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2 This report contains the results of a focused feasibility study (FFS) in which remedial alternatives for 

3 treating hexavalent chromium contamination in the I 00 Area in the vadose zone and groundwater were 

4 re-examined and evaluated. Subsurface hexavalent chromium contamination in the I 00 Area are at levels 

5 that pose a risk to human health and/or the environment. In an effort to control and mitigate these risks, 

6 existing interim action record of decisions (ROD) for the operable units (OU) in the 100 Area allow for 

7 removal, treatment, and disposal (RTD); pump-and-treat; and institutional controls (IC). Many of the 

8 ongoing 100 Area RTD and pump-and-treat remedial actions are meeting the remedial action objectives 

9 (RAO) established in the interim action RODs and reducing the risks associated with hexavalent 

IO chromium. During the time these remedial actions have been operating, numerous scientific and 

11 engineering studies and field investigations have been completed which suggest that biological or 

12 chemical in situ reduction (JSR) can be a highly effective remedial technology for treating soils and 

13 groundwater contaminated with hexavalent chromium. In situ reduction was not identified or evaluated 

14 during the initial feasibility studies leading to the selection of the current 100 Area source removal and 

15 groundwater remedial actions. Evaluation of ISR as part of a viable remedial alternative to enhance 

16 I 00 Area interim remedial actions is the focus of this feasibility study. The U.S. Environmental 

17 Protection Agency, Washington State Department of Ecology, and U.S. Department of Energy may use 

18 the results of this FFS to select a preferred alternative and develop a Proposed Plan for amending the 

19 100 Area interim action RODs to allow the implementation ofISR at the I 00 Area. 

20 The basic elements of a feasibility study were followed for this FFS; consistent with Comprehensive 

21 Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)1 evaluation process 

22 described in EPN540/G-89/004, Guidance for Conducting Remedial Investigations and Feasibility 

23 Studies under CERCLA2. Background information on the I 00 Area hexavalent chromium contamination 

24 areas, including site description, site history, nature and extent ofhexavalent chromium contamination, 

25 and qualitative risk assessment was collected from the existing 100 Area remedial action decision 

26 documents and presented in Chapter 2. Qualitative risk assessments for each of the 100 Area source and 

27 groundwater OUs were completed prior to the initiation of this FFS and documented in the associated 

28 limited field investigation reports and other decision documents. Collectively, these assessments 

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601 , et seq. 
2 EPN540/G-89/004, 1988, Guidance for Conducting Remedial Investigations and Feasibility Studies under 
CERCLA, Interim Final, OSWER 9355.3-01, Office of Solid Waste and Emergency Response, U.S. Environmental 
Protection Agency, Washington, D.C. 
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determined that hexavalent chromium poses a risk to human health and/or the environment and is a 

2 contaminant of potential concern requiring remediation. 

3 Applicable or relevant and appropriate requirements (ARAR) and RAOs, identified during the earlier 

4 I 00 Area remedial investigation/feasibility study activities, were reviewed for applicability to this 

5 evaluation. A detailed discussion and listing of the preliminary RAOs and potential federal and state 

6 ARARs applicable to this FFS are provided in Chapter 3. 

7 Technology identification and screening activities were conducted in 2008 as part of a Remedial Process 

8 Optimization (RPO) effort for the 100-D Area3. These efforts included an exchange meeting on 

9 April 8-10, 2008; follow-on meetings on June 4-6, October 3-4, and October 17, 2008 for the 100-D 

10 Area; and a workshop that focused on potential applications to treat hexavalent chromium in the soils in 

11 the 100-B/C Area on November 12-13, 2008. A treatability test was conducted during the summer of 

12 2005 to evaluate calcium polysulfide as an in situ treatment for hexavalent chromium in the 100-K Area; 

13 the results of this test were also considered. It was anticipated that the results of the technology screening 

14 and alternative development process would ultimately be applicable to chromium remediation efforts for 

15 the source waste sites in the 100-D Area and the underlying 100-HR-3 groundwater OU, as well as other 

16 hexavalent chromium contaminated waste sites and groundwater in the I 00 Area. A detailed discussion of 

17 the basis and results of the technology screening and alternative development process and treatability test 

18 is provided in Chapter 4. 

19 Treatment technologies carried forward from the screening process were assembled to create the 

20 following remedial action alternatives. Detailed descriptions of the alternatives are provided in Chapter 5. 

21 • Alternative 1 - Continue Current Actions: Existing ICs would remain in place and RTD and pump-

22 and-treat operations would continue and possibly be expanded or enhanced. This alternative is 

23 consistent with existing interim action RODs for the 100 Area. 

24 • Alternative 2 - Continue Current Actions with Selective Application ofISR: This remedial action 

25 alternative retains all the technology components of Alternative 1; however, ISR is added as an option 

26 for the remediation of soil and groundwater. Implementation of this alternative would require an 

27 amendment to the interim action RODs. 

28 In addition to the standard elements for a feasibility study, this FFS also presents suggested criteria and a 

29 general strategy for employing ISR to augment or replace RTD and/or pump-and-treat interim remedial 

3 SGW-38338, Remedial Process Optimization for the 100-D Area Technical Memorandum Document Rev. 0, Fluor 
Hanford, Inc., Richland, Washington . 
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actions to treat hexavalent chromium contaminated soils and groundwater in the 100 Area. These criteria 

2 and implementation strategy are presented in Chapter 5. 

3 In this FFS, the remedial action alternatives are evaluated against the two threshold and five balancing 

4 criteria defined by CERCLA with careful consideration of the two modifying criteria. The threshold 

5 criteria (criteria that each alternative being evaluated must meet) are (1) overall protection of human 

6 health and/or the environment and (2) compliance with ARARs. The balancing criteria (primary criteria 

7 upon which the individual and comparative analyses are based) are (1) long-term effectiveness and 

8 permanence; (2) reduction of toxicity, mobility, or volume through treatment; (3) short-term 

9 effectiveness; (4) implementability; and (5) cost. The modifying criteria (criteria that will be addressed 

10 once a final decision is made) are (1) regulatory acceptance and (2) community acceptance. 

11 Both Alternatives 1 and 2 meet threshold criteria. Alternatives 1 and 2 protect human health using ICs to 

12 prevent inadvertent exposure. Protection of human health over time is achieved by maintaining I Cs until 

13 the RA Os are achieved. Protection of the environment under Alternative 1 is achieved by removing and 

14 consolidating source material at the Environmental Restoration Disposal Facility (ERDF), and treating 

15 groundwater to remove hexavalent chromium. Groundwater treatment residuals are also consolidated at 

16 the ERDF. Alternative 2 protects the environment by treating contaminated soil and groundwater in situ 

17 to convert hexavalent chromium to its less toxic and essentially immobile trivalent form. The treatment 

18 process has been demonstrated to be irreversible under typical environmental conditions such as those 

19 present on the Hanford Site; therefore, protection over time is maintained. Both alternatives minimize 

20 untreated waste. 

21 The long-term effectiveness and permanence for both alternatives are categorized as moderate because 

22 associated residuals (in the form of excavated soil and spent ion exchange resins or other groundwater 

23 treatment residuals) must be managed indefinitely. Alternative 2 is superior to Alternative 1 because 

24 through treatment it reduces toxicity, mobility, and volume ofhexavalent chromium while reducing 

25 worker risk and being less intrusive; it also accomplishes this in a shorter timeframe. Where Alternatives 

26 1 and 2 differ most significantly is in short-term effectiveness and cost and in both cases Alternative 2 is 

27 expected to perform more successfully. The CERCLA 5-year review process will be employed to be sure 

28 that the ISR technology is adequately meeting the RAOs established within this FFS. 

29 The application of ISR relies on the introduction of a reducing agent that moves downward by gravity 

30 from the point of application at ground surface or in the vadose zone soils to groundwater. Thus, 

31 implementability and short-term effectiveness are much improved. Groundwater extraction flow rates 

32 needed to supply water to the ISR system are much lower than those required for pump-and-treat systems. 

33 Unlike RTD and groundwater pump-and-treat, a large portion of the ISR treatment residuals (in the form 

iii 
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of trivalent chromium) will remain in the subsurface, precluding the need for management aboveground 

2 for indefinite periods. All of these factors translate to lowered worker risk and greatly reduced costs 

3 relative to removal strategies at many parts of the 100 Area. 

4 Because removal strategies may be needed at locations that do not possess characteristics appropriate for 

5 the application ofISR, all the components of Alternative 1 will be needed to meet the RAOs. 

6 Alternative 2 adds ISR as a potential additional remedial technology that can be used where applicable 

7 and advantageous. In situ reduction has the potential to substantially reduce worker risk and cost while 

8 accelerating the achievement of RA Os for the 100 Area. In situ reduction also has greatly reduced 

9 ancillary impacts compared to the removal technologies (that is, lower energy consumption and 

10 greenhouse gas emissions; fewer site disruptions; lower risks to workers, the community, and the 

11 environment; and smaller volumes of residuals that must be managed aboveground). The details of the 

12 individual and comparative analyses of these alternatives, along with the evaluation of the required No 

13 Action Alternative, are provided in Chapters 6 and 7, respectively. The background cost information 

14 supporting the remedial alternative cost estimates is provided in Appendix B. 

15 

iv 
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2 This focused feasibility study (FFS) evaluates interim remedial action alternatives to address hexavalent 
3 chromium contaminated soil and groundwater present in the 100 Area of the U.S. Department of Energy's 
4 (DOE) Hanford Site. The information and evaluations presented in this FFS will be used to prepare a 
5 proposed plan that will be made available for public review and comment. 

6 The scope of the FFS is similar in many aspects to the feasibility study process described in the National 
7 Contingency Plan (NCP) under 40 Code of Federal Regulations (CFR) 300.430 ( e), "Detailed Analysis of 
8 Alternatives." However, it differs in three aspects. First, it evaluates a limited number of interim remedial 
9 action alternatives that include various combinations of the existing interim remedial action technologies 

IO and the additional technology. Existing soil and groundwater interim remedial action technologies that are 
11 currently being used in the 100 Area include institutional controls (IC); removal, treatment, and disposal 
12 (RTD), and pump-and-treat. Second, the FFS evaluates each of the alternatives with respect to a single 
13 "typical" waste site, yet presents costs for six known hexavalent chromium sites and four "yet-to-be-
14 discovered" (future) waste sites located throughout the 100 Area. The known waste sites include 
15 100-D-12, 100-D-30 SW, 600-334, 116-K-2, 100-C-7:l, and 100-C-7. Lastly, this FFS is specific to 
16 hexavalent chromium. 

17 The U.S. Environmental Protection Agency (EPA), Washington State Department of Ecology (Ecology), 
18 and DOE (Tri-Parties) have agreed on the process for characterization and remediation of waste sites at 
19 the Hanford Site as discussed in the Hanford Federal Facility Agreement and Consent Order (Tri-Party 
20 Agreement) (Ecology et al., 1989). Submittal of this FFS and the associated proposed plan to EPA by 
21 June 30, 2009, will meet Tri-Party Agreement interim Milestone M-016-150. The milestone calls for 
22 augmenting previously selected remedies to provide more effective hexavalent chromium remediation in 
23 the 100 Area and associated reduction of potential threats to human health and the environment. The 
24 recommended remedial action alternative will be presented for public review and comment in a proposed 
25 plan. 

26 1.1 Purpose and Basis 

27 The purpose of this FFS is to provide the information and evaluations ofhexavalent chromium 
28 remediation technologies for soil and groundwater so that the EPA, Ecology, and DOE may use the 
29 results to prepare a proposed plan for amending the 100 Area interim action records of decision (ROD) to 
30 allow the implementation of the preferred alternative. This FFS is an outgrowth of technology screening 
31 activities conducted in 2008 as part of a Remedial Process Optimization (RPO) effort for the 100-D Area 
32 as detailed in Section 4.2, and a follow-on workshop that focused on hexavalent chromium remediation in 
33 the soils in the 100-B/C Area in November 2008 (Appendix A). The RPO technology screening effort 
34 was initiated, in part, because (1) Existing interim actions for the 100-D Area are comprised primarily of 
35 pump-and-treat for groundwater and RTD for soil. As currently implemented, these actions are not 
36 meeting the groundwater and river protection remedial action objectives (RAO) as effectively or as 
37 quickly as originally anticipated; and (2) the RPO technology screening effort was anticipated to identify 
38 additional technologies that could be used to augment the existing remedial action alternatives (pump-
39 and-treat and RTD) and thereby, promote the attainment of the RAOs in a more timely and cost-effective 
40 fashion. 

41 The technology screening process and results are summarized in Chapter 4. Although several 
42 technologies were retained or "conditionally retained" by the screening process, in situ biological and 
43 chemical reduction, hereafter called in situ reduction (ISR) technologies were identified as the most 
44 appropriate to augment the existing interim soil and groundwater remedial action alternatives for the 
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1 100-D Area and the 100 Area as a whole. The remaining retained or conditionally retained technologies, 
2 will be further evaluated in the remedial investigation/feasibility study (RI/FS) process for possible 
3 inclusion in the final remedy for the 100 Area. Based on technology screening results, three alternatives 
4 (see Chapter 4) were developed to serve as a basis for determining whether ISR should be included as an 
5 interim action for the 100 Area. 

6 1.2 Scope 

7 The scope of this FFS is as follows : 

8 • Provide the technical and regulatory basis through the Comprehensive Environmental Response, 
9 Compensation, and Liability Act of 1980 (CERCLA) evaluation process for amending, if warranted, 

10 the existing interim action RODs to include a remedial action alternative that contains JSR as a 
11 component. 

12 • Develop a strategy and logic for selection of sites where the implementation of ISR will more 
13 effectively achieve the interim RAOs. 

14 1.3 Integration with Other Hexavalent Chromium Remediation Activities 

15 Additional remedies would be integrated with ongoing hexavalent chromium remediation in the 100 Area 
16 through the implementation of remedial actions that are described in a series of remedial action RODs, 
17 amendment to the remedial action RODs, and Explanations of Significant Differences (ESD). These 
18 decision documents currently include remediation activities such as RTD, pump-and-treat, and ICs for 
19 source and groundwater contamination in the 100 Area as provided Table 1-1 . Table 1-1 lists the relevant 
20 100 Area interim action RODs, ROD Amendments, and ESDs in chronological order and has three parts. 
21 The first part identifies decision documents associated with source OUs with known or suspected 
22 hexavalent chromium contamination in the 100 Area. The next part identifies decision documents 
23 associated with groundwater operable units (OU) with known or suspected hexavalent chromium 
24 contamination. Finally, for completeness, the third part identifies decision documents associated OUs that 
25 have no identified hexavalent chromium contamination. Other activities include waste-site remediation, 
26 facility demolition and decommissioning, and interim safe storage of reactors. 

27 Additional activities are underway or planned in the 100 Area as a part of the implementation of interim 
28 action RODs. These activities include treatability tests and other activities to either remediate 
29 contaminated areas or develop more effective remediation methods. 

30 For a complete list of waste sites, their associated source OU, and status refer to DOE/RL-96-17, 
31 Remedial Design Report/Remedial Action Work Plan for the JOO Area, Appendix A; DOE/RL-2005-93, 
32 Remedial Design Report/Remedial Action Work Plan for the 100-N Area, Appendix A; and the Tri-Party 
33 Agreement, Appendix C (Ecology et al., 1989). A systematic orphan site evaluation is underway to 
34 identify potential waste sites in the River Corridor that are not currently listed in existing interim action 
35 RODs. This evaluation has been completed for the 100-D and 100-H Areas, is in progress for the "horn" 
36 area, and will soon be conducted throughout the rest of the 100 Area. These waste sites will be 
3 7 incorporated into DOE/RL-2008-46, Integrated I 00 Area Remedial Investigation/Feasibility Study Work 
38 Plan, in process, and its subsequent addenda. 

39 Cleanup of waste sites in accordance with the interim action RODs is ongoing and is expected to continue 
40 until final RODs replace interim remedial action decisions. Following completion of interim remediation 
41 at each waste site in a source OU, cleanup verification sampling and laboratory analysis are used to 
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l confirm attainment of remedial action goals established under the interim action RODs and; therefore, 
2 demonstrate that RAOs for interim site closure have been met. 

Source OUs with known or suspected hexavalent chromium contamination 

EPA/ROD/R10-95/126, Declaration of the Record of 
Decision for the 100-BC-1, 100-DR-1, and 100-HR-1 
Operable Units, Hanford Site, Benton County, 
Washington, September 1995 

EPA/541/R-08/044, Amended Record of Decision for 
the 100-BC-1, 100-DR-1 and 100-HR-1 Operable Units, 
April 1997 

EPA/541/R-99/039, 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-/U-2, 100-IU-6 and 200-CW-3 Operable 
Units (100 Area Remaining Sites), Hanford Site, Benton 
County, Washington, July 1999 

EPA/541/R-00/045, Explanation of Significant 
Differences for the 100 Area Remaining Sites Record of 
Decision: 100-/U-6 Operable Unit, June 2000 

EP A/541 /R-00/ 121, Declaration of the Record of 
Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 
100-DR-2, 100-FR-2, 100-HR-2, and 100-KR-2 
Operable Units, Hanford Site (100 Area Burial 
Grounds), Benton County, Washington, 
September 2000 

EPA, 2004, Explanation of Significant Differences for 
the 100 Area Remaining Sites Interim Remedial Action 
Record of Decision, April 2004 

Sets two approaches to remediation: 

Observational approach - relies on historical information 
and limited field investigations. 

Plug-in approach - allows for selection and application of 
remedial actions at similar sites. 

Selected remedial actions include the following: removal 
of contaminated soil, structures, and debris using the 
observational approach; treatment, by thermal desorption 
and/or soil washing; disposal at the ERDF; backfill 
followed by revegetation . 

Addition of 34 waste sites throughout the 100-B/C, 100-D, 
100-F, 100-H, and 100-K Areas to previous ROD, 
termination of the soil washing step for volume reduction, 
and emphasis on revegetation of remediated waste sites. 

RTD of contaminated soils, structures and debris for sites 
where sufficient information exists; plug-in approach for 
sites with limited information that meet the waste-site 
profile; disposal of equipment and debris from B, D, H, 
KE, and Kl/I/ Reactor buildings consistent with previous 
CERCLA disposal for areas associated with the C, F, and 
DR Reactor buildings. 

Two waste sites (600-23 and JA Jones #1 waste sites) 
were added to this OU. 

Selected remedies include remove contaminated soil, 
structures, and associated debris; treat these wastes as 
required to meet disposal facility requirements; dispose of 
contaminated materials at the ERDF; and backfill 
excavated areas with clean material , followed by 
revegetation. 

Add ition of 28 waste sites. 

Add ition of 10 CFR 1022, "Compliance with Floodplain 
and Wetland Environmental Review Requirements," and 
40 CFR 6, "Procedures for Implementing the National 
Environmental Policy Act and Assessing the 
Environmental Effects Abroad of EPA Actions," Appendix 
AasARARs. 

Revise !Cs in accordance with DOE/RL-2001-41 , Sitewide 
Institutional Controls Plan for Hanford CERCLA Response 
Actions. 
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Table 1-1. Decision Documents Affecting the 100 Area 

Groundwater OUs with known or suspected hexavalent chromium contamination 

EPNROD/R10-96/134, Declaration of the Record of 
Decision for the 100-HR-3 and 100-KR-4 Operable 
Units, Hanford Site, Benton County, Washington, 
March 1996 

EPN541/R-00/122, Interim Remedial Action Record of 
Decision Amendment: 100-HR-3 Operable Unit, 
October 1999 

Initiates the use of ion exchange technology to remove 
hexavalent chromium from groundwater using a system of 
extraction and injection wells. 

Alters the selected remedial action by deploying a new 
technology for remediation of the hexavalent chromium 
plume in the 100-D Area. 

OUs that have not identified the presence of hexava/ent chromium contamination 

EPN541/R-99/059, Declaration of the Record of 
Decision for the 100-KR-2 Operable Unit, Hanford Site, 
Benton County, Washington, September 1999 

EPN541/R-99/112, Interim Remedial Action Record of 
Decision for the 100-NR-1 and 100-NR-2 Operable 
Units, Hanford Site, Benton County, Washington, 
September 1999 

EPN541/R-00/120, Interim Remedial Action Record of 
Decision for the 100-NR-1 Operable Unit, Hanford Site, 
Benton County, Washington, January 2000 

EPA, 2005, Interim Remedial Action Record of Decision 
Amendment: 100 K Area K Basins, June 2005 

Selected remedies include remove spent nuclear fuel from 
the K Basins, remove sludge from the K Basins, treat and 
remove water from the K Basins, remove debris from the 
K Basins, deactivate the K Basins, and establish ICs. 

Selected remedies include institutional controls; RTD; 
remove/ex situ bioremediation/dispose; and in situ 
bioremediation of petroleum contaminated soils. 

Provides selected remedy for 116-N-1 and 116-N-3 liquid 
waste disposal facilities (structures, pipelines), and 
UPR-1 00-N-31 site. 

Modifies sludge treatment before interim storage, modifies 
grouting debris in place (removal with basins), sludge 
treated and packaged for disposal, and shipped off the 
Hanford Site to a national repository. 

NOTES: ARAR = applicable or relevant and appropriate requirement. 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

ERDF = Environmental Restoration Disposal Facility 
IC = institutional control 

OU = operable unit 
ROD = Record of Decision 
RTD = removal , treatment, and disposal 

1 A CERCLA removal action will be considered for many buildings and structures in the 100 Area. Once 
2 these structures are demolished and decommissioned under CERCLA non-time-critical removal actions, 
3 residual soil samples may be taken for analysis. If the analytical results indicate that the area is still 
4 contaminated, the site will be further evaluated as a potential waste site. If necessary, a remedy will be 
5 selected as described in the final ROD. 

6 Integration will continue with River Corridor and Plateau Remediation contractors on remediation efforts 
7 at l 00 Area source OU waste sites, as well as with other Site contractors as appropriate. 
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2 This chapter provides brief background information on the Hanford Site, as well as relevant information 
3 pertaining to source and groundwater OUs in the 100 Area. 

4 2.1 Site Description 

5 The 100 Area National Priorities List (NPL) site covers approximately 68 square kilometers [km2
] 

6 (26 square miles [mi2]) and borders the southern shoreline of the Columbia River. Because of past 
7 construction and operation of nine plutonium production reactors, the 100 Area contains 17 OUs for 
8 contaminated sources such as soils, structures, debris, and burial grounds and 5 OUs for the underlying 
9 groundwater contamination. Land in the 100 Area is currently used for facilities support, waste 

10 management, and/or has yet been developed. Facilities support activities include operations such as water 
11 treatment and maintenance of the reactor buildings. The contaminated waste site land area resulted from 
12 former disposal activities in areas now known as "past-practice waste sites" located throughout the 
13 100 Area. Lastly, undeveloped lands located across the 100 Area comprise approximately 90 percent of 
14 the land area. These areas are the least disturbed and contain minimal infrastructure. The shoreline of the 
15 Columbia River is a valued ecological area within the Hanford Site and was declared a national 
16 monument in 2000 (65 FR 37253, "Establishment of the Hanford Reach National Monument"). 

11 2.2 Site History 

18 Hanford Site operations started in 1943 when construction began on three reactor facilities (B, D, and 
19 F Reactors) in the 100 Area. Between 1949 and 1963, the additional 100 Area reactor facilities H, DR, C, 
20 KE, KW, and N were constructed. Portions of the vadose zone and groundwater located below and 
21 adjacent to most of these reactors remain contaminated with various groundwater contaminants of 
22 concern (COC). These COCs include, but are not limited to, hexavalent chromium, nitrate, Sr-90, sulfate, 
23 Tc-99, tritium, and uranium. In 1989, the I 00, 200, 300, and 1100 Areas were added to the NPL shifting 
24 the focus of DOE from historical operations to remediation. Each of these areas were subdivided into 
25 OUs with each source OU containing a number of individual waste units that share a common geographic 
26 area or waste source and the groundwater OU underlying one or more of the source OUs. 

27 2.2.1 Operable Unit Background 
28 A brief background for each of the seven geographic areas within the I 00 Area is presented below. The 
29 OUs in these geographic areas are divided into two categories: source and groundwater. The source OUs 
30 consist of contamination associated with the vadose zone sources and extend from the ground surface to 
31 the interface with the saturated zone. Any contamination that is present within the saturated zone is 
32 delegated to the associated groundwater OU. Therefore, the source and groundwater OUs do not overlap; 
33 rather, a groundwater OU underlies that of one or more source OUs. For a complete list of waste sites, 
34 their associated source OU, and status, refer to DOE/RL-96-17, Appendix A; DOE/RL-2005-93, 
35 Appendix A; and the Tri-Party Agreement, Appendix C (Ecology et al., 1989). 

36 2.2.1.1 100-BIC Area 
37 The 100-B/C Area consists of two contaminant source OUs, 100-BC-l and 100-BC-2, and the 
38 100-BC-5 Groundwater OU. The 100-BC-l OU contains 94 waste sites and the 100-BC-2 OU has 
39 47 waste sites, including sites immediately adjacent to the Columbia River. These OUs include waste 
40 sites associated with the operation of the 105-B Reactor from 1944 until its retirement in 1968, the 
41 operation of the 105-C Reactor from 1952 until its retirement in 1969, and the cooling water retention 
42 basins for the B and C Reactors. The 100-BC-5 Groundwater OU encompasses an area of approximately 
43 3.0 km2 (1 .1 mi2

) within the saturated zone that underlies the two source OUs. Currently, the only active 
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I facilities in the 100-BC-l and 100-BC-2 OUs are those used as part of the ongoing remedial actions, such 
2 as field office trailers, and the facilities that extract and treat water from the Columbia River and transport 
3 that water, via pipeline, to other 100 Area and 200 Area facilities (DOE/RL-2006-20, The Second 
4 CERCLA Five-Year Review Report of the Hanford Site). 

5 2.2.1.2 100-DIDR Area 
6 The 100-D/DR Area contains two contaminant source OUs, 100-DR-l and 100-DR-2, and the 
7 groundwater in this area is part of the 100-HR-3 Groundwater OU. The JOO-DR-I OU contains 102 waste 
8 sites and the 100-DR-2 OU has 47 waste sites, including sites immediately adjacent to the Columbia 
9 River. These OUs include waste sites associated with the original operation of the 105-D Reactor from 

10 1944 until its retirement in 1967, the operation of the 105-DR Reactor from 1950 until its retirement in 
11 1964, and the cooling water retention basins for both the D and DR Reactors. Currently, untreated process 
12 and fire protection water is provided to the 100-H and 100-F Areas from the 100-D Area 
13 (EPA/541/R-99/039). The 100-D Area water system also serves as a backup for systems in the 100-B 
14 Area that supply the 200 Area with process water. 

15 2.2.1.3 100-H Area 
16 The 100-H Area contains two source OUs, JOO-HR-I and 100-HR-2, and the groundwater is part of the 
17 l 00-HR-3 Groundwater OU (the same groundwater OU as the 100-D Area). The 100-HR-1 OU contains 
18 60 waste sites and the 100-HR-2 OU has 17 waste sites, including sites adjacent to the Columbia River 
19 shoreline. Waste sites from both OUs are associated with the original operation of the 105-H Reactor 
20 from 1949 until its retirement in 1965, and evaporation basins that received liquid process wastes and 
21 non-routine deposits of chemical wastes from the 300 Area, where fuel elements for the N Reactor were 
22 produced. The 100-HR-1 and 100-HR-2 OUs do not have any active facilities (DOE/RL-2006-20). 

23 2.2.1.4 100-F Area 
24 The 100-F Area contains two contaminant source OUs, 100-FR-l and 100-FR-2, and the 
25 100-FR-3 Groundwater OU. The 100-FR-l OU contains 83 waste sites and the 100-FR-2 OU has 
26 22 waste sites along the southern shoreline of the Colwnbia River. Waste sites from both OUs are 
27 associated with the original operation of the 105-F Reactor from 1945 until its retirement in 1965, as well 
28 as the cooling water retention basin systems for the F Reactor, solid waste burial grounds, and the 
29 Experimental Animal Fann (studying the effects of radiation on plants and animals). The 100-FR-l and 
30 100-FR OUs do not have any active facilities (DOE/RL-2008-01, Hanford Site Groundwater Monitoring 
31 for Fiscal Year 2007). 

32 2.2.1.5 100-K Area 
33 The 100-K Area contains two contaminant source OUs, 100-KR-l and 100-KR-2 (100-KR-2 and 
34 100-KR-3 were combined in 1994), and the 100-KR-4 Groundwater OU. The 100-KR-l OU contains 
35 13 waste sites and the 100-KR-2 OU has 136 waste sites, including sites adjacent to the Columbia River. 
36 Waste sites from both OUs are associated with the original operation of the 105-KE and l 05-KW 
37 Reactors, operating from 1955 until 1970 and 1971, respectively. Currently, there are several active 
38 facilities within the 100-K Area, including I 05-KE and 105-KW fuel storage basins (DOE/RL-2006-20). 

39 2.2.1.6 100-N Area 
40 The 100-N Area contains one contaminant source OU, 100-NR-l , and the 100-NR-2 Groundwater OU. 
41 The 100-NR-l OU contains 147 waste sites, including sites adjacent to the Columbia River. Waste sites 
42 from the 100-NR-l OU are associated with the 105-N Reactor that operated from 1963 until 1989. The 
43 N Reactor differs from the other reactors at the Hanford Site, not only because of its closed-loop cooling 
44 system, but because it was designed as a dual-purpose reactor capable of producing special nuclear 
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1 material and steam generation for electrical power. From 1966 until shutdown in 1986, steam was piped 
2 from the N Reactor core-cooling systems to the Hanford Generating Plant for production of electrical 
3 power. The 100-NR-2 Groundwater OU addresses contamination in the aquifer below the 100-NR-l OU. 
4 The 100-N Area decision documents (see Table 1-1) do not identify hexavalent chromium as being 
5 present in this area. 

6 2.2.1.7 Other Source Areas 
7 The 100-IU-2 (White Bluffs Townsite) OU was an agriculture-based community of about 500 people that 
8 existed before the Manhattan Engineering District project began in 1943. When government operations 
9 began, many of the houses were demolished and new temporary buildings were erected; although most of 

10 the activities in this OU ceased in the early 1950s, not all the facilities were removed until the 1970s. The 
11 100-IU-6 (Hanford Townsite) OU was another agriculture-based town that existed prior to government 
12 operations. Starting in 1943, it was used as a housing camp for more than 45 ,000 construction workers 
13 and ceased to exist in 1945 (DOE/RL-95-108, Approach and Plan for Cleanup Actions in the 100-IU-2 
14 and 100-IU-6 Operable Units of the Hanford Site) . These OUs cover a large portion of the Hanford Site, 
15 known as the 600 Area, including areas between the 100 Area production reactor OUs. There are 
16 currently 84 waste site within the 100-IU-2 OU and 64 waste sites in the 100-IU-6 OU, many of which 
I 7 are remnants of the White Bluffs and Hanford Townsites and surrounding farms (DOE/RL-95-108). 
18 Waste sites within these OUs are generally not associated with reactor/operational areas, and consist 
19 mostly of surface debris , oil spills, trash dumps, building foundations, surface depressions, and ash piles 
20 from pre-Hanford activities. These two OUs are being addressed under either EPA/541/R-99/039 or 
21 EPA/541/R-00/121. 

22 The 100-IU-l (Riverland Rail Yard) and 100-IU-3 (Wahluke Slope) OUs were remediated via action 
23 memoranda and deleted from the NPL in July 1998. The 100-IU-4 (Sodium Dichromate Barrel Landfill) 
24 and 100-IU-5 (White Bluffs Pickling Acid Cribs) OUs were remediated under an expedited response 
25 action and closed out in February 1996 (DOE/RL-95-60, Proposed Plan for the 100-IU-1, 100-IU-3, 
26 100-IU-4, and 100-IU-5 Operable Units). 

21 2.3 Nature and Extent of Hexavalent Chromium Contamination 

28 Hexavalent chromium, as sodium dichromate, was added to the cooling water in the Hanford Site nuclear 
29 reactors to retard corrosion in the aluminum process tubes of the reactor-cooling system. The solid 
30 chemical feedstock (approximately 90 percent sodium dichromate by weight) was delivered to the reactor 
31 areas in bags, barrels, or rail cars, and transferred to points of use through local underground pipelines in 
32 stock solutions that contained up to 29 percent sodium dichromate by weight. A highly concentrated acid 
33 salt solution (about 70 percent sodium dichromate by weight) replaced the use of solid feedstock around 
34 1959. The solution was diluted so that the reactor coolant contained between 1 to 2 milligrams per liter 
35 (mg/L) of sodium dichromate. The reactor process water that was discharged to retention basins 
36 (ultimately outfall structures), cribs, and trenches would have contained hexavalent chromium at 
37 concentrations from 350 to 700 micrograms per liter (µg/L). 

38 It is known that some of the sodium dichromate feed material was spilled during handling or mixing 
39 operations and/or leaked from the transfer pipelines. The spills occurred during the operation period of the 
40 reactors from 1944 to 1971 . Some leakage from pipelines has been confirmed during remediation efforts, 
41 and may have occurred during or after the period of reactor operation. Recent observations have shown 
42 that a substantial volume of sodium dichromate concentrate remained in some of the transfer pipelines, at 
43 concentrations as high as 359,000 parts per million as total chromium (NOTE: this analytical result 
44 exceeds the solution saturation limit for sodium dichromate). As of April 2009, the following 
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1 characterization and remediation activities have been performed for sodium dichromate transfer pipeline 
2 waste sites: 

3 • 1 00-B-14:5 - pipeline was found to have been previously flushed and drained; no further interim 
4 action was required. 

5 • 100-B-28 - pipeline has been removed and remediation of underlying soils is ongoing; remediation of 
6 the pipeline included removal of over 200 gallons (gal) of concentrated sodium dichromate solution 
7 (with a maximum analytical result of359,000 milligrams per liter (mg/L) as total chromium). 

8 • 1 00-D-56: l - pipeline has been remediated and is in the process of interim reclassification; no 
9 significant residual sodium dichromate liquid was found during remediation. 

10 • 100-D-56:2 - pipeline has been remediated and is in the process of interim reclassification; 
11 remediation of the pipeline included removal of approximately 850 gallons of concentrated sodium 
12 dichromate solution (with a maximum analytical result of 40,800 mg/Las total chromium). 

13 • 100-F-26:7 - pipeline has been characterized and found to have been previously drained; however, 
14 the draining is believed to have been incomplete, resulting in a small volume ofresidual liquid within 
15 the pipeline; remediation is currently planned for fiscal year 2011 . 

16 • 100-K-79 - portions of the pipeline are planned for removal via demolition activities during fiscal 
1 7 year 201 O; the potential need for any further remediation has not yet been determined. 

18 Hexavalent chromium associated with spills, leaks, or discharges has moved through the vadose zone to 
19 the water table by natural precipitation, perhaps assisted by artificial recharge (for example, leaks in 
20 buried water lines, retention basins and reservoirs, or concentrated runoff from roads or buildings). Once 
21 in the groundwater, the natural hydraulic gradient carries the hexavalent chromium toward the Columbia 
22 River. The locations and lateral extent of the 100 Area hexavalent chromium-contaminated groundwater 
23 plumes are depicted in Figure 2-1 . The figures presented in this section show the distribution of 
24 hexavalent chromium in groundwater. This is based on the assumption that filtered total chromium results 
25 are equivalent to hexavalent chromium in Hanford groundwater samples (DOE/RL-2008-01). 

26 Records of spills in the 100 Area generally were not kept during the production years; therefore, locating 
27 the sites of these spills must be done through direct field investigation. Several likely source locations 
28 have been identified and investigated since 1999. Although hexavalent chromium has been found near the 
29 surface in many of these areas, zones of elevated hexavalent chromium in the subsurface vadose zone that 
30 are acting as notable continuing sources to groundwater have not yet been identified in the 100-D Area 
31 (BHI-01185 , 100-D Area Chromium Study Summary Report; PNNL-13107, Identification of a Hanford 
32 Waste Site for Initial Deployment of the In Situ Gaseous Reduction Approach; PNNL-13486, 
3 3 Characterization Activities Conducted at the I 83-DR Site in Support of the In Situ Gaseous Reduction 
34 Demonstration; BHI-01747, Results of Hexavalent Chromium Sampling Near 100-D Area Sodium 
35 Dichromate Transf er Station Railroad Tracks; DOE/RL-2006-74, Field Investigation Plan for the Source 
36 of the Southwestern Chromium Plume in the 100-D Area). The failure to locate the hexavalent chromium 
37 source(s) in the vadose zone by drilling or excavation indicates that the source(s) may be highly localized 
38 and concentrated (or present deeper than completion depths) . Extensive RTD is being performed 
39 throughout the 100-D Area, focusing on locations where sodium dichromate was handled. 

40 For a detailed description of the nature and extent ofhexavalent chromium contamination in the vadose 
41 zone and groundwater, and transport and discharge of sodium dichromate materials at each of the 
42 100 Areas, refer to DOE/RL-2008-46 and its subsequent addenda. A summary is provided in the 
43 following subsections. 

44 
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I 2.3.1 100-B/C Area 

2 A disbursed low-concentration plume of hexavalent chromium-contaminated groundwater (generally less 
3 than 50 µg/L) is located near Lhe centra l portion of the 100-B/C Area, with the highe t concentration of 
4 64 µg/L in a well downgradient of the 116-B- l l retention basin. In 2003, hexavalent chromium was 
5 detected in the vadose zone soi l at U1e 100-C-7 waste site that may have contributed to the mall plume 
6 underlying this waste site, as illustrated by the isolated, circular plume depicted in Figure 2-2. Another 
7 hexavalent chromiwn-contaminated waste site was di scovered in the 100-B/C Area in 2005, 100-B-27. 
8 This waste ite is located we t of the 126-B-3 dumping area and northwest of well I 99-B5- l ( 17 µg/L in 
9 2008). Further exploration is anticipated .in this area, which may lead to refining the hexavalent chromium 

10 groundwater plume in the 100-B/C Area. The current approximate size and shape of the groundwater 
11 plume in the 100-B/ Area is hown in Figure 2-2. 
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2 Concentrated sodium dichromate feed materials were provided in both solid and liquid form. From 1944 
3 to 1950, solid sodium dichromate (about 90 percent by weight) was stored and mixed with water at the 
4 108-D Building Chemical Pumphouse to form a less-concentrated solution. In 1950, this process moved 
5 from the 108-D Chemical Pumphouse to the 185-D De-aerating Plant and continued there for about 
6 9 years. Beginning in 1959, mixing of solid sodium dichromate with water was abandoned in favor of 
7 delivering a highly concentrated acid salt solution by railcar or tanker to 100-D-12, the sodium 
8 dichromate pumping station located west of the 105-D Reactor. This solution contained about 70 percent 
9 by weight sodium dichromate and was transferred by overhead pipeline to the I 85-D De-aerating Plant 

IO where it was diluted to a IO to 15 percent by weight solution. This process continued until the reactors 
11 were retired in 1967. The 10 to 15 percent by weight solution was pumped to the 190-D Building for final 
12 dilution, approximately 1 to 2 mg/L sodium dichromate added, and the cooling water pumped to the D 
13 Reactor. The reactor process water contained hexavalent chromium concentrations of approximately 3 50 
14 to 700 µg/L which was discharged to retention basins, cribs, and trenches. 

15 Hexavalent chromium has been found in much of the groundwater underlying the 100-D Area 
16 (Figure 2-3) and forms two separate plumes called the northern plume and the southern plume. The 
17 relatively uncontaminated area separating these two plumes reflects leakage of river water from the 
18 182-D Reservoir, a source of artificial recharge within the 100-D Area. The northern and southern plumes 
19 appear to have originated from multiple sources in the 100-D Area, yet the source locations remain 
20 undefined. Remediation of the northern plume currently is being conducted using the DR-5 Pump-and-
21 Treat System in the 100-D Area and by the 100-HR-3 Pump-and-Treat System in the 100-H Area. The 
22 southern plume is being remediated by the DR-5 Pump-and-Treat System and by the in situ redox 
23 manipulation (ISRM) permeable reactive barrier. The ISRM barrier was designed to intercept the highest 
24 concentrations of hexavalent chromium in the southern plume before the contaminant enters the river. A 
25 new, larger pump-and-treat system, 100-DX, is being designed to address the hexavalent chromium 
26 contamination in both the northern and southern groundwater plumes. Concentrations of hexavalent 
27 chromium in the southern plume upgradient of the ISRM barrier have remained high since their initial 
28 discovery in 1999, suggesting that one or more active sources ofhexavalent chromium are contributing 
29 contamination to the plume. The location of the source(s), whether in the vadose zone or aquifer or both, 
30 have not been fully discovered. The fact that hexavalent chromium concentrations in upgradient 
31 groundwater have been measured above 4,000 µg/L and as high as approximately 40,000 µg/L establishes 
32 that the source is not cooling water itself (which typically contained approximately 1,000 to 2,000 µg/L of 
33 hexavalent chromium), but originates from a considerably more concentrated solution. 

34 2.3.3 100-H Area 
35 A process similar to that of the 100-D Area was employed to introduce dilute sodium dichromate solution 
36 to the 105-H Reactor. Unlike the multiple mixing steps at 100-D, the 100-H Area used a one-step process 
37 of mixing treated river water with sodium dichromate at the 190-H Building. Given the operational 
38 history of the 100-H Reactor (1949 to 1965), it is reasonable to assume that both the solid sodium 
39 dichromate and liquid solutions were used as feed materials. It may also be inferred that the transition 
40 from solid to liquid occurred around the same time as 100-D and 100-F. 

41 The hexavalent chromium-contaminated groundwater plume within the 100-D and 100-H Areas of the 
42 100-HR-3 groundwater OU can be seen in Figure 2-3 and Figure 2-4, respectively. These figures illustrate 
43 that the average concentration ofhexavalent chromium was less than 100 µg/L in fiscal year 2008. The 
44 area to the left of the 100-H Area and to the right of the 100-D Area in the figures is referred to as the 
45 "horn" area. Current investigations are being conducted to address the hexavalent chromium 
46 contamination with this region. 
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1 2.3.4 100-F Area 

2 Only three wells (l 99-F5-6, 199-FS-44, and 199-FS-46) located within the 100-FR-3 Groundwater OU 
3 had hexavalent chromium levels greater than 20 µg/L in fiscal year 2008; the highest concentration was 
4 observed in well 199-F5-6 at 49.7 µg/L. These results have produced a relatively small , circular 
5 1:,rroundwater plume around these wells, north and west of the 116-F-l 4 retention basins, as depicted in 
6 Figure 2-5 . 
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Figure 2-5. Average Hexavalent Chromium Groundwater Contamination in 100-F Area, Fiscal Year 2008 
(Source: DOE/RL-2008-66, Figure 2.7-8) 

1 o 2.3.5 100-K Area 
11 An extensive low-concentration plume ofhexavalent chrnmium-contaminated groundwater (with 
12 concentrations generally less than 100 µg/L) is present in the vicinity of the 116-K-2 Trench. This 
13 resulted from reactor process water being discharged to the trench during reactor operations. A plume also 
14 extends from the southeast side of the water treatment plant basins to the southwest corner of the l 05-KE 
15 Reactor building with an unknown source. Another plume, with concentrations exceeding 3,000 µg/L, is 
16 present in the groundwater near the KW Water Treatment Plant. The plumes within the 100-K Area are 
I 7 presented in Figure 2-6. 
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1 2.3.6 100-N Area 
2 There is no known hexavalent chromium-contaminated groundwater plume within the 100-NR-2 OU; 
3 therefore, a hexavalent chromium plume map has not been developed for this area. 

