the screening. 31 

For the screening evaluation, the assumed time to complete RTD is 5 years for shallow RTD and 10 years 32 

for deep RTD. The assumed time to complete in situ treatment (soil flushing for Cr(VI), soil flushing for 33 

C-14, or in situ solidification for Sr-90) is 15 years. 34 

3.3.4 Screening Results 35 

As described in Section 3.2, seven alternatives were developed to address the 100-K waste sites, 36 

continuing sources, and groundwater COC plume remedial action target areas. The following sections 37 

summarize the remedial action alternative screening results.  38 

3.3.4.1 Alternative 1 – No Action 39 

Alternative 1 – No Action includes no active remediation to address the identified waste sites, continuing 40 

sources, and groundwater plumes. Under this alternative, all interim actions would be terminated at the 41 

time of ROD signature.  42 
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Alternative 1 was rated poor for effectiveness because no remedial actions are taken to protect human 1 

health and the environment. This alternative was also rated poor for implementability because it does not 2 

protect human health and the environment, and therefore, cannot be selected under CERCLA. Because 3 

this alternative includes no active remediation, its cost is $0.  4 

Even though Alternative 1 was rated poor for effectiveness and implementability, it will be retained and 5 

carried forward for detailed evaluation in Chapter 4 as specified in the NCP (40 CFR 300.430(e)(6)). 6 

3.3.4.2 Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste 7 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 8 

and P&T (KW, KE) for Groundwater 9 

For the waste sites with alternatives group, Alternative 2 was rated moderate for effectiveness because 10 

ICs are used to address the identified risk. At the 100-K-64 and 118-KE-1 waste sites, a shallow 11 

excavation IC is used to prevent exposure until radionuclide COC concentrations decay below PRGs 12 

within 25 years and 27 years, respectively. At the 100-K-132 and 116-K-2 waste sites, where tritium and 13 

Cr(VI) concentrations exceed groundwater protection PRGs, an irrigation IC of 110 years and 300 years 14 

is used, even though groundwater model simulations indicate that groundwater PRGs for tritium and 15 

Cr(VI) are achieved in the aquifer within timeframes of 10 years and 5 years, respectively.  16 

For the post-ROD waste sites, Alternative 2 was rated good for effectiveness because shallow and deep 17 

RTD eliminates the shallow exposure and leaching to groundwater pathway by excavating and 18 

transporting COPC-contaminated soil to ERDF where ECs prevent exposure and leaching. Shallow soil 19 

and groundwater protection PRGs would be met within 5 years and 10 years, respectively, once the 20 

RD/RAWP is approved. At post-ROD waste sites 116-KW-1 and 116-KE-1, soil flushing combined with 21 

P&T is used to address the presumed C-14 groundwater PRG exceedance. At waste sites 100-K-82 and 22 

116-KW-2, and 116-KE-3 and UPR-100-K-1, an irrigation IC would be maintained for 135 years and 23 

300 years, respectively, until radioactive decay reduces Sr-90 concentrations to the groundwater 24 

protection PRG.  25 

For the Cr(VI) continuing sources where soil flushing is combined with P&T, Alternative 2 was 26 

rated moderate for effectiveness, primarily due to the limited experience with the technology at the 27 

Hanford Site.  28 

For the groundwater COC plumes, Alternative 2 was rated poor for effectiveness. Although P&T at 29 

3,464 L/min (915 gal/min) contains the COC plumes and restores large portions of the aquifer within the 30 

KW and KE subareas, MNA and ICs for the K-N Boundary Cr(VI) plume requires >100 years to achieve 31 

the Cr(VI) surface water PRG in shoreline groundwater. Similarly, approximately 300 years are required 32 

for MNA and ICs to achieve the Sr-90 DWS in the KW and KE subareas.  33 

Alternative 2 provides for poor to moderate short-term effectiveness due to the potential for worker 34 

exposure and contaminant release during RTD activities, while moderate to good long-term effectiveness 35 

is achieved through waste site RTD, soil flushing, and groundwater P&T. TMV reduction is achieved 36 

through passive (radioactive decay) and active treatment (soil flushing and P&T). However, RTD for the 37 

post-ROD waste sites does not contribute to TMV reduction because excavated soil would likely not 38 

require treatment to meet ERDF waste acceptance criteria. Based on these considerations, Alternative 2 39 

was rated poor to moderate overall for effectiveness. 40 

Alternative 2 was rated moderate for implementability. While the key technologies of ICs, shallow and 41 

deep RTD, soil flushing, P&T, and MNA are readily implemented at 100-K, performance monitoring for 42 

Cr(VI) is required for >100 years for the K-N Boundary Cr(VI) plume and 300 years for the KW, KE, and 43 

K1/K2 Sr-90 plumes.  44 
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The present value cost for the major components of Alternative 2 includes the following costs:  1 

 Waste sites: $198 million 2 

 Continuing sources: $13 million 3 

 Groundwater plumes: $133 million 4 

Alternative 2 will be carried forward for detailed analysis in Chapter 4. 5 

3.3.4.3 Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste 6 

Sites, No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, and 7 

P&T (All Areas) for Groundwater 8 

The waste site and continuing source components for Alternative 3 are the same as Alternative 2. 9 

Therefore, the effectiveness and implementability screening results and costs for the waste sites and 10 

continuing sources are the same as described for Alternative 2.  11 

For groundwater, Alternative 3 expands P&T to include the KN subarea and K-N Boundary Cr(VI) 12 

plume. The total pumping rate for Alternative 3 increases to 5,602 L/min (1,480 gal/min) from the 13 

3,464 L/min (915 gal/min) rate under Alternative 2. The expansion of P&T reduces the Cr(VI) 14 

groundwater remediation timeframe in the KN subarea and 100-N portions of the aquifer (based on the 15 

Cmax concentration) to <15 years. For shoreline groundwater, the Cr(VI) surface water PRG is achieved 16 

within 5 years. 17 

Alternative 3 was rated poor to moderate for short-term effectiveness (same as Alternative 2), with a good 18 

rating for long-term effectiveness attributed to expanded use of P&T to achieve groundwater and surface 19 

water PRGs. TMV reduction is achieved through soil flushing and through active treatment of Cr(VI), 20 

C-14, and TCE in groundwater. As described for Alternative 2, no TMV reduction is achieved through 21 

RTD of the post-ROD waste sites. Overall, Alternative 3 was rated moderate for effectiveness  22 

Alternative 3 was rated good overall for implementability because the key technologies of ICs, shallow 23 

and deep RTD, soil flushing, P&T, and MNA are readily implemented at 100-K, with performance 24 

monitoring durations of <15 years for all COCs except Sr-90. 25 

The present value cost for the major components of Alternative 3 includes the following costs:  26 

 Waste sites: $198 million  27 

 Continuing sources: $13 million 28 

 Groundwater plumes: $163 million 29 

Alternative 3 will be carried forward for detailed analysis in Chapter 4. 30 

3.3.4.4 Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste 31 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 32 

and P&T (All Areas) for Groundwater 33 

For the waste site and continuing source components, Alternative 4 is similar to Alternatives 2 and 3, 34 

except soil flushing replaces an irrigation restriction IC to address deep vadose zone Cr(VI) at waste site 35 

116-K-2 (eastern portion), which is associated with the shoreline portion of the KN subarea Cr(VI) 36 

plume. Therefore, the effectiveness and implementability results for the waste sites and continuing source 37 

components of Alternative 4 are comparable to those presented for Alternative 2. The use of soil flushing 38 

for the 116-K-2 waste site (in lieu of the 300-year irrigation IC under Alternatives 2 and 3) does alter the 39 

overall effectiveness or implementability ratings for Alternative 4 because soil flushing at the 116-K-2 40 
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waste site is a very small component. Additionally, groundwater modeling simulations show only 1 

a nominal improvement in the cleanup level achieved in KN subarea shoreline groundwater, with 2 

Alternatives 3 and 4 having the same Cr(VI) Cmax concentration of 1.5 µg/L in 2033 at the end of the P&T 3 

period. Following P&T shutdown, the Cmax Cr(VI) concentration in KN subarea shoreline groundwater 4 

rebounds under Alternatives 3 and 4 to 5.3 and 3 µg/L, respectively, by 2038 before decreasing to 5 

1.3 µg/L at the end of the 125-year (year 2143) simulation period. 6 

For groundwater, the Alternative 4 components are the same as described for Alternative 3. However, 7 

the addition of soil flushing at the 116-K-2 waste site increases the Cr(VI) remediation timeframe for 8 

KN subarea shoreline groundwater from 0 to 5 years. This is largely attributed to the year 2022 timeframe 9 

associated with implementation of the soil flushing component. 10 

Alternative 4 was rated moderate to good overall for effectiveness (the same as Alternative 3). This 11 

alternative provides for a moderate level of short-term effectiveness and good long-term effectiveness 12 

with expanded P&T. TMV reduction is achieved through soil flushing and groundwater P&T; however, 13 

there is no TMV reduction associated with RTD of the post-ROD waste sites.  14 

Alternative 4 was rated good overall for implementability because the key technologies of ICs, shallow 15 

and deep RTD, soil flushing, P&T, and MNA are readily implemented at 100-K, with performance 16 

monitoring durations of <15 years for all COCs except Sr-90.  17 

The present value cost for the major components of Alternative 4 includes the following costs:  18 

 Waste sites: $201 million 19 

 Continuing sources: $13 million 20 

 Groundwater plumes: $163 million 21 

Alternative 4 will be carried forward for detailed analysis in Chapter 4. 22 

3.3.4.5 Alternative 5: ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste 23 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 24 

and P&T (All Areas) for Groundwater 25 

For the waste site and continuing source components, Alternative 5 is similar to Alternatives 2 and 3, 26 

except RTD at the 116-K-2 waste site replaces the irrigation restriction IC (Alternatives 2 and 3) and soil 27 

flushing (Alternative 4) to address Cr(VI), which is associated with the shoreline portion of the 28 

KN subarea Cr(VI) plume. Therefore, the effectiveness screening results for the waste sites and 29 

continuing sources are comparable to those presented for Alternative 2. RTD for the 116-K-2 waste site 30 

under Alternative 4 does not alter the overall effectiveness rating for Alternative 5 because the 116-K-2 31 

RTD component is a very small part of the overall alternative. Additionally, groundwater model 32 

simulations show only a nominal improvement in the cleanup level achieved in KN subarea shoreline 33 

groundwater, with Alternatives 3, 4, and 5 having the same Cr(VI) Cmax concentration of 1.5 µg/L in 2033 34 

at the end of the P&T period. However, for Alternative 5, there is no Cr(VI) concentration rebound in 35 

KN subarea shoreline groundwater as is observed for Alternatives 3 and 4 (Figure 3-41) following 36 

cessation of P&T operations in 2033. 37 
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 1 

Figure 3-41. Cr(VI) Concentrations Trends in KN Subarea Shoreline Groundwater for 116-K-2 Alternatives  2 

For groundwater, Alternative 5 is the same as Alternative 3. The addition of RTD for the 116-K-2 waste 3 

site does not shorten the timeframe required to achieve the Cr(VI) surface water PRG in KN subarea 4 

shoreline groundwater. 5 

Alternative 5 was rated moderate to good overall for effectiveness (the same as Alternatives 3 and 4). 6 

This alternative provides for a moderate level of short-term effectiveness and good long-term 7 

effectiveness by using shallow/deep RTD to address most waste sites and P&T to address each of the 8 

Cr(VI) plumes. TMV reduction is achieved through soil flushing and groundwater P&T, with no TMV 9 

reduction achieved for RTD at the 36 post-ROD waste sites.  10 

Alternative 5 was rated moderate to good overall for implementability because the key technologies of 11 

ICs, shallow and deep RTD, soil flushing, P&T, and MNA are readily implemented at 100-K. Deep RTD 12 

at the 116-K-2 waste site to a depth of 15 m (49 ft) would be more difficult to implement near the 13 

shoreline, as the previous interim action RTD was reportedly terminated at a depth of 7.6 m (25 ft) 14 

because the excavation boundaries were encroaching into a sensitive area.  15 

The present value cost for the major components of Alternative 5 includes the following costs:  16 

 Waste sites: $209 million 17 

 Continuing sources: $13 million 18 

 Groundwater plumes: $163 million 19 

Alternative 5 will be carried forward for detailed analysis in Chapter 4. 20 
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3.3.4.6 Alternative 6: ICs for 18 Waste Sites, RTD for 58 Waste Sites, and No Action for 82 Waste 1 

Sites; and MNA, ICs, and River Protection P&T for Groundwater 2 

Alternative 6 is similar to Alternative 2 for the post-ROD and shallow waste sites with remedial 3 

alternatives but uses irrigation ICs (up to 300 years) in lieu of soil flushing for the two C-14 post-ROD 4 

waste sites and the three Cr(VI) continuing sources, relying on natural processes (water table fluctuations 5 

and infiltration) to treat deep vadose zone soil Cr(VI) and C-14 contamination.  6 

For groundwater, Alternative 6 uses river protection P&T (versus aquifer restoration P&T) to 7 

hydraulically contain the KW, KE, and KN subareas and K-N Boundary Cr(VI) plumes, and the KW and 8 

KE subareas C-14 plumes, at a total pumping rate of 3,502 L/min (925 gal/min). Because Alternative 6 9 

represents a containment alternative, aquifer restoration is not an objective. P&T is performed so the 10 

Cr(VI) 10 µg/L surface water PRG is achieved and maintained in shoreline groundwater. Although this 11 

occurs relatively quickly (within 5 years), P&T operations have to continue through year 2068 to prevent 12 

Cr(VI) rebound above the 10 µg/L surface water PRG once P&T operations end.  13 

Alternative 6 was rated poor overall for effectiveness because there are tradeoffs associated with 14 

achieving short-term effectiveness at the river shoreline. As shown on Figure 3-42 (top chart), Cr(VI) 15 

concentrations in the aquifer are projected to rebound above the 48 µg/L groundwater PRG at the end of 16 

the 49-year P&T period and again in year 2123 because there is no treatment for the Cr(VI) continuing 17 

sources. Alternative 6 requires 49 years of P&T operation to achieve and maintain Cr(VI) concentrations 18 

in shoreline groundwater below the 10 µg/L surface water PRG, while Alternatives 3, 4 and 5 achieve 19 

similar results with 13 years of P&T operation. TMV reduction is less than Alternatives 2 through 5 20 

because there is no active treatment for the Cr(VI) and C-14 waste sites and continuing sources and 21 

because there is significantly less active treatment for groundwater.  22 

Alternative 6 was rated poor overall for implementability. While the key technologies of P&T, MNA, 23 

ICs, and shallow and deep RTD are readily implemented at 100-K, 49 years of P&T require significant 24 

O&M resources to maintain, repair, and replace equipment. Similarly, while MNA is readily implemented 25 

at 100-K, performance monitoring for Cr(VI) is required for over 100 years. 26 

The present value cost for the major components of Alternative 6 includes the following costs:  27 

 Waste sites: $193 million 28 

 Continuing sources: $0 29 

 Groundwater plumes: $441 million 30 

Based on the poor effectiveness and implementability ratings, and high cost for the groundwater 31 

component, Alternative 6 was not carried forward for detailed analysis in Chapter 4. 32 
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 1 

Figure 3-42. Remedial Alternative Cr(VI) Concentration Trends for Aquifer and Shoreline Groundwater 2 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

3-157 

3.3.4.7 Alternative 7: ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste 1 

Sites, In Situ Solidification for 4 Waste Sites, and No Action for 82 Waste Sites; and 2 

Source Treatment (Cr(VI)), Sr-90) with MNA, ICs, and P&T (Cr(VI), Sr-90) for Groundwater 3 

Alternative 7 is the same as Alternatives 4 for waste sites and continuing sources, except in situ 4 

solidification/stabilization treatment is added for the Sr-90 waste sites and continuing sources located in 5 

vicinity of the KW and KE Reactor buildings. For groundwater, Alternative 7 is the same as Alternative 4 6 

but adds 90 years of P&T for Sr-90 at a rate of 1,514 L/min (400 gal/min), followed by 175 years of 7 

MNA and ICs for Sr-90 in the KE subarea. P&T for Sr-90 begins after the 13-year P&T period for 8 

Cr(VI) ends.  9 

Alternative 7 was rated moderate overall for effectiveness (slightly lower than Alternative 4) due to poor 10 

short-term effectiveness and moderate to good long-term effectiveness. For short-term effectiveness, 11 

in situ solidification/stabilization treatment of Sr-90-contaminated soil lying adjacent to and beneath the 12 

KW and KE Reactor buildings using vertical and angled jet injection borings poses worker exposure risk 13 

to Sr-90-contaminated dust generated by jet grout pilot hole drilling. There is also uncertainty regarding 14 

whether in situ solidification/stabilization of Sr-90-contaminated soil beneath the reactor buildings would 15 

change the soil characteristics so the reactor buildings structural integrity might be compromised. For 16 

long-term effectiveness, in situ solidification/stabilization of the KW subarea waste sites and K1/K2 17 

plume continuing source, combined with 90 years of P&T, does reduce the timeframe for the KW and 18 

K1/K2 plumes (Figure 3-43 [top chart]). However, in situ solidification/stabilization of the KE subarea 19 

waste sites and groundwater P&T of the KE plume only reduce the remedial action timeframe by 20 years 20 

compared to Alternative 1. Significant Sr-90 concentration rebound occurs in the KE plume (Figure 3-43 21 

[bottom chart]) following P&T shutdown. This indicates that in situ solidification/stabilization treatment 22 

of 65% of the KE Sr-90 target zone, where concentrations are much higher than the KW subarea and 23 

K1/K2, is less effective. Based on the proximity of the waste site and continuing source footprints to the 24 

KE Reactor building, in situ solidification/stabilization treatment of the remaining 35% of the target area 25 

is deemed impracticable.  26 

TMV reduction is achieved through active treatment using soil flushing, in situ solidification/ 27 

stabilization treatment of the KW subarea waste sites and K1/K2 Sr-90 continuing sources, and P&T.  28 

Alternative 7 was rated poor overall for implementability. While many of the key technologies are readily 29 

implementable at 100-K, the large number of in situ solidification/stabilization injection borings (452 at 30 

waste sites and 1,095 at the K1/K2 continuing source), and the associated angled injection well boreholes, 31 

construction planning for work near the reactors, cement jet injection, and IDW management would 32 

require a multi-year duration. Additionally, 90 years of P&T operation for Sr-90 also contributes to a poor 33 

rating for implementability due to the long-term O&M requirements, including extraction well and 34 

treatment system equipment replacement at years 30 and 60.  35 
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 1 

Figure 3-43. Remedial Alternative Strontium-90 Concentration Trends 2 

for the KW and K1/K2 Plumes and the KE Plume  3 
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The present value cost for the major components of Alternative 7 includes the following costs:  1 

 Waste sites: $209 million 2 

 Continuing sources: $36 million 3 

 Groundwater plumes: $665 million 4 

Based on the moderate effectiveness, poor implementability ratings, and high cost for the groundwater 5 

component, Alternative 7 was not carried forward for detailed analysis in Chapter 4. 6 

3.3.5 Remedial Alternative Screening Evaluation Summary 7 

Based on the results of the remedial action alternatives screening evaluation, Alternatives 1 through 5 8 

will be carried forward for detailed analysis in Chapter 4. Alternative 6 was screened out (Table 3-21) 9 

based on poor effectiveness and implementability and a high groundwater cost component that is 10 

disproportionate to the long- term effectiveness that is achieved. 11 

Table 3-21. Remedial Action Alternative Screening Summary 

Alternative 

Screening Summary 

Carried 

Forward for 

Detailed 

Analysis Effectiveness Implementability 

Cost (millions) 
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1 Poor Poor $0 $0 $0 $0 
Yes, per the 

NCP 

2 Poor-moderate Moderate $198 $13 $133 $344 Yes 

3 Moderate Good $198 $13 $163 $374 Yes 

4 Moderate-good Good $201 $13 $163 $377 Yes 

5 Moderate-good Moderate-good $209 $13 $163 $385 Yes 

6 Poor Poor $193 $0 $441 $634 No 

7 Moderate Poor $209 $36 $665 $910 No 

NCP = National Contingency Plan 

 12 

Alternative 7 was screened out based on poor implementability and a high cost associated with the Sr-90 13 

components. The high cost for in situ solidification/stabilization treatment of the Sr-90 waste sites 14 

($12 million) and continuing source ($22 million) components, in combination with 90 years of P&T 15 

($500 million), is disproportionate to the long-term effectiveness achieved by restoration of the KW Sr-90 16 

plume (4,100 m2 [1.0 ac]) and the K1/K2 Sr-90 plume (9,600 m2 [2.4 ac]) portions of the aquifer. Cleanup 17 

of the KE Sr-90 plume (15,500 m2 [3.8 ac]) is not achieved in a reasonable timeframe under 18 

Alternative 7. 19 
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In evaluating long-term effectiveness for Sr-90 in groundwater under Alternatives 1 through 7, the 1 

estimated timeframe to achieve the 8 pCi/L drinking water PRG for the KW, KE, and K1/K2 plumes 2 

(Table 3-20) ranges as follows:  3 

 Alternative 1: 130 (C90) to 300 years (Cmax) 4 

 Alternatives 2 through 6: 130 (C90) to 300 years (Cmax) 5 

 Alternative 7: 40 (C90) to 280 years (Cmax) 6 

None of the alternatives developed using the Sr-90 technologies retained from the screening performed in 7 

Chapter 2 achieve the Sr-90 drinking water PRG of 8 pCi/L within 100 to 150 years for all three plumes, 8 

which was identified as a reasonable timeframe for aquifer restoration at the Hanford Site. Under 9 

Alternative 7, Sr-90 present in the deep vadose zone waste sites and continuing sources is immobilized 10 

with in situ solidification/stabilization. While this lessens the potential for migration and exposure, the 11 

area containing treatment residuals (cement-encapsulated soil containing Sr-90) will have to be managed 12 

with a deep excavation IC until radioactive decay reduces Sr-90 concentrations to protective levels. This 13 

occurs on the same timeline as Alternatives 2 through 6.  14 

Therefore, based on Sr-90’s physical and chemical properties, which make aquifer restoration within 15 

a reasonable timeframe technically impracticable from an engineering perspective, a technical 16 

impracticability (TI) determination for Sr-90 in the unconfined aquifer will be incorporated as a new 17 

component into Alternatives 2, 3, 4, and 5. The TI waiver is summarized further in the next section, with 18 

the technical justification for the TI determination presented in DOE/RL-2018-43. 19 

3.3.6 Technical Impracticability Waiver for Sr-90 20 

As indicated in EPA’s TI guidance (OSWER Directive 9234.2-25), EPA’s goal of restoring contaminated 21 

groundwater within a reasonable timeframe at Superfund or RCRA sites will be modified when complete 22 

restoration is found to be technically impracticable. Where a TI waiver is warranted, an alternative 23 

remedial strategy that is technically practicable, is protective of human health and the environment, and 24 

that satisfies the statutory and regulatory requirements of the Superfund or RCRA programs shall be 25 

implemented. The 100-KR-4 OU alternative remedial strategy for Sr-90 includes three elements: 26 

prevention of exposure to contaminated groundwater, source control, and aqueous plume monitoring to 27 

confirm radioactive decay and to track plume migration. These elements will ensure that protectiveness is 28 

maintained during the TI waiver period. Each of the remedial action alternatives (except Alternative 1) 29 

carried forward for detailed analysis in Chapter 4 contains the alternative remedial strategy components 30 

described in the following sections. 31 

3.3.6.1 Prevention of Exposure to Contaminated Groundwater 32 

Prevention of human exposure to Sr-90-contaminated groundwater would be accomplished by ICs that 33 

prevent groundwater withdrawals, restrict groundwater use, and control excavation within the TI zones. 34 

Alternatives 2 through 5 include groundwater use and excavation restriction ICs. DOE would be 35 

responsible for implementing, maintaining, reporting on, and enforcing the ICs. The Sitewide IC Plan 36 

(DOE/RL-2001-41) would be modified to incorporate the IC elements of the 100-K remedy.  37 

The ICs for Sr-90-contaminated groundwater would include the following: 38 

 Administrative controls, including access restrictions, drilling permits, and procedural entry 39 

requirements, would be used to limit groundwater access and use where COCs are found in 40 

groundwater at concentrations above DWSs 41 
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 Land-use and real property controls to ensure that groundwater use is in accordance with the 1 

100-K CERCLA decision document 2 

 Excavation permits to prevent uncontrolled drilling of new groundwater wells in the Sr-90 plumes or 3 

their migration path in the 100-KR-4 OU 4 

In addition to groundwater use restriction ICs, exposure to deep Sr-90 occurrences at waste sites 5 

UPR-100-K-1 and 116-KE-3, 116-K-1 (west end), and 100-K-82 and 116-KW-2 would also be prevented 6 

through ICs that include the following: 7 

 Signage and access control to waste site locations 8 

 Warning notices providing visual identification of waste site areas 9 

 Procedural requirements for access, warning signs, or fencing to prevent unauthorized entry 10 

 Maintenance of the current excavation permit program for protection of environmental and cultural 11 

resources and site workers 12 

 Land-use and real property controls (e.g., proprietary controls including easements and covenants) to 13 

ensure that the use of land is in accordance with Hanford Site plans and CERCLA decision documents 14 

 Administrative mechanisms such as the WIDS database to maintain and provide access to information 15 

on the location and nature of contamination  16 

 Irrigation restrictions for sites exceeding surface/groundwater protection criteria 17 

The ICs would remain in place for the Sr-90 waste sites and groundwater plumes until protective levels 18 

are achieved. The duration of groundwater use ICs is based on the time required for PRGs to be achieved 19 

for all COCs. 20 

In addition to 100-K area-specific ICs, other programs are in place to control access at the Hanford Site, 21 

to preserve the Hanford Reach National Monument, and provide safety and security. These programs also 22 

serve to protect human health by limiting potential exposure to hazardous substances. Many of these 23 

multi-purpose or programmatic controls were put into place under previous interim action CERCLA 24 

RODs. The programmatic controls include site access, personnel badging, and warning signs along the 25 

Columbia River bank and other access points. 26 

3.3.6.2 Source Control 27 

Source control for groundwater protection would be accomplished using RTD and irrigation restrictions. 28 

Much of the Sr-90 source material remaining at waste sites and continuing sources at the KW, KE, and 29 

K1/K2 plumes lies at depths >7.6 m (25 ft) bgs. Due to its depth of occurrence, this material does not 30 

pose a threat to human health or terrestrial ecological receptors through the direct contact exposure 31 

pathway but poses a potential threat to groundwater quality. Sr-90-contaminated soil at the KW subarea’s 32 

100-K-82 and 116-KW-2 waste sites will be remediated to depths up to 13.7 m (45 ft) through RTD under 33 

the selected remedy identified in the 100-K final ROD.  34 

The numerical modeling used to simulate future Sr-90 fate and transport shows concentrations 35 

temporarily increasing in the KW, KE, and K1/K2 plumes due to episodic water table fluctuation induced 36 

desorption and sorption of Sr-90 within the PRZ. Despite the temporary increase, the model results show 37 

that the effects of source release diminish as concentrations decrease through radioactive decay. Based on 38 

the Sr-90 Kd of 12 mL/g, there is no apparent plume migration. To prevent future land use that could 39 
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result in greater releases of Sr-90 to groundwater, an irrigation restriction will be applied within the area 1 

enclosing the three TI zones and maintained for up to 300 years.  2 

3.3.6.3 Control of Aqueous Plumes 3 

Sr-90 plume control would be evaluated using groundwater monitoring. Due to the Sr-90 Kd of 12 mL/g, 4 

the aqueous plumes do not migrate during the 300-year timeframe required for concentrations to 5 

radioactively decay to the 8 pCi/L DWS within the 100-KR-4 OU. The effects of any natural or 6 

pumping-induced migration associated with remediation of Cr(VI) will be assessed through periodic 7 

groundwater monitoring, which has been incorporated into Alternatives 2 through 5. This monitoring 8 

includes semiannual groundwater sampling and analysis at 25 wells (10 in the KW subarea, 10 in the 9 

KE Sr-90 plume, and 5 in the K1/K2 Sr-90 plume) during year 1, then every 5 years for 135 years in the 10 

KW subarea, and 300 years in the KE subarea; and then semiannually during a presumed 5-year 11 

compliance monitoring period that would occur at the end of the TI wavier period. Because the plumes lie 12 

in different areas, it is assumed that there is no overlap in the monitoring well network.  13 
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4 Detailed and Comparative Analysis of Alternatives 1 

This chapter presents the detailed and comparative analysis of remedial action alternatives retained from 2 

the screening performed in Section 3.3. The retained alternatives are evaluated in this chapter against 3 

seven of the nine CERCLA criteria described in the NCP (40 CFR 300.430(e)(9)) to support the 4 

identification of a preferred alternative in a proposed plan. The last two criteria, which are considered 5 

modifying criteria, are formally assessed during the public participation process that precedes remedy 6 

selection, and therefore, are not addressed in this FS.  7 

4.1 Description of CERCLA Evaluation Criteria 8 

The nine CERCLA evaluation criteria and their subfactors (Figure 4-1), upon which the detailed and 9 

comparative analyses of alternatives are based, guide the evaluation by assessing the ability of each 10 

alternative to address the statutory, technical, and policy considerations necessary for selecting a final 11 

remedial alternative for the 100-K waste sites, continuing sources, and groundwater contaminant plumes. 12 

The nine CERCLA criteria are grouped into threshold, balancing, and modifying categories based on their 13 

function in the remedy selection process. The NCP (40 CFR 300.430(f)) states that the two threshold 14 

criteria (protection of human health and the environment and compliance with ARARs) must be met by 15 

a remedial alternative to be selected unless a waiver is granted under CERCLA Section 121(d)(4). 16 

The five balancing criteria address technical considerations upon which the detailed analysis is largely 17 

based. The five balancing criteria include long-term effectiveness and permanence, reduction of TMV 18 

through treatment, short-term effectiveness, implementability, and cost. The preferred alternative is 19 

typically the alternative that is protective of human health and the environment, ARAR compliant, and 20 

ranked highest relative to the balancing criteria. 21 

The final two criteria (state acceptance and community acceptance) are modifying criteria that are 22 

formally assessed following issuance of the RI/FS report, during preparation of the proposed plan 23 

(state acceptance), and following review of public and Tribal Nation comments on the proposed plan 24 

(community acceptance). Based on public and Tribal Nation comments, the Tri-Parties may modify some 25 

aspects of the preferred alternative or decide that another alternative is more appropriate. 26 

Table 4-1 further defines the CERCLA evaluation criteria. 27 

4.2 Individual Analysis of Alternatives 28 

This section presents the detailed analysis of alternatives for the 100-K waste sites, continuing sources, 29 

and groundwater COC plumes. As indicated in Section 3.3, no remedial action alternative can achieve 30 

the Sr-90 groundwater PRG within a 100- to 150-year reasonable timeframe. Therefore, based on the 31 

screening performed in Section 3.3, and a TI determination for Sr-90, Alternatives 2 through 5 were 32 

modified to incorporate a TI determination for Sr-90 in 100-K groundwater.  33 
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Figure 4-1. CERCLA Remedial Action Alternative Evaluation Criteria 
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Table 4-1. CERCLA Remedial Action Alternative Evaluation Criteria Description 

Threshold Criteria 

Overall protection of 

human health and 

the environment 

Alternatives are assessed to determine whether they can adequately protect human health and the environment, in both the 

short- and long-term, from unacceptable risks posed by hazardous substances, pollutants, or contaminants present at the site by 

eliminating, reducing, or controlling exposures to levels established during development of remediation goals consistent with 

40 CFR 300.430(e)(2)(i).  

Overall protection of human health and the environment draws on the assessments of other evaluation criteria, especially long-term 

effectiveness and permanence, short-term effectiveness, and compliance with ARARs. 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 

Alternatives are assessed to determine whether they attain ARARs under federal environmental laws and state environmental or 

facility siting laws or provide grounds for invoking one of the waivers identified in the NCP (40 CFR 300.430(f)(1)(ii)(C)).  

This 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 

Alternatives are assessed for the long-term effectiveness and permanence they afford, along with the degree of certainty that the 

alternative will prove successful. Factors to be considered, as appropriate, include the following: 

(1) Magnitude of residual risk from untreated waste or treatment residuals remaining at the conclusion of the remedial activities. 

Characteristics of the residuals should be considered to the degree that they remain hazardous, taking into account their TMV and 

propensity to bioaccumulate. 

(2) Adequacy and reliability of controls such as containment systems and ICs that are necessary to manage treatment residuals and 

untreated waste. This factor particularly addresses uncertainties associated with land disposal for providing long-term protection 

from residuals; the assessment of the potential need to replace technical components of the alternative (e.g., a cap, a slurry wall, or 

a treatment system); and the potential exposure pathways and risks posed should the remedial action need replacement. 

Reduction of TMV 

through treatment 

Alternatives are evaluated to assess the degree to which they use recycling or treatment that reduces TMV, including how treatment 

is used to address the principal threats posed by the site. Factors to be considered, as appropriate, include the following: 

(1) Treatment or recycling processes the alternatives use and materials they will treat. 

(2) Amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or recycled. 

(3) Degree of expected reduction in TMV of the waste due to treatment or recycling and the specification of which reduction(s) are 

occurring. 

(4) Degree to which the treatment is irreversible. 

(5) Type and quantity of residuals that will remain following treatment, considering the persistence, toxicity, mobility, and 

propensity to bioaccumulate of such hazardous substances and their constituents. 

(6) Degree to which treatment reduces the inherent hazards posed by principal threats at the site. 
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Table 4-1. CERCLA Remedial Action Alternative Evaluation Criteria Description 

Balancing Criteria 

Short-term 

effectiveness 

Alternatives are evaluated to assess short-term impacts considering the following: 

(1) Short-term risks that might be posed to the community during implementation of an alternative. 

(2) Potential impacts on workers during remedial action and the effectiveness and reliability of protective measures. 

(3) Potential environmental impacts of the remedial action and the effectiveness and reliability of mitigative measures during 

implementation. 

(4) Time until protection is achieved: 

For the waste sites, the remedial action timeframe is based on either:  

(a) The time required for radioactive decay to reduce radionuclide COC concentrations to PRGs for alternatives using ICs assuming 

a base year of 2018, or  

(b) A 5-year period for alternatives using shallow RTD and 10 years for alternatives using deep RTD. The 5- and 10-year RTD 

periods begin once the RD/RAWP is approved.  

For groundwater, the remedial action timeframe for each COC is based on: 

(a) The estimated time for the Cmax concentration to decrease below its PRG assuming a base year of 2018. For remedial action 

timeframes <50 years duration, the timeframe is rounded up to the next highest 5-year interval (e.g., 25, 30, 35 years) and for 

timeframes >50 years, the timeframe is rounded up to the next highest 10-year interval (e.g., 60, 70, 80 years).  

Implementability Alternatives are evaluated to assess the ease or difficulty of implementation considering the following, as appropriate: 

(1) Technical feasibility, including technical difficulties and unknowns associated with the construction and operation of 

a technology, the reliability of the technology, ease of undertaking additional remedial actions, and the ability to monitor the 

effectiveness of the remedy. 

(2) Administrative feasibility, including activities needed to coordinate with other offices and agencies and the ability and time 

required to obtain any necessary approvals and permits from other agencies (for offsite actions). 

(3) Availability of services and materials, including the availability of adequate offsite treatment, storage capacity, and disposal 

capacity and services; availability of necessary equipment, specialists, and provisions to ensure any necessary additional resources; 

availability of services and materials; and availability of prospective technologies. 

Cost Alternatives are evaluated with respect to the capital cost, total annual O&M cost and total periodic cost, and total lifecycle cost 

expressed as a present worth cost. Present worth costs were estimated using a 0.6% discount factor for projects with a lifecycle 

>30 years per OMB Circular No. A-94 (dated November 2017). 

Cost estimates were prepared in accordance with EPA 540-R-00-002, as well as DOE G 430.1-1. The cost estimates are for 

comparison purposes and were prepared to meet the -30% to +50% accuracy range recommended in EPA/540/G-89/004. All 

remedial action alternative cost estimates are rounded to the nearest $1 million. 

The cost estimates are based on specific response action scenarios and assumptions. Detailed sensitivity analyses were not 

performed to quantify the potential effect of changing key parametric assumptions.  
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Table 4-1. CERCLA Remedial Action Alternative Evaluation Criteria Description 

Modifying Criteria (not evaluated in the feasibility study) 

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. 

References: 40 CFR 300.430(e)(2)(i), “National Oil and Hazardous Substances Pollution Contingency Plan,” “Remedial Investigation/Feasibility Study and Selection 

of Remedy.”  

DOE G 430.1-1, Cost Estimating Guide.  

EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA. 

EPA 540-R-00-002, A Guide to Developing and Documenting Cost Estimates During the Feasibility Study. 

OMB Circular No. A-94, “Guidelines and Discount Rates for Benefit Cost Analysis of Federal Programs.” 

ARAR = applicable or relevant and appropriate requirements 

Cmax = highest model cell COC concentration in the model domain  

COC = contaminant of concern 

DOE = U.S. Department of Energy 

EPA =  U.S. Environmental Protection Agency 

IC = institutional control 

NCP = National Contingency Plan 

O&M = operations and maintenance  

PRG = preliminary remediation goal 

RD/RAWP = remedial design/remedial action work plan 

RTD = removal, treatment, and disposal 

TMV = toxicity, mobility, or volume 
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The TI determination made by DOE, the lead agency, is subject to regulatory agency concurrence and 1 

will undergo public review in the proposed plan, with the TI waiver granted in the final ROD. Under 2 

the NCP (40 CFR 300.430(f)(1)(ii)(C)(3)), a remedial alternative that does not attain the Sr-90 3 

groundwater PRG can be selected if compliance with the requirement is technically impracticable from 4 

an engineering perspective. The TI determination for Sr-90 incorporated into Alternatives 2, 3, 4, and 5 5 

includes elements to ensure that human health and the environment are protected. Additional information 6 

on these elements is provided in the summary descriptions for Alternatives 2, 3, 4, and 5 presented in this 7 

chapter. The technical justification for the Sr-90 TI determination is provided in DOE/RL-2018-43. 8 

The alternatives carried forward for detailed and comparative analysis are presented in Sections 4.2 9 

and 4.3, respectively, and include the following: 10 

 Alternative 1 – No Action (as required by the NCP [40 CFR 300.430(e)(6)]) 11 

 Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and 12 

No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (KW, KE), and 13 

TI Determination (Sr-90) for Groundwater 14 

 Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and 15 

No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and 16 

TI Determination (Sr-90) for Groundwater 17 

 Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, and 18 

No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and 19 

TI Determination (Sr-90) for Groundwater 20 

 Alternative 5 – ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste Sites, and 21 

No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and 22 

TI Determination (Sr-90) for Groundwater 23 

The detailed evaluation of alternatives is presented in a tabular format and the results are summarized 24 

narratively. The detailed analysis provides a pass (yes) or fail (no) determination for the threshold criteria 25 

while providing a rating for four of the five balancing criteria and a cost estimate for the last criteria. The 26 

alternatives development used waste site and groundwater data for conditions at 100-K through 27 

April 2017. Evaluation of the alternatives assumed a December 2019 ROD approval for implementing the 28 

alternatives. For the balancing criterion of short-term effectiveness, charts are provided to illustrate the 29 

time to achieve PRGs for each groundwater COC and the length of shoreline with Cr(VI) concentrations 30 

greater than the 10 µg/L surface water PRG. As indicated in Table 3-2 and in the alternative names, 31 

Alternatives 2 through 5 include no action for 82 waste sites and RTD for 24 pre-ROD waste sites where 32 

RTD was completed by December 31, 2019. These two components are not evaluated in the detailed and 33 

comparative analysis. The threshold criteria determinations and balancing criteria ratings inform the 34 

comparative evaluation of alternatives presented in Section 4.3 and the identification of a preferred 35 

alternative in the proposed plan.  36 

The following ratings were used to assess the performance of each alternative against the balancing 37 

criteria of long-term effectiveness and permanence, reduction of TMV through treatment, short-term 38 

effectiveness, and implementability: 39 

 Superior. Alternative has no apparent disadvantages or uncertainties. 40 

 Good. Alternative has minor disadvantages or uncertainties. 41 

 Fair. Alternative has some disadvantages or uncertainties. 42 

 Poor. Alternative has more disadvantages or uncertainties. 43 
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4.2.1 Alternative 1 – No Action 1 

The NCP (40 CFR 300.430(e)(6)) requires development and evaluation of a No Action alternative in 2 

the FS to serve as a baseline for comparison to other remedial action alternatives. As described in 3 

Section 3.2.2, the major components of Alternative 1 would include the following: 4 

 Termination of existing entry, land use, and groundwater use restrictions implemented under the 5 

100-HR-3 and 100-KR-4 OUs interim action ROD (EPA/ROD/R10-96/134) and the 100 Areas 6 

interim action ROD (EPA/ROD/R-10-99/059, Declaration of the Record of Decision for the 7 

100-KR-2 Operable Unit, Hanford Site, Benton County, Washington) at the time of final ROD 8 

signature, which is assumed to occur by December 31, 2019. At the waste sites, radionuclide 9 

COCs/COPCs would decay over time. For the waste site chemical COPCs and continuing sources, 10 

some concentration reductions may occur through leaching of contaminated soil by infiltrating 11 

rainfall and snowmelt.  12 

 Termination of KR4, KW, and KX interim action P&T operations on December 31, 2019. All 13 

groundwater monitoring, data evaluation, and reporting activities would also end. The C-14 and 14 

Cr(VI) concentrations would likely increase following shutdown of the interim actions due to 15 

continuing source contributions. Over time, however, concentrations would decrease as the COC 16 

plumes attenuate through dispersion/dilution and radioactive decay.  17 

Alternative 1 assumes that RTD is completed for the 24 pre-ROD waste sites scheduled to be remediated 18 

under interim action (Table 3-2) between April 2017 and December 31, 2019. If remedial action for any 19 

of these waste sites is not completed by December 31, 2019, the waste sites would not be remediated 20 

under this alternative. Additionally, no decommissioning of the existing P&T systems and their associated 21 

extraction, injection, and monitoring wells would be performed.  22 

4.2.1.1 Threshold Criteria Evaluation 23 

Evaluation of Alternative 1 against the CERCLA threshold criteria (Table 4-2) for the waste sites and 24 

groundwater plumes indicates that this alternative does not protect human health. Although the potential 25 

for human exposure to soil COCs/COPCs and groundwater COCs is low based the remote location of 26 

100-K, there are no provisions under this alternative to control or prevent future exposure. 27 

Alternative 1 is not protective of terrestrial ecological receptors because it is presumed that unacceptable 28 

risk occurs at 32 of the 36 post-ROD waste sites. At the four waste sites previously remediated under 29 

interim action, the baseline ecological risk assessment (BERA) determined that the completed actions 30 

are protective.  31 
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Table 4-2. Detailed Evaluation for Alternative 1 – No Further Action 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Threshold Criteria 

Overall protection of 

human health and the 

environment 

No  At 36 post-ROD waste sites where interim action has not 

been completed:  

- Human health is not protected at 32 waste sites. 

Existing security, fencing, and land-use ICs to 

control/prevent future exposure would be discontinued. 

- Terrestrial receptors are not protected at 31 waste sites 

because it is presumed that unacceptable ecological risk 

occurs in the shallow soil. 

- Groundwater/surface water is not protected at 20 waste 

sites where COPCs are presumed to occur at 

concentrations above PRGs. 

 Human health is not protected at previously remediated 

waste sites 100-K-64 (7.4 ha [18 ac]) and 118-K-1 (0.4 ha 

[1.0 ac]) where COCs occur in shallow soil at 

concentrations corresponding to an ELCR of 3.410-4 and 

2.510-4, respectively, which exceeds the upper bound 

(e.g., 1×10-4) of the CERCLA target risk range. 

 Terrestrial receptors are protected at the four waste sites 

(100-K-6, 100-K-46, 100-K-62, 132-KE-1) previously 

remediated under interim action. The BERA did not identify 

unacceptable risk to wildlife, plants, or invertebrates 

exposed to vadose zone soil at waste sites located in the 

upland and riparian portions of 100-K. 

 Tritium would continue leaching from deep vadose zone 

soil to groundwater at waste sites 116-KW-1, 116-KE-1, 

and 100-K-132. 

 C-14 would continue leaching from deep vadose zone soil 

to groundwater at the 116-KW-1 and 116-KE-1 waste sites.  

 Cr(VI) would continue leaching from deep vadose zone soil 

to groundwater at waste site 116-K-2 (eastern portion) 

and the continuing sources (183.1KE Headhouse, 

183.1KW Headhouse, and 190KW Pump House). 

 Human health is not protected. Existing groundwater use 

ICs would be discontinued and:  

− Cmax Cr(VI) concentrations above the 48 µg/L 

groundwater PRG would persist in the aquifer for more 

than 125 years at the KW subarea and 50 years at the 

KE subarea.  

− Cmax C-14 concentrations decrease below the 

2,000 pCi/L PRG within 16 years at the KW and 

KE subareas. 

− Cmax Sr-90 concentrations above the 8 pCi/L DWS 

would persist in the aquifer for up to 300 years at the 

KE subarea.  

− Cmax TCE, nitrate, and tritium concentrations decrease 

below PRGs within 10 years at the KW and 

KE subareas. 

 Aquatic receptors are protected. Groundwater model 

simulations project Cmax Cr(VI) concentrations in the KW, 

KE, and KN subareas and 100-N shoreline groundwater up 

to approximately 38 µg/L. 

 Length of shoreline (and percent of subarea segment) with 

Cr(VI) concentrations greater than the 10 µg/L surface 

water PRG varies by location and year as follows: 

− KW subarea: Up to 255 m (50%) between years 2029 

and 2063  

− KE subarea: Up to 523 m (40%) between years 2021 

and 2059 

− KN subarea: Up to 438 m (29%) between years 2020 

and 2037  

− K-N Boundary plume at 100-N shoreline: Up to 212 m 

(13%) between years 2084 to beyond 2143 
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Table 4-2. Detailed Evaluation for Alternative 1 – No Further Action 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Overall protection of 

human health and the 

environment (cont.) 

  Sr-90 would continue leaching from deep vadose zone soil 

to groundwater at waste sites 116-KE-3, UPR-100-K-1, 

116-KW-2, and 100-K-82 and a continuing source located 

at 116-K-1/116-K-2. 

 

Compliance with 

ARARs 

No  Direct contact PRGs and groundwater/surface water 

protection PRGs for radionuclide COCs/COPCs would be 

achieved at the 36 post-ROD waste sites, but the timeframe 

is uncertain. 

 For waste sites 100-K-64 and 118-K-1, direct contact PRGs 

for the radionuclide COCs would be achieved in shallow 

soil in 25 years and 27 years, respectively. Nonradionuclide 

COCs are not present at concentrations above direct 

contact PRGs.  

 Direct contact PRGs at the 36 post-ROD waste sites with 

nonradionuclide COPCs would not be achieved. 

 Since no action is implemented, no action-specific and 

location-specific ARARs would be triggered. 

 The Cmax Cr(VI) 48 µg/L drinking water PRG and 10 µg/L 

surface water PRG would be achieved in the aquifer/ 

shoreline groundwater in the following calendar years: 

− KW subarea: >2143/2063  

− KE subarea: 2065/2059 

− KN subarea: 2022/2037 

− 100-N: 2018/>2143 

 Drinking water PRGs for nitrate, TCE, and tritium would be 

achieved in the aquifer by the year 2028 and for C-14 by the 

year 2035 in the KW and KE subareas. 

 The 8 pCi/L Sr-90 DWS would be achieved in the aquifer 

by approximately the year 2318.  

 Since no action is implemented, no action-specific and 

location-specific ARARs would be triggered. 

Balancing Criteria 

Long-term 

effectiveness and 

permanence 

Not 

evaluated 

This alternative does not satisfy threshold criteria for protection of human health or compliance with ARARs and cannot be 

selected. Therefore, an evaluation against the balancing criteria was not performed. 

Reduction of TMV 

through treatment 

Short-term 

effectiveness 

Implementability 

Cost (base year 2018) $0 $0 
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Table 4-2. Detailed Evaluation for Alternative 1 – No Further Action 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Modifying Criteria 

State acceptance 
Not 

evaluated 
Will be evaluated following the public comment period to be held following issuance of the proposed plan. Community 

acceptance 

Note: For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land-use scenario. The term “PRG” refers to a PRG value calculated for 

conservation with native vegetation land use. 

ARAR = applicable or relevant and appropriate requirement 

BERA = baseline ecological risk assessment 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

COPC = contaminant of potential concern 

DWS = drinking water standard 

ELCR = excess lifetime cancer risk 

IC = institutional control 

PRG = preliminary remediation goal 

ROD = Record of Decision 

SSL  = soil screening level 

 1 
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Alternative 1 is protective for most aquatic receptors inhabiting the Columbia River because groundwater 1 

COCs were not detected in surface water samples at concentrations greater than their corresponding 2 

AWQC or state surface water quality standard. Although Cr(VI) was not detected in surface water 3 

samples, it has been detected in shoreline groundwater (maximum filtered concentration of 188 µg/L) and 4 

pore water (42 µg/L) samples at concentrations greater than the 10 µg/L state surface water quality 5 

standard.  6 

Alternative 1 would comply with chemical-specific ARARs for radionuclide COCs at the 100-K-64 and 7 

118-K-1 waste sites within timeframes of 25 years and 27 years, respectively. However, the time required 8 

for radionuclide COPCs to achieve direct contact and/or groundwater/surface water protection PRGs at 9 

the 36 post-ROD waste sites is uncertain. Direct contact and groundwater/surface water protection PRGs 10 

for chemical COPCs in soil would not be achieved at the post-ROD waste sites.  11 

For the groundwater plumes, chemical-specific ARARs would be achieved in the aquifer within 12 

timeframes of 10 years for nitrate, TCE, and tritium (KW and KE subareas); 17 years for C-14 13 

(KW and KE subareas); >125 years for Cr(VI) (100-N), and 300 years for Sr-90 (KW and KE subareas). 14 

The surface water PRG for Cr(VI) would be achieved in shoreline groundwater in >125 years (100-N). 15 

Because no actions are implemented under Alternative 1, compliance with both location- and 16 

action-specific ARARs would not be triggered. 17 

4.2.1.2 Balancing Criteria Evaluation Summary 18 

Because Alternative 1 does not meet the threshold criteria for protection of human health, nor does it 19 

comply with ARARs, it cannot be selected under CERCLA. Therefore, an evaluation against the 20 

CERCLA balancing criteria was not performed. 21 

4.2.2 Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste 22 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 23 

P&T (KW, KE), and TI Determination (Sr-90) for Groundwater 24 

This alternative includes the following components: 25 

 Waste sites with ICs: 26 

 Shallow excavation restriction ICs for radionuclides at the 100-K-64 waste site for 25 years (year 27 

2043) and a shallow/deep excavation restriction at the 118-K-1 waste site for 27/108 years 28 

(years 2045/2126) until decay reduces concentrations to an ELCR <1×10-4.  29 

 Irrigation/deep excavation restriction ICs for radionuclides until decay reduces concentrations to 30 

groundwater protection/direct contact PRGs as follows:  31 

 100-K-132 waste site for 110/48 years (years 2128/2066). 32 

 Post-ROD waste sites 100-K-82, 116-KW-2, 116-KE-3, and UPR-100-K-1 for up to 33 

300/34,900 years (years 2318/36918), located near the KW and KE Reactor facilities. Due to 34 

reactor facility structural considerations, it is presumed that deep RTD at waste sites 35 

100-K-82, 116-KW-2, and 116-KE-3 will not be able to remove all contaminated material, 36 

which was the case during the previous interim action RTD completed at UPR-100-K-1. 37 

 Irrigation restriction IC for Cr(VI) at waste site 116-K-2 (eastern end) for 300 years (year 2318) 38 

and a deep excavation restriction IC (eastern and western ends) for 167 years (year 2185). 39 
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 Deep excavation ICs at eight waste sites with radionuclide COCs only at concentrations above 1 

direct contact PRGs at depths >4.6 m (15 ft) bgs. The ICs would be maintained for timeframes 2 

between 36 and 117 years. 3 

 Deep excavation ICs at waste sites remaining for remedial action for up to 300 years. Based on 4 

remediation of similar sites in other areas of the river corridor, radionuclide COCs at 5 

concentrations above direct contact PRGs may remain at depths >4.6 m (15 ft) bgs.  6 

 Waste sites with RTD: 7 

 Shallow RTD to depths of 4.6 m (15 ft) bgs at 18 post-ROD waste sites with COPC 8 

concentrations presumed to be greater than human health direct contact PRGs and ecological 9 

PRGs. The total volume of contaminated soil (excluding overburden) is estimated at 22,400 m3 10 

(29,200 yd3). Individual waste site excavation volume estimates range from 6 m3 (8 yd3) at 11 

130-K-2 (underground storage tank) to 6,600 m3 (8,600 yd3) at 1607-K6 (septic tank). 12 

Contaminated soil would be transported to ERDF for disposal. 13 

 Shallow/deep RTD to depths up to 15.2 m (50 ft) bgs at 16 post-ROD waste sites with COPC 14 

concentrations presumed to be greater than human health direct contact, ecological, and/or 15 

groundwater/surface water protection PRGs. The total volume of contaminated soil (excluding 16 

overburden) is estimated at 198,000 m3 (259,300 yd3). Individual waste site excavation volume 17 

estimates range from 143 m3 (190 yd3) at 100-K-75 (diversion box) to 36,300 m3 (47,500 yd3) at 18 

100-K-55:2 (process sewer). Contaminated soil would be transported to ERDF for disposal. 19 

 Shallow/deep RTD at 24 pre-ROD waste sites with COPC concentrations presumed to be greater 20 

than human health direct contact and ecological PRGs, and/or groundwater/surface water 21 

protection PRGs. Contaminated soil would be transported to ERDF for disposal. Because these 22 

waste sites are being addressed under interim action, cost estimates and a detailed analysis for this 23 

alternative component are not included in this FS.  24 

 Waste sites and continuing sources with soil flushing to address groundwater protection 25 

PRG exceedances:  26 

 C-14 at post-ROD waste sites 116-KE-1 (following shallow RTD to address contaminated 27 

material with COPC concentrations presumably greater than direct contact PRGs) and 116-KW-1 28 

 Cr(VI) at the 183.1KW Headhouse, 183.1KE Headhouse, and 190KW Pump House  29 

continuing sources 30 

 No action for 82 waste sites based on risk screening and site-specific evaluations that determined no 31 

unacceptable risk to human health and the environment. 32 

 The groundwater components of Alternative 2 include the following: 33 

 MNA for the Cr(VI) KN and K-N Boundary plumes until the 10 µg/L surface water PRG for 34 

Cr(VI) is achieved in shoreline groundwater within approximately 125 years. Cr(VI) 35 

concentrations in these two plumes are currently below the 48 µg/L drinking water PRG.  36 

 MNA and ICs for TCE, nitrate, and tritium in KW and KE subarea groundwater until drinking 37 

water PRGs are achieved within 10 years. 38 
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 P&T for Cr(VI) and C-14 in KW and KE subarea groundwater using the existing KR4, KW, and 1 

KX P&T systems. P&T would be performed at a total rate of 3,463 L/min (915 gal/min) through 2 

December 2032 as follows: 3 

 P&T for C-14 would include two new extraction wells with treatment performed using new 4 

air stripping/VPGAC treatment equipment installed in a new radiological treatment room 5 

added to the existing KW P&T treatment building. These two wells would be complemented 6 

with four new monitoring wells (two wells per waste site). 7 

 The total number of extraction wells in operation would include up to 24 with the KW P&T 8 

system operating at 1,249 L/min (330 gal/min), the KR4 P&T system at 776 L/min 9 

(205 gal/min), and the KX P&T system at 1,438 L/min (380 gal/min).  10 

 P&T would co-extract TCE, nitrate, and tritium. Treatment for TCE and nitrate would not be 11 

performed because groundwater modeling indicates that the combined extraction well 12 

influent concentrations to the KW, KR4, and KX P&T systems are below PRGs (Figure 4-2). 13 

TCE that is co-extracted with C-14 would be removed by the air stripping/VPGAC system. 14 

Treatment of nitrate in the Cr(VI) IX system is not expected based on ResinTech SIR-700 15 

information. The highest TCE and nitrate concentrations detected in 100-K monitoring well 16 

groundwater samples collected in 2017 were 8.1 µg/L and 115 mg/L, respectively. An ARAR 17 

waiver for reinjection of tritium-contaminated groundwater would not be required because 18 

model simulations show influent concentrations below the drinking water PRG (Figure 4-2).  19 

 ICs would prevent groundwater consumption and restrict uses to research, monitoring, and 20 

treatment until COC concentrations decrease below drinking water PRGs. 21 

 A TI determination for Sr-90 in KW and KE subarea groundwater. The TI determination includes 22 

a groundwater use restriction IC until concentrations decay below the 8 pCi/L DWS, and periodic 23 

monitoring to track Sr-90 plume decay and stability for 140 years in the KW subarea and 24 

300 years in the KE subarea.  25 

 Five years of semiannual groundwater sampling for the COPC cyanide at wells 199-K-132 26 

and 199-K-204.  27 

4.2.2.1 Threshold Criteria Evaluation 28 

Evaluation of the Alternative 2 waste site components against the CERCLA threshold criteria (Table 4-3) 29 

shows that human health is protected by implementing and maintaining ICs at the two shallow waste sites 30 

with direct contact risk >1×10-4 and at waste sites with deep soil radionuclide contamination. Shallow 31 

excavation restriction ICs would be maintained for up to 27 years and deep excavation restriction ICs 32 

would be maintained for up to 34,900 years. At 17 shallow and 15 shallow/ deep post-ROD waste sites, 33 

human health is protected using RTD to remove COPC-contaminated soil (which is presumed to occur at 34 

concentrations above direct contact PRGs) for transportation and disposal at ERDF. For the 116-KE-1 35 

and 116-KW-1 waste sites and the three Cr(VI) continuing sources, the environment is protected by 36 

flushing C-14 and Cr(VI) from deep soil to existing and newly constructed groundwater extraction wells 37 

for recovery and treatment in the KW and KR4 P&T systems.   38 
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 1 

Figure 4-2. Alternative 2 – TCE, Nitrate and Tritium Concentrations in KW, KR4, and KX P&T System 2 
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Table 4-3. Detailed Evaluation for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action 
for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (KW, KE), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Threshold Criteria 

Overall protection of 

human health and the 

environment 

Yes  Shallow excavation restriction ICs protect human health by controlling access at waste sites 100-K-64 (7.4 ha/18 ac) and 

118-K-1 (0.3 ha/0.7 ac). Waste site 118-K-1 also requires a deep excavation IC. 

