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Dear Dr. Buelow: 

 
FEASIBILITY STUDY FOR THE 100-KR-1, 100-KR-2, AND 100-KR-4 
OPERABLE UNITS, DOE/RL-2018-22, DRAFT B 

 
This letter transmits the subject document in compliance with Section 9.2 of the Hanford 
Federal Facility Agreement and Consent Order (Tri-Party Agreement). The Feasibility 
Study presents results of the Remedial Investigation/Feasibility Study Work Plan 
activities, conceptual site model, clean-up standards, and evaluates remedial alternatives 
for the 100-KR-l, 100-KR-2, and 100-KR-4 Operable Units under the Comprehensive 
Environmental Response, Compensation, and Liability Act. 

 
The Feasibility Study is a primary document as described in Section 9.2 of the 
Tri-Party Agreement Action Plan. The Draft A Remedial Investigation/Feasibility 
Study, DOE/RL-2010-97 and Proposed Plan, DOE/RL-2011-82 were submitted to the 
U.S. Environmental Protection Agency (EPA) for review by letter 11-AMCP-0228 
dated September 19, 2011, in compliance with Tri-Party Agreement Target 
Date M-015-66-T01, due September 21, 2011. Additional correspondence was 
generated in response to comments and document requests: 11-AMCP-0240 dated 
September 26, 2011, 12-AMCP-0043 dated December 27, 2011, and 12-AMCP-0062 
dated January 24, 2012. The U.S. Department of Energy Richland Operations Office 
has worked closely with EPA to incorporate comments and has generated a new 
document. The Remedial Investigation (Chapters 1-8, and Appendices A-J) for the 
100-KR-1, 100-KR-2, and 100-KR-4 Operable Units, DOE/RL-2010-97, Draft B was 
submitted to EPA for review by letter 19-SGD-0022 dated May 1, 2019. 
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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 
partially satisfies and supports the requirement of Tri-Party Agreement Interim 
Milestone M-015-00: Complete the Remedial Investigation/Feasibility Study (or 
Resource Conservation and Recovery Act Facility Investigation /Corrective Measures 
Study and Remedial Investigation/Feasibility Study) Process for all non-tank farm 
operable units except for canyon/associated past practice waste site operable units 
covered in Tri-Party Agreement Milestone M-85-00 by June 30, 2026. 

 
In accordance with section 9.2 of the Tri-Party Agreement Action Plan, please provide 
written comments within 45 days of receipt of this letter. 

 
If there are any questions please contact me, or you may contact Ellwood Glossbrenner, of 
my staff on (509) 376-5828. 

 
Sincerely, 

 
 

Digitally signed by Michael W. 
Cline 
Date: 2020.05.26 13:11:34 -07'00' 

 

Michael W. Cline, Director 
Soil and Groundwater Division 

SGD:ETG Richland Operations Office 
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Figure 2-9. Standard Excavation 1 
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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 
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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 



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

3-4 

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 
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 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 
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 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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