4 2.3.7 Other Areas 
5 The Waste Information Data System database lists one waste site outside of the previously identified 
6 areas as also receiving hexavalent chromium waste. This site, the 600-105 Sodium Dichromate Barrel 
7 Disposal Landfill, was located in the 100-IU-4 OU along with the underlying 100-HR-3 Groundwater 
8 OU. The landfill has been remediated and is not considered a significant source of contamination. In 
9 1993, approximately 5,000 crushed 208 liter (55-gallon) drums were removed from the landfill site. Fifty-

10 seven soil samples were collected in and around the site and analyzed for hexavalent and total chromium. 
11 Results indicated that the total chromium concentrations were below the regulatory cleanup level, current 
12 at that time, of 100 milligrams per kilogram (mg/kg) (Washington Administrative Code [WAC] 
13 173-340-740(2), "Method A Soil Cleanup Levels for Unrestricted Land Use") (DOE/RL-93-64, Sodium 
14 Dichromate Expedited Response Action Assessment). Well 699-91-46A, which is adjacent to the barrel 
15 disposal site, has shown hexavalent chromium concentrations below 10 µg/L since 2006 (Hanford 
16 Environmental Information System database). 

17 2.4 Risk Evaluation 

18 Qualitative risk assessments for each of the 100 Area source and groundwater OUs completed prior to this 
19 FFS were documented in limited field investigation reports. Collectively, these assessments determined 
20 that hexavalent chromium poses a risk to human health and the environment and is a COC requiring 
21 remediation. 

22 This remedial action is focused on addressing hexavalent chromium contamination within the 100 Area. 
23 The existing interim action RODs for these areas addressed chromium to a limited extent; however, the 
24 CERCLA 5-year review identified that additional technologies would be needed to fully address the risk 
25 associated with this contaminant. 
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3. Remedial Action Objectives and Applicable or Relevant 
2 and Appropriate Requirements 

3 This chapter identifies RAOs and potential applicable or relevant and appropriate requirements (ARAR) 
4 applicable to the 100 Area. The RA Os are used throughout the feasibility study process, first to aid in 
5 identifying technologies and later as a basis for evaluating their effectiveness. The objectives for 
6 protection of human health and the environment are achieved by reducing or eliminating exposure routes, 
7 as well as by reducing contaminant concentrations and mass. 

8 3.1 Remedial Action Objectives 

9 The "National Oil and Hazardous Substances Pollution Contingency Plan" (40 CFR 300) (NCP) specifies 
10 that RA Os be developed to address COCs, media of concern, potential receptors, and exposure pathways. 

11 A list of RA Os has been prepared for the 100 Area based on existing interim action RODs associated with 
12 possible hexavalent chromium contamination (see Table 1-1) for both source and groundwater OUs, as 
13 summarized in Table 3-1. The actual RAO wording may vary slightly between the interim action RODs. 

14 3.2 Potential Applicable or Relevant and Appropriate Requirements 

15 The ARARs identification process is based on CERCLA guidance (EP N540/G-89/004, Guidance for 
16 Conducting Remedial Investigations and Feasibility Studies under CERCLA; EP N540/G-89/006, 
17 CERCLA Compliance with Other Laws Manual: Interim Final; and EPN540/G-89/009, CERCLA 
18 Compliance with Other Laws Manual: Part I) . Section 121 of the CERCLA guidance, requires, in part, 
19 that any applicable or relevant and appropriate standard, requirement, criterion, or limitation promulgated 
20 under any federal environmental law, or any more stringent state requirement promulgated pursuant to a 
21 state environmental statute, be met ( or a waiver justified) for any hazardous substance, pollutant, or 
22 contaminant that will remain on site after completion of remedial action. Section 12l(e)(l) specifies that 
23 CERCLA response actions conducted on site are subject only to the substantive requirements and 
24 standards of other environmental laws and regulations, but not to procedural or administrative 
25 requirements. These substantive requirements are the ARARs. 

26 A review was conducted of the ARARs presented in previous decision documents and of the current 
2 7 requirements that may apply to the investigation and remediation of contamination within the 100 Area. 
28 This review included the preliminary ARARs that are applicable to the preliminary remedial action 
29 alternatives identified in this FFS. 

30 The chemical-specific ARARs likely to be relevant to remediation of the 100 Area include the federal 
31 maximum contaminant levels (MCL) for groundwater or surface water that is a current or potential source 
32 of drinking water, state cleanup levels for chemical contaminants established in accordance with 
33 WAC 173-340, "Model Toxics Control Act - Cleanup" and various other requirements. Potential federal 
34 and state ARARs are presented in Tables 3-2 and 3-3, respectively. 
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Table 3-1. Remedial Action Objectives for the 100 Area 

RAO 1 - Protect human and ecological receptors from exposure to contaminants in soils, structures, and debris by 
dermal exposure, inhalation, or ingestion of radionuclides, inorganics or organics. a,b,c 

RAO 2 - Control the sources of groundwater contamination to minimize the impacts to groundwater resources, 
protect the Columbia River from further adverse impacts, and reduce the degree of groundwater cleanup that may be 
required under future actions. a,b,c 

RAO 3 - To the extent practicable, return soil concentrations to levels that allow for unlimited future use and 
exposure. Where it is not practicable to remediate to levels that will allow for unrestricted use in all areas, institutional 
controls and long-term monitoring will be required. a,c 

· J:i:•fid~/ 1·it,;. ·_ -~ , _'. J ,, • '' ,... - J ;,. ~ 

\ Groundwater .• /· ~--· 1!; ..• ,: • . :,.i _;,.·,_,. .i.t .. •~;_,._. 
;i ~~ -<j;~ !. ',.... 'i} .:.·tt:;,1., ' :::"'"' - ,,, ' 

RAO 1 - Protection of aquatic receptors in the river bottom substrate from contaminants in groundwater entering the 
Columbia River. d 

RAO 2 - Protection of human health by preventing exposure to contaminants in the groundwater. d 

RAO 3 - Provide information that will lead to the final remedy. d 

NOTES: RAO = remedial action objective 
a. EPA/ROD/R10-95/126, Declaration of the Record of Decision for the 100-BC-1, 100-DR-1, and 100-HR-1 

Operable Units, Hanford Site, Benton County, Washington . 

b. EP A/541 /R-99/039, 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 (100 Area Remaining Sites), Hanford Site, Benton County, Washington . 

c. EP A/541 /R-00/121, Declaration of the Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 
100-FR-2, 100-HR-2, and 100-KR-2 Operable Units, Hanford Site (100 Area Burial Grounds), Benton County, 
Washington . 

d. EP A/541 /R-00/121 , Declaration of the Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 
100-FR-2, 100-HR-2, and 100-KR-2 Operable Units, Hanford Site (100 Area Burial Grounds), Benton County, 
Washington. 

1 Groundwater, surface water, and soil cleanup regulations and terrestrial ecological evaluation procedures 
2 establish media cleanup standards for nonradioactive and radioactive contaminants. Federal and state air 
3 emission standards identify air emission limits and control requirements for any RAs that produce toxic 
4 air emissions. 42 USC 6901 , et seq., Resource Conservation and Recovery Act of 1976 (RCRA) land-
5 disposal restrictions will be important standards during the management of wastes generated during RAs. 
6 Standards and guidelines for RCRA Corrective Action, as implemented by CERCLA, as well as 
7 treatment, storage, and disposal closure performance standards, will be consulted, when applicable, for 
8 cleanup criteria and compliance monitoring requirements that apply to treatment, storage, and disposal 
9 units and associated solid waste management units that are located within the 100 Area. 

10 Potential location-specific ARARs that have been identified for the 100 Area include those that protect 
11 cultural, historic, and Native American sites and artifacts, and those that protect critical habitats of 
12 federally endangered and threatened species that may occur within the 100 Area. Action-specific ARARs 
13 that could be pertinent to the 100 Area investigation and remediation include state solid and dangerous 
14 waste regulations (for management of characterization and remediation wastes and performance standards 
15 for waste left in place). 

16 Section 104( d)( 4) of CERCLA states that where two or more non-contiguous facilities are reasonably 
1 7 related on the basis of geography, or on the basis of the threat or potential threat to the public heal th or 
18 welfare or the environment, the facilities can be treated as one for purposes of CERCLA response actions. 
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Consistent with this, the l 00 Area and the Environmental Restoration Disposal Facility (ERDF) would be 
2 considered to be onsite for purposes of Section 104 of CERCLA, and waste may be transferred between 
3 the facilities without requiring a permit. Also consistent with this , the 100 Area and the ERDF would be 
4 considered to be onsite for purposes of Section 121 ofCERCLA. Response actions conducted in this 
5 onsite area are not subject to permitting, but must comply with the substantive requirements identified in 
6 the ARARs. Because the facilities are collectively onsite, the offsite transportation rule of 
7 40 CFR 300.440, "Procedures for Planning and Implementing Off-site Response Actions," does 
8 not apply. 
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Table 3-2. Potential Federal Applicable or Relevant and Appropriate Requirements 
-:--------,-:,::::=:;::-:-,.,.-,.,,:-----,,.,--,--,----,,-,-, 

Safe Drinking Water Act of 1974 (42 USC 300(f)), 40 CFR 141, "National Primary Drinking Water Regulations" 

40 CFR 141 .62/ 141.51, 
"Maximum Contaminant 
Levels for Inorganic 
Contaminants/ Maximum 
Contaminant Level Goals for 
Inorganic Contaminants" 

Establishes MCLs and nonzero MCL goals 
as criteria for groundwater and surface 
water that is 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 the 100 Area contains 
contaminants that require remediation . 
Groundwater is not currently used for 
drinking water, but is a potential drinking 
water source and it discharges into the 
Columbia River (which is used for 
drinking water). 

Clean Water Act of 1977 (33 USC 1251, et seq.), 40 CFR 131 , "Water Quality Standards" 

40 CFR 131 .36, 
"Designation of Uses" 

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 in 40 CFR 
131 .36(b)(1}, "EPA's Section 304(a) 
Criteria for Priority Toxic Pollutants," which 
supersede criteria adopted by the state, 
except where the state criteria are more 
stringent than the federal criteria. 

Groundwater in the 100 Area contains 
contaminants that require remediation; 
groundwater also discharges into the 
Columbia River. 

RA 

Chromium 
(total) 
100 µg/L MCL 

RA 

Cr(VI) 

15 µg/L 
freshwater 
acute 
10 µg/L 
freshwater 
chronic 
.Qn!ill 
457 µg/L 
freshwater 
acute 
148 µg/L 
freshwater 
chronic 

Groundwater remediation 
and management; for 
example, discharge of 
treated groundwater; ISR 
of groundwater; MNA. 

Groundwater remediation 
and management; for 
example, discharge of 
treated groundwater; ISR 
of groundwater; MNA. 
Based on a preliminary 
dilution factor of 1: 1, per 
page 43 of 
EPNROD/R 10-96/134, 
groundwater adjacent to 
the river must meet 
20 µg/L or less of Cr(VI) 
to comply with 10 µg/L in 
the river. 
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Clean Water Act of 1977, 
33 USC 1251 et seg, 
Section 304(a), Information 
and Guidelines 

Table 3-2. Potential Federal Applicable or Relevant and Appropriate Requirements 

Groundwater in the 100 Area contains 
contaminants that require remediation; 
groundwater also discharges into the 
Columbia River. 

TBC 

Cr(Vll 

16 µg/L 
freshwater 
acute 
11 µg/L 
freshwater 
chronic 

Qillll 
475 µg/L 
freshwater 
acute (based 
on hardness 
of 80 mg/L) 

62 µg/L 
freshwater 
chron ic (based 
on hardness 
of 80 mg/L) 

Clean Air Act of 1977 (42 USC 7401 , et seq.), 40 CFR 61 , "National Emission Standard for Hazardous Air Pollutants" 

40 CFR 61 .01 , "Lists of 
Pollutants and Applicability 
of Part61 " 

40 CFR 61 .05, "Prohibited 
Activities" 

40 CFR 61 .12, "Compliance 
with Standards and 
Maintenance Requirements" 

40 CFR 61 .14, "Monitoring 
Requirements" 

Provides general requirements for facility 
operations that emit regulated hazardous 
air pollutants. The regulation applies to any 
stationary source for which a standard has 
been prescribed. 

Target analytes detected in soil and A 
groundwater within the 100 Area include 
constituents that would constitute 
hazardous air pollutants if released to the 
air. 

Groundwater remediation 
and management; for 
example, discharge of 
treated groundwater; ISR 
of groundwater; MNA 

Soil and groundwater 
remediation activities 
such as treatment 
systems that have the 
potential to emit regulated 
hazardous air pollutants 
subject to this Part. CJ 
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Location-Specific ARAR 

Archaeological and Historic Preservation Act of 1960 (16 USC 469aa-mm) 

16 USC 469aa-mm Requires that remedial actions at the 
100 Area waste sites do not cause the loss 
of any archaeological or historic data. This 
act mandates preservation of the data and 
does not require protection of the actual 
waste site or facility. 

National Historic Preservation Act of 1966 (16 USC 470, Section 106) 

16 USC 470, Section 106 Requires federal agencies to consider the 
impacts of their undertaking on cultural 
properties through identification, evaluation 
and mitigation processes, and consultation 
with interested parties. 

Archeological and historic sites have 
been identified within the 100 Area; 
therefore, the substantive requirements 
of this act are applicable to actions that 
might disturb these sites. 

Cultural and historic sites have been 
identified within the 100 Area; therefore, 
the substantive requirements of this act 
are applicable to actions that might 
disturb these types of sites. 

Native American Graves Protection and Repatriation Act (25 USC 3001, et seq.) 

25 USC 3001, et seq. Establishes federal agency responsibil ity 
for discovery of human remains, associated 
and unassociated funerary objects, sacred 
objects, and items of cultural patrimony. 

Substantive requirements of this act are 
applicable if remains and sacred objects 
are found during remediation and will 
require Native American Tribal 
consultation in the event of discovery. 

Endangered Species Act of 1973 (16 USC 1531, et seq., Subsection 16 USC 1536(c)) 

16 USC 1531 , et seq., 
Subsection 16 USC 1536(c) 

Prohibits actions by federal agencies that 
are likely to jeopardize the continued 
existence of listed species or to result in the 
destruction or adverse modification or 
critical habitat. If remediation is within 
critical habitat or buffer zones surrounding 
threatened or endangered species, 
mitigation measures must be taken to 
protect the resource . 

Substantive requirements of this act are 
applicable if threatened or endangered 
species are identified in areas where 
remedial actions will occur. 

A 

A 

A 

A 

Land surface penetrations 
such as excavation, well 
installation, or pipeline 
installation. 

Land surface penetrations 
such as excavation, well 
installation, or pipeline 
installation. 

Land surface penetrations 
such as excavation, well 
installation, or pipeline 
installation. 

Any land disturbance 
such as vehicular traffic 
(such as by drill rigs) or 
land surface penetrations. 
Any activity with the 
potential for erosion or 
surface water runoff to the 
river. 
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Table 3-2. Potential Federal Applicable or Relevant and Appropriate Requirements 

Action-Specific ARAR 

Safe Drinking Water Act of 1974 (42 USC 300(f)), 40 CFR 144, "Underground Injection Control Program," and 40 CFR 146, "Underground Injection Control 
Program: Criteria and Standards" 

40 CFR 144, 
"Underground Injection 
Control Program" 

40 CFR 146, 
"Underground Injection 
Control Program: Criteria 
and Standards" 

Establishes criteria and standards for an 
underground injection control program. 

Groundwater in the 100 Area contains 
contaminants that require remediation; 
treated groundwater, groundwater or 
other freshwater amended with 
reducing agents may be discharged 
through underground injection wells. 

A Groundwater remedial 
activities may involve 
underground injection. 

EPA/ROD/R10-96/134, Declaration of the Record of Decision for the 100-HR-3 and 100-KR-4 Operable Units, Hanford Site, Benton County, Washington. 
NOTES: A = applicable 

ARAR = applicable or relevant and appropriate requirement 

yJ CFR = Code of Federal Regulations 
......, Cr(III) = trivalent chromium 

Cr(VI) = hexavalent chromium 
MNA = monitored natural attenuation 

MCL = maximum contaminant level 
RA = relevant and appropriate 

TBC = to be considered 

USC = United States Code 

Table 3-3. Potential State of Washington Applicable or Relevant and Appropriate Requirements 

Chemical-Specific ARAR 
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"Hazardous Waste Cleanup - Model Toxics Control Act" (RCW 70.105D), WAC 173-340, "Model Toxics Control Act- Cleanup" 

WAC 173-340-740, 
·unrestricted Land Use Soil 
Cleanup Standards" 

WAC 173-340-740(1), 
"General Considerations" 

WAC 173-340-740(3), 
"Method 8 Soil Cleanup 
Levels for Unrestricted Land 
Use" 

Establishes soil cleanup levels where 
residential land use represents the 
reasonable maximum exposure under 
current and future site use conditions. 
Cleanup and remediation levels are 
based on protection of human health 
and the environment, the location of 
the site, and other regulations that 
apply to the site. The standard 
specifies cleanup goals that 
implement the strictest federal or state 
cleanup criteria. 

Soil in the 100 Area contains 
contaminants that require 
remediation. The human health 
conceptual exposure model for the 
100 Area is considered a rural­
residential land use. This land use 
assumes the reasonable maximum 
exposure to soil will be unrestricted by 
future users and therefore 

RA 

Method B - Soil 

Chromium {total) 
120,000 mg/kg 

.Qrt!ill 
120,000 mg/kg 

Cr(VI) 
240 mg/kg 

corresponds to Method 8 soil cleanup Method B - Soil: 
levels. Protective of 

Groundwater 

Chromium (total) 
2000 mg/kg 6 

.QrillU 
2000 mg/kg b 

Cr(VI) 
18.4 mg/kg a.b 

Soil cleanup actions where 
concentration of hazardous 
substances in the soil 
exceeds Method 8 cleanup 
levels at the relevant point 
of compliance. 
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WAC 173-340-720(4)(b), 
"Ground Water Cleanup 
Standards" 

WAC 173-340-730(3)(b)(i), 
"Surface Water Cleanup 
Standards" 

Table 3-3. Potential State of Washington Applicable or Relevant and Appropriate Requirements 

Groundwater cleanup levels are 
based on estimates of the highest 
beneficial use and the reasonable 
maximum exposure expected to occur 
under current and potential future site 
use conditions. 

Groundwater cleanup levels are 
established at concentrations that do 
not directly or indirectly cause 
violations of surface water, sediments, 
soil, or air cleanup standards. The 
most stringent of either the state or 
federal drinking water standards are 
used. 

Surface water cleanup levels are 
based on estimates of the highest 
beneficial use and the reasonable 
maximum exposure expected to occur 
under current and potential future site 
use conditions. The most stringent of 
either the state or federal surface 
water cleanup standards are used. 

Groundwater in the 100 Area contains RA 
contaminants that require 
remediation ; it is not currently used 
for drinking water but is a potential 
drinking water source and it 
discharges into the Columbia River 
(which is used for drinking water). 

Method B - Soil: 
Protective of Surface 
Water 

Chromium (total) 
2600 mg/kg 

.Qrr!ill 
2600 mg/kg 

Cr(Vll 
7.7 mg/kg 
Method B -Ground 
Water 
Chromium (total) 
100 µg/L 

.Qrr!ill 
100 µg/L 

Cr(VI) 
48 µg/L 

Groundwater in the 100 Area contains RA 
contaminants that require remediation 
and discharges into the Columbia 
River. The Columbia River is a 
current and future source of drinking 
water. 

Cr/Vil 

15 µg/L freshwater 
acute 

10 µg/L freshwater 
chronic 

.Qrr!ill 
457 µg/L freshwater 
acute (based on 
hardness of 80 mg/L) 

62 µg/L freshwater 
chronic (based on 
hardness of 80 mg/L) 

Groundwater remediation 
and management; for 
example, discharge of 
treated groundwater; in situ 
remediation of 
groundwater; MNA. 

Soil, groundwater, and 
surface water remediation 
activities that impact 
surface water. 
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WAC 173-340-750, "Cleanup 
Standards to Protect Air 
Quality" 

WAC 173-340-7490, 
"Terrestrial Ecological 
Evaluation Procedures" 

WAC 173-340-7493, "Site­
Specific Terrestrial Ecological 
Evaluation Procedures" 

WAC 173-340-7494, "Priority 
Contaminants of Ecological 
Concern" 

Table 3-3. Potential State of Washington Applicable or Relevant and Appropriate Requirements 

Establishes air cleanup levels where 
residential land use represents the 
reasonable maximum exposure under 
current and future site use conditions. 
Cleanup and remediation levels are 
based on protection of human health 
and the environment, the location of 
the site, and other regulations that 
apply to the site. The standard 
specifies cleanup goals that 
implement the strictest federal or state 
cleanup criteria . 

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. 

These values in Table 749-3 are 
screening levels and not to be 
considered as cleanup levels. Hanford 
Site specific values may be calculated 
in the future . 

Soil in the 100 Area contains 
contaminants that require 
remediation. The human-health 
conceptual exposure model for the 
100 Area is considered a rural­
residential land use. This land use 
assumes the reasonable maximum 
exposure to soil will be unrestricted by 
future users and therefore 
corresponds to Method 8 soil cleanup 
levels. Air cleanup levels in 
conjunction with an airborne 
particulate mass-loading rate can be 
used to establish a soil cleanup level 
protective of air quality. 

Soil in the 100 Area contains 
contaminants that require evaluation 
to determine if ecological exposures 
have the potential to cause significant 
adverse effects. 

.Q.r0lU 

2.1 mg/kg in soil 
(based on an 
airborne mass­
loading rate of 
0.0001 g/m3

) 

RA 

Chromium (total) 
(Table 749-3) 
42 mg/kg soil and 
plants 
67 mg/kg wildlife 

Soil remediation activities 
including containment, 
RTD, and MNA. 

Soil remediation activities 
including containment, 
RTD, and MNA. 
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WAC 173-303-645(3), 
"Ground Water Protection 
Standard" 

Table 3-3. Potential State of Washington Applicable or Relevant and Appropriate Requirements 

Provides standards for groundwater 
protection including background, 
MCLs, and alternate concentration 
limits. MCLs are established at the 
same levels as SOWA MCLs, and, 
where SOWA MCLs do not exist, 
health-based alternate concentration 
limits may be established that are 
protective of human health and 
environment. 

Some portions of the 100 Area are 
regulated under state dangerous 
waste regulations and require 
groundwater remediation. 

RA 

Water Pollution Control Act (RCW 90.48), WAC 173-201A, "Water Quality Standards for Surface Waters of the State of Washington" 

WAC 173-201A-240, "Toxic 
Substances" 

Establishes water quality standards 
for surface waters of the state of 
Washington consistent with public 
health and enjoyment of the waters 
and the propagation and protection of 
fish, shellfish, and wildlife. 

Groundwater In the 100 Area contains 
contaminants that require remediation 
and discharges into the Columbia 
River. 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). 

RA 

Cr(Vll 

15 µg/L freshwater 
acute 
10 µg/L freshwater 
chronic 

Q:illll 
457 µg/L freshwater 
acute (based on 
hardness of 80 mg/L) 

148 µg/L freshwater 
acute (based on 
hardness of 80 mg/L) 

Groundwater remediation 
and management; for 
example, discharge of 
treated groundwater, in situ 
remediation of 
groundwater, and MNA. 

Soil , groundwater, and 
surface water remediation 
activities that impact 
surface water. 
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Table 3-3. Potential State of Washington Applicable or Relevant and Appropriate Requirements 

Action-Specific ARAR 

Hazardous Waste Management Act of 1976 (RCW 70.105, as amended), WAC 173-303, "Dangerous Waste Regulations" 

WAC 173-303-140, "Land 
Disposal Restrictions" 

Establishes treatment requirements 
and disposal prohibitions for land 
disposal of dangerous waste and 
incorporates by reference [in WAC 
173-303-140(2)(a), "Applicability"] 
the federal land disposal restrictions 
of 40 CFR 268, "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 
Procedures.· 

NOTES: Table 749-3 is found in WAC 173-340-900, "Tables." 
A = applicable. 
ARAR applicable or relevant and appropriate requirement. 
Cr(llI) = trivalent chromium. 
Cr(VI) = hexavalent chromium. 
MCL = maximum contaminant level. 
MNA = monitored natural attenuation. 
RA = relevant and appropriate. 
RCW = Revised Code of Washington. 

RTD = removal, treatment, and disposal. 

SOWA = Safe Drinking Water Act of 197 4. 
WAC = Washington Administrative Code. 

Onsite land disposal may be a 
selected remedy for 100 Area 
dangerous waste and debris. 

A Investigative and 
remediation wastes 
destined for onsite land 
disposal. 

a. This value is based on use of the three-phase partitioning model (WAC 173-340-747(4), "Deriving Soil Concentrations for Ground Water Protection") and a 
Kd of 19 liters per kilogram. Hanford Site specific fate and transport modeling and/or leach testing may be used to develop more accurate cleanup levels. 

b. These values are based on the three-phase partitioning model (WAC 173-340-747(4)). Hanford Site specific fate and transport modeling and/or leach 
testing may be used to develop more accurate cleanup levels. 
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4. Technology Screening and Alternative Development Process 

2 This section describes the basis for, and the results of, the RPO technology screening and alternative 
3 development process conducted in 2008 to facilitate remediation of the 100-D Area within the 
4 100-HR-3 Groundwater OU. This effort was conducted based on the realization that the existing interim 
5 actions for the 100-D Area were not working as effectively or as quickly as originally anticipated and that 
6 the existing remedial action alternatives may require augmentation with additional actions in order to 
7 meet the groundwater and river protection RAOs in a more timely and cost-effective fashion. It was 
8 anticipated that the results of the technology screening and alternative development process for the 100-D 
9 Area would ultimately be applicable to hexavalent chromium remediation efforts for the 100-HR-3 OU as 

10 a whole, and for other sites (e.g., 100-B/C) in the 100 Area. 

11 4.1 Hexavalent Chromium Remediation Technology Exchange Workshop 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 

A hexavalent chromium treatment technology exchange meeting was held on April 8-10, 2008, in 
Richland, Washington. A follow-on workshop that focused on hexavalent chromium remediation in the 
100-B/C Area was held in November 12-13, 2008. Participants at the April 8-10, 2008 workshop included 
regulators, consultants, and technical experts. The primary objectives of this meeting were to enable 
U.S . Department of Energy, Richland Operations Office (DOE-RL) and Fluor Hanford staff to gather 
information regarding the remediation of hexavalent chromium-contaminated soil and groundwater and to 
identify technologies that would facilitate the remediation of hexavalent chromium in the l 00-D Area 
(Figure 2-3) and ultimately for the 100 Area OUs as a whole (Figure 2-1). A panel of experts (primarily 
consultants to private industry and one scientist from DOE's Pantex Plant) convened to share their 
expertise in chromium chemistry and biochemistry and in situ and ex situ treatment approaches, and to 
present case studies of hexavalent chromium treatment technologies. 

The meeting included (1) presentations by DOE, Fluor Hanford, and Pacific Northwest National 
Laboratory on Hanford Site activities related to hexavalent chromium remediation of groundwater; (2) a 
field trip to the 100 Area; (3) experts' presentations; and (4) an informal discussion. Geomatrix 
Consultants, Inc., 2008, Chromium Treatment Technology Information Exchange for Remediation of 
Chromium in Groundwater at the Department of Energy Hanford Site, summarizes the presentations at 
the meeting. A brief summary of the key findings of this meeting is presented below. 

The fate and transport of chromium in groundwater and soil is predominantly controlled by oxidation­
reduction processes. Chromium occurs in either the mobile +6 (hexavalent) oxidation state or the less 
toxic and essentially immobile +3 (trivalent) oxidation state. Many treatment technologies are based on 
the conversion (reduction) of the hexavalent form to the less mobile and less toxic trivalent form. 
A number of chemical reductants are available to accomplish this conversion. In addition, 
microorganisms can accomplish this conversion via anaerobic bioreduction. Chemical mechanisms are 
believed to be much more rapid than biological mechanisms. However, when considering the reactions 
for biological versus chemical treatment, it appears that the biological reduction is more efficient. This 
efficiency may relate to overall treatment system cost, and as such, would be important during remedial 
action alternative evaluation. 

Ex situ technologies for groundwater treatment include chemical reduction using sulfur-containing 
compounds, coagulation/filtration, ion exchange, membrane treatment (nanofiltration, reverse osmosis, 
and ultrafiltration), lime softening, electrochemical precipitation using ferrous iron, electrodialysis 
reversal/electro-coagulation, adsorption/chelation, zero-valent iron, and biological treatment. 
Technologies were described in terms of performance and waste generation. Selection of ex situ treatment 
technologies must include consideration of a number of factors , including discharge options, groundwater 
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ownership, waste generation, schedule, longevity of the treatment system, permitting requirements, and 
cost, among other factors . 

In situ reduction technologies are the primary in situ technologies used for the remediation of hexavalent 
chromium in soil and groundwater. The two keys to successful remediation ofhexavalent chromium 
using ISR methods are (1) selection of the appropriate amendment based on the aquifer geochemistry and 
mineralogy, and (2) selection of the appropriate reagent delivery method based on site hydrogeologic 
conditions. Case studies presented at the meeting indicated that ISR can be utilized for full-scale 
treatment of hexavalent chromium in soil or groundwater and that the greatest challenge in applying JSR 
is in achieving adequate distribution of the amendment in the subsurface (Geomatrix Consultants, Inc., 
2008). 

The evaluation of available hexavalent chromium treatment technologies performed for the l 00-D Area 
was used as a starting point for a similar evaluation performed for hexavalent chromium contamination at 
the 100-B/C Area at a workshop held November 12-13, 2008. The workshop was attended by individuals 
from DOE-RL; Ecology; EPA; CH2M HILL Plateau Remediation Company; Pacific Northwest National 
Laboratory; Washington Closure Hanford, LLC; and others. Technologies that were evaluated and 
concluded to be non-viable methodologies at 100-D Area were also generally assumed to be 
non-applicable for use at the 100-B/C Area. The only exception to this were vadose zone-only 
technologies that for the 100-D Area were determined to be unsuitable because the hexavalent chromium 
may be too deep in the vadose zone and undesirable subsurface conditions including cobbles and boulders 
in the 100-D Area. Technologies, such as deep soil mixing, were carried forward for further evaluation at 
the 100-B/C Area. A summary of the November 12-13, 2008, workshop is provided in Appendix A. 

4.2 100-D RPO Technology Screening and Alternative Development Process 

23 As part of the RPO process for the 100-D Area, a series of three meetings were held in Richland, 
24 Washington, to identify and evaluate remediation technologies with the potential to be used to optirnize 
25 and accelerate soil and groundwater remediation in the I 00-D Area. The preliminary technology 
26 screening meeting for the 100-D Area was held on June 4-6, 2008. The evaluation process, results, and 
27 conclusions generated from this meeting are described in detail in SGW-38338, Remedial Process 
28 Optimization for the 100-D Area Technical Memorandum Document. Two additional meetings were held 
29 in Richland, Washington on October 3-4, and October 17, 2008, to review and refine the results obtained 
30 from the preliminary evaluation completed during the June 2008 meeting. These meetings were variously 
31 attended by a diverse group of individuals from DOE-RL; EPA; Ecology; Fluor Hanford; CH2M HILL 
32 Plateau Remediation Company; CH2M HILL; Washington Closure Hanford, LLC; the DOE-RL 
33 Assistant Manager for the Central Plateau; Pacific Northwest National Laboratory; Alexco Resource 
34 Corporation; S.S. Papadopoulos and Associates, Inc.; and Vista Engineering Technologies, LLC. The 
35 process and results that culminated from these meetings are summarized below. 

36 In order to sufficiently assess and select appropriate technologies, working remedial goals, including 
3 7 proposed Tri-Party Agreement milestones for accelerated clean up, were developed and carried forward 
38 throughout the RPO screening process. These informal working remedial goals were believed to meet or 
39 exceed the protectiveness of the existing interim action ROD RAOs and were intended to serve as a basis 
40 for evaluating potential remediation technologies and to serve as a baseline of comparison for the 
41 development of potential remediation alternatives. 

42 The evaluation of technologies was conducted in accordance with EPA guidance. This was performed as 
43 an iterative process in the June and October meetings, consisting of identifying technologies (including 
44 those already part of the existing 100 Area remedial action alternatives) with the potential to contribute to 

4-2 

r 



DOE/RL-2009-22, DRAFT A 
JUNE 2009 

the attainment of the working remedial goals by addressing one or more of the following targets (1) river 
2 protection; (2) vadose zone sources; and (3) source area and downgradient groundwater. 

3 The working remedial goals that were developed for the RPO process are listed below. 

4 1. Provide immediate protection of the aquatic receptors in the Columbia River. The meeting 
5 attendees concurred that the term "immediate protection" refers to the goal that all applicable 
6 standards are to be met in the river by 2012. 

7 a. This includes meeting the standard of 10 µg/L for hexavalent chromium in the river. The 
8 regulatory agencies have determined that a 1 : 1 mixing factor is appropriate at the 
9 Hanford Site (EPA/ROD/Rl0-96/134); therefore, groundwater adjacent to the river 

10 (which will seep into the river and become mixed with river water) may contain no more 
11 than 20 µg/L of hexavalent chromium. 

12 b. This also includes meeting a standard of at least 6 mg/L of dissolved oxygen in 
13 groundwater adjacent to the river. 

14 c. All other groundwater parameters will need to be sufficiently protective of the river such 
15 that the river water complies with all other applicable requirements. 

16 2. Achieve remediation goals for groundwater by 2020. 

17 a. This includes meeting a standard for hexavalent chromium in groundwater some distance 
18 upgradient of the river (values for the standard and the distance will be determined by 
19 modeling), to be protective of the river according to the standards above. 

20 b. This also includes meeting the standards of 48 µg/L for hexavalent chromium and I 00 
21 µg/L for total chromium throughout the plume. 

22 c. Meeting the goals for hexavalent and total chromium will require continued management 
23 of the vadose zone in order to restore and protect groundwater. 

24 A detailed summary of the technology identification and selection process will be documented in a 
25 technical memorandum as part of the 2009 100-HR-3 RPO effort. 

26 4.2.1 Final Technology Screening Results 
27 This iterative evaluation of technologies culminated in the development of technology screening tables 
28 (Tables 4-1, 4-2, and 4-3). These tables summarize the assessment process and identify the candidate 
29 technologies as retained, conditionally retained, or rejected as developed for the river objective, 
30 groundwater, and vadose zone source area remediation, respectively. Although the source area 
31 groundwater and downgradient groundwater technologies were analyzed separately, the conclusions 
32 drawn for both were essentially identical. For simplicity and convenience, the results for source area 
33 groundwater and downgradient groundwater have been combined and presented in Table 4-2 under the 
34 general heading of "technologies for groundwater." The information presented in these tables reflect the 
35 current state of knowledge for hexavalent chromium remediation and the results could change with time 
36 as certain technologies are further developed and as additional technology performance information 
3 7 becomes available. 

38 The screening tables (Tables 4-1 , 4-2, and 4-3) have been structured to present the various levels and 
39 types of information presented at the various meetings as follows: general response actions are shown in 
40 Column 1, remedial technologies relevant to each general response action are presented in Column 2, and 
41 process options for each remedial technologies are presented in Column 3. The process options are 
42 described in Column 4 and are evaluated with respect to effectiveness, implementability, and cost in 
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Columns 5, 6, and 7, respectively. The eighth and final column summarizes the reasons a given process 
2 option was retained, conditionally retained, or rejected. 

3 Those process options identified in the tables as "retained" have favorable effectiveness, 
4 implementability, and cost ratings. Although not considered a viable action, "No Further Action" was 
5 retained in each of the four categories to comply with the NCP. Process options were identified as 
6 "conditionally retained" if they were seen as promising technologies but require further testing, or if there 
7 was no clear application at the site at the current time. The "conditionally retained" technologies are 
8 considered worthy of re-evaluation as the development stage of the technology progresses or if ongoing 
9 site characterization efforts identify sites or settings in the 100-HR-3 OU or in other parts of the 100 Area 

l O where the application of a conditionally retained technology would be effective. In general, "rejected" 
11 process options generally have low or unproven effectiveness, implementability issues, or high cost. 

12 4.2.1.1 Summary of River Objective Screening Results 
13 Retained process options to address the river objective include: no further action, monitored natural 
14 attenuation (MNA), expand extraction systems at the river, ion exchange, expand injection of treated 
15 water near the river, ISRM barrier maintenance/amendment, and hydraulic barrier (mounding) adjacent to 
16 the river. Phytoremediation and slurry wall are conditionally retained. Rejected process options to address 
17 . the river objective include: bioreactor treatment and chemical and biological barriers. 

18 4.2.1.2 Summary of Groundwater Screening Results 
19 Retained process options to address groundwater include: no further action, MNA, expand extraction 
20 systems, ion exchange, groundwater injection, surface reinfiltration with chemical or biological 
21 amendments, reactive chemical or biological barrier, in situ biological or chemical treatment, in situ 
22 treatment using combined biological and chemical substrates, and hydraulic containment. 
23 Electrocoagulation, sub-grade bioreactors, and slurry wall are conditi0nally retained. Rejected process 
24 options to address groundwater include: current extraction system, ferrous reduction, wetland treatment, 
25 ex situ bioreactor treatment, phytoremediation, reverse osmosis, and water flushing. 

26 4.2.1.3 Summary of Vadose Zone Screening Results 
27 Retained process options to address vadose zone sources include no further action, MNA, standard 
28 excavation, deep excavation, chemical infiltration, combined chemical/biological infiltration, and 
29 biological infiltration. Jet grouting with reactive materials, foam delivery of calcium polysulfide, and 
30 water flushing are conditionally retained. Rejected technologies to address vadose zone sources include 
31 deep soil mixing, in situ gaseous reduction with chemical or biological substrate, surface barrier, and 
32 vegetative cap. 

4-4 

~-



DDE/RL-2009-22, DRAFT A 
JUNE 2009 

General ReaponH Actions 

In Situ Treatment 

Containment 

4-6 

-lal Technology 

Chemical Treatment 
(continued) 

Biological Treatment 

Barrier 

Table 4-1. Screening Table - Technologies for the River Objective 

Process Option 

ISRM Barrier Maintenance/ 
Amendment 

Biological Barner/Air Sparging 

Phytoremediation -.l 
~ 

Form Hydraulic Plume Barrier 
(Mounding) 

Description 

Inject additional sodium dithionrte 
or nano--zero-valent iron to in-fill 
treatment zone gaps in the 
existing ISRM barrier. 

Subsurface delivery and 
recirculation of electron donors 
along c:rnss--gradient r<N1 near 
shoreline. Cr(VI) is passively 
removed as grounctwater moves 
through the treatment zone 
barriers. Air -rging will 
oxygenate through-flowing 
groundwaler prior to discharge to 
the river 

Use or plants and their associated 
rhizospheric microorganisms to 
remove . reduce/degrade or 
contain chemical contaminants in 
groundwater. 

Injection of river water or 
groundwater parallel to the river. 
Manages hydraulic gradients to 
create conditions (landward 
gradients) throughout the year 
that mimk: natural conditK>ns of 
low plume discharge encountered 
during periods of high river stage. 
Barrier comprising dos8'y spaced 
injection wells , infiltration 
trenches, and/or horizontal wells. 
Source of water from existing 
permitted Columbia River supply 
and/or groundwater. 

oxygenation. 

LOW to MODERATE 
Ongoing ISRM barrier 
maintenance may decrease the 
amount of Cr(VI) breakthrough to 
the river. 

HIGH 
Effective if barrier treatment zone 
conditions are maintained. 
Biotogicat reduc1anlS are 
activated by miaobial activity, 
therefore reactive strength is 
maintained over relatively longer 
distances compared to reactive 
chemical barriers. Air sperging is 
a demonstrated technology that 
has been used at a large number 
of sites, although rarely employed 
solely for groundwater 
oxygenation. 

LOW to MODE RA T'i, 
Process would be used as a 
polishing step at the shoreline ih 
combination with another remedy. 
Depth 10 groundwater upgrad1ent 
of river may limit effectiveness. 
Additional research/pilot testing 1s 
required to verify effectrveness tor 
site conditions Less effective in 
w,nter. 

HIGH 
Provides earty protection of the 
river, and enhances hydraulic 
performance of plume pump-and­
treat remedies . Injected water 
also mixes with/oxygenates 
contaminated water downgradient 
of other in situ plume treatment. 

lmplementablllty 

HIGH 

LOW 
Well spacing required to 
achieve desirable air 
sparge oxygenation of 
groundwater may be 
cost-prohibitive (6 m 
[20-ft] spacing along 
1,830 m [6,000 ft] of 
shoreline). 

LOW to MODERATE 
Access to Lower terrace 
shoreline is limited. 
Requires time for root 
systems to grow and 
establish. 

HIGH 
Can be accomplished 
using practically 
achievable injection 
rates. lnjectK>n only 
required 2-3 seasons 
(6-9 months). Infiltration 
trenches will be more 
cost~ffective than 
injection/horizontal wells 
but could cause seepage 
faces to develop along 
river ciiff faces . 

Relative Coot 

Expected HIGH capital 
and O&M costs. 

HIGH capital cost , 
MODERATE O&M cosL 

HIGH capital cost, LOW 
O&M cost. 

.,, 
MODERATE capital cost, 
LOW to MODE RA TE 
O&M cost 

ScrMnlng Comment 

Retained, since already in 
place. Testing of methods for 
maintenance and amendment 
of existing ISRM barrier is 
already occurring at the site. 
May be a component of a 
remedy. 