 Deep excavation restriction ICs protect human health by preventing inadvertent exposure at waste sites with deep 

radionuclides only until radioactive decay reduces concentrations to levels below direct contact PRGs. 

 Irrigation restriction ICs protect groundwater/surface water quality by reducing the potential for leaching of tritium, Cr(VI), 

and Sr-90 by maintaining infiltration rates at native recharge levels at five waste sites. 

 Shallow RTD at 18 post-ROD waste sites protects human health and ecological receptors by removing COPC-contaminated 

soil and transporting it to ERDF for disposal.  

 Shallow/deep RTD at 16 post-ROD waste sites protects human health and the environment by removing contaminated soil 

exceeding direct contact and groundwater/surface water protection PRGs and transporting it to ERDF for disposal. 

 Soil flushing protects groundwater/surface water quality by treating deep vadose zone soil to remove C-14 at two waste sites 

(116-KE-1 and 116-KW-1) and Cr(VI) at the 183.1KE Headhouse, 183.1KW Headhouse, and 190KW Pump House 

continuing sources for recovery and treatment by the KW P&T system. 

 Groundwater model simulations indicate that Sr-90 leaches from deep vadose zone soil to groundwater near the KW and 

KE Reactor buildings at rates that result in increasing groundwater concentrations. However, between year 2028 and 2038, 

leaching rates slow and concentrations begin to decrease.  

 ICs protect human health by preventing groundwater consumption and restricting uses to research, monitoring, and treatment 

until concentrations decrease below drinking water PRGs. 

 P&T protects human health by reducing Cr(VI) and C-14 concentrations in KW and KE subarea groundwater to drinking 

water PRGs. Cr(VI) concentrations in KN subarea and 100-N groundwater are currently below the 48 µg/L drinking water 

PRG, but Cr(VI) concentrations in KN subarea groundwater are projected to temporarily increase above the drinking water 

PRG between 2018 and 2019 due to leaching at the 116-K-2 waste site. The highest Cr(VI) concentrations observed in KN 

subarea and K-N Boundary groundwater samples in 2017 were 40.7 µg/L at well 199-K-193 and 31.9 µg/L at well 

199-N-189, respectively.  

 P&T protects the environment by reducing Cr(VI) concentrations to the 10 µg/L surface water PRG in KW and KE 

shoreline groundwater. 

 MNA protects the environment by decreasing Cr(VI) concentrations in KN shoreline groundwater below the 10 µg/L surface 

water PRG within 5 years. In 100-N shoreline groundwater, Cr(VI) concentrations increase above the 10 µg/L surface water 

PRG in year 2083 to a peak concentration of 13.6 µg/L in year 2118.  

 MNA protects human health in KW and KE subarea groundwater by decreasing TCE, nitrate, and tritium concentrations 

below their drinking water PRGs. The highest concentrations observed in 2017 included TCE at 8.1 µg/L (wells 199-K-185 

and 199-K-11), nitrate at 115 mg/L (well 199-K-230), and tritium at 778,000 pCi/L (well 199-K-227). 

 Aquatic receptors are protected. Although Cr(VI) concentrations greater than the 10 µg/L surface water PRG have been 

detected in shoreline groundwater and pore water, the BERA did not identify adverse effects. 

 Length of shoreline (and percentage of subarea) with Cr(VI) concentrations greater than the 10 µg/L surface water PRG 

varies by location and year as follows: 

- KN subarea: Up to 424 m (28%) between years 2020 and 2023 

- 100-N: Up to 113 m (5%) between years 2083 to >2143 

Compliance with ARARs Yes  Direct contact PRGs and groundwater/surface water protection PRGs for radionuclide COCs/COPCs would be achieved 

through RTD at 34 post-ROD waste sites within 10 years of RD/RAWP approval. 

 For the C-14 waste sites and Cr(VI) continuing sources, groundwater protection PRGs/SSLs would be achieved within 

10 years. 

 At shallow waste sites 100-K-64 and 118-K-1, direct contact PRGs for the radionuclide COCs would be achieved in shallow 

soil in 25 years and 27 years, respectively. 

 At the 116-K-2 waste site, groundwater protection PRGs would be achieved in deep soil in 300 years. 

 At four post-ROD Sr-90 waste sites (100-K-82, 116-KW-2, 116-KE-3, and UPR-100-K-1), groundwater/surface water 

protection PRGs would be achieved through radioactive decay in about 300 years. 

 Compliance with chemical-specific ARARs would be achieved in 100-K groundwater as follows: 

- Cr(VI) 48 µg/L drinking water PRG in the aquifer (all subareas): 15 years  

- Cr(VI) 10 µg/L surface water PRG in KW, KE, and KN shoreline groundwater within 5 years and >125 years (estimated 

at 145 years) for 100-N 

- C-14 2,000 pCi/L drinking water PRG (all subareas): 10 years 

- Nitrate 45,000 µg/L drinking water PRG in the aquifer (all subareas): 10 years 

- TCE 4 µg/L drinking water PRG in the aquifer (all subareas): 10 years 

- Tritium 20,000 pCi/L drinking water PRG in the aquifer (all subareas): 10 years 

 The TI determination for Sr-90 waives the 8 pCi/L DWS until it is achieved through radioactive decay within 300 years.  

The alternative would be designed and implemented per an approved RD/RAWP to comply with action-specific and location-specific ARARs. 
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Table 4-3. Detailed Evaluation for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action 
for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (KW, KE), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Balancing Criteria 

Long-term effectiveness 

and permanence 

Good  

 Magnitude of 

residual risk 

 Shallow RTD and shallow/deep RTD at 34 post-ROD waste sites results in no residual risk exceeding the upper bound of the 

CERCLA target risk range in shallow soil following completion of RTD activities. 

 Radioactive decay at two shallow waste sites reduces radionuclide concentrations to an ELCR of <1×10-4 within 27 years. 

 Institutional controls prevent inadvertent exposure to deep radionuclide contamination and radioactive decay achieves 

concentrations corresponding to no residual risk. 

 Soil flushing removes C-14 from deep soil at waste sites (116-KW-1 and 116-KE-1) and Cr(VI) continuing sources 

(183.1KW Headhouse, 190KW Pump House, 183.1KE Headhouse), resulting in no residual threat to groundwater and 

surface water.  

 Irrigation restriction ICs at five deep (includes four post-ROD) waste sites protect groundwater/surface water quality until 

radioactive decay reduces tritium and Sr-90 concentrations to levels below PRGs/SSLs. 

 At the 116-K-2 waste site, with a Cr(VI) concentration of 6.06 mg/kg in deep soil (groundwater protection 

PRG = 6.0 mg/kg), some residual threat may remain at the end of the 300-year irrigation IC period. However, groundwater 

modeling indicates that the surface water PRG of 10 µg/L is achieved in KN shoreline groundwater by year 2023. 

 P&T in the KW and KE subareas reduces Cr(VI) concentrations in the aquifer below the drinking water PRG and to levels so 

the 10 µg/L surface water PRG is achieved in KW and KE shoreline groundwater. By achieving PRGs, no unacceptable 

residual risk remains following completion of the remedial action. Cr(VI) concentrations for KN subarea and K-N Boundary 

plumes are currently below the 48 µg/L drinking water PRG. 

 MNA in the KW and KE subareas reduces nitrate and tritium concentrations in the aquifer below drinking water PRGs and 

TCE concentrations below the groundwater PRG, which represent concentrations that pose no unacceptable residual risk to 

human health following completion of the remedial action.  

 MNA in the KN subarea reduces Cr(VI) concentrations below the 10 µg/L surface water PRG in shoreline groundwater, 

which represents a concentration that poses no unacceptable risk to the environment. MNA for 100-N does not reduce Cr(VI) 

concentrations in shoreline groundwater to the 10 µg/L surface water PRG within 125 years. However, the peak 

concentration of 13.6 µg/L, which is projected to occur in shoreline groundwater in the year 2183, is not expected to result in 

a surface water concentration greater than the PRG. 

 Sr-90 concentrations decrease through radioactive decay, achieving levels that are protective of human health and the 

environment at the end of the TI waiver period.  

 Adequacy and reliability 

of controls 

 Shallow excavation restriction ICs would be maintained for up to 27 years at two waste sites with shallow-only radionuclide 

contamination to prevent exposure until concentrations decay below direct contact PRGs.  

 Deep excavation ICs would be maintained for waste sites with deep radionuclide COCs to prevent exposure until 

concentrations decay below direct contact PRGs.  

 Irrigation ICs would be maintained for up to 300 years at four post-ROD Sr-90 waste sites and for Cr(VI) at the 116-K-2 

waste site.  

 ICs have been successfully implemented at the Hanford Site and are expected to be reliable for the specified durations. 

 Following completion of the P&T for Cr(VI) and C-14, and MNA for TCE, nitrate, and tritium, the groundwater use 

restriction IC would no longer be required for these areas.  

 A groundwater use restriction would be maintained for 130 years in the KW subarea TI zone and 300 years in the 

KE subarea TI zone until Sr-90 concentrations decay below the DWS. The size of the groundwater use restriction IC could 

be periodically reduced as the Sr-90 plume shrinks in response to radioactive decay. 

 ICs have been successfully implemented at the Hanford Site and are expected to be reliable for the specified durations. 

Reduction of TMV 

through treatment 

Fair  

 Treatment process used 

and materials treated 

  No active treatment for contaminated soil excavated at 34 post-ROD waste sites where shallow and shallow/deep RTD was 

performed. Excavated soil is not expected to require treatment prior to ERDF disposal.  

 Passive treatment includes radioactive decay at 2 shallow and 14 deep waste sites without human intervention. 

 Active treatment for C-14 occurs at the 116-KE-2 and 116-KW-1 waste sites and the Cr(VI) continuing sources where soil 

flushing transports C-14 and Cr(VI) to the P&T system for removal using air stripping/VPGAC and IX.  

 Active treatment performed using IX for Cr(VI)-contaminated groundwater and air stripping/VPGAC for C-14. 

 Passive treatment through MNA includes (1) anaerobic reduction of nitrate to nitrogen gas; (2) reduction of Cr(VI) to 

trivalent chromium; (3) reduction of TCE to cis-1,2-DCE; and (4) radioactive decay of tritium to helium, and Sr-90 

to yttrium.  

 Amount of hazardous 

material destroyed or 

treated 

  The volume of contaminated soil excavated and disposed at ERDF for 34 post-ROD waste sites is estimated at 220,000 m3 

(288,000 yd3). ERDF disposal does not destroy chemical COPCs, but radionuclide COPCs are transformed into 

nonhazardous daughter products by radioactive decay.  

 The mass of Cr(VI) that would be flushed from the 183.1KW Headhouse, 190KW Pump House, and 183.1KE Headhouse 

continuing sources is not known. The area that would undergo treatment is estimated at 13,000 m2 (150,000 ft2).  

 The mass of C-14 that would be flushed from the 116-KE-1 and 116-KW-1 waste sites is not known. The area that would 

undergo treatment is estimated at 300 m2 (3,230 ft2).  

 Estimated areas where active treatment through P&T occurs: 

- KW subarea Cr(VI) >48 µg/L = 3.4 ha (8.5 ac) 

- KE subarea Cr(VI) >48 µg/L = 7.7 ha (18.7 ac)  

- KW subarea C-14 >2,000 pCi/L = 3.9 ha (9.7 ac) 

- KE subarea C-14 >2,000 pCi/L = 0.4 ha (1.0 ac)  

 Estimated areas of passive treatment: 

- KN subarea Cr(VI) >10 µg/L = 49 ha (121 ac) 

- K-N Boundary Cr(VI) >10 µg/L = 22 ha (54 ac) 

- Nitrate >45,000 µg/L = 5.1 ha (112.7 ac) 

- TCE >4 µg/L = 48 ha (118 ac) 

- Tritium >2,000 pCi/L = 12 ha (30 ac)  

- Sr-90 >8 pCi/L = 3.1 ha (7.3 ac) 
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Table 4-3. Detailed Evaluation for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action 
for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (KW, KE), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Degree of expected 

reduction in TMV 

  Toxicity and volume of radionuclide COCs in shallow and deep soil where ICs are implemented is eliminated through 

radioactive decay.  

 COPC toxicity for 34 post-ROD waste sites is reduced during shallow and shallow/deep RTD through incidental mixing of 

contaminated soil with overburden. Mobility is reduced by disposing at ERDF. The volume disposed at ERDF is likely 

greater than the actual volume of contaminated soil.  

 TMV for C-14 and Cr(VI) is reduced at the identified waste sites and continuing sources by flushing the sorbed phase to 

groundwater for recovery and treatment by the P&T system. Spent treatment media are disposed at ERDF. 

 Sr-90, which is the primary radionuclide COC at the UPR-100-K-1, 116-KE-3, 100-K-82, and 116-KW-2 waste sites and 

116-K1/K2 Crib/Trench continuing source, has low mobility due to high Kd (12 mL/g) and low risk for exposure due to the 

depth of occurrence. The toxicity and volume are eliminated through radioactive decay. 

 TMV reduction for Cr(VI) and C-14 occurs by extracting contaminated groundwater, treating the water to concentrations 

below drinking water PRGs, and disposing the treatment residuals (e.g., spent IX resin and VPGAC media) at ERDF.  

 TCE-contaminated groundwater undergoes TMV reduction where co-extracted and treated by C-14 treatment technology.  

 Tritium- and Sr-90-contaminated groundwater toxicity and volume decrease through radioactive decay. Tritium toxicity and 

mobility are reduced by co-extraction and recirculation within the hydraulic capture zone. Sr-90 has low mobility in the 

aquifer, and contaminant fate and transport modeling shows that the plumes do not migrate from their current location.  

 Nitrate toxicity and mobility are reduced where co-extracted with Cr(VI) and C-14 during P&T operations through blending 

and recirculation within the hydraulic capture zone.  

 Degree to which 

treatment is irreversible 

  Passive treatment of radionuclide COCs and COPCs through radioactive decay is irreversible. 

 Soil flushing to remove sorbed C-14 and Cr(VI) from the deep vadose zone soil for recovery by P&T and removal by air 

stripping/VPGAC and IX treatment are irreversible. 

 C-14 and TCE treatment through air stripping/VPGAC is irreversible, as is IX treatment for Cr(VI).  

 Radioactive decay for tritium and Sr-90 is irreversible. 

 MNA for Cr(VI) in KN subarea and 100-N groundwater through advection dispersion and reduction to trivalent chromium 

is irreversible.  

 MNA for nitrate in KW and KE subarea groundwater through denitrification to nitrogen gas is irreversible. Denitrification 

rates are expected to be slow due to redox conditions. 

 MNA for TCE in KW and KE subarea groundwater through reductive dechlorination to cis-1,2-DCE is irreversible. 

Reductive dechlorination rates are expected to be slow due to redox conditions. 

 Type and quantity of 

residuals remaining 

after treatment 

 No residuals posing a threat to human health and the environment would remain at the waste sites and continuing sources at the 

end of remedial action.  
 Low levels of Cr(VI), C-14, TCE, tritium, and nitrate below drinking water PRGs would remain in the aquifer following 

completion of P&T and MNA remedial action.  

 Low levels of Cr(VI) below the surface water PRG would remain in shoreline groundwater following completion of P&T 

and MNA remedial action.  

 Sr-90 would radioactively decay with no hazardous residuals.  

 Spent VPGAC and IX treatment media are disposed at ERDF. 

Short-term effectiveness Fair  

 Time until PRGs are 

achieved (baseline year 

is 2018) 

  Direct contact PRGs would be achieved in timeframes of 25 years and 27 years at two waste sites where excavation 

restriction ICs would be implemented. At 18 shallow post-ROD waste sites, direct contact PRGs would be achieved within 

5 years of RD/RAWP approval.  

 Groundwater/surface water protection PRGs would be achieved within 10 years of RD/RAWP approval at the 16 post-ROD 

waste sites where shallow/deep RTD is implemented and within 10 years at the waste sites and continuing sources where soil 

flushing is implemented.  

 Groundwater/surface water protection PRGs where irrigation restrictions are implemented would be achieved in timeframes 

between 110 years (year 2128) and 300 years (year 2318).  

 The Cr(VI) 48 µg/L drinking water PRG for the aquifer / 10 µg/L surface water PRG for shoreline groundwater would be 

achieved based on the Cmax concentration in year: 

- KW subarea: 2029/2018  

- KE subarea: 2031/2019 

- KN subarea: 2019/2023 

- K-N Boundary: 2018/>2143 

- 100-N: 2018/>2143 

 The drinking water PRG for C-14 would be achieved in year 2028 in the KW subarea and year 2027 in the KE subarea. 

 Drinking water PRGs for nitrate and tritium, and the groundwater PRG for TCE, would be achieved in the aquifer by the 

year 2028 for all 100-K subareas.  

 The TI determination waives the requirement to comply with the Sr-90 8 pCi/L DWS until the DWS is achieved through 

radioactive decay.  

 Protection of community 

during remedial actions 

 Due to the remote location of the waste sites, there would be negligible impacts to the general community during waste site 

remedial activities.  
 Upwelling of Cr(VI)-contaminated groundwater from the KN subarea and 100-N to the river occurs along the river bottom; 

therefore, the potential for direct contact exposure at concentrations that could result in unacceptable risk to recreational 

users is low. The potential for community exposure to seeps is also low. 

 P&T O&M would pose negligible risk to the community due to the remote location of 100-K. 

 Protection of workers 

during remedial actions 

 Hanford Site workers follow a rigorous health and safety plan and use personal protective equipment that reduces the potential for exposure.  
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Table 4-3. Detailed Evaluation for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action 
for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (KW, KE), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Environmental impacts Fair Nominal effects are associated with the handling of COPC contaminated soil during RTD of the post-ROD waste sites. 

Engineering controls would be implemented to prevent COPC release during the remedial action.  
 Model simulations indicate Cr(VI) concentrations along the river shoreline where MNA would be implemented would 

exceed the surface water PRG as follows:  

- KN subarea: Between years 2020 and 2023 at a Cmax concentration of 19.6 µg/L. 

- 100-N: Between years 2083 and > 2143 at Cmax concentration of 13.6 µg/L. Highest projected concentration of 

13.6 µg/L occurs in December 2116. 

 Cmax C-14 concentrations in KW shoreline groundwater increase to about 7,000 pCi/L in year 2020 and remain below the 

7,890 pCi/L aquatic animal BCG. Cmax C-14 concentrations in KE groundwater rise to about 1,500 pCi/L in year 2022 and 

remain below the BCG and drinking water PRG. 

 Nitrate, TCE, and tritium do not reach concentrations in shoreline groundwater greater than their drinking water PRGs or 

surface water effect level.  

 Sr-90 does not pose a threat to aquatic receptors because concentrations greater than the 278 pCi/L riparian animal BCG will 

not migrate to the shoreline. 

Implementability Fair  

 Ability to construct and 

operate the technology  

  ICs and shallow/deep RTD are mature technologies widely used at the Hanford Site. 

 The soil flushing technology uses a simple drain field/drip emitter design that is easy to construct and operate using treated 

water from the P&T systems. 

 MNA with ICs for nitrate, TCE, tritium, and Cr(VI) concentrations below drinking water PRGs and P&T for Cr(VI) are 

mature technologies previously selected for use at the Hanford Site.  

 P&T for C-14 has not been previously implemented at the Hanford Site; however, with a Kd = 0 mL/g, it is readily removed 

from the aquifer using conventional extraction wells. Treatment for C-14 would use air stripping/VPGAC treatment. This 

technology pairing is similar to that used for treatment of carbon tetrachloride at the 200 West P&T; however, it has never 

been used for C-14 at the Hanford Site or any other remediation sites. 

 Groundwater monitoring (sampling and laboratory analysis) and data evaluation procedures are well established for the 

Hanford Site. 

 Reliability of 

the technology 

  ICs for radionuclide COCs and shallow/deep RTD for COPC contaminated soil are very reliable under the conditions where 

the waste sites are located. 

 Soil flushing has been successfully used for Cr(VI) removal from the vadose zone at the 183.1KW Headhouse area.  

 Based on 20 years of interim action experience, P&T for Cr(VI) is reliable from an extraction, treatment, and reinjection 

standpoint. P&T for C-14 is also expected to be reliable, although there is no experience using air stripping/VPGAC for C-14 

treatment. Additional engineering evaluations will be performed to confirm the optimum pH and need for VPGAC treatment 

of air stripper off-gas. If these evaluations show off-gas treatment is not required, the VPGAC treatment step would be 

eliminated. 

 Radioactive decay of tritium and Sr-90 is reliable.  

 Abiotic/biotic transformation of nitrate to nitrogen gas, TCE to cis-1,2-DCE, and Cr(VI) to trivalent chromium are less 

reliable under the redox conditions in 100-K and 100-N groundwater, and may occur locally within fine-grained 

aquifer sediments.  

 Ease of undertaking 

additional remedial 

actions, if necessary 

  Expansion of shallow and deep RTD to address discovery of additional COPC contamination can be readily undertaken 

using field screening and laboratory confirmation methods.  

 The soil flushing lateral and drip emitter system can be readily expanded and the water readily amended with a range of 

reagents to enhance flushing performance.  

 The P&T systems are readily modified by adding/subtracting extraction wells to respond to plume expansion or contraction 

over the remedy lifecycle. 

 Significant experience with optimization of P&T technology has been gained through annual remedial process optimization 

of the KW, KR4, and KX systems. 

 Ability to monitor 

effectiveness of remedy 

  Field and laboratory sampling and analysis are readily performed to confirm shallow and deep RTD effectiveness.  

 Radioactive decay is well defined and does not require monitoring to confirm effectiveness.  

 Hanford Site has a well-established program to monitor IC effectiveness sitewide.  

 Performance monitoring and data evaluation procedures to assess effectiveness of P&T and MNA remedies have been 

developed and implemented at the Hanford Site, as documented in annual P&T and groundwater monitoring reports.  

 The Hanford Site has a well-established program to monitor IC effectiveness sitewide. 

 Ability to obtain 

approvals from 

other agencies 

 Approvals from other agencies not expected to hinder implementability.  

 Coordination with 

other agencies 

 Coordination with other agencies or stakeholders not expected to hinder implementability.  
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Table 4-3. Detailed Evaluation for Alternative 2 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action 
for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (KW, KE), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Availability of offsite 

treatment, storage, and 

disposal services and 

capacity 

 Not applicable; no offsite waste shipment occurs. All excavated soil disposed at ERDF. Not applicable; spent treatment media (IX resin and VPGAC) would be disposed at ERDF. 

 Availability of necessary 

equipment and specialists 

 Equipment and manpower are readily available using existing Hanford Site resources. 

 Availability of 

prospective technologies 

 Each of the key technologies (ICs, shallow/deep RTD, soil flushing, P&T, and MNA) are readily designed, constructed and operated using local resources.  

Estimated Cost 

(Base Year 2018) Waste Sites Cr(VI) Continuing Sources Groundwater Total 

Capital cost $179 million $10 million $8 million $197 million 

Total annual O&M and periodic cost 

(nondiscounted) 
$28 million $2 million $134 million $164 million 

Present worth cost $195 million $12 million $134 million $341 million 

Nondiscounted cost $207 million $12 million $142 million $361 million 

Modifying Criteria 

State acceptance Not 

evaluated 
Will be evaluated following the public comment period held following issuance of the proposed plan. 

Community acceptance 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions. 

Note: For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land-use scenario, used to represent residential use. The term “PRG” refers to a PRG value calculated for conservation with native vegetation land use. 

ARAR = applicable or relevant and appropriate requirement 

BCG = biota concentration guideline 

BERA = baseline environmental risk assessment 

CERCLA = Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

COPC = contaminant of potential concern 

DWS = drinking water standard 

ELCR = excess lifetime cancer risk 

ERDF = Environmental Restoration Disposal Facility 

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

O&M = operations and maintenance 

P&T = pump and treat 

PRG = preliminary remediation goal 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RTD = removal, treatment, and disposal 

SSL = soil screening level 

TI = technical impracticability 

TMV = toxicity, mobility, or volume 

VPGAC = vapor-phase granular activated carbon 

 1 
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Evaluation of the Alternative 2 groundwater components against the CERCLA threshold criteria 1 

(Table 4-3) shows that human health is protected using P&T to reduce Cr(VI) and C-14 concentrations 2 

in KW and KE subarea groundwater to drinking water PRGs. P&T also reduces Cr(VI) concentrations in 3 

the aquifer to levels that achieve the 10 g/L surface water PRG in KW and KE shoreline groundwater. 4 

A groundwater use restriction IC would be maintained for the 100-KR-4 OU until drinking water PRGs 5 

are achieved for all COCs. Under the Sr-90 TI determination, human health is protected by maintaining 6 

the groundwater use restriction IC and by monitoring Sr-90 radioactive decay and plume stability until 7 

concentrations decrease below the 8 pCi/L DWS. 8 

Alternative 2 is protective of the environment because no unacceptable ecological risk was identified for 9 

the baseline (e.g., no action) condition. Groundwater modeling shows future Cr(VI) concentrations in 10 

KN shoreline groundwater decreasing below the surface water PRG by the year 2023. For 100-N, where 11 

Cr(VI) concentrations are currently below drinking water and surface water PRGs, migration of the 12 

K-N Boundary Cr(VI) plume into 100-N results in concentrations increasing above the surface water PRG 13 

in year 2083, with a peak concentration of 13.6 µg/L projected in year 2116. 14 

Alternative 2 complies with chemical-specific ARARs by achieving (1) residential soil-based PRGs in 15 

shallow soil within timeframes of 27 years; (2) DWSs for C-14, nitrate, tritium, and the MTCA 16 

groundwater cleanup levels for Cr(VI) and TCE in the aquifer within timeframes of 10 to 15 years based 17 

on Cmax; and (3) the Cr(VI) state surface water quality standard of 10 µg/L in shoreline groundwater 18 

within 5 years for the KW, KE, and KN subareas, and approximately 145 years at 100-N. The Sr-90 19 

TI determination waives the requirement to comply with the 8 pCi/L DWS. Compliance with 20 

location-specific and action-specific ARARs would be achieved through design and implementation of 21 

the remedial actions in accordance with an approved RD/RAWP. 22 

4.2.2.2 Balancing Criteria Evaluation 23 

Evaluation of the waste site and continuing source components of Alternative 2 against the CERCLA 24 

balancing criteria (Table 4-3) of long-term effectiveness and permanence indicates that these components 25 

perform good with minor uncertainty. The COCs in shallow waste site soil are radionuclides with 26 

relatively short half-lives; therefore, no residual risk above the upper bound of the CERCLA risk range 27 

would remain at the end of the remedial action. Shallow and shallow/deep RTD at 34 post-ROD waste 28 

sites eliminates the presumed shallow direct contact risk, ecological risk, and leaching to 29 

groundwater/surface water threat posed by COPC-contaminated soil. Soil flushing for C-14 and Cr(VI) at 30 

the identified waste sites and continuing sources eliminates a leaching to groundwater threat and increases 31 

long-term P&T effectiveness by addressing sources. For groundwater, Alternative 2 performs good with 32 

minor disadvantages. The reduction of COC concentrations in the aquifer to drinking water PRGs in KW 33 

and KE subarea groundwater, and to the Cr(VI) surface water PRG in shoreline groundwater in each 34 

subarea except 100-N, results in no unacceptable risk at the end of the remedial action. The primary 35 

disadvantage and uncertainties for Alternative 2 include limited experience with soil flushing and C-14 36 

groundwater treatment, and the approximate 145-year timeframe required for MNA to achieve the Cr(VI) 37 

surface water PRG along a 100 m (330 ft) long segment of the 100-N shoreline. Based on the collective 38 

waste site and continuing source (good), and groundwater (good) ratings, Alternative 2 is rated good for 39 

the balancing criteria of long-term effectiveness and permanence. 40 

Evaluation of the waste site and continuing source components of Alternative 2 against the CERCLA 41 

balancing criterion of reduction of TMV through treatment (Table 4-3) indicates that this alternative 42 

performs fair with some disadvantages or uncertainties. For the post-ROD waste sites, which account for 43 

the majority of the Alternative 2 waste site component, direct contact and groundwater/surface water 44 

PRGs are achieved by RTD. However, because excavated soil would likely not require treatment prior to 45 
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ERDF disposal, there is no active treatment for this component. Soil flushing provides for active 1 

treatment using treated groundwater to desorb and transport C-14 (Kd = 0) and Cr(VI) (Kd = 0) to the 2 

KW and KR4 P&T systems for removal. Spent treatment media would be disposed at ERDF. For the 3 

groundwater component, Alternative 2 performs fair with active treatment of C-14 and Cr(VI) performed 4 

for KW and KE subarea groundwater and passive treatment (advection/dispersion, abiotic/biotic 5 

reduction, and radioactive decay) used for the remaining COCs including Cr(VI) in KN subarea and 6 

100-N groundwater. Based on the collective waste site and continuing source (fair), and groundwater 7 

(fair) ratings, Alternative 2 is rated fair for the balancing criterion of TMV reduction through treatment. 8 

Evaluation of the Alternative 2 waste site and continuing source components against the CERCLA 9 

balancing criterion of short-term effectiveness (Table 4-3) indicates that this alternative performs good, 10 

with the minor disadvantage being deep excavation IC durations of up to 34,900 years and irrigation IC 11 

durations of up to 300 years. Direct contact PRGs are achieved in shallow soil within 27 years for the two 12 

waste sites where excavation ICs would be implemented and within 5 years of RD/RAWP approval at the 13 

17 shallow post-ROD waste sites. For the 18 post-ROD waste sites with shallow/deep RTD, shallow 14 

direct contact, ecological, and/or groundwater/surface water protection PRGs would be achieved within 15 

10 years of RD/RAWP approval. For the waste sites and continuing sources with soil flushing, 16 

groundwater/surface water protection PRGs would be achieved within 10 years. For groundwater, 17 

Alternative 2 is rated fair based on following considerations:  18 

 The 48 µg/L drinking water PRG for Cr(VI) would be achieved by year 2031 in KW and KE subarea 19 

groundwater (Figure 4-3) based on the Cmax concentration. For KN subarea and 100-N groundwater, 20 

Cr(VI) concentrations remain below the drinking water PRG (Figure 4-4) following a model 21 

projected increase above the PRG in KN subarea groundwater between 2018 and 2019. 22 

 The 10 µg/L surface water PRG would be achieved in KW and KE shoreline groundwater by year 23 

2019 (Figure 4-3); year 2023 in the KN subarea; and year 2163 in 100-N based on the Cmax 24 

concentration (Figure 4-4). The 100-N shoreline apatite PRB, constructed to treat the 100-N Sr-90 25 

plume, may reduce Cr(VI) concentrations in shoreline groundwater. While no site-specific 26 

information has been developed, the literature (Asgari et al., 2012, “Kinetic and isotherm of 27 

hexavalent chromium adsorption onto nano hydroxyapatite”) reports that nano hydroxyapatite 28 

effectively adsorbs Cr(VI). However, groundwater modeling indicates that the K-N Boundary Cr(VI) 29 

plume may enter the Columbia River before encountering the apatite PRB. Approximately 100 m 30 

(330 ft) of 100-N shoreline would have Cr(VI) concentrations above the surface water PRG between 31 

the years 2083 and 2163 (Figure 4-5). This is the primary disadvantage of Alternative 2. 32 

 The 2,000 pCi/L drinking water PRG for C-14 would be achieved in the KW and KE subareas of the 33 

aquifer by the year 2028 (Figure 4-6). For KW and KE shoreline groundwater, C-14 concentrations 34 

remain below the 7,890 pCi/L aquatic animal BCG.  35 

 TCE, nitrate, and tritium drinking water PRGs would be achieved by the year 2028 in 100-K 36 

groundwater (Figure 4-7). During the TI waiver period, radioactive decay decreases Sr-90 37 

concentrations in KW and KE subarea groundwater, with the 8 pCi/L DWS achieved in about 38 

300 years (Figure 4-7).  39 
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 1 

Figure 4-3. Alternative 2 Cmax Cr(VI) Concentration Trends in KW and KE Subarea Aquifer and Shoreline Groundwater  2 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

4-24 

 1 

Figure 4-4. Alternative 2 Cmax Cr(VI) Concentration Trends in KN Subarea and 100-N Groundwater 2 
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Protection of workers, the community, and the environment would be achieved at post-ROD waste sites 1 

using ECs such as dust suppression, excavation side slopes, personal protective equipment, and load 2 

transport covers during shallow and shallow/deep RTD activities. Soil flushing would pose minimal 3 

safety risk to workers and the community because it is performed using treated water in the subsurface. 4 

Although temporary Cr(VI) and C-14 concentration increases in groundwater occur during soil flushing 5 

periods, protection of the environment is achieved by maintaining operation of the P&T systems during 6 

these events to capture the infiltrated water. Groundwater P&T operations also pose minimal risk to 7 

workers and the community because most equipment is already installed and operating. Existing O&M 8 

procedures and uptime rates >90% achieved during interim action will protect workers, the community, 9 

and the environment by maintaining reliable operations. Based on the collective waste site and continuing 10 

source (good) and groundwater (fair) ratings, Alternative 2 is rated fair relative to the balancing criterion 11 

of short-term effectiveness.  12 

Evaluation of Alternative 2 against the CERCLA balancing criterion (Table 4-3) of implementability 13 

indicates this alternative performs fair with some disadvantages, including limited C-14 soil flushing and 14 

ex situ treatment experience, and a 125+-year monitoring timeframe for Cr(VI) in 100-N groundwater. 15 

All other Alternative 2 technologies have been successfully implemented at the Hanford Site. 16 

The total present worth cost of Alternative 2 is estimated at $341 million, which includes $195 million for 17 

the waste sites, $12 million for source flushing, and $134 million for groundwater. Additional cost 18 

breakout information is provided in Table 4-3.  19 
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Figure 4-5. Alternative 2 Duration and Length of Shoreline with Cr(VI) Concentration Greater than the Surface Water PRG  2 
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Figure 4-6. Alternative 2 Cmax C-14 Concentration Trends in KW and KE Subarea Aquifer and Shoreline Groundwater 2 
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Figure 4-7. Alternative 2 Cmax TCE, Nitrate, Tritium, and Sr-90 Concentration Trends in 100-K Groundwater  2 
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4.2.3 Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste 1 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 2 

P&T (All Areas), and TI Determination (Sr-90) for Groundwater 3 

Alternative 3 includes the same waste site and continuing source components as described for 4 

Alternative 2. 5 

For groundwater, P&T is expanded to address Cr(VI) in the KN subarea in lieu of MNA and ICs as 6 

described for Alternative 2, thus shortening the timeframe needed to achieve the Cr(VI) surface water 7 

PRG in KN subarea and 100-N shoreline groundwater. As described for Alternative 2, Cr(VI) 8 

concentrations in the KN subarea (except for 2018–2019 spike) and K-N boundary plumes are less than 9 

the 48 µg/L drinking water PRG. The groundwater components of Alternative 3 include the following:  10 

 MNA and ICs for TCE, nitrate, and tritium in KW and KE subarea groundwater until drinking water 11 

PRGs are achieved within 10 years. 12 

 P&T for the KW, KE, and KN subareas and K-N Boundary Cr(VI) plumes, and the KW and KE 13 

subarea C-14 plumes, using the existing KW, KR4, and KX P&T systems. P&T would be performed 14 

at a total rate of 5,602 L/min (1,480 gal/min) through December 2032 as follows: 15 

 C-14 P&T would include two new extraction wells with treatment performed using air 16 

stripping/VPGAC treatment equipment installed in a new radiological treatment room added to 17 

the existing KW P&T treatment building. These two wells would be complemented with four 18 

new monitoring wells (two wells per waste site). 19 

 Up to 42 extraction wells would be pumping, with the KW P&T system operating at 1,249 L/min 20 

(330 gal/min), the KR4 P&T system at 1,230 L/min (325 gal/min), and KX P&T system at 21 

3,123 L/min (825 gal/min). P&T would co-extract TCE, nitrate, and tritium. Treatment for TCE 22 

and nitrate would not be performed because model simulations show that the KW, KR4, and 23 

KX P&T influent concentrations are below PRGs (Figure 4-8). An ARAR waiver for reinjection 24 

of tritium-contaminated groundwater would not be required because model simulations show 25 

influent concentrations below the drinking water PRG (Figure 4-8). 26 

 ICs would prevent groundwater consumption and restrict uses to research, monitoring, and 27 

treatment until concentrations decrease to below drinking water PRGs. 28 

 A TI determination for Sr-90 in KW and KE subarea groundwater. The TI determination includes 29 

maintenance of a groundwater use restriction IC and periodic groundwater monitoring to track 30 

Sr-90 plume decay and stability for 140 years in the KW subarea and up to 300 years in the 31 

KE subarea.  32 

 Semiannual groundwater sampling for the COPC cyanide at wells 199-K-132 and 199-K-204 for 33 

5 years.   34 
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 1 

Figure 4-8. Alternatives 3, 4, and 5 – TCE, Nitrate, and Tritium Concentrations in KW, KR4, and KX P&T Systems  2 
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4.2.3.1 Threshold Criteria Evaluation Summary 1 

The waste site and continuing source components of Alternative 3 are the same as described for 2 

Alternative 2. Therefore, the Alternative 3 waste site and continuing source components protect 3 

human health and the environment as described previously for Alternative 2. 4 

Evaluation of the Alternative 3 groundwater components against the CERCLA threshold criteria (Table 4-4) 5 

shows that human health is protected using P&T to reduce Cr(VI) and C-14 concentrations in the aquifer 6 

below drinking water PRGs. P&T protects the environment by reducing Cr(VI) concentrations in the 7 

aquifer to levels that achieve the 10 µg/L surface water PRG in the KW, KE, and KN subareas and 8 

100-N shoreline groundwater. A groundwater use restriction IC would initially be maintained for the 9 

100-KR-4 OU until drinking water PRGs are achieved in the areas addressed by P&T. Once P&T is 10 

completed, the size of the groundwater use restriction area could be reduced to the areas defined by the Sr-11 

90 TI zones. Under the Sr-90 TI determination, human health is protected by a groundwater use restriction 12 

IC and monitoring of Sr-90 radioactive decay and plume stability until concentrations decrease below the 13 

8 pCi/L DWS.  14 

Alternative 3 is protective of aquatic receptors because no unacceptable ecological risk was identified 15 

for the baseline condition. Numerical groundwater modeling for Cr(VI) and C-14 shows future 16 

concentrations in KW, KE, KN, and 100-N shoreline groundwater decreasing from current levels. 17 

Alternative 3 complies with chemical-specific ARARs by achieving (1) DWSs for C-14, nitrate, tritium, 18 

and the MTCA groundwater cleanup levels for Cr(VI) and TCE in the aquifer within timeframes of 10 to 19 

15 years based on the Cmax concentration; and (2) the Cr(VI) state surface water quality standard of 10 µg/L 20 

in shoreline groundwater in less than one year. The Sr-90 TI determination waives the requirement to 21 

comply with the 8 pCi/L DWS. Compliance with location-specific and action-specific ARARs would be 22 

achieved through design and implementation of the remedial actions in accordance with an 23 

approved RD/RAWP. 24 

4.2.3.2 Balancing Criteria Evaluation 25 

The Alternative 3 waste site and continuing source components are the same as described for Alternative 2. 26 

Therefore, the balancing criteria evaluation results for the Alternative 3 waste site and continuing source 27 

components are the same as described for Alternative 2.  28 

Evaluation of the Alternative 3 groundwater components against the CERCLA balancing criteria of 29 

long-term effectiveness and permanence (Table 4-4) indicates that this alternative performs superior with no 30 

apparent disadvantages or uncertainty. The reduction of COC concentrations in the 100-K groundwater to 31 

drinking water PRGs, and Cr(VI) concentrations in shoreline groundwater to the surface water PRG through 32 

P&T, results in no unacceptable risk at the end of the remedial action. MNA for TCE, nitrate, and tritium 33 

also results in no unacceptable risk at the end of the remedial action. Based on the collective waste site and 34 

continuing source (good) and the groundwater (superior) ratings, Alternative 3 is rated superior for the 35 

balancing criteria of long-term effectiveness and permanence. 36 

Evaluation of the Alternative 3 groundwater component against the balancing criterion of TMV reduction 37 

through treatment indicates that this alternative performs good, with minor disadvantages. Active treatment 38 

for C-14 and Cr(VI) is performed for KW, KE, and KN subarea groundwater with passive treatment 39 

(advection/dispersion, abiotic/biotic reduction, and radioactive decay) through MNA occurring for the 40 

remaining COCs. Based on the collective waste site and continuing source (fair) and the groundwater 41 

(good) ratings, Alternative 2 is rated good for the balancing criterion of TMV reduction through treatment, 42 

with the primary disadvantage being no treatment for contaminated soil excavated and disposed at ERDF.  43 
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Table 4-4. Detailed Evaluation for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Threshold Criteria 

Overall protection of 

human health and the 

environment 

Yes  Shallow excavation restriction ICs protect human health by controlling access at waste sites 100-K-64 (7.4 ha/18 ac) and 

118-K-1 (0.3 ha/0.7 ac). Waste site 118-K-1 also requires a deep excavation IC. 

 Deep excavation restriction ICs protect human health by preventing inadvertent exposure at waste sites with deep 

radionuclides only until radioactive decay reduces concentrations to levels below direct contact PRGs. 

 Irrigation restriction ICs protect groundwater/surface water quality by reducing the potential for leaching of tritium, Cr(VI), 

and Sr-90 by maintaining infiltration rates at native recharge levels at five waste sites. 

 Shallow RTD at 18 post-ROD waste sites protects human health and ecological receptors by removing COPC-contaminated 

soil and transporting it to ERDF for disposal.  

 Shallow/deep RTD at 16 post-ROD waste sites protects human health and the environment by removing contaminated soil 

exceeding direct contact and groundwater/surface water protection PRGs and transporting it to ERDF for disposal. 

 Soil flushing protects groundwater/surface water quality by treating deep vadose zone soil to remove C-14 at two waste sites 

(116-KE-1 and 116-KW-1) and Cr(VI) at the 183.1KE Headhouse, 183.1KW Headhouse, and 190KW Pump House 

continuing sources for recovery and treatment by the KW and KX P&T systems.  

 Groundwater model simulations indicate that Sr-90 leaches from deep vadose zone soil to groundwater near the KW and KE 

Reactor buildings at rates that result in increasing groundwater concentrations. However, between years 2028 and 2038, 

leaching rates slow and concentrations begin to decrease. 

 ICs protect human health by preventing groundwater consumption and restricting uses to research, monitoring, and 

treatment until concentrations decrease to below drinking water PRGs. 

 P&T protects human health by reducing Cr(VI) and C-14 concentrations in KW and KE subarea groundwater to 

drinking water PRGs. Cr(VI) concentrations in KN subarea and 100-N groundwater are currently below the drinking 

water PRG, but Cr(VI) concentrations in KN subarea groundwater are projected to temporarily increase above the 

drinking water PRG between 2018 and 2019 due to leaching at the 116-K-2 waste site. The highest Cr(VI) 

concentrations observed in KN subarea and K-N Boundary groundwater samples in 2017 were 40.7 µg/L at well 

199-K-193 and 31.9 µg/L at well 199-N-189, respectively. 

 P&T protects the environment by decreasing Cr(VI) concentrations to levels that achieve the 10 µg/L surface water 

PRG in shoreline groundwater. 

 MNA with P&T protects human health in KW and KE subarea groundwater by decreasing TCE, nitrate, and tritium 

concentrations below PRGs. The highest concentrations observed in 2017 included TCE at 8.1 µg/L (wells 199-K-185 

and 199-K-11); nitrate at 115 mg/L (well 199-K-230); and tritium at 778,000 pCi/L (well 199-K-227). 

 Aquatic receptors are protected. Although Cr(VI) concentrations greater than the 10 µg/L surface water PRG have been 

detected in 100-K shoreline groundwater and pore water, the BERA did not identify adverse effects. 

 There are no shoreline segments in the KW, KE, and KN subareas and 100-N with Cr(VI) concentrations greater than 

the 10 µg/L surface water PRG after year 2019 (KE subarea only). 

Compliance with ARARs Yes  Direct contact PRGs and groundwater/surface water protection PRGs for radionuclide COCs/COPCs would be achieved 

through RTD at 34 post-ROD waste sites within 10 years of RD/RAWP approval. 

 For the C-14 and Cr(VI) continuing sources, groundwater protection PRGs/SSLs would be achieved through soil flushing 

within 10 years. 

 At shallow waste sites 100-K-64 and 118-K-1, direct contact PRGs for the radionuclide COCs would be achieved in soil 

through radioactive decay in 25 years and 27 years, respectively. 

 At the 116-K-2 waste site, groundwater protection PRGs would be achieved in deep soil in 300 years. 

 At four post-ROD Sr-90 waste sites (100-K-82, 116-KW-2, 116-KE-3, and UPR-100-K-1), groundwater/surface water 

protection PRGs would be achieved through radioactive decay in about 300 years. 

 Compliance with chemical-specific ARARs would be achieved in 100-K groundwater as follows: 

- Cr(VI) 48 µg/L drinking water PRG in the aquifer all subareas): 15 years  

- Cr(VI) 10 µg/L surface water PRG in shoreline groundwater (all subareas): <1 year 

- C-14 2,000 pCi/L drinking water PRG (all subareas): 10 years 

- Nitrate 45,000 µg/L drinking water PRG in the aquifer (all subareas): 10 years 

- TCE 4 µg/L drinking water PRG in the aquifer (all subareas): 10 years 

- Tritium 20,000 pCi/L drinking water PRG in the aquifer (all subareas): 10 years. 

 The TI determination for Sr-90 waives the 8 pCi/L DWS until the DWS is achieved through radioactive decay within 

300 years.  

The alternative would be designed and implemented per an approved RD/RAWP to comply with action-specific and location-specific ARARs. 

Balancing Criteria 

Long-term effectiveness 

and permanence 

Superior  

 Magnitude of 

residual risk 

  Shallow RTD and shallow/deep RTD at 34 post-ROD waste sites results in no residual risk exceeding the upper bound of the 

CERCLA target risk range following completion of RTD activities. 

 Radioactive decay at two shallow waste sites reduces radionuclide concentrations to an ELCR of <1×10-4 within 27 years. 

 Institutional controls prevent inadvertent exposure to deep radionuclide contamination and radioactive decay achieves 

concentrations corresponding to no residual risk. 

 Soil flushing removes C-14 from deep soil at waste sites (116-KW-1 and 116-KE-1) and Cr(VI) continuing sources 

(183.1KW Headhouse, 190KW Pump House, and 183.1KE Headhouse), resulting in no residual threat to groundwater and 

surface water.  

 Irrigation restriction ICs at five deep (includes four post-ROD) waste sites protect groundwater/surface water quality until 

radioactive decay reduces tritium and Sr-90 concentrations to levels below PRGs/SSLs. 

 At the 116-K-2 waste site with a Cr(VI) concentration of 6.06 mg/kg in deep soil (groundwater protection PRG = 6.0 mg/kg), 

some residual threat may remain at the end of the 300-year irrigation IC period. However, groundwater modeling indicates 

that the surface water PRG of 10 µg/L is achieved in KN shoreline groundwater by the year 2023. 

 P&T in the KW, KE, and KN subareas reduces Cr(VI) concentrations in the aquifer below the drinking water PRG to 

levels such that the 10 µg/L surface water PRG is achieved in KW, KE, KN, and 100-N shoreline groundwater. 

By achieving PRGs, no unacceptable residual risk remains following completion of the remedial action.  

 MNA reduces nitrate and tritium concentrations to drinking water PRGs and TCE concentrations to the groundwater 

PRG in KW and KE subarea groundwater, which represents concentrations that pose no unacceptable residual risk to 

human health following completion of the remedial action.  

 Sr-90 concentrations decrease through radioactive decay, achieving levels that are protective of human health and the 

environment at the end of the TI waiver period.  
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Table 4-4. Detailed Evaluation for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Adequacy and reliability 

of controls 

  Shallow excavation restriction ICs would be maintained for up to 27 years at two waste sites with shallow-only radionuclide 

contamination to prevent exposure until concentrations decay below direct contact PRGs.  

 Deep excavation ICs would be maintained for waste sites with deep radionuclide COCs to prevent exposure until 

concentrations decay below direct contact PRGs.  

 Irrigation ICs would be maintained for up to 300 years at four post-ROD Sr-90 waste sites and for Cr(VI) at the 116-K-2 

waste site.  

 ICs have been successfully implemented at the Hanford Site and are expected to be reliable for specified durations. 

 Following completion of P&T for Cr(VI) and C-14, and MNA for TCE, nitrate, and tritium, the groundwater use 

restriction ICs would no longer be required for these areas.  

 A groundwater use restriction would be maintained for 130 years in the KW subarea TI zone and for 300 years in the 

KE subarea TI zones until Sr-90 concentrations decay below the DWS. The size of the groundwater use restriction IC 

could be periodically reduced as the Sr-90 plume shrinks in response to radioactive decay. 

 ICs have been successfully implemented at the Hanford Site and are expected to be reliable for specified durations. 

Reduction of TMV through 

treatment 

Good  

 Treatment process used 

and materials treated 

  No active treatment for contaminated soil excavated at 34 post-ROD waste sites where shallow and shallow/deep RTD is 

performed. Excavated soil is not expected to require treatment prior to ERDF disposal.  

 Passive treatment includes radioactive decay at 2 shallow and 14 deep waste without human intervention. 

 Active treatment for C-14 occurs at the 116-KE-2 and 116-KW-1 waste sites and Cr(VI) continuing sources where soil 

flushing transports C-14 and Cr(VI) to the P&T system for removal using air stripping/VPGAC and IX.  

 Active treatment performed using IX for Cr(VI)-contaminated groundwater and air stripping/VPGAC for C-14. 

 Passive treatment through MNA includes (1) anaerobic reduction of nitrate to nitrogen gas; (2) reduction of Cr(VI) to 

trivalent chromium; (3) reduction of TCE to cis-1,2-DCE; and (4) radioactive decay of tritium to helium, and Sr-90 

to yttrium.  

 Amount of hazardous 

material destroyed 

or treated 

  The volume of contaminated soil excavated and disposed at ERDF for 34 post-ROD waste sites is estimated at 220,000 m3 

(288,000 yd3). ERDF disposal does not destroy chemical COPCs, but radionuclide COPCs are transformed into 

nonhazardous daughter products by radioactive decay.  

 The mass of Cr(VI) that would be flushed from the 183.1KW Headhouse, 190KW Pump House, and 183.1KE Headhouse 

continuing sources is not known. The area that would undergo treatment is estimated at 13,000 m2 (150,000 ft2).  

 The mass of C-14 that would be flushed from the 116-KE-1 and 116-KW-1 waste sites is not known. The area that would 

undergo treatment is estimated at 300 m2 (3,230 ft2).  

 Estimated areas where active treatment through P&T occurs: 

- KW subarea Cr(VI) >48 µg/L = 3.4 ha (8.5 ac) 

- KE subarea Cr(VI) >48 µg/L = 7.7 ha (18.7 ac)  

- KN subarea Cr(VI) >10 µg/L = 49 ha (121 ac) 

-  K-N Boundary Cr(VI) >10 µg/L = 22 ha (54 ac) 

- KW subarea C-14 >2,000 pCi/L = 3.9 ha (9.7 ac) 

- KE subarea C-14 >2,000 pCi/L = 0.4 ha (1.0 ac)  

 Estimated areas of passive treatment: 

- 100-N Cr(VI) >10 µg/L = 62 ha (154 ac) 

- Nitrate >45,000 µg/L = 5.1 ha (112.7 ac) 

- TCE >4 µg/L = 48 ha (118 ac) 

- Tritium >2,000 pCi/L = 12 ha (30 ac)  

- Sr-90 >8 pCi/L = 3.1 ha (7.3 ac) 

 Degree of expected 

reduction in TMV 

  Toxicity and volume of radionuclide COCs in shallow and deep soil where ICs are implemented is eliminated through 

radioactive decay.  

 COPC toxicity for 34 post-ROD waste sites is reduced during shallow and shallow/deep RTD through incidental mixing of 

contaminated soil with overburden. Mobility is reduced by disposing at ERDF. The volume disposed at ERDF is likely 

greater than the actual volume of contaminated soil.  

 TMV for C-14 and Cr(VI) is reduced at the identified waste sites and continuing sources by flushing the sorbed phase to 

groundwater for recovery and treatment by the P&T system. Spent treatment media are disposed at ERDF. 

 Sr-90, the primary radionuclide COC at waste sites UPR-100-K-1, 116-KE-3, 100-K-82, and 116-KW-2 and 

116-K1/K2 Crib/Trench continuing source, has low mobility due to high Kd (12 mL/g) and low risk for exposure due to the 

depth of occurrence. The toxicity and volume are eliminated through radioactive decay. 

 TMV reduction for Cr(VI) and C-14 occurs by extracting contaminated groundwater, treating the water to 

concentrations below drinking water PRGs, and disposing the treatment residuals (e.g., spent IX and VPGAC media) 

at ERDF. 

 TCE-contaminated groundwater undergoes TMV reduction where co-extracted and treated by C-14 

treatment technology.  

 Tritium- and Sr-90-contaminated groundwater toxicity and volume decrease through radioactive decay. Tritium toxicity 

and mobility are reduced by co-extraction and recirculation within the hydraulic capture zone. Sr-90 has low mobility 

in the aquifer, and contaminant fate and transport modeling shows that the plumes do not migrate from their 

current locations.  

 Nitrate toxicity and mobility are reduced where co-extracted by Cr(VI) and C-14 P&T operations through blending and 

recirculation within the hydraulic capture zone.  

 Degree to which 

treatment is irreversible 

  Passive treatment of radionuclide COCs and COPCs through radioactive decay is irreversible. 

 Soil flushing to remove sorbed C-14 and Cr(VI) from deep vadose zone soil for recovery by P&T and removal by air 

stripping/VPGAC and IX treatment are irreversible.  

 C-14 and TCE treatment through air stripping/VPGAC is irreversible, as is IX treatment for Cr(VI).  

 Radioactive decay for tritium and Sr-90 is irreversible. 

 MNA for nitrate in KW and KE subarea groundwater through denitrification to nitrogen gas is irreversible. Due to redox 

conditions, denitrification rates are expected to be slow. 

 MNA for TCE in KW and KE subarea groundwater through reductive dechlorination to cis-1,2-DCE is irreversible. Due 

to redox conditions, reductive dechlorination rates are expected to be slow. 
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Table 4-4. Detailed Evaluation for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Type and quantity of 

residuals remaining 

after treatment 

 No residuals posing a threat to human health and the environment would remain at the waste sites and continuing sources at the 

end of remedial action.  
 Low levels of Cr(VI), C-14, TCE, tritium, and nitrate below drinking water PRGs would remain in the aquifer following 

completion of P&T and MNA remedial action.  

 Low levels of Cr(VI) below the surface water PRG would remain in shoreline groundwater following completion of 

P&T remedial action.  

 Sr-90 would radioactively decay with no hazardous residuals.  

 Spent VPGAC and IX treatment media are disposed at ERDF. 

Short-term effectiveness Good  

 Time until PRGs are 

achieved (baseline year 

is 2018) 

  Direct contact PRGs would be achieved in timeframes of 25 years and 27 years at two waste sites where excavation 

restriction ICs would be implemented. At 18 shallow post-ROD waste sites, direct contact PRGs would be achieved within 

5 years of RD/RAWP approval.  

 Groundwater/surface water protection PRGs would be achieved within 10 years of RD/RAWP approval at 16 post-ROD 

waste sites where shallow/deep RTD is implemented and within 10 years at the waste sites and continuing sources where soil 

flushing is implemented.  

 Groundwater/surface water protection PRGs where irrigation restrictions are implemented would be achieved in timeframes 

of 110 years (year 2128) and 300 years (year 2318). 

 The Cr(VI) 48 µg/L drinking water PRG for the aquifer and 10 µg/L surface water PRG for shoreline groundwater 

would be achieved based on the Cmax concentration in year: 

- KW subarea: 2029/2018  

- KE subarea: 2031/2019 

- KN subarea: 2019/2018 

- 100-N: 2018/2018 

 The drinking water PRG for C-14 would be achieved in year 2028 in the KW subarea and year 2026 in the KE subarea. 

 Drinking water PRGs for nitrate and tritium, and groundwater PRG for TCE, would be achieved in the aquifer by 

year 2028 for all 100-K subareas.  

 The TI determination waives the requirement to comply with the Sr-90 8 pCi/L DWS until the DWS is achieved through 

radioactive decay.  

 Protection of community 

during remedial actions 

 Due to the remote location of the waste sites, there would be negligible impacts to the general community during waste site 

remedial activities.  

P&T O&M would pose negligible risk to the community due to the remote location of 100-K.  

 Protection of workers 

during remedial actions 

 Hanford Site workers follow a rigorous health and safety plan and use personal protective equipment that reduces the potential for exposure.  

 Environmental impacts  Nominal effects are associated with handling of COPC-contaminated soil during RTD of the post-ROD waste sites. 

Engineering controls would be implemented to prevent COPC release during the remedial action.  
 Model simulations show that Cr(VI) and C-14 concentrations in shoreline groundwater are below the surface water PRG 

and aquatic animal BCG, respectively. 

 Nitrate, TCE, and tritium do not reach concentrations in shoreline groundwater greater than their surface water 

effects level.  

 Sr-90 does not pose a threat to aquatic receptors because concentrations greater than the 278 pCi/L riparian animal BCG 

will not migrate to the shoreline. 

Implementability Good  

 Ability to construct and 

operate the technology  

  ICs and shallow/deep RTD are mature technologies widely used at the Hanford Site. 

 The soil flushing technology uses a simple drain field/drip emitter design that is easy to construct and operate using treated 

water from the P&T systems.  

 MNA and ICs for nitrate, TCE, and tritium and P&T for Cr(VI) are mature technologies previously selected for use at 

the Hanford Site.  

 P&T for C-14 has not been previously implemented at the Hanford Site; however, with a Kd = 0 mL/g, it is readily 

removed from the aquifer using conventional extraction wells. Treatment for C-14 would use air stripping/VPGAC 

treatment. This technology pairing is similar to that used for treatment of carbon tetrachloride at 200 West P&T system; 

however, it has never been used for C-14 at the Hanford Site or any other remediation sites. 

 Groundwater monitoring (sampling and laboratory analysis) and data evaluation procedures are well established for the 

Hanford Site. 
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Table 4-4. Detailed Evaluation for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Reliability of 

the technology 

  ICs for radionuclide COCs and shallow/deep RTD for COPC-contaminated soil are very reliable under the conditions where 

the waste sites are located. 

 Soil flushing has been successfully used for Cr(VI) removal from the vadose zone at the 183.1KW Headhouse area. 

 Based on 20 years of interim action experience, P&T for Cr(VI) is reliable from an extraction, treatment, and reinjection 

standpoint. P&T for C-14 is also expected to be reliable, although there is no experience using air stripping/VPGAC for 

C-14 treatment. Additional engineering evaluations will be performed to confirm the optimum pH and need for VPGAC 

treatment of air stripper off-gas. If these evaluations show off-gas treatment is not required, the VPGAC treatment step 

would be eliminated. 

 Radioactive decay of tritium and Sr-90 is reliable.  

 Abiotic/biotic transformation of nitrate to nitrogen gas, TCE to cis-1,2-DCE, and Cr(VI) to trivalent chromium are less 

reliable under the redox conditions in 100-K and 100-N groundwater, and may occur locally within fine-grained aquifer 

sediments only.  

 Ease of undertaking 

additional remedial 

actions, if necessary 

  Expansion of shallow and deep RTD to address discovery of additional COPC contamination can be readily undertaken using 

field screening and laboratory confirmation methods.  

 The soil flushing lateral and drip emitter system can be readily expanded and the water amended with a range of reagents to 

enhance flushing performance.  

 The P&T systems are readily modified by adding/subtracting extraction wells to respond to plume expansion or 

contraction over the remedy lifecycle. 

 Significant experience with optimization of P&T technology has been gained through annual remedial process 

optimization of the KW, KR4, and KX P&T systems. 

 Ability to monitor 

effectiveness of remedy 

  Field and laboratory sampling and analysis are readily performed to confirm shallow and deep RTD effectiveness.  

 Radioactive decay is well defined and does not require monitoring to confirm effectiveness.  

 The Hanford Site has a well-established program to monitor IC effectiveness sitewide.  

 Performance monitoring and data evaluation procedures to assess effectiveness of P&T and MNA remedies have been 

developed and implemented at the Hanford Site, as documented in annual P&T and groundwater monitoring reports.  

 The Hanford Site has a well-established program to monitor IC effectiveness sitewide. 

 Ability to obtain 

approvals from 

other agencies 

 Approvals from other agencies not expected to hinder implementability.  

 Coordination with 

other agencies 

 Coordination with other agencies or stakeholders not expected to hinder implementability.  

 Availability of offsite 

treatment, storage, and 

disposal services 

and capacity 

 Not applicable; no offsite waste shipment occurs. All excavated soil disposed at ERDF. Not applicable; spent treatment media (IX resin and VPGAC) would be disposed at ERDF. 

 Availability of 

necessary equipment 

and specialists 

 Equipment and manpower are readily available using existing Hanford Site resources. 

 Availability of 

prospective technologies 

 Each of the key technologies (ICs, shallow/deep RTD, soil flushing, P&T, and MNA) are readily designed, constructed, and operated using local resources.  

Estimated Cost 

(Base Year 2018) Waste Sites Cr(VI) Continuing Sources Groundwater Total 

Capital cost $179 million $10 million $8 million $197 million 

Total annual O&M and periodic cost 

(nondiscounted) 

$28 million $2 million $165 million $195 million 

Present worth cost $198 million $12 million $164 million $374 million 

 Nondiscounted cost $207 million $12 million $173 million $392 million 

Modifying Criteria 

State acceptance Not 

evaluated 
Will be evaluated following the public comment period held following issuance of the proposed plan. 

Community acceptance 
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Table 4-4. Detailed Evaluation for Alternative 3 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 2 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions. 

Note: For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land-use scenario, used to represent residential use. The term “PRG” refers to a PRG value calculated for conservation with native vegetation land use. 

ARAR = applicable or relevant and appropriate requirement 

BCG = biota concentration guideline 

BERA = baseline ecological risk assessment 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

COPC = contaminant of potential concern 

DWS = drinking water standard 

ELCR = excess lifetime cancer risk 

ERDF = Environmental Restoration Disposal Facility 

IC = institutional control 

IX = ion exchange 

MNA  monitored natural attenuation 

O&M = operations and maintenance 

P&T = pump and treat 

PRG = preliminary remediation goal 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RTD = removal, treatment, and disposal 

SSL = soil screening level 

TI = technical impracticability  

TMV = toxicity, mobility, or volume 

VPGAC = vapor-phase granular activated carbon 

  1 
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Evaluation of the Alternative 3 groundwater components against the CERCLA balancing criterion of 1 

short-term effectiveness (Table 4-4) indicates that this alternative performs superior, with no 2 

disadvantages or uncertainties. PRGs are achieved in the following timeframes:  3 

 The 48 µg/L drinking water PRG for Cr(VI) would be achieved by year 2031 in KW and KE subarea 4 

groundwater (Figure 4-9) based on the Cmax concentration. For KN subarea and 100-N groundwater, 5 

Cr(VI) concentrations remain below the drinking water PRG (Figure 4-10) following a model 6 

projected increase above the PRG in KN subarea groundwater between 2018 and 2019. 7 

 The 10 µg/L surface water PRG for Cr(VI) would be achieved in KW, KE, and KN subareas, and 8 

100-N shoreline groundwater by year 2019 (Figures 4-9 and 4-10). Under Alternative 3, there are no 9 

segments of the KW, KE, and KN subareas, and 100-N shoreline with Cr(VI) concentrations above 10 

the PRG after year 2019 (Figure 4-11). 11 

 The 2,000 pCi/L drinking water PRG for C-14 would be achieved by year 2028 in KW and 12 

KE subarea groundwater (Figure 4-12). For KW and KE shoreline groundwater, C-14 concentrations 13 

remain below the 7,890 pCi/L aquatic animal BCG. 14 

 TCE, nitrate, and tritium drinking water PRGs would be achieved within 10 years in 100-K 15 

groundwater (Figure 4-13). During the TI waiver period, radioactive decay decreases Sr-90 16 

concentrations in KW and KE subarea groundwater, with the 8 pCi/L DWS achieved in about 17 

300 years (Figure 4-13). 18 

Groundwater P&T operations pose minimal risk to workers and the community because most equipment 19 

is already installed and operating. Existing O&M procedures and uptime rates >90% achieved during 20 

interim action will protect workers, the community, and the environment by maintaining reliable 21 

operations. Based on the collective waste site and continuing source (good) and groundwater (good) 22 

ratings, Alternative 3 is rated good for the balancing criterion of short-term effectiveness. 23 

Evaluation of Alternative 3 against the CERCLA balancing criterion (Table 4-4) of implementability 24 

indicates that this alternative performs good, with minor disadvantages that include limited soil flushing 25 

and no C-14 treatment experience. All other Alternative 3 technologies have been successfully 26 

implemented at the Hanford Site. 27 

The total present worth cost of Alternative 3 is estimated at $374 million, which includes $198 million 28 

for the waste sites, $12 million for source flushing, and $164 million for groundwater (Table 4-3). 29 

The addition of P&T for KN subarea and K-N Boundary groundwater adds $31 million to the cost of 30 

Alternative 3relative to the cost of Alternative 2.  31 
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Figure 4-9. Alternative 3 – Cmax Cr(VI) Concentration Trends in KW and KE Subarea Aquifer and Shoreline Groundwater  2 
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Figure 4-10.  Alternative 3 – Cmax Cr(VI) Concentration Trends in KN Subarea and 100-N Aquifer and Shoreline Groundwater 2 
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Figure 4-11.  Alternative 3 – Duration and Length of Shoreline with Cr(VI) Concentration Greater than the Surface Water PRG 2 
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Figure 4-12.  Alternative 3 – Cmax C-14 Concentration Trends in KW and KE Subarea Aquifer and Shoreline Groundwater 2 
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Figure 4-13.  Alternative 3 – Cmax TCE, Nitrate, Tritium, and Sr-90 Concentration Trends in 100-K Groundwater  2 
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4.2.4 Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste 1 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 2 

P&T (All Areas), and TI Determination (Sr-90) for Groundwater  3 

Alternative 4 includes the same waste site and continuing source components as described for 4 

Alternatives 2 and 3 but uses soil flushing to address deep vadose zone Cr(VI) at the 116-K-2 waste site 5 

in lieu of a 300-year irrigation IC.  6 

Alternative 4 includes the same groundwater components as described for Alternative 3. The existing 7 

KW, KR4, and KX P&T systems would operate for 13 years at the same rates as described for 8 

Alternative 3 (total rate of 5,602 L/min [1,480 gal/min]).  9 

4.2.4.1 Threshold Criteria Evaluation Summary 10 

Because the Alternative 4 waste site, continuing source, and groundwater components are largely the 11 

same as Alternative 3, Alternative 4 (Table 4-5) protects human health and the environment as described 12 

for Alternative 3. After soil flushing for Cr(VI) is implemented at the 116-K-2 waste site, there is 13 

a temporary Cr(VI) concentration increase to 95 µg/L predicted in the KN subarea portion of the aquifer 14 

(Figure 4-14), which in turn extends the time required to achieve the drinking water PRG from year 2019 15 

(Alternative 3) to year 2023 (Alternative 4). Alternative 4 provides a nominal increase in protection for 16 

the environment by achieving a lower overall Cr(VI) concentration in KN subarea and 100-N shoreline 17 

groundwater (Figure 4-14). Post-remedial action Cr(VI) concentrations in KN shoreline groundwater in 18 

year 2068 (25 years after P&T ends) range from 1.9 µg/L (Alternative 4) to 3.1 µg/L (Alternative 2), both 19 

of which are below the 10 µg/L surface water PRG (Figure 4-14). Therefore, it is difficult to determine 20 

if the lower Cr(VI) concentration achieved under Alternative 4 provides greater protection for 21 

the environment.  22 

Alternative 4 complies with ARARs as described for Alternative 3. The use of soil flushing at the 23 

116-K-2 waste site provides greater certainty that the current deep vadose soil Cr(VI) concentration of 24 

6.06 mg/kg can be decreased to the groundwater protection PRG of 6.0 mg/kg.  25 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

4-52 

 1 

This page intentionally left blank. 2 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

4-53 

Table 4-5. Detailed Evaluation for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Threshold Criteria 

Overall protection of 

human health and 

the environment 

Yes  Shallow excavation restriction ICs protect human health by controlling access at waste sites 100-K-64 (7.4 ha/18 ac) and 

118-K-1 (0.3 ha/0.7 ac). Waste site 118-K-1 also requires a deep excavation IC. 

 Deep excavation restriction ICs protect human health by preventing inadvertent exposure at waste sites with deep 

radionuclides only until radioactive decay reduces concentrations to levels below direct contact PRGs. 

 Irrigation restriction ICs protect groundwater/surface water quality by reducing the potential for leaching of tritium and 

Sr-90 by maintaining infiltration rates at native recharge levels. Irrigation restrictions would be required for four 

waste sites. 

 Shallow RTD at 18 post-ROD waste sites protects human health and ecological receptors by removing 

COPC-contaminated soil and transporting it to ERDF for disposal.  

 Shallow/deep RTD at 16 post-ROD waste sites protects human health and the environment by removing 

groundwater/surface water contaminant sources and transporting to ERDF for disposal. 

 Soil flushing protects groundwater/surface water quality by treating deep vadose zone soil to remove C-14 at two waste 

sites (116-KE-1 and 116-KW-1); Cr(VI) at the 116-K-2 waste site; and Cr(VI) continuing sources at the 

183.1KE Headhouse, 183.1KW Headhouse, and 190KW Pump House for recovery and treatment by the KW and 

KX P&T systems.  

 Groundwater model simulations indicate that Sr-90 leaches from deep vadose zone soil to groundwater near the KW and 

KE Reactor buildings at rates that result in increasing groundwater concentrations. However, between year 2028 and 2038, 

leaching rates slow and concentrations begin to decrease. 

 ICs protect human health by preventing groundwater consumption and restricting uses to research, monitoring, and 

treatment until concentrations decrease to below drinking water PRGs. 

 P&T protects human health by reducing Cr(VI) and C-14 concentrations in KW and KE subarea groundwater to drinking 

water PRGs. Cr(VI) concentrations in KN subarea and 100-N groundwater are currently below the drinking water PRG, 

but Cr(VI) concentrations in KN subarea groundwater are projected to temporarily increase above the drinking water PRG 

between 2018 and 2019 due to leaching at the 116-K-2 waste site. The highest Cr(VI) concentrations observed in 

KN subarea and K-N Boundary groundwater samples in 2017 were 40.7 µg/L at well 199-K-193 and 31.9 µg/L at 

well 199-N-189, respectively. 

 P&T protects the environment by decreasing Cr(VI) concentrations to levels that achieve the 10 µg/L surface water PRG 

in shoreline groundwater. 

 MNA with P&T protects human health in KW and KE subarea groundwater by decreasing TCE, nitrate, and tritium 

concentrations below PRGs. The highest concentrations observed in 2017 included TCE at 8.1 µg/L (wells 199-K-185 and 

199-K-11); nitrate at 115 mg/L (well 199-K-230); and tritium at 778,000 pCi/L (well 199-K-227). 

 Aquatic receptors are protected. Although Cr(VI) concentrations greater than the 10 µg/L surface water PRG have been 

detected in 100-K shoreline groundwater and pore water, the BERA did not identify adverse effects. 

 There are no shoreline segments in the KW, KE, and KN subareas, and 100-N with Cr(VI) concentrations greater than the 

10 µg/L surface water PRG after year 2019. 

Compliance with ARARs Yes  Direct contact PRGs and groundwater/surface water protection PRGs for radionuclide COCs/COPCs would be achieved 

through RTD at 34 post-ROD waste sites within 10 years of RD/RAWP approval. 

 At shallow waste sites 100-K-64 and 118-K-1, direct contact PRGs for the radionuclide COCs would be achieved through 

radioactive decay in shallow soil in 25 years and 27 years, respectively. 

 At post-ROD Sr-90 waste sites 100-K-82, 116-KW-2, 116-KE-3, and UPR-100-K-1, groundwater/surface water protection 

PRGs would be achieved through radioactive decay in about 300 years. 

 For the C-14 and Cr(VI) waste sites and Cr(VI) continuing sources, groundwater protection PRGs/SSLs would be achieved 

through soil flushing within 10 years.  

 Compliance with chemical-specific ARARs would be achieved in 100-K groundwater as follows: 

- Cr(VI) 48 µg/L drinking water PRG in the aquifer (all subareas): 15 years  

- Cr(VI) 10 µg/L surface water PRG in shoreline groundwater (all subareas): <1 year 

- C-14 2,000 pCi/L drinking water PRG (all subareas): 10 years 

- Nitrate 45,000 µg/L drinking water PRG in the aquifer (all subareas): 10 years 

- TCE 4 µg/L drinking water PRG in the aquifer (all subareas): 10 years 

- Tritium 20,000 pCi/L drinking water PRG in the aquifer (all subareas): 10 years. 

 The TI determination for Sr-90 waives the 8 pCi/L DWS until the DWS is achieved through radioactive decay within 

300 years.  

The alternative would be designed and implemented per an approved RD/RAWP to comply with action-specific and location-specific ARARs. 

Balancing Criteria 

Long-term effectiveness 

and permanence 

Superior  

 Magnitude of 

residual risk 

  Shallow RTD and shallow/deep RTD at 34 post-ROD waste sites results in no residual risk exceeding the upper bound of 

the CERCLA target risk range in shallow soil following completion of RTD activities. 

 Radioactive decay at two shallow waste sites reduces radionuclide concentrations to an ELCR of <1×10-4 within 27 years. 

 Institutional controls prevent inadvertent exposure to deep radionuclide contamination and radioactive decay achieves 

concentrations corresponding to no residual risk. 

 Soil flushing removes C-14 from deep soil at the 116-KW-1 and 116-KE-1 waste sites; Cr(VI) at the 116-K-2 waste site; 

and Cr(VI) at continuing sources (183.1KW Headhouse, 190KW Pump House, and 183.1KE Headhouse), resulting in no 

residual risk to groundwater and surface water.  

 Irrigation restriction ICs at five deep (includes four post-ROD) waste sites protect groundwater/surface water quality until 

radioactive decay reduces tritium and Sr-90 concentrations to levels below PRGs/SSLs. 

 P&T in the KW, KE, and KN subareas reduces Cr(VI) concentrations in the aquifer below the drinking water PRG and to 

levels such that 10 µg/L surface water PRG is achieved in KW, KE, KN, and 100-N shoreline groundwater. By achieving 

PRGs, no unacceptable residual risk remains following completion of the remedial action.  

 MNA reduces nitrate and tritium concentrations to drinking water PRGs and TCE concentrations to the groundwater PRG 

in KW and KE subarea groundwater, which represents concentrations that pose no unacceptable residual risk to human 

health following completion of the remedial action.  

 Sr-90 concentrations decrease through radioactive decay achieving levels that are protective of human health and the 

environment at the end of the TI waiver period.  
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Table 4-5. Detailed Evaluation for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Adequacy and reliability 

of controls 

  Shallow excavation restriction ICs would be maintained for up to 27 years at two waste sites with shallow-only 

radionuclide contamination to prevent exposure until concentrations decay below direct contact PRGs.  

 Deep excavation ICs would be maintained for waste sites with deep radionuclide COCs to prevent exposure until 

concentrations decay below direct contact PRGs.  

 Irrigation ICs would be maintained for up to 300 years at four post-ROD Sr-90 waste sites.  

 ICs have been successfully implemented at the Hanford Site and are expected to be reliable for specified durations. 

 Following completion of P&T for Cr(VI) and C-14, and MNA for TCE, nitrate, and tritium, the groundwater use 

restriction IC would no longer be required for these areas.  

 A groundwater use restriction would be maintained for 130 years in the KW subarea TI zone and 300 years in the 

KE subarea TI zones until Sr-90 concentrations decay below the DWS. The size of the groundwater use restriction IC 

could be periodically reduced as the Sr-90 plume shrinks in response to radioactive decay. 

 ICs have been successfully implemented at the Hanford Site and are expected to be reliable for specified durations. 

 Reduction of TMV 

through treatment 

Good  

 Treatment process used 

and materials treated 

  No active treatment is performed for contaminated soil excavated at 34 post-ROD waste sites where shallow and shallow/ 

deep RTD is performed. Excavated soil is not expected to require treatment prior to ERDF disposal.  

 Passive treatment includes radioactive decay at 2 shallow and 14 deep waste sites without human intervention. 

 Active treatment for C-14 occurs at the 116-KE-2 and 116-KW-1 waste sites and for Cr(VI) at the 116-K-2 waste site and 

the continuing sources where soil flushing mobilizes C-14 and Cr(VI) to the P&T system for removal using air 

stripping/VPGAC and IX. 

 Active treatment performed using IX for Cr(VI)-contaminated groundwater and air stripping/VPGAC for C-14. 

 Passive treatment through MNA includes (1) anaerobic reduction of nitrate to nitrogen gas; (2) reduction of Cr(VI) to 

trivalent chromium; (3) reduction of TCE to cis-1,2-DCE; and (4) radioactive decay of tritium to helium, and Sr-90 

to yttrium.  

 Amount of hazardous 

material destroyed or 

treated 

  The volume of contaminated soil excavated and disposed at ERDF for the 34 post-ROD waste sites is estimated at 

220,000 m3 (288,000 yd3). ERDF disposal does not destroy chemical COPCs, but radionuclide COPCs would be 

transformed into nonhazardous daughter products by radioactive decay.  

 The mass of Cr(VI) that would be flushed from the 116-K-2 waste site and the 183.1KW Headhouse, 190KW Pump 

House, and 183.1KE Headhouse continuing sources is not known. The area that would undergo treatment is estimated at 

14,400 m2 (165,100 ft2).  

 The mass of C-14 that would be flushed from the 116-KE-1 and 116-KW-1 waste sites is not known. The area that would 

undergo treatment is estimated at 300 m2 (3,230 ft2).  

 Estimated areas where active treatment through P&T occurs: 

- KW subarea Cr(VI) >48 µg/L = 3.4 ha (8.5 ac) 

- KE subarea Cr(VI) >48 µg/L = 7.7 ha (18.7 ac)  

- KN subarea Cr(VI) >10 µg/L = 49 ha (121 ac) 

-  K-N Boundary Cr(VI) >10 µg/L = 22 ha (54 ac) 

- KW subarea C-14 >2,000 pCi/L = 3.9 ha (9.7 ac) 

- KE subarea C-14 >2,000 pCi/L = 0.4 ha (1.0 ac)  

 Estimated areas of passive treatment: 

- 100-N Cr(VI) >10 µg/L = 62 ha (154 ac) 

- Nitrate >45,000 µg/L = 5.1 ha (112.7 ac) 

- TCE >4 µg/L = 48 ha (118 ac) 

- Tritium >2,000 pCi/L = 12 ha (30 ac)  

- Sr-90 >8 pCi/L = 3.1 ha (7.3 ac) 

 Degree of expected 

reduction in TMV 

  Toxicity and volume of radionuclide COCs in shallow and deep soil where ICs are implemented is eliminated through 

radioactive decay.  

 COPC toxicity for the 34 post-ROD waste sites is reduced during shallow and shallow/deep RTD through incidental 

mixing of contaminated soil with overburden. Mobility is reduced by disposal at ERDF. The volume disposed at ERDF is 

likely greater than the actual volume of contaminated soil.  

 TMV for C-14 and Cr(VI) is reduced at the identified waste sites and continuing sources by flushing the sorbed phase to 

groundwater for recovery and treatment by the P&T system. Spent treatment media are disposed at ERDF. 

 Sr-90, the primary radionuclide COC at waste sites UPR-100-K-1, 116-KE-3, 100-K-82, and 116-KW-2 and the 

116-K1/K2 Crib/Trench continuing source, has low mobility due to high Kd (12 mL/g) and low risk for exposure due to the 

depth of occurrence. The toxicity and volume are eliminated through radioactive decay. 

 TMV reduction for Cr(VI) and C-14 occurs by extracting contaminated groundwater, treating the water to concentrations 

below drinking water PRGs, and disposing the treatment residuals (e.g., spent IX and VPGAC media) at ERDF. 

 TCE-contaminated groundwater undergoes TMV reduction where co-extracted and treated by C-14 treatment technology.  

 Tritium- and Sr-90-contaminated groundwater toxicity and volume decrease through radioactive decay. Tritium toxicity 

and mobility are reduced by co-extraction and recirculation within the hydraulic capture zone. Sr-90 has low mobility in 

the aquifer, and contaminant fate and transport modeling shows that the plumes do not migrate from their current 

locations.  

 Nitrate toxicity and mobility are reduced where co-extracted by Cr(VI) and C-14 P&T operations through blending and 

recirculation within the hydraulic capture zone.  
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Table 4-5. Detailed Evaluation for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Degree to which 

treatment is irreversible 

  Passive treatment of radionuclide COCs and COPCs through radioactive decay is irreversible. 

 Soil flushing to remove sorbed C-14 and Cr(VI) from deep vadose zone soil for recovery by P&T and removal by air 

stripping/VPGAC and IX treatment is irreversible.  

 C-14 and TCE treatment through air stripping/VPGAC is irreversible, as is IX treatment for Cr(VI).  

 Radioactive decay for tritium and Sr-90 is irreversible. 

 MNA for nitrate in KW and KE subarea groundwater through denitrification to nitrogen gas is irreversible. Due to redox 

conditions, denitrification rates are expected to be slow. 

 MNA for TCE in KW and KE subarea groundwater through reductive dechlorination to cis-1,2-DCE is irreversible. Due to 

redox conditions, reductive dechlorination rates are expected to be slow. 

 Type and quantity of 

residuals remaining 

after treatment 

 No residuals posing a threat to human health and the environment would remain at the waste sites and continuing sources at 

the end of remedial action.  
 Low levels of Cr(VI), C-14, TCE, tritium, and nitrate below drinking water PRGs would remain in the aquifer following 

completion of P&T and MNA remedial action.  

 Low levels of Cr(VI) below the surface water PRG would remain in shoreline groundwater following completion of P&T 

remedial action.  

 Sr-90 would radioactively decay with no hazardous residuals.  

 Spent VPGAC and IX treatment media are disposed at ERDF. 

Short-term effectiveness Good  

 Time until PRGs are 

achieved (baseline year 

is 2018) 

  Direct contact PRGs would be achieved in timeframes of 25 years and 27 years at the two waste sites where excavation 

restriction ICs would be implemented. At 18 shallow post-ROD waste sites, direct contact PRGs would be achieved within 

5 years of RD/RAWP approval.  

 Groundwater/surface water protection PRGs would be achieved within 10 years of RD/RAWP approval at 16 post-ROD 

waste sites where shallow/deep RTD is implemented and within 10 years at the waste sites and continuing sources where 

soil flushing is implemented.  

 Groundwater/surface water protection PRGs where irrigation/deep excavation restrictions are implemented would be 

achieved in timeframes of 110 years (year 2128) and 300 years (year 2318). 

 The Cr(VI) 48 µg/L drinking water PRG for the aquifer and 10 µg/L surface water PRG for shoreline groundwater would 

be achieved based on the Cmax concentration in year: 

- KW subarea: 2029/2018  

- KE subarea: 2031/2019 

- KN subarea: 2019/2018 

- 100-N: 2018/2018 

 The drinking water PRG for C-14 would be achieved in year 2028 in the KW subarea and year 2026 in the KE subarea. 

 Drinking water PRGs for nitrate and tritium, and groundwater PRG for TCE, would be achieved in the aquifer by the 

year 2028 for all 100-K subareas.  

 The TI determination waives the requirement to comply with the Sr-90 8 pCi/L DWS until the DWS is achieved through 

radioactive decay.  

 Protection of community 

during remedial actions 

 Due to the remote location of the waste sites, there would be negligible impacts to the general community during waste site 

remedial activities.  

P&T O&M would pose negligible risk to the community due to the remote location of 100-K.  

 Protection of workers 

during remedial actions 

 Hanford Site workers follow a rigorous health and safety plan and use personal protective equipment that reduces the potential for exposure.  

 Environmental impacts   Nominal effects are associated with handling of COPC-contaminated soil during RTD of the post-ROD waste sites. 

Engineering controls would be implemented to prevent COPC release during the remedial action.  

 At waste site 116-K-2, infiltration water and/or Cr(VI)-contaminated groundwater could break through to the shoreline in 

the event of an extraction well or power failure. 

 Model simulations show that Cr(VI) and C-14 concentrations in shoreline groundwater are below the surface water PRG 

and aquatic animal BCG, respectively. 

 Nitrate, TCE, and tritium do not reach concentrations in shoreline groundwater greater than their surface water 

effects level.  

 Sr-90 does not pose a threat to aquatic receptors because concentrations greater than the 278 pCi/L riparian animal BCG 

will not migrate to the shoreline. 

Implementability Good  

 Ability to construct and 

operate the technology  

  ICs and shallow/deep RTD are mature technologies widely used at the Hanford Site. 

 The soil flushing technology uses a simple drain field/drip emitter design that is easy to construct and operate using treated 

water from the P&T systems.  

 MNA and ICs for nitrate, TCE, and tritium, and P&T for Cr(VI) are mature technologies previously selected for use at the 

Hanford Site.  

 P&T for C-14 has not been previously implemented at the Hanford Site; however, with a Kd = 0 mL/g, it is readily 

removed from the aquifer using conventional extraction wells. Treatment for C-14 would use air stripping/VPGAC 

treatment. This technology pairing is similar to that used for treatment of carbon tetrachloride at the 200 West P&T 

facility; however, it has never been used for C-14 at the Hanford Site or any other remediation sites. 

 Groundwater monitoring (sampling and laboratory analysis) and data evaluation procedures are well established for the 

Hanford Site. 
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Table 4-5. Detailed Evaluation for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Reliability of 

the technology 

Good  ICs for radionuclide COCs and shallow/deep RTD for COPC-contaminated soil are very reliable under the conditions 

where the waste sites are located. 

  Soil flushing has been successfully used for Cr(VI) removal from the vadose zone at the 183.1KW Headhouse area. 

 Based on 20 years of interim action experience, P&T for Cr(VI) is reliable from an extraction, treatment, and reinjection 

standpoint. P&T for C-14 is also expected to be reliable, although there is no experience using air stripping/VPGAC for 

C-14 treatment. Additional engineering evaluations will be performed to confirm the optimum pH and need for VPGAC 

treatment of air stripper off-gas. If these evaluations show off-gas treatment is not required, the VPGAC treatment step 

would be eliminated. 

 Radioactive decay of tritium and Sr-90 is reliable.  

 Abiotic/biotic transformation of nitrate to nitrogen gas, TCE to cis-1,2-DCE, and Cr(VI) to trivalent chromium are less 

reliable under the redox conditions in 100-K and 100-N groundwater, and may occur locally within fine-grained aquifer 

sediments only.  

 Ease of undertaking 

additional remedial 

actions, if necessary 

  Expansion of shallow and deep RTD to address discovery of additional COPC contamination can be readily undertaken 

using field screening and laboratory confirmation methods.  

 The soil flushing lateral and drip emitter system can be readily expanded and the water amended with a range of reagents 

to enhance flushing performance.  

 The P&T systems are readily modified by adding/subtracting extraction wells to respond to plume expansion or 

contraction over the remedy lifecycle. 

 Significant experience with optimization of P&T technology has been gained through annual remedial process 

optimization of the KW, KR4, and KX P&T systems. 

 Ability to monitor 

effectiveness of remedy 

  Field and laboratory sampling and analysis are readily performed to confirm shallow and deep RTD effectiveness.  

 Radioactive decay is well defined and does not require monitoring to confirm effectiveness.  

 The Hanford Site has a well-established program to monitor IC effectiveness sitewide.  

 Performance monitoring and data evaluation procedures to assess effectiveness of P&T and MNA remedies have been 

developed and implemented at the Hanford Site, as documented in annual P&T and groundwater monitoring reports.  

 The Hanford Site has a well-established program to monitor IC effectiveness sitewide. 

 Ability to obtain 

approvals from 

other agencies 

 Approvals from other agencies not expected to hinder implementability.  

 Coordination with 

other agencies 

 Coordination with other agencies or stakeholders not expected to hinder implementability.  

 Availability of offsite 

treatment, storage, and 

disposal services 

and capacity 

 Not applicable; no offsite waste shipment occurs. All excavated soil disposed at ERDF. Not applicable; spent treatment media (IX resin and VPGAC) would be disposed at ERDF. 

 Availability of 

necessary equipment 

and specialists 

 Equipment and manpower are readily available using existing Hanford Site resources. 

 Availability of 

prospective technologies 

 Each of the key technologies (ICs, shallow/deep RTD, soil flushing, P&T, and MNA) are readily designed, constructed, and operated using local resources.  

Estimated Cost 

(Base Year 2018) Waste Sites Cr(VI) Continuing Sources Groundwater Total 

Capital cost $182 million $10 million $8 million $200 million 

Total annual O&M and periodic cost 

(nondiscounted) 
$28 million $2 million $165 million $195 million 

Present worth cost $201 million $12 million $164 million $377 million 

Nondiscounted cost $210 million $12 million $173 million $395 million 
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Table 4-5. Detailed Evaluation for Alternative 4 – ICs for 16 Waste Sites, RTD for 58 Waste Sites, Soil Flushing for 3 Waste Sites, 
and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Modifying Criteria 

State acceptance Not 

evaluated 
Will be evaluated following the public comment period held following issuance of the proposed plan. 

Community acceptance 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions. 

Note: For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land use scenario, used to represent residential use. The term “PRG” refers to a PRG value calculated for conservation with native vegetation land use. 

ARAR = applicable or relevant and appropriate requirement 

BCG = biota concentration guideline 

BERA = baseline ecological risk assessment 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

COPC = contaminant of potential concern 

DWS = drinking water standard 

ELCR = excess lifetime cancer risk 

ERDF = Environmental Restoration Disposal Facility 

IC = institutional control 

IX = ion exchange 

MNA = monitored natural attenuation 

O&M = operations and maintenance 

P&T = pump and treat 

PRG = preliminary remediation goal 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RTD = removal, treatment, and disposal 

SSL = soil screening level 

TMV = toxicity, mobility, or volume 

TI = technical impracticability 

VPGAC = vapor-phase granular activated carbon 

 1 
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 1 

Figure 4-14.  Alternative 4 – Cmax Cr(VI) Concentration Trends in KN Subarea and 100-N Aquifer and Shoreline Groundwater 2 
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4.2.4.2 Balancing Criteria Evaluation Summary 1 

The Alternative 4 waste site, continuing source, and groundwater components are largely the same as 2 

Alternative 3, except for the 116-K-2 waste site soil flushing component. Therefore, the balancing criteria 3 

evaluation for Alternative 4 (Table 4-5) is similar to that presented for Alternative 3, with the following 4 

key differences:  5 

 Long-term effectiveness and permanence: Soil flushing to remove Cr(VI) at the 116-K-2 waste site 6 

provides for increased long-term effectiveness and permanence by removing a deep vadose zone 7 

groundwater contaminant source and eliminating the need for a 300-year irrigation IC after soil 8 

flushing is completed in year 2022. 9 

 Reduction of TMV through treatment: Soil flushing provides for active treatment at the 116-K-2 10 

waste site by flushing sorbed Cr(VI) from soil to groundwater for recovery at new extraction 11 

well RW-ECrVI-01 and treatment in the KX P&T system.  12 

 Short-term effectiveness: Soil flushing at the 116-K-2 waste site increases the timeframe to achieve 13 

the drinking water PRG in the KN subarea portion of the aquifer by 4 years (from year 2019 to the 14 

year 2023). Because the 116-K-2 waste site is located near the river shoreline, there is potential for 15 

infiltration water or Cr(VI)-contaminated groundwater to break through to the shoreline in the event 16 

of an extraction well pump or electrical power failure. P&T system alarms would alert the operator if 17 

such a condition were to occur. 18 

 Implementability: The 116-K-2 waste site is located near a culturally sensitive area. Installation of 19 

the drain field/drip emitter and extraction well equipment will require stakeholder consultations and 20 

approval. However, a majority of the soil flushing equipment could be installed within the previous 21 

interim action RTD footprint. 22 

 Cost: The total present value cost of Alternative 4 is estimated at $377 million. This includes 23 

$201 million for the waste sites, $12 million for the continuing sources, and $164 million for 24 

groundwater. The incremental cost for the 116-K-2 soil flushing component ($4.8 million) under 25 

Alternative 4 versus the 300-year irrigation restriction IC ($1.4 million) under Alternatives 2 and 3 26 

is estimated at $3.4 million. 27 

The addition of the soil flushing component for the 116-K-2 waste site under Alternative 4 yields more 28 

favorable ratings for long-term effectiveness and permanence and reduction of TMV through treatment, 29 

and lower ratings for short-term effectiveness and implementability. Overall, the 116-K-2 waste site soil 30 

flushing component represents a small portion of Alternative 4, accounting for 1.3% of the total cost. 31 

Therefore, the overall balancing criteria ratings for Alternative 4 are the same as presented for 32 

Alternative 3. 33 

4.2.5 Alternative 5 – ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste 34 

Sites, and No Action for 82 Waste Sites; and Source Treatment (Cr(VI)) with MNA, ICs, 35 

P&T (all areas), and TI Determination (Sr-90) for Groundwater 36 

Alternative 5 includes the same waste site and continuing source components as described for 37 

Alternatives 2, 3 and 4 but uses RTD to address deep vadose zone Cr(VI) at the 116-K-2 waste site in lieu 38 

of an irrigation IC (Alternatives 2 and 3) and soil flushing (Alternative 4). Alternative 5 includes the same 39 

groundwater components as described for Alternatives 3 and 4. The existing KW, KR4, and KX P&T 40 

systems would operate for 13 years at a total rate of 5,602 L/min (1,480 gal/min). 41 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

4-60 

4.2.5.1 Threshold Criteria Evaluation Summary 1 

Because the Alternative 5 waste site, continuing source, and groundwater components are largely the 2 

same as Alternative 3, Alternative 5 (Table 4-6) protects human health and the environment as described 3 

for Alternative 3. Once implemented, RTD for Cr(VI) at the 116-K-2 waste site does not result in 4 

a Cr(VI) concentration increase above the drinking water PRG in the KN subarea portion of the aquifer 5 

(Figure 4-15). Alternative 5 provides a nominal increase in protection for the environment by achieving 6 

a lower overall Cr(VI) concentration in KN and 100-N shoreline groundwater (Figure 4-15). 7 

Post-remedial action Cr(VI) concentrations in KN shoreline groundwater in year 2068 (25 years after 8 

P&T ends) range from 1.4 µg/L (Alternative 5) to 3.1 µg/L (Alternative 2), both of which are below the 9 

10 µg/L surface water PRG (Figure 4-15). Therefore, it is difficult to determine if the lower Cr(VI) 10 

concentration achieved under Alternative 5 provides increased protection for the environment.  11 

Alternative 5 complies with ARARs as described for Alternative 3. The use of RTD at the 116-K-2 12 

waste site provides a higher level of certainty that the groundwater protection PRG of 6.0 mg/kg will 13 

be achieved. 14 

4.2.5.2 Balancing Criteria Evaluation Summary 15 

The Alternative 5 waste site, continuing source, and groundwater components are largely the same as 16 

Alternative 3, except for the 116-K-2 waste site RTD component. Therefore, the balancing criteria 17 

evaluation for Alternative 5 (Table 4-6) is similar to that presented for Alternative 3 with the following 18 

key differences:  19 

 Long-term effectiveness and permanence: RTD to remove Cr(VI) at the 116-K-2 waste site 20 

provides greater long-term effectiveness and permanence by removing a deep vadose zone 21 

groundwater contaminant source and eliminating the need for a 300-year irrigation IC once RTD 22 

is complete. 23 

 Reduction of TMV through treatment: No treatment of Cr(VI)-contaminated soil excavated from 24 

116-K-2 prior to ERDF disposal is expected to be necessary. An estimated 11,800 m3 (15,400 yd3) of 25 

contaminated material would be excavated and disposed. 26 

 Short-term effectiveness: Achievement of the drinking water PRG in KN subarea groundwater and 27 

the surface water PRG in KN and 100-N shoreline groundwater occurs by year 2019, which is the 28 

same as estimated for Alternative 3. The 116-K-2 waste site is reportedly located near a culturally 29 

sensitive area, and RTD activities may intrude into this area. 30 

 Implementability: The116-K-2 waste site is located near a culturally sensitive area. Additional 31 

stakeholder consultation and concurrence would be required. An estimated 55,700 m3 (72,800 yd3) of 32 

clean overburden requires removal to access the deep contaminated soil at depths between 7.6 and 33 

14.8 m (25 and 49 ft), resulting in a larger excavation footprint at the surface than occurred during the 34 

interim action RTD. 35 

 Cost: The total present value cost of Alternative 5 is estimated at $385 million. This includes 36 

$209 million for the waste sites, $12 million for the continuing sources, and $164 million for 37 

groundwater. The incremental cost for the 116-K-2 waste site RTD component ($12.0 million) under 38 

Alternative 5 versus the 300-year irrigation restriction IC ($1.4 million) under Alternatives 2 and 3 39 

is estimated at $10.6 million. The incremental cost relative to soil flushing under Alternative 4 40 

($4.8 million) is $7.2 million. 41 
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Table 4-6. Detailed Evaluation for Alternative 5: ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action for 82 Waste Sites; 
and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Threshold Criteria 

Overall protection of 

human health and the 

environment 

Yes  Shallow excavation restriction ICs protect human health by controlling access at waste sites 100-K-64 (7.4 ha/18 ac) and 

118-K-1 (0.3 ha/0.7 ac). Waste site 118-K-1 also requires a deep excavation IC. 

 Deep excavation restriction ICs protect human health by preventing inadvertent exposure at waste sites with deep 

radionuclides only until radioactive decay reduces concentrations to levels below direct contact PRGs. 

 Irrigation restriction ICs protect groundwater/surface water quality by reducing the potential for leaching of tritium and 

Sr-90 by maintaining infiltration rates at native recharge levels. Irrigation restrictions would be required at five waste sites. 

 Shallow RTD protects human health and ecological receptors by removing COPC-contaminated soil at 18 post-ROD waste 

sites and transporting the soil to ERDF for disposal.  

 Shallow/deep RTD at 16 post-ROD waste sites and the 116-K-2 waste site protects human health and the environment by 

removing groundwater/surface water contaminant sources and transporting to ERDF for disposal. 

 Soil flushing protects groundwater/surface water quality by treating deep vadose zone soil to remove C-14 at two waste 

sites (116-KE-1 and 116-KW-1) and Cr(VI) continuing sources at the 183.1KE Headhouse, 183.1KW Headhouse, and 

190KW Pump House for recovery and treatment by the KW and KX P&T systems.  

 Groundwater model simulations indicate that Sr-90 leaches from deep vadose zone soil to groundwater near the KW and 

KE Reactor buildings at rates that result in increasing groundwater concentrations. However, between years 2028 and 

2038, leaching rates slow and concentrations begin to decrease. 

 ICs protect human health by preventing groundwater consumption and restricting uses to research, monitoring, and 

treatment until concentrations decrease to below drinking water PRGs. 

 P&T protects human health by reducing Cr(VI) and C-14 concentrations in KW and KE subarea groundwater to drinking 

water PRGs. Cr(VI) concentrations in KN subarea and 100-N groundwater are currently below the drinking water PRG, 

but Cr(VI) concentrations in KN subarea groundwater are projected to temporarily increase above the drinking water PRG 

between 2018 and 2019 due to leaching at the 116-K-2 waste site. The highest Cr(VI) concentrations observed in 

KN subarea and K-N Boundary groundwater samples in 2017 were 40.7 µg/L at well 199-K-193 and 31.9 µg/L at 

well 199-N-189. 

 P&T protects the environment by decreasing Cr(VI) concentrations to levels that achieve the 10 µg/L surface water PRG 

in shoreline groundwater. 

 MNA with P&T protects human health in KW and KE subarea groundwater by decreasing TCE, nitrate, and tritium 

concentrations below their respective PRGs. The highest concentrations observed in 2017 included TCE at 8.1 µg/L 

(wells 199-K-185 and 199-K-11); nitrate at 115 mg/L (well 199-K-230); and tritium at 778,000 pCi/L (well 199-K-227). 

 Aquatic receptors are protected. Although Cr(VI) concentrations greater than the 10 µg/L surface water PRG have been 

detected in 100-K shoreline groundwater and pore water, the BERA did not identify adverse effects. 

 There are no shoreline segments in the KW, KE, and KN subareas and 100-N with Cr(VI) concentrations greater than the 

10 µg/L surface water PRG after year 2019. 

Compliance with ARARs Yes  Direct contact PRGs and groundwater/surface water protection PRGs for radionuclide COCs/COPCs would be achieved 

through RTD at 34 post-ROD waste sites and the 116-K-2 waste site within 10 years of RD/RAWP approval. 

 For the C-14 waste sites and Cr(VI) continuing sources, groundwater protection PRGs/SSLs would be achieved through 

soil flushing within 10 years. 

 At shallow waste sites 100-K-64 and 118-K-1, direct contact PRGs for the radionuclide COCs would be achieved through 

radioactive decay in shallow soil in 25 years and 27 years, respectively. 

 At post-ROD Sr-90 waste sites 100-K-82, 116-KW-2, 116-KE-3, and UPR-100-K-1, groundwater/surface water protection 

PRGs would be achieved through radioactive decay in about 300 years.  

 Compliance with chemical-specific ARARs would be achieved in 100-K groundwater as follows: 

- Cr(VI) 48 µg/L drinking water PRG in the aquifer (all subareas): 15 years  

- Cr(VI) 10 µg/L surface water PRG in shoreline groundwater (all subareas): <1 year 

- C-14 2,000 pCi/L drinking water PRG (all subareas): 10 years 

- Nitrate 45,000 µg/L drinking water PRG in the aquifer (all subareas): 10 years 

- TCE 4 µg/L drinking water PRG in the aquifer (all subareas): 10 years 

- Tritium 20,000 pCi/L drinking water PRG in the aquifer (all subareas): 10 years. 

 The TI determination for Sr-90 waives the 8 pCi/L DWS until the DWS is achieved through radioactive decay within 

300 years.  

The alternative would be designed and implemented per an approved RD/RAWP to comply with action-specific and location-specific ARARs. 

Balancing Criteria 

Long-term effectiveness 

and permanence 

Superior  

 Magnitude of residual 

risk 

  Shallow RTD and shallow/deep RTD at 34 post-ROD waste sites would result in no residual risk exceeding the upper 

bound of the CERCLA target risk range in shallow soil following completion of RTD activities. 

 Radioactive decay at two shallow waste sites reduces radionuclide concentrations to an ELCR of <1×10-4 within 27 years. 

 Institutional controls prevent inadvertent exposure to deep radionuclide contamination and radioactive decay achieves 

concentrations corresponding to no residual risk. 

 Soil flushing removes C-14 from deep soil at waste sites 116-KW-1 and 116-KE-1 and Cr(VI) from continuing sources 

(183.1KW Headhouse, 190KW Pump House, and 183.1KE Headhouse), resulting in no residual risk to groundwater and 

surface water.  

 RTD at the 116-K-2 waste site removes a Cr(VI) groundwater contaminant source. 

 Irrigation restriction ICs at five deep (includes four post-ROD) waste sites protect groundwater/surface water quality until 

radioactive decay reduces tritium and Sr-90 concentrations to levels below PRGs/SSLs.  

 P&T in the KW, KE, and KN subareas reduces Cr(VI) concentrations in the aquifer below the drinking water PRG and to 

levels such that 10 µg/L surface water PRG is achieved in the KW, KE, and KN subareas and 100-N shoreline 

groundwater. By achieving PRGs, no unacceptable residual risk remains following completion of the remedial action.  

 MNA reduces nitrate and tritium concentrations to drinking water PRGs and TCE concentrations to the groundwater PRG 

in KW and KE subarea groundwater, which represents concentrations that pose no unacceptable residual risk to human 

health following completion of the remedial action.  

 Sr-90 concentrations decrease through radioactive decay, achieving levels that are protective of human health and the 

environment at the end of the TI waiver period.  
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Table 4-6. Detailed Evaluation for Alternative 5: ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action for 82 Waste Sites; 
and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Adequacy and reliability 

of controls 

Superior  RTD at waste site 116-K-2 eliminates the need for a (Cr(VI) irrigation IC but a deep excavation IC is still required for 

radionuclides. 

 Shallow excavation restriction ICs would be maintained for up to 27 years at two waste sites with shallow-only 

radionuclide contamination to prevent exposure until concentrations decay below direct contact PRGs.  

 Deep excavation ICs would be maintained for waste sites with deep radionuclide COCs to prevent exposure until 

concentrations decay below direct contact PRGs.  

 Irrigation ICs would be maintained for up to 300 years at four post-ROD Sr-90 waste sites.  

 ICs have been successfully implemented at the Hanford Site and are expected to be reliable for specified durations. 

 Following completion of P&T for Cr(VI) and C-14, and MNA for TCE, nitrate, and tritium, the groundwater use 

restriction IC would no longer be required for these areas.  

 A groundwater use restriction would be maintained for 130 years in the KW subarea TI zone and 300 years in the 

KE subarea TI zones until Sr-90 concentrations decay below the DWS. The size of the groundwater use restriction IC 

could be periodically reduced as the Sr-90 plume shrinks in response to radioactive decay. 

 ICs have been successfully implemented at the Hanford Site and are expected to be reliable for specified durations. 

Reduction of TMV through 

treatment 

Good  

 Treatment process used 

and materials treated 

  No active treatment is performed for contaminated soil at 34 post-ROD waste sites and the 116-K-2 waste site where 

shallow and shallow/deep RTD is performed. Excavated soil is not expected to require treatment prior to ERDF disposal.  

 Passive treatment includes radioactive decay at 2 shallow and 14 deep waste sites without human intervention. 

 Active treatment for C-14 occurs at the 116-KE-2 and 116-KW-1 waste sites and the Cr(VI) continuing sources where soil 

flushing mobilizes C-14 and Cr(VI) to the P&T system for removal using air stripping/VPGAC and IX. 

 Active treatment performed using IX for Cr(VI)-contaminated groundwater and air stripping/VPGAC for C-14. 

 Passive treatment through MNA includes (1) anaerobic reduction of nitrate to nitrogen gas; (2) reduction of Cr(VI) to 

trivalent chromium; (3) reduction of TCE to cis-1,2-DCE; and (4) radioactive decay of tritium to helium, and Sr-90 

to yttrium.  

 Amount of hazardous 

material destroyed or 

treated 

  The volume of contaminated soil excavated and disposed at ERDF for the 34 post-ROD waste sites is estimated at 

220,000 m3 (288,000 yd3). ERDF disposal does not destroy chemical COPCs, but radionuclide COPCs would be 

transformed into nonhazardous daughter products by radioactive decay. 

 The total volume of contaminated soil excavated from the 116-K-2 waste site and disposed at ERDF is estimated at 

11,800 m3 (15,400 yd3). An estimated 55,700 m3 (72,800 yd3) of clean overburden would have to be removed beforehand. 

 The mass of Cr(VI) that would be flushed from the 183.1KW Headhouse, 190KW Pump House, and 183.1KE Headhouse 

continuing sources is not known. The area that would undergo treatment is estimated at 14,400 m2 (165,100 ft2).  

 The mass of C-14 that would be flushed from the 116-KE-1 and 116-KW-1 waste sites is not known. The area that would 

undergo treatment is estimated at 300 m2 (3,230 ft2).  

 Estimated areas where active treatment through P&T occurs: 

- KW subarea Cr(VI) >48 µg/L = 3.4 ha (8.5 ac) 

- KE subarea Cr(VI) >48 µg/L = 7.7 ha (18.7 ac)  

- KN subarea Cr(VI) >10 µg/L = 49 ha (121 ac) 

-  K-N Boundary Cr(VI) >10 µg/L = 22 ha (54 ac) 

- KW subarea C-14 >2,000 pCi/L = 3.9 ha (9.7 ac) 

- KE subarea C-14 >2,000 pCi/L = 0.4 ha (1.0 ac)  

 Estimated areas of passive treatment: 

- 100-N Cr(VI) >10 µg/L = 62 ha (154 ac) 

- Nitrate >45,000 µg/L = 5.1 ha (112.7 ac) 

- TCE >4 µg/L = 48 ha (118 ac) 

- Tritium >2,000 pCi/L = 12 ha (30 ac)  

- Sr-90 >8 pCi/L = 3.1 ha (7.3 ac) 

 Degree of expected 

reduction in TMV 

  Toxicity and volume of radionuclide COCs in shallow and deep soil where ICs are implemented is eliminated through 

radioactive decay.  