Not retained. Effective 
im~ementation of air sparge 
component is difficult and cost­
prohibitive. 

Conditionally retained for future 
consideration~ Possible use as 
a pofishing step in combination 
with another remedy if river 
shoreline is suitable and 
accessible for planting 

Retained. Gan be coordinated 
with other remediation 
technologies. 



Table 4-1 . Screening Table - Technologies for the River Objective 

!~ ;:il;i GeMral RHponM Actions Remedial Technology Procn• Option~ -r. - Oes1ription " EttediYeness -~ -
--" 

Barrier Containing Wall (e.g .• slurry Slurry wall barriers consist of a MODERATE 
wall) vertical trench excavated Effectiveness is dependent on the 

perpendicular to the groundwater continuity of the wall and the 
now direction, fi lled with bentonite ability to key into the Ringold 
slurry to support the trench, and Upper Mud, whicll will be difficult 
subsequenl!y backfilled wfth a to ach.SVe because of depth from 

Containment mixture of Jow permeability Upper Terrace. This technology 
material. requires groundwater extraction to 

control groundwater pressures 
from buHding up behind the 
barrier causing groundwater to 
flow under, over, or around the 
banier. 

NOTES: Gray shading denotes rejected process option. Yellow shading denotes conditionally retained process option. 

Cr(VI) hexava1ent chromium 
ft feet 
H&S health and safety 
ISRM • in situ redox manipulation 

m • meter 
MNA monitored natural attenuation 
NCP National Contingency Plan 
O&M operations and maintenance 
RAO remedial adion objective 

Implementability 

LOW 
Installation of slurry wall 
from the Upper Terrace 
to key into the Ringold 
Upper Mud is cost-
prohibitive and would be 
challenging in the 
graveVcobble formation 
present Access is limited 
at Lower Terrace for 
installing slurry wall. 

Relative Cost w" 

HIGH capilal cosl LOW 
to MODERATE O&M 
cost. 
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ScrNning Commerit 
< 

Conditionally retained for future 
special applications 
consideration. 
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Table 4-2. Screening Table - Technologies for Groundwater 

General Response Actions 
Remedial Procns Optlon 0.criptlon Effectiveness 

Technology 

No Action No Action No Action No remedial actions taken. LOW 

MNA Relies on natural attenuation processes LOW to MODERATE 

MNA MNA 
such as biological and chemical reduction, MNA alone is not likely to achieve RAOs within a 
adsorption, dilution, and dtspersion to time frame that is acceptable. MNA maybe used 
remediate site. in conjunction with active remediation measures. 

Expand Extraction Install additional extraction wells to MODERATE 
Systems exisling extraction network to control Pump-and-treat is a proven treatment technology 

plume migration and remove diss~ved f0< Cr(VI) in groundwater. Expanded pump-and-
Cr(VI) mass. treat would increase coverage of hot spots and 

C the plume May not protect the river by 2012, 
.2 and would not address continuing vadose 
ii Extraction sources. Uncertainty regarding the ability to 
'5 achieve the RAOs in a timely manner. 
() 

Current Extraction Continued operation of existing MODERATE 
System groundwater extraction wells. Pump-and-treat is a proven treatment technology 

f0< Cr(VI) in groundwater. Existing well field does 
not capture plume sufficiendy to meet RAOs. 

Ion Exchange Ions from the aqueous phase are HIGH 
removed by exchange with innocuous Effective for Cr(VI) treatment. 
k>ns on the exchange medium. 

ElectrocoagulaUon Electricity is passed through metal plates MODERATE 
to reduce the Cr(VI) and precipitate rt from Not widely -used for Cr(VI) removal. Pilot testing 

Chemical 
solution. Reltes on electrochemical at the site had challenges 

Pump-and-Treat Treatment .'iif generation of ferrous ffOO . The resulting 

·"'· sludge rs settled in a danfier prior to 
disposal. --~-~~ 

Ferrous Reduction Dissolved contaminants are reduced and HIGH 
transformed into an insolu~ solid, which Effective for Cr(VI) treatment. 

c is removal by sedimentation and filtration. 

I Usually uses chemical reduction, addttion 

"' of a chemical precipttant, and flocculation. 
f 
>-

WeUands Groundwater is discharged to a MODERATE to HIGH 
constructed -uand where Cr(VI ) is Additional research/pilot testing is required to 
biologically reduced, 0< is taken up by verify effectiveness f0< site conditions. 
plants and algae. 

Biological 
Treatment Sub-Grade Groundwater is amended with electron MODERATE to HIGH 

Store actors donor (optional) and 1n1ected inlO a Addit10nat research/pilot testing 1s required to 
shallow infiJlration trench backritled with verify effectiveness for site condiltOns 
organic media (wood chips or mulch) 

ll Cr(VI ) is biologically reduced as 11 
percolates through the trench and prior to 

"""~=, infiltrating back to groundwater ~Q-"'<"1'<. .,,.., ~-';:!~ 

Implementability 

HIGH 

HIGH 

HIGH 
Compatible with existing infrastructure, 
and can be designed to wor1< with other 
remedial technologies. 

HIGH 
System already in place, but existing well 
field is not designed to integrate with any 
new additional treatment 1edlnologies. 

HIGH 
Vendors and equipment readily available. 
Currently used at the site. 

MODERATE 
Additional devel0pf)l8nt and testing would 
be raguired. 

.. ~ 

HIGH 
Vendors and equipment readily available. 

MODERATE 
May require large sulface area for 
ex1ended period of time. 

HIGH 
Trenching is easy to implement and 
trench backfill media 1s simple to 

J place/replace Piping can be incorporated 
into the design lo facd1tate future delrvery 
of liquid carbon sources (e g . vegetable 

I oil). 

DOE/RL-2009-22, DRAFT A 
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Relative Cost Screening Comment 

LOW. Retained per the NCP. 

LOW capital and Retained as a 
O&Mcost. possible component of 

alternatives with active 
remediation. 

MODERATE to Retained. Expansion 
HIGH capital and of extraction systems 
O&M costs for is currently under way. 
well field 
expansion and 
increased 
treatment 
capacity. 

LOW capital cost Not retained. Will not 
for optimizing meet plume RAOs in a 
current well field. timely fashion. 

HIGH capital cost Retained. Currently 
for expansion, used at the srte. 
MODERATE O&M 
cost . 

MODERATE to Conditionally retained 
HIGH capital cost, {or futu"re 
HIGH O&M cost_ consideration 

MODERATE to Rejected in favor of 
HIGH capital cost, ion exchange to be 
LOW to consistent with olher 
MODERATE O&M water treabnent plants 
cost. at the Hanford Site. 

MODERATE Not retained. 
c:api1al cost, LOW Technology Is not well 
O&M cost. demonstrated and 

may not have llexlbiltty 
to adapt to increased 
extraction rates. 

LOW capital and Conditionally retained 
O&M costs. pending results of pilot 

studies 

~ .. 
J,'.i,d/.:::::-~ ---m !'I. q.. 

ICZ:.~-= '"· --
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. General R8Sponse Actions 

Pump-and-T rcat 
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0 
e> 
0 g 
i5 

Remedial 
Technology 

Biological 
Treatment 

Physical 
Treatment 

Onsije 
Discharge 

Process Option 

Ex Situ --
~lion 

~Osmosis 

Groundwater 
Injection Wells 

Surface 
Reinl'lllration with 
Chemical 
Amendments 

Surface 
Reinfiltralion with 
Biolog;ca1 
Amendments 

Table 4-2. Screening Table - Technologies tor Groundwater ... 
Effecii..,._ 

Gmundwaler Is amended wllh electron MODERATE to-HIGH 
· donor (carbo/i' oource) and passes B,oreacton; commonty used lot nitrate removal, 
lhrough.a malrix (fo<ed bed, fluidized bed. but le98 commonly for Ci1VI) reduction. No site 
o, membranes)"'""' mlaobiaJ films, wl>en, ~ - .. 
C!(VI) is biologically ntduced. Effluent is 
CJXW&nalad. ffltered, and amended prior lo 
recharge back into the ground. 

Use ;;i plants and their associated MODERATE to HIGH 
rhlz.ospherio microorganisms to remove. Additional researclvpilot les1ing Is required lo 
n,duce/dog<ade, or contain chemic.al - verily effectiveness for site condilion3. · 
contaminalJIS !" soil or grou-" 

~ ~ . 

Waler pressure is used lo Im:,,' waler LOW .... . ; 

molewtes through a Yery fine inembrane, Not appropriate for P.•imary treatment of Cr(VIJ, . 
leaw,g 1he ccntaminants behind. Purified but is-an etrealve secondary process lot 1he ' 
- is collaclad from lhe ·c1ean· or 1reatmenl of the reduced --
"permeate• side of the membrane. and 
water conlairiing the c:oncenlratl!d 
ciintamlna~ts-is d~ posed of. 

T reatod groundwater is injected into HIGH 
onsitewells. Will enhance contaminant flushing, hydraulic 

control and capture of plume. 

Groundwater is amended wtth chemical HIGH 
reductant (e.g., calcium polysutfide) and Chemical reductants are instantty reactive with 
then applied to ground surface at an injected groundwater. Residual reactive strength 
aPP,ication rate substantially below Ylhat will not be established a significant distance from 
would create saturation. injection poinl 

Groundwater is amended with biok>gical HIGH 
carbon source and then applied at the Carbon source follows source release pathways. 
surface through various infiltration Biological reductants are activated by microbial 
methods. to treat Cr(VI) within v1;1dose activity, so reductive capacity will be established 
zone and underlying groundwater. al depth . 

Implementability 

HIGH 
Readily implementa~ at the site, 
currentty used in existing pump-ancHreat 
system. The wells may be subject to 
clogging due to the buildup of chemical 
precipitates Of miaobial biofouling. 

HIGH 
Drip irrigation system used for surface 
application is simple to install and 
accessible for O&M. Localized temporary 
generation of secondary byproducts may 
occt1r. May temporarily mobilize Cr(Vl) 
(in first pore volume) toward groundwater. 
Handling chemical reductants 
(e .g., calcium polysulfide) ;s an H&S 
concern. 

HIGH 
Drip irrigation system used for surface 
apprication is simpfe lo install and 
accessible for O&M. localized temporary 
generation or secondary byproducts may 
occur. May temporarity mobilize Cr(Vl) 
(in first pore volume) toward groundwater. 

Relatiw Cost 

MOOERATElo 
HIGH c:apital cost, 
MOOERATEO&M 
cost. 

Nol retained al this . 
9me In flW0l or more 
established ,, 
aboYeground chemical 
end phy,;cai treatment 
Ol)ti9ns. 

Not retained. 
"TechnoloVY is not well 
demona1raled and 
may not have ftexlbinty 
Jo adapt t, increased 
ex!raction rates: 

Not relair)ed. More 
etfec:live and less 
-e_,,.;,,. options are 
~le. 

MODE RA TE Retained. Curren tty in 
capital cost, LOW use at the site. 
lO MODERATE 
O&M cost 

LOWlO 
MODERATE 
capital cost, 
MODERATE O&M 
cost. 

LOW to 
MODERATE 
capital cos~ 
MODE RA TE O&M 
cost 

Retained. If this is 
applied near the river, 
groundwat8f re­
oxygenation may be 
needed. 

Retained. If this is 
applied near the river, 
groundwater re­
oxygenation may be 
needed. 



Table 4-2. Screening Table - Technologies for Groundwater 

' 
= ::!J ,. .. -- O<- I~, Ron,eci;al '-- .. "' '1:c ,. 

!a - " General Response Actions 
Technology Process~ ption Descri~~~ . ",·r, ,, .. Eff"""-5 

"' : , .. ,. . -
In Situ Chemical Subsurface dclrvcry and recirculation of HIGH 
Treatment chemk:al reductants within plume to Along with in situ biological treatment and in situ 

stimulate reduction of Cr{VI). treatment using combined biological and 
chemical substrates, the most rapid deanup 
approach under consideration. Chemical 
reductants instantty reactive, thus strongest 
reduction achieved at inject:00 well, requiring 
higher k>ading to maintain reactive streng1h at 
distance or tighter spacing or injection wens. 
Recirculation approach overoomes heterogeneity 
issues, increases size or reducing zone. and 
allows broader well spacing. Iron and sutfate 
reduction increases reductive capacity of 
subsurface. Less sensitive to rebound from 

Chemical residual sources because of residual reactive 
Treatment phase. 

Reactive Subsurface delivery and recira.dation of MODE RA TE to HIGH 
Chemical Barrier chemfcal reductants ak>ng crossiJradient Effective if barrier treatment zone conditions are 

rows transecting plume. Cr(VI) Is maintained. Effectiveness or barrier orientation is 
passively removed as groundwater moves sensitive to changing plume shape. Chemical 
through the treatment zone barriers. reductants instantty reactive. thus strongest 

reduction achieved at injection well, requiring 
higher loading to maintain reactive strength at 
distance or tighter spacing of injection wells. 

In Situ Treatment 

Reactive Subsurface delivery and recirculation of MODERATE to HIGH 
Blok>glcal Barrier electron donors along crossiJradlent rows Effective if barrier treatment zone conditions are 

transecting plume. Cr(VI) Is passively maintained. Effectiveness of barrier orientation is 
removed as groundwater moves through sensitive to dlanging plume shape. BiologicaJ 
the treatment zone barriers. redud:ants are activated by microbial activity, 

therefore reactive strength Is maintained over 
relatively longer distances compared to reactive 
chemical barrier . 

In Situ Biological Subsurface delivery and recirculation of HIGH 

Biological 
Treatment electron donors within plume lo stimulate Along with in situ chem.cal treatment and in situ 

anaerobic bioreduction of Cr(VI). treatment using combined bioiogical and 
Treatment chemical substrates, the most rapid cieanup 

approach under consideration. Biological 
reductants are activated by microbial activity, 
therefore reactive strength is maintained over 
relatively longer distances compared to in situ 
chemical treatment. Recirculation approach 
overcomes heterogeneity issues, increases size 
of reducing zone, and allows broader wen 
spacing. Iron and sulfate reduction increases 
reductive capacity of subsurface. Less sensitive 
to rebound from residual sources because of 
residual reactive phase. 

' Implementability -. 
MODERATE to HIGH 
Recirculation will likely be limited by 
extradion rate - addition of fresh water 
can be used to enhance coverage around 
injection wells . Broad zones of secondary 
byproduct generation within treatment 
area may occur - requires re-oxygenation 
of groundwater prior to discharge to the 
river. H&S issues with handling calcium 
polysulflde. 

MODERATE to HIGH 
Can be im plemented with injection wells 
or recirculation dipofe wells - latter option 
reduces number or welts required and is 
more cost-effective. Higher chemical 
loading or tighter injection well spacing 
needed due to chemical reactivity will 
increase costs relative to biological 
barriers. Broad zones of secondary 
byproduct generation within treatment 
area may occur - requires r&-oxygenation 
of groundwater prior to discharge to the 
river .• H&S issues ror calcium pc,tysulfide. 

HIGH 
Can be implemented wjth injection wens 
or recirculation dipole ""8lls - latter option 
reduces number of wens required and is 
more cost-effective. Broad zones of 
secondary byproduct generation within 
treatment area may occur - requ;res re--
oxygenation of groundwater prior to 
discharge to the river. 

HIGH 
Recirculation will likely be limited by 
extraction rate - addrtion of fresh water 
can be used to enhance coverage around 
injection wells. Broad zones of secondary 
byproduct generation within treatment 
area may occur - requires reoxygenation 
of groundwater prior to discharge to the 
river. 
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Relative Cotil Screening Comment 

' 
MODERATE to Reta ined. If this is 
HIGH capital cost applied near the river, 
depending on groundwater ,e.. 
number and type oxygenation may be 
of wells, needed. 
MODERATE O&M 
cost. 

MODERATE to Retained. If this is 
HIGH capital cost applied near the river, 
depending on groundwater re-
number and type oxygenation may be 
of wells , needed. 
MODERATE O&M 
cost. 

MODERATE to Retained. If this Is 
HIGH capital cos! applied near the river, 
depending on groundw3ter ro-
number and type oxygenation may be 
of wells, needed. 
MODERATE O&M 
cost 

MODERATE to Retained. If this is 
HIGH capital cost applied near the river, 
depending on groundwater re-
number and type oxygenation may be 
ofwetls, needed. 
MODERATE O&M 
cost. 
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Genet-at RnponH Actions 

In Situ Treatment 

Containment and Isolation 

Remedial 
Tochnology 

ChemicaV 
Biological 
Treatment 

Physical 
Treatment 

Containment 

PrOCffS Oplion 

In Situ T reatmenl 
using Combined 
Biological and 
Chemical 
Substrates 

Water Flushing 

Conta1mng Wall 
(e.g., slurry wall) 

Hydraulic 
Containment 

Table 4-2. Screening Table - Technologies for Groundwater 

O.Criplion 

Subsurface delivery and recirculation of 
both chemical reductants and electron 
donors within plume to stimulate chemical 
and anaerobic biological reductk>n of 
Cr(VI). 

CleM\llreated water (applied to the ground 
surface o, in infiltration trenches) lo flush 
out Cr(VI) in vadose zone and 
groundwater hot spots lo expedite 
remediation of plumes. 

Slurry wall barriers consist of a vertical 
trench excavaled perpendtCular to the 
groundwater flow direction, filled with 
bentonite slurry to support the trench. and 
subsequenUy backfilled with a mixture of 
low permeab1hty material 

Install extractk>n wells along downgradient 
edge of plumes to control migration of 
Cr(VI) lo the river and/or use strategically 
placed injection wells to create a hydraultC 
mound. 

EffKti-•a 

HIGH 
Along with in situ biologK:.al treatment and in situ 
chemical treatment, the most rapid cleanup 
approach under consideration. Chemical 
reductants will be used to treat sm~ler hot spot 
areas, while biological reductants wiU be used to 
sustain treatment over larger dilute plume areas. 
Recirculation approach overcomes heterogeneity 
issues, increases size of reducing zone, and 
allows broader well spacing . Iron and sulfate 
reduction increases reductrve capacity of 
subsurface. less sensitive to rebound from 
residual sources because of residual reactive 
phase. 

MODERATE 
Water follows source rele- pathways, but 
Cr(VI) that remains in adSO<bed phase will not be 
reduced. Cr(VI) is dHuled and mobilized, not 
remedialed. 

MODERATE 
Effectiveness 1s dependent on the continuity of 
the wall and the ability lo key into the Ringold 
Upper Mud , which will be dimcull to achieve 
because of depth Does not reduce toxicity o, 
~urne of contaminants by itself This 
technology reQuires groundwater extraction to 
contra, groundwater pressures from building up 
behind the barrier and potentially damaging the 
barrier or causing groundwater to now under. 
over. or around the barrier. The barrier has the 
potential to degrade or detenorate over time 

MODERATE 
Extraction will control plume migration to the 
river, but upgradient plumes and hot spots are 
left untreated. 

NOTES: Gray shading denotes rejected process option. Yellow shading denotes conditionally retained process option. 

Cr(VI) hexavalenl chromium 

H&S health and safety 
MNA monitored natural attenuation 

NCP National Contingency Plan 
O&M operattons and maintenance 

RAO remedial action objective 
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Implementability 

MODERATE to HIGH 
Recirculation will likely be limited by 
extraction rate - addition of fresh water 
can be used to enhance coverage around 
injection wells. Broad zones of secondary 
byproduct generation within treatment 
area may occur - requires re-Oxygenation 
of groundwater prior lo discharge lo the 
river. H&S issues with handling calcium 
polysulflde. 

HIGH 
Drip irrigation system o, trenches are 
simple to install and accessible lo< O&M. 

LOW 
lnstallaUon of slurry wall to key into the 
Ringold Upper Mud is cost-prohibitive, 

HIGH 
Compatible with existing infrastructure. 
and can be designed to work with other 
remedial technologies. 

Relati,,. Coat 

MODERATE lo 
HIGH capital cost 
depending on 
number and type 
of wells, 
MODERATE O&M 
cost. 

LOW to 
MODERATE 
capital cost, LOW 
O&M cost 

HIGH capital cost , 
LOWlo 
MODERATE O&M 
cost 

MODERATE lo 
HIGH capita l and 
O&M costs for 
well lield 
expansK>n and 
increased 
treatment 
capacity. 

ScrNning Comment 

Retained . If this is 
applted near the river. 
groundwater re­
oxygenation may be 
needed. 

Not Retained. Similar 
process with 
biological/chemical 
amendments more 
effective. 

Conditionally retained 
for future speoal 
applications 
consideration.-

Retained as possible 
component of remedy. 



~emedlal Tech_m,logy 

No Action No Action 

MNA MNA 

Removal Excavation 

In S itu Treatment PhysicaVChemical Treatment 

In Situ Treatment PhysicaVChemical Treatment 

Process Option 

No Action 

MNA 

Standard Excavatloo (to 
approxknatety 6 m 
(20 ft) bgs) 

Deep Excavatloo (fo, 
example, large lay back 
required for open-pit type 
excavation or attemativefy 
use of shoring). 

Chemical Infiltration 

Table 4-3. Screening Table - Technologies for Vadose Zone Sources 

Description -· 
Cr(Vl) source areas and residual 
Cr(VI) in vadose zone are left 
untreated. 

Cr(Vl) source areas and residual 
Cr(VI) in vadose zone are left to 
attenuate over time from natural 
btological and chemical reductive 
processes, and Rushing rrom surface 
water infiltration. Cr(VI) near the 
groundwater table would be slowly 
flushed by nuctuating groundwater 
table. 

Shallow soil In identified Cr(VI) 
source areas is removed using 
conventional construction 
eQUipmenL 

Soil in identified Cr(VI) source areas 
is removed to deeper depths ( 18 to 
24 m [60 to 80 nn. 

Liquid with chemical reductant 
(e.g., calcium polysulfide) is applied 
to groond surface at an application 
rate substantially below what would 
create saturation, to treat Cr(VI) 
'Mthln vadose zone prior to reaching 
groundwater. 

Effectiveniu lmphtmentability 

LOW HIGH 

LOW to MODERATE HIGH 
Cr(VI) leaching into groundwater 
may be an acceptable component 
of the vadose zone remedy, if 
combined with an aggressive 
plume remedy such that the 
resuttanl dissolved Cr(VI) 
concentrations still meet the 
groundwater dean up criteria. 

LOW to MODERATE HIGH 
Shallow sources removed, but Shallow excavation is typically 
residual Cr(Vl) maybe present in straightforward. 
the deeper vadose zone pore 
water could continue to impact 
groundwater due to water table 
nuctuation and leaching. Oifficutt to 
identify all soil that is a risk to 
groundwater via soil sampling. 

MODERATE lo HIGH 
Locations of the deep sources will 
be difficult to identify, meaning 
large areas would have to 
excavated to depth to ensure that 
the deep sources >Nere removed. 

LOW to MODERATE 
Shoring may be difficult with cobbles 
and boulders. Significant safety 
Issues with very deep excavations. 

Relative Cost 

LOW. 

LOW capital and O&M 
costs . 

MODE RA TE to HIGH. 

HIGH. 

MODERATE HIGH LOW to MODE RA TE 
Chemical reductant follows source 
release pathways. Chemical 
reductants are instantly reactive, 
which requires overloading to 
maintaln reactive strength at 
depth. 

Drip irrigation system used for capital cost, 
surface applteation is simph! to MODERATE O&M cost. 
install and accessible for O&M. 
Localized temporary generation of 
sec.ondary byproducts may occur. 
May temporarily mobiliZe Cr(VI) (in 
fnt pore v°'ume) toward 
groundwater. Handling chemical 
reductants (e.g., cak:ium polysulfide) 
is an H&S concern. 
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Screening Comment 

Retained per the NCP. 

Retained as a possible 
component of alternatives with 
active remediation. 

Retained as potential source 
removal comJX>nent of remedy. 

Retained for special applications 
consideration. 

Retained. however similar 
process with biologk:al 
amendments likety more 
effective. 
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General RnponM Remedial Technology Actions 

Physical/Chemical Treatment In Situ Treatment 
(continued) 

ChemicaVBiological Treatment 

In Situ Treatment 

B~ogical Treatment 

4-14 

ProcnsOptlon 

Jet Grouting with 
Reactive Materials 

Foam Delivery of Calcium 
Polysulfide 

In Situ Gaseous 
Reduction with Chemical 
Substrate 

Water Flushing 

-
Combined Chemical/ 
Biological Infiltration 

Biological Infiltration 

Table 4-3. Screening Table - Technologies for Vadose Zone Sources 

Dncrlpllon En.ctiveness lmplementablllty 

High pressure injection of reactive LOW LOW to MODERATE 
slurry into soil to hydraulically mix While jet grouting is capable of Implementation will be more 
the in snu material with the slurry. reaching the required treatment challenging in gravelly/cobbly 

depth, uncertainty of the nature li1hologies. Jet grouting has been 
and extent of vadose zone source performed to depths of up to 91 m 
area would limit effectiveness. Jet (300 fl). limited radius of influence 
grouting is also not likely to woukj make jet grouting cost-
achieve effective distribution in this prohibitive over a large area . 
formation . 

lnjectton of a foam generating UNKNOWN UNKNOWN 
chemical reductant (cak:ium Technology evaluation has been Technology evaluation has been 
pC>lysulftde }-surfactant SO,ution into limited to laboratory column tests. limited to laboratory column tests. 
vadose zone. 

A gaseous mixture of chemical LOW lo MODERATE LOW 
reductants (e.g. hydrogen sulfide) is Soil heterogeneity will result in Vapor extraction wells are installed 
injected into and drawn through the preferential flow and limit around injection well at a radial 
vadose zone to reduce and treatment effectiveness of k>wer spacing of approximately 4.6 m 
immobilize Cr(VI). permeability soil. (15 ft) - large numbers of wells is 

required. Due to H&S risks. 
monitoring and emergency response 
plan are required for transporting, 
stonng, and handling hydrogen 
sulfide gas. 

Clean/treated water (applied to the MODERATE HIGH 
ground surface or in infiltration Water fO,lows source release Drip irrigation system or trenches 
trenches) to flush Cr(VI) out of the pathways but Cr(VI) that remains are simple to install and accessible 
vadose zone to the water table. in adsorbed phase wilf not be fo, O&M 
where 1t would be captured/treated. treated 

Liquid with chemical reductant HIGH HIGH 
(e.g., calcium polysulfide) and Amendments follow source Drip irrigation system used for 
biological carbon source ls applied in release pathways. Chemical sur1ace appfication is simp~ to 
combination to ground surface at an reductants are instantly reactive , install and accessible for O&M. 
application rate substantially bek>w which requires over1oading to Localized temporary generatM>n of 
what would create saturation, to treat maintain reactive strength at secondary byproducts may occur. 
Cr(VI) within vadose zone prior to depth. May temporarily mobilize Cr(VI) (in 
reaching groundwater. first pore volume) toward 

groundwater. Handling chemical 
reductants (e .g., calcium polysulfide) 
is an H&S concern. 

Liquid with biological carbon source HIGH HIGH 
is applied to ground surface at an Carbon source follows source Drip irrigation system used fo, 
application rate substantially below release pathways. Biological surface application is simple to 
what would create saturation. to treat reductants are activated by install and accessible for O&M. 
Cr(VI) within vadose zone prior to microbial activity, so reactive Localized temporary generation of 
reaching groundwater. strength is maintained over secondary byproducts may occur. 

relatively longer distances. May temporarily mobilize Cr(VI) (in 
first pore volume) toward 
groundwater, 

Relative Cost ScrNnlng Comment 

HIGH capi1al cost, LOW Conditionally retained for future 
O&M oost. consideration if technology 

develops. Currently, jet grouting 
will be cost-prohibitive and with 
potentially limited effectiveness. 

UNKNOWN Conditionally retained for future 
Technology evaluation consideraUon if technology 
has been limited to develops. CurrenUy, the 
laboratory column tests. technology has not been 

demonstrated on a three-
dimensional laboratory scale or 
field scale. 

MOOE RA TE capital Not retained Process may have 
cost, LOW O&M cost limned effectiveness and poses 

H&S issues. 

LOW lo MODERATE Conditionally retained f0< future 
capital cost, LOW O&M consideration 
cost 

' ' 

LOW to MOOERATE Retained. 
capital cost, 
MODERATE O&M cost. 

LOW to MODERATE Retained. 
capital cost, 
MODERATE O&M cost. 



In Situ Treatment 
(cootinued} 

Containment 

Remedial Technology 

Biok>gical Treatment 
(rontinued) 

Containment and Isolation 

Table 4-3. Screening Table - Technologies for Vadose Zone Sources 

--- Option 

In 51111 Gaseous 
Radudlon with Biol<igical 
~ 

A gaseous mb<ture ol electron donor 
g-• (e.g_ Pf01)3ne. butane. 

- . - ,nethane} is injected 
inlD and - through the vaclose 
zone lo biologlcaRy reduce and 
immobilize CrjVI). , 

Vegetative Gap A native grass cover is placed over 
(Evapotranspiration Cap) ground surface to increase 

evapotranspiration rates and 
decrease the amount of surface 
water Infiltration through the vadose 
zone and limit Cr(VI ) leaching to 
groundwater. 

Effectiveness 

LOW to MODERATE 
Soil heterogeneity will result In , 
prafa"'"1fal -flow and limit 
- effectiveness ol ioww 
permeability soil. 

LOW lo MODERATE HIGH 
Leaching of near-surface source Vegetative cap readily installed. 
Cr(VI) wm decrease once grasses 
have become established, but 
residual Cr(VI) In capillary fringe 
and deeper vadose zone pore 
water may continue impact 
groundwater due to water table 
nuctuation. 

NOTES: Gray shading denotes rejected process option . YeUow shading denotes conditionally retained process opt.km . 

bgs 

Cr(VI ) 

H&S 
MNA 

NCP 
O&M 
RAO 

below ground surface 

hexavalent chromium 
health and safety 

monitored natural attenuation 
-= National Contingency Plan 

• operations and maintenance 
remedial action objecttve. 

LOW capital and O&M 
costs. 
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Not Retained. Process has 
limited effectiveness for 
mitigating deeper vadose zone 
sources. 
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4.3 Remedial Action Alternatives 

2 The final 100-D RPO technology screening meeting (October 17, 2008) included discussions of how best 
3 to implement the results of the screening process to accelerate the remediation of the 100-HR-3 OU. 
4 A consensus was developed among the attendees, including DOE-RL, Ecology, and EPA, to recommend 
5 further evaluation of one or more of the highly rated ISR technologies to augment the existing interim soil 
6 and groundwater remedial action alternatives for the l 00-HR-3 OU (and potentially for the 100 Area as a 
7 whole). 

8 4.3.1 Treatability Testing of ISR Technologies 

9 4.3.1 .1 Calcium Polysulfide T reatability Test at 100-K 
10 A treatability test for in situ reduction ofhexavalent chromium in the 100-K Area of the Hanford Site was 
11 conducted in 2005 and is summarized in DOE/RL-2006-17, Treatability Test Report for Calcium 
12 Polysuljide in the 100-K Area, Rev. 0. The technology involved injecting calcium polysulfide, a strong 
13 reducing chemical, into the aquifer to reduce the mobile hexavalent chromium to its less toxic and 
14 essentially immobile trivalent form and produce a permeable reactive barrier that serves to continue to 
15 remove hexavalent chromium from the groundwater. The objectives of the test were: 

16 • Verify the ability to achieve in situ reduction using an active remediation system involving calcium 
17 polysulfide and a carbon source, which together reduce the groundwater and aquifer through 
18 inorganic and microbiological processes. 

l 9 • Determine whether aquifer constituents (e.g., manganese or arsenic) are mobilized because of this 
20 reduction, and how other parameters (e.g., nitrate or dissolved oxygen) are affected as a result of the 
2 l groundwater treatment. 

22 • Obtain operational experience in the treatment of chromium-contaminated groundwater by the use of 
23 calcium polysulfide as the reducing medium. 

24 All of the performance goals were met during the testing period from June 28 , 2005 until August 11, 2005 
25 in which 1,324,894 L (350,000 gal) of groundwater was treated. The technology effectively reduced 
26 chromium in the aquifer, while the permeable reactive barrier that formed continues to remain a reducing 
27 environment for chromium under natural groundwater flow conditions. During the treatability test, 
28 25 samples were collected; chemical analysis of these samples showed that manganese and iron were 
29 mobilized under the strong reducing conditions, and arsenic was near background levels immediately 
30 following test completion. The pre- and post-treatment aquifer tests showed that chemical injections did 
31 not degrade the permeability of the aquifer. A well approximately 200 meters (m) (656 feet [ft]) 
3 2 downgradient of the test area is being monitored to evaluate the persistence of the reduced zone and any 
33 adverse effects the test may have had on the aquifer chemistry. The costs for this test are summarized in 
34 Table 4-4. The test was considered successful and provided sufficient data to scale up the treatment 
35 technology. 

Table 4-4. Actual Costs for the Treatability Test (in 1,000s) . 

,, . Category " Plannlng -~ S. Design ';;· Boreholes Construction f · Operatlqns . Subtotals 

Labor $26.2 $91.8 $39.5 $46.7 $73.6 $277.8 

Materials $0.0 $0.0 $0.0 $30.9 $74.4 $105.3 

Subcontractors $1 9.8 $0.0 $180.8 $161.9 $81 .9 $444.4 

Other Costs $0.1 $9.0 $6.1 $38.7 $52.1 $106 

TOTALS $46.1 $100.8 $226.4 $278.2 $282.0 $933.5 
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2 As previously discussed, a treatability test has been conducted to evaluate the effectiveness of chemical-
3 based ISR of hexavalent chromium for the remediation of hexavalent chromium in groundwater in the 
4 100-K Area of the Hanford Site in 2005 (DOE/RL-2006-17). There has been, however, no treatability 
5 study of comparable scale conducted at Hanford to evaluate biologically based ISR treatment of elevated 
6 concentrations of hexavalent chromium in groundwater or the vadose zone within the 100 Area of the 
7 Hanford Site. Consequently, a treatability study ofISR by biological processes has been proposed to 
8 obtain information that will allow the comparison of the results and cost-effectiveness of biological ISR 
9 with those obtained previously by chemical ISR. The proposed biological ISR treatability test is 

10 scheduled for implementation in 2011 and will be designed to treat the groundwater hot spot in the 100-D 
11 Area (waste site 100-D-12), as well as any hexavalent chromium remaining in the overlying vadose zone 
12 that may be acting as a continuing source of groundwater contamination. 

13 No treatability studies are planned for the remaining retained or conditionally retained technologies not 
14 already part of the existing interim remedial action alternatives, and they were not used in the 
15 development of new alternatives for the RPO effort. These remaining retained or conditionally retained 
16 technologies will be further evaluated in the Rl/FS process for possible inclusion in the final remedy for 
1 7 the 100 Area. 

18 4.3.2 Selection of Alternatives for Evaluation 
19 Based on the findings and discussions conducted as part of the technology screening process, the meeting 
20 attendees developed the following three alternatives to serve as a basis for determining whether ISR 
21 should be included as part of the interim actions for the 100 Area. 

22 Alternative O - No Action: No remedial actions would be undertaken and existing ICs would be lifted. 
23 Hexavalent chromium would continue to leach from soil to groundwater, and groundwater with 
24 unacceptably high hexavalent chromium concentrations would continue to impact the river. Potential 
25 exposure to surface soils would also continue. (The No Action Alternative is required by the NCP and it 
26 currently exists under the unamended interim action ROD.) 

27 Alternative 1 - Continue Current Actions: Existing ICs would remain in place and pump-and-treat, ISRM 
28 barrier maintenance/amendment, and RTD operations would continue. In addition, continuing current 
29 actions includes expanding and/or enhancing these activities as appropriate. This Alternative currently 
30 exists under the unamended interim action ROD. 

31 Alternative 2 - Continue Current Actions with Selective Application ofISR: This remedial action 
32 alternative is identical to Alternative 1 with the exception that ISR (chemical and/or biological reduction) 
33 is added to accelerate remediation of hexavalent chromium in soil and groundwater. The option of 
34 Alternative 2 however, does not exist under any of the existing interim action RODs and cannot be 
35 implemented until the 100 Area interim action RODs are amended. 

36 The description, comparison, and evaluation of these three alternatives in Chapters 5, 6, and 7 of this FFS 
37 will be used to determine whether the interim action RODs for the 100 Area should be amended to 
38 include ISR as a remedial action option. 
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2 The primary components of the remedial action alternatives described in Chapter 4 are presented in the 
3 following sections. Design components of Alternatives 1 and 2, and their potential application to a 
4 representative example of a hexavalent chromium contamination site within the 100 Area, are presented 
5 to facilitate detailed and comparative cost analysis. Detailed analysis of each individual alternative against 
6 the CERCLA threshold and primary balancing criteria is presented in Chapter 6. The comparative 
7 analysis of the relative advantages and disadvantages of each alternative is presented in Chapter 7. 

8 5.1 Alternative O - No Action 

9 The CERCLA regulations (40 CFR 300) require the evaluation of a no-action alternative to develop a 
IO baseline for comparison with the other remedial action alternatives that are under consideration. 
11 Implementation of this remedial action alternative would result in no further action to remediate the 
12 source areas or groundwater plumes at the 100 Area. Alternative O also presumes that the DOE will 
13 relinquish control of the 100 Area to other government or private entities without easements and 
14 covenants and without the maintenance or enforcement of access or !Cs. Alternative O is not considered a 
15 viable remedial action alternative for actual implementation. 

16 5.2 Alternative 1 - Continue Current Actions 

17 Alternative 1 is the continuation of the site primary RAs currently being implemented within the 100 Area 
18 in accordance with the current interim action RODs (Table 1-1). The primary current actions for the 
19 100 Area are !Cs, RTD, and pump-and-treat. Although an ISRM barrier is part of the existing remedial 
20 action for the 100-D Site (see Section 2.3 ), implementation of this action is expected to be limited to this 
21 site and it is not further discussed. The primary components of Alternative 1 are summarized below. 

22 5.2.1 Institutional Controls 
23 Institutional controls are an integral component of Alternative 1 and will continue to be required until 
24 remedial efforts reduce contaminant concentrations in soils, waste sites, and groundwater to below those 
25 considered protective of human health under an unrestricted land-use scenario. Institutional controls could 
26 consist of physical and legal barriers to human access to contaminants in soils, waste sites, and 
27 groundwater. Physical methods of controlling access to waste sites could include signs, entry control, 
28 excavation permits, artificial or natural barriers, and active surveillance. The DOE, or subsequent land 
29 managers, could enforce land-use restrictions as long as risks were above unrestricted land-use levels. The 
30 DOE could continue to use fencing and the badging program to control access to restricted sites for as 
31 long as it maintains control over the land. Land-use restrictions and controls on real property development 
32 will, as necessary, contribute to the protection of human health by minimizing the potential for contact 
33 with contaminated media. 

34 5.2.2 Pump-and-Treat Contaminated Groundwater 
35 Where necessary to meet the RAOs for groundwater remediation and river protection in the 100 Area, the 
36 volume and concentration ofhexavalent chromium contamination in groundwater will be reduced by the 
3 7 implementation of a groundwater extraction, treatment, and reinjection system. Future expansions of 
38 groundwater treatment capacity will be implemented if found to be necessary to meet RAOs. The 
39 expansions include the following activities: 

40 • Extraction wells will be installed at appropriate locations within the plume to maximize capture of the 
41 plume and protect the river while minimizing withdrawal of river water. 
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I • Ex situ groundwater treatment will be accomplished primarily by ion exchange. The treatment system 
2 will decrease hexavalent chromium concentrations in the influent to the maximum extent practicable 
3 (the reinjection limit for bexavalent chromium is less than 50 µg/L) . 

4 • After treatment, the effluent will be reinjected using injection wells or other equivalent reinjection or 
5 infiltration systems. The injection or infiltration systems will be used to maximize hydraulic capture 
6 and containment of the plume by the extraction wells and to minimize discharge of contaminated 
7 groundwater to the river. 

8 This pump-and-treat action described above primarily is designed to decrease concentrations of 
9 hexavalent chromium in groundwater and to decrease concentrations discharging to river substrate. In 

IO some portions of the 100 Area, other groundwater co-contaminants (for example, nitrate, Sr-90, tritium, 
11 uranium, and Tc-99) may be present at concentrations above drinking water standards. The ion exchange 
12 systems used to remove hexavalent chromium also will reduce concentrations of other anionic 
13 contaminants such as nitrate, Tc-99, and uranium. Strontium-90 typically exists in cationic form in 
14 groundwater and is not expected to be removed by an ion exchange system targeting hexavalent 
15 chromium. Tritium also is not expected to be removed by the treatment system. However, these potential 
16 co-contaminants do not exceed the ecological risk criteria for the river and where needed, ICs will limit 
17 human exposure to groundwater. 

18 5.2.3 Removal, Treatment, and Disposal 
19 The hexavalent chromium source waste sites and associated contaminated vadose zone soils within the 
20 100 Area are commonly associated with structures used to store, transport, or handle concentrated sodium 
21 dichromate liquids and powders used as an anti-corrosion additive for coolant water for the 100 Area 
22 reactors. Document DOE/RL-94-61, JOO Area Source Operable Unit Focused Feasibility Study, 
23 identified RTD as a cost-effective action for the remediation of waste sites. Consequently, Alternative 1 
24 provides for the RTD of 100 Area waste sites and soils to depths sufficient to meet RAOs, including 
25 protection of groundwater and the Columbia River. 

26 Excavation of waste sites follows the observational approach, allowing waste characterization, 
27 designation, and treatment to occur as excavation proceeds. Most of the excavated hexavalent chromium 
28 - contaminated waste materials and soils are expected to meet the ERDF waste acceptance criteria 
29 without treatment (WCH-191 , Environmental Restoration Disposal Facility Waste Acceptance Criteria) . 
30 If the ERDF waste acceptance criteria cannot be achieved, waste treatment would be conducted before 
31 disposal at the ERDF. 