 COPC toxicity for the 34 post-ROD waste sites and the 116-K-2 waste site is reduced during shallow and shallow/deep 

RTD through incidental mixing of contaminated soil with overburden. Mobility is reduced by disposal at ERDF. 

The volume disposed at ERDF is likely greater than the actual volume of contaminated soil.  

 TMV for C-14 and Cr(VI) is reduced at the identified waste sites and continuing sources by flushing the sorbed phase to 

groundwater for recovery and treatment by the P&T system. Spent treatment media are disposed at ERDF. 

 Sr-90, which is the primary radionuclide COC at waste sites UPR-100-K-1, 116-KE-3, 100-K-82, and 116-KW-2 and the 

116-K1/K2 Crib/Trench continuing source, has low mobility due to high Kd (12 mL/g) and low risk for exposure due to the 

depth of occurrence. The toxicity and volume are eliminated through radioactive decay. 

 TMV reduction for Cr(VI) and C-14 occurs by extracting contaminated groundwater, treating the water to concentrations 

below drinking water PRGs, and disposing the treatment residuals (e.g., spent IX and VPGAC media) at ERDF. 

 TCE-contaminated groundwater undergoes TMV reduction where co-extracted and treated by C-14 treatment technology.  

 Tritium- and Sr-90-contaminated groundwater toxicity and volume decrease through radioactive decay. Tritium toxicity 

and mobility are reduced by co-extraction and recirculation within the hydraulic capture zone. Sr-90 has low mobility in 

the aquifer, and contaminant fate and transport modeling shows that the plumes do not migrate from their 

current locations.  

 Nitrate toxicity and mobility are reduced where co-extracted by Cr(VI) and C-14 P&T operations through blending and 

recirculation within the hydraulic capture zone.  
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Table 4-6. Detailed Evaluation for Alternative 5: ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action for 82 Waste Sites; 
and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Degree to which 

treatment is irreversible 

Good  Passive treatment of radionuclide COCs and COPCs through radioactive decay is irreversible. 

 Soil flushing to remove sorbed C-14 and Cr(VI) from deep vadose zone soil for recovery by P&T and removal by air 

stripping/VPGAC and IX treatment is irreversible. 

 C-14 and TCE treatment through air stripping/VPGAC is irreversible, as is IX treatment for Cr(VI).  

 Radioactive decay for tritium and Sr-90 is irreversible. 

 MNA for nitrate in KW and KE subarea groundwater through denitrification to nitrogen gas is irreversible. Due to redox 

conditions, denitrification rates are expected to be slow. 

 MNA for TCE in KW and KE subarea groundwater through reductive dechlorination to cis-1,2-DCE is irreversible. Due to 

redox conditions, reductive dechlorination rates are expected to be slow. 

 Type and quantity of 

residuals remaining after 

treatment 

 No residuals posing a threat to human health and the environment would remain at the waste sites and continuing sources at 

the end of remedial action.  
 Low levels of Cr(VI), C-14, TCE, tritium, and nitrate below drinking water PRGs would remain in the aquifer following 

completion of P&T and MNA remedial action.  

 Low levels of Cr(VI) below the surface water PRG would remain in shoreline groundwater following completion of P&T 

remedial action.  

 Sr-90 would radioactively decay with no hazardous residuals.  

 Spent VPGAC and IX treatment media are disposed at ERDF. 

Short-term effectiveness Good  

 Time until PRGs are 

achieved (baseline year 

is 2018) 

  Direct contact PRGs would be achieved in timeframes of 25 years and 27 years at the two waste sites where excavation 

restriction ICs would be implemented. At 18 shallow post-ROD waste sites, direct contact PRGs would be achieved within 

5 years of RD/RAWP approval.  

 Groundwater/surface water protection PRGs would be achieved within 10 years of RD/RAWP approval at 16 post-ROD 

waste sites where shallow/deep RTD is implemented and within 10 years at the waste sites and continuing sources where 

soil flushing is implemented.  

 Groundwater/surface water protection PRGs where irrigation/deep excavation restrictions are implemented would be 

achieved in timeframes of 110 years (year 2128) and 300 years (year 2318). 

 The Cr(VI) 48 µg/L drinking water PRG for the aquifer and 10 µg/L surface water PRG for shoreline groundwater would 

be achieved based on the Cmax concentration in year: 

- KW subarea: 2029/2018  

- KE subarea: 2031/2019 

- KN subarea: 2019/2018 

- 100-N: 2018/2018 

 The drinking water PRG for C-14 would be achieved in year 2028 at the KW subarea and year 2026 in the KE subarea. 

 Drinking water PRGs for nitrate and tritium and groundwater PRG for TCE would be achieved in the aquifer by year 2028 

for all 100-K subareas.  

 The TI determination waives the requirement to comply with the Sr-90 8 pCi/L DWS until the DWS is achieved through 

radioactive decay.  

 Protection of community 

during remedial actions 

 Due to the remote location of the waste sites, there would be negligible impacts to the general community during waste site 

remedial activities. 

P&T O&M would pose negligible risk to the community due to the remote location of 100-K.  

 Protection of workers 

during remedial actions 

 Hanford Site workers follow a rigorous health and safety plan and use personal protective equipment that reduces the potential for exposure.  

 Environmental impacts   Nominal effects are associated with handling of COPC-contaminated soil during RTD of the post-ROD waste sites. 

Engineering controls would be implemented to prevent COPC release during the remedial action. 

 Model simulations show that Cr(VI) and C-14 concentrations in shoreline groundwater are below the surface water PRG 

and aquatic animal BCG, respectively. 

 Nitrate, TCE, and tritium do not reach concentrations in shoreline groundwater greater than their surface water effects 

level.  

 Sr-90 does not pose a threat to aquatic receptors because concentrations greater than the 278 pCi/L riparian animal BCG 

will not migrate to the shoreline. 

Implementability Good  

 Ability to construct and 

operate the technology  

  ICs and shallow/deep RTD are mature technologies widely used on the Hanford Site. 

 RTD previously implemented at the 116-K-2 waste site. 

 The soil flushing technology uses a simple drain field/drip emitter design that is easy to construct and operate using treated 

water from the P&T systems. 

 MNA and ICs for nitrate, TCE, and tritium, and P&T for Cr(VI) are mature technologies previously selected for use at the 

Hanford Site.  

 P&T for C-14 has not been previously implemented at the Hanford Site; however, with a Kd = 0 mL/g, it is readily 

removed from the aquifer using conventional extraction wells. Treatment for C-14 would use air stripping/VPGAC 

treatment. This technology pairing is similar to that used for treatment of carbon tetrachloride at 200 West P&T system; 

however, it has never been used for C-14 at the Hanford Site or any other remediation sites. 

 Groundwater monitoring (sampling and laboratory analysis) and data evaluation procedures are well established for the 

Hanford Site. 
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Table 4-6. Detailed Evaluation for Alternative 5: ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action for 82 Waste Sites; 
and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

 Reliability of the 

technology 

Good  ICs for radionuclide COCs and shallow/deep RTD for COPC contaminated soil are very reliable under the conditions 

where the waste sites are located. 

  Soil flushing has been successfully used for Cr(VI) removal from the vadose zone at the 183.1KW Headhouse area. 

 Based on 20 years of interim action experience, P&T for Cr(VI) is reliable from an extraction, treatment, and reinjection 

standpoint. P&T for C-14 is also expected to be reliable, although there is no experience using air stripping/VPGAC for 

C-14 treatment. Additional engineering evaluations will be performed to confirm the optimum pH and need for VPGAC 

treatment of air stripper off-gas. If these evaluations show off-gas treatment is not required, the VPGAC treatment step 

would be eliminated. 

 Radioactive decay of tritium and Sr-90 is reliable.  

 Abiotic/biotic transformation of nitrate to nitrogen gas, TCE to cis-1,2-DCE, and Cr(VI) to trivalent chromium are less 

reliable under the redox conditions in 100-K and 100-N groundwater, and may occur locally within fine-grained aquifer 

sediments only.  

 Ease of undertaking 

additional remedial 

actions, if necessary 

  Expansion of shallow and deep RTD to address discovery of additional COPC contamination can be readily undertaken 

using field screening and laboratory confirmation methods.  

 The soil flushing lateral and drip emitter system can be readily expanded and the water amended with a range of reagents 

to enhance flushing performance.  

 The P&T systems are readily modified by adding/subtracting extraction wells to respond to plume expansion or 

contraction over the remedy lifecycle. 

 Significant experience with optimization of P&T technology has been gained through annual remedial process 

optimization of the KW, KR4, and KX P&T systems. 

 Ability to monitor 

effectiveness of remedy 

  Field and laboratory sampling and analysis are readily performed to confirm shallow and deep RTD effectiveness.  

 Radioactive decay is well defined and does not require monitoring to confirm effectiveness.  

 The Hanford Site has a well-established program to monitor IC effectiveness sitewide.  

 Performance monitoring and data evaluation procedures to assess effectiveness of P&T and MNA remedies have been 

developed and implemented at the Hanford Site, as documented in annual P&T and groundwater monitoring reports.  

 The Hanford Site has a well-established program to monitor IC effectiveness sitewide. 

 Ability to obtain 

approvals from other 

agencies 

 Approvals from other agencies not expected to hinder implementability.  

 Coordination with other 

agencies 

 Coordination with other agencies or stakeholders not expected to hinder implementability.  

 Availability of offsite 

treatment, storage, and 

disposal services and 

capacity 

 Not applicable; no offsite waste shipment occurs. All excavated soil disposed at ERDF. Not applicable; spent treatment media (IX resin and VPGAC) would be disposed at ERDF. 

 Availability of necessary 

equipment and 

specialists 

 Equipment and manpower are readily available using existing Hanford Site resources. 

 Availability of 

prospective technologies 

 Each of the key technologies (ICs, shallow/deep RTD, soil flushing, P&T, and MNA) are readily designed, constructed, and operated using local resources.  

Estimated Cost (Base Year 2018) Waste Sites  Cr(VI) Continuing Sources Groundwater Total 

Capital cost $190 million $10 million $8 million $208 million 

Total annual O&M and periodic cost 

(nondiscounted) 
$26 million $2 million $165 million $193 million 

Present worth cost $209 million $12 million $164 million $385 million 

 Nondiscounted cost $217 million $12 million $173 million $402 million 
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Table 4-6. Detailed Evaluation for Alternative 5: ICs for 16 Waste Sites, RTD for 59 Waste Sites, Soil Flushing for 2 Waste Sites, and No Action for 82 Waste Sites; 
and Source Treatment (Cr(VI)) with MNA, ICs, P&T (All Areas), and TI Determination (Sr-90) for Groundwater 

Criterion Rating 

Detailed Analysis 

Waste Sites and Continuing Sources Groundwater Plumes 

Modifying Criteria 

State acceptance Not 

evaluated Will be evaluated following the public comment period held following issuance of the proposed plan. 
Community acceptance 

Reference: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions. 

Note: For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land-use scenario, used to represent residential use. The term “PRG” refers to a PRG value calculated for conservation with native vegetation land use. 

ARAR = applicable or relevant and appropriate requirement 

BCG = biota concentration guideline 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980 

Cmax = highest model cell COC concentration in the model domain 

COC = contaminant of concern 

COPC = contaminant of potential concern 

DWS = drinking water standard 

ELCR = excess lifetime cancer risk 

ERDF = Environmental Restoration Disposal Facility 

IC = institutional control 

IX = ion exchange 

Kd = soil-water distribution coefficient 

MNA = monitored natural attenuation 

P&T = pump and treat 

PRG = preliminary remediation goal 

RD/RAWP = remedial design/remedial action work plan 

ROD = Record of Decision 

RTD = removal, treatment, and disposal 

SSL = soil screening level 

TI = technical impracticability 

TMV = toxicity, mobility, or volume 

VPGAC = vapor-phase granular activated carbon 

 1 
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Figure 4-15.  Alternative 5 Cmax Cr(VI) Concentration Trends in KN Subarea and 100-N Aquifer and Shoreline Groundwater 2 
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The addition of RTD for the 116-K-2 waste site under Alternative 5 yields more favorable ratings for 1 

long-term effectiveness and permanence and for short-term effectiveness, and lower ratings for reduction 2 

of TMV through treatment and implementability. Overall, the 116-K-2 waste site RTD component 3 

represents a small portion of Alternative 4, accounting for 3.1% of the total cost. Therefore, the overall 4 

balancing criteria ratings for Alternative 5 are the same as presented for Alternative 3. 5 

4.3 Comparative Evaluation of Alternatives 6 

This section summarizes the advantages and disadvantages of each alternative to identify the key 7 

tradeoffs that support identification of a preferred alternative. The comparative evaluation is summarized 8 

in Table 4-7 and discussed in the following subsections. As indicated in Section 4.2.1, Alternative 1 – 9 

No Action does not protect human health and the environment, nor does it comply with ARARs. 10 

Therefore, this alternative cannot be selected and was not carried forward for comparative analysis. 11 

4.3.1 Overall Protection of Human Health and the Environment 12 

For the shallow waste sites, each alternative protects current and future human health. Alternatives 2, 3, 4, 13 

and 5 provide a comparable and high level of protection by implementing shallow RTD at 17 post-ROD 14 

waste sites where COPCs are presumed to occur at concentrations greater than human health and 15 

ecological PRGs. Excavation ICs are implemented at two shallow waste sites until radioactive decay 16 

reduces COC concentrations to direct contact PRGs within 27 years.  17 

For the shallow/deep post-ROD waste sites, each alternative protects the environment. Alternatives 2, 3, 18 

4, and 5 provide a comparable and high level of protection by implementing shallow/deep RTD at 19 

18 post-ROD waste sites where COPCs are presumed to occur at concentrations greater than human 20 

health, ecological, and groundwater/surface water protection PRGs. At the remaining deep waste sites, 21 

irrigation and deep excavation ICs or soil flushing are implemented to achieve groundwater/surface water 22 

protection PRGs. Deep excavation restrictions are implemented at waste sites with deep radionuclides 23 

until decay reduces COC concentrations to direct contact PRGs. 24 

For groundwater, each alternative protects human health by maintaining an IC that restricts groundwater 25 

use until PRGs for Cr(VI) and C-14 are achieved through P&T. For nitrate, TCE, and tritium, the PRGs 26 

are achieved within 10 years through MNA. The Sr-90 TI determination in Alternatives 2, 3, 4, and 5 27 

protects human health by maintaining the groundwater use restriction IC until Sr-90 concentrations decay 28 

below the 8 pCi/L DWS in KW and KE subarea groundwater. Alternatives 3, 4, and 5 provide 29 

a comparable and the high level of protection for the environment by implementing P&T in the KW, KE, 30 

and KN subareas to support attainment of the 10 µg/L surface water PRG in shoreline groundwater. 31 

Alternative 2 provides less protection for the environment because MNA for the KN subarea and 32 

K-N Boundary Cr(VI) plumes does not achieve the Cr(VI) surface water PRG in 100-N shoreline 33 

groundwater within the 125-year model simulation timeframe.  34 

4.3.2 Compliance with ARARs 35 

Alternative 2 complies with chemical-specific ARARs by achieving direct contact PRGs in shallow soil; 36 

groundwater/surface water protection PRGs in deep soil; drinking water ARARs for Cr(VI), C-14, nitrate, 37 

tritium, and TCE in the aquifer; and the Cr(VI) surface water ARAR in KW, KE, and KN shoreline 38 

groundwater. Compliance with the Cr(VI) surface water ARAR in 100-N shoreline groundwater does not 39 

occur within the 125-year model simulation period, and a manual calculation indicates an additional 40 

20 years (145 years total) are required. Compliance with the Sr-90 drinking water ARAR in the aquifer 41 

would be waived under the TI determination.  42 
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Table 4-7. Comparative Analysis of Alternative Summary 

Criterion 

Alternative 1: 

No Action 

Alternative 2: ICs for 16 Waste Sites, RTD 

for 58 Waste Sites, Soil Flushing for 2 Waste 

Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI)) with MNA, 

ICs, P&T (KW, KE), and TI Determination 

(Sr-90) for Groundwater 

Alternative 3: ICs for 16 Waste Sites, RTD 

for 58 Waste Sites, Soil Flushing for 2 Waste 

Sites, and No Action for 82 Waste Sites; and 

Source Treatment (Cr(VI)) with MNA, 

ICs, P&T (All Areas), and TI Determination 

(Sr-90) for Groundwater 

Alternative 4: ICs for 16 Waste Sites, RTD 

for 58 Waste Sites, Soil Flushing for 3 Waste 

Sites, and No Action for 82 Waste Sites; and 

Source Treatment (Cr(VI)) with MNA, 

ICs, P&T (All Areas), and TI Determination 

(Sr-90) for Groundwater 

Alternative 5: ICs for 16 Waste Sites, RTD 

for 59 Waste Sites, Soil Flushing for 2 Waste Sites, 

and No Action for 82 Waste Sites; and Source 

Treatment (Cr(VI)) with MNA, 

ICs, P&T (All Areas), and TI Determination (Sr-90) 

for Groundwater 

Key Technologies 

Shallow waste sites  Not applicable Excavation ICs (2 waste sites), RTD (18 post-ROD waste sites) 

Shallow/deep waste sites; continuing sources Deep excavation ICs; irrigation/deep excavation ICs (5 waste sites); and shallow/deep RTD (16 post-ROD waste sites); and soil flushing (2 post-ROD waste sites, 3 continuing sources) 

Waste site 116-K-2  Irrigation restriction for Cr(VI) at eastern end (300 years) and deep excavation restriction for 

radionuclides at eastern and western ends (167 years) 

Soil flushing for Cr(VI) RTD for Cr(VI) and radionuclides at eastern end 

Groundwater plumes: Cr(VI), C-14, nitrate, TCE, 

tritium, and Sr-90 

P&T for Cr(VI) and C-14 in KW and KE subarea 

groundwater; MNA for Cr(VI) in KN subarea and 

100-N groundwater and for nitrate, TCE, and 

tritium in KW and KE subarea groundwater; 

TI determination for Sr-90 

P&T for Cr(VI) and C-14 in KW and KE subarea 

groundwater, and Cr(VI) in KN subarea 

groundwater; MNA for nitrate, TCE, and tritium 

in KW and KE subarea groundwater; TI 

determination for Sr-90 

P&T for Cr(VI) and C-14 in KW and KE 

subarea groundwater, and Cr(VI) in KN subarea 

groundwater; MNA for nitrate, TCE, and 

tritium in KW and KE subarea groundwater; 

TI determination for Sr-90. 

P&T for Cr(VI) and C-14 in KW and KE subarea 

groundwater, and Cr(VI) in KN subarea groundwater; 

MNA for nitrate, TCE, and tritium in KW and KE 

subarea groundwater; TI determination for Sr-90 

Threshold Criteria 

Protects human health and the environment No Yes Yes Yes Yes 

Complies with ARARs No Yes                                                                           

(not within 125-year timeframe for Cr(VI) in 

100-N shoreline groundwater for the K-N 

Boundary plume) 

Yes Yes Yes 

Balancing Criteria 

Long-term effectiveness and permanence Not evaluated Good Superior Superior Superior 

Reduction of TMV through treatment Not evaluated Fair Good Good Good 

Short-term effectiveness Not evaluated Fair Good Good Good 

Waste site/continuous source cleanup timeframe:    

- Shallow - 25 and 27 years (ICs); within 10 years of RD/RAWP approval (RTD) - same as Alternatives 2 and 3 - same as Alternatives 2 and 3 

- Deep - Within 10 years of RD/RAWP approval for RTD and by year 2026 for soil flushing - same as Alternatives 2 and 3 - same as Alternatives 2 and 3 

- Deep radionuclides only - 36 to 34,900 years (ICs) - same as Alternatives 2 and 3 - same as Alternatives 2 and 3 

- 116-K-2 Cr(VI) - 300 years - by year 2026 - within 10 years of RDR/RAWP approval 

Groundwater cleanup timeframe:      

- Cmax aquifer  - 15 years (Cr(VI)), 10 years (C-14), 10 years 

(nitrate, TCE, tritium) 

- 15 years (Cr(VI)), 10 years (C-14), 10 years 

(nitrate, TCE, tritium) 

- 15 years (Cr(VI)), 10 years (C-14), 10 years 

(nitrate, TCE, tritium) 

- 15 years (Cr(VI)), 10 years (C-14), 10 years (nitrate, 

TCE, tritium) 

- Cmax shoreline groundwater  - Greater than 125 years (CrVI)) - Less than 5 years (CrVI) - Less than 5 years (Cr(VI)) - Less than 5 years (Cr(VI)) 

Implementability Not evaluated Fair Good Good Good 

Cost 

Total present worth cost  $0 $341 million $374 million $377 million $385 million 

Present Worth Cost Range 

 -30% $0 $239 million $262 million $264 million $270 million 

 +50% $0 $512 million $561 million $566 million $578 million 
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Table 4-7. Comparative Analysis of Alternative Summary 

Criterion 

Alternative 1: 

No Action 

Alternative 2: ICs for 16 Waste Sites, RTD 

for 58 Waste Sites, Soil Flushing for 2 Waste 

Sites, and No Action for 82 Waste Sites; 

and Source Treatment (Cr(VI)) with MNA, 

ICs, P&T (KW, KE), and TI Determination 

(Sr-90) for Groundwater 

Alternative 3: ICs for 16 Waste Sites, RTD 

for 58 Waste Sites, Soil Flushing for 2 Waste 

Sites, and No Action for 82 Waste Sites; and 

Source Treatment (Cr(VI)) with MNA, 

ICs, P&T (All Areas), and TI Determination 

(Sr-90) for Groundwater 

Alternative 4: ICs for 16 Waste Sites, RTD 

for 58 Waste Sites, Soil Flushing for 3 Waste 

Sites, and No Action for 82 Waste Sites; and 

Source Treatment (Cr(VI)) with MNA, 

ICs, P&T (All Areas), and TI Determination 

(Sr-90) for Groundwater 

Alternative 5: ICs for 16 Waste Sites, RTD 

for 59 Waste Sites, Soil Flushing for 2 Waste Sites, 

and No Action for 82 Waste Sites; and Source 

Treatment (Cr(VI)) with MNA, 

ICs, P&T (All Areas), and TI Determination (Sr-90) 

for Groundwater 

Modifying Criteria 

State acceptance and community acceptance Evaluated following issuance of the proposed plan. 

Superior = Alternative has no apparent disadvantages or uncertainties.          Good  = Alternative has minor disadvantages or uncertainties          Fair  = Alternative has some disadvantages or uncertainties           Poor  = Alternative has more disadvantages or uncertainty 

ARAR = applicable or relevant and appropriate requirement 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

Cmax = highest model cell contaminant of concern concentration in the model domain 

IC = institutional control 

MNA = monitored natural attenuation 

P&T = pump and treat 

RTD = removal, treatment, and disposal 

TI = technical impracticability 

TMV = toxicity, mobility, or volume 

 1 
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Alternatives 3, 4, and 5 comply with chemical-specific ARARs by achieving direct contact PRGs in 1 

shallow soil; groundwater/surface water protection PRGs in deep soil; drinking water ARARs for Cr(VI), 2 

C-14, nitrate, tritium, and TCE in the aquifer; and the Cr(VI) surface water ARAR in shoreline 3 

groundwater. Compliance with the Sr-90 drinking water ARAR in the aquifer would be waived under 4 

the TI determination included in Alternatives 2, 3, 4, and 5. 5 

Compliance with action- and location-specific ARARs for Alternatives 2 through 5 would be achieved by 6 

implementing the design and remedial action in accordance with an approved RD/RAWP. 7 

4.3.3 Long-Term Effectiveness and Permanence 8 

As described in Section 4.2 and summarized in Table 4-6, Alternatives 3, 4, and 5 were all rated as 9 

providing superior long-term effectiveness and permanence, with no apparent disadvantages or 10 

uncertainties. Alternative 2 was rated fair and was therefore ranked lower because MNA for the 11 

KN subarea and K-N Boundary Cr(VI) plumes does not achieve the surface water PRG in 100-N 12 

shoreline groundwater within 125 years. 13 

The key differences between Alternatives 3, 4, and 5 are the technologies used to address the Cr(VI) 14 

groundwater protection PRG exceedance (concentration of 6.06 mg/kg versus PRG of 6.0 mg/kg) in deep 15 

soil at the 116-K-2 waste site located near the KN shoreline. Based on the 116-K-2 waste site 16 

considerations, Alternative 5 (RTD) should provide a higher degree of long-term effectiveness and 17 

permanence because it achieves the lowest Cr(VI) concentration in groundwater, and therefore the lowest 18 

level of residual risk, of 1.4 µg/L in KN shoreline groundwater. Alternative 4 (soil flushing) and 19 

Alternative 3 (300-year irrigation IC) provide less long-term effectiveness and permanence because their 20 

projected Cr(VI) concentrations in shoreline groundwater are slightly higher (1.9 and 3.1 µg/L, 21 

respectively). Following Alternative 4 (soil flushing) and Alternative 5 (RTD) completion, there would be 22 

no need for the Alternative 3 irrigation restriction IC component; however, the presence of radionuclides 23 

at the 116-K-2 waste site would still require maintenance of the deep excavation IC until year 2185.  24 

To further assess if Alternatives 4 or 5 versus Alternative 3 are warranted at the 116-K-2 waste site, 25 

Cr(VI) concentrations trends for well 199-K-37 were evaluated. This well is located near 116-K-2 and has 26 

generally exhibited the highest Cr(VI) concentrations within the KN subarea plume. As shown in 27 

Figure 4-16 (top right chart), Cr(VI) concentrations decreased rapidly at well 199-K-37 following startup 28 

of the KX P&T system in 2009. However, Cr(VI) concentrations have remained relatively stable at 29 

20 µg/L since 2011, suggesting the presence of a residual source. The groundwater model simulations 30 

indicate that Cr(VI) concentrations in KN shoreline groundwater will rebound following cessation of 31 

P&T operations in December 2032. However, the concentration is not projected to increase above the 32 

10 µg/L surface water PRG, suggesting that the magnitude of the residual source is low.  33 

4.3.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 34 

Alternatives 3, 4, and 5 were all rated good (Table 4-6) for the balancing criterion of reduction of TMV 35 

through treatment, with the primary disadvantage being no active treatment for the 220,000 m3 36 

(288,000 yds3) of contaminated soil that would be excavated from the 34 post-ROD waste sites for 37 

transport and disposal at ERDF. Alternative 2 was rated fair and was the lowest of the four alternatives 38 

due to the greater use of passive treatment to address the KN subarea and K-N Boundary Cr(VI) plumes. 39 

Based on the 116-K-2 waste site considerations, Alternative 4 (soil flushing) would provide greater TMV 40 

reduction through treatment than Alternative 5 (RTD) and Alternatives 2 and 3 (irrigation IC) because 41 

soil flushing reduces Cr(VI) toxicity and volume. While mobility is temporarily increased during the 42 

one-year flushing period, this mobility is controlled by concurrent groundwater extraction.   43 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

4-72 

 1 

This page intentionally left blank. 2 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

4-73 

 1 

Figure 4-16. Long-Term Effectiveness and Cost Considerations for the 100-K Remedial Action Alternatives  2 
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4.3.5 Short-Term Effectiveness 1 

Alternatives 3, 4, and 5 were rated good (Table 4-6) for the balancing criterion of short-term 2 

effectiveness, with the primary disadvantage being irrigation and deep excavation restriction durations of 3 

up to 300 years. Alternative 2 was rated fair and was lower than Alternatives 3, 4, and 5 due to the 4 

extended timeframe of >125 years required to achieve the Cr(VI) surface water PRG in 100-N shoreline 5 

groundwater. River protection is an important mission for the River Corridor OUs. As shown in 6 

Figure 4-16 (lower right-hand chart), in the absence of groundwater and continuing source remedial 7 

action, Cr(VI) concentrations in 100-K and 100-N shoreline groundwater will exceed the surface water 8 

PRG along shoreline segments ranging in length from 175 m (575 ft) at 100-N to 475 m (1,560 ft) for the 9 

KE subarea. As described previously, Alternatives 3, 4, and 5 provide the greatest protection for the 10 

Columbia River by achieving the Cr(VI) surface water PRG along the full shoreline.  11 

Based on the 116-K-2 waste site considerations, Alternative 5 (RTD) would provide slightly higher 12 

short-term effectiveness than Alternative 4 (soil flushing) and Alternatives 2 and 3 (irrigation IC) because 13 

the groundwater protection PRG would be achieved in a shorter timeframe. However, as shown in 14 

Figure 4-16, the Cr(VI) surface water PRG is achieved in KN shoreline groundwater regardless of the 15 

action taken at the 116-K-2 waste site. 16 

4.3.6 Implementability 17 

Alternatives 3, 4, and 5 were all rated good (Table 4-6), with minor uncertainty for the balancing criterion 18 

of implementability. All of the primary technologies including shallow/deep RTD, P&T, and to a lesser 19 

extent soil flushing, have been successfully implement at the Hanford Site. The key uncertainties 20 

associated with these three alternatives include (1) limited experience with the soil flushing technology 21 

and confirmation that the technology can achieve groundwater protection PRGs for Cr(VI) and C-14 in 22 

deep soil, and (2) no experience with the air stripping and VPGAC treatment technology for C-14 23 

treatment in groundwater. Alternative 2 was rated fair and was lower than Alternatives 3, 4, and 5 because 24 

MNA for KN subarea and K-N Boundary Cr(VI) plumes is an unreliable component. 25 

Based on the 116-K-2 waste site considerations, Alternative 4 was rated the highest. Construction of the 26 

soil flushing component could be performed with the footprint of the previous RTD interim action with 27 

minimal disturbance to adjacent areas. However, Alternative 5 (with an estimated excavation depth of 28 

15 m [49 ft]) would disturb a much larger area than the previous 7.4 m (25 ft) depth RTD interim action. 29 

Additionally, based on proximity of the 116-K-2 waste site to the Columbia River and the depth of 30 

excavation, the potential for encountering groundwater is greater. Saturated conditions can make RTD 31 

more difficult to implement if dewatering and water management controls are required. Alternative 3, 32 

with a 300-year irrigation IC, was rated the lowest. 33 

4.3.7 Cost 34 

With respect to the balancing criterion of cost, Alternative 2 with a total estimated present value cost of 35 

$341 million is the lowest cost alternative, with Alternative 3 higher at $374 million, Alternative 4 at 36 

$377 million, and Alternative 5 having the highest cost at $385 million. The total present value cost of 37 

each alternative by various waste site categories and its associated groundwater component cost is 38 

provided in Table 4-8.   39 
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Table 4-8. Remedial Action Alternative Cost Estimate by Waste Site Category and Groundwater 

Cost Component 

Present Value Cost 

Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Waste Site Category and (Waste Site Count by Alternative) 

Shallow ICs (two waste sites [all 

alternatives]) 
$700,000 $700,000 $700,000 $700,000 

Deep ICs for radionuclides only (eight 

waste sites [all alternatives]) 
$3,000,000 $3,000,000 $3,000,000 $3,000,000 

Shallow RTD (18 post-ROD waste sites 

[all alternatives]) 
$22,000,000 $22,000,000 $22,000,000 $22,000,000 

Shallow/deep RTD (16 waste sites all 

alternatives and the 116-K-2 waste site 

[Alternative 5]) 

$160,000,000 $160,000,000 $160,000,000 $172,000,000 

Soil flushing (two C-14 waste sites all 

alternatives, and the 116-K-2 waste site 

[Alternative 4]) 

$9,000,000 $9,000,000 $14,000,000 $9,000,000 

Irrigation/deep excavation ICs (six waste 

sites all alternatives with no irrigation IC for 

the 116-K-2 waste site [Alternative 5])  

$4,000,000 $4,000,000 $3,000,000 $3,000,000 

Subtotal Cost $198,000,000 $198,000,000 $201,000,000 $209,000,000 

Continuing Source 

Continuing source (soil flushing) $12,000,000 $12,000,000 $12,000,000 $12,000,000 

Groundwater 

Pump and treat  $131,000,000 $161,000,000 $161,000,000 $161,000,000 

MNA (TCE, nitrate, and tritium) $2,000,000 $2,000,000 $2,000,000 $2,000,000 

Groundwater use restriction IC and 

monitoring for Sr-90 technical 

implementability determination 

$1,000,000 $1,000,000 $1,000,000 $1,000,000 

Subtotal Cost $135,000,000 $165,000,000 $178,000,000  

Total Present Value Cost $341,000,000 $374,000,000 $377,000,000 $385,000,000 

IC = institutional control 

MNA = monitored natural attenuation 

RTD = removal, treatment, and disposal 

 1 

As shown in Figure 4-16, the incremental cost is associated with addressing the following: 2 

 KN subarea and K-N Boundary Cr(VI) groundwater plumes to achieve shoreline protection under 3 

Alternatives 3, 4, and 5 is estimated at $30 million. 4 

 To address the deep Cr(VI) contamination at the 116-K-2 waste site, deep RTD under Alternative 5 5 

adds $12 million, while soil flushing under Alternative 4 adds about $5 million versus $1.4 million 6 

for a 300-year irrigation restriction IC under Alternatives 2 and 3.  7 
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A Technology Screening – Technologies Not Retained 1 

The remediation technologies discussed in this appendix were screened out in the feasibility study (FS) 2 

and, therefore, were not incorporated into a remedial action alternative to address waste site soil and 3 

groundwater containing contaminants of concern (COCs) at concentrations greater than preliminary 4 

remediation goals (PRGs).  5 

A1 Additional Information on Technologies Not Retained 6 

for Assembly into Remedial Action Alternatives 7 

The exposure pathways and COCs in waste site soil that pose a threat to human health through the direct 8 

contact exposure pathway and leaching to groundwater pathway include the following:  9 

 Direct contact risk: Radionuclides cesium-137 (Cs-137), europium-152 (Eu-152), and strontium-90 10 

(Sr-90) 11 

 Leaching to groundwater: Carbon-14 (C-14), tritium, and hexavalent chromium (Cr(VI))  12 

There is also a group of post-Record of Decision (ROD) waste sites with a range of contaminants of 13 

potential concern (COPCs) that were carried forward into the FS because the selected remedy of removal, 14 

treatment, and disposal (RTD) was not completed under the interim action ROD. Technology screening 15 

for most of these waste sites was not performed because the selected interim action remedy of RTD is 16 

also the proposed remedial action alternative for these waste sites in the FS. However, technology 17 

screening was performed for several partially remediated waste sites with known deep soil contamination 18 

(primarily C-14 and Sr-90). RTD is not currently implementable at these waste sites based on the 19 

proximity to the KE and KW Reactor buildings. The COCs in groundwater at concentrations greater than 20 

PRGs include Cr(VI) and collocated total chromium, radionuclides (C-14, Sr-90, and tritium), nitrate, and 21 

trichloroethene (TCE). 22 

The following sections present additional information on the technologies that were not retained for waste 23 

site soil and groundwater. Waste site remediation technologies that were not retained are discussed first, 24 

followed by those technologies not retained for contaminated groundwater remediation. 25 

A2 Waste Site Soil 26 

The waste site soil technologies not retained from the technology screening presented in Table 2-10 in the 27 

main text of this FS are grouped and discussed by the general response action categories of containment, 28 

ex situ treatment, and in situ treatment. 29 

A2.1 Containment – Subsurface Barriers 30 

Subsurface barriers are constructed to create a durable, low-permeability wall that fully encloses 31 

a contaminated waste site to prevent direct contact or to prevent contaminant leaching and transport to 32 

groundwater. Subsurface barrier technologies are typically identified by their construction method 33 

(RPP-ENV-34028, Central Plateau Vadose Zone Remediation Technology Screening Evaluation) and 34 

include the following: 35 

 Jet grouting: Involves injection of Portland cement to create a linear array of overlapping subsurface 36 

vertical columns that harden when the cement-soil mixture cures, thereby creating a durable, 37 

low-permeability barrier around the waste site. 38 
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 Soil freezing: Involves placement of subsurface cooling equipment that freezes the soil into a solid 1 

mass. Soil freezing requires a significant amount of soil moisture to form the ice that bonds the matrix 2 

together. In arid environments, supplemental soil moisture would be required during construction to 3 

form ice. Following construction, this technology requires continued operation of the cooling system 4 

to maintain the ice wall. 5 

 Wire saw barriers: Uses a diamond wire saw to emplace a dense, grout slurry-filled trench enclosing 6 

a waste site. The excised soil block ultimately floats free from surrounding soil and is surrounded by 7 

the grout on the sides and bottom. 8 

A2.1.1 Relevant Demonstration Projects 9 

The jet grouting and soil freezing technologies are relatively mature technologies for geotechnical 10 

(excavation shoring and/or groundwater control) applications. At the Hanford Site, these two technologies 11 

have not been used for remediation purposes. The wire saw barrier technology is in the development and 12 

testing stage (RPP-ENV-34028).  13 

A2.1.2 Evaluation and Screening Rationale 14 

Subsurface geologic conditions at 100-K consist of Hanford formation gravels/cobbles and Ringold 15 

Formation unit E silty/sand cemented gravels. These conditions would pose construction challenges for 16 

all three subsurface barrier construction methods, potentially resulting in segments where grout is not 17 

fully emplaced or where the ice does span the full barrier width. Given the uncertainty on overall 18 

completeness, the effectiveness of these process options is rated low. Similarly, all three process options 19 

were rated low for implementability because the construction conditions would be difficult due to the 20 

Hanford formation gravels and cobbles that require penetration. Given the low potential for successful 21 

implementation of this technology, horizontal subsurface barriers as a waste site containment technology 22 

were not retained for further consideration.  23 

A2.2 Ex Situ Treatment 24 

Following excavation, soil may have to be treated with ex situ methods to meet Environmental 25 

Restoration Disposal Facility (ERDF) waste acceptance criteria (ERDF-00011, Environmental 26 

Restoration Disposal Facility Waste Acceptance Criteria). Ex situ treatment technologies not retained for 27 

further consideration are discussed in this section. Based on the radionuclide concentrations measured in 28 

remedial investigation soil samples, pre-treatment to meet ERDF waste acceptance criteria is not expected 29 

to be required. Therefore, the ex situ treatment technologies described and evaluated in the following 30 

sections were rejected primarily because they will likely not be required prior to ERDF disposal. 31 

A2.2.1 Physical – Soil Washing 32 

Soil washing is an ex situ process that applies a water-based solution to a contaminated soil to physically 33 

or chemically separate contaminants sorbed onto fine soil particles from bulk soil. The process uses 34 

mechanical scouring, tank emersion, or pressure sprays. The washwater may be augmented by a basic 35 

leaching agent, surfactant, chelating agent, or pH adjustment to help remove the contaminant. According 36 

to the U.S. Environmental Protection Agency (EPA), the washwater and various soil size fractions are 37 

usually separated using gravity settling (EPA 542-B-93-012, Innovative Site Remediation Technology Soil 38 

Washing/Soil Flushing). Generally, the washwater is a relatively dilute liquid process stream that would 39 

require treatment (e.g., removal of solids and contaminants) before discharge. Use of strong extracting 40 

solutions (e.g., acids) requires additional chemical-handling and aqueous treatment (neutralization) steps 41 

that would add to the overall complexity and cost of operations.  42 
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The soil washing process is applicable to contaminants that preferentially sorb to the small particle 1 

fraction. Soil washing technology is generally applied to soil contaminated with semivolatile organic 2 

compounds (SVOCs), hydrocarbons, metals, and radionuclides. To be economical, the process requires 3 

relatively short contact times and rapid kinetics. Soil size distribution controls the equipment design and 4 

operation. Soil washing is used extensively in Europe, but commercialization in the United States is less 5 

extensive (FRTR, 2011, “4.19 Soil Washing (Ex Situ Soil Remediation Technology)”). 6 

A2.2.1.1 Relevant Demonstration Projects 7 

Reports describing field or bench-scale treatability tests from washing Sr-90-contaminated soil at other 8 

sites were not identified. However, a treatability project to evaluate the effectiveness of soil washing was 9 

performed by Pacific Northwest National Laboratory (PNNL) in 1994 on material obtained from 10 

a plutonium crib (WHC-SD-EN-TI-268, 100 Area Soil Washing: Bench-Scale Tests on 116-F-4 Pluto 11 

Crib Soil). Physical separation (wet sieving), physical treatment (attrition scrubbing and autogenous 12 

surface grinding), and chemical extraction were used to separate the radioactively contaminated and 13 

uncontaminated soil fractions. Particle size distribution data indicated that soil used in this study was 14 

primarily composed of poorly graded gravel with approximately 17% sand and minor amounts of cobbles 15 

and silt-clay fractions. The organic carbon content was low in this alkaline soil. Soil washing 16 

effectiveness was based on removal of Cs-137 from the gravel- and sand-size fractions. Using 17 

water-based autogenous surface grinding on only the gravel media (which is 81% of the soil mass), 18 

approximately 55% of the material was able to achieve the backfill reuse criteria. In the gravel fraction, 19 

the residual Cs-137 concentration was around 19 pCi/g. By treating both gravel (using water-based 20 

autogenous surface grinding) and sand (using two-stage attrition scrubbing with an electrolyte followed 21 

by chemical extraction), 66% of the total soil mass was able to achieve the backfill reuse criteria 22 

(WHC-SD-EN-TI-268).  23 

Another bench-scale treatability study completed by PNNL in 1994 tested two contaminated soils from 24 

the 100 Area (DOE/RL-93-107, 100 Area Soil Washing Bench-Scale Tests). Soil washing tests were 25 

focused on samples from the 116-C-1 Trench (batch II) and 116-D-1B Trench (batch III), and 26 

effectiveness was assessed based on removal of cobalt-60 (Co-60), Eu-152, and Cs-137. Physical 27 

(attrition scrubbing and autogenous grinding) and chemical extraction treatment methods were used. 28 

The batch II material was primarily composed of coarse material (97.2%), >2 mm in size, with low 29 

organic carbon content. This soil was subjected to autogenous grinding of the coarse fraction in a 17% 30 

electrolyte solution. Results indicated reduction of Co-60 and Eu-152 concentrations; however, 31 

the Cs-137 concentration was only reduced by 25%. Approximately 5% fines by weight were generated. 32 

Batch III soil was primarily composed of a coarse material (46.9%), with the remaining material 33 

comprised of fines ranging from 2 to 0.25 mm (42.3% by weight). Results from tests on batch III soil 34 

showed that 84% to 87% of the material could be treated. Washing was effective when wet sieving was 35 

combined with either two-stage attrition scrubbing in an electrolyte solution or a single chemical 36 

extraction step.  37 

A treatability study for physical separation methods was conducted at the 300-FF-1 Operable Unit (OU) 38 

in 1994 (DOE/RL-93-96, 300-FF-1 Operable Unit Remedial Investigation Phase II Report: Physical 39 

Separation of Soils Treatability Study). The study objective was to evaluate the use of physical separation 40 

systems to concentrate chemical and radiochemical contaminants (uranium-238 and uranium-235) into 41 

fine soil fractions to reduce the volumes (target of 90% reduction by weight of contaminated soils) 42 

required for treatment. Physical separation methods were limited to a water-based technology to separate 43 

soil particles by size fraction without using chemical processes so the coarse fraction of soil would meet 44 

cleanup limits. Physical separation methods were found to be adequate in reducing the amount of 45 

contaminated soils; however, the cost effectiveness of this approach for soils with concentrations near 46 
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background levels was questioned. The study also indicated that physical separation processes are not 1 

recommended for treating concentrated soil fines.  2 

A pilot demonstration of soil washing for uranium-contaminated soil from the RMI Titanium Company 3 

Extrusion Plant in Ashtabula, Ohio (DOE, 1998a, Cost and Performance Report: Chemical Extraction for 4 

Uranium Contaminated Soil) was conducted. This soil was composed primarily of clay, clay loam, and 5 

silty loam with a low organic content. Soil was processed in a 0.4 m3 (15 ft3) cement mixer containing 6 

a 0.2M NaHCO3 solution at 46°C (115°F). Each batch treated 0.9 to 1.8 metric tons (1 to 2 tons) of soil 7 

for 1.5 hours using a 30% solids-to-slurry ratio. Overall, 58 metric tons (64 tons) of contaminated soil 8 

were treated between January 7 and February 14, 1997, in a total of 38 batches. Concentrations of 9 

uranium treated in this process ranged from 74 to 146 pCi/g, with a treatment standard set at 30 pCi/g. 10 

The treated soil had an average uranium removal efficiency of 82%, resulting in a 95% reduction in 11 

disposal volume (DOE, 1998a). 12 

A2.2.1.2 Evaluation and Screening Rationale 13 

Extrapolation of Cs-137 soil washing performance to Sr-90 indicates that the technology would likely 14 

have low to moderate effectiveness when an appropriate combination of washing approaches and 15 

solutions are used. While treatment effectiveness for other COCs may be higher, many of the COCs are 16 

commingled in soil; therefore, the technology’s effectiveness was assessed based on its ability to address 17 

all COCs. Overall, this technology is complex due to the intensity and sequencing of the mechanical 18 

processing and washing steps required to remove strongly sorbed contaminants, and the backend 19 

requirements for treatment residuals. Wash solution more aggressive than water would likely be required 20 

to remove Sr-90 from soil because of the strength of Sr-90 adsorption, and for total petroleum 21 

hydrocarbons (TPH) due to its low aqueous solubility. The use of caustic or acid wash solutions 22 

complicates the equipment and material handling of the wash process. Until a field-scale pilot 23 

demonstration is completed, there is uncertainty whether the soil washing technology would sufficiently 24 

reduce Sr-90 concentrations to a level that would allow for onsite reuse.  25 

Soil washing was rated as having low to moderate implementability due to the mechanically complex 26 

nature of the slurry contact equipment, and the aggregate washing and process steps. Post-wash handling 27 

and disposal of the wash solutions adds additional complexity, further reducing the technology’s 28 

implementability. The relative cost of ex situ soil washing is moderate to high because of material 29 

handling and post-wash liquid treatment and disposal costs. Costs for soil washing under Hanford Site 30 

conditions could exceed $70/m3 based on estimates made using the 2006 remedial action cost engineering 31 

and requirements software (FRTR, 2011) for sites with 200,000 yd3 of contaminated material. The cost 32 

would increase if more aggressive washing solutions are required. 33 

A2.2.2 Physical/Chemical – Solidification/Stabilization 34 

Ex situ solidification/stabilization (ESS) is a treatment process that uses a binding agent to reduce 35 

contaminant mobility by physically binding or enclosing contaminated soil particles within a stabilized 36 

mass (solidification), or via chemical reactions between the stabilizing agents and contaminants. 37 

The addition of binding agent also reduces contaminant toxicity and bioavailability. ESS is performed in 38 

a mix plant. A wide variety of solidification/stabilization agents is available, including Portland cement or 39 

other pozzolans, silicates, bitumen, and acrylic polymers. Portland cements typically consist of calcium 40 

silicates, aluminosilicates, aluminoferrites, and sulfates. Metals are immobilized in cement-type binders 41 

as hydroxides or other stable solids. Phosphate or other chemical reagents can also be added to chemically 42 

bind metals. Polymeric compounds can be used to bind metal and radionuclides by microencapsulation 43 

(RPP-ENV-34028). 44 
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A2.2.2.1 Relevant Demonstration Projects 1 

Cement solidification has been widely used for treatment of hazardous, low-level, and mixed waste. 2 

A cement solidification/stabilization treatability study was completed at the Fernald Environmental 3 

Management Project (DOE/RL-94-61, 100 Area Source Operable Unit Focused Feasibility Study 4 

Report). The test was completed at six waste pits, all of which contained radionuclide waste (primarily 5 

uranium). Portland cement (Type I/II) and blast furnace slag were used as binders. Additives included 6 

Type F fly ash, site fly ash, absorbents, and sodium silicate. The study indicated the toxicity characteristic 7 

leaching procedure criteria were met and leachability of uranium was controlled, except when present at 8 

high concentrations. The study also indicated a significant increase in waste volume resulted from the 9 

cement stabilization process. 10 

The U.S. Department of Energy (DOE) has demonstrated polyethylene encapsulation to treat a number of 11 

radionuclides (e.g., cesium and strontium), and toxic metals (e.g., chromium, lead, and cadmium). DOE’s 12 

technology information profile (DOE/EM-0235, Technology Catalogue) detailed polyethylene 13 

encapsulation to be applicable for stabilization of low-level radioactive and heavy metal waste 14 

components that may be in media such as aqueous salt concentrates, salt cake, sludge, fly ash, and 15 

ion-exchange (IX) resins. Scale up from bench-scale tests demonstrated the feasibility of this process to 16 

treat waste at approximately 907 kg/hr (2,000 lb/hr) (DOE/EM-0235).  17 

A2.2.2.2 Evaluation and Screening Rationale 18 

The effectiveness of ESS is considered moderate to high when combined with disposal at ERDF 19 

to protect the material from weathering and to promote long-term stability. Although ESS is 20 

a well-established technology, site-specific studies would be needed to evaluate mix equipment 21 

performance with gravel/cobbly material and to establish reagent dosages. The technology requires 22 

a vigorous mechanical mixing process that could increase the potential for airborne release of 23 

contaminant, thereby resulting in a moderate implementability rating. ESS was largely screened out 24 

because pre-treatment to meet ERDF waste acceptance criteria is not expected to be required for the 25 

100-K waste site COCs. 26 

A2.2.3 Thermal – Vitrification 27 

Vitrification is a solidification treatment method that uses heat (1200°C to 2000°C [2192°F to 3632°F]) to 28 

melt/transform soil and waste material into glass or other crystalline form. This technology is considered 29 

highly effective for treating contaminants and in permanently reducing the toxicity, mobility, and volume 30 

of contaminants. The high temperatures destroy organic compounds with few byproducts. Materials such 31 

as heavy metals and radionuclides are incorporated into the soil’s crystalline structure, which is strong, 32 

durable, and resistant to leaching. In addition to solids, liquids, wet or dry sludges, or combustible 33 

materials can also be treated. Borosilicate and soda lime are the principal glass formers and provide the 34 

basic matrix of the vitrified product. When the molten mass cools, it solidifies into a crystalline rock-like 35 

monolith that is substantially reduced in volume (20% to 50%) (RPP-ENV-34028). 36 

Ex situ joule heating vitrification uses furnaces that evolved from the melting equipment used in the glass 37 

industry. Electric furnaces use a ceramic-lined, steel-shelled melter to contain the molten glass and waste 38 

material (DOE/RL-94-61).  39 
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A2.2.3.1 Relevant Demonstration Projects 1 

In the early 1990s, DOE developed a transportable vitrification system to vitrify applicable mixed-waste 2 

sludges and solids effectively across the various DOE complex sites (DOE, 1998b, Transportable 3 

Vitrification System: Mixed Waste Focus Area). Multiple studies were completed in collaboration with 4 

Westinghouse Savannah River Company, Oak Ridge National Laboratory, and Clemson University. 5 

A mixed-waste demonstration was completed in 1997 using Savannah River B&C pond sludge and 6 

a mixture of B&C pond sludge and Central Neutralization Facility sludge. The study indicated the system 7 

vitrified 84 m3 (276 ft3) of mixed waste into 34 m3 (112 ft3) of glass waste, resulting in a 60% waste 8 

volume reduction. The study confirmed the technology’s high capital costs and extensive upfront 9 

development. However, the results also indicated that the technology is capable of producing highly 10 

durable glass waste forms with long-term integrity and a significant reduction in waste volume versus 11 

other stabilization technologies.  12 

A vitrification plant is currently being constructed to treat tank waste at the Hanford Site. The Waste 13 

Treatment and Immobilization Plant will encompass 26 ha (65 ac) and will consist of four treatment 14 

facilities: pre-treatment, low-activity waste vitrification, high-level waste vitrification, and an analytical 15 

laboratory. Construction activities began in 2002, and are scheduled for future completion. A number of 16 

tests have been performed to support the process and design associated with this facility; however, 17 

treatability tests on contaminated soil have not been performed. Information regarding the Waste 18 

Treatment and Immobilization Plant Research and Technology Program is presented in 19 

DOE/ORP-2003-01, Project Execution Plan for the River Protection Project Waste Treatment and 20 

Immobilization Plant. 21 

A2.2.3.2 Evaluation and Screening Rationale 22 

Ex situ vitrification is considered to have high effectiveness but low implementability given the complex 23 

nature and availability of equipment required. Similarly, given the relative high capital cost and potential 24 

application of other technologies with equivalent effectiveness and higher implementability, ex situ 25 

vitrification was screened out for treatment of contaminated soil at 100-K. Additionally, as indicated for 26 

other ex situ technologies, pre-treatment prior to ERDF disposal is not expected to be required.  27 

As presented in RPP-ENV-34028, estimated costs for implementing this technology can range from 28 

$500 to $1,000/yd3. These costs include excavating soil; screening to remove debris; installing the 29 

vitrification and off-gas treatment systems; conducting operations and maintenance (O&M), utilities, site 30 

management, and sampling support; treating the off-gas; and onsite disposal of vitrified material. 31 

A2.3 In Situ Treatment 32 

In situ treatment generally consists of injecting reagents that either physically, chemically, or biologically 33 

treat contaminants to reduce their concentration or immobilize contaminants to prevent further migration. 34 

The following sections discuss a range of technologies that were evaluated for the COCs at the 100-K 35 

waste sites and present the rationale for screening out these technologies as candidates for assembly into 36 

remedial action alternatives. 37 

A2.3.1 Physical – Desiccation 38 

Desiccation involves drying a targeted portion of the vadose zone by injecting dry air and extracting soil 39 

moisture from vapor extraction wells (DOE/RL-2007-56, Deep Vadose Zone Treatability Test Plan for 40 

the Hanford Central Plateau). Because desiccation removes water present in the vadose zone, it reduces 41 

the amount of pore fluid available to support downward transport of contaminants in the deep 42 

vadose zone.  43 
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Desiccation can be effective in immobilizing contaminants to the extent that moisture content is lowered 1 

below the point for unsaturated flow to occur. The longevity of the “dry” conditions depends on the soil 2 

moisture infiltration rate, the relative humidity of atmospheric air, and the proximity to groundwater. 3 

In time, moisture levels will recover to pre-extraction levels (RPP-ENV-34028). Without surface 4 

infiltration control, moisture content would eventually return to a state of equilibrium with surface 5 

infiltration rates. Therefore, this technology may require periodic injection and extraction to maintain the 6 

target soil moisture levels. An initial evaluation of this technology’s performance is provided in 7 

PNNL-21369, Deep Vadose Zone Treatability Test for the Hanford Central Plateau: Soil Desiccation 8 

Pilot Test Results; and WMP-27397, Evaluation of Vadose Zone Treatment Technologies to Immobilize 9 

Technetium-99.  10 

A2.3.1.1 Relevant Demonstration Projects 11 

A field-scale desiccation pilot test was performed at the 200-BC-1 OU in 2011. During the 6-month test, 12 

a subsurface zone about 3 m (10 ft) thick out to a radius of about 3 m (10 ft) was desiccated, creating 13 

conditions that reduced the rate of moisture and contaminant movement toward groundwater. 14 

The moisture content of the subsurface was also reduced to a lesser extent over a larger portion of the 15 

test area. The lateral and vertical distribution of drying was influenced by the subsurface heterogeneity 16 

and distance from the injection well, with initial drying occurring in higher permeability zones. 17 

The pre-desiccation moisture content varied with depth, where wetter zones were associated with 18 

fine-grained, lower permeability materials and the drier zones with coarse, higher permeability materials. 19 

Significant desiccation occurred primarily in the higher permeability zones. Small, initially wetter and 20 

lower permeability zones of limited thickness were also desiccated over time. However, thick zones 21 

containing low-permeability porous media and with initially wet conditions desiccated more slowly. 22 

During the pilot test, desiccation removed over 18,000 kg of water from the test zone over the 151-day 23 

active period, reducing the volumetric moisture content in over 1,300 m3 of soil with moisture levels of 24 