32 Verification sampling is performed during and after excavation to evaluate whether the following cleanup 
33 criteria have been met for hexavalent chromium (1) remaining concentrations are at or below direct 
34 exposure levels for nonradioactive chemicals (WAC 173-340-740(3), "Method B Soil Cleanup Levels for 
35 Unrestricted Land Use"), and (2) remaining levels are sufficiently low to provide appropriate protection 
36 of the groundwater and the Columbia River (WAC 173-340-720(4), "Method B Cleanup Levels for 
3 7 Potable Ground Water"). It is anticipated that excavation to depths equal to the depth to groundwater will 
38 be necessary in order to meet the required cleanup standards at some 100 Area waste sites. Once cleanup 
39 has been verified, clean soil from approved borrow pits will be transported to the excavated areas as 
40 supplemental backfill material. Recontouring of the area to prevent run-on and either resurfacing or 
41 revegetation will occur after remediation to ensure that infiltration is minimized. 
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1 5.3 Alternative 2 - Continue Current Actions with Selective 
2 Application of In Situ Reduction 

3 Alternative 2 retains all the components of Alternative 1 (the continuation of existing remedial actions at 
4 current or expanded levels), but also allows the selective application ofISR where needed to more 
5 efficiently or effectively achieve RAOs . The ISR component of Alternative 2 is not intended as a 
6 wholesale replacement for pump-and-treat or RTD and it is anticipated that plume-wide remediation of 
7 groundwater and the remediation of primary sources of hexavalent chromium contamination (for 
8 example, pipelines, storage tanks and surface soils or shallow vadose zone contamination), will continue 
9 to be performed by pump-and-treat and RTD, respectively. Rather, ISR is intended as an additional 

10 remedial tool that can be used in selected areas (e.g., deep vadose contamination, bot spots, upgradient 
11 plume zones etc.) where pump-and-treat and RTD alone may be less effective, more expensive, or too 
12 slow to meet clean-up goals. If properly integrated with RTD and pump-and-treat, ISR has the capability 
13 to substantially accelerate the achievement of RAOs for those 100 Area locations that contain waste sites 
14 or zones of groundwater contamination that meet the ISR treatment selection criteria defined in Section 
15 5.5 . Because ISR is anticipated to be implemented (as part of Alternative 2) for the remediation of 
16 selected source area and groundwater plume zones, it is necessary to evaluate this technology as a 
17 supplement to pump-and-treat and RTD (Alternative 1) as part of the comprehensive large-scale 
18 remediation of groundwater and/or soil OUs throughout the 100 Area. For the purposes of this FFS, it was 
19 assumed that RTD would be used to address contaminated soil present in the zero to 4.6 m (15 ft) depth 
20 range, while ISR would be employed to address contaminated soil present between 4.6 m (15 ft) and the 
21 water table. In situ reduction would also be used to address localized hot spots of hexavalent chromium-
22 contaminated groundwater underlying the vadose zone when warranted. Pump-and-treat will be used to 
23 address the remaining downgradient groundwater contamination. 

24 5.4 Design Basis for Comparison of ~lternative 1 and Alternative 2 

25 The southern plume hot spot within the 100-D Area has been selected as an appropriate site to illustrate 
26 the possible implementation ofISR as a supplemental remedial action to pump-and-treat and RTD 
27 (Figure 5-1 ). This "hot spot" site comprises a well-characterized high-concentration zone of hexavalent 
28 chromium (dark blue, 5000+ depicted in Figure 5-1) in the groundwater that may be continuing to receive 
29 contamination from a suspected source located in the overlying vadose zone (see Section l.2). This site 
30 can be used as an example or representative site for other groundwater or vadose zone sites in the 
3 1 100 Area that could either be remediated using pump-and-treat and/or RTD or by ISR, based on the site 
32 selection criteria described in Section 5.5. The pump-and-treat, RTD and ISR remedial designs presented 
33 below for the hypothetical remediation of this hot spot area are used as the basis for the cost analysis in 
34 Appendix B. 
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I 5.4.1 Hypothetical Application of Pump-and-Treat and RTD for the 100-D Hot Spot Area 

2 A treatment approach that includes the technologies of Alternative 1 is described in this subsection. 
3 Alternative 1 provides for the use of pump-and-treat and RTD to address hexavalent chromium 
4 contaminated groundwater and vadose zone soils (over a range of assumed depths) to achieve the RAOs 
5 described in Chapter 3 of this FFS report. One of the main areas of concern in the 100-D Area consists of 
6 the hexavalent chromium hot spot located in the southern plume (Figure 5-1 ). Although no significant 
7 remaining vadose zone contamination has been identified to date by direct methods (for example, core 
8 sampling), the long-lived presence of the groundwater hot spot suggests the possible presence of one or 
9 more continuing sources within the vadose zone and/or within the aquifer in the vicinity of the hot spot 

10 (SGW-38338). 

11 5.4.1.1 HotSpotPump-and-TreatSystem 

12 The 100-DR-5 ion exchange-based treatment pump-and-treat system (hereafter the DR-5 System) is 
13 currently operating in the 100-D Area and is used to illustrate application of this component of 
14 Alternative 1. In July of 2004, the 189 liters per minute (L/min) (50 gallons per minute [gal/min]) 
15 DR-5 System was installed in the 100-D Area. Since that time, the DR-5 System has been used for mass 
16 removal and for partial containment of the northern and southern plumes of hexavalent chromium in the 
17 100-D Area. For the purposes of this evaluation, it is assumed that the extraction network of the DR-5 
18 System will be re-targeted to accelerate the remediation of the 100-D Southern Plume Hot Spot 
19 (Figure 5-2). The base information such as plume configuration, roads and building is scaled from 
20 Figure 5-1 and used at an expanded scale on Figure 5-2. 

21 In the proposed design, the DR-5 pump-and-treat system will use four extraction wells. Each well will 
22 extract groundwater at a rate ofup to 47.5 L/min (12.5 gal/min) for a total of 189 L/min (50 gal/min). The 
23 extracted water will be piped to the DR-5 System for treatment and an existing injection well will be used 
24 to dispose of the treated water. Three of the proposed extraction wells will be converted from monitoring 
25 wells located within the hot spot. The fourth well is an existing extraction well (l 99-D5-39) located 
26 approximately 120 m ( 400 ft) downgradient of the center of the hot spot (Figure 5-2). This extraction well 
27 array will maximize capture of the hot spot and allow capture of some of the substantial mass of 
28 hexavalent chromium (e.g., at 1,000 to 2,000 µg/L) that has already migrated downgradient of the main 
29 body of the hot spot, where concentrations can substantially exceed 5,000 µg/L hexavalent chromium. 

30 5.4.1.2 Hot Spot Vadose Zone RTD 

31 The excavation of this site will follow the observational approach, allowing waste characterization, 
32 designation, and treatment to occur as excavation proceeds . For the purposes of this evaluation of the 
33 RTD component of Alternative 1, the hypothetical vadose zone contamination over the hot spot is 
34 assumed to have an areal extent of9.l m by 9.1 m (30 ft by 30 ft) and to extend through the vadose zone 
35 to groundwater, 24.4 m (80 ft) . This approach allows for a cost evaluation of RTD at this depth and a 
36 comparison of costs with the costs of implementing ISR for vadose zone remediation (including RTD to 
37 4.5 m [15 ft]). Sampling will be performed during and after excavation to confirm that the remediation 
38 goals for hexavalent chromium have been met. Most of the excavated waste and soil are expected to meet 
3 9 the ERDF waste acceptance criteria without treatment (BHI-0123 7, Description of Work for Fiscal Year 
40 1999 Drilling Within the Chromium Plume West of the 100 DIDR Reactors). If the ERDF waste 
41 acceptance criteria are not met, waste treatment would be conducted before disposal at the ERDF. 

42 Once cleanup has been verified, clean soil from approved borrow pits will be transported to the excavated 
43 area as supplemental backfill material. Re-contouring of the area to prevent run on and either re-surfacing 
44 or re-vegetation occurs after remediation to ensure that infiltration is minimized. 
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2 Figure 5-2. Schematic Map View of the Proposed 100-D Area Southern Plume Groundwater Hot Spot 
3 Pump-and-Treat Well Field Design 

4 5.4.2 Hypothetical Application of ISR to the 100-D Hot Spot Area 
5 The 100-D Area Southern Plume Groundwater Hot Spot and overlying vadose zone site is a good 
6 candidate for application of ISR for remediation of hexavalent chromium in the groundwater and, if 
7 present, in the vadose zone based on application of the site selection criteria discussed in Section 5.5. 
8 A source or sources are assumed to exist in the vadose zone and/or the aquifer because of the long-lived 
9 presence of the groundwater hexavalent chromium hot spot (see Figure 5-1) (SGW-38338). The 

l O importance of the uncertainty in the depth and location of the suspected vadose zone contamination is 
11 minimized by the proposed ISR approach. The approach will treat an approximately 0.4-hectare (I-acre) 
12 area that covers the highest concentration zone of the groundwater hot spot and consequently, the 
13 probable location of the hexavalent chromium in the vadose zone, if present. 

14 5.4.2.1 ISR System Design 
15 The design of the proposed ISR treatment system for remediation of the southern plume groundwater bot 
16 spot and overlying vadose zone has two main components. A drip irrigation system would be installed 
17 over an approximately 0.4-hectare (I-acre) area over the groundwater hot spot and the vadose zone that is 
18 suspected to have deep source(s) of hexavalent chromium contamination (Figure 5-3). The drip system 
19 would consist of a series of flexible drip lines spaced 0.6 to 1 m (2 to 3 ft) apart. The drip system would 
20 be connected to a header line from a mixing tank containing extracted groundwater or optional freshwater 
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I ource that i continuou ly amended with JSR reagent (Figure 5-4). The reducing agent(s) will be 
2 determined during the remedial design process. A the JSR-amended aqueou solution infiltrates through 
3 the vadose zone, residual hexavalent cbromiwn remaining in the extracted groundwater and in the 
4 targeted area of the vadose zone would be converted to the less toxic and essentially immobile trivalent 
5 form of chromium. 

6 

ugend -­·-­·--• ISRM llamorWoh 

7 Figure 5-3. Schematic Map View of the Combined Vadose Zone and Groundwater In Situ Reduction System 
8 for the 100-D Area Southern Plume Hot Spot 

9 
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Figure 5-4. Schematic Cross-Sectional View of a Combined Vadose Zone and Groundwater In Situ Reduction System 
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1 Sufficient ISR reagent would be added to the infiltration solution to ensure that the treatment would 
2 penetrate through the full vadose zone and into the underlying groundwater. Conversion of hexavalent 
3 chromium to trivalent chromium has been demonstrated to be an irreversible process under typical 
4 environmental conditions such as those present on the Hanford Site. This will minimize the potential for 
5 the treated vadose zone to continue as a source of hexavalent chromium to groundwater. However, to 
6 ensure adequate remediation of the underlying groundwater, an existing monitoring well would be 
7 converted to an injection well and used to inject ISR amendment into the center of the hot spot. Four 
8 existing monitoring wells located upgradient, downgradient, and cross-gradient of the injection well could 
9 be converted to low-yield extraction wells (approximately 38 L/min [10 gal/min] each) to supply water 

10 for the injection components of the ISR treatment system. The hydraulic effects of the four converted 
11 extraction wells also would promote the vertical and lateral dispersion of the injected and infiltrated ISR 
12 amendments throughout the hot spot (Figures 5-3 and 5-4). Existing extraction wells located 
13 downgradient of the hot spot could be used to supply water to the drip infiltration component of the ISR 
14 system (Figures 5-3 and 5-4). The combined drip infiltration and injection ofISR-amended water would 
15 be expected to remediate the contaminated vadose zone and the groundwater of the southern plume 
16 groundwater hot spot and overlying vadose zone area within nine months of system startup. 

11 5.5 In Situ Reduction Site Selection Criteria 

18 This section presents a remedy selection criteria and a general strategy for identifying sites within the 
19 100 Area where ISR could be used to augment or replace RTD and/or pump-and-treat technologies. The 
20 criteria below are indicative of many settings where ISR should be considered, but they are not intended 
21 to preclude the use ofISR at other settings where site conditions may warrant the application ofISR 
22 (e.g., large areas oflow concentration plumes where pump-and-treat alone may be insufficient to meet 
23 cleanup milestones). 

24 5.5.1 Application of In Situ Reduction to Hexavalent Chromium in Groundwater Applications 
25 Generally, ISR should be considered for implementation whenever the RAOs for hexavalent chromium 
26 contamination in the target aquifers would be difficult to meet in a timely and cost-effective manner with 
27 the existing groundwater remedial systems. The following represent some of the site settings or 
28 conditions where the implementation of ISR could be an appropriate action for supplementing the existing 
29 groundwater remedial systems (for example, pump-and-treat via ion exchange; the ISRM barrier located 
30 in the 100-D Area). 

31 • The implementation of ISR for groundwater remediation (for example, at hot spots) would 
32 substantially reduce operations and maintenance (O&M) costs for new or existing ion exchange 
33 treatment plants by substantially reducing the mass ofhexavalent chromium requiring treatment by 
34 ion exchange. 

35 • Substantial contamination is present in lower yielding aquifer zones in the 100 Area (for example, 
36 those areas or strata containing more than 10 percent by weight of fine-grained silts and clays). 
3 7 Remediation of these zones using pump-and-treat potentially would require numerous closely spaced 
38 extraction wells and longer periods of system operation, resulting in higher capital and O&M costs 
39 than would the implementation ofISR. 

40 • The application of ISR would augment the existing treatment systems on a sufficient scale to ensure 
41 achievement of the RAOs for river protection and groundwater remediation. 
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1 Based on the above site settings and other conditions (for example, the potential presence of other COCs), 
2 a logic diagram has been constructed to help determine when ISR should be considered as an appropriate 
3 remedial action (Figure 5-5). This logic diagram is summarized as follows: 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

29 

30 
31 

32 

33 

34 
35 

36 

Step 1. 

Step 2. 

Step 3. 

Step 4. 

Step 5. 

Step 6. 

Has a remedy been implemented for the hexavalent chromium contaminated 
groundwater? 

Yes (proceed to Step 2): 

• MNA, pump-and-treat, or ISRM. 

No (skip to Step 3): 

• No remedy has been selected for contamination. 

Is the remedy that was selected for hexavalent chromiwn contaminated groundwater 
adequately addressing the plwne? 

Yes (no change to remedial action): 

• There is no need to change or augment the existing remedial action. 

No (proceed to Step 3): 

• Is not meeting RAOs. 

• Does not address the full extent of groundwater plume. 

Are other COCs present within this groundwater plwne? 

Yes (proceed to Step 4): 

• Any contaminant other than hexavalent chromium. 

No (skip to Step 5): 

• Hexavalent chromium is the only COC present. 

Can ISR be an effective treatment for the additional COC(s)? 

Yes (select ISR). 

No (skip to Step 7). 

Could this hexavalent chromium contaminated groundwater plume be a hot spot? 

Yes (select ISR): 

• The plume has high hexavalent chromium concentrations that may be highly 
localized. 

No (proceed to Step 6): 

• The plume has relatively low hexavalent chromium concentrations that may have a 
vast lateral extent. 

Does the aquifer have low permeability? 

Yes (Select ISR): 

• Infiltration of the ISR amendments would more widely address hexavalent 
chromium. Extraction wells would have a small area of influence. 

No (proceed to Step 7). 
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Would ISR likely enhance the effectiveness of the current pump-and-treat systems? 

Yes (Select combined pump-and-treat and ISR). 

No (No change to remedial action): 

• If other COCs are present that cannot be effectively treated by ISR or the current 
treatment technologies described in the interim action RODs, the additional 
technology evaluation may be required. 

7 Steps 1 and 2 are included to acknowledge interim actions have been ongoing and ISR need not be 
8 included when all goals have been met. Logic from Figure 5-5 is applied to the 100-D southern plume 
9 groundwater hot spot area because interim actions have been in place and cleanup goals are not yet 

10 reached. The answer to Step 3 is "No," proceeding to Step 5 to determine if a hexavalent chromium 
11 groundwater hot spot is present. The answer to Step 5 is "Yes" leading to the selection of ISR. 
12 Implementation details ofISR, including continuation of pump-and-treat and additional RTD, is 
13 anticipated in the RDR/ remedial action Work Plan phase that follows ROD amendment. 

YES 

Select ISR 

14 

Hex a va lent chromium 
conta mina tcd groundwater 

YES 

Select ISR 

Select combined 
pump-a nd-trcat 

a ndISR 

YES No change to 
remedia l action 

NO 

15 Figure 5-5. Logic for Application of In Situ Reduction for Remediation of 
16 Hexavalent Chromium in Groundwater 

Selec t ISR 

No cha nge to 
remedia I action 

1 7 Additional factors may affect cost and technical feasibility and will need to be considered in selecting an 
18 appropriate remedy for a given location. These include distance to the river, distance to water treatment 
19 plant, access, availability offeed source(s), and location of cultural and historical resources. For example, 
20 locations near the river may require groundwater reoxygenation following ISR to meet dissolved oxygen 
21 requirements, which would increase the cost of the JSR option at that location. It is anticipated that total 
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1 chromium concentrations will not exceed appropriate ARAR.s in groundwater as the conversion of 
2 hexavalent chromium to its trivalent form produces a solid phase precipitate with a high soil-partitioning 
3 affinity, ultimately desorbing from the groundwater to surrounding soils. Once adsorbed to the soil, the 
4 trivalent chromium has a very low aqueous solubility, resulting in it remaining in the vadose zone. 

5 5.5.2 Application of In Situ Reduction to Hexavalent Chromium in Soil 
6 In situ reduction should be considered as an alternative to (or in addition to) RTD for the remediation of 
7 hexavalent chromium-contaminated soils under the following settings or conditions: 

8 • At sites containing exceedances of hexavalent chromium in deep soils (for example, greater than 
9 about 9.1 m [30 ft] below ground surface [bgs]) , sufficient to make RTD more difficult or expensive 

10 to implement than ISR (Sections 6.3.7 and 6.4.7) 

11 • In areas where attempts to precisely identify the locations of deep subsurface hexavalent chromium 
12 soil contamination have failed , yet substantial subsurface contamination is inferred to be present 
13 because of the presence of underlying groundwater hot spots or other indirect indicators of the 
14 existence of secondary sources in the vadose zone 

15 • In areas adjacent to or beneath existing surface infrastructure (for example, active buried utilities, 
16 buildings) where remediation of shallow or deep soil contamination by RTD is not cost-effective or 
17 may not be implementable 

18 • In areas where the sole contaminant is hexavalent chromium 

19 
20 
21 

• In areas where other COCs requiring remediation also are amenable to remediation via ISR and if 
other COCs are likely present, they would not be mobilized and potentially transported, untreated, to 
groundwater during the implementation of ISR. 

22 Based on the considerations noted above, a logic that can be used to determine when to include ISR as a 
23 soil remediation option is shown in Figure 5-6 and summarized below. 

24 
25 

26 

27 

28 

29 

30 

31 

32 
33 

34 

35 

36 

37 

Step 1. 

Step 2. 

Step 3. 

Has an effective remedy been implemented for the hexavalent chromium contaminated 
soil? 

Yes (proceed to Step 2): 

• MNA orRTD. 

No (skip to Step 3): 

• No remedy has been selected for contamination. 

Is there the potential for continued groundwater impact? 

Yes (proceed to Step 3): 

• The vadose zone hexavalent chromium has the potential for further impacts to 
groundwater. 

No (proceed to Step 3): 

• There is no need to change or augment the existing remedial action. 

Are other COCs present within the vadose zone source area? 

Yes (proceed to Step 4) : 
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• RTD will be implemented to remove the vadose contamination. 

No (skip to Step 5): 

• Hexavalent chromium is the only COC present. 

Following RTD, is there continued hexavalent chromium potential? 

Yes (proceed to Step 5): 

• Hexavalent chromium is present above RAOs. 

No (no change to remedial action): 

• There is no need to augment the existing remedial action. 

Does the vadose hexavalent chromium exist at depths greater than approximately 9 .1 m 
(30 ft) bgs? 

Yes (select JSR): 

• ISR is capable of addressing hexavalent chromium at any depth within the vadose 
zone. 

No (no change to remedial action): 

• There is no need to change or augment the existing remedial action. 

16 Additional factors may affect cost and technical feasibility and will need to be considered in selecting an 
17 appropriate remedy for a given location. These include access to soils, availability offeed source(s), 
18 location of cultural and historical resources, and concentration of hexavalent chromium in the vadose 
19 zone. The conversion ofhexavalent chromium to its trivalent form produces a solid-phase precipitate with 
20 a high soil-partitioning affinity, ultimately adsorbing to surrounding soils. This will serve to increase the 
21 localized total chromium concentration; therefore, consideration should be taken to be sure appropriate 
22 ARARs for total chromium are not exceeded during implementation ofISR. 
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Figure 5-6. Logic for Application of In Situ Reduction for 
Remediation of Hexavalent Chromium in Soil 
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2 This chapter presents a detailed analysis of the remedial alternatives presented in Chapter 5 of this FFS 
3 relative to the CERCLA evaluation criteria identified in 40 CFR 300.430(e)(9), "Detailed Analysis of 
4 Alternatives." Tables 6-1 and 6-3, provided later in this chapter, provide the results of the detailed 
5 analyses for Alternatives 1 and 2, respectively. Supporting cost information for the alternatives is 
6 presented in Appendix B. This analysis uses the 100-D Area south plume and overlying vadose zone as a 
7 site that is typical of the 100 Area and thus the analysis applies to the other selected 100 Area hexavalent 
8 chromium-contaminated waste sites. 

9 The purpose of the detailed analysis is to develop the necessary information to enable the Tri-Parties to 
10 select the most appropriate remedy for hexavalent chromium-contaminated sites (vadose zone and 
11 groundwater media) in the 100 Area. The remedy must meet CERCLA statutory requirements and the 
12 NCP program goal, which is to select remedies that are protective of human health and the environment, 
13 maintain protection over time, and minimize untreated waste. 

14 The detailed analysis of alternatives takes into account the nature of the contaminants, the potential threat 
15 to human health and the environment, and the anticipated future land use. 

16 6.1 Description of Evaluation Criteria 

17 Section 121 (b )( 1) of CERCLA (EPA, 1980) indicates that selected remedial actions should ( 1) be 
18 protective of human health and the environment; (2) be cost-effective; (3) use permanent solutions and 
19 alternative treatment technologies or resource recovery technologies to the maximum extent practicable; 
20 and ( 4) employ treatments that permanently reduce the toxicity, mobility, or volume (TMV) of the 
21 principal threats posed by a site. To address these statutory requirements, EPA developed nine criteria as 
22 defined in 40 CFR 300.430(e)(9)(iii), "Nine Criteria for Evaluation." These criteria provide the 
23 framework for conducting the detailed and comparative analyses of remedial alternatives in this FFS and, 
24 subsequently, for selecting an appropriate interim remedial action in the appropriate 100 Area interim 
25 action RODs that meets the statutory requirements. 

26 The nine CERCLA evaluation criteria are as follows: 

27 Threshold Criteria 

28 1. Overall protection of human health and the environment 

29 2. Compliance with ARARs 

30 Balancing Criteria 

31 1. Long-term effectiveness and permanence 

32 2. Reduction ofTMV through treatment 

33 3. Short-term effectiveness 

34 4. Implementability 

35 5. Cost 

36 Modifying Criteria 

37 l. Regulatory acceptance 

38 2. Community acceptance 
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1 The first two criteria, overall protection of human health and the environment and compliance with 
2 ARARs, are threshold criteria. The remedial action alternatives that do not protect human health and the 
3 environment or do not comply with ARARs (or justify a waiver) do not meet statutory requirements and 
4 are eliminated from further consideration in this FFS. 

5 The next five criteria (long-term effectiveness and permanence, reduction of TMV through treatment, 
6 short-term effectiveness, implementability, and cost) are balancing criteria upon which the remedy 
7 selection is based. The CERCLA guidance lists appropriate questions to be answered when evaluating a 
8 remedial action alternative against the balancing criteria. The detailed analysis in Sections 6.2 through 6.4 
9 evaluate each remedial action alternative against these criteria. 

10 The detailed analysis associated with the seventh criterion, cost, is based on cost evaluation for a 
11 representative site (100-D Hot Spot Area) as described in Section 5.4. The results of this detailed analysis 
12 for cost are applicable to the other hexavalent chromium sites in the I 00 Area. 

13 The final two criteria, regulatory acceptance and community acceptance, are modifying criteria that will 
14 be evaluated after public review of the selected remedial alternative documented in the proposed plan. 
15 There may be some criteria against which none of the remedial action alternatives perform well. A 
16 qualitative assessment of remedial action alternative performance relative to a particular criterion is based 
17 on engineering judgment when quantitative information is not available. 

18 

19 
20 
21 
22 
23 
24 
25 
26 

6.1.1 Overall Protection of Human Health and the Environment 
This criterion determines whether adequate protection of human health and the environment, including 
preservation of natural systems and biological diversity, is achieved through implementation of the 
remedial action alternative. Protection includes reduction of risk to acceptable levels (either by reduction 
of concentrations or the elimination of potential routes for exposure) and minimization of exposure threats 
introduced by actions during remediation. Environmental protection includes avoiding or minimizing 
impacts to natural, cultural, and historical resources. Additionally, this criterion evaluates the potential for 
human-health risks, the extent of those risks, and whether a net environmental benefit will exist as a result 
of implementing the remedial action alternative. 

27 This first criterion is a threshold requirement and the primary objective of the remedial action program. 
28 As indicated in EPA guidance, overlap exists between this criterion and the criteria for compliance with 
29 ARARs, long-term effectiveness and permanence, and short-term effectiveness (EPA/540/G-89/004). 

30 6.1 .2 Compliance with Applicable or Relevant and Appropriate Requirements 
31 This criterion addresses whether a remedial action alternative attains the federal and State of Washington 
32 ARAR.s and/or whether a waiver is justified. When an ARAR is not met, the basis for justifying a waiver 
33 must be presented. No ARAR waiver is proposed for any of the remedial action alternatives identified in 
34 this FFS. 

35 6.1 .3 Long-Term Effectiveness and Permanence 
36 This criterion addresses the results of a proposed remedial action alternative in terms of risks that remain 
37 at the site after RAOs are met. The primary focus of this evaluation is the extent and effectiveness of the 
38 controls that may be required to manage the risk posed by treatment residuals and/or untreated wastes. 
39 The following components of the criterion are considered for each remedial action alternative: 

40 • Magnitude of residual risk to human and ecological receptors. This factor assesses the residual risk 
41 from untreated waste or treatment residuals after completion of remedial activities. The characteristics 
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1 of the residual wastes are considered to the degree that they remain hazardous, taking into account 
2 their TMV and propensity to bioaccumulate. 

3 • Adequacy and reliability of controls. This factor assesses the adequacy and suitability of controls used 
4 to manage treatment residuals or untreated wastes that remain at the site. It also assesses the 
5 long-term reliability of management controls for providing continued protection from residuals. 
6 Additionally, this factor includes an assessment of the potential need for replacement of the technical 
7 components associated with a remedial action alternative. 

8 Residual risk to natural and cultural resources after conclusion of remedial activities also is evaluated. 
9 Current environmental conditions are assessed against the remedial action alternative's long-term and 

10 permanent solutions. The assessment considerations are based on whether lasting environmental losses 
11 would be incurred for the sake of short-term cleanup gains, including whether environmental restoration 
12 and/or mitigation options would be precluded if a remedial action alternative were to be implemented. 

13 6.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 
14 This criterion addresses the degree to which a remedial action alternative uses treatment to reduce the 
15 TMV of hazardous substances. Significant overall reduction can be achieved by destroying toxic 
16 contaminants or by reducing total mass, contaminant mobility, or total volume of contaminated media. 

17 The evaluation focuses on the following factors for each remedial action alternative: 

18 • The treatment processes used and the materials treated 

19 • Whether there is recycling, reuse, or waste minimization in the treatment process 

20 • The type and quantity of treatment residuals that remain following treatment, and whether any special 
21 treatment actions will be needed 

22 • Whether the remedial action alternative satisfies the statutory preference for treatment as a principal 
23 element. 

24 6.1.5 Short-Term Effectiveness 
25 This criterion evaluates the potential effects on human health and the environment during the construction 
26 and implementation phases of a remedial action. This criterion also considers the time required to achieve 
27 protection. The following factors are considered for each remedial action alternative: 

28 • The health and safety (H&S) of remediation workers and the public, and reliability of protective 
29 measures taken 

30 • Physical, biological, and cultural impacts that may result from the construction and implementation of 
31 the remedial action, and whether the impacts can be controlled or mitigated 

32 • The amount of time for the RAOs to be met. 

33 Short-term human-health impacts are closely related to the duration of exposure to hazardous wastes and 
34 risks associated with removal of wastes. Typically, the greater the exposure time, the greater the risk. 
35 As-low-as-reasonably-achievable guidelines will be practiced during implementation of the remedial 
36 action to minimize worker risks. 

37 Since the EPA issued EPA/540/G-89/004 in I 988, the concept of"sustainability" has emerged as a 
38 possible new criterion worthy of consideration in the evaluation of each remedial action alternative. 
39 Various definitions of sustainability have been proposed. For this FFS, however, sustainability is defined 
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as a measure of the ability of an action to meet the needs of the present without compromising the ability 
2 of future generations, or of people in other locations, to meet their own needs. Feasibility studies that have 
3 included this concept in the evaluation have variously evaluated sustainability as a tenth feasibility study 
4 criterion or as a subset of one of the nine established feasibility study criteria ( or not at all) . In this FFS, 
5 sustainability is included as part of short-term effectiveness. A comprehensive evaluation of sustainability 
6 has not been undertaken in this FFS, but considered here in a qualitative manner are the following 
7 elements relative to the proposed remedial action alternatives: energy consumption, greenhouse gas 
8 emissions, site disruption, and generation of treatment residuals that must be managed during the remedial 
9 action. 

10 6.1.6 Implementability 
11 This criterion addresses the technical and administrative feasibility of implementing a remedial action 
12 alternative and the availability of the required services and materials. The following factors are 
13 considered for each remedial action alternative: 

14 • Technical feasibility, such as the likelihood of technical difficulties in constructing and operating the 
15 remedial action alternative, the likelihood of delays due to technical problems, and uncertainties 
16 related to technologies 

17 • Administrative feasibility, such as the ability to coordinate activities with other offices and agencies 
18 and the potential for regulatory constraints to develop 

19 • Availability of services and materials, such as the availability of adequate treatment, storage capacity, 
20 and disposal services and the availability of necessary equipment, specialists, and provisions. 

21 6.1.7 Cost 
22 This criterion considers the cost of implementing a remedial action alternative, including capital and 
23 O&M. 

24 The cost estimates prepared for this FFS (Appendix B) are presented as present-worth dollars and were 
25 prepared using currently available information. The actual cost of the project will depend on additional 
26 information gained during the remedial design phase, the final scope and design of the selected remedial 
27 action, the schedule of implementation, the competitive market conditions, and other variables. However, 
28 most of these factors are not expected to significantly affect the relative cost differences of remedial 
29 action alternatives. 

30 6.1.8 Regulatory Acceptance 
31 This criterion is addressed and/or further evaluated after regulator review of the proposed plan. This 
32 criterion evaluates the technical and administrative issues and concerns that the EPA and Ecology may 
33 have regarding a remedial action alternative. The regulatory acceptance process involves a review and 
34 concurrence by the EPA and Ecology. 

35 6.1.9 Community Acceptance 
36 This criterion is addressed and/or further evaluated after public review of the proposed plan. This criterion 
3 7 evaluates the issues and concerns the public and other interested stakeholders may have regarding 
38 a remedial action alternative. 

39 6.2 Alternative O - No Action 

40 Under 40 CFR 300.430(e)(6), "The No-Action Alternative," Alternative O is included in the FFS to 
41 provide a baseline for comparison against the other alternatives and, in accordance with the NCP, must be 
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1 evaluated even if it fails to meet the two threshold criteria. Under Alternative 0, no active remedial action 
2 would be taken at the hexavalent chromium waste sites to address potential threats to human health and 
3 the environment. 

4 6.2.1 Overall Protection of Human Health and the Environment 
5 Alternative O would fail to provide overall protection of human health and the environment, because 
6 hexavalent chromium concentrations would remain on site above applicable standards. 

7 6.2.2 Compliance with Appl icable or Relevant and Appropriate Requirements 
8 The ARARs for chromium concentrations in soil and groundwater would not be met because no action 
9 would be taken. 

IO 6.2.3 Long-Term Effectiveness and Permanence 
11 Alternative O would not be effective in the long term. Rather, the risk would remain because hexavalent 
12 chromium in soil and groundwater would remain untreated. 

13 6.2.4 Reduction of Toxicity, Mobility, and Volume Through Treatment 
14 There would be no treatment under Alternative O and thus no reduction ofTMV. 

I 5 6.2.5 Short-Term Effectiveness 
I 6 Alternative O would require no removal, transfer, or treatment of hexavalent chromium in the I 00 Area. 
17 Therefore, the potential for releases and remediation worker exposure would not increase over current 
18 operations in the short term. However, Alternative O also would fail to reduce occupational exposure and 
19 risks to workers and others at the site. 

20 6.2.6 Implementability 
21 Alternative O could be implemented immediately, but would fail to comply with decisions within interim 
22 action RODs, Tri-Party Agreement milestones, and commitments made to the regulatory agencies, 
23 oversight agencies, the public, and other interested stakeholders. Thus, Alternative O would not be 
24 administratively feasible. 

25 6.2.7 Cost 
26 Alternative O would involve no cost; thus, it receives a high rating with respect to cost. 

27 6.3 Alternative 1 - Continue Current Actions 

28 The primary current actions are R TD and pump-and-treat. In addition, current actions include some 
29 variation ofICs, depending on site-specific conditions, and could include the ISRM barrier in the 100-D 
30 Area . 

31 A detailed analysis of the components of Alternative 1 with respect to the seven NCP criteria has been 
32 conducted in previous feasibility study and FFS documents, and is reiterated in Table 6-1 and 
33 summarized in the following subsections. 

34 6.3.1 Overall Protection of Human Health and the Environment 
35 Alternative 1 would achieve overall protection of human health and the environment, provided the 
36 technologies are applied aggressively to remove a sufficient volume of soil and extract a sufficient 
37 volume of groundwater. 

38 
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Table 6-1 . Detailed Evaluation of Alternative 1- Continue Current Actions 

Description of remedy 

Shallow Soil 

Hexavalent chromium-contaminated soits and/or 
debris would be excavated, treated as required , 
and disposed or in the ERDF . 

1. Overall Protection of Human Health and the Environment 

Excavation would remove contaminant mass 
leaching to groundwater and would minimize 
potential exposure to contaminated soils through 
direct oontact and ingestion. 

2. Compliance with ARARs 

Deep excavation (for example, large iayback 
required for open-pH type of excavation or using 
caissons Of other shoring methods). Excavated 
soils would be treated as required and disposed of 
in the ERDF. 

Excavation would reduce contaminant mass 
leaching to groundwater. 

ARARs would be met because soil with hex.avalent Same as for shallow soil. 
chromium concentrations exceeding safe levels for 
human health and the environment 'WOUid be 
removed. treated. and d ispased In a secure facility 
(EROF). 

3. Long-Term Effectiveness and Permanence 

(a) Magnitude of residual Residual risk may remain for soils not excavated. 
risks 

(b) Adequacy and 
reliability of contras 

Excavation is adequate and reliable . 

Same as for shallow soil. 

Same as for shallow soil. 

Groundwater extraction and ex situ treatment using 
ion exchange or other effective ex situ treatment 
technology. 

Downgradient Groundw.r 
.. ' 

River Protection 

Same as fOf source area groundwater. Same as for source area groundwater. 

Groundwater would be extracted from the subsurface Same as for source area groundwater. Provided sufficient volumes of 
groundwater are extraded, treated, and 
reinjected such that g roundwater 
discharging to the river met the 20 IJ9/l 
requirement. groundwater pump-and­
treal v.ould provide overall protection of 
human health and the environment. • 

and hexavalent chromium would be removed by ion 
exchange or some other process. Treated 
groundwater would be reinjected to the subsurface far 
enough upgradieot or the river, and with sufficiently 
low hexava!ent chromium concentrations, that it would 
be safe for human health and the environment. 

Would meet ARARs of 48 µg/L hexavalent chromium Same as for source area groundwater. Same as for source area groundwater. 
in inland groundwater, 20 µg/l. hexavalent chromium 
in groundwater discharging to the river, and 100 IJ9/l 
total chromium in all Sile groundwater. 

Groundwater pump-and-treat would continue until Same as for source area groundwater. Same as for source area groundwater. 
standards for hexavalent and total chromium in 
groundwater are achieved . Ex situ treatment residuals, 
such as k>n exchange resin and ion exdlange brine. 
would be handled appropriately to minimize their 
residual risks. 

Groundwater pump-and-treat has been proven to be Same as for source area groundwater. Same as for source area groundwater. 
adequate and reliable for hexavalent chromium at this 
Site and others. 
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Table 6-1. Detailed Evaluation of Alternative I -Continue Current Actions 

~ iic,;Soil Deep Soil 

,. Reduction of TMV through Treatment 

{a) Treatment process Excavated soils may be treated before disposal in Same as for shallow soil. 
used the ERDF. as necessary, to meet land-disposal 

requil'9f'Tlents. 

(b) Degree and quantity TMVor hexavalent chromium in the 100 Area would Same as for shallow soil. 
of TMV reduction be decreased by removal of impacted soils and/or 

debris. Soils and/or debris removed during 
excavation 'NOUld be treated before disposal in the 
EROF. as necessary, to meet land-disposal 
requirements. 

(c) Irreversibility of TMV Excavation of soils is irreversible. Same as for shalk>w soil. 
reduction 

(d) Type and quantity of Treatment residuals 'NOUld consist of excavated Same as fot shalkJw soil. 
treatment residuals hexava!ent diromium-<:x>ntaminated soils and/or 

debris and any amendments needed to treat the 
soil before disposal in the ERDF in order lo meet 
land-disposal requirements. The quantities of soil to 
be excavated, and treated, would be established by 
Washington Closure Hanford. LLC during RTD 
operations. 

(e) Statutory preference Preference woukt be met because excavated soils Same as for shallow soil. 
for treatment would be treated appropriately tf needed and 

appropriately disposed of in the ERDF. 

Downg~ d ieot Groundwafer River Protection 

Ion exchange, ferrous chloride treatment, or o1her Same as fOf source area groundwater. Same as for source area groundwater. 
appropriate ex situ treatment technology. 

TMV of hexavalent chromium in groundwater would all Same as for source area groundwater. Same as for source area groundwater. 
be decreased by groundwater extraction. TMV of the 
hexavalent chromium extraded via groundwater may 
be decreased depending on details of the ex situ 
treatment system empk>yed. For example, if ion 
exchange resins are regenerated on srte, the brine 
may be treated using ferrous chk>ride to reduce 
hexavalent to trivalent chromium, decreasing its 
toxicity and mobility. ff ·throw away" resin is used and 
disposed of in the ERDF, it may be pretreated to 
decrease toxicity and mobility. If the ferrous chloride 
process is used to treat groundwater, toxicity and 
mobility would be decreased by reducing hexavalent 
to trivalent chromium. Votume ultimately will not be 
decreased because chromium is an element. 

Groundwater extraction is lrreverslble. Ex situ Same as for source area groundwater. Same as for source area groundwater. 
treatment may be reversible depending on the specific 
technology employed. For example, adSO<ption onto 
k>n exchange resins is reversibte. and resins often are 
regenerated by desorbing the adsorbed contaminants. 
If ferrous chloride treatment is usod, reduction of 
hexavalent to trivalent chromium is irreversible under 
typical environmental conditions such as those that 
exist at the Site. 

Treatment residuals will depend on the specific ex situ Same as for source area groundwater. Same as for source area groundwater. 
treatment process employed and could consist of 
spent ton exchange resin. ion exchange brine. sludge 
from the ferrous chloride process. or other residuals if 
some other ex situ treatment process is used. 

Preference would be met because hexavatent Same as for source area groundwater. Same as for source area groundwater. 
chromium would be removed from the aquifer and 
treated. 



Shallow Soil 

{a) Protection of work.ers Risk to Yt'Ork.ers during remedial construction would 
during remedial action be mitigated by adherence to sit8-6pecific H&S 

plans and engineering controls (for example, dust 
suppression). 

Table 6-1 . Oe1ailed Evaluation of Alternative 1 - Continue Current Actions 

Souree Area Groundwater 

Same as for shallow sou. H0\11'8ver. risks to workers Risk to workers during 'NEttl and piping installation 
increase significantly with excavation depth. would be mitigated by adherence to site-specific H&S 

plans and engineering controls {for example, dust 
suppression). 

Oowngrad;ent Groundwat~r 

Same as for source area groundwater. 
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Same as for source area groundwater. 

(b) Protection of 
community during 
remedial action 

Risks to the community during remedial Same as for shallow soil . 
construction Include dust and safety risks from the 

Risks to the community would be mitigated by keeping Same as f0< source area groundwater. Same as for source area groundwater. 
community members away from work areas. 

(c) Environmental 
impacts of remedial 
action 

(d) T,me until RAOs arc 
achieved 

(e) Sustainability 

6. lmplement•biUty 

presence or open excavations. These risks would 
be mitigated during Implementation through use of 
engineering controls. 

Minimal risks to the environment will oc:cur during 
excavation assuming imp~ntation of adequate 
monitoring and engineering controls (for example, 
erosion controls). 

Excavation will assist in meeting the groundwater 
protection RAO by 2020. 

High-energy use and greenhouse gas emissions 
will occur from excavation equtpmenl Moderate 
energy use and greenhouse gas emission by 
transporting so~ to the nearby EROF. Generates 
large volume of residuals that would need to be 
managed indefinitoly. 

Same as for shallow son. 

Same as for shallow soil. 

Same as for shallow s~l: however. energy use and 
greenhouse gas emissions increase significantly 
with excavation depth. 

(a} Technical feasibility Feasible. Feasible. Challenges increase with depth. 

{b) Administrative Administratively feasi~e; however, access is not Same as for shaUow soil . 
feasibility possibk! in some areas, such as culturaly sensitive 

areas and near buifdings and utilities. 

(c) Availability of Necessary engineering services and materials are Same as for shaUow so~ . 
services and materials readily available. 

1. Present-Worth Cost to Remediate 100 Area 

Present-'NOrth cost• 100-0-12: $11 .8 million 100-C-7: 
100-0-30 SW: S1 1.7 million Future Site #1 ; 

600-334: $2.3 milroon Future Site #2: 
116-K-2: $11 .2 million Future Site #3: 
100-C-7:1 $38.0 milltOn Future Site #4: 

S 13.3 minion 

S11 .Smilion 

$11 .Smillion 
$2.3 million 

$13.3 million 

Minimal risks to the environment during construction 
activities assuming implementation of adequate 
erosion controls . 

Groundwater pump-aniHreat would meet the river 
protection RAO by 2012 and the groundwater 
protection RAO by 2020 as k>ng as the technology is 
applied w ith sufficient intensity. 

High-energy use and increased greenhouse gas 
emissions from groundwater extraction. Treatment 
residuals require disposal. Minimal site disruption. 

Feasible. 

Same as for shallow soil. 

Same as for shalk>w soil . 

100-0 Hot Spot S12.3 minion 

100-K Plume: $39.2 million 

Same as for source area groundwater. 

Same as for source area groundwater. 

Same as f0< source area groundwater. 

Feasible. 

Same as for shallow soil . 

Same as for shallow soil. 

Same as for source area ground-Nater. 

Groundwater treatment or pump-and­
lreat would meet the river protection 
RAO by 2012 as long as the technology 
is applied 'Nith sufficient intensity. 

Same as for source area groundwater. 
Water restored for ecological reuse in 
the river. 

Feasible. 

Same as for shallow soil. 

Same as for shallow soil. 

Same as for source area groundwater. Not applicable. 

NOTES: "'The information in this preliminary cost estimate is based on the best availabfe information regarding the anticipated scope of Potential remedial action alternatives. Changes in the cost elements are likely to occur as a result of new information and data collected 
during the feasibility study and/or during engineering design of the remedial action alternatives. The range presented is +50 to -30 percent of the order-of-magnitude cost estimate provided in the Appendix B for the six known and four future sites selected for comparison. The 
costs for soil remediation {shaUow and deep), RTD, have been combined and determined to extend from ground surface to the water table to meet RAOs; open-pit excavation technology is assumed for RTO. 
ARAR : applicable or relevant and appropriate requirement 
EROF z Environmefltal Restoration O;sposal Facility 
H&S z health and safety 
RAO ,.. remedial action objective 

RTO ,.. removal, treatment. and disposal 
TMV toxicity, mobtlity, or volume 
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1 6.3.2 Compliance with Applicable or Relevant and Appropriate Requirements 
2 Alternative 1 would comply with ARARs, provided the technologies are applied aggressively to remove a 
3 sufficient volume of soil and extract a sufficient volume of groundwater. 

4 6.3.3 Long-Term Effectiveness and Permanence 
5 Alternative 1 would be effective in the long term. However, intensive pump-and-treat would need to 
6 continue for a long period unless the primary and secondary hexavalent chromium sources in the vadose 
7 zone or aquifer were removed. Ifhexavalent chromium sources were removed, they would be removed 
8 permanently and disposed of in the ERDF. Groundwater treatment residuals also may need to be disposed 
9 of permanently in the ERDF, depending on the specific ex situ treatment process employed. The 

10 technologies in Alternative 1 are adequate and reliable. 

11 6.3.4 Reduction of Toxicity, Mobility, and Volume Through Treatment 
12 Alternative 1 would reduce the toxicity, mobility, and volume ofhexavalent chromium in groundwater. 
13 Pump-and-treat operations remove contaminated groundwater from the aquifer, while ion exchange is 
14 employed to adsorb hexavalent chromium to its resin. The treated water is ultimately reinjected. The resin 
15 regeneration process converts chromium from the hexavalent oxidation state to its trivalent form, 
16 reducing the toxicity and mobility. Alternative I would also reduce the toxicity and mobility of 
17 hexavalent chromium in soil removed by RTD that is pretreated before disposal in the ERDF. However, it 
18 would not reduce the toxicity and mobility of hexavalent chromium in soil that is was not removed by 
19 RTD or pretreated prior to disposal. The overall volume of chromium cannot be reduced because 
20 chromium is an element and thus cannot be broken down, but the volume of the more toxic hexavalent 
21 chromium can be reduced via conversion to trivalent chromium. 

22 6.3.5 Short-Term Effectiveness 
23 Risks to workers would be significant for deep excavation, but risks can be mitigated via engineering 
24 controls. There could be some risks to the community and the environment associated with particulate 
25 emissions, but these risks also could be controlled. Sustainability of Alternative 1 is considered poor 
26 because excavation, especially deep excavation, and intense groundwater extraction are energy intensive 
27 and result in additional greenhouse gas emissions. In addition, both technologies generate considerable 
28 residuals that must be managed indefinitely. 

29 6.3.6 Implementability 
30 Administratively feasible at current levels; however, access is not possible in some areas, such as 
31 culturally sensitive areas and near buildings and utilities. To achieve RAOs, within desired time frame, 
32 the technologies would need to be applied intensively and may to be impractical in restricted areas. 

33 6.3.7 Cost 
34 Supporting cost information, assumptions, and approach to developing the costs are provided in 
35 Appendix B. Costs for Alternative 1 remedial components are summarized in Table 6-1 , which includes 
36 unit costs for six known and four future hexavalent chromium-contaminated waste sites in the 100 Area. 
37 Table 6-2 is provided to better illustrate the cost difference between Alternatives I and 2 when applied to 
38 the known 100-D-12 waste site. The Alternative 1 costs are based on RTD to a depth of24.4 m (80 ft) , 
39 plus 100-D hot spot pump-and-treat, and ICs. Alternative 2 costs are based on RTD to a depth of2.4 m 
40 (8 ft) , 100-D Hot Spot pump-and-treat, plus ISR, and ICs. These enabling assumptions allow an even 
41 comparison of the cost of Alternative 1 to Alternative 2 for the 100-D-12 site in 100-D Area. Estimated 
42 RTD costs include the assumption that the contamination "footprint" is 9.1 by 9.1 m (30 by 30 ft). This 
43 footprint is assumed to be representative of hexavalent chromium contaminant sites in the 100 Area. 
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1 Additionally, it is assumed that no barriers or access issues with RTD exist at the 100-D-12 waste site and 
2 groundwater plume. 

Table 6-2. Comparison of Net Present Value Cost of Between Alternative 1 and 2 
with Enabling Assumptions at 100-D-12 

Alternative 1 - RTD to 24.4 m (80 ft), 100-D 
Hot Spot pump-and-treat, and ICs 

Alternative 2 - RTD lo 2.4 m (8 ft) , 100-D Hot 
Spot pump-and-treat, ISR in vadose zone 
(4.6 m [15 ft] to 24.4 m [80 ft]) and 
groundwater, and ICs 

NOTES: IC = institutional control 
ISR = in situ reduction 

RTD = removal, treatment, and disposal 

$24,150,900 

$15,510,900 

See Appendix B for cost information and supporting cost backup. 

Assume RTD to 24.4 m (80 ft) and current 
pump-and-treat levels without additional 
capacity. 

Assume RTD lo 2.4 m (8 ft), ISR of remaining 
vadose zone and groundwater hot spot, and 
pump-and-treat for 5 years ; pump-and-treat is 
the majority of the net present value 
($12,320,000). 

3 The general assumptions for !Cs are as follows. 

4 • IC costs were estimated using IC cost information supplied by CH2M HILL Plateau Remediation 
5 Company (CHPRC) from another OU feasibility study. The cost estimate includes both a capital and 
6 an O&M component. 

7 The general assumptions for RTD include: 

8 • RTD excavation costs by Washington Closure Hanford, LLC, include all labor, equipment, and 
9 material to excavate soil and debris; size-reduce concrete from the adjacent facility; load out 

10 materials; backfill; perform revegetation activities; and prepare waste site closeout documentation. 

11 • R TD treatment and disposal costs include all labor, equipment, and material to transport containers to 
12 ERDF; treatment ofhexavalent chromium-contaminated soil to meet land-disposal restrictions; and 
13 disposal at ERDF. ERDF treatment and disposal costs are estimated at 120 percent of the total 
14 excavation, sampling, backfill and site restoration cost. 

15 • Costs for R TD are well-known after years of experience applying this technology at the Hanford Site. 
16 They include the following: 

17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 

- Density of soil is 1.9 tons per bank cubic yard 
- Excavation cost is $15.00 per ton 
- Offsite backfill material cost is $8.00 per ton. Onsite stockpile material is handled at $2.50 per 

ton. 
- Soil excavation rates are 90 trucks per day total (15 trucks per day at 6 cycles each) 
- Each truck carries 32 tons per cycle (truck-and-pup operation) 
- Revegetation costs are $5,000 per acre 
- Sampling costs are $700 per sample and assume 22 samples for each of the RTD depth 

options. Laboratory analysis includes inductively coupled plasma (ICP) metals and hexavalent 
chromium. Assumes quick turnaround (7-day preliminary and 30-day final) . 
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A one-time allowance (periodic cost) for spot-backfilling an RTD site to offset settlement is included. 

2 The general assumptions for the 100-D Hot Spot pump-and-treat include: 

3 • The extraction, injection, and treatment system configuration includes the following: 

4 - Three existing monitoring wells are converted to extraction wells and two are converted to an 
5 injection well. One existing extraction well would be reconfigured. Well conversion costs 
6 were obtained from CHPRC - Field Engineering Lead. 
7 - Conveyance piping and installation costs were obtained from CHPRC - Field Engineering 
8 Lead. 6-inch-diameter high-density polyethylene piping is assumed. The actual pipe diameter 
9 may be different and would be determined with hydraulic modeling during remedial design. 

10 - The influent flow rate is 189 L/min (50 gal/min). 
11 - The initial influent hexavalent chromium concentration is 7,500 µg/L and declines to 
12 100 µg/L by the year 2015. 
13 - The ion exchange system regeneration occurs every 2 weeks. 
14 - Rock salt and hydrochloric acid quantities for regeneration are estimated at 208 L (55 gal). 
15 - Phosphoric acid and sodium hydroxide quantities are scaled based on estimated hexavalent 
16 chromium concentrations and mass. 
1 7 - The sodium dithionite quantity needed for regeneration is estimated at 3 .1 times the estimated 
18 hexavalent chromium quantity removed. 
19 - The waste quantity is scaled based on hexavalent chromium mass. 
20 - Labor is approximately eight full-time equivalents based on current information. 
21 - The annual O&M cost of $1 .6 million for the pump-and-treat system was estimated from the 
22 " 100-DX Treatment Plant Pre-Conceptual Design and Cost Estimate Technical 
23 Memorandum" (working draft not released). 

24 The 100-KR-4 and 100-KW pump-and-treat systems are configured and operated similar to the 100-D 
25 Hot Spot system described above, but are assumed to operate through the year 2018. The $2.71 million 
26 O&M cost for the 100-K Area pump-and-treat systems was estimated from actual costs incurred in 2007 
27 (DOE/RL-2008-05 , Calendar Year 2007 Annual Summary Report for the 100-HR-3, 100-KR-4, and 100-
28 NR-2 Operable Unit Pump and Treat Operations, Rev. 0). 

29 A periodic cost equal to 50 percent of the total capital installation cost was included to allow for 
30 decommissioning of the three pump-and-treat systems following the 5-year projected operating period at 
31 the I 00-D Hot Spot and 8 years of operation of the two 100-K Area systems. 

32 6.4 Alternative 2- Continue Current Actions with Selective Application 
33 of In Situ Reduction 

34 A detailed analysis of the components of Alternative 2 with respect to the seven NCP criteria evaluated is 
35 presented in Table 6-3 and summarized below. 

36 6.4.1 Overall Protection of Human Health and the Environment 
3 7 Alternative 2 would achieve overall protection of human health and the environment by addressing 
38 hexavalent chromium in the vadose zone and groundwater. 

39 6.4.2 Compliance with Applicable or Relevant and Appropriate Requirements 
40 Alternative 2 would comply with ARARs by addressing hexavalent chromium in the vadose zone and 
41 groundwater. 
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2 Alternative 2 would be effective in the long term. If hexavalent chromium sources are removed, they 
3 would be removed permanently and contaminated materials disposed ofin the ERDF. Groundwater 
4 treatment residuals also may need to be disposed of in the ERDF, depending on the specific ex situ 
5 treatment process employed. The conversion of hexavalent chromium to its less toxic, essentially 
6 immobile trivalent form is irreversible under typical environmental conditions such as those present on 
7 the Hanford Site. The technologies in Alternative 2 are adequate and reliable. 

8 6.4.4 Reduction of Toxicity, Mobility, and Volume Through Treatment 
9 Application of the ISR component of this remedial action alternative will convert hexavalent chromium in 

10 impacted soil and groundwater to the less soluble, essentially immobile, and less toxic trivalent form of 
11 chromium. This will substantially reduce the volume of these environmental media containing 
12 exceedances ofhexavalent chromium. If other co-contaminants such as mercury, lead, organics, and 
13 radioisotopes are present, some component ofRTD may be required for their removal. 

14 The excavation of contaminated soils, as part of the RID component of this remedial action alternative, 
15 will decrease the volume ofhexavalent chromium-contaminated soil at the site. Those excavated soils, if 
16 any, with sufficiently high concentrations ofhexavalent chromium will be pretreated before disposal at 
17 ERDF, to convert the hexavalent chromium to the less toxic and essentially immobile trivalent form. 

18 Groundwater pump-and-treat implemented as part of this remedial action alternative will decrease the 
19 volume ofhexavalent chromium-contaminated groundwater. The hexavalent chromium removed by the 
20 groundwater treatment process (for example, by ion exchange) will be properly treated and disposed of. 

21 6.4.5 Short-Term Effectiveness 
22 Risks to workers, the community, and the environment would be moderate for excavation and low for 
23 ISR and groundwater pump-and-treat. Mobilization ofredox-sensitive or other currently immobile 
24 constituents is not anticipated to be an issue for ISR and will be evaluated as part of pre-design treatability 
25 studies. If, however, redox-sensitive metals such as iron, manganese, or arsenic are significantly 
26 mobilized during ISR, it is anticipated that these constituents will be (1) reoxidized and sequestered in the 
27 aquifer matrix as the JSR-impacted groundwater is reoxygenated before discharging to the river, or 
28 (2) captured before reaching the river by a pump-and-treat system. If non-redox sensitive (for example, 
29 certain radioactive) constituents are mobilized by the flushing action of these technologies, these 
30 constituents will be attenuated by aquifer adsorption processes or captured before reaching the river by 
31 the pump-and-treat system. Sustainability of Alternative 2 is considered higher for ISR because this 
32 technology is not energy intensive and results in lower greenhouse gas emissions, does not generate ex 
33 situ treatment residuals that must be managed, and is minimally disruptive of the site. Sustainability is 
34 considered moderate for RTD and groundwater pump-and-treat because of energy requirements and 
35 treatment residuals that must be managed indefinitely. 

36 6.4.6 Implementability 
37 ISR offers similar flexibility in implementation. In some cases there could be some advantage over RTD 
38 in areas of the Site that are relatively inaccessible (for example, culturally sensitive areas and near 
39 buildings and utilities) . Sufficient areas are available for implementing the technologies such that RAOs 
40 can be achieved. 
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Table 6-3. Detailed Evaluation of Attematlve 2 - Continue Current Actions wtth Selective Application of In Situ Re<luction 

Description of remedy 

Shallow Soil Deep Soll 

Chromium-rontamineted soils and/or debris would be Deep soil may be excavated with open-pit type of 
excavated. treated as required. and disposed of at excavation or using caissons or other shoring 
the EROF. methods. 

(It is anticipated that RTD will be employed for most 
shallow contaminated soil. There may be occasional 
sih.Jations in which shallow soils are more 
appropriatefy treated by ISR; for example, if 
subsurface utilities present an obstade to excavation. 
In these situations, the information pertaining ta deep 
soil would apply.) 

Attematively, hexavalent chromium-<X>fltaminated 
soil would be treated using ISR ITT which water 
amended with a htghly biodegradable organic 
material or chemical reduct.ants is carefully metered 
through the soil to promote reduction of hexavalent 
chromium to triva~nt chromium. 

1. Ove~II Protactkm of Human Health and the Environment 

2. Comp/lance with ARARs 

Excavation would f"emove contaminant mass 
leaching to groundwater and 'NOuld minimize 
potential exposure to contaminated soils through 
direct contact and ingestion. 

ARARs 'M>Uld be met because soil 'With chromium 
concentrations exceeding safe levots for human 
health and the environment would be removed. 
trttated. and disposed in a secure facility (ERDF). 

For excavated deep soil, same as for shallow soil. 

For treated soil, ISR would convert hexavalent 
chromium to the less toxic trivalent form that forms 
strong complexes with soil minerals. malting it 
essentially immobile and less available ror biologteal 
uptake. 

For excavated deep soil, same as for shallow soil. 

For treated soil. ARARs would be met because 
vadose zone soil with elevated hexavalent 
chromium concentrations would be treated such that 
hexavalent chromium would be converted to the 
~ss toxic and mobile trivalent fonn and resulting 
hexavalent and total chromium concentrations in soil 
would meet soil ARARs. 

Source Area Groundwate.r 

Groundwater in the vicinity of hexavalent 
chromium-contaminated source areas would be 
treated using ISR, potentially in conjunction with 
treatment of vadose zone soils. Amended water. 
after infiltrating downward through the vadose zone 
{and reacting with and entraining hexavalent 
chromium along the way), would encounter and mix 
with groundwator. Remaining amendment would 
promote reduction of hexavalent to trivalent 
chromium in groundwater. If groundwater exceeded 
chromium standards, it couk:i be extracted and either 
amended with Of'ganic substrate and reinjected or 
treated ex srtu. 

ISR would convert hexavalent chromium to the 
much less toxic trivalent form that forms strong 
complexes with soil minerals, making it essentially 
immobile and less available for biological uptake. 

Would meet ARARs of 48 µg/L he.xavalent 
d"lromium in inland groundwater, 20 µg/l hexavalent 
chromium in groundwater discharging to the river, 
and 100 µg/L total chromium in all Site groundwater. 
It is possible that redox-sensitlve metals such as 
iron, manganese, or arsenic could be mobilized and 
temporarily exceed ARARs in groundwater. 
However, when the groundwater is sufficienUy 
oxygenated, as it must be before d ischarge to the 
river (6 mg/l dissolved oxygen is required) , the 
metals would be reimmobilized. If ISR flushes 
non-redox sensitive radiological constituents such 
that they exceed ARARs. groundwater pump--and­
treat could be employed for their removal. It is not 
anticipated that these issues wiH occur, but 
treatability and/or pilot testing will be conducted to 
confirm this theory. 

Grounctwater not treated by ISR 
would be remediated by 
groundwater extraction and 
ex situ treatment using ion 
exchange or other effective ex 
situ treatment technology. 

Groundwater would be extracted 
from the subsurlace and 
hexavalent chromium would be 
removed by ion exchange or 
some other process. Treated 
groundwater would be reinjected 
to the subsutfaoe far enough 
upgradient or the river, and with 
sufficiently low chromium 
concentrations, that It wouki be 
safe for human health and the 
environment. 

Same as for source area 
groundwater. 
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Rivef Protection 

Groundwater adjacent to the river 
wouki be extracted and treated 
ex situ. M.emativety, groundwater 
adjacent to the river coutd be 
treated by ISR. Before discharge 
to the river. groundwater may be 
oxygenated via air sparging or 
some other means. 

Groundwater extracted and 
treated ex situ would be 
reinjected to the subsurface far 
enough upgradient of the river, 
and with sufficientty low 
chromium concentrations , that it 
would be safe for human health 
and the environment 
Altemativety, ISR would convert 
hoxavalent chromium to the much 
less toxic trivalent form that forms 
strong complexes 'Nith soil 
minerals, making it essentially 
immobile and less available for 
biological up1ake. 

Same as for source area 
groundwater. In addition, would 
meet ARAR of 6 mg/l. dissolved 
oxygen in groundwater 
discharging to the river. 
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Shall'!W Soil 

3. Long-Term Effectiveness and Permanence 

(a) Magnitude of residual risks 

(b) Adequacy ar<I reliability of 
c:ontrots 

Once excavation tS completed. residual risks may 
remain in soits not excavated. 

Excavation is adequate and reliable. 

.f. Reduction of TMV through Treatment 

(a) Treatment process used 

(b) Degree and quantity ofTMV 
reduction 

(c) lrr!Mlrslbifity of TMV 
reduction 
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Excavated soils and/or debris may be treated before 
disposal in the EROF. as necessary, to meet 
land-disfX)Sal requirements. 

TMV of hexavalent chromium in the 100 Area would 
be decteased by removal of impacted soils and/or 
debris. Soils and/or debris removed during 
excavation would be treated before disposal in the 
ERDF. as necessary. to meet land-disposal 
requirements. 

Excavation of soils is irreversible. 

For excavated deep soil. same as for shallow soil. 

For treated soil. ISR of contaminated soils would 
irre...,ersibty convert hexavalent to trivalent 
chromium. It is anticipated that resulting trivalent 
chromium concentrations in soil would be below 
acceptable levels. This 'INOllld be confirmed by 
post-treatment soil sampling and analysis during 
pilot testing . 

For excavated deep so~. same as for shallow soil. 

For treated soil, ISR of hexavalent chromium in soil 
has been demonstrated to be adequate, reliable. 
and trreversible in numerous treatability studies and 
at several hexavalcnt chromium--contaminated field 
sites throughout the U.S. 

For e:K"cavated deep soil. same as for shallow soil. 

For treated soil, biological or chemical reduction of 
hexavalent to trivalent chromium. 

For excavated deep soil. same as ror shallow soil. 

For treated soil, toxicity and mobility would be 
greatly decreased by ISR of hexavalent to trivalent 
chromium. Votume 'NOOld not be signific.antty 
decreased in soil except to the extent that 
hexavalent chromium Is carefully metered from the 
vadose zone Into groundwater. 

For excavated deep soil. same as for shallow soil. 

For treated soil. ISR of hexavalent to trivalent 
chromium has been demonstrated to be Irreversible 
under typical environmental conditions such as 
those that exist at the Site. 

Source Area Gr~~ater 

ISR wc,ukj continue until standards for hexavalenl 
chromium in groundwater were mel The residual 
from the process 'INOllld be trivalent chromium, most 
of whk:h would bind strongly and irreversibly to soil 
minerals in situ . Some trivalent chromium may 
remain in the dissolved phase. Post-treatment 
sampling of soil and groundwater would be 
undertaken to oonfirm that applicable standards for 
hexavalent and total chromium are met In 
groundwater and saturated soi. 

!SR of hexavelent chromium in groundwater has 
been demonstrated to be adequate, reliable. and 
irreversible in numerous treatability studies and at 
several hexavalent chromium-contaminated field 
sites throughout the U.S . 

Biological or chemical reduction or hexavalent to 
bivalent chromium. 

Toxicity and mobi lity would be greaUy deaeased by 
ISR or hcxavalent to trivalent chromium. Volume 
would not be significantly decreased in groundwater 
8).C8pt to the extent that groundwater is 
subsequently pumped and treated. 

ISR of hexavalcnt to triva~nt chromium has been 
demonstrated to be irreversible under typical 
environmental condilions such as those that exist at 
the Site. 

Downgradlent Groundwater 

Groundwater pump-and-treat 
woutd continue until standards for 
hexavalent and total chromium in 
groundwater were achieved. 
Ex situ treatment residuals, such 
as ion exchange resin and ion 
exchange brfne, would be 
handled appropriately to minimize 
their residual rtsks. 

Groundwater pump-and-treat has 
been proven to be adequate and 
rnllable for hexavalent chromium 
at this Site and others. 

Ion exchange or other appropriate 
ex situ treatment technclogy. 

TMV of hexavalent chromium in 
groundwater would be deaeased 
by groundwater extraction. TMV 
of the hexnvalent chromium 
extracted via groundwater may be 
decreased depending on details 
of the ex situ treatment system 
emptoyed. Overall volume 
ultimately cannot be decreased 
because chromium is an element; 
however, the volume of 
hexavalent chromium in the 
100 Area '#Ould be decreased via 
groundwater extraction. 

Groundwater extraction is 
irreversib~. Ex situ treatment 
may be reversible depending on 
the specific technology employed. 
For example, adsorption onto Km 
exchange resins Is reversible, 
and resins often are regenerated 
by desorbing the adsorbed 
contaminants. 

Same as for source area 
groundwater and downgradient 
groundwater. In addition, 
groundwater would be 
oxygenated before discharge to 
the river, 

Same as for source area 
groundwater and downgradiont 
groundwater. Oxygenation of 
groundwater before discharge to 
the river may be required in order 
for the proposed remediation 
methods to be adequate . 

Same as for source area 
groundwater and downgradient 
groundwater. In addition, 
oxygenation of groundwater 
before discharge to the river. 

Same as for source area 
groundwater and downgradient 
groundwater. 

Same as for source area 
groundwater and downgradient 
groundwater. 



Table 6-3. Detailed Evaluation of Alternative 2- Continue Current Actions with Selective Appl ication of In Situ Reduction 

(d) Type and quantity of 
treatment residuals 

(e) Statutory prerercnce for 
treatment 

S. Short-Term Effectiveness 

(a) Protection of workers during 
remedial action 

(b) Protection of oommunity 
during remedial action 

(c) Environmental lmpac:ts of 
remedial action 

(d) Tome until RAOs are 
achieved 

(e) sustainability 

6. Implementability 

ShaUow SoU 

Treatment resiiduals wouk:i consist of excavated 
hexavalent chromium-contaminated soils and/or 
debris and any amendments needed to treat the soil 
before disposal in the EROF to meet land.disposal 
requirements . The quantities of soil to be excavated 
and treated \YOUld be established by Washington 
Closure Hanford, LLC during RTD operations. 

Preference wouki be met for excavated soils that 
'NOUld be treated as necessary before disposal in the 
ERDF. 

Risk to workers during remedial construction Yt'OUid 
be mitigated by adherence lo site-specific H&S plans 
and engineering controls (for example, dust 
suppression). 

Risks to the community during remedial construction 
include dust and safety risks from the presence of 
open excavations. These risks would be mitigated 
during implementation through use of engineering 
controls. 

Minimal risks to the environment wrn occur during 
excavation assuming implementation of adequate 
monitoring and engineering controts (for ex.ample, 
erosion controls). 

Excavation wUI be used to assist in meeting the 
groundwater prolection RAO by 2020. 

High-energy use and greenhouse gas emissions will 
occur from excavation equipment Moderate energy 
use and greenhouse gas emission by transporting 
soil to nearby ERDF. Generates treatment resk1uals 
that must be managed indefinitety. 

(a) Technical feasibility Feasible. 

{b) Administrative feasibility Adminisuatlwly feas1ble; however, access is not 
possible in some areas, such as culturally sensitive 
areas and near buildings and utilities. 

(c) Availability of services and Neoessary engineering services and materials are 
materials readity avaiila~e. 

"Deep-Soil 

For excavated deep soil. same as for shall()IN soil. 

For treated soil , treatment residuals would consist of 
trivalent chromium in soil in situ and potentially 
hexavalent end trivalent chromium that is carefully 
metered lo groundwater. (However, chromium in 
groundwater subsequenUy would be handled 
through groundwater ISR or pump-and-treat.) 

For excavated deep soil, same as for shallow soil. 

For treated soil , preference would be met because 
hexavalent chromium-contaminated soil that is the 
source of groundwater contamination would be 
irreversibfy treated. 

Same as for shallow soit . 

For excavated deep soil, same as for shallow soil . 

For treated soil, engineering controls would be used 
to protect the community from dusL 

Same as for shallow soil. 

For excavated deep SOil. same as for shallow soil. 

For treated soil, vadose zone ISR wiH assist in 
meeting the groundwater protection RAO by 2020. 

FOf excavated deep soil. same as ror shaUow soil. 

FOl' treated soil. low-energy use and greenhouse 
gas emissions. Treatment residuals remain in situ 
and do not require management. Minimal site 
disruption. 

Sou~ Ar.-11 Groundwater 

Treatment residuals would consist of trivalent 
chromium, the majority of which 'NOuld be adsorbed 
to soil in situ. Some trivalent chromium could be 
dissofved in groundwater. Sampling and analysis will 
be used to confirm that d issolved trivalent chromium 
concentrations are below standards. In the event 
that they are not, groundwater pump-and-treat 
would be employed. 

Preference would be met because hexavaient 
chromium would be irreversibly treated. 

Same as for shallow soil. 

Engineering controls would be used to protect the 
community from dust. 

Same as for shallow soil. 

Groundwater ISR will assist in meeting the river 
protection RAO by 2012 and the groundwaler 
proleclion RAO by 2020. 

Low-energy use and greenhouse gas emisstons. 
Treatment residuals remain in situ and do not 
require management Minimal site disruptton . 

Feasible. Feasible. 

For excavated deep soil, same as for shaUow soil. Same as for shallow soil. 

ISR may be administratively feasible in some areas 
where RTD is infeasible, for example, in areas with 
subsurface utilities. 

Same as for shallow soil. Sarne as for shallow soil. 

Downgradlenl Groundwater 

Treatment residuals will depend 
on the specific ex situ treatment 
process employed and could 
consist of spent ion exchange 
resin, Ion exchange brtne, or 
other residuals if some other ex 
situ treatment process is used. 

Preference would be met 
because hexavalent chromium 
would be removed from the 
aquifer and treated. 

Same as for shallow soil. 

Risks to the community would be 
mitigated by keeping community 
membe~ away from work areas. 

Same as ror shallow soil. 

Grouncfo.Nater pump-and-treat wiU 
assist in meeting the rtver 
proloction RAO by 2012 and the 
groundwater protection RAO by 
2020. 

High-energy use and greenhouse 
gas emissions from groundwater 
extraction. Treabnent residuals 
require disposal. Minimal site 
disruption. 

Feasible. 

Same as for shalk>w soil. 

Same as for shaflow soil. 
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Rivet Protection 

Same as for source area 
groundwater and downgradient 
groundwater. 

Preference would be met 
because hexavalent chromium 
would be irreversibty treated or 
removed from the aquifer. and 
groundwater would be 
oxygenated before drsd"large to 
the river. 

Same as for shallow soil . 

Same as for source area 
groundwater and downgradK!nt 
groundwater. 

Same as for shallow soil . 

Same as for source area 
groundwater .and downgradient 
groundwater. 

Same as for source area 
groundwater and downgradienl 
groundwater. Water restored for 
ecological reuse In river. 

Feasibkt . 

Same as for shallow son. 

Same as for shallow soil 
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Table 6-3. Detailed Evaluation of Alternative 2 - Continue Current Actions with Selective Application of In Situ Reduction 

Shallow Soil 

7. Pre.sent-Worth Cost to Remediate 100-D Area Southern Plume Hot Spot 

Present-worth cosr 100-0-12: $670,000 

100-0-30 SW: $780,000 

600-334: $10,000 

116-K-2: $790.000 

100-C-7:1 $710.000 

100-C-7: $710.000 

Future Site #1 : $710.000 

Future Site #2: $710.000 

Future Site #3: $710.000 

Future Site #4: $710,000 

_ Deep Soil 

100-0-12: 

100-0-30 SW: 

600-334: 

116-K-2: 

100-C-7:1 

100-C-7: 

Future Stte #1 : 

Future Srte #2: 

Future S ite #3: 

Future Site #4: 

$2,440.000 

$2,250.000 

$2,250,000 

$2,440,000 

$2,250.000 

$2.250.000 

$2,250.000 

52.250.000 

$2.250.000 

S2.250,000 

Source Area Groundwater 

100-0 Hot Spot S12.3 m;llion 

100-K P1ume: S39.2 mm ion 

River Protection_ 

Nol applicable. 

NOTES: -The infC>mlation in this preliminary cost estimate Is based on the best available information regarding the anticipated scope of potential remedial action alternatives. Changes in the cost elements are likely to occur as a result of new Information and data 
collected during the feasibility study and/or during engineering design of the remedial action alternatives. The range presented is +50 to .30 percent of the order--of-magnitude cost estimate provided in Appendix 8 for the six known and four future sites selected for 
comparison. The cost for shallow soil remediabon (depth presented in Append ix B) remains RTD, yet the deep soil is addressed by ISR. Deep sod a lso addresses groundwater hot spot where applk:.able. 
ARAR "" applicable 0< relevant and appropriate requiremenl 
ER0F = Environmental Restoration Disposal Facility. 
H&S hearth and safety. 
ISR in situ reduction. 
RAO n,med;al action objective. 

RTD removal, treatment and dispasal. 
TMV "" toxicity, mobility, or volume. 
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1 6.4.7 Cost 
2 The combination ofRTD, groundwater pump-and-treat, and JSR can be optimized to minimize overall 
3 cost. The JSR in particular is an extremely cost-effective way to address hexavalent chromium in the 
4 vadose zone and in groundwater hot spots. 

5 To illustrate this, the southern plume groundwater hot spot and overlying vadose zone in the 100-D Area 
6 is used to demonstrate the cost of the JSR technology. For this example, costs are developed for JSR of 
7 the 9.1 by 9.1 m (30 by 30 ft) 100-D Area southern plume hot spot and overlying vadose zone are 
8 presented to compare (in Chapter 7) with the RTD and pump and treat costs presented in Section 6.3 .7. 

9 The total estimated net present value cost for Alternative 2 for application at the ten waste sites is 
10 $81.5 million. This includes RTD at nine waste sites, vadose zone JSR treatment at eight sites, vadose 
11 zone and groundwater hot spot JSR treatment at two sites, and continuing use of existing pump-and-treat 
12 systems for the durations established in Alternative 1. 

13 The JSR cost estimate includes capital costs, O&M, and periodic costs. 

14 • The capital cost includes purchase, delivery, and installation costs for all system components, plus 
15 allowances for scope/bid contingency, project management, remedial design and construction 
16 management. 

17 • The annual O&M costs include costs for JSR reagent chemicals, a full-time system operator, and 
18 electricity ($0.034 per kWh) to operate the fluid transfer pumps. The O&M timeframe is estimated at 
19 9 months. 

20 • The periodic cost includes a 35 percent allowance, based on capital costs, to decommission the ISR 
21 system once treatment is complete, and move it to another waste site for reuse. 

22 6.5 National Environmental Policy Act of 1969 Values Evaluation 

23 The 42 USC 432 National Environmental Policy Act of 1969 (NEPA) process is intended to help federal 
24 agencies make decisions that are based on understanding environmental consequences and then to take 
25 actions that protect, restore, and enhance the environment. Secretarial policy (DOE, 1994, Secretarial 
26 Policy Statement on the National Environmental Policy Act) and DOE O 451. l B, National Environmental 
27 Policy Act Compliance Program - Change 1, require that CERCLA documents incorporate NEPA values 
28 such as analysis of cumulative, offsite, ecological and socioeconomic impacts to the extent practicable, in 
29 lieu of preparing separate NEPA documentation for CERCLA activities. 

30 6.5.1 Description of National Environmental Policy Act of 1969 Values 
31 Several of the CERCLA evaluation criteria involve consideration of environmental resources, but the 
32 emphasis frequently is directed at the potential effects of chemical contaminants on living organisms. The 
33 NEPA regulations ( 40 CFR 1502. l 6, "Environmental Consequences") specify evaluation of the 
34 environmental consequences of proposed alternatives. These include potential effects on transportation 
35 resources, air quality, and cultural and historical resources; noise; visual and aesthetic effects; 
36 environmental justice; and the socioeconomic aspects of implementation. The NEPA process also 
37 involves consideration of several issues such as cumulative impacts (direct and indirect), mitigation of 
38 adversely affected resources, and the irreversible and irretrievable commitment of resources. The 
39 NEPA-related resources and values that DOE has considered in this evaluation include the following: 
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• Transportation Impacts. This value considers impacts of the proposed remedial action on local traffic 
2 (that is, traffic at the Hanford Site) and traffic in the surrounding region. Transportation impacts are 
3 considered in part under the CERCLA criteria of short-term effectiveness or implementability. 

4 • Air Quality. This value considers potential air quality concerns associated with emissions generated 
5 during the proposed remedial actions. 

6 • Natural, Cultural, and Historic Resources. This value considers impacts of the proposed remedial 
7 actions on wildlife, wildlife habitat, archaeological sites and artifacts, and historically significant 
8 properties in the Central Plateau. 

9 • Noise. Visual, and Aesthetic Effects. This value considers increases in noise levels or impaired visual 
10 or aesthetic values in the Central Plateau during or following the proposed remedial actions. 

I 1 • Socioeconomic Impacts. This value considers impacts pertaining to employment, income, other 
12 services (for example, water and power utilities), and the effect of implementation of the proposed 
13 remedial actions on the availability of services and materials. 

14 • Environmental Justice. Environmental justice, as mandated by "Executive Order 12898 of February 
15 11, 1994, Federal Actions to Address Environmental Justice in Minority Populations and 
16 Low-Income Populations" (59 FR 7629), refers to fai r treatment of humans of all races, cultures, and 
17 income levels with respect to laws, policies, and government actions. This value considers whether 
I 8 the proposed remedial actions would have inappropriately or disproportionately high and adverse 
19 human health or environmental effects on minority or low-income populations. 

20 
21 
22 

• Cumulative Impacts (Direct and Indirect). This value considers whether the proposed remedial 
actions could have cumulative impacts on human health or the environment when considered together 
with other activities in the Central Plateau, at the Hanford Site, or in the region. 

23 • Mitigation. If adverse impacts cannot be avoided, remedial action planning should minimize them to 
24 the extent practicable. This value identifies required mitigation activities. 

25 • Irreversible and Irretrievable Commitment of Resources. This value evaluates the use of 
26 nonrenewable resources for the proposed _remedial actions and the effects that resource consumption 
27 would have on future generations. When a resource (for example, energy, minerals, water, wetland) is 
28 used or destroyed and cannot be replaced within a reasonable amount of time, its use is considered 
29 irreversible. 

30 6.5.2 Detailed Evaluation of the National Environmental Policy Act of 1969 Criteria 
31 The no action alternative would have very limited if any impact relative to the NEPA criteria described 
32 above. Therefore, it is not discussed further in the following subsections. 

33 6.5.2.1 Transportation Impacts 
34 Implementation of Alternative 1 at hexavalent chromium waste sites will have short-term impacts on local 
35 traffic and traffic in the surrounding region. A majority of this impact is associated with the increased 
36 truck traffic as contaminated soil is moved from a waste site(s) to the ERDF. The magnitude of this 
3 7 impact grows in proportion to the number and size of sites that are remediated under Alternative 1. 

38 Under Alternative 2, all soil and groundwater treatment is performed in situ, thus eliminating a majority 
39 of the transportation impacts. The JSR system operations will require routine operator visits to the site, 
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and periodic replenishment ofISR reagent. However, the total transportation impact from these activities 
2 is considerably smaller than that associated with haul-truck traffic under Alternative 1. 

3 6.5.2.2 Air Quality 

4 Air quality impacts from fugitive dust and RID diesel equipment exhaust will be greatest under 
5 Alternative 1. These impacts are short-term and will occur while soil is being moved from the waste 
6 site(s) to ERDF. Fugitive dust emissions can be controlled with suppression measures. Alternative 2 will 
7 have very little, if any, measureable air quality impacts because a majority of the treatment is 
8 accomplished using electric pumps and gravity-fed chemical drip equipment. 

9 6.5.2.3 Natural, Cultural, and Historic Resources 
l O Alternative 1 and Alternative 2 are fairly intrusive, requiring disturbance of the ground surface and 
11 subsurface at each waste site. This activity could affect natural, cultural or historic resources, although the 
12 impacts could be mitigated. Adverse impacts to cultural resources could occur if such resources were 
13 encountered and appropriate mitigating actions were not taken. Adverse impacts would be minimized by 
14 avoiding known cultural resource and traditional-use areas whenever possible. Most of the waste sites in 
15 the 100 Area are located within areas previously disturbed by operations. Therefore, the potential for 
16 encountering resource sites during RTD excavation or emplacement of the chemical drip system is 
17 anticipated to be low. A cultural resource mitigation plan would be established before remediation begins. 
18 Known cultural resources and traditional-use areas would be avoided whenever possible. If cultural 
19 resources were encountered, the State Historic Preservation Office and Native American Tribes would be 
20 consulted about minimizing impacts and taking appropriate actions for resource documentation or 
21 recovery. 

22 Some short-term adverse impacts to natural resources (for example, local wildlife) could occur during the 
23 construction and implementation phases of each alternative. Ecological surveys would be performed to 
24 identify the species present and the special precautions that should be taken to minimize adverse impacts. 
25 Revegetation of the waste sites following RTD and decommission of the groundwater treatment system 
26 and the ISR building would have positive impacts on natural resources 

27 6.5.2.4 Noise, Visual, and Aesthetic Effects 
28 Alternative 1 would pose the greatest noise, visual and aesthetic impact. These impacts would be highest 
29 while RTD work is being carried out, with some visual and aesthetic impacts from groundwater treatment 
30 extending for approximately 5 years. Alternative 2 would also have similar short-term impacts with a 
31 majority of these impacts resulting from RTD and pump-and-treat; it is anticipated that the RTD 
32 component of Alternative 2 is to be far less extensive and completed in a much shorter timeframe. 

33 6.5.2.5 Socioeconomic Impacts 
34 Alternative 1 would have greater positive socioeconomic impacts than Alternative 2 because of the 
35 employment opportunities that would arise during the life of the remedial action project. The labor force 
36 required to implement Alternative 1 would be drawn from current Hanford Site contractors and the local 
3 7 labor force, so adverse socioeconomic impacts would be minimal. 

38 6.5.2.6 Environmental Justice 
3 9 Because of the remote location of the 100 Area, environmental justice impacts from either alternative 
40 would be limited. Remedial action is expected to restore the 100 Area to an unrestricted use status. 
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I 6.5.2. 7 Irreversible and Irretrievable Commitment of Resources 
2 Alternative 1 and Alternative 2 would result in some temporary land-use loss during implementation. The 
3 RTD component under Alternative 1 would require fill material that would have to be obtained from 
4 borrow pits, and considerably more energy resources than required by Alternative 2. Both alternatives 
5 would require some short-term land-use loss until RAOs are achieved. However, the amount of land-use 
6 loss is small relative to the total amount of undisturbed land available in the 100 Area. Following 
7 completion of the remedial action, both alternatives would allow for unrestricted land use. 

8 Alternative 1 would require some irreversible/irretrievable commitment of resources in the form of 
9 geologic materials (fill) and petroleum products (for example, diesel fuel, gasoline). Alternative 2 would 

10 rely primarily on electricity and gravity to deliver the JSR reagent to the waste site. 

11 6.5.2.8 Cumulative Impacts 
12 The remedial action activities associated with Alternative 1 and Alternative 2 are expected to have minor 
13 impacts when considered together with impacts from past and foreseeable future actions at and near the 
14 Hanford Site. Authorized current and future activities will include soil and groundwater remediation; 
15 demolition and decommissioning of inactive facilities , and site-related surveillance and maintenance 
16 activities. 

17 6.5.2.9 Mitigation 
18 Mitigation measures under the both alternatives would likely include surveillance, physical controls, and 
19 potential interim remedies. Mitigation measures under Alternative 1 and Alternative 2 would likely 
20 include dust suppression, stockpiling clean topsoil for reuse, minimizing the size of construction areas, 
21 and planning activities to avoid nesting and breeding cycles of birds and mammals. 

22 6.5.2.10 Summary of National Environmental Policy Act of 1969 Evaluation 
23 Hexavalent chromium contaminated soil and groundwater remedial actions in the 100 Area would result 
24 in some minor impacts. The long-term benefits from these remedial actions are within those normally 
25 experienced for similar type projects and are expected to offset the short-term impacts. 