<0.04 m3/m3 achieved in 225 m3 of the test zone and <0.01 m3/m3 achieved in 68 m3. When desiccated to 25 

these very low moisture contents, the water relative permeability in the desiccated zone is significantly 26 

decreased, effectively zero, where the actual moisture is less than the residual moisture content. 27 

A2.3.1.2 Evaluation and Screening Rationale 28 

The equipment and methods used for the desiccation technology are well established and similar to those 29 

used for soil vapor extraction (SVE), which is a well-established technology. The pilot test showed that 30 

the technology can be implemented using injection wells operating at an injection rate of 100 ft3/min per 31 

meter of well screen and an injection well spacing of approximately 25 m (82 ft) or two to three wells per 32 

acre. The performance of the technology at the Central Plateau, where the vadose zone is up to 100 m 33 

(330 ft) thick, may not be transferrable to 100-K, where the vadose zone is 24 m (80 ft) thick. 34 

Additionally, much of the COC mass lies within the periodically rewetted zone (PRZ) and is subject to 35 

daily and seasonal fluctuations largely attributed to river-stage fluctuations.  36 

There are also uncertainties associated with long-term effectiveness, as moisture levels will return to their 37 

original condition over time unless desiccation is periodically reapplied. Therefore, based on these 38 

uncertainties, the desiccation technology was rated low for effectiveness, moderate for implementability, 39 

and was therefore eliminated from further consideration.  40 
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A2.3.2 Physical – Soil Blending 1 

Under this technology, contaminated soils are mechanically blended with clean soil or fill to reduce 2 

contaminant concentrations using conventional or deep excavation equipment. Contamination is not 3 

removed from the vadose zone, but risk is reduced by lowering COC concentrations that receptors may 4 

potentially contact. This technology could also be used to reduce radionuclide (gamma emitters) 5 

concentrations within the excavation before removal and loading, to improve worker safety. 6 

A2.3.2.1 Relevant Demonstration Projects 7 

Soil blending does not remove contaminants but rather distributes them in a manner that reduces risk to 8 

acceptable levels. It is not commonly used because it spreads out contamination over a large area, which 9 

could complicate future remedial efforts if the blended COC concentrations were discovered to be above 10 

acceptable risk levels. This method of risk mitigation was presented as an option for remediation of 11 

pesticide contaminated soils in New Jersey (Chapter IV in NJDEP, 1999, Findings and Recommendations 12 

for the Remediation of Historic Pesticide Contamination). Mixing clean soil in the contaminated area was 13 

suggested if contaminant levels are not too elevated and sufficient clean soil is available. This method 14 

was noted as “a significant departure from Department policy,” but those tasked with providing the 15 

remedial options acknowledged that it was a valid, practical action for risk mitigation. 16 

A2.3.2.2 Evaluation and Screening Rationale 17 

The effectiveness of this technology is rated as high, with high implementability for shallow waste sites 18 

and low implementability for deep waste sites. However, this technology represents dilution and not 19 

treatment and, therefore, was rejected in favor of disposal at ERDF.  20 

A2.3.3 Physical/Chemical – Gaseous Ammonia Injection 21 

Gaseous ammonia injection is a conceptual process that immobilizes inorganic contaminants by injecting 22 

ammonia with air to increase the pore water pH, promoting dissolution of silicate minerals. When the pH 23 

declines to ambient conditions (around pH 8), aluminosilicate minerals precipitate, coating inorganic 24 

contaminants with a shell or sequestering (incorporating) the contaminants within the precipitate matrix, 25 

thereby reducing mobility. This prospective technology is being investigated by PNNL with respect to 26 

possible application to the Hanford Central Plateau (PNNL-23699, Scale-Up Information for 27 

Gas-Phase Ammonia Treatment of Uranium in the Vadose Zone at the Hanford Site Central Plateau; 28 

PNNL-18879, Remediation of Uranium in the Hanford Vadose Zone Using Gas-Transported Reactants: 29 

Laboratory-Scale Experiments). 30 

Implementation of this technology is expected to include the following steps: 31 

 Pre-design investigation to define contaminant distribution and the target treatment zone, and to 32 

collect vadose zone soil samples for pore water chemistry and bench-scale treatability testing to 33 

assess contaminant-specific treatment effectiveness. These evaluations will quantify the pH increase, 34 

the timescale for pH decrease, and the associated precipitation and sequestration processes. Leaching 35 

studies could also be performed to assess long-term stability of the treated material. 36 

 Installation of a field-scale test well and observation wells to measure ammonia and tracer gas 37 

distribution within the test area. This information would be used to determine the radius of influence 38 

(ROI) for each injection well and to define baseline (pre-treatment conditions).  39 

 Post-injection sampling to assess treatment effectiveness within the target treatment zone. 40 
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A2.3.3.1 Relevant Demonstration Projects 1 

This is a proposed technology and has not been tested in the field. At the laboratory scale, a pH near 12 2 

was observed when ammonia gas was applied to Hanford Site soils. The natural buffering capacity within 3 

the soil returned pore water to original conditions over time (around a pH of 8), causing mobilized 4 

silicates and aluminum to precipitate and successfully immobilize 29% to 32% of the uranium present 5 

(PNNL-18879). 6 

A2.3.3.2 Evaluation and Screening Rationale 7 

Gaseous ammonia injection has not been proven in the field and was developed around treatment of deep 8 

vadose zone soil on the Hanford Site Central Plateau to address uranium. The applicability of the 9 

technology to the 100-K COCs is thus considered uncertain, and the technology is rated low for 10 

effectiveness and implementability. Considerable health, safety, and environmental concerns exist with 11 

the injection of ammonia gas in the near surface. Because a field evaluation has not yet been performed, 12 

the implementation costs for the technology are undetermined. Gaseous ammonia injection is not retained 13 

for further consideration. 14 

A2.3.4 Chemical – Reduction 15 

Injection of chemical reducing agents can be used to transform contaminants to a less mobile or less toxic 16 

form (PNNL-12121, In Situ Gaseous Reduction Pilot Demonstration – Final Report). Chemical-reducing 17 

agents include hydrogen sulfide, calcium polysulfide, dithionite, ferrous sulfate, and zerovalent iron 18 

(ZVI). Chemical agents can be delivered as solids, liquids, or gases with each having inherent limitations 19 

in terms of their ability to make direct contact with contaminants in the target treatment zone. Direct 20 

contact between the reducing agent and the contaminant is a requirement of this technology. 21 

A2.3.4.1 Relevant Demonstration Projects 22 

The U.S. Department of Defense conducted a field test to evaluate the effectiveness of in situ gaseous 23 

reduction at a chromate-contaminated waste site located at the White Sands Missile Range 24 

(PNNL-12121). The field demonstration involved injecting a mixture of 200 parts per million (ppm) 25 

hydrogen sulfide diluted in air. The gas mixture was drawn through the site soil by a vacuum applied to 26 

extraction boreholes located at the site boundary, and residual hydrogen sulfide was removed prior to 27 

release of the air back to the atmosphere. The injection test lasted 76 days with no detectable releases of 28 

hydrogen sulfide to the site atmosphere. Comparison of Cr(VI) analyses of soil samples taken before 29 

and after the test indicated that 70% of the Cr(VI) originally present at the site was reduced, thereby 30 

immobilized by in situ gaseous reduction. Treatment was generally better in zones of higher 31 

permeability sand containing less silt and clay, indicating that geologic heterogeneity is a limitation to 32 

treatment effectiveness.  33 

A2.3.4.2 Evaluation and Screening Rationale 34 

The application of toxic hydrogen sulfide gas to the near surface carries significant risk. Transportation 35 

and handling of reducing agents also poses more of a health and safety concern during application when 36 

compared to biological reduction substrates. Because of more rapid chemical reactions, the application of 37 

liquid reducing agents to uniformly contact contaminated vadose zone soil may be more problematic than 38 

with using biological substrates. Based on these implementability and potential effectiveness issues, 39 

in situ chemical reduction was not retained in favor of in situ biological reduction.  40 
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A2.3.5 Chemical – Oxidation 1 

In situ chemical oxidation (ISCO) was not retained for treatment of soil contaminated with organic 2 

compounds. ISCO is not an applicable technology for the treatment of soil contaminated with metals 3 

and radionuclides.  4 

A2.3.5.1 Description 5 

Chemical oxidation (also known as ISCO) involves the subsurface delivery of chemical oxidants to 6 

destroy organic COPCs through direct oxidation. Commercially available oxidants used in field 7 

applications include hydrogen peroxide, ozone, permanganate, persulfate, and percarbonate. 8 

The technology is capable of achieving high treatment efficiencies where direct contact occurs, and 9 

multiple applications are typically required. TPH-contaminated material can be treated with a variety of 10 

oxidants; however, there are few case studies published where successful TPH treatment was 11 

accomplished in situ. Most applications involve excavating the soil, screening to remove gravel, spraying 12 

or mechanical mixing of the contaminated material and oxidant, and reusing onsite. The number of case 13 

studies demonstrating the successful treatment of polychlorinated biphenyls (PCBs) with ISCO is limited. 14 

A2.3.5.2 Relevant Demonstration Projects 15 

An ozone gas vadose zone sparging system for treating polycyclic aromatic hydrocarbons (PAH) was 16 

operated during the summer of 2001 at the former fuel oil distribution terminal in Ilion, New York 17 

(ITRC, 2005, Technical and Regulatory Guidance for In Situ Chemical Oxidation of Contaminated Soil 18 

and Groundwater). Adsorbed PAH were treated at depths of 0.6 to 2.4 m (2 to 8 ft) below ground 19 

surface (bgs), with initial total PAH concentrations >30 mg/kg. The subsurface contained both fill 20 

material and native soil consisting primarily of silty sand. A nominal 23 kg/d (50 lb/d) ozone-generation 21 

system was used to inject ozone and oxygen. Ten initial sparge points were installed at the site by 22 

direct-push methodology. A shallow vapor extraction system was installed to control emissions. The 23 

injection system operated over 8 weeks. Post-remediation soil sampling results showed PAH (primarily 24 

benzo(a)anthracene, benzo(a)pyrene, and chrysene) concentrations below method detection limits, 25 

achieving the remedial goal of 90% concentration reduction in 60 days. Naphthalene was also reduced to 26 

below New York Department of Environmental Control Technical and Administrative guidance 27 

memorandum standards. The average reduction of naphthalene was >32% in 60 days. 28 

An ozone gas vadose zone sparging demonstration for treating pentachlorophenol (PCP) and creosote 29 

PAH was conducted in 1998 at a former wood treatment site located in Sonoma County, California 30 

(ITRC, 2005). Pre-treatment soil concentrations up to 220 mg/kg PCP and 5,680 mg/kg total PAH were 31 

present. High levels of dissolved-phase contamination in groundwater and light nonaqueous-phase liquid 32 

at the water table were also present. The subsurface consisted of heterogeneous, stratified, silty sands and 33 

clays with a depth to water between 1.2 and 4.5 m (4 to 15 ft). The ozone treatment system design 34 

included treatment of both the saturated and unsaturated zones; therefore, ozone gas delivery modes 35 

included ozone sparging and ozone gas injection above the water table. Field operation and monitoring 36 

of the in situ ozonation demonstration project were conducted from December 1997 through 37 

December 1998. Approximately 3,600 kg (8,000 lb) of oxidant were delivered to the subsurface, with an 38 

average oxidant dose of approximately 1.9 g of ozone/kg (3.8 lb of ozone/ton) of soil. Soil samples 39 

collected following treatment showed an average 93% reduction in PCP and PAH concentrations, with 40 

the maximum pre-treatment soil contamination reduced >98% from an initial level of 220 mg/kg PCP, 41 

and 5,680 mg/kg total PAH to below detection limits.  42 
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A2.3.5.3 Evaluation and Screening Rationale 1 

The treatment effectiveness of ISCO can be hindered by nonuniform oxidant distribution and high oxidant 2 

demand, especially for TPH-oil range organics. It may also be difficult to maintain the saturated 3 

conditions necessary for aqueous-based ISCO reactions to occur. Successful treatment of organic COPCs 4 

has been demonstrated using ozone gas injection into the vadose zone; therefore, this technology was 5 

rated as having low to moderate effectiveness. However, based on the uncertainties in oxidant delivery 6 

effectiveness, difficulties with installing a high density of injection wells and higher relative cost 7 

compared to other in situ treatment technologies for organics (bioventing), ISCO was rated low for 8 

implementability and not retained for further consideration in the FS. 9 

A2.3.6 Biological – Enhanced Reduction 10 

Enhanced reduction involves promoting bacterial growth in anoxic-reducing environments to convert 11 

Cr(VI) to trivalent chromium (Cr(III)). The process involves injecting a carbon substrate (e.g., molasses, 12 

ethanol, or emulsified vegetable oil) to stimulate biological reactions. Because the process requires 13 

saturation of vadose zone soil to maintain anaerobic conditions, the viability of this technology is limited 14 

in the vadose zone and may be feasible only in the PRZ. 15 

A2.3.6.1 Relevant Demonstration Projects 16 

No field-scale application of the technology has been attempted. Workshops were conducted for the 17 

100-D and 100-B/C Areas of the Hanford Site to assess in situ treatment technologies for Cr(VI); 18 

however, these workshops generally focused on groundwater (SGW-38255, Chromium Treatment 19 

Technology Information Exchange for Remediation of Chromium in Groundwater at the Department of 20 

Energy Hanford Site). The two keys to successful remediation of Cr(VI) using in situ reduction (ISR) are 21 

(1) selection of the appropriate amendment based on the aquifer geochemistry and mineralogy, and 22 

(2) selection of the appropriate reagent delivery method based on site hydrogeologic conditions. Case 23 

studies presented at the 100-D and 100-BC workshops indicated that ISR can be used for full-scale 24 

treatment of Cr(VI) in soil or groundwater with the greatest challenge associated with achieving adequate 25 

distribution of the amendment in the subsurface. However, the need to maintain relatively water-saturated 26 

conditions in the vadose zone poses additional challenges due to the volume of water required and rapid 27 

drainage of water from Hanford formation gravels.  28 

For the vadose zone, laboratory studies have shown evidence of in situ bioreduction affecting uranium 29 

geochemistry (Seitzinger et al., 2006, “Denitrification across landscapes and waterscapes: a synthesis”). 30 

Some work on bioreduction of uranium has been conducted at the Oak Ridge nuclear reservation 31 

(Hwang et al., 2009, “Bacterial community succession during in situ uranium bioremediation: spatial 32 

similarities along controlled flow paths”). No work has been conducted to assess the viability of vadose 33 

zone in situ bioreduction of Cr(VI) to Cr(III) in bench-scale or field-scale pilot studies at the Hanford Site 34 

to date.  35 

A2.3.6.2 Evaluation and Screening Rationale 36 

The effectiveness of enhanced ISR in the vadose zone at 100-K is constrained by the difficulty of 37 

uniformly supplying carbon substrate to maintain a sufficient microbial biomass and sustaining a reducing 38 

zone in a naturally aerobic environment. This technology is judged to have low effectiveness in the 39 

vadose zone and moderate effectiveness in the PRZ where the potential to maintain saturated (anaerobic 40 

conditions) is greater. The implementability of enhanced reduction is moderate because injection well and 41 

carbon substrate injection equipment are readily available. However, based on lack of successful 42 

application of this technology for treatment in the vadose zone or PRZ at the Hanford Site or other areas, 43 

this technology was not retained.  44 
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A2.3.7 Biological – Phytoremediation 1 

Phytoremediation is the use of plants and microorganisms associated with plant roots to extract, 2 

evapotranspire, immobilize, contain, or degrade contaminants. In the case of the radionuclides and 3 

metals considered in this analysis, degradation would not be among the phytoremediation mechanisms, 4 

although it is conceivable that microorganisms could reduce reducible metals and radionuclides to some 5 

unknown extent. Phytoremediation is typically used as a polishing step and not for high concentrations 6 

of contaminants.  7 

A2.3.7.1 Relevant Demonstration Projects 8 

A treatability demonstration project is being conducted at the Hanford Site for treatment of Sr-90 in soil 9 

and groundwater along the banks of the Columbia River in 100-N using coyote willows, which are 10 

considered the most suitable plant for use along the river shoreline. Known for its rapid and robust 11 

regrowth abilities, coyote willow is used extensively along the Columbia and Yakima Rivers for bank 12 

stabilization and revegetation purposes. As part of a treatment train of remedial technologies aimed at 13 

treating Sr-90 in 100-K, phytoremediation using coyote willow would be the final polishing step.  14 

A pilot study began in late spring 2007 with the planting of 50 coyote willow starts in a fenced area 15 

at 100-N (PNNL-18294, 100-N Area Strontium-90 Treatability Demonstration Project: Food Chain 16 

Transfer Studies for Phytoremediation Along the 100-N Columbia River Riparian Zone). This part of the 17 

study targeted plant growth rather than phytoremediation capabilities because this location is not 18 

contaminated with Sr-90. Often flooded well into June because of the annual high Columbia River stage, 19 

this site is a severe test of the coyote willow shrubs’ ability to survive realistic field conditions.  20 

Greenhouse, laboratory (growth chamber), and field studies have shown that Sr-90 is a nutritional analog 21 

of calcium, which is a plant macronutrient. As such, the coyote willows will actively accumulate Sr-90 in 22 

their leaves and stems to concentrations >70 times those present in the soil pore water surrounding their 23 

roots. Given the steadily increasing growth rate of the trees at 100-K following yearly harvests of their 24 

aboveground tissue, this type of plant can remove significant amounts of contamination from the 25 

shoreline area while not disturbing the natural sediment structure. Laboratory studies have also shown 26 

that herbivorous insects such as aphids or moth larvae would not be a source of Sr-90 offsite transport 27 

from the trees. Furthermore, controlled harvesting schedules and engineered barriers (fencing and netting) 28 

would prevent animal intrusion and plant detritus release (PNNL-18294).  29 

The phytoremediation demonstration is ongoing at 100-N. Biomass production over the first 3 years 30 

followed a typical growth curve. On an mT/ha basis, biomass production amounted to 0.2 mT/ha in 2007, 31 

0.87 mT/ha in 2008, and 4.3 mT/ha in 2009. Growth curve extrapolation predicts 13.2 mT/ha during 32 

a fourth year and potentially 29.5 mT/ha during a fifth year. The most recent report concluded that the 33 

projected biomass yields suggest the trees could prove effective in removing the Sr-90 from the 100-NR-2 34 

riparian zone (PNNL-19120, 100-N Area Strontium-90 Treatability Demonstration Project: 35 

Phytoextraction Along the 100-N Columbia River Riparian Zone  Field Treatability Study). 36 

Phytoremediation was implemented at DOE Idaho National Engineering and Environmental Laboratory 37 

OU 21 with limited effectiveness. COPCs in surface soil to be treated using phytoremediation included 38 

metals (mercury, zinc, chromium, and selenium) and Cs-137. Based on bench-scale testing, it was 39 

determined that phytoremediation would not be successful in meeting remedial action objectives in two 40 

areas of concern. Similarly, based on greenhouse experiments, it was determined that phytoremediation 41 

would take longer to achieve cleanup goals than what was estimated in the site ROD.  42 
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A2.3.7.2 Evaluation and Screening Rationale 1 

Implementability of phytoremediation is considered moderate. It is usually implemented over extended 2 

timeframes (e.g., years or decades). The sparse vegetation that naturally grows on the Hanford Site 3 

suggests that significant efforts and inputs (e.g., organic matter and water) would be required to establish 4 

a vigorous plant community. Although a large quantity of plant material would likely be required, capital 5 

costs relative to other technologies are low. Once the plants are established, O&M costs would be 6 

relatively low because requirements to sustain them are low (food and water). However, metals 7 

concentrations and radionuclide activities may accumulate in the plants to the point that they must 8 

periodically be disposed of in a secure facility, such as ERDF. Ultimately the plants would require final 9 

disposal (e.g., at ERDF) to avoid returning contaminants to the soil from which they were originally 10 

extracted (as plants decompose) if phytoremediation is used for contaminants that are not transformed to 11 

innocuous forms by the plants or microorganisms.  12 

Phytoremediation is effective only when the plants are active; therefore, the technology would not be 13 

effective during the winter. In addition, phytoremediation is effective only to the approximate depth of the 14 

plant roots; thus, only shallow soil would be treated. There are also concerns regarding contaminants 15 

entering the food chain as animals eat the vegetation or bees pollinate flowers.  16 

In summary, the technology would only be effective for low concentrations of contaminants in shallow 17 

soil over long periods, and many metals and radionuclides would accumulate in the plants rather than 18 

being treated, potentially posing risks to ecological receptors. For these reasons, phytoremediation was 19 

not retained for further evaluation.  20 

A2.3.8 Biological – Bioventing 21 

Bioventing is used to stimulate the natural biodegradation of aerobically degradable compounds in soil by 22 

providing oxygen to existing soil microorganisms. Bioventing uses low air flow rates to provide only 23 

enough oxygen to sustain microbial activity. 24 

A2.3.8.1 Relevant Demonstration Projects 25 

Bioremediation of deep vadose zone petroleum contamination at the UPR-100-N-17 waste site located 26 

within the 100-NR-1 OU was initiated in November 2012. EPA/ROD/R10-99/112, Interim Remedial 27 

Action Record of Decision for the 100-NR-1 and 100-NR-2 Operable Units, Hanford Site, Benton County, 28 

Washington, identified in situ bioremediation as the selected remedy for cleanup of petroleum located below 29 

4.6 m (15 ft) of surrounding grade. Using bioremediation, oxygen is supplied to the deep vadose zone at the 30 

UPR-100-N-17 waste site to provide a source of energy for aerobic hydrocarbon degrading bacteria to 31 

metabolize petroleum contamination. Implementation of the bioremediation project and testing results are 32 

summarized in DOE/RL-2017-29, Annual Operations and Monitoring Report for UPR-100-N-17: 33 

March 2016–February 2017. The respirometry rates associated with the bioremediation remedy over the 34 

testing period were generally below the literature values for recommending bioventing as a viable option. 35 

However, there was evidence that oxygen was a limiting factor for microbial degradation of petroleum 36 

hydrocarbons in the deep vadose zone and that bioventing would help maintain this degradation, albeit at a 37 

somewhat low rate. 38 

A2.3.8.2 Evaluation and Screening Rationale 39 

Bioventing was rejected in favor of RTD. Currently, there is no evidence of deep zone sources of TPH to 40 

groundwater at 100-K. 41 
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A2.3.9 Thermal – Thermal Desorption 1 

In situ thermal desorption (ISTD) involves the direct application of heat (e.g., using electrical current to 2 

heat soil; electrical heater elements; injection of hot air, steam, or hot water; or radio frequency) to 3 

increase the temperature of soil and destroy or volatilize organic compounds. The use of electrical heating 4 

elements installed in closely spaced soil borings (1.5 to 3 m [5 to 10 ft] intervals) is the most common 5 

approach for implementing ISTD. Conductive heating is the primary mechanism that transmits heat to 6 

the soil. The technology can achieve rapid removal/destruction of a mixture of volatile organic 7 

compounds (VOCs) and SVOCs and can achieve low residual concentrations. Vapors produced would 8 

require removal using extraction wells or trenches using a vacuum pump. The vapor stream would be 9 

pre-conditioned by a moisture separator or heat exchanger and then treated by a vapor treatment system. 10 

A2.3.9.1 Relevant Demonstration Projects 11 

Field demonstrations were performed in 1993 and 1994 at the DOE Savannah River Site (SRS) and the 12 

Hanford Site 300 Area to evaluate six-phase soil heating (a form of electrical resistive heating) as 13 

a vadose zone remedial technology for tetrachloroethylene (PCE) and TCE (DOE/EM-0272, Six-Phase 14 

Soil Heating). The demonstration at the Hanford Site was located in the 300 Area at an uncontaminated, 15 

undisturbed site. The objective of the 300 Area demonstration was to refine the design of the six-phase 16 

electrodes and other system components and to address scale-up issues in the field. The demonstration 17 

site at SRS was located at one of the source areas within the 2.6 km2 (1 mi2) VOC groundwater plume. 18 

The contaminated target zone was a 3 m (10 ft) thick clay layer at a depth of approximately 12 m (40 ft). 19 

TCE and PCE concentrations in sediments ranged from nondetect to 181 µg/kg and from nondetect to 20 

4,529 µg/kg, respectively. Six electrodes were placed in the ground in a 9 m (30 ft) diameter area in 21 

a hexagonal pattern, and an extraction well was placed in the center. Approximately 3.8 to 7.6 L/hr (1 to 22 

2 gal/hr) of water with 500 mg/L sodium chloride was added at each electrode to replenish evaporated 23 

water and provide an electrically conductive solution. The soil surrounding each electrode was supplied 24 

with water through a drip system. A vacuum system removed contaminant vapors from the subsurface, 25 

which were passed through a condenser to remove the steam. The extracted VOCs were treated by 26 

electrically heated catalytic oxidation. Key results of the demonstration at SRS indicated 99.7% removal 27 

of contaminants from within the electrode array. Outside the array, 93% of contaminants were removed at 28 

a distance of 2.4 m (8 ft) from the array. Clays were heated more rapidly than the adjacent sands because 29 

of their higher moisture content (and, thus, electrical conductivity). Completion of a cost-benefit analysis 30 

by Los Alamos National Laboratory showed that six-phase soil heating could be performed for a cost of 31 

$88 per yd3, assuming that a contaminated site of 30 m (100 ft) in diameter and 6 to 36 m (20 to 120 ft) 32 

deep could be remediated in 5 years. 33 

A full-scale thermal conductive heating treatment system was operated at a confidential chemical 34 

manufacturing facility in Portland, Indiana from July to December 1997 (EPA 542-R-04-010, In Situ 35 

Thermal Treatments of Chlorinated Solvents: Fundamentals and Field Applications). The two target 36 

treatment areas were 45 m by 12 m (150 ft by 40 ft) to a depth of 5 m (16 ft), and 9 m by 6 m (30 ft by 37 

20 ft) to a depth of 3.4 m (11 ft). Target source areas contained TCE up to 79 mg/kg and PCE up to 38 

3,500 mg/kg. The site geology included fill (which was a combination of sand, clayey sand, and 39 

construction debris) to a depth of about 2 m (7 ft). Till consisting of moist, damp, silty clay extended to 40 

a depth ranging from 5.4 to 5.7 m (18 to 19 ft), with sand seams running through the till. Below the till 41 

was a sand and gravel layer extending to a depth of 9 m (30 ft) and consisting of poorly sorted sand. 42 

Groundwater was encountered in the sand and gravel layer at depths of 6.7 to 7.6 m (22 to 25 ft). 43 

Heater/vacuum wells were installed at a 2.2 m (7.5 ft) triangular spacing with approximately one well 44 

per 15 m2 (161 ft2) of surface area treated. Wells were operated at 760°C to 871°C (1400°F to 1600°F), 45 

and soil gas was extracted through the wells using a vacuum pump. The surface area between wells was 46 
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covered by an impermeable silicone rubber sheet to prevent fugitive emissions, and thermally insulated 1 

mats were used to minimize surface heat loss. The maximum soil temperature in the treatment area at 2 

a depth of 13 ft (3.96 m) ranged from 100°C to 260°C (212°F to 500°F). Off-gases were treated with an 3 

1,800 scfm, flameless thermal oxidizer with an operating temperature range of 982°C to 1037°C (1800°F 4 

to 1900°F). Results of confirmatory sampling showed that concentrations of PCE and TCE in both areas 5 

were reduced below the cleanup goals of 8 mg/kg for PCE and 25 mg/kg for TCE. 6 

A2.3.9.2 Evaluation and Screening Rationale 7 

With ISTD, contaminants are primarily removed as vapors and treated above ground. Collection of 8 

volatilized COPCs requires a means of active vapor recovery, typically a SVE network in conjunction 9 

with a vapor barrier constructed over the entire treatment area. ISTD is mechanically complex and 10 

challenging to implement. Therefore, ISTD was not retained for further evaluation. 11 

A2.3.10 Thermal – Vitrification 12 

As previously discussed for ex situ vitrification, in situ vitrification (ISV) destroys or entraps 13 

contaminants by converting waste materials to glass or crystalline material through heating to 14 

temperatures between 1200°C and 2000°C (2200°F to 3600°F). Borosilicate and soda lime are the 15 

principal glass formers and provide the basic matrix of the vitrified product. Off-gases generated by the 16 

process are contained under a hood covering the treatment area and are drawn to an off-gas treatment 17 

system. Organic contaminants are destroyed by pyrolysis and catalytic oxidation reactions, while heavy 18 

metals and radionuclides are distributed throughout the melt. When the heat source is shut off, the molten 19 

mass cools and solidifies into a vitreous rock-like monolith that is typically 10 times stronger than 20 

concrete and 10 to 100 times more resistant to leaching than other reagents used to immobilize 21 

waste material. 22 

ISV involves passing current through the soil using an array of electrodes. If the soil is too dry, 23 

enhancements must be placed to provide an initial flow path for the electrical current. Large areas of 24 

contamination may be treated through fusing together smaller treatment zones (Evanko and 25 

Dzombak, 1997, Remediation of Metals-Contaminated Soils and Groundwater). Clean overburden is 26 

placed over the melt zone before the melt is initiated to increase thermal efficiency and radionuclide 27 

retention while also compensating for soil densification. Soil with high moisture content must be treated 28 

to remove water before ISV, as excessive water vapor may disrupt the melt. The process requires 29 

700 to 900 kWh/ton of soil to be treated, including soil water. The overall oxide composition of the soil 30 

determines the fusion, melt temperature, and viscosity. It is essential that the media contain sufficient 31 

monovalent alkali earth oxides to provide the electrical conductivity required (RPP-ENV-34028). 32 

A2.3.10.1 Relevant Demonstration Projects 33 

PNNL first conceived the idea of ISV in 1980. Between 1980 and 1997, more than 200 tests, 34 

demonstrations, and commercial applications of the technology were conducted (RPP-ENV-34028). 35 

A large-scale ISV test was completed at the Hanford Site 116-B-6A Crib in 1990 (PNL-8281, In Situ 36 

Vitrification of a Mixed-Waste Contaminated Soil Site: The 116-B-6A Crib at Hanford). The crib site 37 

contained mixed waste (chromium, lead, and Cs-137) to an estimated depth of 6 m (20 ft) bgs. 38 

The treatability test consumed 550 MWh of electrical energy and resulted in a 770 metric ton (850 ton) 39 

block of vitrified soil. ISV was effective in the homogenous soil layer that comprised the upper 4.3 m 40 

(14 ft) of the treatment area, retaining over 99.99% of chromium and lead and 99.98% of Cs-137 in the 41 

vitrified block. The final depth achieved during the treatability test was 4.3 m (14 ft), which is 1.8 m (6 ft) 42 

less than the required treatment depth. The 4.3 m (14 ft) vitrified depth coincided with a cobble layer 43 

detected below the crib during the post-treatment core drilling. The rate of melt progression in the cobble 44 

layer was not satisfactory; therefore, the desired treatment depth was not achieved.  45 
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Geosafe Corporation licensed the technology from PNNL and has applied it commercially. In 1995, 1 

Geosafe evaluated the application of ISV under the EPA Superfund Innovative Technology Evaluation 2 

Program at the former site of Parsons Chemical Works in Grand Ledge, Michigan (EPA/540/R-94/520, 3 

Geosafe Corporation In Situ Vitrification, Innovative Technology Evaluation Report). The technology 4 

evaluation report summarized the findings associated with a demonstration of the ISV process and its 5 

ability to treat pesticides and mercury below EPA Region V mandated limits. The technology was 6 

evaluated against the nine Comprehensive Environmental Response, Compensation, and Liability Act 7 

of 1980 (CERCLA) FS guidance criteria for decision-making in a Superfund facility. ISV was considered 8 

effective in destroying organic contamination, immobilizing inorganic material, and reducing the 9 

likelihood of contaminants leaching from the treated soil. Among some of the limitations, the report 10 

stated that ISV is not recommended for sites that contain organic content >7% to 10% by weight, metal 11 

content >25% by weight, and inorganic contaminants >20% by volume. The report also noted that ISV 12 

would not be appropriate for sites where contaminated soil exists adjacent to buildings, other structures, 13 

or the property line. 14 

A subsurface planar method was recently applied in a demonstration project to treat a portion of a mixed 15 

low-level radioactive liquid waste adsorption bed at Los Alamos National Laboratory’s MDA-V site 16 

(Coel-Roback et al., 2003, “Non-Traditional In Situ Vitrification—A Technology Demonstration at 17 

Los Alamos National Laboratory”). Nontraditional planar ISV uses the same general process as 18 

traditional ISV; however, this technology involves joule-heated melting within the subsurface. Traditional 19 

ISV uses a horizontally oriented melt, normally started at or near the soil surface. However,  planar ISV 20 

establishes two vertically oriented planar melts in the subsurface between pairs of electrodes. The planar 21 

melts can be initiated at the desired depth and separation within the subsurface, depending on the 22 

target treatment volume (RPP-ENV-34028). Coel-Roback et al. (2003) indicated an average treatment 23 

depth of 7.9 m (26 ft) bgs at the electrode locations. Radioactive contaminants were distributed uniformly 24 

through the melt, and concentrations were reduced by more than an order of magnitude. 25 

A2.3.10.2 Evaluation and Screening Rationale 26 

The effectiveness of this technology is rated high; however, due to treatment depth (approximately 7.6 m 27 

[25 ft]) and treatment area limitations needed to maintain cost reasonableness (RPP-ENV-34028), this 28 

technology would have low implementability for 100-K waste sites. Contaminant volatilization may 29 

create elevated worker safety and exposure concerns. However, the risk is considered lower than that of 30 

excavating highly contaminated and radioactive soil. Working in proximity to high voltage and high 31 

temperatures also requires appropriate safety considerations.  32 

The cost associated with implementation of ISV compared to other technologies is considered high, 33 

where electric power is the energy source. As presented in Table 9-1 of RPP-ENV-34028, ISV has the 34 

highest of all relative technology-specific costs. Given the complex equipment requirements, challenging 35 

implementation, and relatively high cost, ISV was not retained for further evaluation.  36 

A2.4 In Situ Treatment – Reagent Delivery Method 37 

This section presents technologies for the delivery of reagents for the in situ treatment of vadose zone 38 

soil. The previous section discussed possible reagents. These technologies would be considered only if 39 

an amendment-based technology is retained. 40 
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A2.4.1 Void Fill Grouting 1 

Void fill grouting involves using a solidifying agent to fill large voids (specifically pipelines that are left 2 

in place) to immobilize contaminants and reduce potential threats to groundwater. Grout can be 3 

cement-based (e.g., Portland cement) or chemical-based (e.g., silicates, acrylics, lignosulfonates, 4 

phenoplasts, and aminoplasts). Grouts can be mixed in batches or with mobile mixers, depending on the 5 

size of the grouting project. 6 

A2.4.1.1 Relevant Demonstration Projects 7 

In 2008, approximately 8,229.6 m (27,000 ft) of pipeline were grouted at the DOE Melton Valley Site. 8 

A2.4.1.2 Evaluation and Screening Rationale 9 

Grouting is considered to be highly effective for filling of voids in place and solidifying material present 10 

in the pipelines, especially those at depths <4.6 m (15 ft). Implementability is also considered to be 11 

moderate to high depending on the accessibility, and length and diameter of pipeline to be grouted. 12 

Relative cost is deemed low. Pipelines of a smaller diameter adequate for void fill grouting are not 13 

encountered as waste sites at 100-K. Removal of shallow pipelines is preferred over leaving in place; 14 

therefore, this technology was not retained for further evaluation.  15 

A2.4.2 Mixing with Conventional Excavation Equipment 16 

This delivery method involves using conventional excavation equipment (e.g., backhoes, excavators, and 17 

front-end loaders) to mix amendments into the soil. The equipment repeatedly picks up and moves the 18 

soil around after a slurry of the amendment has been added. A relatively thick slurry would be required to 19 

keep the amendments from readily draining out of the soil, or the mixing would need to be performed in 20 

a lined basin. This is considered a highly effective and moderately implementable technology; however, 21 

the depth at which it can be implemented is limited to the reach of the equipment used.  22 

A2.4.2.1 Relevant Demonstration Projects 23 

Conventional mixing was used in a remediation project at the Marine Corps Base Camp Lejeune, 24 

Jacksonville, North Carolina, which combined in situ stabilization of chlorinated solvents with 25 

contaminant degradation by ZVI (Olson et al., 2012, “Chlorinated Solvent Source-Zone Remediation via 26 

ZVI-Clay Soil Mixing: 1-Year Results”). Mixing effectively reduced heterogeneities in the treatment 27 

area, which had an average depth of 7.6 m (25 ft). Sodium bentonite and ZVI were well distributed 28 

throughout the treatment zone. Within one year, contaminant concentrations in the soil had been reduced 29 

by 97% on average, and hydraulic conductivities were reduced by nearly 2.5 orders of magnitude. 30 

A2.4.2.2 Evaluation and Screening Rationale 31 

Several other mixing methods are also highly effective, and some are more implementable than this 32 

technology based on the large area that may be required for the heavy equipment operation to achieve 33 

successful contaminant-reagent contact. The costs for this type of mixing are likely comparable to or 34 

lower than other mixing methods discussed below; however, the costs are likely to be higher than surface 35 

infiltration methods because that surface infiltration is likely less intrusive. Because of the depth 36 

limitation of this mixing method, as well as the availability of infiltration methods, mixing or delivery of 37 

amendments using conventional excavation equipment was not retained.  38 
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A2.4.3 Deep Soil Mixing (Vertical/Horizontal) 1 

Deep soil mixing uses large-diameter augers or horizontally rotating heads to blend in and homogenize 2 

the reagents and contaminated soil. The diameter of the augers can vary from 0.3 to 4 m (0.98 to 13 ft) 3 

(Day and Ryan, 1995, “Containment, Stabilization and Treatment of Contaminated Soils Using In-Situ 4 

Soil Mixing”). Reports indicate that depths ranging from 35 m (114 ft) (Day and Ryan, 1995) to 50 m 5 

(164 ft) (Jasperse and Ryan, 1992, “In-Situ Stabilization and Fixation of Contaminated Soil by Soil 6 

Mixing”) can be achieved with this technology. 7 

The technology provides the opportunity for uniform mixing in the soil column and good contact and 8 

reaction between contaminants and amendments. The reactants could be chemical reductants, biological 9 

substrates, or solidification/stabilization agents. Soil mixing by means of auger emplacement and 10 

incorporation of agents may be effective for shallow, near-surface contamination. Overlapping auger 11 

borings effectively ensures continuity of reagent emplacement. Effective depth varies depending upon 12 

site-specific conditions. Generally, this method increases soil volume, and excess soil could require 13 

disposal. Auger penetration would be substantially reduced or possibly refused in large gravels or 14 

well-cemented materials. A backhoe may be required to move the large cobbles.  15 

A2.4.3.1 Relevant Demonstration Projects 16 

Deep soil mixing was used to remediate an abandoned transformer repair facility in Miami, Florida 17 

(Jasperse and Ryan, 1992). PCB concentrations over the affected area ranged from 200 to 600 ppm, with 18 

a maximum concentration of 1,000 ppm. Affected media were encountered to approximately 15 m 19 

(49 ft) bgs. Laboratory bench-scale tests were completed to evaluate potential reagents, and a proprietary 20 

pozzolanic additive containing clay absorbents was selected. Full-scale implementation involved using 21 

a four-shaft, deep soil-mixing rig and a reagent mixing plant complete with a four-line pump and control 22 

system. Reagents were mixed at a rate of 275 kg/m3 of soil mixed. Results from the study showed 23 

a decrease in PCB concentrations after treatment, as well as an increase in unconfined strength and 24 

a decrease in permeability of the mixed samples over time. 25 

A2.4.3.2 Evaluation and Screening Rationale 26 

Deep soil mixing is considered highly effective for delivering reagents to contaminated soil. Chemical 27 

deep soil mixing is considered effective at delivering reagents to contaminated soils. Chemical agents are 28 

mixed uniformly with the soil column, providing good contact and reaction between the COC and the 29 

reagent. Cement or bentonite clay can also be mixed with the chemical slurry to reduce the hydraulic 30 

conductivity and leachability of the soil. Implementability of deep soil mixing is considered low at the 31 

Hanford Site due to the presence of cobbles and boulders in the subsurface. Because ERDF is available 32 

for soil disposal at the Hanford Site, excavating the soil and disposing it at ERDF is a much more 33 

straightforward and proven option. Because implementability will be limited by site conditions and 34 

required depth of treatment, deep soil mixing is not retained for further evaluation.  35 

A2.4.4 Horizontal Injection Wells 36 

Horizontal injection wells involve the delivery of amendments through wells installed using horizontal 37 

drilling techniques. Horizontal injection may have benefits over vertical injection in shallow treatment 38 

areas, and where COCs are characterized within a certain discrete depth interval.  39 
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A2.4.4.1 Relevant Demonstration Projects 1 

An unsuccessful horizontal well technology demonstration was conducted at the Hanford Site 100-D Area 2 

from November 2009 through January 2010 (SGW-45974, Treatability Demonstration Report for 3 

Directional Drilling in the 100-D Area). The scope of work consisted of two phases. First, a surface 4 

casing was installed at a 16-degree angle from horizontal through the Hanford formation to an estimated 5 

depth of 15 m (50 ft) bgs. The second phase was to drill through the Ringold unit E using horizontal 6 

directional drilling techniques and drilling mud. Once this drilling was complete, the drill bit would have 7 

been knocked off and the well screen installed inside the drill pipe. Installation of surface casing was 8 

required to facilitate circulation of drilling mud in the very porous Hanford formation. The casing was 9 

advanced with much difficulty to approximately 6 m (20 ft) bgs (85 linear ft), when downward progress 10 

ceased due to inadequate force on the downhole hammer and difficulty removing cuttings from the 11 

inclined casing. Rotary mud directional drilling through the casing and into the Hanford formation was 12 

attempted, but progress was slow and circulation was never established. 13 

A2.4.4.2 Evaluation and Screening Rationale 14 

As with vertical injection wells, the moderate to high effectiveness of horizontal injection wells can be 15 

hindered by soil heterogeneity, which causes preferential flow paths and limits the treatment effectiveness 16 

of lower permeability soil. With anisotropies in vertical hydraulic conductivity more pronounced than 17 

horizontal hydraulically conductivity, amendment distribution over a larger depth interval would be more 18 

challenging compared to vertical wells. Furthermore, maintaining target borehole depth and alignment 19 

with horizontal drilling in gravelly/cobbly lithologies would be difficult (as was encountered during the 20 

technology demonstration at the Hanford Site). Given the increased difficulty in installation and 21 

amendment delivery compared to vertical injection wells, horizontal injection well technology was rated 22 

low for implementability and not retained. 23 

A3 Groundwater Treatment 24 

In this section, the technologies not retained for addressing contaminated groundwater with COC 25 

concentrations above PRGs in the FS are discussed. The technologies are grouped by the general response 26 

action categories of containment, removal with ex situ treatment and discharge, and in situ treatment with 27 

enabling technologies for delivery of reagents to the subsurface. 28 

A3.1 Containment 29 

Plume containment refers to minimizing the spread of a plume through hydraulic gradient control, which 30 

can be either active (e.g., pumping wells and gravity drains) or passive (e.g., vertical barriers or 31 

permeable reactive barriers [PRBs]). These technologies also rely on exposure prevention for the 32 

protection of human health. Slow contaminant removal (for gradient control systems) or natural 33 

attenuation may gradually achieve cleanup levels within the contained area. Conditions that potentially 34 

favor the use of containment (EPA/540/G-88/003, Guidance on Remedial Actions for Contaminated 35 

Ground Water at Superfund Sites) include the following: 36 

 Groundwater that is naturally unsuitable for consumption (e.g., Class III aquifers) 37 

 Low mobility contaminants 38 

 Low aquifer transmissivity 39 

 Low concentrations of contaminants 40 

 Low potential for exposure 41 

 Low projected demand for future use of the groundwater 42 
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Potential containment technologies that were not retained for consideration in the 100-K FS are discussed 1 

in the following sections. 2 

A3.1.1 Physical – Vertical Barriers of Slurry, Grout, Sheet Pile, and Secant Walls 3 

Vertical containment walls include soil bentonite slurry walls, grout walls, sheet pile walls, and secant 4 

walls. Vertical containment walls have been used successfully for full or partial physical containment of 5 

groundwater plumes at many hazardous waste sites. Groundwater pumping for gradient control may be 6 

required to prevent groundwater mounding and plume bypass. Vertical containment walls are used to stop 7 

plume migration. Installation methods include conventional or continuous trenching with soil/bentonite 8 

slurry, vibrating or driven sheet pile, and secant walls constructed using overlapping temporary caisson or 9 

jet grout soil-cement columns.  10 

A3.1.1.1 Relevant Demonstration Projects 11 

In 1994, the Washington State Department of Ecology (Ecology) and EPA issued an action memorandum 12 

to DOE to construct a sheet pile wall at 100-N (Ecology and EPA, 1994, “Action Memorandum: 13 

N Springs Expedited Response Action Plan, U.S. Department of Energy Hanford Site, Richland, WA”). 14 

Between December 2 and 30, 1994, the DOE Richland Operations Office conducted a sheet pile 15 

installation pilot test. The objective was to evaluate the ability to drive sheet pile to a depth of 15 m (50 ft) 16 

along a proposed 914 m (3,000 ft) alignment. Initial subcontractor attempts used vibratory hammers to 17 

install piling. After several failed efforts, a diesel impact hammer was attempted without success. Test 18 

pits confirmed that Hanford formation cobble- and boulder-size material prevented pile penetration. 19 

A more powerful, variable energy hydraulic hammer was obtained and tested. Early indications appeared 20 

successful; however, after extraction, it was determined that the pile had reached a depth of only 9 m 21 

(30 ft). The high-energy impact hammer destroyed the bottoms of the test piles. Three drive tests were 22 

completed with similar results. Sheet piles were destroyed after penetrating 9 m (30 ft), which is 3 to 6 m 23 

(10 to 20 ft) short of the target depth. The pilot test demonstrated that interlocking piling could not be 24 

driven. It was concluded that the Ringold unit E was not penetrable with standard sheet piling installation 25 

methods, and a sheet pile wall could only be installed after Ringold unit E was loosened before pile 26 

driving (DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan). 27 

Ecology and EPA concurred with DOE that installation of the sheet pile wall could not be achieved in the 28 

manner specified (DOE/RL-2001-04, Annual Summary Report Calendar Year 2000 for the 100-HR-3, 29 

100-KR-4, and 100-NR-2 Operable Units and Pump-and-Treat Operations). 30 

A3.1.1.2 Evaluation and Screening Rationale 31 

Vertical containment walls are typically extended into a confining unit such as the Ringold Formation 32 

upper mud (RUM) to prevent plumes from diving beneath the wall. Only at locations very near the 33 

Columbia River would the required depths be shallow enough to make installation reasonably 34 

economical. At 100-K, the RUM is present at a depth of approximately 15 m (50 ft) bgs near the river. 35 

Previous attempts to install sheet pile at 100-N using standard methods were not successful. Installation 36 

to the required depth may be possible using specialized excavation equipment such as a hydraulic 37 

clamshell with temporary caisson, but there is significant uncertainty whether excavation into the 38 

Ringold Formation (which consists of silt/sand cemented gravel) would be successful. 39 

There is also uncertainty regarding how well the RUM would serve as a confining unit. The hydraulic 40 

conductivity in the RUM has not been evaluated in detail. The RUM was scoured by river channel 41 

migration and glacial flood erosion that ultimately deposited the Hanford formation. Thus, the RUM has 42 

an undulating surface with periodic depressions, further complicating the ability to effectively key vertical 43 

containment wall technology into this unit. 44 
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Most of the installation methods would be technically challenging at the Hanford Site due to the depths of 1 

the unconfined aquifer and the presence of cobbles and coarse gravels. Cobbles will prevent or deflect most 2 

insertion methods or items such as sheet piles, vibrating beams, and drilled caissons. While conventional 3 

trenches can likely be kept open in this formation, slurry loss may be excessive in zones of clean, coarse 4 

cobbles or gravels. Sudden loss of slurry related to penetration into such a zone could lead to 5 

trench instability. 6 

Effectiveness of this technology is considered moderate for several reasons: it depends on the ability to 7 

key into a low-permeability unit, it does not treat contamination, and groundwater upgradient of the wall 8 

must be removed to keep hydraulic pressure against the wall within design parameters. Implementability 9 

is low as evidenced by failed attempts to install a sheet pile wall at N-Springs. Capital costs would be 10 

high, and O&M costs would be low or moderate. As a consequence of installation challenges and high 11 

costs, containing walls were not retained for further evaluation. 12 

A3.1.2 Vertical – Cryogenic Barrier 13 

A vertical cryogenic barrier involves converting water present in the aquifer to ice, a process that 14 

increases the strength of the soil and creates an impermeable barrier. Freezing can be accomplished by 15 

installing vertical pipes in a linear alignment in front of or fully enclosing the contaminant plume. 16 

A freezing agent of typically salt water, propylene glycol, or calcium chloride is circulated through the 17 

pipes, freezing the soil in between the pipes. A continual refrigeration source is required to maintain 18 

frozen conditions. Low-level groundwater pumping may be required to prevent mounding and potential 19 

plume bypass. 20 

A3.1.2.1  Relevant Demonstration Projects 21 

Cryogenic barriers have been used for >100 years in the construction, industry, and environmental fields 22 

and are proven effective for short-term strengthening of soil. In 1997, a field-scale demonstration project 23 

at the Oak Ridge National Laboratory was performed. Cryogenics were used to surround a disposal pond 24 

associated with the former experimental reactor. The installed barrier was 91 m by 7.8 m by 10 m (300 ft 25 

by 25.6 ft [average width as of December 31, 1999] by 34 ft). 26 

A3.1.2.2 Evaluation and Screening Rationale 27 

Containment walls must typically extend and be keyed into a confining unit (e.g., the RUM), which at 28 

most 100-K waste sites may be 10 m (30 ft) bgs. There is uncertainty regarding how well the RUM would 29 

serve as a confining unit. The hydraulic conductivity in the RUM has not been evaluated in detail, and the 30 

RUM was scoured by river channel migration and erosion by the glacial floods that ultimately laid down 31 

the Hanford formation. Thus, the RUM has an undulating surface with periodic depressions, further 32 

complicating the ability to key into this unit effectively. 33 

Another uncertainty is the ability of the technology to maintain frozen conditions near the leading edge of 34 

the contaminant plumes that lie along the river shoreline. In this area, daily and seasonal water table 35 

fluctuations occur in response to Columbia River stage variations. Additionally, the ability to drive piping 36 

into Ringold unit E is an unknown and would likely require drilling methods. The long-term O&M costs 37 

to maintain frozen conditions for up to 300 years makes this technology cost prohibitive. For these 38 

reasons, the cryogenic barrier technology was rated low for implementability and was not retained for 39 

further evaluation. 40 
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A3.1.3 Vertical – Reactive Chemical Barrier 1 

The PRB technology consists of constructing a vertical treatment wall along the leading edge of the 2 

contaminant plume and using the natural hydraulic gradient to transport the plume through the PRB 3 

reactive media. The reactive media can be comprised of a broad range of inert and reactive materials 4 

specifically selected to immobilize or treat the identified COCs. ZVI is one of a number of different types 5 

of reactive media that has been used to treat a range of organic and inorganic contaminants. 6 

A3.1.3.1 Relevant Demonstration Projects 7 

An in situ redox manipulation (ISRM) barrier was constructed using sodium dithionate in the Hanford 8 

Site 100-D Area to treat Cr(VI) passively by transforming it to the less mobile and less toxic Cr(III) 9 

(EPA et al., 1999, U.S. Department of Energy Hanford Site – 100 Area Benton County, Washington 10 

Amended Record of Decision, Decision Summary and Responsiveness Summary (100-HR-3 Operable 11 

Unit Interim Remedial Action). At the time the ISRM barrier was implemented, the magnitude and extent 12 

of Cr(VI) in the 100-D southern plume hot spot (located upgradient of the barrier) were not understood. 13 

When performance monitoring data showed Cr(VI) breaking through the ISRM treatment zone, 14 

fortification of the barrier with ZVI was proposed. A treatability study was conducted to evaluate whether 15 

augmentation of the ISRM barrier with nanoscale ZVI would be an effective approach to restore PRB 16 

performance and longevity. 17 

In 2006, DOE began a test to determine whether injections of tiny iron particles (only 70 nm [3 millionths 18 

of an inch] in diameter) could fortify the weaker portions of the ISRM barrier. The small size of the 19 

particles would allow them to flow into the aquifer, thus treating the water more effectively given the 20 

large surface area of the material (30 m2/g [150,000 ft2/lb]). Higher surface area means that more iron 21 

would be available to react with and remediate the groundwater. 22 

Selecting the right iron particles was critical to the success of the test; therefore, initial stages of the 23 

project focused on identifying potential ZVI products for injection. During evaluation, the RNIP-M2 24 

ZVI formulation was selected for field testing because of its injection characteristics and ability to sustain 25 

the treatment zone. 26 

The field injection test was conducted in August 2008 at 100-D. The first goal was to inject sufficient ZVI 27 

into the more permeable portions of the barrier to ensure that the ZVI could disperse at least 7 m (23 ft) 28 

from the injection well. The second goal was to determine whether the selected ZVI could reduce Cr(VI) 29 

concentrations effectively in the groundwater. 30 

For about 5 days, a total of 370,970 L (98,000 gal) of RNIP-M2 solution was injected into the Ringold 31 

unit E aquifer at a rate of 53 L/min (14 gal/min). The ZVI was communicated at least 3 m (9.8 ft) away 32 

from the injection well. A borehole was drilled 7 m (23 ft) from the injection well in March 2009 to 33 

evaluate the ROI. Analysis of aquifer materials showed that approximately 4 wt% ZVI was present in the 34 

targeted permeable layer near the bottom of the aquifer. This verified that the goal of emplacing ZVI at 35 

least 7 m (23 ft) into the aquifer was successfully accomplished. Monitoring has shown that the area near 36 

the test is strongly reducing, and Cr(VI) has been reduced to Cr(III). The test demonstrated that RNIP-M2 37 

could be an effective, easily injected ZVI product to fortify the ISRM barrier. 38 
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A3.1.3.2 Evaluation and Screening Rationale 1 

The use of ZVI-based PRBs has shown to be effective in the treatment of VOCs, reduction-oxidation 2 

(redox)-sensitive metals, and nitrate. The optimal locations for ZVI emplacement at 100-K for Cr(VI) 3 

treatment would include five separate locations where Cr(VI) concentrations are projected to be below the 4 

state surface water quality standard within 40 years with no further action. ZVI injection will decrease the 5 

aquifer’s redox, which in turn could increase other redox-sensitive metal flux to the river. This is 6 

a significant uncertainty, and for this reason, the ZVI PRB technology for Cr(VI) treatment was 7 

not retained. 8 

A3.1.4 Biological – Reactive Biological Barrier 9 

Reactive biological barriers involve the subsurface delivery and/or recirculation of biological substrate 10 

along cross-gradient rows transecting the plume. Residual reducing byproducts and biomass are retained 11 

in the aquifer matrix so Cr(VI) is passively removed as groundwater moves through the treatment zone. 12 

Biological barriers would operate much like the ISRM. Rejuvenation of the barrier by reinjecting 13 

biological substrate may be required periodically to maintain reducing power. Common substrates include 14 

acetate, molasses, cow manure, fruit juice, lactate, whey, polylactate, and sulfur-containing products 15 

(e.g., metals remediation compound), as well as waste organic material (e.g., from beer manufacturing) 16 

(SGW-38255). 17 

The indigenous organisms use the substrate as a carbon source for biomass generation and as an electron 18 

donor for energy production through a number of metabolic processes. Cr(VI) is a highly oxidized 19 

compound and, therefore, can act as an electron acceptor, becoming reduced to Cr(III) in the process. 20 

Biological processes may include bioreduction, bioaccumulation, biomineralization, and bioprecipitation, 21 

which use specific substrates to drive the treatment and affect the reduction, uptake, or precipitation of 22 

Cr(VI). These processes can be used within reactive biological barriers (EPA/625/R-00/005, In Situ 23 

Treatment of Soil and Groundwater Contaminated with Chromium: Technical Resource Guide). 24 

A3.1.4.1 Relevant Demonstration Projects 25 

Biological barriers can be effective depending on the natural groundwater flow rates that would pass 26 

through them, which will dictate how often the barriers need to be rejuvenated (because of the 27 

consumption of the residual reducing power by the oxygen and nitrate in the groundwater).  28 

A field experiment was conducted at the Hanford Site using hydrogen release compound (HRC®), which 29 

is a slow-release glycerol polylactate, to bioimmobilize Cr(VI) (Faybishenko, 2008, “In situ long-term 30 

reductive bioimmobilization of Cr(VI) in groundwater using hydrogen release compound”). The results of 31 

this experiment showed that a single HRC injection into groundwater stimulated an increase in biomass; 32 

a depletion of terminal electron acceptors oxygen, nitrate, and sulfate; and an increase in ferrous iron, 33 

resulting in a significant decrease in soluble Cr(VI). The Cr(VI) concentration remained below the 34 

background concentration in the downgradient pumping/monitoring well and below the detection limit in 35 

the injection well for at least 3 years after the HRC injection. The degree of sustainability of hexavalent 36 

reductive bioimmobilization under different redox conditions at this and other contaminated sites was 37 

currently being studied as of the publication date. 38 

Biological barriers have been used at other Cr(VI) sites (SGW-38255). One site was the Selman Pressure 39 

Treating Superfund Site in California, where an existing pump and treat (P&T) system was projected to 40 

take >30 years to clean up the site. To accelerate remediation, molasses was injected by direct-push 41 

methodology to a ROI of 4.6 m (15 ft) to treatment depths up to 37 m (120 ft). Cr(VI) concentrations 42 

                                                      
®HRC is a registered trademark of REGENESIS, San Clemente, California. 
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decreased to less than the performance standard of 50 µg/L and, in most cases, to below 10 µg/L. 1 

In a downgradient portion of the plume, a recirculation process was used to amend the groundwater with 2 

lactate to treat to greater depths. Cr(VI) reduction was initiated before nitrate reduction. Dosing was 3 

adjusted to minimize overly reducing conditions, which led to the temporary mobilization of iron and 4 

manganese as well as biofouling.  5 

Molasses and lactate were injected at a Cr(VI)-contaminated site near Flanders, Belgium in 2005 to 2006 6 

(Vanbroekhoven et al., 2007, “Stimulation of In Situ Bioprecipitation for the Removal of Cr(VI) from 7 

Contaminated Groundwater”). Frequent reinjections were important to maintain reduced conditions. 8 

Results of this pilot test showed efficient Cr(VI) removal from the groundwater for the lactate injection 9 

zone within 200 days; for the molasses injection zone, efficient removal was observed after about 10 

400 days. Based on the success of this pilot test, a full-scale process was planned. 11 

A recent study evaluated a biological barrier comprised of sand and sawdust that had been treating nitrate 12 

for 15 years (Robertson et al., 2008, “Nitrate Removal Rates in a 15-Year-Old Permeable Reactive 13 

Barrier Treating Septic System Nitrate”). Sediment cores were retrieved and reaction rates were measured 14 

in column tests and compared to rates measured in year 1 using the same reactive mixture. The rates after 15 

15 years were within about 50% of the year 1 rates. Near the end of the year 15 column test, wood 16 

particles were removed from the reactive media, and nitrate removal subsequently declined by about 17 

80%, indicating that the wood particles were principally responsible for denitrification. The authors 18 

concluded from this work that some denitrifying biological barriers can remain maintenance-free and can 19 

be adequately reactive for decades. 20 

A3.1.4.2 Evaluation and Screening Rationale 21 

In addition to consuming dissolved oxygen, bioreducing barriers have the potential to result in unwanted 22 

dissolved biodegradation byproducts (e.g., ferrous iron, manganese, and arsenic). Consequently, the 23 

barriers or extraction wells should not be placed too close to the river unless reoxygenation systems such 24 

as sparging wells are installed downgradient of the biobarrier.  25 

Effectiveness is deemed low to moderate. Given the aerobic groundwater flowing at relatively high rates, 26 

re-amendment would likely need to be frequent to maintain reducing conditions. Implementability is 27 

considered moderate or high, capital costs are considered moderate or high, and O&M costs are 28 

considered moderate. The current remedies at both the 100-KR-4 and 100-HR-3 OUs include hydraulic 29 

containment using extraction wells. Consequently, additional technologies to create barriers to 30 

contaminant migration would duplicate efforts and are not needed. In addition, barriers do not support 31 

cleanup of the entire plume. For these reasons, biobarriers were not retained for further evaluation.  32 

A3.1.5 Permeable Reactive Barrier 33 

Apatite- or zeolite-based treatment media can be used in PRBs as a method of treating groundwater 34 

contaminated with Sr-90. As groundwater flows through the barrier, Sr-90 is sequestered in place. 35 

A3.1.5.1 Relevant Demonstration Projects 36 

Based on recommendations provided in ITRD, 2001, Hanford 100-N Area Remediation Options 37 

Evaluation Summary Report, a Sr-90 treatability test plan was prepared (DOE/RL-2005-96, Strontium-90 38 

Treatability Test Plan for 100-NR-2 Groundwater Operable Unit). The test plan outlined field testing to 39 

be conducted in two separate phases: an initial field pilot test at two locations on either end of a future 40 

apatite PRB located along the 100-NR-2 OU river shoreline, followed by installation and treatment of 41 

enough wells located in between to create a 91 m (300 ft) apatite PRB.  42 
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The apatite PRB was formed by injecting a calcium-citrate-phosphate solution into the aquifer through 1 

a network of vertical wells. After the solution is injected, biodegradation of the citrate releases the 2 

calcium, which results in formation of apatite (a calcium phosphate mineral [Ca10(PO4)6(F, Cl, OH)2]). 3 

Strontium ions (including Sr-90) in groundwater substitute for calcium ions in the apatite via cation 4 

exchange and eventually become incorporated in the mineral matrix during apatite crystallization 5 

(PNNL-16891, Hanford 100-N Area Apatite Emplacement: Laboratory Results of Ca-Citrate-PO4 6 

Solution Injection and Sr-90 Immobilization in 100-N Sediments). The Sr-90 in groundwater is 7 

sequestered within the apatite matrix as contaminated groundwater flows through the PRB. Based on data 8 

collected from batch laboratory tests, the calculated average incorporation rate for the PRB design apatite 9 

content is 0.96 mg apatite/g of sediment (PNNL-23367, Hanford Apatite Treatability Test Report Errata: 10 

Apatite Mass Loading Calculation). Following incorporation, the sequestered Sr-90 radioactively decays 11 

within the apatite PRB’s crystalline matrix. 12 

Based on the success of the pilot tests, a 90 m (300 ft) segment of the apatite was constructed in 2006 13 

and 2007, and the PRB was extended to 274 m (900 ft) in 2011. In the 24 upstream wells used to create 14 

the upstream segment, a total volume of 5,900,000 L (1,560,000 gal) of phosphate and calcium-citrate 15 

solution were injected. This injection led to an average treatment volume of approximately 246,000 L 16 

(65,000 gal) per well. In the 24 downstream wells used to create the downstream segment, a total volume 17 

of 5,409,000 L (1,428,000 gal) of phosphate and calcium-citrate solution was injected, for an average 18 

treatment volume of approximately 225,000 L (59,500 gal) per well. In addition, the injection wells 19 

needed to extend the apatite PRB to 760 m (2,500 ft) were installed but were not injected.  20 

Performance monitoring conducted to date has shown that overall, the apatite PRB is effective at reducing 21 

Sr-90 flux to the river.  22 

A full-scale permeable treatment wall using zeolite (granular clinoptilolite) treatment media was installed 23 

in 2010 at the West Valley Demonstration project in western New York (CHBWV, 2018, West Valley 24 

Demonstration Project Annual Site Environmental Report Calendar Year 2017). The 260 m (860 ft) long 25 

PRB removes Sr-90 from the groundwater plume by IX as it passes through the zeolite matrix. The barrier 26 

was installed through the water-bearing zone and keyed into the underlying low-permeability unit. 27 

Performance monitoring data collected through 2017 indicate that Sr-90 activity levels are lower 28 

downgradient of the barrier compared with upgradient activities, indicating that treatment via IX 29 

is occurring. 30 

A3.1.5.2 Evaluation and Screening Rationale 31 

Based on the results for 100-N, effectiveness for immobilizing Sr-90 is deemed moderate to high. 32 

Although immobilized, Sr-90 is not physically removed; therefore, it is does not restoring the aquifer to 33 

beneficial use as drinking water. Implementability is considered high, capital costs are considered low, 34 

and O&M costs are considered low to moderate. The 100-K KW and KE Sr-90 plumes are currently 35 

located 400 m (1,300 ft) inland from the river shoreline and will not reach the river before radioactive 36 

decay fully degrades the plumes. Additionally, because the Sr-90 plumes migrate at a rate equal to 1/100th 37 

of the natural groundwater velocity, the plumes do not pose a migration threat. Therefore, due to the low 38 

rate of migration, containment based technologies are not needed for the KW and KE Sr-90 plumes. 39 

A3.2 Ex Situ Treatment (Component of Pump and Treat) 40 

Ex situ treatment technologies are often paired with the groundwater removal (extraction) technology. 41 

Following extraction of groundwater via extraction wells, groundwater is treated with ex situ methods to 42 

reduce contaminants to a less mobile form (e.g., from Cr(VI)) to Cr(III)) and remove it from the water 43 

stream. The ex situ treatment options that were not retained are discussed in this section. 44 
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A3.2.1 Physical – Membrane Separation (Reverse Osmosis) 1 

Reverse osmosis (RO) is a pressure-driven process that uses semipermeable membranes to treat water. 2 

RO is among the technologies that EPA considers effective for removing total chromium to below 3 

100 µg/L along with coagulation/filtration, IX, and lime softening) (EPA, 2017, “Chromium in Drinking 4 

Water”). In addition to chromium, other COCs that can be removed by RO include nitrate and some 5 

petroleum compounds (Dvorak and Skipton, 2008, Drinking Water Treatment: Reverse Osmosis). 6 

Contaminated water is pushed through the membrane at pressures great enough to overcome the osmotic 7 

pressure, which increases as the contaminants become more concentrated on the influent side. As such, 8 

the pressure requirements for effective water treatment are a function of the influent ion concentrations. 9 

The water that passes through the membrane is called the permeate and typically contains only a small 10 

fraction (<5%) of the ion concentration present in the influent. The water that does not pass through the 11 

membrane is called the retentate, brine, concentrate, or reject stream. It has a high total dissolved 12 

solids concentration and would contain most of the COCs being removed. With appropriately sized 13 

membranes and multiple stages of treatment, low ion concentrations can be achieved in the permeate. 14 

In New Hampshire, the typical production efficiency of RO for nitrate removal is approximately 25%; for 15 

every 15 L (4 gal) of untreated water entering the device, only 3.7 L (1 gal) of treated water is produced 16 

(WD-DWGB-3-9, Nitrate and Nitrite in Drinking Water). This low efficiency is attributed to New 17 

Hampshire’s cold groundwater temperatures. Industrial waste RO processes typically have production 18 

efficiencies between 70% to 90%, but they must generate pressures between 150 and 600 psig to achieve 19 

this high recovery (Siemens, 2011, Industrial Wastewater Recycle/Reverse Osmosis Systems). 20 

Brine production is another significant issue with RO. The need to minimize and manage (e.g., evaporate) 21 

the brine can lead to significant increases in water treatment costs. RO is commonly used to desalinate 22 

seawater, which typically generates much greater volumes of brine than for treating groundwater; 23 

however, in this application, the brine can simply be returned to the seawater. Options for managing brine 24 

and other process residuals for 100-K include drying or solidification/stabilization (EPA 815-R-06-009, 25 

Membrane Filtration Guidance Manual) and disposal at ERDF. 26 

A3.2.1.1 Relevant Demonstration Projects 27 

The RO for Sr-90 removal “shows promise” (Liu and Lipták, 1997, Environmental Engineers’ 28 

Handbook), and a later study showed 97% removal (from 960 to 33 µg/L) of strontium by RO (EPA and 29 

NSF, 2005, ETV Joint Verification Statement – Point-of-Use Drinking Water Treatment System). 30 

Commercially available treatment options are not available to remove tritium from groundwater 31 

(WSRC-RP-97-849, Groundwater Treatment at SRS: An Innovative Approach). As shown in Table J-2 of 32 

WSRC-RP-97-849, 99.6% removal is expected to be required to achieve the 8 pCi/L PRG. 33 

A RO process was bench-scale tested at the 200 West Area of the Hanford Site that combines three 34 

different membrane technologies: RO, coupled transport, and nano-filtration (WHC-SA-2755-FP, Testing 35 

of a Benchscale Reverse Osmosis/Coupled Transport System for Treating Contaminated Groundwater). 36 

These technologies were used to purify 72 L (19 gal) of groundwater while extracting and concentrating 37 

uranium, technetium, and nitrate into separate solutions. This separation allows for the future use of the 38 

radionuclides (if needed) and reduces the amount of waste requiring disposal. This process has the 39 

potential to concentrate the contaminants into solutions with volumes in a ratio of 1:10,000 of the feed 40 

volume, compared to a volume reduction ratio of 10:100 for IX and stand-alone RO. The experiment 41 

demonstrated the effectiveness of the process as theorized for all ions except for technetium, suggesting 42 

that design modifications may be necessary. 43 
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The Effluent Treatment Facility in the Hanford Site 200 East Area treats liquid effluent to remove toxic 1 

metals, radionuclides, and ammonia and to destroy organic compounds. The treatment process constitutes 2 

best available technology and includes pH adjustment, filtration, ultraviolet light, and hydrogen peroxide 3 

destruction of organic compounds; RO to remove dissolved solids; and IX to remove the remaining traces 4 

of contaminants. The facility began operating in December 1995. The maximum treatment capacity of the 5 

facility is 570 L/min (150 gal/min) (PNNL-18427, Hanford Site Environmental Report for Calendar 6 

Year 2008). 7 

A3.2.1.2 Evaluation and Screening Rationale 8 

With the appropriate design, RO can be effective for almost any compound. However, a system design 9 

would require site-specific testing, and pre-treatment would likely be necessary. Capital and O&M costs 10 

are high, so implementability is considered low to moderate. A major disadvantage of RO that underlies 11 

these unfavorable ratings is the large volume of brine that is typically generated. The volume will vary 12 

depending primarily on groundwater characteristics because, in addition to COCs, other naturally 13 

occurring chemicals would be removed. The brine would contain Cr(VI), Sr-90, and other COPCs that 14 

would require further treatment and then disposal. It would also have a high concentration of total 15 

dissolved solids, which could be an issue for disposal. Brine production was the primary reason that RO 16 

was not retained for this evaluation. 17 

A3.2.2 Reduction with Precipitation and Co-Precipitation 18 

Chemical precipitation involves introducing chemicals to transform dissolved contaminants (typically 19 

metals) into insoluble solids, which are removed by settling and filtration. The treatment process 20 

generally requires pH adjustment using acid and/or caustic addition. When the desired pH is achieved, 21 

additional chemicals are added to initiate flocculation and settling. The chemicals that may be used 22 

include ferrous chloride, ferrous sulfide, ZVI, sulfur dioxide, and various sulfites (Section 4.2 of 23 

SGW-38338, Remedial Process Optimization for the 100-D Area Technical Memorandum Document). 24 

Ferrous iron is commonly used for industrial wastewaters such as from metal plating. Effective 25 

post-treatment for solids removal (to include flocculation and/or coagulation, settling, and filtration) and 26 

conditioning is required. Sludge handling, dewatering, and disposal are also required. The volume 27 

and/or mass of the sludge generated can be extremely large and would need to be disposed at ERDF. 28 

Site-specific jar testing would be required to obtain design and operational parameters. 29 

A3.2.2.1 Relevant Demonstration Projects 30 

A remedial process optimization evaluation was performed for the 100-D Area with a goal of reducing the 31 

cost and improving performance of the existing ex situ IX groundwater treatment systems (Chapter 6 in 32 

SGW-38338) for Cr(VI) removal. Design criteria, conceptual designs, and rough order-of-magnitude cost 33 

estimates were developed for IX with onsite regeneration, IX with offsite regeneration, and ferrous 34 

chloride reduction-precipitation. The technology with the lowest estimated O&M cost was IX with onsite 35 

regeneration, followed by the ferrous chloride reduction-precipitation, whose estimated O&M costs were 36 

approximately 20% higher. By far, the largest solid waste stream is generated by the ferrous chloride 37 

process, with annual solid waste mass about four times that of IX with onsite regeneration and >60 times 38 

that of IX with offsite regeneration. 39 

Projects using precipitation/co-precipitation for Sr-90 removal at a level that would be required for the 40 

100-K Sr-90 plume have not been identified. 41 

A3.2.2.2 Evaluation and Screening Rationale 42 

This technology is effective for Cr(VI) and could possibly be effective for C-14. Additional testing would 43 

be required to determine the efficacy of this technology to C-14. Site-specific testing for all COPCs 44 
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would be required to determine operational parameters. Vendors and equipment for this technology are 1 

readily available; however, this technology is unproven at the Hanford Site, and large volumes of sludge 2 

are produced. The effectiveness of a precipitation/co-precipitation process to remove calcium and 3 

magnesium that competes with Sr-90 in IX treatment is expected to be moderate to high because this 4 

technology is widely used in industry. However, the technology was rated low for implementability 5 

because there is significant uncertainty regarding the process control parameters, volumes, and 6 

characteristics of the sludge produced; also, even if coupled with IX, the 8 pCi/L Sr-90 PRG would not 7 

be achieved. 8 

Based on the remediation process optimization evaluation for 100-D, chemical reduction using ferrous 9 

chloride would have a higher estimated operations cost than IX with onsite regeneration. Although the 10 

capital costs for chemical reduction are similar to IX, a new chemical reduction system would need to be 11 

designed and constructed, whereas the IX systems are already built and operating at the Hanford Site. 12 

Chemical reduction and/or precipitation would also generate a much larger waste stream compared to IX 13 

with either onsite or offsite regeneration. For these reasons, this technology was not retained. 14 

A3.2.3 Chemical – Electrocoagulation 15 

Electrocoagulation is a specific form of chemical reduction and precipitation. It is used to remove 16 

a variety of suspended solids and dissolved pollutants from aqueous solutions, including Cr(VI). 17 

An electric field is applied to metal plates, which release ions into the water. To remove oxidized species 18 

such as Cr(VI), iron plates typically are used. The iron ions reduce Cr(VI) to an iron-chromium 19 

hydroxide, which is subsequently removed from the water.  20 

A3.2.3.1 Relevant Demonstration Projects 21 

A 2007 treatability test evaluated the potential for this technology for the Hanford Site 100-D Area 22 

(DOE/RL-2008-13, Treatability Test Report for the Removal of Chromium from Groundwater at 23 

100-D Area Using Electrocoagulation). The test objectives were as follows:  24 

 Determine the operability, robustness, and treatment efficiency of an electrocoagulation system.  25 

 Characterize the volume and composition of the resulting waste. 26 

 Obtain design data for scaling the process from a 190 L/min (50 gal/min) to a 1,900 L/min 27 

(500 gal/min) system. 28 

The test setup included an electrocoagulation unit and a downstream water treatment system with 29 

a clarifier, filters, and a filter press to dewater the sludge. The water passed through the electrocoagulation 30 

unit, precipitates were removed, and the water was reoxygenated and then reinjected into the aquifer. 31 

The performance objective of the treatability study was to determine Cr(VI) removal efficiency, with the 32 

goal of decreasing Cr(VI) concentrations to 20 µg/L or less. The test consisted of a startup phase from 33 

May 3 to July 20, 2007; a continuous testing phase from July 23 to October 12, 2007; and a final testing 34 

phase conducted on October 16 and 17, 2007, using groundwater augmented with higher concentrations 35 

of Cr(VI). Over the course of the test period, the system treated 10.3 million L (2.8 million gal) 36 

of groundwater. 37 

The data evaluation at the conclusion of the test suggested that electrocoagulation could achieve the 38 

treatment goal in >90% of the samples with one or more passes through the treatment system but the 39 

treatment system could not operate unattended. Therefore, it was concluded that cost and operational 40 

factors do not favor the use of this technology. 41 
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A3.2.3.2 Evaluation and Screening Rationale 1 

The effectiveness of electrocoagulation at the 100 Areas is anticipated to be low or moderate, particularly 2 

in light of the challenges encountered in the above-described pilot test. The technology is not widely used 3 

for Cr(VI). Implementability is also considered low or moderate because further development of the 4 

process would be required. In addition, the process may render the treated water less suitable for 5 

reinjection. Capital costs are moderate or high, and O&M costs are moderate. Part of the high cost is 6 

due to the production of a significant volume of sludge that must be managed and disposed. The costs 7 

for electrocoagulation do not appear to be any lower than for the existing IX systems. Due to 8 

poor performance and implementability, as well as high cost, the technology was not retained for 9 

further evaluation.  10 

A3.2.4 Biological – Constructed Wetlands 11 

Constructed wetlands act as biofilters for removing contaminants. A constructed wetland would require 12 

a much larger area and longer hydraulic retention time compared to a bioreactor, but it typically would 13 

not require added nutrients and would require less operational oversight. Cr(VI) can be removed in 14 

wetlands primarily by microbiological and chemical reduction. Some Cr(VI) uptake by wetland plants 15 

may also occur. The plants also function as a method of regenerating the reducing sediments by dying and 16 

falling to the bottom (Xu and Jaffé, 2006, “Effects of plants on the removal of hexavalent chromium in 17 

wetland sediments”).  18 

Wetlands can also be used to treat other COPCs such as nitrate and TCE. Several removal mechanisms 19 

have been identified for treating nitrate in water such as decomposition, nitrification/denitrification, 20 

settling, volatilization, adsorption, and nutrient uptake (SGW-37783, Literature Survey for Groundwater 21 

Treatment Options for Nitrate, Iodine-129, and Uranium, 200-ZP-1 Operable Unit, Hanford Site). Uptake 22 

by plants is an important mechanism for removing TCE. Phytoremediation (one component of wetland 23 

treatment) has been used to treat Sr-90 but it is not known to treat other radionuclides (SGW-34562, 24 

Alternative Remediation Technology Study for Groundwater Treatment at 200-PO-1 Operable Unit at 25 

Hanford Site). 26 

A3.2.4.1 Relevant Demonstration Projects 27 

A number of demonstration projects using wetlands to remove nitrate are reported in SGW-37783, 28 

including a constructed wetland used to remove nitrate from the municipal drinking water supply in 29 

Orange County, California. Up to 1.5 m3/s (33 million gal/day) were treated before groundwater recharge. 30 

The influent contained 3.1 to 10.9 mg/L of nitrate (as nitrogen). The average nitrate removal was 522 mg 31 

of nitrate (as nitrogen) per m2/d, with effluent nitrate concentrations as low as 0.1 mg/L nitrate (as 32 

nitrogen). Hydraulic retention times ranged from 0.3 to 9.6 days. Bacterial denitrification was concluded 33 

to be the primary nitrate removal mechanism. A review of 19 surface flow wetlands showed that nearly 34 

all reduced total nitrogen. A comparison of surface and subsurface flow wetlands showed that subsurface 35 

flow wetlands outperformed surface flow wetlands and yielded lower effluent nitrate concentrations 36 

(ranging from <1 to <10 mg/L). 37 
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A3.2.4.2 Evaluation and Screening Rationale 1 

The land area required for wetlands is likely to be large for the volume of groundwater that will be 2 

produced by the 100-K P&T systems under favorable (warm) conditions. Even more land area would be 3 

required for effective treatment in the winter, when plants and microorganisms in the wetland would be 4 

less active and potentially dormant. Problems with freezing would be likely, as average minimum 5 

temperatures are below freezing more than half of the year (PNNL-6415, Hanford Site National 6 

Environmental Policy Act (NEPA) Characterization); therefore, the technology is not well suited for the 7 

Hanford Site climate. The effectiveness of this technology at 100-K is considered low to moderate due to 8 

seasonal limitations and since additional research and testing would be required to verify the effectiveness 9 

for COPCs other than nitrate. Implementability is considered low to moderate. Construction of wetlands 10 

at the Hanford Site would require a bottom liner to prevent water exfiltration and to support development 11 

of an organic substrate layer to support wetland plant root systems. Wetland treatment does not have 12 

significant advantages over IX, which is already in place and performing well. 13 

Although wetlands provide a potentially more sustainable (or greener) technology than IX (in terms of 14 

energy use and because wetlands are natural systems), winter conditions at the Hanford Site introduce 15 

significant performance uncertainty, and land area requirements would be extensive. For these reasons, 16 

this technology was not retained for further evaluation.  17 

A3.2.5 Biological – Phytoremediation 18 

For groundwater, phytoremediation is limited to the depth to which the plants can extract water. Water 19 

cannot be wicked and delivered vertically more than about 6 m (20 ft); thus, the potentiometric surface 20 

must be within 3 to 6 m (10 to 20 ft) of the bottom of the root mass for this system to be viable 21 

(WSRC-TR-2005-00198, Enhanced Attenuation: A Reference Guide on Approaches to Increase the 22 

Natural Treatment Capacity of a System). Due to this limitation, unless groundwater was first extracted 23 

(by pumping) and then phytoremediated (i.e., the plants would be irrigated with the contaminated 24 

groundwater), phytoremediation would not be suitable for groundwater remediation at the Hanford Site, 25 

except immediately adjacent to the river. There are methods of encouraging plant roots to grow deeper 26 

but not to the depths that would be required at 100-K. Including land application, phytoremediation 27 

systems are operational only when the soil is warm and plants are active, so treatment effectiveness would 28 

be reduced in the winter. The land requirements for phytoremediation are also relatively large.  29 

A3.2.5.1 Relevant Demonstration Projects 30 

Uptake of Cr(VI) by a variety of plants has been documented (Shahandeh and Hossner, 2000, 31 

“Enhancement of Cr(III) Phytoaccumulation”). Cr(VI) can accumulate in and may become toxic to plants. 32 

A land application/irrigation system has been installed at a confidential site in California with 33 

groundwater containing Cr(VI). Subsurface application of the groundwater is conducted via a drip 34 

irrigation system, and the Cr(VI) is reduced primarily by microbial activity in the shallow soil.  35 

An example of deep rooting of trees is at Argonne National Laboratory in Illinois. Hybrid poplars 36 

were deep rooted in tree wells, which are plastic-lined holes that are bored to a depth of 10 m (30 ft). 37 

Boreholes were filled with topsoil and then surface capped, which isolates the tree from surface water 38 

and forces the roots to use contaminated groundwater. Root extension of 3 m (10 ft) has been observed 39 

(WSRC-TR-2005-00198). 40 
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A3.2.5.2 Evaluation and Screening Rationale 1 

Phytoremediation is only feasible immediately adjacent to the river because of the depth to groundwater 2 

across most of the Hanford Site; therefore, implementability of phytoremediation is considered low or 3 

moderate. It is usually implemented over long-time scales (e.g., years or decades). The sparse vegetation 4 

that naturally grows at the Hanford Site suggests that significant efforts and inputs (e.g., organic matter 5 

and water) would be required to establish a vigorous plant community; however, capital costs would still 6 

be relatively low. Once the plants are established, O&M costs would also be low because requirements to 7 

sustain them are low (food and water). Metals concentrations and radionuclide activities may accumulate in 8 

the plants. When this occurs, the plants would require disposal at ERDF to avoid returning contaminants to 9 

the soil as plants decompose, unless contaminants are transformed to innocuous forms by plants 10 

or microorganisms.  11 

Phytoremediation is effective only when the plants are active; therefore, the technology would not be 12 

effective during the winter. Because of the uncertainty of continued effectiveness throughout the year, as 13 

well as the very limited ability of the plants to root deep enough to effect groundwater in most areas at the 14 

Hanford Site, effectiveness is considered low to moderate. There are also concerns regarding 15 

contaminants entering the food chain. In summary, the technology would only be effective for low 16 

concentrations of contaminants where groundwater is shallow over long periods; and many metals and 17 

radionuclides would accumulate in the plants and not actually be treated, posing risks to ecological 18 

receptors. For these reasons, phytoremediation was not retained for further evaluation.  19 

A3.2.6 Biological Treatment 20 

Extracted groundwater is blended with a carbon source (e.g., glucose, sodium lactate, emulsified oil, or 21 

ethanol) in a biological treatment vessel to transform Cr(VI) to Cr(III) and/or nitrate to nitrogen gas.  22 

A3.2.6.1 Relevant Demonstration Projects 23 

The 200 West P&T system uses an anaerobic biological process for nitrate treatment that also reduces 24 

Cr(VI) to Cr(III). The biological treatment step is configured in two parallel 4,730 L/min (1,250 gal/min) 25 

treatment trains. Groundwater from the extraction wells without radionuclides is blended with treated 26 

water from the radiological treatment building in an equalization tank and the flow parsed into two 27 

parallel fluidized bed reactors (FBRs), where carbon substrate (e.g., MicroC®, molasses, or sodium 28 

lactate) and microorganisms use the nitrate in redox reactions for cellular metabolism transforming nitrate 29 

to nitrogen gas. FBRs are maintained at a temperature between 13°C and 32°C (55°F and 90°F), and the 30 

pH is between 6.5 and 6.8 to promote optimal microbial growth. Microbes in the FBRs break down the 31 

nitrate and as much as 50% of the carbon tetrachloride and TCE. Anoxic conditions in the FBRs also 32 

reduce Cr(VI) to Cr(III). Nitrate treatment results in the formation of biological sludge that is disposed at 33 

ERDF. The sludge must be dewatered and stabilized to meet ERDF disposal requirements. 34 

A3.2.6.2 Evaluation and Rationale 35 

Biological treatment for ex situ Cr(VI) treatment was not retained due to its complexity relative to IX. 36 

Biological treatment requires filtration of the treated effluent and removal of any residual substrate, which 37 

can promote fouling of treated water injection wells. Fouling of the injection wells has been a recurring 38 

issue for the 200 West P&T system. 39 

                                                      
®MicroC is a registered trademark of Environmental Operating Solutions, Inc., Bourne, Massachusetts. 
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A3.2.7 Biological – Subgrade Bioreactors 1 

Biological treatment using subgrade bioreactors is a potential treatment technology for Cr(VI) and nitrate 2 

in groundwater. If implemented on a full scale, a subgrade bioreactor may consist of a lined excavation 3 

backfilled with a mixture of sand/gravel, a biodegradable substrate such as wood mulch, and possibly 4 

ZVI. The contaminated groundwater would pass through the basin in which the Cr(VI) and nitrate are 5 

chemically and/or biologically reduced to less mobile and/or less toxic compounds (i.e., Cr(III) and 6 

nitrogen gas). A second stage aeration/filtration basin could be provided to remove any residual organic 7 

carbon that may be present and to remove any dissolved by-products of biodegradation (ferrous iron, 8 

arsenic, and manganese), as well as suspended solids, prior to discharge of the treated groundwater back 9 

into the aquifer. 10 

A3.2.7.1 Relevant Demonstration Projects 11 

The biological processes involved in biological treatment of reducible metals like Cr(VI) are similar to 12 

those involved in other bioreactor concepts used in the remediation industry (e.g., sulfate-reducing 13 

bioreactors that are used to treat acid mine drainage). Based on case studies, the effectiveness of 14 

bioreactors has been demonstrated at temperatures between 2°C and 16°C (Neculita et al., 2007, “Passive 15 

treatment of acid mine drainage in bioreactors using sulfate-reducing bacteria: critical review and 16 

research needs”).  17 

Ex situ bioreactors for nitrate removal have been pilot tested at the Hanford Site in the past (PNL-7290, 18 

Development of a Biological Treatment System for Hanford Groundwater Remediation: FY 1989 Status 19 

Report) and are currently in use at the 200 West P&T facility. A pilot-scale test was conducted in 1989 20 

using simulated Hanford Site groundwater with a continually stirred tank bioreactor operated for 21 

5 months with a simulated groundwater influent containing 400 mg/L nitrate. Using acetate as the primary 22 

carbon source for microbial growth, a nitrate removal efficiency of >99% was maintained at an influent 23 

flow rate of 6 L/hr (1.6 gal/hr) (8-hr residence time). 24 

A3.2.7.2 Evaluation and Screening Rationale 25 

Although subgrade bioreactors provide a potentially more sustainable technology compared to other 26 

ex situ treatment technologies, the technology has not been demonstrated on a full scale for Cr(VI) or 27 

nitrate remediation. The logistics of constructing and operating subgrade bioreactors for Cr(VI) treatment 28 

may also be more difficult compared to IX, which has already been used on a wide scale at the Hanford 29 

Site, has an established equipment/material supply chain, has an established O&M support structure, and 30 

takes up less land area than a full-scale array of subgrade bioreactors. For these reasons, this technology 31 

was not retained for further evaluation. 32 

A3.3 Discharge (Component of Pump and Treat) 33 

Discharge process options for treated groundwater that were not retained for further consideration in the 34 

FS are discussed in the following sections. 35 

A3.3.1 Onsite Discharge – Beneficial Reuse of Treated Water 36 

Contaminated groundwater may be reused in a beneficial manner after it has been treated to reduce 37 

contaminant concentrations below PRGs. Reuse of the water helps to conserve groundwater as a resource 38 

and may also aid in dust control or irrigation. 39 
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A3.3.1.1 Relevant Demonstration Projects 1 

Water from well 399-4-12 in the Hanford Site 300 Area has supplied water for the research aquariums in 2 

the 331 Building since 1982 (DOE/RL-2008-36, Remediation Strategy for Uranium in Groundwater at 3 

the Hanford Site 300 Area, 300-FF-5 Operable Unit). Treated groundwater from the KR4 P&T system 4 

will be used in a short-term treatability pilot test to flush Cr(VI) from a suspected continuing source, and 5 

treated water from the KW and KR4 P&T systems will be used to support soil flushing to remove C-14, 6 

tritium, and Cr(VI) from waste sites and continuing sources as a component of the final remedy. 7 

However, soil flushing represents a short-term beneficial use. 8 

A3.3.1.2 Evaluation and Screening Rationale 9 

Beneficial reuse of groundwater is a highly effective way to dispose treated water but has low 10 

implementability when facilities or landscapes requiring large quantities of water are not located nearby 11 

(as is the case at 100-K). Regulatory processes allowing for long-term reuse are also less likely to be 12 

approved. For these reasons, beneficial reuse was rejected as an option for long-term discharge of 13 

treated groundwater. 14 

A3.3.2 Offsite Discharge – Surface Water Under a NPDES Permit 15 

Surface water discharge under a National Pollutant Discharge Elimination System (NPDES) permit would 16 

consist of discharging treated water through an outfall and diffuser to the Columbia River in accordance 17 

with the conditions of an NPDES permit. This is common practice for municipal and industrial 18 

wastewater treatment facilities, as well as groundwater for some CERCLA sites (e.g., Wyckoff/Eagle 19 

Harbor Superfund site in EPA Region 10). The discharge standards are set based on the flows and water 20 

quality in the receiving stream so the discharge does not have any adverse impacts on the quality of the 21 

stream. Routine monitoring is required to verify compliance. This monitoring often includes bioassay 22 

testing to evaluate the presence of aquatic toxicity to aquatic organisms. The physical location of the 23 

discharge point can also be designed to minimize impacts to the stream (e.g., mid-stream diffusers can be 24 

used to distribute the flow). 25 

A3.3.2.1 Relevant Policy 26 

Issued in June 2000, 65 FR 37253, “Proclamation 7319 of June 9, 2000: Establishment of the Hanford 27 

Reach National Monument By the President of the United States of America,” reserved 78,914 ha 28 

(195,000 ac) of land as the Hanford Reach National Monument for the purpose of protecting ecological 29 

habitat and the natural and cultural resources along the 82 km (51 mi) long Hanford Reach stretch of the 30 

Columbia River. The proclamation prohibits new development along the Hanford Reach, including the 31 

lower River Corridor, where an outfall would need to be constructed to discharge treated groundwater to 32 

the river under an NPDES permit. 33 

A3.3.2.2 Evaluation and Screening Rationale 34 

Surface water discharge to the river would require construction of a discharge outfall along the River 35 

Corridor within the boundaries of the Hanford Reach National Monument, which likely will not be 36 

allowed under 65 FR 37253. In addition, for the groundwater remediation systems at 100-K, the treated 37 

water has been reinjected into the aquifer for gradient control and to promote flushing of contaminants; 38 

therefore, surface water discharge is not used. For these reasons, surface water discharge was not retained 39 

for consideration. 40 
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A3.4 In Situ Treatment 1 

This section describes the in situ technologies that are potentially applicable for treatment of the 2 

groundwater COCs, including Cr(VI), C-14, Sr-90, tritium, nitrate, and TCE. Many of the technologies 3 

presented are comparable to similar applications described for waste site/vadose zone soil in 4 

Section A2.3. The following sections describe in situ technologies that were not retained for further 5 

consideration in the FS. 6 

A3.4.1 Physical/Chemical – Stabilization/Immobilization 7 

In situ stabilization/immobilization involves subsurface delivery of chemical reagents (e.g., phosphate) to 8 

the saturated zone in a regular pattern of wells in the aquifer to sequester the Sr-90. Chemical reactions 9 

are induced between the stabilizing agent and contaminant to reduce mobility. 10 

A3.4.1.1 Relevant Demonstration Projects 11 

In situ stabilization/immobilization technology is currently being implemented at the Hanford Site 12 

100-N Area in a PRB barrier approach for Sr-90 with favorable results. 13 

A3.4.1.2 Evaluation and Screening Rationale 14 

In situ stabilization/immobilization was not retained for treatment of groundwater plumes at 100-K 15 

because the Sr-90 is relatively immobile (the plumes are not migrating). In addition, Sr-90 is not expected 16 

to pose a threat to the Columbia River, so the PRB approach does not apply. 17 

A3.4.2  Chemical – Reduction 18 

Chemical-reducing agents such as calcium polysulfide or dithionite are injected into the contaminated 19 

groundwater plume to transform Cr(VI) to less mobile and less toxic Cr(III), thereby facilitating lower 20 

concentrations of chromium in groundwater. Alternative chemical-reducing agents include ferrous sulfate 21 

and ZVI.  22 

In situ chemical reduction decreases nitrate concentrations in the aquifer by adding reagents that will 23 

transform nitrate to a less oxidized state. Chemical-reducing agents such as hydrogen, ZVI, formic acid, 24 

and aluminum may be used for this purpose; however, these agents transform nitrate to ammonia, which 25 

must then be removed from the groundwater (Della Rocca et al., 2007, “Overview of In-Situ Applicable 26 

Nitrate Removal Processes”). Bimetallic catalysts such as palladium can be used to convert nitrate to 27 

gaseous N2, thereby negating the need for further treatment and facilitating lower concentrations of 28 

nitrate in groundwater (Della Rocca et al., 2007); however, these catalysts are cost prohibitive for large 29 

treatment areas. 30 

A3.4.2.1 Relevant Demonstration Projects 31 

A field treatability test was conducted at 100-K during summer 2005 to evaluate the effectiveness of 32 

using calcium polysulfide to reduce Cr(VI) in groundwater (DOE/RL-2006-17, Treatability Test Report 33 

for Calcium Polysulfide in the 100-K Area). The field test used a “five-spot” configuration, which 34 

involved four injection wells drilled orthogonally around an existing monitoring well from which 35 

groundwater was withdrawn and mixed with calcium polysulfide. This solution then was injected in 36 

nearly equal amounts to set up a circulation cell in the aquifer. The test was conducted for a period of 37 

45 days. The Cr(VI) was eliminated from the treated aquifer, as demonstrated by the lack of Cr(VI) 38 

concentrations in groundwater in the injection wells and extraction well. Measurements of dissolved 39 

oxygen and redox potential showed that the treated aquifer was also strongly reduced by the treatment. 40 

Analysis of groundwater chemistry before, during, and after the test shows that manganese, iron, and 41 

arsenic were mobilized under the strongly reducing conditions in the aquifer, but all of these remained far 42 
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below drinking water standards. Based on the potential mobilization of constituents during calcium 1 

polysulfide injection, this technology is only suitable for application at locations away from the 2 

Columbia River. 3 

Implementability problems encountered during the field study included precipitation of chemicals inside 4 

pipes, flow meters, and pumps caused by the chemical changes induced by the addition of calcium 5 

polysulfide. Sulfur accumulated on the screen of the extraction pump, which caused reduced flow and 6 

required the pump to be changed/cleaned every few days near the end of the test. The injection pump 7 

needed to be manually adjusted frequently because calcium carbonate precipitated on its impeller, causing 8 

extra internal friction. 9 

A3.4.2.2 Evaluation and Screening Rationale 10 

The rapid reaction rate of liquid-reducing agents makes effective treatment of groundwater difficult. Most 11 

of the reducing reaction occurs rapidly near each injection well. Consequently, sustained application 12 

would be required through many closely positioned injection points to treat the target zones, which at 13 

100-K are relatively large for Cr(VI). The high exchange rate of groundwater with aerated river water 14 

will also tend to reverse the effectiveness in the zone of groundwater/surface water interaction. 15 

The injection of a reducing agent will also release natural occurring, redox-sensitive metals (e.g., arsenic, 16 

iron, and manganese) from aquifer sediments to groundwater, resulting in the formation of new 17 

contaminant plumes.  18 

Chemical reduction is moderately to highly implementable as it uses commercially available reducing 19 

agents and conventional injection-well technology. However, the high density of injection points results 20 

in a high capital cost for the 100-K Cr(VI) plumes. Relative O&M costs depend upon the frequency of 21 

reinjection required to maintain reducing conditions within the target zone, and based on the size of the 22 

treatment area, this cost is expected to be moderate to high. Transportation and handling of reducing 23 

agents (compared to biological reduction substrates) also pose a health and safety concern during 24 

application. Because of more rapid chemical reactions, the application of liquid-reducing agents to treat 25 

large areas of a plume may be more challenging than using biological substrates. 26 

In situ chemical reduction for Cr(VI) and nitrate in groundwater is not retained due to the potential for 27 

release of naturally occurring metals from aquifer sediments to groundwater. Additionally, the interim 28 

action P&T technology has been used and optimized to treat the Cr(VI) remaining in the aquifer. While 29 

nitrate is present in groundwater, it is not a major risk driver and does not warrant a separate 30 

treatment step.  31 

A3.4.3 Biological – Enhanced Reduction 32 

Enhanced biological reduction for Cr(VI) in oxygenated groundwater (such as that found at 100-K) 33 

typically uses injection or infiltration of organic carbon compounds (substrates) to stimulate microbial 34 

activity and lower the redox state within the subsurface. Once a sufficient amount of substrate is added, 35 

the native population of microbes in the subsurface will increase rapidly until the population reaches 36 

equilibrium with the increased food supply. If there is sufficient substrate, the increased metabolic oxygen 37 

demand of the expanded microbial population will exceed the rate that oxygen is being supplied to the 38 

system, and oxygen levels in the groundwater will approach zero. Once oxygen in the targeted aquifer 39 

zone is depleted, microbes able to use other constituents (e.g., nitrate, ferric iron, and sulfate) as electron 40 

acceptors for their metabolic reactions will further lower the redox state of the aquifer. Consequently, 41 

in situ bioremediation is an effective method for imposing reducing conditions on a targeted zone of an 42 

oxidizing aquifer in order to convert soluble and mobile Cr(VI) to Cr(III). Once Cr(III) is formed, it 43 

typically precipitates as low-solubility hydroxide phases (e.g., Cr(OH)3) (Eary and Rai, 1987, “Kinetics of 44 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

A-36 

Chromium(III) Oxidation to Chromium(VI) by Reaction with Manganese Dioxide”). Enhanced biological 1 

reduction can also be used to reduce nitrate to nitrogen gas or to promote reductive dichlorination of TCE.  2 

The carbon substrate can be distributed across the plume footprint or within a plume hot spots using 3 

temporary injection points. Common substrates include acetate, molasses, cow manure, fruit juice, lactate, 4 

whey, polylactate and sulfur-containing products (e.g., metals remediation compound), and waste organic 5 

material (e.g., from beer manufacturing) (SGW-38255).  6 

A3.4.3.1 Relevant Demonstration Projects 7 

PNNL conducted a treatability test designed to demonstrate that in situ biostimulation can be applied to 8 

help meet cleanup goals at the Hanford Site 100-D Area. The in situ biostimulation technology was 9 

intended to provide supplemental treatment upgradient of the ISRM barrier previously installed in 100-D. 10 

Substrates selected for the treatability test included a soluble (miscible) substrate (molasses) and an 11 

immiscible slow-release substrate (emulsified vegetable oil in the form of the commercially available 12 

emulsified oil substrate [EOS®]-598). This treatability study is reported in PNNL-18784, Hanford 13 

100-D Area Biostimulation Treatability Test Results. Two test cells were installed at the treatability test 14 

site, each consisting of an injection well surrounded by upgradient, downgradient, and cross-gradient 15 

monitoring wells. The test cells were located so an existing well could be used as a background 16 

monitoring location for both test cells. Field test operations were conducted by injecting the substrate 17 

using process water from the 100-D pressurized water supply as the carrier solution. The substrate 18 

solutions were fed into the manifold system using a chemical metering pump. 19 

The molasses substrate was successfully distributed to a radius of about 15 m (50 ft) from the injection 20 

well, and monitoring data indicated that microbial growth initiated rapidly. The uniformity of substrate 21 

distribution was affected by subsurface heterogeneity; however, post-injection monitoring indicated 22 

subsequent microbial activity and enhanced Cr(VI) reduction (reduced to below detection limits) 23 

throughout the monitored zone. Low oxygen, nitrate, and chromium concentrations were maintained for 24 

the approximately 2-year duration of monitoring. The injected substrate and associated organic 25 

degradation products persisted for about one year. Over the second year of monitoring, organic substrate 26 

concentrations were low. The continued effectiveness of the treatment zone is attributed to recycling of 27 

organic compounds associated with the biomass that was produced during the first year. 28 

The EOS substrate was successfully distributed to a radius of about 8 m (25 ft) from the injection well. 29 

The uniformity of substrate distribution was impacted by subsurface heterogeneity; however, 30 

post-injection monitoring indicated subsequent microbial activity and enhanced Cr(VI) reduction 31 

(reduced to <5 µg/L) throughout the monitored zone. Low oxygen, nitrate, and chromium concentrations 32 

were maintained for the estimated 10-month duration of monitoring. The monitoring period for the EOS 33 

test was short compared to the expected longevity of the substrate (about 3 years or more); therefore, 34 

additional monitoring would be necessary to determine the longevity of the treatment. 35 

Lawrence Berkeley National Laboratory personnel have performed biostimulation tests at 100-H 36 

since 2004 (Faybishenko et al., 2008). In these tests, the commercial polylactate HRC was injected into 37 

the aquifer to stimulate microbial activity and transform Cr(VI) to Cr(III). The test results showed that 38 

Cr(VI) concentrations in the treated area decreased to below drinking water standards and remained at 39 

that level for nearly 3 years. The difference between this test and the test at 100-D is the use of 40 

polylactate, a liquid that is difficult to inject any distance from a well because of its high viscosity. 41 

                                                      
®EOS is a registered trademark of EOS Remediation, LLC, Raleigh, North Carolina. 
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Therefore, this substance is limited in its ability to treat large areas of an aquifer. Over several months, 1 

polylactate slowly disperses into the aquifer, at which point it acts as a more mobile substrate. 2 

A3.4.3.2 Evaluation and Screening Rationale 3 

This technology was rejected because treatment of large plume areas would be required, and the 4 

technology poses a risk of contaminant mobilization to the river and fouling of existing P&T wells. It was 5 

also rejected for areas with known continuing sources because recontamination is likely following 6 

treatment (e.g., Cr(VI) in the KE and KW subareas). 7 

A3.4.4 Biological – Hydrogen or Other Organic Gas Sparging 8 

Gas sparging involves injecting biodegradable organic gases (i.e., methane, propane, or butane) or 9 

hydrogen gases into the subsurface via sparge wells that are screened below the water table. Distribution 10 

of gases will be affected by lithologic heterogeneity, and gas flow may channelize through preferential 11 

flow paths. The gases serve as electron donors to promote anaerobic reduction of certain compounds such 12 

as Cr(VI) and nitrate. It is an alternative approach for supplying an electron donor compared to using 13 

a liquid organic substrate such as lactate. 14 

A3.4.4.1 Relevant Demonstration Projects 15 

A propane biosparging field demonstration was conducted at the National Environmental Technology 16 

Test Site in Port Hueneme, California, from May 2001 to March 2002 (TR-2230-ENV, Cost and 17 

Performance Report In-Situ Remediation of MTBE Contaminated Aquifers Using Propane Biosparging). 18 

The COPCs in groundwater included fuel constituents and methyl tert-butyl ether (MTBE) up to 19 

6,300 µg/L and tert-butyl alcohol up to 470 µg/L. Unconsolidated sediments at the site were comprised 20 

of sands, silts, clays, and small amounts of gravel and fill material. The uppermost water-bearing unit was 21 

a shallow, semi-perched, unconfined aquifer (upper silty sand, underlain by fine to coarse grain sand, and 22 

a basal clay layer). Depth to groundwater ranged from 1.8 to 2.4 m (6 to 8 ft) bgs, and the saturated 23 

aquifer thickness was 4.8 to 5.4 m (16 to 18 ft).  24 

The field demonstration area was 18 m by 27 m (60 ft by 90 ft) and included a test plot consisting of 25 

seven propane injection points and a control plot consisting of eight oxygen injection points and seven 26 

bacteria injection points. The propane system operated for four 10-minute cycles per day and yielded 27 

approximately 0.226 kg/d (0.5 lb/d) of propane at the test plot. After several months of operation, 28 

the propane flow was decreased from 0.03 m3/hr to between 0.0085 and 0.0113 m3/hr. The oxygen control 29 

system was operated for four 6-minute cycles per day, yielding approximately 2.26 kg/d (5 lb/d) of 30 

oxygen in the test and control plots. 31 

In the test plot, MTBE concentrations decreased by 62% to 88% in shallow wells and by 86% to 97% in 32 

deep wells. In the control plot, MTBE concentrations decreased by 86% to 97% in shallow wells and by 33 

88% to 90% in deep wells. However, MTBE concentrations were reduced to <5 µg/L in only three of the 34 

30 monitoring wells in the propane test plot. In the control plot, MTBE concentrations remained above 35 

5 µg/L in all wells. The most active MTBE degradation appeared to occur near the oxygen injection 36 

points, indicating that distribution of gases was not effective or uniform in the heterogeneous soil. 37 
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A3.4.4.2 Evaluation and Screening Rationale 1 

This technology is similar to the supply of an electron donor through the injection of liquid organic 2 

substrates such as lactate. However, a disadvantage is the safety risk associated with using explosive 3 

gases, which will likely to be a major obstacle if implemented at the Hanford Site. In addition, the ROI of 4 

sparge wells is likely to be relatively low so a large number of wells would be required, thus making the 5 

implementation more challenging. For these implementation reasons, this technology was not retained for 6 

further evaluation.  7 

A3.5 In Situ Treatment – Reagent Delivery Methods 8 

Many of the technologies described previously require the use of wells to deliver reagents to the 9 

subsurface and/or to allow recovery of residual reagents and mobilized contaminants. The following 10 

sections present an evaluation of these enabling technologies. These technologies would be considered 11 

only if an amendment-based technology is retained. 12 

Groundwater circulation wells (GCWs) consist of a single well with two isolated screened zones. 13 

Groundwater is typically hydraulically pumped or air-lifted out of the formation from the lower screen 14 

and reinjected into the formation at the upper screen. A three-dimensional flow pattern (circulation cell) is 15 

created in the formation. Depending on site-specific conditions, both upward (reinjection into the upper 16 

screen) and downward (reinjection into the lower screen) circulation modes can be used.  17 

The recirculated groundwater can be aerated and reinjected into the formation to enhance aerobic 18 

biodegradation, treated with in-well reactive media, or amended in-well with soluble biological or 19 

chemical reagents. The circulation of groundwater can also be used to enhance the distribution of 20 

amendments or reagent directly injected into the formation within the circulation cell.  21 

The zone of influence that can be achieved with GCWs is highly sensitive to site lithologic conditions. 22 

A viable circulation cell may not develop if vertical anisotropy in lithology (i.e., the presence of laterally 23 

extensive silty-clay layers) impede the circulation flow path or if there is not enough anisotropy. 24 

Typically, this technology will not be successful when the ratio of horizontal to vertical hydraulic 25 

conductivity is >10 (NRL/PU/6115-99-384, Groundwater Circulating Well Technology Assessment). 26 

A single, thin layer of low-permeability material can also prevent development of a recirculation cell. 27 

If the anisotropy is too low, the radius of the circulation cell will be very small, which could be the case 28 

within the Ringold unit E at the Hanford Site. Other common problems include well clogging related to 29 

changing redox conditions within the GCW and malfunctioning downwell equipment (e.g., packers).  30 

A3.5.1 Relevant Demonstration Projects 31 

A summary and analysis of >50 GCW field demonstrations was provided in NRL/PU/6115-99-384. One 32 

case study was a U.S. Department of Defense-sponsored GCW demonstration that was originally to be 33 

performed at the Hanford Site but was relocated to Edwards Air Force Base, OU 1, Site 19. This site was 34 

selected based on its high hydraulic conductivity (KH = 10 ft/d, KV = 1 ft/d) and the presence of TCE 35 

contamination. One GCW was installed to 15 m (50 ft) bgs and operated for 191 days during the 36 

demonstration. The results of the demonstration indicated an ROI of approximately 9 m (30 ft), an 37 

asymmetrical circulation cell, and groundwater flow short-circuiting near the GCW. Post-operational data 38 

showed contaminant rebound in monitoring wells.  39 

Of the remaining GCW case studies, there were few sites demonstrating clear success and just as many 40 

sites where the technology failed to meet remedial objectives. However, most of the case studies indicated 41 

that the data collected were insufficient to demonstrate the efficacy of the GCW technology. 42 
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A3.5.2 Evaluation and Screening Rationale 1 

It is likely that a large number of wells would be required to implement this technology at 100-K because 2 

of the highly permeable nature of the site lithology that would result in a small ROI. Even if implemented 3 

with tight well spacing, variable lithology could cause asymmetrical groundwater flow or groundwater 4 

flow short-circuiting, which could limit the effectiveness of GCWs. Given the high cost of installing 5 

wells and the likelihood of limited treatment effectiveness, this technology was not retained for 6 

further evaluation.  7 
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Appendix B  1 

Alternative Development Supporting Documentation 2 

This appendix provides information used to support the development of remedial action alternatives for 3 

the identified 100-KR-1 and 100-KR-2 Operable Unit waste sites. Information is presented for 72 waste 4 

sites carried forward into the feasibility study that were identified for further action: 5 

 Eight waste sites for institutional controls (sites with only deep radionuclides above preliminary 6 

remediation goals), including those with residual radionuclide contamination at depths >4.6 m 7 

(15 ft) below ground surface and only present a potential risk from inadvertent exposure through deep 8 

excavation activities. 9 

 Four waste sites with remedial alternatives, including those requiring further action based on the 10 

identified risks to human health and/or groundwater. 11 

 A total of 36 waste sites remaining for remedial action (post-Record of Decision [ROD]), including 12 

those identified for remediation under an interim action ROD (including candidate sites) for which 13 

remediation was not completed prior to the April 2017 cutoff date and for which remediation is 14 

anticipated to be completed post-ROD. 15 

 A total of 24 waste sites (including candidate sites) to be remediated under an interim action ROD for 16 

which remediation was not completed prior to the April 2017 cutoff date and for which remediation is 17 

anticipated to be completed pre-ROD. 18 

Information used to support cost estimates for a subset of these waste sites (all except the 24 pre-ROD 19 

sites) is included in ECF-100KR4-11-0167, 100-K Cost Estimate Scoping Form for Feasibility Study 20 

Alternative Costing (which is provided as Appendix C of this feasibility study).  21 
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Table B-1. Supporting Information for Waste Sites 

General Waste Site Information Information for Development of Alternatives 

Waste Site Site Description 

Applicable Previous 

Decision Documents 

Type of Exceedance (Assumed for Sites 

Remediated Under Interim Action ROD) 

Assumed Areal Footprint 

Requiring Remediation 

Assumed Depth of 

Contamination 

Requiring Remediation 

COCs/COPCs 

Considered for the FS Comments 

Waste Sites for Institutional Controls (Site with only Deep Radionuclides > PRGs)a 

100-K-3 100-K-3, 1706-KE Fish Pond Heat Exchanger Pit and Pump 

Pit, Water Studies Semi-Works 

EPA/ROD/R10-99/039; 

EPA et al., 2009 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2135). 