\ 
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7. Comparative Analysis of Alternatives 

2 This chapter presents a comparative analysis of the three remedial action alternatives developed for the 
3 100 Area hexavalent chromium sources and groundwater plume hot spots. The purpose of the 
4 comparative analysis is to identify the advantages and disadvantages of each alternative relative to the 
5 CERCLA evaluation criteria, and one another, so the key tradeoffs that have to be weighed to select a 
6 preferred remedial action alternative in the Proposed Plan are understood. The CERCLA modifying 
7 criteria of support regulatory agency and community acceptance are not discussed in the comparative 
8 analysis. The support regulatory agency concurrence criteria will be addressed through the development 
9 and issuance of the Proposed Plan. The community acceptance criteria will be addressed following the 

10 Proposed Plan public comment period through the amended interim action ROD responsiveness 
11 summary. 

12 The remedial action alternatives discussed in the comparative analysis include: 

13 • No Action 

14 • Alternative 1 - Continue Current Actions 

15 • Alternative 2 - Continue Current Actions with Selective Application ofISR. 

16 7.1 Threshold Criteria 

17 The threshold criteria for overall protection for human health and the environment and compliance with 
18 ARARs must be met by an alternative to be eligible for selection. An alternative that satisfies the criteria 
19 for overall protection of human health and the environment, but does not attains ARARs, may be selected 
20 if an ARAR's waiver is justified based on the circumstances described in the NCP under 40 CFR 300.430 
21 (f)(l)(ii)(C), "Selection of Remedy." 

22 7.1.1 Overall Protection of Human Health and the Environment 
23 Because institutional controls were established in the prior interim action RODs, human health is 
24 currently protected under both alternatives. Alternative 2 provides a higher degree of protection for the 
25 environment because it includes additional technology to address hexavalent chromium in shallow and 
26 deep soil, and groundwater. Waste sites with shallow soil contamination will continue to be remediated 
27 through RTD, whereas deep soil will be addressed using ISR which converts hexavalent chromium to a 
28 less toxic and essentially immobile form (trivalent). Treatment of deep soil is accomplished in nine 
29 months using ISR versus up to 2 years for RTD under Alternative 1. Similarly, treatment of hot spot 
30 groundwater is accomplished in less than I year with ISR 5 years or longer using pump-and-treat under 
31 Alternative 1. The accelerated treatment of soil and groundwater is deemed to provide a higher degree of 
32 protection for the environment. 

33 The no action alternative is not protective of human health and the environment because hexavalent 
34 chromium contaminated groundwater would continue to enter the Columbia River where it could pose a 
35 threat to aquatic receptors. Hexavalent chromium would also continue to leach from soil to groundwater, 
36 which in tum would result in long-term impacts to the environment. Therefore, the no action alternative is 
37 not protective of human health or the environment. The no action alternative was also rejected in previous 
38 100 Area focused feasibility studies developed for the soil and groundwater OUs that were the basis for 
39 the existing interim action RODs. 
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1 7.1.2 Compliance with ARARs 
2 The ARARs and point of compliance (monitoring wells near the river bank) as set forth in the identified 
3 interim RODs are unchanged. The primary ARAR for both alternatives is the Washington State and EPA 
4 ambient water quality criteria (A WQC) for hexavalent chromium. The A WQC for hexavalent chromium 
5 in river water has changed from the level identified in the groundwater OU interim RODs. The river water 
6 A WQC for hexavalent chromium has declined from 11 µg/L to 10 µg/L . Accordingly, the hexavalent 
7 chromium concentration in groundwater at the river bank has also declined from 22 µg/L to 20 µg/L 
8 based on the 1: 1 mixing ratio. 

9 The major ARARs for Alternative 1 also include the WAC 173-340 soil standards, and State of 
IO Washington standards for discharge of treated groundwater and management of hazardous waste ( spent 
11 resin and brine). The major ARARs for Alternative 2 are the same as those identified for Alternative I 
12 with the addition of the Underground Injection Control Program. 

13 Because both alternatives represent interim actions designed to reduce immediate ecological risks, they 
14 are not specifically intended to meet the ARARs that would be applicable to the final remedy. However, 
15 as indicated by the working objectives, both alternatives were developed with the expectation that they 
16 would become part of the final remedy. Therefore, both alternatives comply with the identified ARARs. 

17 7.2 Balancing Criteria 

18 The identification of a preferred remedial alternative, from those alternatives that satisfy the threshold 
19 criteria (unless an ARARs waiver is justified), is based primarily on how well the alternative performs 
20 relative to the balancing criteria. Because the no action alternative did not meet the threshold criteria for 
21 protection of human health and the environment it cannot be selected and is not evaluated further. 

22 7.2.1 Long-Term Effectiveness and Permanence 
23 This criterion relates primarily to the health risks that remain at the site once RAOs are met, and the 
24 extent and effectiveness of controls that may be required to manage the risk posed by untreated soil. Both 
25 alternatives provide long-term effectiveness and permanence but differ in how this is accomplished. 
26 Under Alternative 1, contaminated soil is excavated, treated if necessary, and transported to the ERDF. 
27 Similarly, contaminated groundwater is treated and the treatment residuals potentially disposed of at the 
28 ERDF. Alternative 2 also contains these elements, but with JSR some contaminated soil and groundwater 
29 would be treated in situ to convert hexavalent chromium to its less toxic trivalent form. This eliminates 
30 the need for management and disposal of hexavalent chromium contaminated soil and treatment residuals 
31 at the ERDF. 

32 7.2.2 Reduction of Toxicity, Mobility, or Volume through Treatment 
33 This criterion addresses the NCP statutory preference for treatment that yields a significant and permanent 
34 reduction in contaminant TMV. Alternative I reduces the mobility and volume of contaminated soil and 
35 groundwater by consolidating hexavalent chromium-contaminated media at the ERDF, and on ion 
36 exchange resin or within the resin brine which is also subsequently disposed at the ERDF. Alternative 2 
37 also contains these elements, but the ISR component also reduces toxicity and mobility by converting 
38 hexavalent chromium to its trivalent form. 

39 7.2.3 Short-Term Effectiveness 
40 This criterion addresses the hazards to human health and the environment associated with the alternative's 
41 construction and implementation until RAOs are met. Both alternatives satisfy this criterion. However, 
42 under the ISR component of Alternative 2, the magnitude of risk to workers and the environment is 
43 reduced because the volume of contaminated soil and the volume of ion exchange resin and resin brine 

7-2 



DOE/RL-2009-22, DRAFT A 
JUNE 2009 

1 that have to be handled are significantly reduced. The time required to achieve RAOs is also expected to 
2 be shorter under Alternative 2 because a large proportion of the contaminated media is treated in situ 
3 rather than brought to the surface for treatment and disposal. 

4 7.2.4 Implementability 
5 This criterion relates to the technical and administrative feasibility of implementing an alternative and the 
6 availability of resources necessary for implementation. Both alternatives are readily implemented and do 
7 not pose significant technical or administrative challenges. Under the ISR component of Alternative 2, 
8 bench-scale and/or field-scale testing may be required during remedial design to optimize the ISR reagent 
9 dose. 

IO 7.2.5 Cost 
11 The total net present value of $81.5 million for Alternative 2 is considerably less than the $180 million for 
12 Alternative I. The RTD component of Alternative 1 accounts for $127.4 million, groundwater pump-and-
13 treat $51.5 million, and ICs the remainder of the total cost. The RTD component of Alternative 2 accounts 
14 for $6.5 million, groundwater pump-and-treat $51.5 million, ISR $22.9 million, and ICs the remainder of 
15 the total cost. 

16 Remedial action alternative costs at the feasibility study level are generally presented as a -30 to+ 
17 50 percent cost range to reflect uncertainty in the project's overall scope. Accordingly, the expected net 
18 present value cost range for Alternative 1 is estimated to vary from $125.8 million (-30 percent) to 
19 $279.5 million (+50 percent) and that for Alternative 2 is $56.2 million (-30 percent) to $120.4 million. 
20 More detailed cost estimates will be developed during remedial design. 

21 7 .3 Key Trade offs 

22 The national goal of the remedy selection process (40 CFR 300.430(a)(i), "Remedial Investigation/ 
23 Feasibility Study and Selection of Remedy") is to select remedies that are protective of human health and 
24 the environment, that maintain protection over time, and that minimize untreated waste. 

25 Alternative 1 and Alternative 2 protect human health using institutional controls to prevent inadvertent 
26 exposure. Protection of human health over time is achieved by maintaining institutional controls until the 
27 RA Os are achieved. Protection of the environment under Alternative 1 is achieved by removing and 
28 consolidating source material at the ERDF, and treating groundwater to remove hexavalent chromium. 
29 Groundwater treatment residuals are also consolidated at the ERDF. Alternative 2 protects the 
30 environment by treating contaminated soil and groundwater in situ to convert hexavalent chromium to its 
31 less toxic, essentially immobile trivalent form. The treatment process has been demonstrated to be 
32 irreversible under typical environmental conditions such as those present on the Hanford Site, therefore, 
33 protection over time is maintained. Both alternatives minimize untreated waste. 

34 The key tradeoffbetween the two alternatives is how and where treatment is performed. Under 
35 Alternative 1, final treatment is performed and the treatment residuals managed at the ERDF. Under 
36 Alternative 2, the treatment is performed in situ reducing or eliminating the need to bring contaminated 
3 7 soil and groundwater to the surface for treatment. In situ treatment can be performed within a shorter 
38 timeframe. 

39 
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2 Summary of November 12-13, 2008 Workshop on the Evaluation of 
3 Hexavalent Chromium Remedial Technologies for the 100-B/C Area 

4 The evaluation of available chromium treatment technologies performed for the I 00-D Area was used as 
5 a starting point for a similar evaluation performed for chromium contamination at the 100-B/C Area at a 
6 workshop held November 12-13, 2008 . At this workshop, technologies that were evaluated and concluded 
7 to be non-viable methodologies at the 100-D Area were also assumed to be not applicable for use at the 
8 100-B/C Area. The only exception to this were vadose zone-only technologies that for the 100-D Area 
9 were determined to be unsuitable because the hexavalent chromium may be too deep in the vadose zone 

l O and because of undesirable subsurface conditions such as cobbles and boulders that may be present in the 
l 1 100-D Area. Some of these technologies, such as deep soil mixing, were carried forward for further 
12 evaluation at the 100-B/C Area, which does not have evidence of significant chromium contamination in 
13 the groundwater. 

14 In addition to the evaluation performed for 100-D Area, a document prepared by Pacific Northwest 
15 National Laboratory, PNNL-16760, Review a/Techniques to Characterize the Distribution a/Chromate 
16 Contamination in the Vadose Zone of the I 00 Areas at the Hanford Site, was also used as guidance in 
1 7 identifying technologies that would be most applicable to the I 00-B/C Area vadose zone chromium 
18 contamination. 

19 The purpose of the November 12-13, 2008 workshop was to bring subject matter experts, clients, 
20 regulators, and other interested parties (for example, groundwater specialists) together to discuss and 
21 evaluate treatment options for deep vadose zone chromium contamination at the 100-C-7 Waste Site 
22 (Harrington, 2008) located in the 100-B/C Area. Several subject matter experts were invited to participate 
23 and present various technologies to the panel for review and discussion. As noted above, technologies that 
24 were rejected in the 100-D Area evaluation were assumed to be inapplicable to the 100-B/C Area 
25 chromium as well ; therefore, these were not addressed at the workshop. The technologies deemed 
26 potentially applicable and carried forward for discussion at the November 12-13, 2008 workshop are 
27 summarized in Table A-1 and included: 

28 1. In Situ Chemical Reduction with Calcium Polysulfide. 

29 2. In Situ Solidification/Stabilization - Deep soil mixing with cement/reducing agents. 

30 3. In Situ Chemical Reduction with Zero Valent Iron. 

31 4. In Situ Biological Reduction with Organic Substrates. 

32 These technologies were further evaluated and ranked against the 100-C-7 baseline removal, treatment, 
33 and disposal option based on their effectiveness, ability to mitigate risk, cost, ease of implementation, and 
34 time to complete full-scale treatment. Based on these criteria, a combination of biological and chemical 
35 reduction ofhexavalent chromium via infiltration was selected as the preferred technology. 
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Table A-1. Retained Technologies from 100-D Area Focused Feasibility Study Evaluated for Applicability to the 100-B/C Area 

(1) In Situ Chemical 
Reduction with Calcium 
Polysulfide 

Chemical 
Infiltration 

(2) In Situ Deep Soil Mixingh 
Solidification/Stabilization -
Deep soil mixing with 
cemenUreducing agents 

Liquid with chemical 
reductant (calcium 
polysulfide) is applied 
to ground surface at an 
application rate 
substantially below 
what would create 
saturation, to treat 
Cr(VI) within vadose 
zone prior to reaching 
groundwater. 

Large mixing augers 
(1.5 to 3 meters (5 to 
10 feet) diameter) or 
horizontally rotating 
heads are used to 
blend and homogenize 
chemical reductants 
(e.g., EHC®*) with soil. 

MODERATE 
Chemical reductant 
follows source release 
pathways. Chemical 
reductants are instantly 
reactive, which requires 
overloading to maintain 
reactive strength at 
depth. Assuming 
adequate coverage of the 
source zone and 
sufficient dosage to 
maintain adequate 
reductant strength along 
the entire soil column, 
this technology can be 
established in a timely 
manner and can likely 
achieve RAOs by 2020. 

HIGH 
Chemical reductants are 
uniformly mixed with soil 
column, providing good 
contact and reaction 
between chromium and 
chemical. Cement can 
also be mixed with the 
chemical slurry to reduce 
the hydraulic conductivity 
and leachability of the 
soil. Given adequate 
coverage of the source 
area, this technology 
would be immediately 
effective in treating / 
immobilizing Cr(VI) in the 
vadose zone. 

HIGH 
Drip irrigation system 
used for surface 
application is simple to 
install and accessible 
for O&M. Localized 
temporary generation 
of secondary 
byproducts may occur. 
May temporarily 
mobilize chromium (in 
first pore volume) 
toward groundwater. 
Handling chemical 
reductants (calcium 
polysulfide) is a H&S 
concern. 

LOW 
Implementation will be 
more challenging in 
gravelly/cobbly 
lithologies. Level 
ground surfaces are 
needed to provide a 
stable base for mixing. 
Although deep soil 
mixing has been 
performed to depths of 
30 meters (100 feet) , 
most field applications 
have been limited to 
approximately 
15 meters (50 feet) 
below ground surface. 

---,----,,,.,-, 

LOW to MODE RA TE 
capital cost, 
MODE RA TE O&M 
costs. 

HIGH capital costs, 
LOW O&M costs. 
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Table A-1. Retained Technologies from 100-D Area Focused Feasibility Study Evaluated for Applicability to the 100-8/C Area 

(4) In Situ Biological 
Reduction with Organic 
Substrates 

Biological Infiltration Liquid with 
biological carbon 
source is applied 
to ground surface 
at an appl ication 
rate substantially 
below what would 
create saturation, 
to treat Cr(VI) 
within vadose 
zone prior to 
reaching 
groundwater. 

HIGH 
Carbon source follows 
source release pathways. 
Biological reductants are 
activated by microbial 
activity, so reactive strength 
is maintained over relatively 
longer distances. Assuming 
adequate coverage of the 
source zone and sufficient 
dosage to maintain adequate 
reductive capacity along the 
entire soil column, this 
technology can be 
established in a timely 
manner and can likely 
achieve RAOs by 2020. 

HIGH 
Drip irrigation system 
used for surface 
application is simple to 
install and accessible 
for O&M. Localized 
temporary generation 
of secondary 
byproducts may occur. 
May temporarily 
mobilize chromium (in 
first pore volume) 
toward groundwater. 

LOW to 
MODERATE capital 
cost, MOD ERA TE 
O&M costs. 

NOTES: *EHC is a registered trademark of Adventus Americas, Inc. and is a solid material consisting of microscale zero-valent iron and a controlled-release 
fibrous organic carbon, as well as major, minor, and micro-nutrients. 
Cr(VI) = hexavalent chromium 
H&S = health and safety 

O&M = operations and maintenance 

RAO = remed ial action objective 
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2 

3 Hexavalent Chromium Focused Feasibility Study for the 100 Area 

4 B.1. Introduction 

5 Cost estimates for the remedial action alternatives described in the DOE/RL-2009-22, Hexavalent 
6 Chromium Focused Feasibility Study (FFS) for the 100 Area (working draft not released) were prepared 
7 to assist with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
8 detailed and comparative evaluation of alternatives as required under 40 CFR 300.430 ( e ). The cost 
9 estimates were generally prepared in accordance with EP A/540/R 00/002, A Guide to Developing and 

10 Documenting Cost Estimates During the Feasibility Study, OSWER 9355.0 75. The cost estimate is one of 
11 the five balancing criteria evaluated in the FFS to provide input into the identification of a preferred 
12 remedial alternative in the Proposed Plan. The cost estimate information is based on the interim remedial 
13 action alternative descriptions presented in Section B2.0. 

14 The cost estimates were prepared using information from multiple sources. Washington Closure Hanford, 
15 LLC, provided a majority of the information used for estimating removal, treatment, and disposal (RTD) 
16 remedial action costs for the six identified (known) hexavalent chromium sites, and the four "yet-to-be 
17 discovered" (future) sites. The groundwater pump-and-treat cost estimate was derived from actual costs 
18 associated with construction and operation of the DR-5, 100-KR-4, and 100-KW ion exchange systems. 
19 In situ reduction (ISR) costs were prepared based on experience at similar sites, vendor quotes, and 
20 information obtained from Means, 2008, Mechanical Cost Data. Unless specified, the quantities 
21 associated with each RTD remedial action alternative were estimated based on an assumed length and 
22 width for each site. The excavation depth was set equal to the depth to groundwater. Quantities for the 
23 groundwater pump-and-treat alternatives were estimated using currently available information for the 
24 100-D area southern plume (hot spot application) and the 100-K area plumes (source area and 
25 downgradient plume). 

26 The remedial action cost estimates include capital costs, annual operations and maintenance (O&M) costs 
27 and periodic costs. Capital costs are those expenditures that are required to construct the remedial action 
28 alternative. They include all labor, equipment, and material costs, including contractor markups (such as 
29 overhead and profit) associated with activities such as mobilization/demobilization, monitoring, site work, 
30 installation of extraction, containment and treatment systems, and disposal. Capital costs also include the 
31 expenditures for professional/technical services necessary to support construction of the interim remedial 
32 action alternative. 

33 Operations and maintenance costs are those post-construction costs necessary to ensure or verify the 
34 continued effectiveness of an interim remedial action alternative such as operation of a pump-and-treat 
35 system. Operations and maintenance costs were estimated on an annual basis. Periodic costs are those 
36 costs that occur once every few years or once during the entire remedial action timeframe. Examples of 
37 periodic costs include a one-time RTD soil cover maintenance event to repair erosion or subsidence, or 
38 decommissioning of pump-and-treat and ISR systems once the remedial action is complete. 

39 All capital, O&M and periodic costs were estimated using constant dollars. Future O&M costs and 
40 periodic costs were discounted to net present value (NPV) dollars using the real discount rates published 
41 in Appendix C of the Office of Management and Budget (0MB) Circular No. A-94, Guidelines and 
42 Discount Rates for Benefit Cost Analysis of Federal Programs, effective through January 2009. A 
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1 1.6 percent discount rate was used for projects with a 3- to 7-year period of analysis. The real discount 
2 rate accounts for the effects of inflation. All capital costs are assumed to occur in year 0 and, therefore, 
3 were not discounted. The RTD component of each remedial action alternative is assumed to be completed 
4 in 1 year or less. Therefore, no discounting of capital costs was performed. 

5 The interim remedial action alternative cost estimates presented in the FFS are shown in year 2009 
6 dollars. The estimates were prepared from information available at the time the FFS was prepared. The 
7 actual cost associated with implementation of an interim remedial action alternative will depend on 
8 additional information gained during remedial design, the final scope and design of the interim remedial 
9 action alternative, implementation schedule, competitive market conditions, and other variables. 

10 Therefore, the interim remedial action alternative cost estimates are expected to have an accuracy of 
11 between -30 to +50 percent unless otherwise noted. 

12 Chapter B.2 provides a general description of each remedial alternative. Major costing assumptions are 
13 discussed in Chapter B.3. 
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B.2. Remedial Alternative Summary Descriptions 

2 The following three interim remedial action alternatives were developed for the 100 Area hexavalent 
3 chromium FFS: 

4 • Alternative 0- No Action 

5 • Alternative 1 - Continue Current Actions 

6 • Alternative 2 - Continue Current Actions with Selective Application ofISR. 

7 The following subsections provide additional information on the elements comprising each alternative. 

8 B2.1 Alternative O - No Action 

9 The 42 USC 9601 Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
10 regulations (40 CPR 300, "National Oil and Hazardous Substances Pollution Contingency Plan," 
11 Appendix B, "National Priorities List") require that a no-action alternative be evaluated as a baseline for 
12 comparison with other remedial action alternatives under consideration. Alternative O would consist of 
13 taking no action to remediate hexavalent chromium source areas or groundwater plumes in the 100 Area. 
I 4 Alternative O presumes that the U.S. Department of Energy will relinquish control of the 100 Area to 
15 another governmental or private entity without easements and covenants, and without the maintenance or 
16 enforcement of access or institutional controls (IC) (DOE/RL-2001-41, 2007, Sitewide Institutional 
17 Controls Plan/or Hanford CERCLA Response Actions, Rev. 2). 

18 B2.2 Alternative 1 - Continue Current Actions 

19 Alternative I represents a continuation of the interim remedial actions currently underway within the 
20 100 Area to address hexavalent chromium in accordance with the interim action record of decision 
21 (interim ROD) documents. The primary components of this interim remedial action alternative are 
22 summarized below. 

23 B2.2.1 Institutional Controls 
24 I Cs consist of physical and legal barriers to restrict or prevent human access to contaminated soil, waste 
25 sites, and groundwater. Physical methods of controlling access typically include signs, entry controls, 
26 excavation permits, artificial or natural barriers, and active surveillance. For Alternative l , !Cs will 
27 remain in effect until the remedial goals for hexavalent chromium are achieved in soil and groundwater at 
28 the defined point of compliance. For the purposes of this cost estimate, I Cs are maintained for a period of 
29 10 years. This period includes a 1- year duration for remedial design, 5 to 9 years for remedial action, 
30 and I year for regulatory agency review and site closeout. 

31 B2.2.2 Remove, Treatment, and Disposal 
32 The hexavalent chromium waste sites in the 100 Area are typically associated with the structures used to 
33 store, transport, or handle sodium dichromate liquid and powder. Many of the 100 Area source operable 
34 unit interim action RODs selected RTD for remediation of source and contaminated soil waste sites. 
35 Alternative 1 provides for the continued use ofRTD to address hexavalent chromium-contaminated soil 
36 to the depths needed to achieve the remedial action objectives (RAO) described in Chapter 3 of the FPS 
37 report. 

38 Six hexavalent chromium waste sites were identified in the 100 Area as candidates for remedial action 
39 under the FFS. These sites include 100-D-12, 100-D-30 SW, 600-334, 116-K-2, 100-C-7: l , and 100-C-7. 
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1 An allowance for four future sites was also added to this list for a total of 10 sites. The four future sites 
2 are expected to have characteristics similar to those of the six known waste sites. 

3 Removal, treatment, and disposal was evaluated using characteristic information for the six known and 
4 four future waste sites. All of the waste sites, except the I 00-C-7: 1 site, are assumed to have dimensions 
5 of9.l by 9.1 meter (m) (30 by 30 feet [ft]) with depths of either 12.2 m (40 ft), 24.4 m (80 ft), or 25.9 m 
6 (85 ft). Table B2-l summarizes the information used for estimating excavation quantities for RTD at each 
7 of the six known and four future waste sites. 

8 The excavation of source and contaminated soil waste sites uses an observational approach. This allows 
9 waste sampling, characterization, and treatment to occur as excavation proceeds. Although a majority of 

IO the excavated waste material and soil may meet the Environmental Remediation Disposal Facility 
11 (ERDF) waste acceptance criteria without treatment (Washington Closure Hanford, LLC [WCH]-191, 
12 Environmental Restoration Disposal Facility Waste Acceptance Criteria), the RTD cost estimates include 
13 a significant allowance for treatment. This allowance is based on WCH's experience with ERDF 
14 treatment and disposal costs in the 100 Area. All treatment is performed at the ERDF prior to final 
15 disposal. 

16 Verification sampling is performed during (pre-verification) and after excavation is completed 
17 (verification) to confirm that interim action ROD remediation goals for hexavalent chromium have been 
18 met. It is anticipated that excavation to depths equal to the depth to groundwater will be required to meet 
19 remediation goals at each waste site. Once cleanup has been verified, clean soil from the onsite stockpile, 
20 along with material from approved borrow pits, would be transported to the waste site for use in 
21 backfilling each excavation. Recontouring and revegetation of the waste site would occur after 
22 remediation to ensure that infiltration is minimized. An allowance for a one-time maintenance event has 
23 also been included for each of the RTD options. This maintenance event consists of placing supplemental 
24 fill material over portions of the excavation footprint that may have settled. 

25 B2.2.3 Pump-and-Treat Contaminated Groundwater 
26 Hexavalent chromium present in the I 00 Area groundwater operable units is associated with several 
27 source and contaminated soil waste sites. Remediation of groundwater is necessary to meet the RAOs for 
28 groundwater restoration and river protection. The 100 Area interim ROD for the 100-HR-3 and 100-KR-4 
29 groundwater operable units selected pump-and-treat for remediation of contaminated groundwater. 
30 Alternative 1 provides for the continued use of pump-and-treat to address hexavalent chromiurn-
31 contaminated groundwater to achieve the RA Os and the working objectives described in Chapter 4 of the 
32 FFS report. 

33 In this FFS, remediation of the hot spot area (southern plume) in the 100-D Area and the two 
34 downgradient plumes in the 100-K Area w·as used to estimate capital, O&M, and periodic costs for the 
35 pump-and-treat component. The portion of the 100-D Area southern plume with hexavalent chromium 
36 concentrations greater than about 5,000 micrograms per liter (µg /L) was defined as the hot spot area. It is 
37 assumed that a pump-and-treat system similar to the DR-5 ion exchange pump-and-treat system will be 
38 used for remediation of the hot spot. Numerical modeling of the hot spot area assuming a well 
39 configuration consisting of four extraction wells and two injection wells (Figure B2-1 ), with a combined 
40 pumping rate of 189 liters per minute (L/min) (50 gallons per minute [gal/min]), estimates that hexavalent 
41 chromium concentrations will be reduced to 100 µg/L by approximately 2015 (Figure B2-2). 

42 The pump-and-treat system to address the hot spot area is assumed to require four extraction wells to 
43 withdraw the groundwater at rates of approximately 47.5 L/min (12.5 gal/min) each and two injection 
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l wells to dispose of the treated water. Four existing 10.2 centimeter (4-incb) diameter monitoring wells 
2 will be converted for this purpose (Figure B2-1 ). 

3 
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Figure 82-1. 100-D Area Hot Spot Groundwater Extraction Well Layout. 
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Figure 82-2. 100-D Area Hot Spot Projected Hexavalent Chromium Concentration Trends. 

B-5 



CD 
I 

er, 

1 
2 

Table 82-1 . Waste Site lnfonnaUon 
Focused Feislbllltv Study for 100 Area Hexavalent ChromlLim Remediation 

Description Units 100-D-12 100-D-30 SW 600-334 
WCH WCH WCH 

Soil Excavalion Foolprint (bollom) square feel 900 900 900 
Soil Excavalion Footprinl (lop) square feel 90,000 97 ,000 27 ,980 
Allernative 1 Depth (Altemalive 2 Depth) feel 80 (8) 80 (18) 40 (0) 
Total volume bank cubic yards 106,718 106,020 16,130 
ACL volume (soil) bank cubic yards 2,400 2,000 1,333 
ACL volume (concrete): bank cubic yards 0 0 0 
BCL volume (soil) bank cubic yards 104,318 104,020 14,796 
Tons ACL (soil) U. S. Tons 4,560 3,800 2,533 
Tons ACL (concrete): u. S. Tons 0 0 0 
Tons BCL (soil) U. S. Tons 198,205 197,639 28,113 

Tons BCL (concrete): U. S. Tons 0 0 0 
Backfill from borrow source tons 4,560 5,126 2,533 
Backfill from local stockpile tons 198,205 197,639 28,113 
Reveaetation Acres 5.6 5.6 1.6 

Plume Length feel 
Plume Width feel 
Unconfined Aquifer Thickness feel 
Porosity dimensionless 
Volume bank cubic yards 

gallons 

Area acre 

Depth feel 

Total Volume bank cubic vards 
Notes: 
ACL = above cleanup levels 
BCL = below cleanuo levels 

RTD (30 ft x 30 ft at bottom x Depth (unless specified) 
Undiscovered 

116-K-2 100-C-7-1 100-C-7 Site#1 
WCH WCH WCH WCH 
900 30,000 900 900 

97,000 242,550 113,150 90,000 
80 (20) 80 (15) 85 (15) 80 (15) 
106,718 341 ,697 126,725 106,718 

2,000 77,778 2,167 2,400 
0 2,608 1,528 0 

104,718 259,510 123,031 104,318 
3,800 147,778 4,117 4,560 

0 5,293 3,101 0 
198,965 493,068 233,758 198,205 

0 3,424 0 0 
3,800 184,399 7,019 4,560 

198,965 493,068 233,758 198,205 
5.6 13.9 6.5 5.6 

100-D Area (Southern Plume) Hot Spot 
600 
250 

25 
0.3 

139,000 
8,4 15,000 

ISR Treatment 
1 

80 
129,100 

Undiscovered Undiscovered 
Site#2 Site#3 
WCH WCH 
900 900 

90,000 27,980 
80 (15) 40 (15) 
106,718 16,130 
2,400 1,333 

0 0 
104,318 14,796 
4,560 2,533 

0 0 
198,205 28,113 

0 0 
4,560 2,533 

198,205 28,113 
5.6 1.6 

Undiscovered 
Site #4 
WCH 
900 

113,150 
85 (15) 
126,725 
2,167 
1,528 

123,031 
4,117 
3,101 

233 ,758 
0 

7,019 
233,758 
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1 Extracted groundwater is transferred by pipeline to a centrally located facility for treatment using ion 
2 exchange. 

3 The 100-K Area pump-and-treat system includes the 100-KR-4 and 100-KW systems. The 100-KR-4 
4 system consists of nine extraction wells, five injection wells, and an ion exchange treatment system. The 
5 100-KW system includes four extraction wells, two injection wells, and an ion exchange treatment 
6 system. Both of these systems are assumed to operate until the year 2018. This duration is based on the 
7 current baseline schedule. 

8 The actual costs associated with construction and operation of the 100-KR-4 and 100-KW pump-and-treat 
9 systems were used as a basis for estimating the costs for the Alternative 1 pump-and-treat system for the 

10 100-KArea. 

11 B2.3 Alternative 2 - Continue Current Actions with Selective Application 
12 of In Situ Reduction 

13 Alternative 2 contains all of the components of Alternative 1 with selective application ofISR in 
14 accordance with the site selection criteria described in Chapter 5 of the FFS. 

15 The ISR component of this interim remedial action alternative consists of treating deep contaminated soil 
16 and groundwater (in proximity to the contaminated soil) in situ by delivering a dilute chemical reagent 
1 7 that converts hexavalent chromium to its less toxic and essentially immobile trivalent form. This 
18 conversion process has been demonstrated to be an irreversible process under typical environmental 
19 conditions, such as those found at the Hanford Site, and at many other hexavalent chromium-
20 contaminated sites across the U.S. Table B2-1 provides an overview of the site information used for 
21 estimating the size of the ISR treatment area. 

22 It is anticipated that large-scale groundwater contamination and primary source areas of hexavalent 
23 chromium contamination (for example, pipelines, storage tanks), as well as surface and subsurface soil, 
24 will continue to be remediated by pump-and-treat and by RTD, respectively. However, ISR may be 
25 applied to treat hexavalent chromium in settings where RTD or pump-and-treat would be more expensive, 
26 less effective, or difficult to implement. One example would be suspected vadose zone sources of 
27 hexavalent chromium that may be too deep for cost-effective application ofRTD. Groundwater plume hot 
28 spots containing high concentrations ofhexavalent chromium are another potential site for remediation by 
29 ISR. 

30 For the purposes of the FFS, it is assumed that RTD would be used to address contaminated soil present 
31 in the zero to 6.1 m (20 ft) depth range, while ISR would be used to address contaminated soil present at 
32 depths between 6.1 m (20 ft) and the water table. At one (600-334) of the six known waste sites, it is 
33 assumed that no RTD would be performed and ISR used to treat the full vadose zone. The cost estimate 
34 also assumes that JSR would be used to treat localized areas ofhexavalent chromium-contaminated 
35 groundwater underlying the soil treatment zone at two (116-D-2 and 116-K-2) of the six known waste 
36 sites. Pump-and-treat would be used to address the remaining areas of groundwater contamination at these 
3 7 two sites. 

38 82.3.1 In Situ Reduction System Design 
39 The ISR treatment system for remediation of a typical vadose zone waste site consists of a tank system for 
40 storage and blending of the ISR reagent and delivery to the target area where it is introduced to the 
41 subsurface soil using a chemical drip system. The drip system would be installed over each of the ten 
42 waste sites with each system covering a 0.4-bectare (I-acre) area. The area covered by the drip system is 
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1 approximately 50 times greater than the size of the waste site. The drip system would consist of an array 
2 of0.6- to 1.2-centimeter (0.25- to 0.5-inch) diameter, flexible drip lines spaced 0.6 to 1 m (2 to 3 ft) apart. 
3 The drip system is manifolded to a header that conveys the JSR reagent from the mixing tank. As the 
4 reagent solution infiltrates through the vadose zone, residual hexavalent chromium present in soil is 
5 converted to trivalent chromium following direct contact with the JSR reagent. Sufficient JSR reagent 
6 would be added to ensure that the treatment process would fully penetrate the vadose zone. 

7 If hexavalent chromium was also present in groundwater underlying the vadose zone waste site, the 
8 system would be expanded to include injection of the JSR reagent. To ensure adequate remediation of the 
9 underlying groundwater, an existing monitoring well would be converted to an injection well and the ISR 

10 reagent introduced through the injection well. Four existing monitoring wells located upgradient, 
11 downgradient, and cross-gradient of the target area would be converted to extraction wells and pumped at 
12 an estimated rate of 47 L/min (12.5 gal/min) each. Pumping from the four wells promotes the vertical and 
13 lateral distribution of the JSR reagent throughout the treatment zone. Existing extraction wells located 
14 upgradient or cross-gradient of the treatment zone would be used to supply makeup water for the JSR 
15 system. If site-specific conditions prevent groundwater from being used as makeup, the JSR system will 
16 be supplied from an optional freshwater source. 

17 The ISR component of this alternative is expected to remediate a deep vadose zone, or a deep vadose 
18 zone and groundwater target area, within 9 months of system startup. 
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2 This chapter presents the information and assumptions used in developing cost estimates for each of the 
3 interim remedial action alternatives described in Chapter B.2. 

4 B3.1 Global Assumptions 

5 B3.1.1 Labor 
6 All labor and material costs associated with RTD were estimated by WCH. It is assumed that the basis for 
7 these estimates is the fixed-price construction craft labor rates specified in the Site Stabilization 
8 Agreement/or All Construction Work/or the U.S. Department of Energy at the Hanford Site, Appendix A 
9 (commonly known as the Hanford Site Stabilization Agreement [HSSA]). The HSSA rates include base 

10 wage, fringe benefits, and other compensation as negotiated between Fluor Hanford and the National 
11 Building and Construction Trades Department American Federation of Labor-Congress oflndustrial 
12 Organizations (AFL-CIO). It is assumed that the costs (workman's compensation, 26 USC 21, Federal 
13 Insurance Contributions Act [FICA] [Social Security Act of 1935], and state and federal unemployment 
14 insurance) are included within the fixed-price rate structure. It is assumed that labor and material rates for 
15 2009 were used. 

16 Labor and material costs associated with project management, remedial design engineering, and services 
17 during construction were estimated as a percentage of the interim remedial action alternatives ' capital 
18 construction cost. 

19 B3.1.1.1 Direct Cost Factors 
20 The cost estimates include the following direct cost factors : 

21 • Washington State sales tax at 8.3 percent was applied to all JSR purchased equipment. 

22 • An allowance for scope contingency was added to the RTD, pump and treat, and JSR components of 
23 the remedial action alternatives. The scope contingency varies between 15 and 55 percent in 
24 accordance with Exhibit 5-6, EP A/540/R 00/002. For RTD, a scope contingency of 20 percent was 
25 used. Although this amount is toward the low end of the 15-55 percent range recommended in Exhibit 
26 5-6, it is reasonable given the level of experience WCH has with the R TD technology at the Hanford 
27 Site. A 20 percent scope contingency was used for the pump-and-treat component because it is based 
28 on actual experience with the DR-5, 100-KR-4 and 100-KW systems. A scope contingency of 
29 35 percent was used for JSR. 

30 • A bid contingency of 10 percent was used for the ISR component. Bid contingency was not included 
31 for RTD since WCH self-performs the work. Bid contingency was not included with pump-and-treat 
32 because the total capital construction cost was derived from an actual construction cost. 

33 • Project management and remedial design costs were estimated as a percentage of the total capital cost 
34 in accordance with the graded scale presented in Exhibit 5-8 of EP A/540/R 00/002. 

35 • Construction management was estimated as a percentage of the total construction cost in accordance 
36 with the graded scale presented in Exhibit 5-8 ofEPA/540/R 00/002. A construction management 
3 7 allowance was not included for the R TD component because WCH indicated that this factor was 
38 included within their unit pricing. 
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1 B3.1.1.2 Indirect Cost Factors 

2 • Factors to account for indirect costs were not applied to the estimates. The RTD, and the pump and 
3 treat capital and O&M components already include indirect costs within the total or unit prices 
4 supplied by WCH and CH2M HILL Plateau Remediation Company (CHPRC). The cost for 
5 installation of the ISR chemical drip system is based on a vendor quote. The pricing for the remaining 
6 ISR components (tank installation, building and conveyance) was obtained from several different 
7 sources that may or may not include indirect costs. Potential indirect costs that may not have been 
8 captured are expected to fall with the contingency allowance. 

9 83.2 Remedial Alternative Overall Cost Summary 

10 The estimates of capital, O&M, and periodic costs for both interim remedial action alternatives are 
11 summarized in Table B3-l. Additional cost information is presented in Sections B3.3, B3.4, and B3.5. 

12 83.3 Alternative 0- No Action 

13 Alternative O assumes no further action will be taken at a waste site. Therefore, the estimated cost is $0. 

14 83.4 Alternative 1 - Continue Current Actions 

15 The primary components for Alternative l include institutional controls, RTD of soil and waste, and 
16 groundwater pump-and-treat. The general assumptions, special conditions, and cost estimate breakdown 
17 for Alternative l are presented in the following subsections. 

18 83.4.1 General Assumptions 
19 The general assumptions for institutional controls are as follows. 

20 • IC costs were estimated using IC cost information supplied by CHPRC from another operable unit 
21 feasibility study. The cost estimate includes both a capital and an O&M component. 

22 The general assumptions for RTD include: 

23 • RTD excavation costs by WCH include all labor, equipment and material to excavate soil and debris; 
24 size-reduce concrete from the adjacent facility; load out materials; backfill; perform revegetation 
25 activities; and prepare waste-site closeout documentation. 

26 • R TD treatment and disposal costs include all labor, equipment, and material to transport containers to 
27 ERDF; treatment of hexavalent chromium-contaminated soil to meet land-disposal restrictions; and 
28 disposal at ERDF. ERDF treatment and disposal costs are estimated at 120 percent of the total 
29 excavation, sampling, backfill and site restoration cost. 

30 • Costs for RTD are well known after years of experience applying this technology at the Hanford Site. 
31 They include the following: 

32 - Density of soil is 1.9 tons per bank cubic yard 

33 - Excavation cost is $15.00 per ton 

34 - Offsite backfill material cost is $8.00 per ton. Onsite stockpile material is handled at $2 .50 per 
35 ton. 

36 - Soil excavation rates are 90 trucks per day total ( 15 trucks per day at 6 cycles each) 

37 - Each truck carries 32 tons per cycle (truck-and-pup operation) 
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Sita: 
Location: Hanford, Washington Base Year: 
Phase: Feasibili Stud -30% to +50% Date: 

Total Total 
Project Duration Capital AnnualO&M 

Alternative • Site Name ears Cost Cost 

Alternative 1 
1. ICs Component (cost per site) 9 $ 28,000 $ 3,400 

Subtotal 
2. RTO Component 

2a -100-0 -1 2 (to 80 ft) 1.0 $ 11 ,740,000 $ 
2b • 100-0-30 SW (lo 80 ft) 1.0 $ 11 ,690,000 $ 
2c • 600-334 (to 40 ft) 1.0 $ 2,260,000 $ 
2d - 116-K-2 (lo 80 fl) 1.0 $ 11 ,230,000 $ 
2e - 100-C-7-1 (to 85 ft) 1.1 $ 37,960,000 $ 
2f - 100-C-7 (to 80 ft) 1.0 $ 13,330,000 
2g • Future Site #1 (to 80 ft) 1.0 s 11 ,740,000 $ 
2h - Future Site #2 (to 80 ft) 1.0 s 11 ,740,000 $ 
2i - Future Site #3 (to 40 ft) 1.0 $ 2,260,000 $ 
2j - Future Site #4 (to 85 ft) 1.0 $ 13,330,000 

Subtotal 
3. Pump and Treat Component 

3a - 100-D Hot Spot 5 $ 3,140,000 $ 1,600,000 
3b • 100-K Plume 8 $ 12,910,000 $ 2,710,000 

Subtotal 
4. Total by S~e 

4a -100-D-12 (soil and groundwater) $ 14,908,000 $ 1,603,400 
4b • 100-0-30 SW (soil) 
4c - 600-334 (soil) 
4d - 116-K-2 (soil and groundwater) 
4e - 100-C-7-1 (soil) 
41 - 100-C-7 (soil) 
4g-4J • Future Siles #1 to #4 (soil) 

Total Alternative 1 $ 143,358,000 $ 4,313,400 

Alternative 2 
1. ICs Component (cost per site) 9 $ 28,000 $ 3,400 

Subtotal 
2. RTO Component 

2a. 100-D-12 (to 8 ft) 1.0 $ 660,000 $ 
2b - 100-D-30 SW (to 18 ft) 1.0 $ 770,000 $ 
2c • 600-334 (no RTD) 0.0 $ $ 
2d • 116-K-2 (lo 20 ft) 1.0 $ 780,000 $ 
2e -100-C-7-1 (to 15ft) 1.0 $ 700,000 $ 
2f - 100-C-7 (lo 15 fl) 1.0 $ 700,000 $ 
2g • Future Site #1 (to 15 ft) 1.0 s 700,000 $ 
2h • Future Site #2 (to 15 ft) 1.0 $ 700,000 $ 
2i - Future Site #3 (to 15 ft) 1.0 $ 700,000 $ 
2j - Fulure Site #4 (to 15 ft) 1.0 $ 700,000 $ 

Subtotal 
3. Pump and Treat Component 

3a • 100-0 Hot Spot 5 $ 3,140,000 $ 1,600,000 
3b - 100-K Plume 8 $ 12,910,000 $ 2,710,000 

Subtotal 
4. ISR Component 

4a. 100-0 -12 (15 to 80 ft+ groundwater) 1.0 $ 1,650,000 $ 210,000 
4b • 100-D-30 SW (15 to 80 ft) 1.0 $ 1,460,000 $ 210,000 
4c - 600-334 (1 5 to 40 ft) 1.0 $ 1,460,000 $ 210,000 
4d - 116-K-2 (15 to 80 ft+ groundwater) 1.0 $ 1,650,000 $ 210,000 
4e • 100-C-7-1 (15 to 85 ft) 1.0 $ 1,460,000 $ 210,000 
41 -100-C-7 (15 to 80 ft) 1.0 $ 1,460,000 $ 210,000 
4g • Future Site #1 (15 to 80 ft) 1.0 $ 1,460,000 $ 210,000 
4h - Future Site #2 (15 to 80 ft) 1.0 $ 1,460,000 $ 210,000 
4i - Future Site #3 (15 to 40 ft) 1.0 $ 1,460,000 $ 210,000 
4j • Future Site #4 (15 to 85 ft) 1.0 $ 1,460,000 $ 210,000 

Subtotal 
5. Total by Site 

4a - 100-D-12 (soil and groundwater) $ 5,478,000 $ 1,813,400 
4b • 100-0 -30 SW (soil) $ 15,168,000 $ 2,923,400 
4c - 600-334 (soil) $ 1,488,000 $ 213,400 
4d - 116-K-2 (soil end groundwater) $ 2,458,000 $ 213,400 
4e - 100-C-7-1 (soil) $ 2,188,000 $ 213,400 
41 - 100-C-7 (soil) $ 2,188,000 $ 213,400 
4g-4j - Future Sites #1 to #4 (soil) $ 8,668,000 $ 843,400 

Total Alternative 2 
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2009 
Ma 28 2009 

Total Total 
Total Periodic Net Present Non-Discounted 

Cost Value Cost Cost 

$ 30,000 $ 80,900 $ 88 500 
s 809,000 $ 885,000 

$ 7,900 $ 11 ,750,000 $ 11 ,750,000 
$ 7,900 $ 11 ,700,000 $ 11 ,700,000 

$ 7,900 $ 2,270,000 $ 2,270,000 
$ 7,900 $ 11 ,240,000 $ 11 ,240,000 
$ 7,900 $ 37,970,000 $ 37,970,000 
$ 7,900 $ 13,340,000 $ 13,340,000 
$ 7,900 $ 11 ,750,000 $ 11 ,750,000 
$ 7,900 $ 11 ,750,000 $ 11 ,750,000 
$ 7,900 $ 2,270,000 $ 2,270,000 
$ 7,900 $ 13,340,000 $ 13,340,000 

$ 127,380,000 $ 127,380,000 

$ 1,570,000 $ 12,320,000 $ 12,690,000 
$ 6,450,000 $ 39,180,000 $ 41,070,000 

$ 51 ,500,000 $ 53,760,000 

$ 24,150,900 $ 24,530,000 
$ 11 ,780,900 $ 11 ,790,000 
$ 2,350,900 $ 2,360,000 
$ 50,500,900 $ 52,400,000 
$ 38,050,900 $ 38,060,000 
$ 13,420,900 $ 13,430,000 
$ 39,433,600 $ 39,460,000 

s 179,689,000 s 182,030,000 

$ 30,000 $ 80,900 $ 88,500 
$ 809,000 $ 885,000 

$ 7,900 $ 670,000 $ 670,000 
$ 7,900 $ 780,000 $ 780,000 
$ 7,900 $ 10,000 $ 10,000 
$ 7,900 $ 790,000 $ 790,000 
$ 7,900 $ 710,000 $ 710,000 
$ 7,900 $ 710,000 $ 710,000 
$ 7,900 $ 710,000 $ 710,000 
$ 7,900 $ 710,000 $ 710,000 
$ 7,900 $ 710,000 $ 710,000 
$ 7,900 $ 710,000 $ 710 000 

$ 6,510,000 s 6,510,000 

$ 1,570,000 $ 12,320,000 $ 12,690,000 
$ 6,450,000 $ 39,180,000 $ 41 ,070,000 

$ 51,500,000 s 53,760,000 

$ 580,000 $ 2,440,000 s 2,440,000 
$ 580,000 $ 2,250,000 $ 2,250,000 
$ 580,000 $ 2,250,000 $ 2,250,000 
$ 580,000 $ 2,440,000 $ 2,440,000 
$ 580,000 $ 2,250,000 $ 2,250,000 
$ 580,000 $ 2,250,000 $ 2,250,000 
$ 580,000 $ 2,250,000 $ 2,250,000 
$ 580,000 $ 2,250,000 $ 2,250,000 
$ 580,000 $ 2,250,000 $ 2,250,000 
$ 580,000 $ 2,250,000 $ 2,250,000 

s 22,880,000 s 22,880,000 

$ 2,187,900 $ 15,510,900 $ 15,888,500 
$ 7,067,900 $ 42 ,290,900 $ 44,188,500 
$ 617,900 $ 2,340,900 $ 2,348,500 
$ 617,900 $ 3,310,900 $ 3,318,500 
$ 617,900 $ 3,040,900 $ 3,048,500 
$ 617,900 $ 3,040,900 $ 3,048,500 
$ 2,381 ,600 $ 11 ,920.900 $ 12,190,000 

s 81 456,300 s 84 031 ,000 
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2 - Sampling costs are $700 per sample and assume 22 samples for each of the RTD depth options. 
3 Laboratory analysis includes inductively coupled plasma (ICP) metals and hexavalent chromium. 
4 Assumes quick turn (7 day preliminary and 30 day final) . 

5 A one-time allowance (periodic cost) for spot backfilling a RTD site to offset settlement is included. 

6 The general assumptions for the 100 D Area southern plume hot spot pump-and-treat include: 

7 • The extraction, injection, and treatment system configuration includes the following: 

8 - Three existing monitoring wells are converted to extraction wells and two are converted to an 
9 injection well. One existing extraction well would be reconfigured. Well conversion costs were 

IO obtained from CHPRC - Field Engineering Lead. 

11 - Conveyance piping and installation costs were obtained from CHPRC - Field Engineering Lead. 
12 6-inch-diameter high-density polyethylene (HDPE) piping is assumed. The actual pipe diameter 
13 may be different and would be determined with hydraulic modeling during remedial design. 

14 - The influent flowrate is 189 L/min (50 gal/min). 

15 - The initial influent hexavalent chromium concentration is 7,500 µg/L and declines to 100 µg/L by 
16 the year 2015 . 

17 - The ion exchange system regeneration occurs every 2 weeks. 

18 

19 
20 

- Rock salt and hydrochloric acid quantities for regeneration are estimated at 208 L (55 gal). 

- Phosphoric acid and sodium hydroxide quantities are scaled based on estimated hexavalent 
chromium concentrations and mass. 

21 - The sodium dithionite quantity needed for regeneration is estimated at 3.1 times the estimated 
22 hexavalent chromium quantity removed. 

23 - The waste quantity is scaled based on hexavalent chromium mass. 

24 - Labor is approximately eight full-time equivalents based on current information. 

25 - The annual O&M cost of $1.6 million for the pump-and-treat system was estimated from the 
26 "100-DX Treatment Plant Pre-Conceptual Design and Cost Estimate Technical Memorandum" 
27 (working draft not released). 

28 The 100-KR-4 and 100-KW pump-and-treat systems are configured and operated similar to the 100-D 
29 Area Hot Spot system described above, but are assumed to operate through the year 2018. The 
30 $2. 71 million O&M cost for the 100-K area pump-and-treat systems was estimated from actual costs 
31 incurred in 2007 (DOE/RL-2008-05, Calendar Year 2007 Annual Summary Report for the 100-HR-3, 
32 100-KR-4, and 100-NR-2 Operable Unit Pump and Treat Operations, Rev. 0). 

33 A periodic cost equal to 50 percent of the total capital installation cost was included to allow for 
34 decommissioning of the three pump-and-treat systems following the 5-year projected operating period at 
35 the 100-D hot spot area, and 8 years of operation at the two 100-K Area systems. 

36 B3.4.2 Special Conditions 
37 No special conditions apply to this alternative. 
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1 B3.4.3 Cost Estimate and Breakdown 
2 Based on an allowance for ten waste sites, which are excavated to depths between 12.2 and 25.9 m 
3 ( 40 and 85 ft), and the construction and operation of multiple pump-and-treat systems, the total NPV cost 
4 for Alternative 1 is estimated at $180 million. The RTD component of Alternative 1 accounts for 
5 $127.4 million, groundwater pump-and-treat $51.5 million, and !Cs the remainder of the total cost. A 
6 detailed itemization of Alternative 1 costs is presented in Table B3-2. 

7 Remedial action alternative costs at the feasibility study level are generally presented as a -30 to+ 
8 50 percent cost range to reflect uncertainty in the project's overall scope. Accordingly, the expected NPV 
9 cost range for Alternative 1 is estimated to vary from $125.8 million (-30 percent) to $279.5 million 

10 (+50 percent). 

11 B3.5 Alternative 2 - Continue Current Actions with Selective Application 
12 of In Situ Reduction 

13 The primary components for Alternative 2 are the same as those presented for Alternative 1 with the 
14 inclusion of selective application ofISR as described in Chapter 5 of the FFS. The general assumptions, 
15 special conditions, and cost estimate breakdown for Alternative 2 is summarized in the following 
16 subsections and detailed in Table B3-3. The cost estimate summary for this alternative only provides cost 
l 7 information for the JSR component. 

18 B3.5.1 General Assumptions 
19 The ISR cost estimate includes capital costs, O&M and periodic costs. 

20 • The capital cost includes purchase, delivery and installation costs for all system components, plus 
21 allowances for scope/bid contingency, project management, remedial design, and construction 
22 management. 

23 • The annual O&M costs include costs for JSR reagent chemicals, a full-time system operator and 
24 electricity ($0.034 per kWh) to operate the fluid transfer pumps. The O&M timeframe is estimated at 
25 9 months. 

26 • The periodic cost includes a 35 percent allowance, based on capital costs, to decommission the JSR 
27 system once treatment is complete and move it to another waste site for reuse. 

28 B3.5.2 Special Conditions 
29 No special conditions apply to this alternative. 

30 B3.5.3 Cost Estimate and Breakdown 
31 The total estimated NPV cost for Alternative 2 for application at the ten waste sites is $80.2 million (see 
32 Table B3-l). This includes RTD at nine waste sites, vadose zone JSR treatment at eight sites, vadose zone 
33 and groundwater hot spot JSR treatment at two sites, and continuing use of existing pump-and-treat 
34 systems for the durations established in Alternative 1. A detailed itemization of Alternative I costs is 
35 presented in Table B3-3 . 

36 Remedial action alternative costs at the feasibility study level are generally presented as -30 to + 
37 50 percent cost range to reflect uncertainty in the project's overall scope. Accordingly, the expected cost 
38 range for Alternative 2 is $56.2 million (-30 percent) to $120.4 million. 
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Table Jl~-2. Cost Estirltate Alternative 1 - Conti11ue Current Actions • 
Focused Feaslbltlf st for ~00 Area Hexavaieht Chromium Remediatlcm 
Typical Site: 100-DArea 
Location: Hanford. Washington 
Phase: 
8111Vear: 

Feasibiflly SIudy (-30% 10 +50%) 
2009 

Date: M 18 2009 

Duer! tion 
Capital Costs 

1. Institutional Controls 
a AmendlCPtan and database 
b. Prqject management 
c Remedial design 

2L RTD at 100-D-12 
a Sampling 
b, Closeout do-:umentetion 
c Exca-,ationtremadiabon 
d. 0acl<fill (from borrow source) 
e Bacl<fill (from local stockpiles) 
r Environmentaf assessment 
g Revegetate 

TOTAL IC COST 

Subtotal 
Transportat,on/ERCX: TreatmenVOisposal 

Subtotal 
, & ope conbngency 

J Project management 
k. Remedial design 
!. Consrrucnon rrninagement 

Subtotal 

TOTAL RTD COST 

2b, 100-0-30 ~ 
a Simpling 
b. Closeout documentation 
c Excavalion/rernedlatlon 
rJ Becl<fill (from borrow source) 
e. Bacl<fi l (from lcxal stockpiles) 
f Env~onmental assessment 
g. Revegetate 

Subtotal 
Transportation/ERCX: Treatment/Disposal 

Subtotal 
I Scope conbngency 

J A'01ect management 
k Remed<al design 
I Consu·uctton management 

Subtotal 

TOTAL RTD COST 

QTY 

32 

202,765 
4.560 

198.205 
1 

56 

32 
1 

201,439 
5,126 

197,539 
1 

5.6 

Unit 

ea 
ea 
ea 

sample 
ea 
ton 
ton 
ton 
ea 

acres 

ea 

ea 

., . 
ea 
ea 

sample 
ea 
ton 
Ion 
ton 
ea 

ac-1es 

ea 

ea 

ea 
ea 
ea 

Description: This alternative incluoes tile folow1ng eleme11ts 
-Institutional coorrols 
-Soil removal, treatment and disposal lo various deptl1s 
-Groundwater pump and treat (4 extraction wens, 11niecDon wett, IX treatment) 

Cost Distribution: Ca ' ta! costs oncur m ear 0 O&M costs in 881'S 1 to 5, riod,c costs ,n ear 6 

$ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 

$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

Unit Cost Total Notes and Cost Bails/Reference 

21,200 $ 21,200 from CHPRC 200.MW-1 OU ICw~rksheat 
2 .400 $ 2.400 from CHPRC 200-MW-1 OU IC worksll..el 
4,720 _,_$ __ _;4,._7:.,2"'0'-- from CHPRC 200.MW- 1 OU IC worksheet 

$ 28,320 

ExcaYatlOO Depth 1s 80 feet 
700 $ 22.400 Assumed number of samples for 30 ft x 30 ft area 

45.000 $ 45.000 
15 .00 $ 3,041,476 
8 00 $ 36.480 
2.50 $ 495,513 

100.000 $ 100.000 Assume rev1s1on of current EA requirement 

5,000 - $--2.-7 ,,.83;;;:5"-
$ 3.768.704 

120% $ 4 522,444 
$ 8,291 ,148 

20% $ 1.658 230 From EPA 540.R-00.002. Assume bid contingency oi 0% for WCH self-pe1orm 
$ 9,949.378 

6% $ 596,063 from Exh;b< 5-8 EPA 540.R-OQ.002 
12% $ 1,193.925 from Exh,brt 5-0EPA 540.R-00.002 
0% _,_$ ___ :.__Included In costs aoove per WCH personal communication 

' 11 ,740,266 

Excavation Depth Is 80 fegt 
700 $ 22.400 Assumed number of samples f0< 30 ft x 30 ft area 

45.000 $ 45.00<J 
15 00 $ 3,021.579 
800 $ 41,012 
2 .50 $ 494,097 

100,000 $ 100,000 Assume revision of current EA requ,rement 
5,000 _i ... · __ 27;;.,,.;;83;..5 ... 

$ 3,751 ,922 
120% __;$,:__.::.4 ,:c50,:_:2c,::3:::.07:... 

$ 8,254.229 
20% $ 1,650.846 From EPA 540.R-00.002 Assume bid conhn9ency of 0% for WCH self-pertorm 

$ 
6% $ 

12% $ 

9,QOS.075 
594,305 from ExhN 5-8 EPA 540.R-00.002 

1,188,609 from E><hibtt 5-8 EPA 540-R-00.002 
0% ~ $ _____ InduderJ in costs above pe, WCH pe,sonaf coo111unicat10n 

$ 11 6ll7 989 
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Typical Site: 100-D Area 
Locatton: Hanlord. Washing1on 
Phase : 
Base Year: 

Feaslbili~/ Study (-30% 10 •50%) 
2009 

Date: M 18 2009 

Descri tlon 

2c . RTD at 600-334 
a Sampling 
b, Closeout dorumentanon 
c. Excavadoo/remOOiation 
d BacklRI (from borrow source) 
e Bacl<f/I (l! om local stod<p!les) 
r. Env~onmental assessment 
g. Revegeta!e 

Subtotal 
Tran sportation/ERD' TreatmenVD,sposal 

Subtotal 
i Scope contingency 

1 Project mana99ment 
k Remedial des,gn 
I Construction management 

Subtotal 

TOTAL RTO COST 

2d. RTD at 116-K-2 
a Samphng 
b, Closeout documentation 
c. ExcaYelion/remediation 
d Backftt l (from borrow soorce) 
a Backlttl (from local stockpiles) 
f. Env~onmental assessment 
g, Ravegetate 

SUbtotal 
TransponauoolERCf TreatmenVO,sposal 

Subtotal 
1 Scope connngency 

Subtotal 
j. Pr<;ect management 
k. Remedial design 
I Construction management 

TOTAL RTO COST 

TY Unit 

32 sample 
ea 

30,646 !')fl 
2,533 ton 

28,113 ton 
1 ea 

16 acres 

ea 

ea 

ea 
ea 
ea 

32 sample 
1 ea 

202.765 ton 
3,800 ton 

198,965 ion 
1 ea 

5.6 acres 

ea 

ee 

ea 
ea 
ea 

Description: This ali6rna1rve mclueles the folow1n9 elements: 
-Institutiona l controls 
-Soil removal. ,reatment and disposal to various depths 
-Groundwater pump and treat (4 e,tract:on wells , 1 mJection well, IX 1reatrnent) 

Cost Distribution: Ca ital costs incur"' vear 0, O&M costs in ears I to 5. eriodic costs in "ear 6 

Unit Cost Total Notes and Cost Basis/Reference 

Excavation Deplti Is 40 feet 
$ 700 $ 22,400 Assumed number of sampl~s for 30 It x 30 fl area 
$ 45,000 $ 45,000 
$ 15 00 $ 459,694 
$ 8.00 $ 20.267 
$ 250 $ 70,282 
$ 100,000 $ 100,000 Assume re·v',sK>n of current EA requirement 
$ 5.000 $ 8029 

$ 725,672 
120% $ 870 806 

$ 1,596 ,4 77 
20% $ 319,295 F1om EP/1540-R-00-002 Assume bid connngency of O'lb tor WCH self-perform 

$ 1,915.773 
6% $ 114 ,946 from Exhibn S..8 EPA 540-R-00-002 

12% $ 229,893 from ExhN S..8 EPA 540-R.(l().002 
0% $ Included in costs above pe< WCH personal corrrnunicatIon 

s 2,260,612 

Excavation Depth ,s 80 feet 
$ 700 $ 22.400 Assumed number of samplgs for 30 It x 30 ft area 
$ 45,000 $ 45,000 
$ 15 00 $ 3,041,476 
$ 800 $ 30,400 
$ 2 50 $ 497,413 
$ 100,000 $ 100,000 Assume revision o/ current EA requirement. 
$ 5,000 $ 27,835 

$ 3,764 ,524 
120% $ 4,517,428 

$ 8,281,952 
20% $ 1,656,390 erom EPA 540.R-00-002 Assume bid contingency of 0% lor WCH self.perform 

$ 9,938,343 
5% $ 496,917 from Exhobi S..8 EPA 540.R-00-002 
8% $ 795,()67 lrom Exhibn S..8 EPA 540-R-00-002 
0% $ Included in costs above per WCH personal comnunicat,on 

s 11.230,327 
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Typical SHe: 100.D Area 
LocaUon: Hanford. Washington 
Phase: 
Base Year: 

Feasibility StuC,,, (-30% to •50%) 
2009 

Date; Mav 18, 2009 

Description 
2e. RTO at 100-C-7-1 
a Sampling 
b. Closeout documenta'joo 
c Excavation/remediation ( soil) 
d Excavao~n/remed!at,on (concrele) 
e Bad4i l (from bo,Tow source) 
f Backfill (from local stockpies) 
g_ Environmental assessmenI 
~ RevegetAle 

Subtotal 
Transportaiion/ERCI' TroatmenVDisposal 

Subtotal 
1 Scope conongency 

I Protect management 
k. R&med!al design 
I Construction managemen! 

2e. RTD at 100-C-7 
a Sampling 
b, Closeout documemaoon 
c. ExcavatJon/remedlation 

Subtotal 

TOTAL RTD COST 

d Excavation/remediation (concrete) 
e. Bacl4ill {from borrow sourr.e) 
f Backfill [from local slockpies) 
g Envuonmental assessment 
h R S"legetata 

Subtotal 
Tran spon anon/ERDF Treatment/Disposal 

Subtotal 
1. Scope conbngency 

;J Project management 
k Remedial design 
I COnstructioo management 

Subtotal 

TOTAL RTD COST 

gTY 

32 
1 

640,846 
8,718 

184 ,399 
493,068 

1 
139 

32 
1 

237,875 
3,101 
7,019 

233.158 
1 

6 5 

-Soi removal, ueatmern and ct,sposal to various depms 
-Groundwater pump and !real (4 exfract1011 wells, 11nJection weH. IX treatment) 

~l1~t_QlstrlbJ!Uon: Capital cq_sta_ir,cur in vear O O&M costs in years I 10 5. periodic cosls in year 6 

UnH 

sample $ 
ea $ 
ton $ 
ton $ 
ton $ 
ton $ 
ea $ 

acres $ 

ea 

ea 

ea 
ea 
ea 

---
sample $ 

ea $ 
ton $ 
ton $ 
100 $ 

Ion $ 

"" $ 
acres $ 

ea 

ea 

ea 
ea 
ea 

Unit Cost Total Notes and Co~Bl!sls/R~~••nce 
E<cavat,on Depth Is 85 feet 

700 $ 22,400 Assumed number or samples for 100 tt x 300 ft area 
45.000 $ 45.000 

15 00 $ 9,612,694 
19 00 $ 165,638 

8 00 $ 1,475,191 
2 50 $ 1,232,671 

100,000 $ 100.000 Assume revIs,on ol current EA reouirem~nt 
5,000 $ 69 602 

$ 12,723,197 
120% $ 15,257,836 

$ 27_99;_033 
20% $ 5,598,207 From EPA 540-R-00-002 Assume bid contingency of 0% for WCH seH-perlorm 

$ 33,589,240 
5% $ 1,679,462 from Exhibit S-8 EPA 540-R-00-002 
8% S 2,687 ,139 from Exnlbtt 5-8 EPA 540-R-00-002 
0% $ Included ,n costs above per WCH personal communication 

$ 37 956 841 
ExcavatlOrl Depttl Is 85 feel 

700 $ 22.400 Assumed number of samples for 30 ft x 30 fl area 
45,000 $ 45,000 

·15 00 $ 3.568.126 
19.00 $ 58,926 
8 .00 $ 56, 151:l 
2 50 $ 584,396 

100,000 $ 100,000 Assume revision of current EA requi rement . 
5,000 $ 32,470 

$ 4,467,474 
120% $ 5.360,96g 

$ 9,828,443 
20% $ 1,965,689 From EPA 540-R-00-002 Assume bid contingency of 0% for WCH self-perlorm 

$ 11,794,131 
5% $ 589,707 fromE<hibi!5-8EPA 540-R -00-002 
8% $ 943,531 from Exhib'- 5-8 EPA 54,<R-00-002 
0% $ lnclud6d in costs above per INCH personal communicauon 

$ 13,327,368 
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fyplcal Site: 100-DArea Description: 
Location: Hanford, 'f\'a51lington 
Phase: i=easit,,lity Stud'f (-30% to +50%) -Soil removal. treatm~nl and dlsoosal to various depths 
Base Year: 2009 -Groundwator pomp and treat (4 oxtract,on wells, 1 mJection weU. IX 1roatment) 
Date: Ma, 18 2009 Cost Distribution: Ca ·1al costs Incur in eai O O&M costs in ears t to 5, ,ooc costs ,n ear 6 

Descri tlon QlY Unit Unit Cost Total Notes and Cott Basis/Reference 
2f. RTD at Undiscovered Site 11 (to 80 ft) Excavation Depth is 80 feet 
a Sampling 32 sample $ 700 $ 22,400 Assumed number al samples for 30 tt x 30 tt area 
b. Closeoot documentation 1 ea $ 45,000 $ 45,000 
c. Exca-,atioo/remernation 202.765 ton $ 15.00 $ 3,041.476 
d. Baddill (from borrow source) 4,560 ton $ 800 $ 36.480 
e Bacl<t,t (from local sto•:l<piles) 198,205 ton $ 2.50 $ 495,513 
f Env~onmental assessment I ea $ 100,000 $ 100,000 Assume reV1s1on of current EA requirement 
g Revegetat:e 56 acres $ 5,000 $ 27.835 

Subtotal $ 3,768,704 
Transportat1onlERCf' TreotmenVDisposat ea 120% $ 4,522 444 

Subtotal $ 8,291,148 
1 Scope contingency ea 20% $ 1.658 230 From EPA 540-R-00-002 Assume bid contingency of 0% for Wo-t self-perform 

Subtotal $ 9,949,378 
J Project management ea 6% $ 596,983 from Exhibn 5-8 EPA ~O-R-00--002 
k. Remedial design ea 12% $ 1,193,925 from Exhibit 5-8 EPA 540-R-00--002 
I Construction management ea 0% $ Included 11'1 costs above per 1tlCH personal commJnicat,on 

TOTAL RTD COST $ 11740266 
2g. RTD at Undiscovered Site 12 (to 80 fl) E,cevatioo Depth ts 80 teel 
a Sampling 32 sample $ 700 $ 22.400 Assumed number of samples for 30 tt x 30 tt area 
b. Closeoot documenta!ion 1 ea $ 45,000 $ 45.000 

IJJ c. &cavatioolremernation 202.765 ton $ 15.00 $ 3,041.476 I 

-...J 
d. Backfitl (from borrow source) 4,560 ton $ 8.00 $ 36,480 
e Backfal (from local stoci<piles) 198,205 tan $ 2.50 $ 495,513 
r En'lironmentat assessment 1 ea $ 100,000 $ 100,000 Assume revision of current EA recuirement 
9 R evegetate 56 acres $ 5,000 $ 27,835 

Subtotal $ 3.768,704 
TransportatiorJERCf' TreatmenVDisposal ea 120% $ 4 522,444 

Subtotal $ 8,291 .148 
, Scope contingency ea 20% $ 1,658 230 From EPA 540-R-00-002 Assume bid contingency Of 0% for Wo-t self-pe<form 

Subtotal $ 9,949,378 
J A-otect management ea 6% $ 596,963 from Exhibit 5-8 EPA 540-R-00--002 
k. Remedial design ea 12% $ 1,193,925 from Exhibit 5-8 EPA 540-R-00--002 
I Constructioo management ea 0% $ Included ill costs above per WCH personal communication 

TOTAL FUD COST $ 117,40266 
2h. RTD at Undiscovered Site 13 (to 40 fl) Excavation Depth 1s 40 feet 
a. Sampling 32 sample $ 700 $ 22,400 Assumed number of samples foc 30 tt x 30 It area 
b. Closo,oot documentauoo 1 ea $ 45,000 t 45,000 
c Excavatloolremediation 30.646 ton $ 15 .00 $ 459,694 
d. Backt/1 (froni bolrow source) 2,533 ton $ 8.00 $ 20,267 
e Backfll (from local stockpiiesJ 28,113 ton $ 250 $ 70,282 0 
I Enviroomental assessment 1 ea $ 100.000 $ 100,000 Assume revision of current EA requirement 0 
g. Revegetate 1.8 acr&s $ 5,000 $ 8029 m 

Subtotal $ 725,672 :u 
Tran sportation/ERCf' Traa1ment1Dispeosal ea 120% f 870 806 r 

Subtotal $ 1,596.477 
I 

N 
i Scope cootmgency ea 20% $ 319,295 l=rom EPA 540-R-00-002 Assume bid conbngency Of 0% forWQ-l self-perform 0 

0 

Subtotal $ 1,9 '15.773 
(0 

I 

J A-otect management ea 6% $ 114,946 from Exhibt 5-8 EPA 540-R-00-002 N 

I<. Remedial design ea 12% $ 229,893 from Extilbtt 5-8 EPA 540-R-00--002 c.... .N 

I Constructioo management ea 0% $ Included m costs above per Wa--i personal communicat,on Co 
TOTAL RTD COST $ 2 .612 z ;u 
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Table B3-2. Cost Estimate Alternative 1 • Continue ~urrent ('cti~ns ' 
Focused FeasibOitv Studvfor 100 Ar.ea Hexa~alent Chromium Remediation ·, 

,, 

TYJ>ICII Sitt: 100-D Area 
Location : Hanford, Washington 
Phase : 
Base Year : 

Feasibility Stu<if (-30% to •50%) 
2009 

Date : Mav 18, 2009 

Description 
21. RTO at Undiscovered Site 14 (to 85 rt) 
a, Sampling 
b. Closeout documentation 
c. Exce-,!llion/remediabon 
d Excavation/temedialion (concrete) 
• Bockfil (from borrow SOUICS) 

f Backfill (from local stocl<piles) 
g. Environment&. assessment 
h Revegetate 

SubtO!al 
Transpo~at1on/ERCl' TreatmeoVDisposal 

Subtotal 
1 Scope conong,;ncy 

J A-oj9ct management 
k Remad!al design 
I Construction management 

Subtotal 

TOTAL RTO COST 
3. Pump and Treat -100 0 Area 
a. Extraction wells ~ convert from monitoring 

.engineering, radiological review. wm control 
-rnisc. equipment (pump_ wellhead, vault) 
-pump ass~y and 111stallat1on 
-fabnumon and installation of elecrncai rack 
-misc SUPPOll 

b . Extraction wells • existing 
-engineering, raCJological review. work controt 
-rnisc equipment (pump and O!her) 
-pump assembly and installation 
-fabrication and installation of electrical I ack 
. misc support 

c. Injection wells . convert from rnonltoring 
-eng,neenng, raoolo91cal reV1ew, >'IOrk control 
.misc equ1pme11t 

.pump assembly and installation 

.fabrication and inS1allat1on of electrical rack 
-misc SUPPort 

d. Conveyance piping 

e. Treatment system 

1 Scope contingency 

J Pro,ect management 
k. Remedi81 desI911 
I Construction management 

Subtotal 

Sub!O!al 

TOTAL PUMPANOTREATCOST-100 DAREA 

QTY Unit 

32 sample 
1 ea 

231,875 ton 
3, 101 too 
7,019 ton 

233.758 ton 
1 ~a 

65 acres 

1 ea 

·1 ea 

1 ea 
1 ea 
1 ea 

3 ea 
3 ea 
3 ea 
3 ea 
3 ea 

1 oa 
1 ea 
1 ea 
0 ea 
1 ea 

2 ea 
2 ea 

0 ea 
0 P.a 
2 ea 

2000 ft 

1 ea 

1 ea 

1 ea , ea 
1 ea 

Description: This alterneuve includes !he folowing Blements: 
-Institutional controls 
. Soil removal. rreatment and dispcsal to various deDtfls 

Cost Oiatrtbutlon: 
-Groundwater pump and treat (4 e:<trecr,on wells, I iniecoon "'ell, IX treatment) 
Caoital cO'its incur In veer 0 O&M co~ts 111 v9ars 1 to S oenornc costs in voar 6 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

s 
$ 
$ 
$ 
$ 

$ 
i 
$ 
$ 
$ 

$ 
$ 

$ 

$ 
$ 
$ 

$ 

Unit Cost Total Notes and Cost Basls/Referenc• 
Excavation Depth is 85 feet 

700 t 22,400 Assumed number of samples for 30 ft• 30 ft area 
45.000 $ 45,000 

15 00 $ 3.568,126 
W 00 $ 58,926 
800 $ 56,156 
2 SO $ 584 _3g5 

100.000 $ 100.000 Assume revision of current EA requirement 

5,000 - $--"3,?2''-',47,"0'-
$ 4,467.474 

120% $ 5,360,969 
$ 9,828,443 

20% $ 1.965.689 From EPA 540.R-00.002. Assume bid conunQency of 0% for WCH seJf.peifcrrn 

$ 11.794,131 
5% $ 5~9.707 from E,h1b1I S.8 EPA 540.R-00.002 
8% $ 943.531 from Exhibit S.8 EPA 540-R-00.002 
0% $ lnclud()d 10 costs above per WCH personal conmumcatlOn 

10,000 
12,000 

2,000 
3,000 
2,000 

10,000 
12.000 
3,000 
2,000 
2.000 

10,000 
6.000 

3,000 
2,000 
2,000 
20.00 

2,000,000 

20% 

5% 
8% 
6% 

$ 13 327 368 

$ 

$ 
$ 
$ 

$ 

$ 
$ 
$ 
$ 

$ 

$ 
$ 

$ 
$ 
$ 

t 

$ 
$ 

$ 
$ 
$ 

$ 
$ 
$ 

CHPRC - Field Eng1Mering Lead (costs include labor+ m.atenats unless noted) 
30,000 
38.988 15 GPM. 80 ft head oump. Total includes WA State sales tax at 8.3% 
&,000 
9,000 
6,000 

CHPRC . Freid Engineering Lead 
10,000 
12.996 15 GPM, 80 ft head pump Total includes WA State sales tax at 8 3% 
3,000 

Assume !his is not required for an e<,stmg 0,(tracllon well 

2.000 
CHPRC. Field Engineering Lead 

20.000 
12.996 Assume misc equipment is 1/2 of tl1et required for extractim we!J Total cost 

includes WA State sires tax at 8.3% 

4,000 
41.660 Assum<! 6-inch diameter HOPE for 15 gpm flow each well This rs an ,nstalled cost 

Total cost includes 8.3% WA sales tax on 1/2 of the unit cost 
2.000 000 $1.642.500 (2004 dollars) from Table 4-9. SGW-38494 
2,196 ,640 

439 328 
2,635,968 

131.798 
210 ,877 
158 158 

3,136 ,802 
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Table B3-2. Cost Estimate Alternative 1 • Continue Current Actions 
Focused Feasibilitv studv for 100 Area Hexavalent Chromium Remediation 
Typical Site: 
Location: 
PhHe: 
Base Year: 
Date : 

100.D Ar~a 
Hanford, Wasll111gton 
Feasib,lity Study po% to •50%) 
2009 
Mav 18 2009 

Descrfotlon QTY 
4. Pump and Treat - 100 K Area (Includes KR_. and KW) 
L Extractl on wells - convert from monitori ng 

-eng,neenng, radiological rev,aw, worl< con trol 3 
-misc equipmen1 (pump, wellhead, vaut) 3 
-pump assembly and installation 3 
-fablicatioo and installaoon of alecincal rack 3 
-rnsc support 3 

b. Extraction wells - existing 
-engineering, radio~ogu:af review, wOO< controi 1 
-misc . equipment (pump ano other) 1 
-pump assembly and installalion 1 
- fabrica~on and installation of electrical rack O 
-mosc suppon 1 

c. Injection wells - conYert from monitoring 
-engineenng, raoological review, work control 2 
-m,sc equipment 2 

-pump assembly and installation 
-fabricaoon end installetion of electrical rack 
-m,sc suppon 

d. Convevance piping 

, . Treat ment 1ystem 
-100-KR-4 
-100-KW 

Subtotal 
I ScOPe coobn'Jent:Y 

Subtotal 
J Fl'oject management 
k Remedial design 
I Construction managemen1 
OTAL PUMP Al,() TREAT COST - 100 0/K AREA 

Annual Operation and Maintem1nce Costs 
1. Institutional Controls 
a. Weed and pest control 
b Waste site/fence maintenance 

Year 2010 
Year 2011 
Y98f 2012 
Year 2013 
Year 2015 
Year 2016 
Year 2017 
Year 2016 
Year 2019 

TOTAL IC COST 

Subtotal 

0 
0 
2 

2000 

Description: 

Cost Dl1trfbuti on: 

Unit lklft Cost 

ea s 10,000 
ea $ 12,000 
ea s 2,000 
ea $ 3,000 
ea $ 2,000 

ea $ 10,000 
ea $ 12,000 
813 $ 3.000 
ea $ 2,000 
ea $ 2,000 

ea $ 10.000 
ea $ 6,000 

ea $ 3,000 
ea $ 2,000 
ea $ 2,000 
ft $ 20.00 

1 ee $ 7,215,876 
1 ea $ 2,287,496 

, ea 20% 

1 ea Actual 
1 ea Ac tual 
1 ea 6% 

1 ea $ 1,045 00 
1 ea $ 2.34200 

. ., 
, ,\JliltlHtl ,, 

This a1terneI1ve includes the folowlng elements. 
-lnst,Iu11onal coolrols 
-So,I removal, treatment and disposal wvarious depths 
-Groundwater pump and lreat (4 e.dract,on wells, 1 m1ection wei, IX treatment) 
Ceo1tal costs incur in vear O O&M costs in vears 1 IO S. oenodic costs in vear 6 

Total Notes and Cost Basis/Reference 

CHPRC - Foeld EnQ1neenn9 Lead (costs 111c1Ude labor • materials unless noted) 

$ 30.000 
$ 38,988 15 GPM, 80 fl head pump Total includes WA State sales lax at 8 3% 
$ 6,000 
$ 9,000 
$ 6,000 

CHPRC - Foeld Eng,noenng Lead 
s 10,000 
$ 12,996 15 GPM. 80 fl head ournp Total includes WA State sales tax at 8 3% 
$ 3,000 
$ Assume 1h1s 1s not required tor an ~)(!Sting aY. tracuon well 
$ 2,000 

C>-iPRC - Field Engineenng Le.a 
$ 20.000 
s 12,996 Assume rnrsc equipment ,s 1/2 of thel required for extractlOO well Total cost 

includes WA State sales tax al 8.3% 
$ . 
$ 
$ 4,000 
$ 41 ,660 Assume 6-inch diameter HDPE for 15 gpm now each well This is an installed cost 

Tolal cost inclUdes 8.3% WA sales tax on 1/2 of I.toe unit cost 

$ 7,215.676 from F'Jllre 5-3 OOEIRL-2008-05 Rev a 
$ 2,287 496 from Figure 5-4 OOE/RL-2003-05 Rev O 
$ 9,699 ,812 
$ 1 93G.962 
$ 11 ,639,775 
$ 371,312 
$ 200,000 
$ 698.386 
s 12,909,473 

$ 1,045 
$ 2 342 
$ 3,387 

$ 3.387 r-PV for lnstumooal Controls at 2 23% Real Doscount Rate (9 yrs) 
$ 3,387 
$ 3,387 
$ 3,387 
$ 3,387 
$ 3,387 
$ 3,387 
$ 3,387 
$ 3 387 $27,300 
$ 30,483 

0 
0 
~ 
::0 
r 
' N 

0 
0 
co 
' N 

c... .N 
Co 
z ::0 
m• 
N,i 
0-1 
f6 )> 



ClJ 
N 
0 

Table B3-2. Cost Estimate Alternative 1 ~ Continue Current Actions •" .11:?\f~J!v11mu • ' I 

Focused Feasibility Study for 100 Area Hcikavalent Chromium Remediation ' ' ,: ;. l ,, ;l I 
Typica l Site : 100.D Area D•scrlption: This alternatrve. mcrudes the tolowmg elements 
Locati on: Hanford. Wasningtoo -lnst11uIional controls 
Phase: Feasibtli~; SI.Udy (-30% 10 • 50%) -Soil removal. rreatrnent and disposal tovanous deptJ1s 
Base Year : 2009 -Groundwater pump and treat (4 8)(troct,on wells, 1 in;ecnon well. IX treatment) 
Date: Mav 18 2009 Cost Distribution: Caoital costs Incur in vear 0 O&M costs in vears 1 to 5 oeriod,c costs in vear 6 

Descrtptlon QTY Unit Unit Cost Total Notes and Cost Basis/Reference 
2a. RTD at 100-D-12 $ 

a Rounne ma10tenance not requ ired 
2b. 100-0-30 SW $ 
a Rounne maintenance not requted 
2c. RTD st 600-334 $ 
a Rounne maintenance nor reqwed 
2d. RTD a.I 116-K-2 $ 
a Roubne ma,ntenance not required 
2.e. RTD 1t 100-C-7-1 $ -
a Routine ma10tenance not requ,ed 
2e. RTD st 100-C-7 $ 
2f. RTD at Undiscovered Site f1 $ 
2g. RTD at Un dis covered Site 12. $ 
2h. RTO st Undiscovered Site 13 $ -
21. RTD at Undiscovered Site 14 $ 

3. Pump and Treat -100 D Area 
a. Year 2010 , ea $ 1.595. 165 $ 1.595.165 NPV for Pump and Treat O&M at 1.6% Real Discount Rate (5 yrs) 
b Year 2011 1 ea $ 1.595.1~5 $ 1.595 .165 
c Ye3r 2012 1 ea $ 1,595. 165 $ 1.595.165 
d Year 20 13 1 ea $ 1.595.165 s 1.595.165 
0 Year 2014 , ea $ "1,595.165 s 1 595.165 

Subtotal $ 7.S75.825 $7 .610.000.00 

Notes - abo•~ costs based on tOllowing assumpbons 
-Flow= 50 gpm, O(V1) Cone O 7500 ugll 
-DR-5 system regenerat ion every two weeks 
-Quantities of rock satt . end hydrochlonc acid rem am 55 gallons/regeneranoo 
-Phosphoric acid and sodKJm hydroxide scaled based oo chromium 
~Sodium dithiomte quantity needed toe regenerauon qstimated at 3 1 X esrnnetect chromium quantity removed 
. Wasta quantity scaled based on chromum quantiry 
-Latior ,s appro,i'Tlalely 7 FTE based on current costs 
-Ma intenance and electnc1tv costs are estimated based on intorrnation from !he 100-DX Treatment Plant Pre-Conceotual Oest0n and Costs Est11Tiate Technical memorandum. 