0 0 COCs: Cs-137, Sr-90 Decay year from 

Tables 6-184 and G-30 in 

DOE/RL-2010-97. 

100-K-36 100-K-36, 1706-KE Chemical Storage Facility Dry Well EPA/ROD/R10-99/039  Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2054). 

0 0 COCs: Sr-90 

100-K-56:1 KE Reactor Process Effluent north of the security fence, 

Process Water Pipeline between KE Reactor and 116-K-3 

Outfall, 116-K-2 Trench, and 116-KE-4 Retention Basin 

EPA/AMD/R10-97/044 Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2087), 

0 0 COCs: Cs-137, 

Co-60, Eu-152, 

Eu-154 

100-K-68 100-K-68, 105KE Pump Gallery and Catch Tank, D Sump EPA/ROD/R10-99/039; 

EPA et al., 2009 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2135). 

0 0 COCs: Cs-137, Sr-90 

100-K-69 100-K-69, 105KE Sump C EPA/ROD/R10-99/039; 

EPA et al., 2009 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2135). 

0 0 COCs: Cs-137, 

Eu-152, Sr-90 

100-K-70 100-K-70, 105KE Waste Storage Tank, Holding Tank EPA/ROD/R10-99/039; 

EPA et al., 2009 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2135). 

0 0 COCs: Cs-137, 

Eu-152, Sr-90 

100-K-71 100-K-71, 105KE Collection Box EPA/ROD/R10-99/039; 

EPA et al., 2009  

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2135). 

0 0 COCs: Cs-137, 

Eu-152, Sr-90 

116-K-1 116-K-1 Trench; 100-K Crib; 100-K Emergency Pond; 

100-K Pond; 107-K Pond; 107-K(E) Sump 

EPA/AMD/R10-97/044  Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2088). 

0 0 COCs: Cs-137, 

Eu-152, Sr-90 

Waste Sites with Remedial Alternativesb 

100-K-64 100-K-64, 100-KE Floodplain, 100-KE Flood Plain 

Contamination Area 

EPA/ROD/R10-99/039; 

EPA et al., 2004 

Shallow zone soil: human health direct contact 

cumulative residential risk >1×10-4 (decay year 2043) 

Does not exceed casual recreational risk levels. 

0 0 COCs: Eu-152 Decay year from Table G-55 

in DOE/RL-2010-97; 

recreational risk summary 

from Table G-54. 

116-K-2 Trench  EPA/AMD/R10-97/044  Eastern portion of trench: 

 Deep zone soil exceeds GWP/SWP PRG and SSL 

for Cr(VI) (indefinite timeframe). 

 Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (Deep 1 DU decay 

year 2185) 

Western portion of trench: 

 Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (Deep 2 DU decay 

year 2176) 

Eastern portion is 

1,400 m2 (15,070 ft2) 

Western portion is 

1,400 m2 (15,070 ft2) 

15 m (49 ft) 

Contaminated interval: 

7.6 to 15 m (25 to 

49 ft) bgs 

GWP/SWP: Cr(VI) 

Deep rad only: 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Ni-63, Sr-90 

Decay years for deep zone 

soil from Tables 6-184 and 

G-30 in DOE/RL-2010-97. 
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Table B-1. Supporting Information for Waste Sites 

General Waste Site Information Information for Development of Alternatives 

Waste Site Site Description 

Applicable Previous 

Decision Documents 

Type of Exceedance (Assumed for Sites 

Remediated Under Interim Action ROD) 

Assumed Areal Footprint 

Requiring Remediation 

Assumed Depth of 

Contamination 

Requiring Remediation 

COCs/COPCs 

Considered for the FS Comments 

118-K-1 This unit contained numerous trenches and vertical steel 

pipes of various sizes that contain radioactive solid waste 

from the K and N Reactors. The trenches received 

miscellaneous debris. Some 100-N waste includes zirconium 

cladding hulls and basin sludge. Through October 1960, an 

onsite incinerator burned low-level contaminated combustible 

material. Six silos received reactor hardware, three silos 

contain incinerator ashes, and two silos contain irradiated 

nickel-plated boron balls from the emergency 3X system.  

Excavation of the 118-K-1 Burial Ground trenches extended 

to a maximum depth of 15.6 m (51 ft) bgs 

(CVP-2013-00002). 

EPA/ROD/R10-00/121 Shallow zone soil: human health direct contact 

cumulative residential risk exceeds 1×10-4 (maximum 

decay year 2045) 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level (maximum decay 

year 2126). 

0 0 COCs: shallow zone 

soil: Cs-137, Sr-90 

Deep zone soil: 

Cs-137, Sr-90 

Decay years for deep zone 

soil from Tables 6-184 and 

G-30 in DOE/RL-2010-97. 

100-K-132 This site was identified to address residual tritium 

contamination in deep vadose zone soil beneath the southeast 

portion of the former 118-K-1 Burial Ground 

(CVP-2013-00002).  

Trench O: Tritium up to 373 pCi/g in test pit below 

excavation floor (samples from 12 to 17 m [40 to 56 ft] bgs). 

Approximate area is 30 m by 25 m = 750 m2 (98.42 ft by 

82.02 ft = 8,073 ft2). 

Trench N: Tritium up to 13,400 pCi/g in test pit below 

excavation floor (samples from 15.5 to 20.1 m [51 to 

66 ft] bgs), March 2012. Approximate area is 35 m by 50 m 

= 1,750 m2 (114.83 ft by 164.04 ft = 18,837 ft2). 

Groundwater: 22 m (72 ft) bgs 

EPA/ROD/R10-00/121 Presumed groundwater protection PRG exceedance 

based on test pit tritium concentrations (estimated 

maximum decay year 2128).  

Projected tritium groundwater cleanup timeframe 

<15 years under all alternatives. 

Estimated year for maximum concentration to decay 

below residential PRG (624 pCi/g) is year 2066. 

2,500 m2 (26,910 ft2) 

(includes Trenches N 

and O) 

22 m (72 ft) 

Contaminated interval: 

12.2 to 22 m (40 to 

72 ft) bgs 

COPC: H-3 Estimated timeframe for 

maximum tritium 

concentration (13,400 pCi/g) 

to decay to concentration 

below SSL (19.6 pCi/g) is 

116 years (year 2128). Note: 

Scaled SSL was estimated 

using the SSL for tritium 

(1040 pCi/L) divided by 

118-K-1 Trench length 

(53.1 m for deep decision 

unit #7) reported in 

ECF-100KR4-17-0240. 

Waste Sites Remaining for Remedial Action (Post-ROD)c 

100-K-1 100-K-1, 119KW French Drain, 119KW Exhaust Air Sample 

Building French Drain, 100-K-45 

The site is a 0.46 m (1.5 ft) diameter concrete French drain 

that extends approximately 15 cm (6 in.) above the 

surrounding grade. It has a blue metal cover posted with 

“Confined Space” and “Surface Contamination” warning 

signs. During a site visit in April 2000, the area was found to 

be covered with cobble and surrounded with posts and chain. 

A sign reading “116-KW-1 Storage Basin French Drain” is 

still marking the area. 

EPA/AMD/R10-97/044  Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

9 m2 (100 ft2) 1.5 m (5 ft) COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, Sr-90 

 

100-K-5 100-K-5, 1705-KE French Drain 

Consists of a 0.9 m (3 ft) diameter vitrified clay pipe that 

protrudes approximately 0.3 m (1 ft) above grade and has 

a wood cover. 

EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

3 m2 (32 ft2) 4.6 m (15 ft) COPCs: Cr(VI), lead, 

mercury 
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Waste Site Site Description 

Applicable Previous 

Decision Documents 

Type of Exceedance (Assumed for Sites 

Remediated Under Interim Action ROD) 

Assumed Areal Footprint 

Requiring Remediation 

Assumed Depth of 

Contamination 

Requiring Remediation 

COCs/COPCs 

Considered for the FS Comments 

100-K-43 100-K-43, KW Basin, KW Fuel Storage Basin, K West 

Basin, Irradiated Fissile Material Storage 

The concrete basin area served as a collection, storage, and 

transfer facility for the irradiated fuel elements discharged 

from the reactor. Most of the basin is below grade 

(approximately 6 m [20 ft] bgs).  

Basin structure is 41.5 m by 21.3 m (136 ft by 70 ft) and 

16.7 m (22 ft) deep, most of which is below grade. 

Potential releases associated with the basin are included in 

the 100-K-82 waste site. 

EPA/ROD/R10-99/039; 

EPA et al., 2005 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs) plus 

potential groundwater/surface water protection risk. 

2,140 m2 (23,000 ft2) 

Includes 100-K-82 

Contaminated interval: 

0 to 22.9 m (0 to 

75 ft) bgs (assumed) 

COPCs: Am-241, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Pu-238, Pu-239/240, 

Sr-90, U-233/234, 

U-238, Cr(VI) 

 

100-K-47 100-K-47, 1904-K Process Sewer EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs) plus 

potential groundwater/surface water protection risk. 

4,000 m (13,100 ft) of 

pipeline run 

9.1 m (30 ft)  

Contaminated interval: 

3 to 9.1 m [10 to 

30 ft] bgs (assumed) 

COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, Sr-90, 

antimony, arsenic, 

Cr(VI), lead, 

mercury, PAH, PCB, 

TPH 

 

100-K-48 100-K-48, 100-KE Oil Contamination Area EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

210 m2 (2,300 ft2) 1 m (3 ft) COPCs: lead, PAH, 

TPH 

 

100-K-49 100-K-49, 100-KW Oil Contamination Area EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

750 m2 (8,000 ft2) 1 m (3 ft) COPCs: lead, PAH, 

TPH 

 

100-K-54 100-K-54, 100-KW Glycol Heat Recovery 

Underground Pipelines 

EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

560 m (1,850 ft) of 

pipeline run 

2.4 m (8 ft) COPCs: ethylene 

glycol 

 

100-K-55:2 100-K-55, KW Reactor Cooling Water Effluent Underground 

Pipelines from the KW Reactor to the 107KW Retention 

Basins, 1904-K Outfall, and connections to 100-KE Effluent 

Pipelines 

EPA/AMD/R10-97/044 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI).. 

2,000 m (6,560 ft) of 

pipeline run 

5.2 m (17 ft) COPCs: Cs-137, 

Co-60, Sr-90, Eu-152, 

Eu-154, Cr(VI) 

 

100-K-56:2 100-K-56, KE Reactor Cooling Water Effluent Underground 

Pipelines from the KE Reactor to the 107KE Retention 

Basins 

EPA/AMD/R10-97/044 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI). 

220 m (720 ft) of 

pipeline run 

4.6 m (15 ft) COPCs: Cs-137, 

Co-60, Sr-90, Eu-152, 

Eu-154, Cr(VI) 

 

100-K-56:3 100-K-56, KE Reactor Cooling Water Effluent Underground 

Pipelines near the 1904-K Outfall 

EPA/AMD/R10-97/044 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI). 

50 m (160 ft) of 

pipeline run 

4.6 m (15 ft) COPCs: Cs-137, 

Co-60, Sr-90, Eu-152, 

Eu-154, and Cr(VI) 

 

100-K-60 100-K-60, 1904-K Process Sewer (165KW) EPA/ROD/R10-99/039; 

EPA et al., 2004  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI). 

412 m (1,352 ft) of 

pipeline run 

6.7 m (22 ft) COPCs: Cr(VI), lead, 

mercury, PAH, TPH 

 

100-K-72 100-K-72, 105KW Pump Gallery and Catch Tank, D Sump EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI) 

and/or other COPCs. 

5 m2 (54 ft2) 6.1 m (20 ft) COPCs: Am-241, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Pu-238, Pu-239/240, 

Sr-90, U-233/234, 

U-238, Cr(VI) 

 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

B-6 

Table B-1. Supporting Information for Waste Sites 

General Waste Site Information Information for Development of Alternatives 

Waste Site Site Description 

Applicable Previous 

Decision Documents 
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100-K-73 100-K-73, 105KW Collection Box EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI) 

and/or other COPCs. 

11 m2 (120 ft2) 13.7 m (45 ft) COPCs: Am-241, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Pu-238, Pu-239/240, 

Sr-90, U-233/234, 

U-238, Cr(VI) 

 

100-K-74 100-K-74, 105-KW Waste Storage Tank, Holding Tank EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI) 

and/or other COPCs. 

35 m2 (375 ft2) 1.5 m (5 ft) COPCs: Am-241, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Pu-238, Pu-239/240, 

Sr-90, U-233/234, 

U-238, Cr(VI) 

 

100-K-75 100-K-75, 105-KW Sump C EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI) 

and/or other COPCs. 

3 m2 (35 ft2) 6.1 m (20 ft) COPCs: Am-241, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Pu-238, Pu-239/240, 

Sr-90, U-233/234, 

U-238, Cr(VI) 

 

100-K-79:5 100-K-79; Sodium Dichromate and Sulfuric Acid Product 

Pipelines at 100-K; 165-KW Conditioned Water Pipelines 

EPA/ROD/R10-99/039; 

EPA et al., 2004 

Likely groundwater/surface water protection risk 

for Cr(VI). 

180 m (590 ft) of 

pipeline run 

10 m (33 ft) COPCs: Cr, Cr(VI)  

100-K-79:6 100-K-79; Sodium Dichromate and Sulfuric Acid Product 

Pipelines at 100-K; 165-KE Conditioned Water Pipelines 

EPA/ROD/R10-99/039; 

EPA et al., 2004 

Likely groundwater/surface water protection risk 

for Cr(VI). 

180 m (590 ft) of 

pipeline run 

11 m (36 ft) COPCs: Cr, Cr(VI)  

100-K-79:7 100-K-79; Sodium Dichromate and Sulfuric Acid Product 

Pipelines at 100-K; Reactor Cross-Tie Conditioned 

Water Pipelines 

EPA/ROD/R10-99/039; 

EPA et al., 2004 

Likely groundwater/surface water protection risk 

for Cr(VI). 

1,250 m (4,100 ft) of 

pipeline run 

7 m (23 ft) COPCs: Cr, Cr(VI)  

100-K-79:8 100-K-79; Sodium Dichromate and Sulfuric Acid Product 

Pipelines at 100-K; Clearwell Cross-Tie Conditioned 

Water Pipelines 

EPA/ROD/R10-99/039; 

EPA et al., 2004 

Likely groundwater/surface water protection risk 

for Cr(VI). 

440 m (1,440 ft) of 

pipeline run 

8 m (26 ft) COPCs: Cr, Cr(VI)  

100-K-81 100-K-81, Contamination Area West of 116-K-3 

The large cylindrical piece of equipment could be lowered 

into the top of the outfall structure. It was used to plug the 

outfall structure and prevent water from going through 

the structure. 

EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

29 m2 (310 ft2) 1.5 m (5 ft) COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, Pu-238, 

Pu-239/240, Sr-90, 

Cr(VI) 

 

100-K-82 100-K-82, KW Fuel Storage Basin Leak EPA/ROD/R10-99/039; 

EPA et al., 2009  

Site near reactor. 

Groundwater/surface water protection risk likely for 

hexavalent chromium and other COPCs. 

Included with 100-K-43 Included with 

100-K-43 

COPCs: Am-241, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Pu-238, Pu-239/240, 

Sr-90, U-233/234, 

U-238, Cr(VI) 

Included with 100-K-43. 
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Waste Site Site Description 
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Decision Documents 
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Remediated Under Interim Action ROD) 

Assumed Areal Footprint 
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100-K-83 100-K-83, 1904-K Spillway, 116 K-3, 

1904-K Outfall Structure 

EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

680 m2 (7,300 ft2) 4.6 m (15 ft) COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, Pu-238, 

Pu-239/240, Sr-90, 

Cr(VI) 

 

100-K-104 100-K-104, 166-KE French Drain EPA/ROD/R10-99/039; 

DOE et al., 2011  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs).  

13 m2 (140 ft2) 4.6 m (15 ft) COPCs: PAH, PCBs, 

TPH 

 

116-K-3 116-K-3, 1904-K Outfall Structure, 1908-K Outfall Structure 

The unit received reactor coolant water from the 107K 

Retention Basins. The radionuclide content is unknown. 

The structure also received general area wastes through the 

concrete box sewer. The concrete box sewer wastes went into 

the single chamber of the structure and then drained into the 

two pipelines into the river. 

EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs) 

110 m2 (1,170ft2) 4.6 m (15 ft) COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, Pu-238, 

Pu-239/240, Sr-90, 

Cr(VI) 

 

116-KE-1 116-KE-1, 115-KE Condensate Crib  

The crib structure and contaminated soil up to 9.1 m 

(30 ft) bgs were removed in 2004. Remediation and sampling 

of a large excavation area, known as 100-K Area AH, began 

in January 2009 and was completed in April 2012. It 

encompassed waste sites 100-K-6, 100-K-46, 100-K-62, and 

132-KE-1, and the site of the previously excavated 

116-KE-1 Crib. Remediation of the site could not be fully 

implemented because of the proximity to the KE Reactor 

building. Area-wide C-14 contamination exists in the 

deep zone. 

Exceedances identified at the 100-K-6, 100-K-46, 100-K-62, 

and 132-KE-1 waste sites are associated with the underlying 

collocated 116-KE-1 waste site and will be addressed as part 

of this site. 

EPA/AMD/R10-97/044 100-K-6, 100-K-46, 100-K-62, and 132-KE-1: 

exceeds 1×10-4 human health direct contact cumulative 

risk level. 

Decay years: Deep year 2038; Shallow_1 year 2066; 

and Shallow_2 year 6357. Shallow_1 EPC (65.5 pCi/g 

C-14) is based on maximum detection at 0.3 m 

(1 ft) bgs (East 2 SA-25 on Figure 3-5 in 

DOE/RL-2012-38). Shallow_2 EPC (139 pCi/g C-14) 

is based on maximum detection at 8 ft bgs; (area 

West SA-5 on Figure 3-5 in DOE/RL-2012-38). Other 

Shallow_2 samples (up to 8.5 pCi/g) are actually from 

deep zone. 

Deep (at 116-KE-1): Groundwater/surface water 

protection risk for other C-14 based on deep zone 

concentrations (up to 7,600 pCi/g in 2004) versus 

groundwater and surface water protection PRG 

(5.59 pCi/g) for C-14.  

Groundwater model indicates 15-year groundwater 

cleanup timeframe for C-14. 

Shallow West SA-5: 

125 m2 (1,345 ft2).  

Half of Shallow East 2 

SA-25: 450 m2 (4,844 ft2) 

Deep (at 116-KE-1): 

50 m2 (540 ft2) 

Shallow West SA-5: 

Contaminated interval 

2.4 to 4.6 m (8 to 

15 ft) bgs  

Shallow East 2 SA-25: 

Contaminated interval 

0 to 0.6 m (0 to 

2 ft) bgs. 

Deep (at 116-KE-1): 

Contaminated interval 

9.1 to 21 m (30 to 

70 ft bgs) 

COCs and COPCs: 

C-14, Cs-137, Co-60, 

Eu-152, Eu-154, 

Sr-90, H-3, nitrate 

 

100-K-6 

(supporting 

information 

for waste site 

116-KE-1) 

100-K-6, Vacuum Pit, Cyclone Separator,  

105-KE Vacuum Pit 

100-K-6 waste site: Remediation began in August 2011 and 

was completed in September 2011. An excavator was used to 

remove the vacuum pit and excavate the surrounding soil. 

The original waste site description estimated the depth of the 

cyclone separator as 9.14 m (30 ft); however, during 

remediation the actual depth was measured as 5.8 m (19 ft) 

(DOE/RL-2012-38). 

EPA/ROD/R10-99/039; 

EPA et al., 2009 

Deep zone soil exceeds groundwater and surface water 

protection SSLs and PRGs. 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level.  

Decay years  

Shallow_1: Year 2066 Deep_2: Year 6357 

0 0 GWP/SWP PRG and 

SSL exceedances: 

C-14 

HH exceedances: 

C-14, Cs-137, Sr-90  

No further action for 

100-K-6. 

Exceedances identified at the 

100-K-6, 100-K-46, 

100-K-62, and 132-KE-1 

waste sites are associated 

with the underlying 

collocated 116-KE-1 waste 

site and will be addressed as 

part of that site.  
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100-K-46 

(supporting 

information 

for waste site 

116-KE-1) 

100-K-46, 119KE French Drain, Drywell 

Remediation of the 100-K-46 waste site was incidental to the 

removal of the 119KE Building that began in January 2009 

and was completed in February 2009. The maximum depth 

from grade within the 100-K-46 waste site footprint where 

samples were collected is approximately 6.1 m (20 ft). 

The 100-K-46 drywell was <1.5 m (5 ft) deep 

(DOE/RL-2012-38). 

EPA/ROD/R10-99/039 Deep zone soil exceeds groundwater and surface water 

protection SSLs and PRGs. 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level.  

Decay years  

Deep: Year 2038 

Shallow_1: 2066 Deep_2: Year 6357 

0 0 GWP/SWP PRG and 

SSL exceedances: C-14 

HH exceedances: 

C-14, Cs-137, Sr-90 

No further action for 

100-K-46. 

Exceedances identified at the 

100-K-6, 100-K-46, 

100-K-62, and 132-KE-1 

waste sites are associated 

with the underlying 

collocated 116-KE-1 waste 

site and will be addressed as 

part of that site. 

100-K-62 

(supporting 

information 

for waste site 

116-KE-1) 

100-K-62, 117KE Filter Building 

Remediation activities at the 100-K-62 waste site began in 

August 2010 and were completed in May 2011. An excavator 

was used to remove the vacuum pit and excavate the 

surrounding soil. The maximum depth from grade within the 

100-K-62 waste site footprint is approximately 10.6 m 

(34.8 ft) (DOE/RL-2012-38). 

EPA/ROD/R10-99/039; 

DOE et al., 2011 

Deep zone soil exceeds groundwater and surface water 

protection SSLs and PRGs. 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level. 

Decay years  

Shallow_1: Year 2066 Deep_2: Year 6357 

0 0 GWP/SWP PRG and 

SSL exceedances: 

C-14 

HH exceedances: 

C-14, Cs-137, Sr-90  

No further action for 

100-K-62. 

Exceedances identified at the 

100-K-6, 100-K-46, 

100-K-62, and 132-KE-1 

waste sites are associated 

with the underlying 

collocated 116-KE-1 waste 

site and will be addressed as 

part of that site. 

132-KE-1 

(supporting 

information 

for waste site 

116-KE-1) 

132-KE-1, 116KE Reactor Exhaust Stack 

The original height of this unit was 91.5 m (300 ft). 

The current height is 53.4 m (175 ft). 

The remediation activities at the 132-KE-1 waste site began 

in July 2010 and were completed in September 2011. 

Removal of the above-grade portion of the stack was 

conducted using explosives placed near the base of the stack, 

which caused it to fall in a designated area. The material was 

then loaded and disposed at ERDF. The entire below-grade 

portion of the stack base was then removed. The maximum 

depth from grade within the 132-KE-1 waste site footprint, 

where samples were collected is approximately 6.1 m (20 ft) 

(DOE/RL-2012-38). 

EPA/ROD/R10-99/039; 

DOE et al., 2011 

Deep zone soil exceeds groundwater and surface water 

protection SSLs and PRGs. 

Deep zone soil exceeds 1×10-4 human health direct 

contact cumulative risk level. 

Decay years  

Shallow_1: Year 2066 

Deep_2: Year 6357 

0 0 GWP/SWP PRG and 

SSL exceedances: 

C-14 

HH exceedances: 

C-14, Cs-137, Sr-90  

No further action for 

132-KE-1. 

Exceedances identified at the 

100-K-6, 100-K-46, 

100-K-62, and 132-KE-1 

waste sites are associated 

with the underlying 

collocated 116-KE-1 waste 

site and will be addressed as 

part of that site. 

116-KE-3 116-KE-3, KE Storage Basin French Drain, KE Fuel Storage 

Basin Sub-Basin Drainage Disposal System Crib Reverse 

well  

The crib was demolished in 2009 and excavated to a depth of 

approximately 12.5 m (41 ft), which removed the perforated 

crib pipelines. Gravel below the pipeline was not completely 

removed (DOE/RL-88-30). The reverse well remains in place 

below the excavation depth. Well 199-K-221 (C8796) was 

installed in the footprint of the crib. 

EPA/AMD/R10-97/044 Site near reactor. Likely groundwater/surface water 

protection risk for Sr-90 (assume 300 years). 

Assumes two layers (based on SGW-60149): Layer 1 

clean: 0 to 10.7 m (0 to 35 ft), area 160 m2 (1,720 ft2). 

Layer 2 contaminated: 10.7 to 23 m (35 to 75 ft), area: 

160 m2 (1,720 ft2) 

160 m2 (1,720 ft2) 23 m (75 ft) 

Contaminated interval: 

Layer 2 (see column 4) 

COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, Pu-238, 

Pu-239/240, Sr-90, 

H-3, Cr(VI) 

Well decommissioning 

required 
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116-KW-1 116-KW-1, 115KW Condensate Crib 

Previously excavated to 9.1 m (30 ft) bgs, but remediation 

was not fully implemented due to proximity to the 

KW Reactor building. 

EPA/AMD/R10-97/044 Likely groundwater/surface water protection risk for 

other COPCs (C-14 and tritium). Shallow soil < direct 

contact PRG based on 2004 results. 

Deep zone soil presumably exceeds groundwater and 

surface water protection SSL (4.15 pCi/g) and PRG 

(5.59 pCi/g) for C-14 based on maximum detected 

concentration (45,000 pCi/g). Maximum year 78,820 

based on time for 45,000 pCi/g to decay to SSL. 

Groundwater model indicates 15-year groundwater 

cleanup timeframe for C-14. 

Presumed to exceed 1×10-4 human health direct contact 

cumulative risk level in deep soil (up to year 54,257 

based on timeframe for maximum detected C-14 

concentration to decay to the 81 pCi/g direct 

contact PRG). 

28 m2 (300 ft2) 21 m (70 ft) 

Contaminated interval: 

9.1 to 21 m (30 to 

70 ft) 

COPCs: C-14, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Sr-90, H-3, nitrate 

 

116-KW-2 116-KW-2, KW Storage Basin French Drain, KW Basin 

Reverse Well, KW Fuel Storage Basin Sub-Basin Drainage 

Disposal System Crib 

Approximate elevations: Top of crib/grade elevation: 141.6 m 

(464.5 ft)  

Bottom of crib: 129.2 m (425.5 ft) 

Gravel (in crib): 133.4 to 129.7 m (437.5 to 425.5 ft) 

Top of reverse well/feed piping: 132.7 m (435.5 ft) 

Well perforations: 123.9 to 117.8 m (406.5 to 386.5 ft) 

Well diameter: 20.3 cm (8 in.) 

EPA/AMD/R10-97/044 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI) 

and/or other COPCs. 

Estimated groundwater cleanup timeframe for Sr-90 is 

140 years (year 2153). 

160 m2 (1,720 ft2) Contaminated interval: 

9.1 to 21 m (30 to 

80 ft) bgs 

COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, Pu-238, 

Pu-239/240, Sr-90, 

H-3, Cr(VI) 

Well decommissioning 

required. 

120-KE-8 120-KE-8, 165KE Brine Pit, 165KE Brine Mixing Tank EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

33 m2 (350 ft2) 3 m (10 ft) COPC: mercury  

120-KW-6 120-KW-6, 165KW Brine Pit, 165KW Brine Mixing Tank  EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

16 m2 (176 ft2) 3 m (10 ft) COPC: mercury  

130-K-2 130-K-2, 1717-K Waste Oil Storage Tank EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

3 m2 (30 ft2) 1.8 m (6 ft) COPCs: PAH, PCBs, 

TPH 

 

130-KE-2 130-KE-2, 166KE Oil Storage Tank 

The bunker is an underground reinforced concrete structure 

with two compartments, each having a storage capacity of 

3,033,629 L (801,400 gal). 

EPA/ROD/R10-99/039; 

DOE et al., 2011 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

1,160 m2 (12,500 ft2) 15.2 m (50 ft) COPCs: PAH, PCBs, 

TPH 

 

130-KW-1 130-KW-1, 105KW Emergency Diesel Oil Storage Tank, 

130-KW-1A/130-KW-1B Tanks, 105-KW Emergency Diesel 

Fuel Tank  

Documentation shows that the tanks were removed from 

a location northwest of where the sign was placed. 

EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

21 m2 (225 ft2) 4.9 m (16 ft) COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, Sr-90, PAH, 

TPH 

 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

B-10 

Table B-1. Supporting Information for Waste Sites 

General Waste Site Information Information for Development of Alternatives 

Waste Site Site Description 

Applicable Previous 

Decision Documents 

Type of Exceedance (Assumed for Sites 

Remediated Under Interim Action ROD) 

Assumed Areal Footprint 

Requiring Remediation 

Assumed Depth of 

Contamination 

Requiring Remediation 

COCs/COPCs 

Considered for the FS Comments 

130-KW-2 130-KW-2, 166KW Oil Storage Tank 

The bunker is an underground reinforced concrete structure 

with two compartments, each having a storage capacity of 

3,033,629 L (801,400 gal). 

EPA/ROD/R10-99/039; 

DOE et al., 2011 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

1,140 m2 (12,300 ft2) 15.2 m (50 ft) COPCs: PAH, PCBs, 

TPH 

 

1607-K6 1607-K6, 1607-K6 Septic Tank and Associated Drain Field, 

124-KW-1, 1607-K6 Sanitary Sewer System, 1607-K6 Septic 

Tank 

The unit includes a tile field and the piping from the facilities 

to the tile field. 

EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

420 m2 (4,520 ft2) and 

270 m (890 ft) of 

pipeline run 

4.6 m (15 ft) COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, nitrate, PAH 

 

UPR-100-K-

1 

UPR-100-K-1, KE Fuel Storage Basin leak, UN-100-K-1 EPA/ROD/R10-99/039 Site under reactor. 

Groundwater/surface water protection risk for Sr-90 

(assume 300 years). 

Assumes three layers (based on SGW-60149): 

Layer 1 clean: 0 to 6 m (0 to 20 ft), area 2,000 m2 

(21,500 ft2) 

Layer 2 contaminated: 6 to 15 m (20 to 50 ft), area 

2,000 m2 (21,500 ft2) 

Layer 3 contaminated: 15 to 23 m (50 to 75 ft), area 

250 m2 (2,700 ft2) 

Up to 2,000 m2 

(21,500 ft2) 

23 m (75 ft) 

Contaminated intervals: 

Layers 2 and 3 (see 

column 4) 

COPCs: Am-241, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Pu-238, Pu-239/240, 

Sr-90, U-233/234, 

U-238, Cr(VI) 

 

Waste Sites to be Remediated under Interim Actions (Pre-ROD)d 

100-K-13 100-K-13, French Drain west of the 166KW Oil Storage 

Tank Facility 

Prior to the construction of the cold vacuum storage facility, 

the drain had been almost flush with the ground surface. 

Facility construction required the area to be graded. The 

construction project has scraped the ground down about 

1.8 m (6 ft), leaving the French drain about 2.3 m (7.5 ft) 

above ground level. The French drain is now covered by 

a corrugated metal caisson to protect the drain structure. Prior 

to current construction activities, the drain extended above 

grade about 0.46 m (1.5 ft) and was surrounded by a yellow 

wooden barricade.  

The french drain has no markings of any kind. No other 

documentation or drawings could be found that identify the 

site or its purpose. Prior to current construction, no facilities 

were close to the site. 

EPA/ROD/R10-99/039  Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: PAH, PCBs, 

TPH 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 



DOE/RL-2018-22, DRAFT B 
APRIL 2020 

B-11 

Table B-1. Supporting Information for Waste Sites 

General Waste Site Information Information for Development of Alternatives 

Waste Site Site Description 

Applicable Previous 

Decision Documents 

Type of Exceedance (Assumed for Sites 

Remediated Under Interim Action ROD) 

Assumed Areal Footprint 

Requiring Remediation 

Assumed Depth of 

Contamination 

Requiring Remediation 

COCs/COPCs 

Considered for the FS Comments 

100-K-25 100-K-25, 183KE Caustic Neutralization Pit  EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-27 100-K-27, 183KE Caustic Soda Storage Tank Site EPA/ROD/R10-99/039; 

EPA et al., 2009 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-35 100-K-35, 183-KE Acid Neutralization Pit EPA/ROD/R10-99/039  Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-79:3 100-K-79, Sodium Dichromate and Sulfuric Acid Product 

Pipelines at 100-K, 183.1KE Sodium Dichromate Product 

Pipelines 

EPA/ROD/R10-99/039; 

EPA et al., 2004 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI). 

0 0 COPCs: Cr, Cr(VI) Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-79:4 100-K-79, Sodium Dichromate and Sulfuric Acid Product 

Pipelines at 100-K, 183.1KE Sulfuric Acid Product Pipelines 

EPA/ROD/R10-99/039; 

EPA et al., 2004 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-79:9 100-K-79, Sodium Dichromate and Sulfuric Acid Product 

Pipelines at 100-K, Reactor Cross-Tie Conditioned Water 

Pipelines 

EPA/ROD/R10-99/039; 

EPA et al., 2004 

Likely groundwater/surface water protection risk for 

Cr(VI). 

0 0 COPCs: Cr, Cr(VI) Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 
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Table B-1. Supporting Information for Waste Sites 

General Waste Site Information Information for Development of Alternatives 

Waste Site Site Description 

Applicable Previous 

Decision Documents 

Type of Exceedance (Assumed for Sites 

Remediated Under Interim Action ROD) 

Assumed Areal Footprint 

Requiring Remediation 

Assumed Depth of 

Contamination 

Requiring Remediation 

COCs/COPCs 

Considered for the FS Comments 

100-K-94 100-K-94, 1702-KE, and 1702-KW Guard House Dry Wells 

Each 76 cm (30 in.) dry well received drinking water through 

a 7.6 cm (3 in.) cast iron pipe that exited guard houses. 

EPA/ROD/R10-99/039; 

DOE et al., 2011 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: Cs-137, 

Eu-152, Sr-90 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-99 100-K-99, Radioactive Material Area Remaining After 

107KE Basin Removal, 116-KE-4 Contaminated Soil 

and Items 

EPA/ROD/R10-99/039; 

DOE et al., 2011 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: Cs-137, 

Co-60, Sr-90, Eu-152, 

Eu-154 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-101 100-K-101, French Drains and Mercury Stained Soils near 

the 183KE Sedimentation Basin 

EPA/ROD/R10-99/039; 

DOE et al., 2011 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI) 

and/or other COPCs. 

0 0 COPCs: lead, 

mercury 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-103 100-K-103, 1704-K, and 1717-K Septic Systems EPA/ROD/R10-99/039; 

DOE et al., 2011 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: nitrate, PAH Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-107 100-K-107, 1706-KER Abandoned Drain Field 

A fenced area 31 m (102 ft) northwest of the northwest 

corner of the 1706-KER Building is assumed to be this 

abandoned drain field. 

EPA/ROD/R10-99/039; 

DOE et al., 2011 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: C-14, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Sr-90, nitrate, PAH 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

100-K-108 100-K-108, 1706-KER Septic System EPA/ROD/R10-99/039; 

DOE et al., 2011 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: C-14, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Sr-90, nitrate, PAH 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

116-KE-2 116-KE-2, 1706-KER Waste Crib 

Drilling in the mid-1970s next to the crib revealed 

concentrations of radionuclides in the soil. The total 

estimated concentration was 38 Ci. The radionuclide 

inventory decayed through April 1, 1986, was estimated at 

approximately 14.6 Ci and is composed predominantly of 

Co-60 and Sr-90. Approximately 100,000 kg (220,500 lb) of 

NaOH may have been disposed of into the crib as well as 

100,000 kg (220,500 lb) of sulfuric acid. 

EPA/AMD/R10-97/044 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for 

other COPCs. 

0 0 COPCs: C-14, 

Cs-137, Co-60, 

Eu-152, Eu-154, 

Sr-90, H-3 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 
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Table B-1. Supporting Information for Waste Sites 

General Waste Site Information Information for Development of Alternatives 

Waste Site Site Description 

Applicable Previous 

Decision Documents 

Type of Exceedance (Assumed for Sites 

Remediated Under Interim Action ROD) 

Assumed Areal Footprint 

Requiring Remediation 

Assumed Depth of 

Contamination 

Requiring Remediation 

COCs/COPCs 

Considered for the FS Comments 

120-KE-1 120-KE-1, 183KE Filter Waste Facility Dry Well, 100-KE-1, 

183KE Filter Water Facility, 183KE Acid Neutralization Pit, 

100-K-26 

EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

120-KE-2 120-KE-2, 183KE Filter Waste Facility French Drain, 

100-KE-2, 183KE Filter Water Facility 

EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

120-KE-3 120-KE-3, 100-KE-3, 183KE Filter Water Facility Trench EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

120-KE-4 120-KE-4, 183-KE1 Sulfuric Acid Storage Tank EPA/ROD/R10-99/039; 

EPA et al., 2009 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

120-KE-5 120-KE-5, 183-KE2 Sulfuric Acid Storage Tank EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: lead, 

mercury 

Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 
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Table B-1. Supporting Information for Waste Sites 

General Waste Site Information Information for Development of Alternatives 

Waste Site Site Description 

Applicable Previous 

Decision Documents 

Type of Exceedance (Assumed for Sites 

Remediated Under Interim Action ROD) 

Assumed Areal Footprint 

Requiring Remediation 

Assumed Depth of 

Contamination 

Requiring Remediation 

COCs/COPCs 

Considered for the FS Comments 

120-KE-6 120-KE-6, 183KE Sodium Dichromate Tank EPA/ROD/R10-99/039 Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI). 

0 0 COPC: Cr(VI) Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

120-KE-9 120-KE-9, 183KE Brine Pit, 183-KE Salt Dissolving Pits and 

Brine Pump Pit 

EPA/ROD/R10-99/039; 

EPA et al., 2009  

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs), plus 

groundwater/surface water protection risk for Cr(VI). 

0 0 COPC: mercury Encompassed by alternative 

for 120-KE-1. 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

1607-K1 1607-K1, 1607-K1 Septic Tank and Associated Drain Field, 

124-K-1, 1607-K1 Sanitary Sewer System,  

1607-K1 Septic Tank 

EPA/ROD/R10-99/039; 

EPA et al., 2009 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: nitrate, PAH Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

1607-K5 1607-K5, 1607-K5 Septic Tank and Associated Drain Field, 

124-KE-2, 1607-K5 Sanitary Sewer System,  

1607-K5 Septic Tank 

The unit includes a tile field. 

EPA/ROD/R10-99/039; 

EPA et al., 2009 

Human health direct contact and/or ecological risk 

likely in shallow soil (<4.6 m [15 ft] bgs). 

0 0 COPCs: Cs-137, 

Co-60, Eu-152, 

Eu-154, nitrate, PAH 

Assumed remediation will be 

completed under interim 

action ROD by 

December 2019. RTD costs 

not included in FS 

cost estimate. 

Note: Complete reference citations are provided in the References chapter of this appendix. 

a. Waste site previously remediated under the 100-K interim action ROD and evaluated in the 100-K RI report (DOE/RL-2010-97). Contains residual radionuclide contamination at depths >4.6 m (15 ft) bgs and presents a potential risk only from inadvertent exposure through deep excavation 

activities. 

b. Waste site previously remediated under the 100-K interim action ROD and evaluated in the 100-K RI report (DOE/RL-2010-97) with exceedance of groundwater protection/surface water protection PRGs and/or shallow zone human health direct contact cumulative risks >1×10-4. 

c. Identified in the interim action ROD as requiring remediation. Remediation projected to be completed after December 31, 2019. Basis for action is presumed based on process knowledge and professional judgment. Known or suspected contaminants based on process knowledge and 

professional judgment. 

d. Remediation completed under interim action after cutoff date (April 2017) or projected to be complete by December 31, 2019. The waste site was not evaluated in the 100-K RI report (Chapters 5, 6, and 7 in DOE/RL-2010-97). 

bgs = below ground surface 

COC = contaminant of concern 

COPC = contaminant of potential concern 

DU = deep unit 

ERDF = Environmental Restoration Disposal Facility 

FS = feasibility study 

FSB = fuel storage basin 

GWP = groundwater protection 

PAH = polycyclic aromatic hydrocarbon 

PRG = preliminary remediation goal 

RI = remedial investigation 

ROD = Record of Decision 

RTD = removal, treatment, and disposal 

SSL = soil screening level 

SWP = surface water protection 

TPH = total petroleum hydrocarbon 
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Appendix C 1 

100-K Feasibility Study Alternative Costing – Supporting Information 2 

This appendix contains information used to support the development of cost estimates for the remedial 3 

action alternatives identified in DOE/RL-2018-22, Feasibility Study for the 100-KR-1, 100-KR-2, and 4 

100-KR-4 Operable Units (this document). The alternatives were developed to identify a combination of 5 

remedial actions to clean up soil within the 100-KR-1 and 100-KR-2 Operable Units and groundwater 6 

within the 100-KR-4 Operable Unit. There are four geographic subareas for groundwater designated as 7 

100-K West, 100-K East, 100-K North, and 100-N, which includes a 100-K and 100-N boundary plume.  8 

ECE-100KR411-00008, Environmental Cost Estimate for 100-K Vadose Zone and Groundwater RI/FS 9 

presents the cost estimates for alternatives and alternative components. Information used to support cost 10 

estimates for waste sites (all except the 24 pre-record-of-decision sites) and groundwater are included in 11 

ECF-100KR4-11-0167, 100-K Cost Estimate Scoping Forms for Feasibility Study Alternative Costing.    12 
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Appendix D 1 

100-K Feasibility Study Alternatives Modeling Information 2 

This appendix provides the calculations that summarize modeling performed for evaluation of remedial 3 

alternatives for Chapter 3, which presents the evaluation of remedial alternatives, supported by the 4 

following calculations: 5 

 ECF-100KR4-18-0019, Development of Source/Sink Mixing Package for the Feasibility Study in the 6 

100-KR-4 Operable Unit, documents the process of developing source/sink mixing packages for all 7 

the contaminants of potential concern under different flow conditions that would be used as a 8 

continuing source for the feasibility study of 100-KR-4 operable unit. 9 

 ECF-100 KR4-18-0044, Modeling of Updated Design Alternatives for the 100-KR-4 Feasibility 10 

Study, present the results of groundwater flow and contaminant transport modeling, focused on the 11 

evaluation of remedial alternatives to prevent the migration of contaminants of concern (COCs) 12 

toward the Columbia River and reduce COC concentrations in the aquifer below target values within 13 

reasonable timeframes.   14 
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Appendix E 1 

Wildlife Seep Exposure Evaluation 2 

This appendix provides a technical memorandum evaluating wildlife exposure to carbon-14 from 3 

groundwater discharge at seeps in the 100-K Area.   4 
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TECHNICAL MEMORANDUM 

1 

Wildlife Exposure to Groundwater Seeps near the 1 

100-K Source Operable Units  2 

DATE: March 2020 

REVISION NO.: Draft 

Introduction 3 

The U.S. Department of Energy (DOE) is completing a remedial investigation (DOE/RL-2010 97, Remedial 4 
Investigation for the 100-KR 1, 100-KR 2, and 100-KR 4 Operable Units; hereinafter called the 100-K RI) 5 
and feasibility study (DOE/RL-2018-22, Feasibility Study for the 100-KR 1, 100-KR 2, and 100-KR 4 6 
Operable Units; hereinafter called the 100-K FS) for the 100-K Area of the Hanford Site near Richland, 7 
Washington. The 100-K Area encompasses the KE and KW Reactors and includes the 100-KR-1 and 8 
100-KR-2 Source Operable Units (OUs) and the 100-KR-4 Groundwater OU. This discussion evaluates9 
wildlife exposure to carbon-14 (C-14) in groundwater seeps within the 100-K Area under a no-action10 
remedial alternative, specifically at 100-K Spring 63-1. The seeps are located along the Columbia River11 
and are a potential drinking water source for wildlife.12 

Groundwater modeling (Appendix F of the 100-K RI) predicts that under a no-action remedial alternative 13 
a C-14 groundwater plume reaches a maximum concentration (Cmax) of 7,000 pCi/L near the Columbia 14 
River and remains elevated above the drinking water standard (2,000 pCi/L) until the year 2028. The 15 
modeled nearshore groundwater Cmax for C-14 as it approaches the river’s edge exceeds DOE’s riparian 16 
animal biota concentration guide (BCG)1 screening threshold for riparian wildlife, which is 609 pCi/L. The 17 
riparian screening value accounts for exposure from aquatic systems and is a generic screening 18 
threshold applicable to all riparian wildlife. This modeled Cmax is higher than the measured seep 19 
concentrations presented in the annual site environmental reports (e.g., DOE/RL-2019-33, Hanford 20 
Annual Site Environmental Report for Calendar Year 2018). The modeled Cmax concentration represents a 21 
broader plume, including areas not sampled in the annual report and where there are no seeps or 22 
wildlife exposure. The modeled Cmax concentration value does not accurately or realistically represent 23 
emergent water available to wildlife. Therefore, it was not used in this evaluation. Sampled seep water 24 
concentrations are the appropriate medium to evaluate. However, C-14 concentrations in seep water 25 
have been measured at levels exceeding the Riparian BCG. The maximum detected seep value above the 26 
BCG suggests a potential for adverse wildlife effects. This risk is based on conservative assumptions 27 
about site conditions and a generic screening threshold. Further analysis was conducted to include 28 
site-specific conditions as well as develop receptor-specific screening thresholds. The following analysis 29 
was conducted for a weight-of-evidence evaluation of wildlife exposure to groundwater seeps: 30 

1. Calculating receptor-specific exposure point concentrations (EPCs) based on maximum31 

concentrations of C-14 in seep water. The calculated EPCs account for receptor home range and32 

site-specific conditions.33 

1 The 609 pCi/L BCG is a threshold number calculated by DOE using the residual radioactive (RESRAD) BIOTA software and is intended to be 

protective of all riparian animals. More information about the calculated threshold and the RESRAD BIOTA software can be found in 

DOE-STD-1153-2019, A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota. 
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2. Calculating receptor-specific BCGs, which represent a level at which there is a potential for risk1 

to wildlife populations. The generic Riparian BCG does not account for site-specific conditions,2 

such as mass and size of wildlife receptors.3 

3. Calculating receptor-specific tolerance levels (TLs). TLs are media-specific benchmarks for seeps4 
that account for site-specific conditions and identify a receptor-specific BCG that is protective of5 
all riparian wildlife species.6 

This evaluation concludes that the future EPCs for wildlife receptors from the K West seeps at 7 
100-K Spring 63-1 will be less than the threshold of 609 pCi/L. The lines of evidence are described in the8 
remainder of this narrative.9 

Site Background 10 

The 100-K Area is located in the northern portion of the Hanford Site adjacent to the Columbia River. 11 
It includes more than 9 km2 (3.5 mi2) of land along the southern shore of the Columbia River (Figure 1). 12 
The 100-K Area includes two deactivated nuclear reactors and support facilities that produced 13 
plutonium from 1955 to 1971. The reactors and processes associated with operations generated large 14 
quantities of liquid and solid wastes. The waste sites in 100-K included storage tanks, ponds, trenches, 15 
cribs, French drains, solid waste burial grounds, retention basins, pipelines, and spills/leaks. These 16 
operations and processes resulted in groundwater contaminant plumes. These groundwater 17 
contaminant plumes have been evaluated as part of the 100-K RI (DOE/RL-2010-97) and 100-K FS 18 
(DOE/RL-2018-22) under the current scenario with pump and treat systems in place and under future 19 
scenarios, including under a no-action alternative without the treatment systems in place. These 20 
evaluations indicated that under the future no-action alternative, a C-14 plume will approach the area of 21 
the seeps at 100-K Spring 63-1 at a concentration in groundwater greater than the riparian animal BCG 22 
of 609 pCi/L. 23 

Exposure Media 24 

Seeps 25 

Seeps are areas of emergent groundwater along the near-shore environment. Several seeps have been 26 
identified in the near-shore environment of 100-K, and the locations are described in PNNL-19052, 27 
Water Quality Sampling Locations Along the Shoreline of the Columbia River, Hanford Site, Washington. 28 
These seeps were identified in the baseline ecological risk assessment for 100-K (Chapter 7 in the 100-K 29 
RI; DOE/RL-2010-97) as a potential exposure point to wildlife in the riparian area along the Columbia 30 
River. Figure 2 presents a conceptual hydrologic model of groundwater-surface water interaction, 31 
illustrating the pathway of contaminated groundwater emerging into the seeps.  32 

Figure 3 shows the 100-K Spring 63-1 sample location. A site visit was conducted in October 2019 to 33 
gather information on the 100-K seeps. This data-gathering reconnaissance focused specifically on those 34 
seeps near waste site 100-K-63 where groundwater modeling predicted C-14 concentrations in 35 
groundwater to exceed the C-14 BCG. Notes from the site visit are presented in Appendix A. The 100-K 36 
Spring 63-1 seeps are a cluster of seeps in the western portion of 100-K. The locations of active flowing 37 
seeps at 100-K have fluctuated over time, depending on the physical conditions that vary each year. 38 
Some seeps have flow while others do not. Visual observations estimated the approximate depth of the 39 
physical depressions of the seeps to be 10 cm (4 in.). Boulders and rocks have been placed around some 40 
of the seeps to denote location and help create pools to aid in sample collection. The seeps located at 41 
100-K Spring 63-1 are relatively small, extending a maximum of 2.74 m (9 ft) long by 1.2 m (4 ft) wide42 
(Figure 4), and are located near the Columbia River (Figure 5). The seep measurements and photos were43 
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taken during the October 2019 site visit, when the river elevation was approximately 117 m. The 1 
maximum linear shoreline length containing the 100-K Spring 63-1 cluster of seeps, measured using 2 
mapped locations of the Spring 63-1 seeps, is 35 m (115 ft) as shown in Figure 3. 3 

4 
5 

Figure 1. Location of the 100-K Operable Unit, Hanford Site 6 

7 
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 1 

Figure 2. Conceptual Hydrologic Model of Groundwater-Surface Water Interaction at the Hanford Site 

 2 
Figure 3. Sampling Locations in the Riparian/Nearshore Environment 3 

Seep Area 
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  1 

Figure 4. Example Seep Located at 100-K Spring 63-1 

 2 

Figure 5. 100-K West Area Near 100-K Spring 63-1 and the Columbia River 

Unfiltered samples are collected directly from the emerging 100-K seeps and analyzed (unfiltered) for 3 
chemicals of concern as part of ongoing environmental monitoring. The 100-K Spring 63-1 seep cluster 4 
was initially sampled and analyzed for C-14 in 2003 and sampled annually since 2012 (Table 1). 5 
A maximum concentration of 2,150 pCi/L was measured in the sample collected in 2013. The average 6 
seep concentration (including nondetect results) is 250 pCi/L. 7 

DOE/RL-2018-22, DRAFT B 
APRIL 2020

E-7



WILDLIFE EXPOSURE TO GROUNDWATER SEEPS NEAR THE 100-K SOURCE OPERABLE UNITS 

6 

Table 1. Carbon-14 Results for the 100-K Area Seeps - 100-K Spring 63-1 

Date 
Result 
(pCi/L) 

MDA 
(pCi/L) a 

9/21/2016 45.4 -- 

9/20/2016 70.4 -- 

7/21/2016 302 -- 

7/21/2016 -6.37 U 13.2 U 

5/18/2016 83.9 -- 

5/18/2016 0.55 U -- 

1/27/2016 110 -- 

1/27/2016 -1.98 U 16.5 U 

10/5/2015 82 -- 

9/30/2015 51.7 -- 

9/30/2015 15.5 U -- 

7/8/2015 341 -- 

7/8/2015 -11.8 U 36.3 U 

4/9/2015 92.3 -- 

4/9/2015 8.41 U -- 

1/14/2015 9.18 U -- 

1/14/2015 -6.64 U 41.4 U 

1/14/2015 -6.51 U 41.4 U 

1/14/2015 -8.62 U 41.9 U 

10/21/2014 254 -- 

10/8/2014 414 -- 

9/23/2013 1,480 -- 

9/9/2013 2,150 -- 

10/29/2012 137 -- 

8/29/2012 64 -- 

10/20/2003 608 -- 

Statistics b 

Minimum 0.55 U 

Maximum 2,150 

Average 250 

a. The MDA was used for nondetected results with negative values.

b. Nondetect values were included in the statistics.

MDA  =  minimum detectable activity 

U =  nondetect at the reporting limit shown 

1 
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Aquifer Tubes 1 

The ongoing environmental monitoring program also includes collection and analysis of samples from 2 
aquifer tubes. The aquifer tubes are used for monitoring in areas where permanent monitoring wells 3 
cannot be established. The tubes are inserted below the ground in networks of three at depths of 4 
approximately 3 to 6 m (10 to 21 ft) below ground surface (bgs). These samples are a mixture of 5 
groundwater and river water that monitor the nearshore environment of the Columbia River. Water 6 
collected from these tubes does not represent actual exposure to aquatic life or wildlife as it is below 7 
ground where the exposure pathway is incomplete. Rather, the data are used to understand the 8 
movement of source plumes over time as they approach the Columbia River. Carbon-14 results from the 9 
network of aquifer tubes near 100-K Spring 63-1 are included in Table 2. 10 

Table 2. Carbon-14 Results in 100-K Area Aquifer Tubes 

Aquifer Tube Sample Date 
Result 
(pCi/L) 

MDA 
(pCi/L)a 

B8161 9/24/2012 -22.7 U 55 U 

9/12/2013 63.6 -- 

9/16/2014 67.7 -- 

10/6/2015 23.6 -- 

9/8/2016 113 -- 

9/1/2016 74.1 -- 

9/22/2016 68.3 -- 

11/29/2016 24.5 -- 

2/21/2017 54.7 -- 

B8162 9/1/2016 247 -- 

9/22/2016 358 -- 

11/29/2016 30.4 -- 

2/21/2017 95 -- 

B8204 11/29/2012 24.9 U -- 

9/17/2013 6.61 U -- 

12/11/2014 3 U -- 

10/28/2015 0.0895 U -- 

10/10/2016 4.68 U -- 

C4339 9/10/2014 8.86 U -- 

6/24/2016 2.97 U -- 

9/6/2016 6.9 U -- 

9/21/2016 8.37 U -- 
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Table 2. Carbon-14 Results in 100-K Area Aquifer Tubes 

Aquifer Tube Sample Date 
Result  
(pCi/L) 

MDA 
(pCi/L)a 

C4339 11/29/2016 15.3 U -- 

 

 9/24/2012 257 

 

-- 

 

 9/12/2013 130 

 

-- 

 

 10/5/2015 5.25 

 

-- 

 

C4340 9/10/2014 2.7 U -- 

 

 6/24/2016 -7.46 U 17.6 U 

 9/6/2016 -1.58 U 10.6 U 

 9/21/2016 7.95 U -- 

 

 11/29/2016 -0.297 U 23.5 U 

 10/5/2015 5.15 

 

-- 

 

C4341 9/10/2014 -2.48 U 18.3 U 

 10/5/2015 1.69 U -- 

 

 6/24/2016 -2.45 U 30.6 U 

 9/6/2016 -13.9 U 28.8 U 

 9/21/2016 30.9 U -- 

 

 11/29/2016 1.08 U -- 

 

C6240 10/7/2015 1.8 U -- 

 

 9/13/2016 4.38 U -- 

 

 10/22/2014 7.92 

 

-- 

 

C6241 9/16/2013 96.5 

 

-- 

 

 10/22/2014 153 

 

-- 

 

 10/7/2015 103 

 

-- 

 

 9/13/2016 73.2 

 

-- 

 

C6244 9/24/2012 13.7 U -- 

 

 9/17/2013 6.63 U -- 

 

 10/7/2015 3.14 U -- 

 

 9/14/2016 6.64 U -- 

 

 10/21/2014 6.4 

 

-- 

 

C7641 8/13/2012 30.5 U -- 

 

 10/10/2012 1.3 U -- 
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Table 2. Carbon-14 Results in 100-K Area Aquifer Tubes 

Aquifer Tube Sample Date 
Result 
(pCi/L) 

MDA 
(pCi/L)a 

C7641 4/3/2013 16.2 U -- 

9/16/2013 10.5 U -- 

1/28/2014 11.1 U -- 

4/9/2014 14.5 U -- 

7/28/2014 -2.28 U 18.3 U 

10/20/2014 -1.83 U 3.89 U 

1/12/2015 -0.114 U 3.96 U 

4/15/2015 1.74 U -- 

7/24/2015 3.65 U -- 

C7641 10/6/2015 -0.177 U 3.26 U 

1/19/2016 -1.34 U 4.65 U 

7/29/2016 5.25 U -- 

9/14/2016 18.8 U -- 

9/6/2016 -15.2 U 27.8 U 

9/22/2016 21 U -- 

11/29/2016 -14.4 U 39.8 U 

8/6/2013 21.5 -- 

C7642 11/29/2016 3.71 U -- 

8/13/2012 95.7 -- 

10/10/2012 98.8 -- 

4/3/2013 117 -- 

8/6/2013 128 -- 

9/16/2013 118 -- 

1/28/2014 68.3 -- 

4/9/2014 66.8 -- 

7/28/2014 40.8 -- 

10/20/2014 25.3 -- 

1/12/2015 15.7 -- 

4/15/2015 23.8 -- 

7/24/2015 20.2 -- 
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Table 2. Carbon-14 Results in 100-K Area Aquifer Tubes 

Aquifer Tube Sample Date 
Result 
(pCi/L) 

MDA 
(pCi/L)a 

C7643 10/6/2015 10.1 -- 

1/19/2016 21.1 -- 

7/29/2016 20 -- 

9/14/2016 18.6 -- 

9/6/2016 15.3 -- 

9/22/2016 16.4 -- 

C7643 8/13/2012 36.9 U -- 

1/12/2015 2.44 U -- 

10/6/2015 2.14 U -- 

1/19/2016 3.87 U -- 

7/29/2016 8.06 U -- 

9/14/2016 10.1 U -- 

9/6/2016 -1.95 U 27.7 U 

9/22/2016 2.59 U -- 

C7643 11/29/2016 -9.65 U 39.9 U 

10/10/2012 88.4 -- 

4/3/2013 99.7 -- 

8/6/2013 83.7 -- 

9/16/2013 85.7 -- 

1/28/2014 45 -- 

4/9/2014 50 -- 

7/28/2014 24.5 -- 

10/20/2014 6.32 -- 

4/15/2015 10.2 -- 

7/24/2015 8.02 -- 
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Table 2. Carbon-14 Results in 100-K Area Aquifer Tubes 

Aquifer Tube Sample Date 
Result 
(pCi/L) 

MDA 
(pCi/L)a 

Statistics b 

Minimum 0.0895 U 

Maximum 358 

Average 39.4 

Minimum detected value 1.69 

Maximum detected value 358 

Average detected value 67.3 

a. The MDA was used for nondetected results with negative values.

b. Nondetect values were included in the statistics unless otherwise noted. 

MDA  =  minimum detectable activity 

U  =  nondetect at the reporting limit shown 

1 

River Stage 2 

The seeps at 100-K are estimated to be exposed approximately 60% of the year due to fluctuating river 3 
elevation. XY coordinates associated with 100-K Spring 63-1 sampling locations were compared to 2008 4 
Light Detection and Ranging (LIDAR) topography and the Columbia River bathymetry data sets. LIDAR is 5 
an optical remote sensing technology that measures properties of scattered light to find range and/or 6 
other information of a distant target. The accuracy of the LIDAR mapping is estimated at 11 cm (4.3 in.). 7 
Based on the coordinates and both the LIDAR and bathymetry elevations, an approximate river stage 8 
elevation was estimated to represent where the seep would be exposed and accessible to wildlife. This 9 
was calculated using data from the United States Geological Survey (USGS) monitoring station at Priest 10 
Rapids Dam (USGS Station 12472800), which is located approximately 24 km (15 mi) upstream of the 11 
100-K OU. Monthly average stream elevations were calculated using daily elevation data, for available12 
electronic data between October 2007 and October 2019, resulting in an overall average elevation of13 
119 m. Details on the method used to calculate river stage can be found in ECF-Hanford-13-0028,14 
Columbia River Stage Correlation for the Hanford Area. Using this average, the seeps would be exposed15 
approximately 60% of the year. Figure 6 shows the 100-KW shoreline with 2008 LIDAR elevation16 
contours down to 0.5 m (light purple lines) and the Columbia River bathymetry at 1 m (3.3 ft) intervals17 
(teal lines). This figure also shows the locations of 100-K Spring 63-1 and the area of potential access to18 
seeps by wildlife.19 

DOE/RL-2018-22, DRAFT B 
APRIL 2020

E-13



WILDLIFE EXPOSURE TO GROUNDWATER SEEPS NEAR THE 100-K SOURCE OPERABLE UNITS 

12 

1 

Figure 6. Columbia River Elevation at the 100-K Area 2 

Representative Wildlife and Exposure Pathways 3 

Representative wildlife used for this analysis are a combination of those used in DOE/RL-2007-21, River 4 
Corridor Baseline Risk Assessment, Volume I: Ecological Risk Assessment (RCBRA) to represent important 5 
functional groups/feeding guilds at the Hanford Site and other wildlife studied over the years at Hanford 6 
or that could use the area. The following target avian and mammalian wildlife species were selected to 7 
evaluate potential adverse impacts to wildlife populations: 8 

 Avian wildlife9 

 Omnivorous birds - western meadowlark (Sturnella neglecta) 10 

 Insectivorous birds - bank swallow (Riparia riparia), killdeer (Charadrius vociferus) 11 

 Piscivorous birds - Great blue heron (Ardea herodias) 12 

 Carnivorous birds - red-tailed hawk (Buteo jamaicensis) 13 

 Mammalian wildlife14 

 Herbivorous mammals - muskrat (Ondatra zibethicus), black-tailed jackrabbit (Lepus 15 

californicus), mule deer (Odocoileus hemionus), elk (Cervus canadensis) 16 

 Carnivorous mammals - badger (Taxidea taxus), coyote (Canis latrans), mink (Neovison vison) 17 

 Piscivorous mammals - river otter (Lontra canadensis) 18 

 Omnivorous mammals - North American beaver (Castor canadensis), raccoon (Procyon lotor) 19 

The wildlife species listed above adequately represent wildlife that may be present within the 100-K 20 
Area. Additional wildlife species were considered; however, the parameters used in RESRAD BIOTA 21 
modeling were similar to those species that were evaluated, thus not warranting the inclusion of 22 
additional species.  23 

Birds and mammals experience chemical exposure through multiple pathways, including the ingestion of 24 
surface water, sediment, and biotic media (food), inhalation, and dermal contact. However, the purpose 25 
of this assessment was strictly to evaluate the use of seeps as a source of drinking water by riparian 26 
animals. A detailed analysis of other exposure pathways and how drinking water exposure adds to the 27 
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total exposure is presented in the complete baseline ecological risk assessment in Chapter 7 of the 1 
100-K RI (DOE/RL-2010-97). No significant risk to wildlife populations from C-14 in seeps was identified2 
from either direct ingestion or when combined with total ingestion from terrestrial pathways.3 

Birds 4 

Birds for this evaluation included western meadowlark, bank swallow, killdeer, red-tailed hawk, and 5 
Great blue heron. Table 3 presents home ranges for the representative avian species.  6 

The preferred habitat of western meadowlarks is grasslands, including native grasslands, cropland, 7 
weedy borders, and desert grassland. The species is less likely to inhabit areas with tall and dense 8 
vegetation. In desert grasslands, meadowlarks select wetter farmland or grasslands bordering water 9 
(Davis and Lanyon, 2008, “Western Meadowlark (Sturnella neglecta)”). The meadowlark feeds on the 10 
ground in open areas, and diet consists of grain, seeds, and insects. Home range is approximately 2.19 11 
ha (5.4 ac) (Lanyon, 1956, “Territory in the meadowlarks” and Lanyon, 1957, “The Comparative Biology 12 
of the Meadowlarks (Sturnella) in Wisconsin”). Although meadowlarks prefer open grassland, they have 13 
been observed at the Hanford Site during roadside monitoring (HNF-60688, Hanford Site Roadside Bird 14 
Surveys Report for Calendar Year 2015) and have been observed drinking water by scooping it into the 15 
lower mandible and tilting the head up to drink (Davis and Lanyon, 2008). Therefore, the western 16 
meadowlark was included in this quantitative evaluation. 17 

Bank swallows are small birds that nest in banks along streams and rivers. Bank swallows are aerial 18 
feeders that forage on insects, and drink water almost exclusively on the wing by skimming the water 19 
surface and scooping up water with the lower mandible (Garrison, 1999, “Bank Swallow (Riparia 20 
riparia)”). The home range is measured and presented as the linear distance travelled from the nest 21 
area immediately along the shoreline and river during foraging. Bank swallow foraging radius is 22 
approximately 0.8 km (Stoner and Stoner, 1941, “Feeding of Nestling Bank Swallows”). Bank swallows 23 
would most likely receive their daily water requirements from skimming along the Columbia River as 24 
opposed to drinking from the small inconsistently available seeps at 100-K Spring 63-1. However, bank 25 
swallows were included as a measure of conservatism. 26 

Killdeer are shorebirds that inhabit open areas such as sandbars, mudflats, and grazed fields. They feed 27 
primarily on terrestrial and aquatic invertebrates, and occasionally frogs or small fish. Killdeer build 28 
nests on the ground in open habitats (All About Birds, 2020, “Killdeer”). Home range varies from 8 to 29 
39.9 ha (19.8 to 98.8 ac) (Mace, 1971, “Nest Dispersion and Productivity of Killdeers, Charadrius 30 
vociferous”). Killdeer have been observed at the Hanford Site during roadside monitoring (HNF-60688). 31 
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Table 3. Receptor Home Range 

Assessment Endpoint 
Functional Group Endpoint Species 

Home Range 
(km) 

Home Range 
(ft2) 

Home Range 
(ac) 

Home Range 
 (m2) 

Home Range 
(Ha) Notes Source 

Birds  

Omnivore Meadowlark -- 236,700 5.4 21,990 2.19 Varied from 1.2 to 6.1 ha (3 to 15 ac), and mostly were 
2.8 to 3.2 ha (7 to 8 ac) 

Lanyon, 1956 and 1957 

Insectivore Bank swallow 0.8 -- -- -- -- Stoner and Stoner, 1941 

Insectivore Killdeer -- 862,488 - 4,303,728 19.8 - 98.8 80,128 - 399,829 8 - 39.98 Adult males and females during breeding season, 
Minnesota 

Mace, 1971 

Piscivore Great blue heron 0.7 -- -- -- -- -- EPA/600-R-93/187 as noted in  
DOE/RL-2007-21 

Carnivore Red-tailed hawk -- 10,759,320 - 107,593,200 247 - 2,470 999,574 - 9,995,735 100 - 1000 Depending on location, topography, habitat, and prey 
availability 

CDFW, 2012 

Mammals 

Herbivore Muskrat 0.183 - 0.8 -- -- -- -- -- Schwartz and Schwartz, 1959 
Ahlers et al., 2010 

Herbivore Jackrabbit 
(black-tailed) 

-- 5,381,955 124 500,000 50 Hanford Site-specific home range Major, 1993 

Carnivore Badger -- 17,206,200 - 25,831,080 395 - 593 1,598,508 - 2,399,786 160 - 240 Females: 160 

Males: 240 

Kurta, 1995 
Long, 1999 

Omnivore Raccoon -- 11,625,020 - 21,958,380 266 - 504 1,080,000 - 2,040,000 108 - 204 Mean values for Michigan/riparian zone 

Females: 108 

Males: 204 

Stuewer, 1943, as cited by 
EPA/600-R-93/187 

Piscivore River otter 28 -- -- -- -- -- EPA/600-R-93/187 

Omnivore Beaver -- 861,112 - 1,937,504 20 - 44 80,000 - 180,000 8 - 18 Smaller average home ranges (8 ha) for those in family 
units versus individuals (18 ha) 

Wheatley, 1997a, 1997b 

Carnivore Coyote -- 994,585,300 22,832 92,400,000 9,240 Different home ranges based on seasons, but this was 
overall number 

Springer, 1982 

Herbivore Mule deer -- 562,952,500 12,924 52,300,000 5,230 Average home range for males at the Hanford Site Tiller, 2000 

Herbivore Elk -- 210,972,644 - 1,650,107,467 4,843 - 37,881 19,600,000 - 153,300,000 1,960 - 15,330 Females: 160 

Males: 240 

PNNL-13331 

Carnivore Mink -- 1,506,947 34.6 140,000 14 -- DOE/RL-2007-21 

Notes: Complete reference citations are provided in Chapter 9. 

Home ranges presented in kilometers for species that forage linearly along river banks. 

1 

2 
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The Great blue heron is a large wading bird that primarily forages on aquatic invertebrates and fish. 1 
They nest in colonies, usually near foraging locations (EPA/600-R-93/187, Wildlife Exposure Factors 2 
Handbook). Great blue herons have been observed at the Hanford Site during roadside monitoring 3 
(HNF-60688). The habitat used by the Great blue heron and other similar piscivorous/omnivorous 4 
aquatic birds is restricted to foraging primarily where food is available at the river’s edge. The home 5 
“range” for these birds is typically measured and presented as the linear distance travelled from the 6 
nest or roosting area immediately along the shoreline and in the river during foraging. Great blue heron 7 
foraging radius is approximately 0.7 km (0.4 mi) (RCBRA [DOE/RL-2007-21]). 8 

Red-tailed hawks are carnivorous birds that commonly prey on rodents and small mammals. Red-tailed 9 
hawks are found in a variety of habitats, including woodlands, wetlands, prairies, and deserts, and prefer 10 
areas of mixed habitats that include streamside trees for perching and nesting (EPA/600-R-93/187). 11 
There are no known roosts within the 100-K Area. The closest roosts were identified approximately 12 
3.2 km (2 mi) away near the 100-N Area (HNF-60469, Hanford Site Raptor Nest Monitoring Report for 13 
Calendar Year 2016). Home ranges for these birds are large, ranging from 100 to 1,000 ha (247 to 14 
2,470 ac) (CDFW, 2012, “Red-Tailed Hawk”).  15 

Bald eagles have been observed throughout the Hanford Reach of the Columbia River. Eagles absorb 16 
water from moist prey and from metabolic sources (Buehler, 2000, “Bald Eagle (Haliaeetus 17 
leucocephalus)). Drinking from seeps would be rare and not present a significant source of contaminant 18 
exposure to bald eagles along the Hanford Reach. Therefore, bald eagles were not included in this 19 
evaluation. 20 

Small- and Medium-sized Mammals 21 

Small mammals for this quantitative evaluation include the white-tailed jackrabbit, badger, raccoon, 22 
river otter, beaver, and mink. Home ranges for these species are presented in Table 3. These small 23 
mammals have home ranges between 8 to 240 ha (20 to 593 ac) with foraging radii between 160 and 24 
713 m.  25 

The American badger has been observed at the Hanford Site and is included in ecological monitoring 26 
programs (HNF-59949, Hanford Site American Badger Monitoring Report for 2015). Badgers are solitary 27 
animals that primarily prey on rodents, but will also prey on nesting birds, fish, lizards, and insects. The 28 
badger home range varies from 160 to 240 ha (395 to 593 ac) (Kurta, 1995, Mammals of the Great Lakes 29 
Region and Long, 1999 “American Badger: Taxidea taxus”), which can vary based on available prey, the 30 
presence of females, and habitat features. Badger habitats include deep soil, optimally silty or sand 31 
loams to dig burrows, and badger prefer areas with vegetation cover. During the 2015 monitoring, trail 32 
cameras were set up along 6 km2 hexagonal transects that covered the central Hanford Site. No 33 
hexagonal transects fell within the 100-K Area; however, no badgers were observed in the hexagons 34 
adjacent to the 100-K Area (Figure 7). The closest badger observed on a trail camera was approximately 35 
9.7 km (6 mi) east, and the closest incidental badger siting was 8 km (5 mi) south. Badger digs (burrows 36 
and holes) were surveyed along transects. Along the transect closest to the 100-K Area, only 1 to 5 digs 37 
were observed. However, these are located within 4.8 km (3 mi) of the 100-K shoreline, which would be 38 
within the home range. Overall, badgers and/or signs of badgers were mostly located inland within the 39 
upland habitat of the River Corridor, but outside the operational areas and away from the Columbia 40 
River. Figure 7 shows there was a trend of decreasing signs of badgers closer to the Columbia River. 41 
However, because badger digs were located within 4.8 km (3 mi) of the 100-K shoreline, the badger was 42 
included in this evaluation. 43 

DOE/RL-2018-22, DRAFT B 
APRIL 2020

E-17



WILDLIFE EXPOSURE TO GROUNDWATER SEEPS NEAR THE 100-K SOURCE OPERABLE UNITS 

16 

1 
Source: HNF-59949, Hanford Site American Badger Monitoring Report for 2015. 2 

Figure 7. Map of Completed Hexagons and Incidental Badger Sighting Locations 3 

The black-tailed jackrabbit has been observed at the Hanford Site and is included in ecological 4 
monitoring programs (HNF-59398, Hanford Site Black-tailed Jackrabbit Monitoring Report for Fiscal Year 5 
2015). Home range and other characteristics of the black- and white-tailed jackrabbits are similar, so the 6 
black-tailed jackrabbit is considered representative of both species. Both species have been infrequently 7 
observed on the Hanford Site, which may be an indicator of declining populations. Jackrabbits do not 8 
migrate long distances, go into hibernation, or use underground burrows or dens. The primary habitat of 9 
the black-tailed jackrabbit includes areas dominated with sagebrush, rabbitbrush, or antelope 10 
bitterbrush. They prefer grass-dominated habitats typically found at higher elevations. Although white-11 
tailed jackrabbits have been observed on the Arid Lands Ecology Reserve, the U.S. Department of 12 
Energy, Richland Operations Office-managed portion of the Hanford Site consists of habitat more 13 
commonly associated with black-tailed jackrabbits. Trail cameras were deployed along 1 km2 hexagonal 14 
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transects that covered the Hanford Site. The black-tailed jackrabbit home range is approximately 50 ha 1 
(124 ac). Black-tailed jackrabbits were observed in hexagons near the 100-K Area, and approximately 2 
1 km (0.6 mi) from the 100-K shoreline (Figure 8). Therefore, the jackrabbit was included in this 3 
evaluation. 4 

5 

Source: HNF-59398, Hanford Site Black-tailed Jackrabbit Monitoring Report for Fiscal Year 2015. 6 

Figure 8. Map of Hexagons Surveyed for Black-Tailed Jackrabbits 7 
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1 

Figure 8. Map of Hexagons Surveyed for Black-tailed Jackrabbits from HNF-59398 

River otter, mink, raccoon, and beaver were included in this evaluation as wildlife known to frequent 2 
riparian areas. Although there is no Hanford Site-specific ecological monitoring that has been conducted 3 
for these species, they are mammals that may be found in Washington State and are common to river 4 
habitats. River otters den in banks and hollow logs, and feed primarily on fish (EPA/600-R-93/187). The 5 
home range of the otter is based on the shape of the habitat type; for river otters living in rivers or 6 
streams, the home range is a long strip along the shoreline. Home range is approximately 28 km 7 
(17.3 mi). River otters prefer flowing water habitats over stationary water (EPA/600-R-93/187).  8 

Mink are found in aquatic habitats of all kinds, including rivers. Mink prefer irregular shorelines to more 9 
open, exposed banks, and will use brushy or wooded cover adjacent to water to forage and den 10 
(EPA/600-R-93/187). Mink are opportunistic feeders and will eat a variety of prey. Primary hunting areas 11 
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include shorelines and emergent vegetation (EPA/600-R-93/187). Home range for mink is approximately 1 
14 ha (34.6 ac) (RCBRA [DOE/RL-2007-21]). 2 

Raccoons are omnivorous and opportunistic feeders that can be found near aquatic habitats and will use 3 
surface water bodies for both drinking and foraging (EPA/600-R-93/187). Home ranges can depend on 4 
sex and age, food sources, habitat, and season. No specific home range numbers were found for 5 
Washington State or Benton County. For raccoons in riparian areas of Michigan, the average home range 6 
varies between 108 to 204 ha (266 and 504 ac) (Stuewer, 1943, “Raccoons: Their Habits and 7 
Management in Michigan”). During winter months, raccoons may den in hollow trees or burrows from 8 
other animals.  9 

Beavers may be found along rivers, streams, lakes, or marshes and may dam areas without deep, calm 10 
water to create ponds. Beavers prefer smaller rivers and backwater channels with vegetation (trees and 11 
shrubs). Beavers may also burrow in riverbanks, but the entrance to these burrows would be entered 12 
underwater (WDFW, 2005a, “Beavers”). While beavers have been observed downstream in the 300 Area 13 
and are unlikely to be found in the 100 Area, they were retained for evaluation as a measure of 14 
conservatism. Beavers are herbivores and feed on leaves, bark, and twigs. The average home range for 15 
the beaver was reported to be between 8 to 18 ha (20 and 44 ac) (Wheatley, 1997a, “Beaver, Castor 16 
canadensis, Home Range Size and Patterns of use in the Taiga of southeastern Manitoba: I. Seasonal 17 
Variation” and Wheatley, 1997b, “Beaver, Castor canadensis, Home Range Size and Patterns of Use in 18 
the Taiga of Southeastern Manitoba: II. Sex, Age, and Family Status”).  19 

Several species of wild rodents, such as the deer mouse (Peromyscus maniculatus), were included as 20 
receptors in the RCBRA (DOE/RL-2007-21). These animals were not included in this assessment of seep 21 
water because rodents maintain water balance through excreting concentrated urine and from 22 
obtaining water from food, and from water generated during metabolism (EPA/600-R-93/187 and Verts 23 
and Kirkland, 1988, “Perognathus Parvus”).  24 

Muskrat (Ondatra zibethicus) have been observed in the nearshore environment along the Columbia 25 
River, but were not assessed quantitatively in this evaluation. These animals have small home ranges 26 
compared to other medium sized mammals (Table 3), and thus could receive exposure to seeps. 27 
Muskrat typically live in areas with abundant aquatic vegetation bordered by dense, herbaceous fringe 28 
and upland vegetation, and abundant retreats including debris, pools, undercut banks, and backwaters 29 
(Integral, 2018, Attachment L-3, “Wildlife Receptor Profiles Baseline Ecological Risk Assessment Berry’s 30 
Creek Study Area Remedial Investigation”). Muskrat do not like fast moving waters (Idaho Fish and 31 
Game, 2018, “Muskrat”), instead preferring lentic or slow-flowing, low-gradient, permanent waters with 32 
depths of 0.5 to 1.2 m (1.6 to 4 ft), including marshes, lakes, ponds, sloughs, and streams (Integral, 33 
2018). Preferred habitat exists in other areas of the Hanford Reach where muskrat build dens and lodges 34 
in vegetated hills and slopes next to the water, with paths/tunnels/retreats that lead from these 35 
structures to the water. These structures and paths/tunnels/retreats within vegetated areas have not 36 
been observed near 100-K Spring 63-1. The physical characteristics of 100-K Spring 63-1 is rocky with 37 
low-lying vegetation. Stands of denser marsh vegetation, such as common reed (Phragmites australis) 38 
are more preferential to muskrat. These marsh stands and sloughs with slower moving water are found 39 
in other shoreline areas of the Columbia River Corridor. Muskrat and other related aquatic mammals like 40 
beaver and mink have not specifically been observed at 100-K Spring 63-1. However, if these highly 41 
aquatic dependent animals were present, they would most likely receive the bulk of their daily water 42 
intake from the larger waterbody they are inhabiting. Muskrat dens are spaced at least 8 m (26 ft) apart 43 
(EPA/600-R-93/187) so at most, four muskrat would be living along the 100-K-Spring 63-1 seep. 44 
Population density is influenced by water level ranging from as low as 1 to as high as 50 individuals per 45 
hectare (Ervin, 2011, “Population Characteristics and Habitat Selection of Muskrats (Ondatra zibethicus) 46 
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in Response to Water Level Management at the Summerberry Marsh Complex, The Pas, Manitoba, 1 
Canada”). Thus, individuals may be affected by drinking water from seeps, but the future concentrations 2 
are unlikely to impact muskrats at a population level. For these reasons, exposure of muskrat to 100-K 3 
Spring 63-1 is considered insignificant.  4 

Large-Sized Mammals 5 

Large mammals for this evaluation include coyote, elk, and mule deer. Home ranges for these species 6 
are presented in Table 3. The data presented are as regionally specific as possible. Hanford Site-specific 7 
data are presented as available, followed by data for southeastern Washington State, and the Pacific 8 
Northwest. The home ranges for these large mammal species range from 5,230 ha (12,924 ac) for mule 9 
deer up to 15,330 ha (37,881 ac) for elk. Home ranges for the larger mammals are generally much 10 
greater compared to that for the smaller mammals and birds as these larger mammals will travel greater 11 
distances to forage and often roam throughout the entire Hanford Site. The deer and elk herds shift 12 
around the entire Hanford Site. 13 

Mule deer and elk have been observed at the Hanford Site and are included in ecological monitoring 14 
programs (HNF-60304, Hanford Site Mule Deer Monitoring Report for Fiscal Year 2016; HNF-54666, Elk 15 
Monitoring Report for Calendar Year 2012). Mule deer habitat consists of open grasslands and meadows, 16 
and also areas on the edge of open areas and cover patches (WDFW, 2005b, “Deer”). Mule deer forage 17 
on plants, and past studies at the Hanford Reservation showed that bitterbrush and cheatgrass were 18 
primary plant species consumed (BWL-SA-6532, “Diets of Mule Deer within Steppe Vegetation of South 19 
Central Washington”). Elk habitat consists of grasslands and meadows. Elk in the Hanford Reach primarily 20 
forage on grasses in the spring and winter and forbs in the summer and fall (Van Haegen et al., 2001, 21 
“Wildlife of Eastside Shrubland and Grassland Habitats”). Driving surveys were last conducted in 2016 for 22 
mule deer, and this survey included incidental observations of elk. Although 330 mule deer were 23 
counted, no deer were observed near the 100-K Area; the closest location was approximately 4.8 km 24 
(3 mi) east near the 100-N Area (Figure 9). Elk were also observed near the 100-D/DR site. In 2015, 25 
approximately 77 individual elk were observed across the Hanford Site. Figure 10 shows locations that elk 26 
herds have been observed at the Hanford Site. Although no observations were made adjacent to the 27 
100-K site, these surveys were conducted only in December and January, accounting for a small fraction28 
of the year. Bed down areas were observed within the 100-K Area near the river during a site visit in 201929 
(Appendix A).30 

The coyote was included in this evaluation as wildlife known to frequent riparian areas. Although there 31 
is no Hanford Site-specific ecological monitoring that has been conducted for these species, they are 32 
found in Washington State. Coyotes occupy a broad range of habitats and prefer grasslands. Coyotes will 33 
den in brush-covered slopes, steep banks, rock ledges, thickets, and hollow logs, and may use the same 34 
den from year to year. At the Hanford Site, coyotes are known to den in the Central Plateau, not along 35 
the River Corridor. They are opportunistic feeders although the majority of their diet consists of 36 
mammals such as deer, elk, rabbits, rodents, birds, amphibians, and fish (Tesky, 1995, “Canis Latrans”). 37 
Home ranges can vary based on season; however, the average home range is approximately 9,200 ha 38 
(22,733 ac) (Springer, 1982, “Movement Patterns of Coyotes in South Central Washington”). 39 
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 1 

Source: HNF-60304, Hanford Site Mule Deer Monitoring Report for Fiscal Year 2016. 2 

Figure 9. Deer and Elk Observations Fiscal Year 2016  3 
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Sources: HNF-54666, Elk Monitoring Report for Calendar Year 2012 and Tiller et al., 2000, “Mule Deer Antlers as Biomonitors 1 
of Strontium-90 on the Hanford Site.” 2 

Figure 10. Areas Traditionally Used by Elk 

Exposure Estimation Approach 3 

Factors Considered in Exposure Estimation 4 

The 100-K Spring 63-1 seeps occur along a linear stretch of approximately 35 m (115 ft). However, these 5 
seeps do not occur across 100% of the 35 m (115 ft) area, thus, assuming seeps cover a 35 m (115 ft) 6 
width of shoreline is a conservative assumption. This 35 m (115 ft) distance actually represents the 7 
width of shoreline across which all seeps have measured at 100-K Spring 63-1. But at any one time, 8 
seeps have never been that wide. The location of active flowing seeps fluctuates over time depending 9 
on the physical conditions. At any point in time, some seeps have flow while others do not. None of 10 
these seeps are or approach 35 m (114.8 ft) in length. For example during an October 2019 site visit, 11 
select seeps with flowing water were measured to be approximately 1.2 m (4 ft) wide by 2.74 m (9 ft) 12 
long.  13 

It is uncertain whether receptors will preferentially choose to drink water from seeps instead of the 14 
river. As shown in Figure 5, several seeps are located just feet away from the river. For example, 15 
muskrats access their dens from underneath water bodies (Idaho Fish and Game, 2018) and it is possible 16 
that muskrat may drink from the first available source, which would be the Columbia River. Great blue 17 
herons primarily feed within the river, and it could be assumed that they would also drink water from 18 
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the same source. During the site visit (Appendix A) it was observed that several seeps did not have 1 
flowing water and instead were just very small shallow pools of stagnant water (Figure 4).  2 

Assuming that wildlife would meet daily drinking requirements only using the seeps would be an 3 
extremely conservative approach because of proximity to the river as a water source. It is unrealistic to 4 
assume that wildlife can receive 100% of their drinking water from the seep year-round. Wildlife are 5 
mobile and do not spend 100% of their time in one area within their home range. Receptors may also 6 
have reduced exposure to seeps during times of migration and/or hibernation. As noted previously, 7 
Hanford Site wildlife reports for the badger (HNF-59949), deer and elk (HNF-60304), and black-tailed 8 
jack rabbit (HNF-59398) do not identify these receptors occurring in the immediate 100-K Area 9 
boundary. This does not suggest that these receptors are never in the 100-K Area, and the October 2019 10 
site visit confirmed large mammal bed down areas. Considering identified wildlife home ranges, which in 11 
many instances are large, provides a line of evidence that wildlife receptors will not be foraging 12 
exclusively in 100-K Areas and drinking water from the seeps. Thus, the analysis of seep consumption 13 
risk potential presented here attempts to calculate the possible exposure assuming that the seeps are 14 
not preferentially preferred by wildlife over the Columbia River as a drinking source within the area 15 
(i.e., accounts for site- and species-specific considerations such as home range). 16 

Exposure Estimation Calculations 17 

Exposure to seeps was analyzed by calculating a receptor-specific EPC that accounts for both the 18 
potential for a receptor to encounter the seep (site use) while foraging and the time the seeps are 19 
exposed at the surface and available for use by wildlife (seep availability). The calculation of exposure 20 
therefore incorporates the receptor home range or foraging radius and the limited length of the 21 
shoreline where seeps emerge to develop a site use factor (SUF). A seep availability factor (SAF) was also 22 
developed to account for coverage of the seeps by river water when the river stage is high after the 23 
spring freshet. This high river stage timeframe is approximately 40% of the year (typically between 24 
mid-April and mid-July), when the seeps are below the river surface and are inaccessible. This coincides 25 
with when resident and migratory species are present and active. The combined SUFs and SAFs are 26 
applied to the maximum measured seep concentration to generate EPCs for each receptor evaluated.  27 

This exposure analysis is conducted using a model that is based on a foraging radius and distance and is 28 
an adaptation of the model described in USAPHC, 2015, “Improvement, Verification, and Refinement of 29 
Spatially-explicit Exposure Models in Risk Assessment. Spatially-Explicit Exposure Model (SEEM).” For 30 
this assessment and as described in the SEEM guidance document, home range for each receptor was 31 
assumed to be a circle, and the radius describes the maximum distance over which an animal may 32 
forage in any direction (Figure 11). 33 
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 1 

Figure 11. Home Range and Forging Radius 

The first step of the evaluation is to calculate a foraging radius. For receptors with home ranges 2 
presented in square meters (m2), the foraging radius was calculated using Equation 1: 3 

 𝐹𝑜𝑟𝑎𝑔𝑖𝑛𝑔 𝑟𝑎𝑑𝑖𝑢𝑠 = √
ℎ𝑜𝑚𝑒 𝑟𝑎𝑛𝑔𝑒

𝜋
 (Eq. 1) 4 

where: 5 

Foraging radius  =  radius of the species-specific area across which animals forage 6 
(meters [m]) 7 

Home range  =  species-specific average area across which animals forage (m2). 8 

For receptors with home range presented as a linear measure of foraging distance along a water way in 9 
kilometers (km), the foraging radius was calculated by converting the foraging distance into meters.  10 

The second step is to calculate seep length as a percentage of home range radius. This number 11 
represents the area of the home range radius that the seeps cover. This was calculated using Equation 2: 12 

 𝑆𝑈𝐹 =
𝑠𝑒𝑒𝑝 𝑙𝑒𝑛𝑔𝑡ℎ

𝑓𝑜𝑟𝑎𝑔𝑖𝑛𝑔 𝑟𝑎𝑑𝑖𝑢𝑠
 (Eq. 2) 13 

 14 
where: 15 

SUF  =  site use Factor as a proportion of the seep length relative to the receptors’ 16 
home range (unitless) 17 

Seep length  =  total length of seeps along 100-K shoreline (m) 18 

Foraging radius  =  radius of species-specific home range (m). 19 
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The third step is to calculate the SAF, which is the proportion of time the area could be used over the 1 
course of a year. This number represents the proportion of the year where the river stage is lower than 2 
the seeps rendering them available as a potential wildlife drinking water source. This was calculated 3 
using Equation 3: 4 

 𝑆𝐴𝐹 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑑𝑎𝑦𝑠 𝑜𝑓 𝑦𝑒𝑎𝑟 𝑠𝑒𝑒𝑝𝑠 𝑎𝑟𝑒 𝑎𝑏𝑜𝑣𝑒 𝑟𝑖𝑣𝑒𝑟 𝑠𝑡𝑎𝑔𝑒 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑖𝑛 𝑦𝑒𝑎𝑟
 (Eq. 3) 5 

 6 
The predicted EPC was calculated using Equation 4: 7 

 𝐸𝑃𝐶 = 𝑆𝑒𝑒𝑝 𝐶𝑚𝑎𝑥 𝑥 𝑆𝑈𝐹 𝑥 𝑆𝐴𝐹 (Eq. 4) 8 

where: 9 

EPC  =  final predicted exposure point concentration of C-14 to evaluate wildlife 10 
exposure (pCi/L) 11 

Seep Cmax  =  maximum seep concentration for C-14 measured between 2003 and 2016 12 
(pCi/L) 13 

SUF  =  site use factor as a proportion of the seep length relative to the receptors’ 14 
foraging radius (unitless) 15 

SAF  =  seep availability factor as a proportion of year that seeps are above river 16 
stage and available as a drinking water source (unitless). 17 

Lines of Evidence for Evaluating Wildlife Exposure to C-14 in Seep Water 18 

LINE OF EVIDENCE: Receptor-Specific EPCs 19 

Receptor-specific EPCs were estimated starting with the maximum seep concentration (2,150 pCi/L) 20 
measured over the last 14 years and then making adjustments to account for receptor- specific 21 
characteristics. An EPC was calculated for each wildlife receptor. It is assumed that if the EPC was below 22 
the BCG of 609 pCi/L, then future modeled groundwater concentrations will not cause adverse effects to 23 
wildlife receptors from drinking water.  24 

The results of the receptor-specific EPC calculations are presented in Table 4. EPCs ranged from 25 to 25 
540 pCi/L for birds, 6 to 18 pCi/L for large mammals, and 2 to 283 pCi/L for small mammals. All of these 26 
EPCs are below the generic riparian wildlife BCG of 609 pCi/L, suggesting that the risk of adverse effects 27 
to populations of wildlife frequenting the 100-K Spring 63-1 seeps is negligible. 28 

LINE OF EVIDENCE: Receptor-Specific BCGs  29 

Receptor-specific BCGs were calculated in RESRAD BIOTA version 1.8 using the exposure parameters 30 
presented in Table 5. RESRAD BIOTA was run for each species using body weight, longevity 31 
(i.e., lifespan), assumed geometry, geometric dimensions, and ingestion rates. Body weight was entered 32 
into RESRAD BIOTA for the selected species. The assumed geometry and geometric dimensions are 33 
provided within RESRAD BIOTA and represent the approximate size of the receptor. The most 34 
appropriate geometry and dimensions were selected. RESRAD BIOTA has food, water, and soil/sediment 35 
ingestion rates built into the software based on allometric scaling of the body weight entered. Default 36 
uptake rates were used for the calculation in RESRAD BIOTA. The resulting receptor-specific BCGs are 37 
presented in Table 6 and ranged between 611 and 613 pCi/L. Receptor-specific EPCs (Table 4) are all 38 
below the receptor-specific BCGs.    39 
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Table 4. Wildlife Seep Exposure Analysis 

Assessment Endpoint 
Functional Group Endpoint Species 

Home Range 
(km) 

Home Range 
 (m2) 

Foraging Radius 
 (m) SUF SAF 

EPC 
(pCi/L) 

Birds 

Omnivore Meadowlark -- 21,990 83.7 0.42 0.60 540 

Insectivore Bank swallow 0.8 -- 800 0.04 0.60 56 

Insectivore Killdeer -- 80,128 - 399,829 159.7 - 356.8 0.22 - 0.10 0.60 283 - 127 

Piscivore Great blue heron 0.7 -- 700 0.05 0.60 64.5 

Carnivore Red-tailed hawk -- 999,574 - 9,995,735 564 - 1,784 0.06 - 0.02 0.60 80 - 25 

Mammals 

Herbivore Jackrabbit (black-tailed) -- 500,000 399.0 0.09 0.60 113 

Carnivore Badger -- 1,598,508 - 2,399,786 713.5 - 874.2 0.05 - 0.04 0.60 63 - 52 

Omnivore Raccoon -- 1,080,000 - 2,040,000 586.5 - 806.0 0.06 - 0.04 0.60 77 - 56 

Piscivore River otter 28 -- 28,000 0.001 0.60 2 

Omnivore Beaver -- 80,000 - 180,000 159.6 - 239.4 0.22 - 0.15 0.60 283 - 189 

Carnivore Coyote -- 92,400,000 5,425 0.01 0.60 8 

Herbivore Mule deer -- 52,300,000 4,081 0.01 0.60 11 

Herbivore Elk -- 19,600,000 - 153,300,000 2,498 - 6,987 0.014 - 0.005 0.60 18 - 6 

Carnivore Mink -- 140,000 211.2 0.17 0.60 214 

EPC  =  exposure point concentration 

SAF  =  seep availability factor, number days of year seeps are above river stage divided by number of days in year 

SUF  =  site use factor, foraging radius divided by seep length (35 m) 

1 

2 
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Table 5. Wildlife Exposure Factors 

Functional 
 Group Species 

Body Weight a Longevity Geometry b Ingestion Rates c 

kg Source years Source 
Assumed 
Geometry 

Geometry  
 Dimensions 

(cm) 
FIR 

(g/day) 
WIR 

(L/day) 
SIR 

(g/day) 

-- Default riparian animal 10 RESRAD default 15 RESRAD default -- -- 358 0.786 35.8 

Birds  

Omnivore Meadowlark 0.0995 RCBRA (DOE/RL-2007-21) 6.5 Davis and Lanyon, 2008 3 10×2×2 11.3 0.0124 1.13 

Insectivore Bank swallow 0.0188 Dewey, 2009 9 Petersen and Mueller, 1979 

Szep and Barta, 1992 

2 2.5×1.2×0.62 3.23 0.0028 0.323 

Insectivore Killdeer 0.0756 RCBRA 10 Jackson and Jackson, 2000 3 10×2×2 9.21 0.0097 0.9210 

Piscivore Great blue heron 2.39 RCBRA 23 Vennesland and Butler, 2011 5 50×26×13 129 0.232 12.9 

Carnivore Red-tailed hawk 1.179 RCBRA 18 EPA/600-R-93/187 5 50×26×13 72 0.12 7.2 

Mammals 

Herbivore Jackrabbit (black-tailed) 3.9 Aquarium of the Pacific, 2020 8 Aquarium of the Pacific, 2020 5 50×26×13 197 0.383 19.70 

Carnivore Badger 7.6 RCBRA 14 Shefferly, 1999 5 50×26×13 291 0.614 29.1 

Omnivore Raccoon 8.3 EPA/600-R-93/187 3 EPA/600-R-93/187 5 50×26×13 311 0.665 31.10 

Piscivore River otter 9.2d EPA/600-R-93/187 15 EPA/600-R-93/187 5 50×26×13 336 0.73 33.6 

Omnivore Beaver 31.9 Anderson, 2002 10 WDFW, 2005a 5 50×26×13 451 1.04 45.1 

Carnivore Coyote 21 Tokar, 2001 14.5 Tokar, 2001 5 50×26×13 646 1.60 64.6 

Herbivore Mule deer 150 Misuraca, 1999 10 WDFW, 2005b 6 100×42×33 1510 4.43 151 

Herbivore Elk 500 DOE, 2016 26.8 Senseman, 2002 7 270×66×48 6730 26.6 673 

Carnivore Mink 1.02 RCBRA 11  EPA/600-R-93/187 4 45×8.7×4.9 85.4 0.1 9 

Complete reference citations are provided in Chapter 9. 

a. Adult maximum body weight selected unless otherwise noted.

b. Geometry are set categories in RESRAD BIOTA. The assumed geometry is the associated category number assigned to the geometry dimensions.

c. Default allometric-based Ingestion rates from RESRAD BIOTA (DOE, 2016).

d. Mean body weight.

BW =  body weight 

FIR =  food ingestion rate 

RESRAD = residual radioactivity 

SIR =  sediment/soil ingestion rate 

WIR =  water ingestion rate 

1 

2 
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Notes from KW Shoreline visit 

10/30/2019 12:05 AM 

A game trail was used to access the KW shoreline. This trail appears to be used by deer and elk. Came 

across several areas that appear to be bed‐down locations for large mammals. The following photos 

were collected between Oct. 30 and 31, 2019. 

KWShoreline_Seep63‐1_20191030_1of7: Photo of seep/spring 63‐1. It appears in three small pools with 

the pool closest to the river (left side of photo) showing actually flow towards the river. From the 

shoreline, the seep is about 9 ft. long and 4 ft. wide at its widest point. It appears as though over the 

years, samplers have created rock dams and wall to denote the location of the seep. There is also a poly 

tub running into the middle pool. Discussions with FWS indicates this was installed by MSA. Upon 

further investigation in the Hanford Sitewide Environmental Report (DOE/RL‐2019‐33), this appears to 

be an installed station for comparable samples year over year, see section 7.4.  
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KWShoreline_Seep63‐1_20191030_2of7: Photo was taken just up river of Aquifer tube cluster AT‐K‐1‐

D,M,S. Appeared to be a depression behind a man‐made rock berm (see KWShoreline_Seep63‐

1_20131030_3of8). It didn’t appear that water was flowing at this location. 

 

 

KWShoreline_Seep63‐1_20191030_3of7: Photo looking upriver of seep/spring 63‐1. The general area is 

relatively flat with large boulders. The red circle on the right denotes the general area of figure 1 of 8. 

The red circle on the left denotes a stand of trees located about 250 m away.  
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KWShoreline_Seep63‐1_20191030_4of7: Photo looking up the shore towards 105KW Reactor. The KW 

stack can be seen in the background. 

 

KWShoreline_Seep63‐1_20191030_5of7: Photo looking downriver with seep/spring 63‐1 at the bottom 

of the photo. 
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KWShoreline_Seep63‐1_20191030_6of7: Photo of seep/spring 63‐1. This photo clearly shows the 

movement in the first pool, with more stagnant conditions in the pools further inland. 
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KWShoreline_Seep63‐1_20191030_7of7: Photo of unopened clam shells near seep/spring 63‐1. 

Oct. 31, 2019 10:00 AM 

 

KWShoreline_20191031_1: This photo was taken on the ridge overlooking the KW shoreline. On the left 

side of the picture you can see one a several bed‐down area used by large mammal species (deer or elk). 
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KWShoreline_20191031_2: This photo was taken from the same spot as “KWShoreline_20191031_1”, 

however is angled more down river. You can see in the center and on the right side of the photo a 

couple other areas that appear to be bed‐down areas for large mammal species (deer or elk). 

 

 

KWShoreline_20191031_3: This photo was taken at the bottom of the ridge looking down river. The 

tree in the center of the photo is the only standing tree within 50 m of the KW shoreline of interest. 
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KWShoreline_20191031_4: This is another picture of the area photographed on Oct. 30, 2019 (picture 

KWShoreline_Seep63‐1_20191030_2of7). On the 30 this area appeared to not be flowing, however on 

Oct. 31, 2019, there appears to be flow towards the river, suggesting that this area may be influenced by 

river stage and bank storage vs actual expression of groundwater. 
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KWShoreline_20191031_5: This photo is of the previously discussed location but looking up the 

embankment. It could also serve as a preferential path for rain water runoff 
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. . 

KWShoreline_20191031_6: This photo was collected at seep/spring 63‐1. Compared to the previous 

day, this second pool showed signs of flow.  
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KWShoreline_20191031_7: Appears to be another location where groundwater may be expressing itself 

along the KW shoreline. This location was about 30 ft. down‐river of 63‐1, is about 6 ft. long from the 

current river stage shoreline, and 5.5 ft wide at its biggest point. 
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KWShoreline_20191031_8: This photo was taken in the same location as the previous picture 

(KWShoreline_20191031_7), and appears to be the severed claw of a crayfish. 
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KWShoreline_20191031_9: This photo appears to be another location along the KW shoreline that 

could be an expression of groundwater. This location is about 100 ft. down‐river from 63‐1 and is about 

6.5 ft. long from the river and 4 ft. wide at its widest point. 

 

KWShoreline_20191031_10: Photo of vegetation in the upland area. Appears to be a type of snake 

grass. 

DOE/RL-2018-22, DRAFT B 
APRIL 2020

E-44



 

KWShoreline_20191031_10: Photo of grasses along the high water mark. 
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Table 6. RESRAD Receptor-Specific Biota Concentration Guides 

Functional Group Species Biota Concentration Guide (pCi/L) 

Default riparian animal -- 609 

Birds  

Omnivore Meadowlark 612 

Insectivore Bank swallow 613 

Insectivore Killdeer 612 

Piscivore Great blue heron 611 

Carnivore Red-tailed hawk 611 

Mammals  

Herbivore Jackrabbit (black-tailed) 611 

Carnivore Badger 611 

Omnivore Raccoon 611 

Piscivore River otter 611 

Omnivore Beaver 611 

Carnivore Coyote 611 

Herbivore Mule deer 611 

Herbivore Elk 611 

Carnivore Mink 611 

RESRAD = residual radioactivity 

 1 

Receptor-specific BCGs were used to calculate hazard quotients (HQs) for each receptor. The maximum 2 
seep concentration of 2,150 pCi/L was used for this comparison. HQs are calculated by dividing the 3 
maximum seep concentration by the receptor-specific BCG. HQs <1 indicate no adverse effects on 4 
receptors. All HQs were <1 (Table 7). 5 
 6 

Table 7. Hazard Quotients Using Maximum Seep Concentration 

Assessment 
Endpoint 

Functional Group Endpoint Species SUF SAF 

Receptor 
Specific BCG 

(pCi/L) 
Maximum Seep-

Based HQ 

Birds 

Omnivore Meadowlark 0.42 0.60 612 0.9 

Insectivore Bank swallow 0.04 0.60 613 0.1 

Insectivore Killdeer 0.22 - 0.10 0.60 612 0.5 - 0.2 
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Table 7. Hazard Quotients Using Maximum Seep Concentration 

Assessment 
Endpoint 

Functional Group Endpoint Species SUF SAF 

Receptor 
Specific BCG 

(pCi/L) 
Maximum Seep-

Based HQ 

Piscivore Great blue heron 0.05 0.60 611 0.1 

Carnivore Red-tailed hawk 0.06 - 0.02 0.60 611 0.1 - 0.04 

Mammals  

Herbivore Jackrabbit (black-tailed) 0.09 0.60 611 0.2 

Carnivore Badger 0.049 - 0.040 0.60 611 0.1 - 0.08 

Omnivore Raccoon 0.060 - 0.043 0.60 611 0.1 - 0.09 

Piscivore River otter 0.001 0.60 611 0.003 

Omnivore Beaver 0.22 - 0.15 0.60 611 0.5 - 0.3 

Carnivore Coyote 0.006 0.60 611 0.01 

Herbivore Mule deer 0.009 0.60 611 0.02 

Herbivore Elk 0.014 - 0.005 0.60 611 0.03 - 0.01 

Carnivore Mink 0.17 0.60 611 0.3 

The hazard quotient was calculated using the maximum seep concentration of 2,150 pCi/L. 

BCG  =  biota concentration guide  

HQ  =  hazard quotient  

SUF  =  site use factor  

SAF  =  seep availability factor  

 1 

LINE OF EVIDENCE: Tolerance Levels 2 

To further understand the likelihood of adverse effects to wildlife from drinking seeps, a tolerance level 3 
of seep water was calculated. Adjusted TLs represent the seep concentrations that would be needed to 4 
equal a receptor-specific BCG, a level at which there is a potential for risk to wildlife populations.  5 

Adjusted TLs were calculated as shown in Equation 5: 6 

   𝑇𝐿 =
𝐻𝑄 𝑥 𝐵𝐶𝐺

𝑆𝑈𝐹 𝑥 𝑆𝐴𝐹
 (Eq. 5) 7 

where: 8 

TL  =  tolerance level (pCi/L) 9 

SUF  =  site use factor as a proportion of the seep length relative to the receptors’ foraging 10 
radius (unitless) 11 

SAF  =  seep availability factor as a proportion of year that seeps are above river stage and 12 
available as a drinking water source (unitless) 13 

BCG  =  biota concentration guide for riparian animals (pCi/L) 14 

HQ  =  target hazard quotient = 1 (unitless). 15 
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The receptor-specific TLs are presented in Table 8. The lowest calculated TL is 2,439 pCi/L for the 1 
meadowlark being protective of all receptors. The range of seep concentrations measured to date are 2 
below TLs. 3 

LINE OF EVIDENCE: Seep Concentrations  4 

All seep samples reported measured C-14 concentrations below modeled near-shore groundwater 5 
concentrations for 2016-2017. All but two seep samples (1,480 pCi/L and 2,150 pCi/L) reported C-14 6 
concentrations below the riparian animal BCG of 609 pCi/L. Between 2003 and 2016, the average 7 
measured seep concentration was 250 pCi/L.  8 

If hydrogeologic conditions remain the same, seep concentrations should remain below the 609 pCi/L 9 
BCG between the years 2020 and 2028 when Cmax is predicted to be from 2,000 to 7,000 pCi/L. 10 
Carbon-14 concentrations in groundwater may be influenced by river bank storage resulting in diluted 11 
concentrations in emerging seep water. The maximum seep concentration of 2,150 pCi/L was measured 12 
in a sample collected in 2013, and concentrations have decreased by two orders of magnitude since 13 
then. Seep measurements are expected to remain below both the riparian animal BCG and below 14 
receptor-specific BCGs. 15 

Weight of Evidence Regarding Future Adverse Wildlife Exposure from 16 

Seep Ingestion  17 

This evaluation was conducted to assess wildlife exposure to C-14 through emerging groundwater seeps 18 
near the 100-K Spring 63-1. This evaluation was initially based on modeled Cmax concentrations in 19 
groundwater that exceed the Riparian BCG of 609 pCi/L. However, because the Cmax values represent 20 
groundwater that is not available to wildlife, the evaluation was expanded to assess concentrations of 21 
C-14 in groundwater from seeps.  22 

EPCs were calculated based on the maximum concentration of C-14 detected in samples collected from 23 
the 100-K Spring 63-1 seeps. The EPC incorporates site-specific conditions, such as the potential for a 24 
receptor to encounter the seep based on home range (site use) and a realistic percentage of time that 25 
the wildlife have access to seeps (SUF). EPCs were generated for several wildlife receptors selected to 26 
represent wildlife that may frequent the 100-K Spring 63-1 area. All EPCs were below the generic 27 
riparian wildlife BCG of 609 pCi/L indicating there is currently no risk to wildlife populations.  28 

Concentrations of C-14 from two samples collected from 100-K Spring 63-1 seeps exceed the Riparian 29 
BCG of 609 pCi/L. The Riparian BCG is a generic screening threshold value that does not take receptor-30 
specific or site-specific conditions into account. To further evaluate if C-14 concentrations could result in 31 
adverse effects to wildlife, receptor-specific BCGs were developed. These were calculated in RESRAD 32 
Biota version 1.8 and incorporates receptor-specific body weight, body size (assumed geometry and 33 
geometric dimensions), longevity, and ingestion rates. Receptor-specific BCGs ranged between 611 and 34 
613 pCi/L. Hazard quotients were calculated using the maximum seep concentration of 2,150 pCi/L and 35 
the receptor-specific BCGs. All HQs were <1, indicating the risk of adverse effects to populations of 36 
wildlife frequenting the 100-K Spring-63-1 seeps is negligible.  37 

TLs of seep water were calculated for each receptor representing concentrations above which there is a 38 
potential for adverse effects to wildlife populations. The TLs were calculated using the same site-specific 39 
inputs from the EPC calculations and the receptor-specific BCGs. The lowest calculated TL (most 40 
protective) is 2,439 pCi/L, which is protective of all species. The maximum seep concentration of 41 
2,150 pCi/L is below this calculated TL, indicating no risk to wildlife populations.42 
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The maximum seep concentration of 2,150 pCi/L was used in the multiple steps of this evaluation. This 1 
maximum concentration was measured in a sample collected from 2003, and since then, concentrations 2 
have decreased up to two orders of magnitude. Decreases in concentration may be due to 3 
hydrogeologic processes occurring due to river bank storage, such as dilution. Based on historical data 4 
and ongoing hydrogeologic conditions it is assumed that concentrations of C-14 in groundwater will 5 
continue to emerge at lower concentrations at the surface. Bank storage of river water and other factors 6 
have historically led to seep measurements below predicted Cmax values, and it is likely the C-14 7 
concentrations will continue to be lower than the 2,000-7,000 pCi/L predictions for years 2020 to 2028. 8 

The final conclusion of this evaluation is that without remedial actions (i.e., pump and treat) to remove 9 
elevated concentrations of C-14, there is no unacceptable ecological risk. Future concentrations of C-14 10 
in groundwater emerging into seeps will not cause adverse effects to populations of wildlife potentially 11 
using the seeps as a drinking water source. 12 
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