4. Pump and Treat - 100 K Area 
a Year 201(1 1 ea $ 2.!13.788 $ 2.713 .788 NPV lor Pump and Treat O&M at 2 07'!1. Real Discount Rate (8 yrs) 
o Year2011 1 ea $ 2.713.788 $ 2,713,788 
c Year 2012 1 ea '$ 2.713,788 '$ 2.713.788 
d Year 20n 1 ea $ 2.713.788 $ 2.713 .788 
e Year 2015 1 aa $ 2.7 13.788 $ 2.713.788 
f Year2016 1 ea $ 2.713.788 $ 2,713.788 
g Y&ar 2017 1 ea $ 2.713.788 $ 2.713 .788 
h Year 201 8 1 ea $ 2.713.788 $ 2.713_788 

$ 2 1.710.304 , $19.8.20,000 00 

t~ote: 
O&M durat,on is based on basekne schedule (pe1sooal communicaboo wI1t1 100-K AIea Groundwater Lead) 

Subtotal 

0 
0 
m 
;o 
r 

I 
N 
0 
0 
(0 

I 
N 
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Table B3-2. Cost Estimate Altefllative 1 • Continue Current Actions 
Focused Feasibili Stu for ,~00 Area Hexavaleht Chromium Remediation 
Typical Sito: 100.D Area 
Location: Hanford. Washington 
Phase: 
Base Year : 

i'easiblhty Study (-30% to •50%) 
2009 

Date: M • 18 2009 

Ooscri tlon 
Periodic Costs • Occur Once in Year N 
t lnstltubooal Controls 
a. Prepare and issue samptng repO!ls 
b. Conduct sre revigv,s (5-year) 

2 RTD- all depths 
a Ma,mam soil cover 

3 Pump and Treat Operatoons 

Subtotal 
Net Present Value 

Subtotal 
Net Present Value 

4 Pump and Treal Decomrn1ssioo9 

Subiotal 
Net Present Value 

TY 

0 
1 

0 

Unit 
Dalo 

ea 
ea 

ea 
ea 

ea 

ea 
ea 

Oucrlptlon : 

-Soil removal. treatment and disposal 1ovanous depths 
-Groundwater pump and treat (4 ex1ractIon wells. 1 on;ecuon wen. IX 1rea1meo1) 

Cost Di stribution: C ital costs incur in veer O O&M costs In ears 1 to 5 ioo1c costs In ear 6 

i 
$ 
$ 

$ 
$ 

$ 

$ 

Uilt Cost 
9130/2009 

0 
10.000 0 

20.000 

Total Notes and Cost Basls/Rererenct 
Q<J/30/19 

30000 

' s 
$ 

10.000 from CHPRC 200-MW-1 OU IC wO<l<s/leet 
_,_ __ .:;20:;.c,OOO= c.. from CHPRC 200-MW-1 OU IC w0<1<sheel 

30.000 
$ 25.594 OccUI.., Year 2015 (N=S) 16 percent discount rate 

0 
7.923 $ 7,923 from CHPRC- 200-MW-1 OU IC WOO<Sheet. Onellme allowance for subsidence 

7,923 
6,760 Occur :r, Year 2015 (N=5) 1.6 percent discount rate 

Due to 5 10 8 yr O&M tometrame no cepnal eQUipment replacement required outside 
that includdd v,i1h1n annual O&M cost. 

50% 1,568,401 Assume decornmrss;on,ng os percentage of installed cost 
50% 6454 737 

$ 8,023. t38 
$ 6.434 ,401 Occur"' Year 2019 (N=3) 2 23 pe<cem ascoum rate 

0 
0 
m 
;o 
r 

I 
N 
0 
0 
co 

I 
N 

c.... _N 
Co z :;:o 
m• 
N,i 
0-j 
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100-OAr~i 
Harford, W~hi~cm 
F•oicJlity Sto:fy {,:<n. to ;SO'X,) 

8.DNYur: 2000 
Date: Ma.v 18, 2000 

Oner lion 
Capital Costs 

1. lnttfl lAlonel Cor1to .. 
ii Am.rd IC Plan i'ld ddlltba,o 
b Pro1oe1 rnanig~mif'll 
c. Re-m~laldesig'l 

• · ATO • 100-0..12 10 8 ft 
'$.impltng 
b, Closi'OIJ documQfalation 
c Ex.cavanon'r~medf.ition 

9ackflll (li«n i>«IOo"t i0U'C.) 
Q Bilekflll (horn loci! SIOckpii9$) 
I Eovii·onment~ a,ses,mom 
g A.~wgetalQ 

TOT AL IC COST 

Sut:<ot~ 
Trar,~ponatton,'EAOF l 1ettrn enr/Ol!ip¢SII 

Sut:touJ 
I Seo~ corting,incy 

j Prejll!CI managgoi@rt 
k. Aema'.Jitld W$lgl 
I. ·comutd.lOnmain~wmorit 

b. RTD. 100-0-Jo.sw lo , a N 
• Samplk>g 
b, Clas~ OOOJmir1tJlk,rt 
o. Exeavatfoffr~mfj(jl•tlon 

Bad-.1111 (trl;ft'I bar()lll\l sou~) 
Q aackllll (from l~I SIOt.'il.j.Jllw:} 
I EnvironmQntaJ l$SW1smon1 

9 RW9$1Q1!:t lG 

Su~ot.1 

TOTAL RTO COST 

Sutxoi.1 
Transportat!oM.R.OF TreatmGnl/Olsponl 

Sutxotal 

i Prcjid man..9EJra1rt 
k AQm9:l.tldQ!lg'I 
l Com1n..a lon m1.n.t.g9mw""' 

Suao1a! 

TOTAL RTD COST 

OTY Unit 

.. .. ., 

32 samp~ 
1 •• 

l,'16 1 Ion 
1,'61 too 

Ion 
I •• 

02 lCliJ . , 
•• 
•• •• •• 

32 s-ampl~ 

•• 
J,.1s2 ton 
3,"52 ton 

ton 
1 •• o• I-C19S 

•• .. 
•• •• .. 

l hi) .a • ema Yve \n('il)jQ;.) 1he 101k>wir,g ele-mfii'lts. 
-lmfltui!ona.l con1rqt, 

DOE/RL-2009-22 , DRAFT A 
JUNE 2009 

-$1'fl r~m,,.r.11, treaimert u'Q di~po,al 10 varlCM.e depths 
,Oroun:hv.llii1 p.imp 1rd tr eat (• ext:acfion wells, l lnitctkf"i well, IX IIH tmenl) 

Cott Oi:ttributbn: Caotull oo~-;- lnet.n tn ~ai o, O.\M eo,t, in year, 1 to 6. 08f'looir, costs k1 'fflM 6 

Un it Cost Tows! Notte end Cost BasisiRtfer•ne• 

2 1,200 I 21.200 from CHPAC 200-MW•i OU IC "Na k~h9i1 
:. .-oo I 2 <4 00 11orr, CHPAC 200-MV•l--l OiJ IC wa luhQi\ 
4,720 i 4 720 from CHPRC200.MW-1 OU IC W(;JkShQQI 

s 28,310 

700 ' 22. -4 00 Anum~mrn~r of ump!~ IOI 30 It , JOit 1niJa 
•~ooo I •~ooo 

15 00 I 2Q,267 
8 00 I 15.$00 
2 so $ 

\00/)00 I 100.000 Assume r-aVi'!iOO c4 commt EA 1~1l1emern. 
S,000 I 1,0 15 

I 213, ZQO 
120'¥ • i 2:65.948 

$ J$Q, 2SO 
wr • ! 03, AIIS F,otn EPA 540•A-00..002. A!,Umfit bid contingQflcy 01 O¾ for WCH siill!-pQ"torm 

$ 56MH• 
6% I 33. 78S lron1 E"-xhlbll 5•8 EPA SJIJ-R.00-002 

12". $ 67,5,70 hom Exhib\15-6 EPA S-40.R-00-002 
O¾ lnctu:lod ln oosts atio.,.i pir WCl-1 pasona1 ccromurka.t!on 

$ 664 ,442 

700 $ 22.400 An omild rn.,n1,,t,ir 01 ump{~ 101 30 It X 30 ft atQa 
45,000 $ ,s,ooo 

15.00 $ 51 ,787 
9 /JO $ 2716l0 
Z.50 t 

100,000 $ 100.000 AssU!n9 ftM!lictl CC t'Ull'inl EA t@Q,JirCJni-nl. 
5,000 $ ,,asa 

$ a•~sss 
t:20% t 29~9•6 

; S•7.o83 
zo,;, $ 100, -4 1"3 F1cm !.;PA r;-40 .p:-0~2 Ass.umo btd contingwicyc,I Cl'¼ fa WCH t'111"-p~form 

$ 65 8.. '7& 
&'I'. t 30.380 from Exhibll S-6EPA S-40.A-()0-001 

12'. $ 78,717 l1om E'.<hlb~ 6-9 EPA S-10-A-Oll-002 
o,;, lndu.:i9d In eoits- a bow p;r WCH p~-,onal commullCJ.tlon 

774.-6-41 

B-22 



IOO•OA1ea 
Hartort\ Wa,hingon 
Fu,!bllitY"£.u.dy (·30% 10 +5o,:.} 
2()()Q 

M3V 18, 2000 

DHcr tlon OTV 
. RTO • $00·334 (No E.>1Ca.,.1k>n at this; Sitt Atcutntd} 

• Sampling 
b, CIOSfl.OU dou.imQrl!Jtkln 
c Exca\o-a.t10MGiH1di1Uon 

Bi!okliU {f,orn bcrrOH ,ol¥C9} 
• B>ck1111 (from looal StOckpll .. ) 
I EnvtronmQntal a,,QS:sment 
g. A.Wlig&II.IG' 

Sutl!Ol~ 
Tran~p«tatloruEAOF lr..iatrnent/Oispoul 

Su~ouJ 

j P•OIW ma~gEmt'.rt 
k. Riamo::Ji, lde~~ 
l Con,tructicnmani,,9em\Y'lt 

<1 al 116 ·2 k> :ll tt 
a Sarnoling 
o, C1o:seou e1ooumt1r1tatt<m 
Q £xe:,•1attoN'remodlatlon 

Sackllll (trom ba1o-Y ~OL104!) 
e. Bod<IIII (1rom IO<ai Slockpile,) 
f Erwironmemat a~soosment 
9 R.<wt,9(llato 

Sutio1~ 

TOTAL RTO COST 

Suaotal 
frJnsP«taUon€AOF Treatmenl/Dlsposal 

Sut<ot>I 
I &<:cpo oortlngoncy 

Subtotal 
j Pro~ mana9"11.wt 
k. At.mlidlaldeslg, 
I Constru:tlonma.n~rneri1 

TOTAL RTO COST 

~2 
1 

3,086 
3,986 

l 
(U 

Unit 

sarnp1, 
•• 
ton 
ton 
10n 

•• acru 

•• 
•• 
.. 
•• .. 

3;:tmp1e 

•• 
!On 
ton 
ton 

•• 
aetQS .. 
., 

•• •• •• 

Thi, a1ttm11lvi inch.d.e., 1he ,o~g ei~rnws: 
-lmthutlroal oontrot, 

DOE/RL-2009-22, DRAFT A 
JUNE 2009 

•S•U r-tnw,al, 1nit1rntrt ard diu,o,al to va,101.e depths 
-GrourdwatQI r;-ump aM ueat <• QXtraction IWb, 1 rtie~IM w~I. lX t1"1a1ment) 

Cott Di:s1rtbutlon; Caolt:tl oosts- lr.ru in 'flQ~r o, O3..M oost! In vear, 1 10 pakYJ"' 00,1, In war 6 

$ 
$ 
$ 
$ 
$ 
$ 
$ 

$ 
$ 
$ 
$ 

i 
$ 
t 

Unit Co• 

700 
, s,ooo 

15.00 
9.00 
250 

10M00 
5,000 

$ 
120'l'., $ 

$ 
ZOo/. I 

J 
6'% $ 

12o/. $ 

To•I 

AsaumQd nunb~r of .sample, 1or 30 n x 30ft a.re.i 

F1om EPAS.JO.fi.00-002. As,umwt,.jccnfngQOt;yOl ~lot WCH seif-periorm 

from 8':hib.~ s.n EPA f".JO.A-00-002 
from E'xhlbh 6-8 EPA 540-R-00-002 

I)')'.$ :_ ___ lndl.dOO In costs above oar WCH p«sonai commulication 
$ 

700 $ 
•~ooo 1 

15 00 1i 
8.00 I 
2.S0 I 

22.400 Atsumed n1.rnbi1 ot ,ample, tor 30 ti 'X 30 tt srea 
.tS,000 
59,787 
3:,892 

100,000 f 10~000 As3Ul"l'l~ fgvi!lon ot C\ll rent EA req.iitl'.illE!Ol 

~
000 -f,--~16'"7.,., ~=,~~ 

1ZO% j 313,,U3 
~ 574,S~CI 

20o/. $ 11.t,~18 From EPA640-A.-00-002. ksume bi:! oonting'1Cl(Y0I Oo/. lot WCH ,QH.pQflOtm 

689.508 
5% 3-i,.f7S from Ext-Jbtl 5-8 EPA 540.A-0O-0Ol 
Bo/. 55. 1..61 !tom Uhibit 5-6 EPA ~O-A-0();002 

O'l'. -o'---=n"'~".,"'
4

"""
5 

lridl.d~in cost~ a!JOw p.trWCH pirsona1 oorn murioa.tion 
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Duer tlon 
• · RTO., 100-C-7-1 t.o 15 11 

a Sampr.ng 
lJ, Clceaolt documfiln{alion 
c Ex va!k,nlu1m~ion (soh) 

ExeM11«-itel'T'hlChUon \«nCHiilQ) 
i Backlill (lrQ'll nrow $QU"CEI) 
:. &Cklii it1 om local ~ctc.plie,:) 
o. EOO-ormen:al u,enmen 
h. A.qr,e~tate 

Sul:lotli 
T1-mpc,utloni£AOF 7r~atmtntfOl, posal 

6ubolal 

i ~ofoo man3.g811'1;:rt 
k Aem{fjlaldw~igi 
L Cor~H~!on rri an,gerrienl 

SuUOlaJ 

TOTAL RTD COST 
t . II 100-C-7., 15 It 

, . S1mpling 
b, Cloeeo!J documeniatlon 
c. Excavallorl1~llion 

E):cavat1.:.Y1QIT'lada1lon {cooc,ert) 
e Baekfru (uan t-«tow sou~) 
l Ba~lil {uom iocal s.took;,ijg~, 
g. Ewltormarta1 u,e-ssm~;;rt 
h Awegetate 

Sut:,ot~ 
Transpe<tatlon.£ROF Tre,tmonVOi,po<>i 

Sutto1ll 

j P: ojQCI: mana.gijflum 
I<.. Rem~aldw, !g, 
I Co~trl.d.lonma.nagem-rit 

TOTAL RTD COST 
f. RTO • Futt1t Shtft (to 16 ft) 

, S>moil1111 
b. Cloae-011 docomeota110n 
o Excavahoriremwimion 

811c:Uill (hem lxlfrow ,ot.rC4) 
e BacktAI (1rom local 'lt.ock.Pnia:} 
1 Enwonmtn1-al 8!s !.!flQfl'I 

g Ae.,~ale 
SulAou,1 

T1.ir1~C'J'lltiorltfAOF Trntmerl!JU1,po,al 
SuuOI~ 

Prcioo m1tu9"1'lt1Jt 
!\. A•mfdialdtt~ 
l Cons:1ru«ionman;i.gef'ni!nl 

TOTAL RTD COST 

QTY Unh 

32 !lll'llf>'8 ., 
Z,015 Ion 

1011 

2,615 100 
,on 

1 •• 
Q3 .actiS 

•• 
•• 
.. 
•• •• 

32 •Jampl(I, 
I •• 

2,815 ton 
ton 

2,815 1011 

1011 
\ ., 

OS acrt! 

•• 
., 
.. 
•• •• 

32 , ,11mpi,; 

I ., 
2.815 Ion 
2,615 100 

ton .. 
O.~ aero! ., 

•• 
•• .. 
•• 

Cosr Dlstrlbut~n, 

UnltCo,r 

700 $ 
,s,ooo $ 

1S 00 $ 
1Q 00 $ 

8 00 $ 
250 $ 

100.000 $ 
S,000 $ 

$ 
120% s 

$ 
20'J. s 

s 
'l(, I 

8o/. I 
O'l'. 

$ 

$ 700 I 
s ,~ooo I 
$ IS.00 s 
s 1Q.OO $ 

s 8 00 ~ 
s 2 50 $ 
s 100,000 $ 
$ 5.000 £ 

$ 

120o/. f 
$ 

20'<. $ 

~ 

8'l; 
O'/, 

700 $ 
•~000 $ 

15 00 i 
8 00 $ 
2.50 $ 

100,000 $ 
~ 000 $ 

li 
,w .. $ 

' 20,-. f 
$ 

5% $ 
e,. $ 
O'/, 
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DOE/RL-2009-22, DRAFT A 
JUNE 2009 

Noles and Cost 8.:ic ldlet«..-.ee 

22.A00 A,)um&d nunti.r of ,amplli!'3 tor too tt x ~o 11 irea 
•~000 
C2.22( 

2Z520 

100.000 A.s:wme rir.vl:.icn d CUHttl1 EA rQQJkemem. 
115S1 

23~Gg5 
200.-43.( 
514,130 
102,826 ~,om EPA 540- A-00-002 As!IUMQ bid ()l)mlngoocy Of a,'. !(I' WCH $GilI-pcttorm 

61~ ss 
30,S•8 irom E>hlbi 5-8 EPA 5<0-A-oe>oaz 
4¥,356 trorn fahib~ s-a EPA SJo.R-00-002 

lndu:jEdln ~ ti abovi perWCH panonil commurlc.tion 
6i"7.160 

22,40CJ Msunoo m.rnb9r of .ump101O1 3D ft ). 3"h ar~a 
JS,000 
.a z.22• 
22,520 

100.000 ~SlfnQ f9vislon cl Wf!Onf £A fQq.Jlf"'180t, 

1.551 
:l33.Glil5 
l§9.43-I 
51~ 130 
102,828 From EP/.. S<IO-~-C0-002. .A.,,um• W 00°"''9«'1G.Y <,f O'o/.. 1et WC.H s"11-p«lorm 

8,~~h5 
Jo.e,s horn Exhlllk ~-8 EPA S40-A,00.002 
~Q,356 from Exhibit £-8 EPA ~ o-A.00-002 

lnc:ti...ded In cool~ at:iovQ- po, WCH p0noo.,1 c«nmurlc:a.1lon 
691 150 

22.A00 A,tumednlmb~r " ' ~amplis for 30 h X 30ft a 19,1 

45,000 
A2,22' 
22,520 

100,000 A,s-,u,n9 'i'-1ik,i cJ cumml EA tiQ.Jirwn&rll 
1,ss1 

23~695 
2321• 3~ 
51~ 130 
I02

1
82'i HWF1 EPA 540.P-OCI-00.1 A,sumebid ei>nlingmovol 0% tor WCH ,e!!-ptrform 

6Hi,iSS 
'30.8-18 trom El,hibit 5.9 EPA &4 0-A-00-002 
• g,356 trom E:,t,ib\ 5-BE?A 540-A-OQ.002 

lnca.d~ tn ocob atx,ve pE,r WCH pei-tonal oommuo:o::tHGn 
6Q7 160 



M~v 1B, 200Q 

°"""' tlon OTY Untt 
RTO • Future Sito '2 (kl 15 tt) 

ll ~mpling 92 ,ampJe 
b, Closaou documerw..ilt9n •• 
r, E.xcal/alk>rlHim.dlauon 2.915 10n 
:! 8ad;1~t(frooi bc.no,; ·\O\J'C$) Z,815 IOo 
e 8ackU! (itom ,oca! ,ioc·,kpUe!) ton 
I. Er1Vi1onme-niaf usessm,mt •• g R,,..agetal& 0.3 a.ca,, 

Sul:,01~ 
Tran,po,1atlon.€ROF T1ea1rnert/Ol!po,al .. 

SutAolal 
i SOQ_p. cort.ihgen<,V .. 

SuttoUI 
l Prtif8Ct ma..n..gomen •• k.. AemOOlaice~ig> •• L Consiru::tion m in<11QQ1~nt •• 

TOTAL RTO COST 
h. RTO ad Future She 13 {k> 16 ft) 

... Slmping 32 !.am~ 
t,, CIOHO\J doo.JmQO!aU,;;,n •• 
c. Ex.cavaOorfren~iatlon 2,8 1.5 !On 

8ar.:kl!l! (frc,m borrow SOlle:Q) 2,815 '°" • Bad<IPI (horn local , loci<pllo,) ,on 
L Errvi1orm,;™II us<mrn ern , •• g AQYtg&ltle o., ac:re, 

Sul:tO!al 
T1am:por1;..t1oruEAOF TrGJ.tmonVDlsposil •• Suttotai 

I Soop,, 0011lngency •• 
SutA.otil 

I ?roj~ m1rog«r1ert ., 
I....Aeme:ii1.loeslg1 •• 1 OorvmU;tion marug.i,merrt •• 

TOTAL RTO COST 
i. RTO at Fl.I~• Sitt #6 {to 15 tt) 

a Swplirlg 3Z ,arnpl9 
b, Clo3ew documenta1lon , •• c E.ll..cavatiorirQme,::b!ion Z,S1S 100 

EXOMllcnlremidalion f"0(nC:f £CG} 10n 
i Bv...kl!H(trcrn b-Ofr"CJW"so1J'C4t) .?,B IS ton 
l Ba.~ill (flom local sto~~, ) 100 
g EmhormYrU.I US'lt$'m"rt I •• n R..,~;>&tatec 0.3 lctQS 

S1Jtiolal 
T1anspo,1:.tlor'..€ AOF 11e3tmenlfOl~posal •• l1ullotal 

I Scoco oonk19--)n0'/ •• 
Sutlot~ 

j Projed ttllniQQf'Tl <irt •• 
>., RQrnfdi.ldHiV} •• I Ct>~,lo(.lionmanageme nt Bi 

TOTAL RTD COST 

Coct Distribution: 

Unit Coll 

700 $ 
.-s,ooo $ 

1S.OO $· 
8.00 $ 
250 $ 

100000 $ 
~000 1 
120% $ 

$ 
20'<', $ 

$ 
s ... $ 
8% $ 

DOE/RL-2009-22, DRAFT A 
JUNE 2009 

Total Notes and Cost SNl~f•e:nce 

22, A00 A,surned riir.1be1 of umplQS1or 30 II X 3011 Jlfl'f 
,s.ooo 
, 2.22, 
22.520 

10~000 AStUflli IQvislon d (.\JflQfli EA 19Q,Ji1.irn,mt. 
11ss1 

233,6~5 
280, J.34 
514, ·150 
19g ags f1om EPA 5•0-A-00-002. AssumQbla ~min9encyo1 0%10- WCH ,t,11-p«lorm 
816,055" 

30.BAB fiom Exhibfl 5 -8 EPA 5'O-A-O0-002 
.49,:156 HOOi EXhib1' 5-0E.PASCOJ:l:,00-002 

0% $ ·~-"'"••"'?'"","=&o'"" lncllded in ~ls a.bov<e PQI WCH p~sona.l C(fllmunicallon 

700 $ 
•5. 000 $ 
,s 00 $ 
9 00 $ 
2 so $ 

100000 $ 
5.000 I 
120% t 

$ 
20'I'. $ 

$ 
5"- t 

22.•00 kwmtid ni..mb~• ol um~) for 30 tt \. 3t) 11 a1Qa 
4:".i.000 
42, 224 
22,620 

100.000 A,~ume fiivi!kn of CUl!QOI EA UIQJ!IGmQnt 

t, 551 
23a605 
280,•34 
514,130 
102,e2-; From EPA 5&0-R·00-002.. Al, ume b\d conting.:ncy ot ""- '"WC~ .sell-PQ!"lorm 

61.~\155 
30,a, a 1,om EJ<hlbb ,-a EPA 5•0-R-0!>002 

e,,. $ <v,356 lrom Exhibl 5-8 EPA 5'0«-00-002 
,'--~

50
.,,

7
~

1
~
60
~1ndu:ied In co:sl~ a:bo,le pt,t WCH por'°"'11 ecrntnuriC3tlon O'I'. 

700 $ 
,s.ooo $ 

15 00 $ 
19.00 $ 
8.00 $ 
ZSQ t 

100,000 $ 
5,000 f 

$ 
120% $ 

$ 
ZO'I'. $ 

$ 
5"I, ' ~, 

zz,o100 Assum~ ru.,nbet of sarnpl.s for-30 f1)l 90!\ a,n 
•f.000 
•21 22• 

2ZSZO 

100.000 .~sun,e ravblcri c( curr"nt £A ,eq;!r.ment 
I $51 

233,695 
280. -4 3.t 
$·u,1§0 
102.826' From EPA 5.:iO-A-00-002. A$'Jume bla eontin9c<1cy OI 0'¥.101 WCH sfif-penorm 

6 10,9$-; 
30,848 from E-Xhlbb S-B EPA 540-A-00-002 
•0,356 lrom ~lbb 5-8EPA 540.:l-00-002 

0% $ ·-;.-.,.
6
.,,
07

~,--a~o Inch.Deel In ~t~ above p~t WCH Pif:Jonal ocrnmurl~Mn 
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0Hct ibn 
3. Purnpo1'dlr•et • 100 0 ArM 
:.t . EJ:ttaerion 'lfftlll • corwert t_rom monttcxi111 

-Qn$Pfl.ailling. rldlolog_ical f'QVlBW, WC(I< c:ortrol 
-mlt,1~ «1,Jlpr,1.Qnt {p!..rnp, WGl1haad, 'flu!!) 
-pump t~in!bfy ao::t ins.taJ!aUoo 
.ftbtication ard '11t.llilion I;( QIQ~iu.l rack 
-ml,c.. 3UJ:1)0rt 

b. E'xt,a,clion Wth • Hitting 
.. ,mg:newlng, radio!o,;ftil 1~visw, WOfk cortrol 
..ml,o. ~tpm~nt {pUYlp-a~ cchwr/ 
-pt,mp u , embi)' an:! Jn:Jlll!a!ICI\ 
-fa.brlutlon ard insianatk:fl cf t,i1Qcsrical 1ack 
..fni,e.,Uf()Ort 

. '1jtction .. u, • ((lrNt rt from monhorl~ 
><ff'l9ntering, rai:tiolog~I 1e~1 wc,K c;:;.rt,o! 
-lllh:C QCp.Jlpm90!. 

..pump ll~Qllib!v ln:i in!taliall!Y'! 
..f~brleation an:"l .. lmtatt11lon Of ete,czical rack 
-mite 13U~!1 

d . Co,,veyonoo plps,g 

1 Profeet ma na.QM\~rt 
;.;, RemOOi~ Cfili!71 
L Comtrualon minag"me-ot 

TOTAL PUMP ANO TREAT COST · 100 0 AREA 

QTY 

0 
0 
2 

2uee 

4. Pl.lmpandT11tat~ 100 KArto{inch.dH KR--4and KW) 
. E'llfoc:.tion wells • convert from moritOl' lng 

-en9nee,ing. tiK.i!ofogka:1 re\'!w-', wak ooniQI 
.fll'1o. QQJlpm""' {ponp, WEl!h8ad, vau~ 
•pom p u,en1tJ!y am lmlai~tlon 
-tabfiea.Uon -ard lnstafiJllon ct ~l~mlcal ,·, cit 
•mhc, ,uwon 

b. Extraefion web· Histing 
~n9n~Gtlr~ radlo!ogical 1evi(,M', woik cortro! 
-ml!c r,q.,lpm•r< (punp ,n.:: ahQI) 
-pum p-1,,001bly 1nd lnt1$1!a1too 
-tabricatlon aro ~tallMlt.:t"t « Q!Qctrlca! rJ.{;k 
-mbc..-,:tii;cort 
. hJtctlon w.llc • t:0rwtr1 trom monhorirg 
-~nfiMe"ing, r~iol09iea1 ,ev1QW, W(.fk conrol 
-mt,e. QQ..tiprnerit 

-pump au91T1b~/ irlel lnstal!i110f1 
-tabncatlon :m11n,1allatk:t'i d electrieaJ rack 
-mis( ~UJ:P()rt 

. Conv•)'lnoe plpi,g 

. Trmtm.nt wv••m 
-100-)(R.,t 

-1~1(W 

I SC(>po ccrttngort9Y 

i Pioiici: mana9ernert 
k. Rwm~i'.ildlii:Slgl 
!. Comi1uaionmana9cmtnt 

Su!iO!al 

TOTAL PUMP AND TREAT COST . fOO D AREA 

2 
2000 

Unit 

•• ., ., ., ., 
•• .. ., 
•• •• 
•• •• 
., 
•• ~, 

., 
•• 
•• ., .. 

•• ., 
•• •• ., .. ., 
•• •• •• 
•• ., 
.gj 

•• 
ea 
ti 

•• •• 
" 
•• ., ., 

Thf, ahilm.ltivQ includit the ioUowing Ql:9mQt11s . 
-lrnul~lorul controit 

DOE/RL-2009-22, DRAFT A 
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-Sol 1~mr.,1s !, ):ialrnirt arddispoial !{) vadol.J! dep1h, 
-Giou~t~rpump~nd11e;,,1 (~ ~r~n ,..101h, 1 t!'ljectloowill; 1Xt1eatrMnt} 

Cott Olttrlbutbn: Caolta! CO!>li tr.cur in war o, C&M co,ts 1nv~m 110 S. pQik:dc co,a ln ar G 

s 
$ 
s 
$ 
s 

Unit Cod 

10.000 
12,000 
2.000 
lOOO 
2,000 

10,000 $ 
12,000 } 

3,000 t 
zooo $ 
zooo $ 

10.000 
6.000 

aooo t 
MOO $ 

CHPRC . Floi.1Eng!nw,mg LQ..id (oom indu00 l.1bor,, rmu~1ial~ uni~s ooQl:l) 
suoco 
SS,989 1SGP'M , 00 fl hu:j pLrnp. TOttl inch.d&~ WA Stat9'Sll~1!U :il 8. 3%. 
~000 
~000 
MOO 

h\000 
1:zins ,s GPM, 00 It ll9.ttJ P:Jl\{' Total 11"'1(:tu:l~s-WA Sta le ,ai~, ,ual 8.3¾ 
3.000 . 

zooo 
CHPAC. Fk,lldEngln~r~ LQ!d 

2MOO 
12,QOG • .\,n1me misc r,q;lpmr.tlt It 112 ttf th.ti 1eQlir«:t for 0X1 ractlonwell Too.! cost 

1ridudes WA State sa1e, 1ax.a1 B.9'3/ • 

~000 $ ,,ooo 
21l-OO $ d 1,660 A!S1.Jmi 6-lnch dl;;.miWC HOP£ fo1 15 9pm llow Ga.Ch wall Thii Is ari 1mtiHad oo~L 

Tola! COJtlndl)!)}t 8.3'1'. WA ules 1axon 112 d thl.!urt Ct.»T 

2,000,000 $ 2,000.000 $1 /<42,S00(1004do11ai,i lrom Tatie •4, S(;W.J8'94 
$ "2,196;6A0 

2
1)9<, - fi;.· - 2."':~,it';!~.;,2:,.. 
~ $ 13t,7QO 
8'1. $ 21(,,811 

b"ll._:~-,,~;;.~E~~~S:~ 

CHPAC . ~ield £001/'l&e1h\j Lead (co,ts inolude li!.bor.,.. mak:1lafo. unl~:i, nQled; 

3MOO 10.000 
12.000 
2,000 
3,000 
zooo 

3~988 1S GPM, 00 U t:vad pi.mp, 101a1 tndld~s-W.C.. Su,1e,a.!ias111, !18,Jo/. 
~000 

t0,000 
12.000 
3.000 
2,000 
Z,000 

10,000 
~000 

3,000 
2.000 
2.-000 
20 0\) 

7,215.676 
2.287.<Q6 

~000 
MOO 

CHPRC • Fled En;l'neerlrlJ L•ac 
10,000 
l2.9~b )5 G!>M. 00 tt hQac! PilflP Totil lndu:iqs. WA S!iJ~!alee la:tjl 8 3'. 
3,000 

2,000 

20,000 
12.9~6 As.~ume mh: c 4+!lpm.;iot ~ t/2 ol lhat rgqUrodir;» exlr-ctlon waU Tota! co~1 

ind~ WAS!ai~ Sillt'l$ la). al a3'1' .. 

4,000 
41,S&U ~SUO'JijS-1notlchm4W HOPE for IS gpm·flow oo.cti wiall. Thii I$ an 1mtaN&:::1 e¢~l 

T-Ota! Wtl lnch.k:»$ e.3% \VA UlQoS tax;on ,,z ct tllQ Uri1 ,cc,s1 

7,215,876 lrom Ff!).11~5-300Elf-ll-2000-05 Re-.· Cl 
2 287,MJG !rorn F"JJt9 5.: DOEJRl.-2006,0S AiN 0. 
1,4·12,sw 

2~4 s 1 ,,et,-'63 
"$""· ""'a"'.a:-eg,c;,, 1"';9"" 

Ac<ual $ 371,312 
Aciu,I $ 20<\000 

6"" -!=--=-Q_...~ssc:a-=,;:ce;,.. 
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Oucf tion 
. ISR Syntm {per lndMdl- waif• •it•) 

• • 1•dc «onp Mtd miMl,W 
-groun,,,.,., <QJalutla, Ian!< (5000 galto») 
-ISR 1tagtr1 tank (5000 galons) 
,W;:ing C•oo•qu.,.,..._ lndU:S.s oono"• ,bb) 
-<h•mlcal feo:l punp (So-100 ml.<nln) 
-000.IOI Pll"'P(1,0 gal min ll80 psij 
4taoou~s;rstwn 
--91ectrical COTiponentJ 
-iutnJ1HHUtkln a.rd CCX'\tfol 

Sul:lot~ 
WA ·S1a10 Sal 11. Ta.)( at 8 3'. 

Sul:101.i 
-'abr:t tor taf'l\. bUk:11ng. 9Q.Jlprt'IQO'l lmt1lli1.1.lcin 

Subto<ol 

b. VadOH zont -c;h-,,,UI drip •rmm 

OTY UnH 

•• •• .. 
•• •• .. 
•• •• 

" 
•• 

..cnllilmlcal drip s,y~tem 1 Qi 

-Or•·M» Max-Em~•' Eml1t•mnt, 4-lc,ll, 20-mm, J: _J 100011 roM 

-Pli1M.i1t A.QgtJ.atc,· .Ats-$mt,y, 15-p,I. 20-mrn tlttin -100 ;a 
.. s,an., Fin1119,, 31,• t,CPh 20 mm LO<k"'g Cap 400 .. 
-Sat.,ry L()()k C~!ing. 20-mm, 0685 200 ~a 
-ErdClosura). 20-mm. Figl.ll'e e. OF8900 JOO !l;. 
-Prmu,iGlU9(1:, 0 10 ,oop,.i. sa1nw,,, &HI • ,n 
- •• YOlomino P.po SOR2 t (200 I><~ 600 II 
-4"Yolomioi P1po SOR21(200 psQ ~lo!• 36 •• 
...... Y .. olllin•PlpoSDRZ1(200psQ ... oo, 72 •• 
- )he rtstoraUon (ck!;w, grav...( plaetmert) 4y.so tl3 

f.ut<ot~ 
WASlaM!SalQ\ h)lll8~ •• 

Sul:lot>l 
·- lr~igrt , ~ 

La.bor 1n,1a11a11on and Sye1t<1l Sl.1!1uf)'Sr.ak.:»wn 2,0 " P1ol~!lonal lntlJDiliM owrslfl'lt 120 " Subto<ol 

,. Vedo,1 ZoM - modtorltt; 
-ly,lmr,ter porou. cw (30 f1) •• 
~swnoier por6Us a.p {60 rQ •• 

St.i)tot• 

t•po< ryay•m 
- Eltradlon ~lls . conv«1 from monttc,in9 

--.rig!nO•Jing, r>doh>~I ,.,;ow. W<Jtl< oontrol •• 
- mi?O. QQlipmU-il •• - ~p as.!'.mti,y and in?Jallarlon •• 
--13.:)fleallOn tnd ln!lallo.1lon Of 9/itdneal fl:lcil. .. 
--Ml,c. ,uppoll •• 

. inf~dlon web - oonv«1 from monll<>'ln9 
- wigJM'1!ng. radol07¢JI review, wo1ll. ~rol l •• 
--mlse. eQIJoni8'\1 OS ., 
••PJmp u,tmbly and ln~aUllllM ., 
.. fao1lcatlon1rdin$lllll.tlon (I( ~(;dr!C1J rad,; •• --ml$O. support •• 

SUb lOhll 

Thb Cllternawe incil.d~ 1ne 101to~g ~m~1,· 
-lrt11hu1.1«ial oonuot, 

DOE/RL-2009-22, DRAFT A 
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-Soi 1tmov&l, tt3Jmirf 3rd disp¢ul 10 vadou, depths 
.Qroun:toNl l9f µ,mp and tr Ht{• r.xtuetion WGH\, 1 inj(tdlc'o wC,!, IX llHI ITlenl) 

Coat Dis1ributbn: Ca kal 00,1, lnCUI' tn wa: 0, O&..~ 00!1.'- 1n vurs 110 5. o•~c eo,u In ar 6 

Unit Co• Tota l Nott• and Co,t Betl,~ference 

$ 10.000 $ 10.00CI 
$ 27.•00 $ 21. , 00 Roll<! fo, ethand (>lli Mam, :ooei 
s 4(\000 $ •o.ooo 
s ,,ooo $ 1,000 tliG n:quhOO - SO mllmhu:e 
s :J,000 s 3.000 
$ 1~000 $ 16,000 Assumed a.ba009.cost 
$ 5(1000 $ 50,00IJ A!sumid alowaOOi oo,t 
s 5(\000 $ so.ooo Assurnedaba.noecoM 

$ ,§s,,oo 
16,301 

zsoo $ ~000 
$ l1 7.701 

95'!1, $ 68,740 Allovn~ ~timatliil l rom lrtorma!IOf'lp1ovld9j bvd~lgrte! 
$ 286.441 

171! 00 S.•'-' OL42032MY Mtx-Eminer. 33> c»g,ee. 111\Crl lrltl and 330degllil@11ot1t-pall'\ dual 
s:okltk>n Q.'li( panls 1eodegee, apa,!, 4-IDh t 1-gpn1 • 20•nm X 3::" ~pa.C:1n9>., 1000 
ft rol 

t IZ 98 $ ~102 OLPA.\01520 
$ 1 06 s , 2, Hoa,y Duy, 068553~'-'A 
$ 0 76 $ 156 
$ 0 38 s 152 
$ 70 00 $ 280 OlFGo,oo 
s 9 IS $ 5,855 
$ 8S , . $ 2,38~ 
$ s s, $ 300 
$ f 5C $ 67,780 

i 8~0•8 
890'11 t r.sg1 

~6,<37 
i,000.00 $ ~ooo V•rd<>r <l-1016 

135 00 $ 32. <00 v•ndOr q.io1e 
175 00 $ 21 000 Vel"O:)f qiJO(A 

$ 1Ni$37 

5'2,000 00 s 52.000 E:!tlm a.w 110.n dts~ nlf! h~Ull<dt0$\ 
76,000.00 $ 1sc1,ooo Eetlm:a1111crn deslgn<lf h,taP(d 00$1 

$ 202,000 

CHPRC · Fltld Er,;i;n..,lr>J LO>d 
10,000 •0.000 
,z.ooo 51 ,QSA 1.SCPM, 8' ftheaj PLITIP Total ind'J:19l WA Sl:1i1asa\e:i.1ax at 8.Jiii. 
?,000 6,000 
3,000 ,zooo 
Z.000 5,000 

CHPRC . Fl~.d Efl)lnc:srln) LQAd 
1(\0I/O 10.000 
1~000 6, A1i18 A,sumw mil.C ~ipm"11 1, 112 01 ttel raqUred101 4XJIJdion well TOl4J CO$! 

Include, WA Stali nltt tu. J I e.JC'f. 
aooo $ 
2.000 $ 
2.000 $ 2,000 

$ 138,U2 
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1 
2 

,oo.oA,oa 
Harlow. w .. 11,ngon 
.fQa,sUJty S1u:fy {-m. to +6(.ll""...) 

BowYur: fOOg 
Oat•: Mll/ 18 200'-I 

.. grouncmal ll' ftXlradiai i )~tem 

.flow CCflllQ.'meter-V hatdWlti 
•lnJi<tit;fl w~I ,Ysli:ffl 

Swtolol 

Subtotal • II tSR Componems 
I Cor,ln90noy (a-,--,,. ,ccpoan:! 1Cll<.bl:l} 

j ProJIQci mina9001ert 
f. Romodi>l~s~ 
l Consuixtion ma~9ement 

Suliotal 

TOT Al. ISA COST l'n<b .. ,o,. • gro-tor) 
VodoM Zo,- Only 

Annual Operation and Maintenance Costs 
; . '1sijt1Aionol ContN>ls 
a. W~~ arld pe,t C'(lr1J~ 

b Wa,1~ , heltftloe mai'lt~an."!(I; 

Ycia1 Zi:l10 
Yur 2011 

Qar 2012 
YQe.r 201a 

. RTO 111 100-0,-12 
;,i Rout~ matntGnal'lOQ n.cc rgqulrid 

b. 100-=sw 
ll Aouth')Q maJntemO<:Qfl<t r~ulrQd 

. RTO • 600-334 
a. A.ou,ine mr;,/n1Qmnoe not i (qulr«J 
d RTOa 11 5-K•2 

A Routll"IQ mai.•-.tQf'QOCQ ll(,t 1cqulr9d 

• · RTO • 101').C-7•1 
l ArutlN mah'lt~nanoe n« , c,quiriiid 
• · RTOar 100,.e,.7 
. RTO a UrdlooowAld Sh '1 

g. RTD .. UrdiOCOHred Sh• r, 
h. RTO It Un::fo1covered She fJ 
I. RTO at Undi=••od Si,. !fl< 

TOT AL IC COST 

Swtolal 

OTY 

2000 

, oo 

2000 

1 
400 

Unit 

•• 
" 

•• 
•• •• •• 

.. ., 

This jl(C1rn;nve ;nci,.du 1h;: 10Uown9 Qlemen1s. 
~lmtkt.11Mal oonuots 
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-So~ rijmwtl. troatmert :rn.::t dhpos:at10 va.rkou,: dop-ths 
-Grourowi.111 pumpand11tia1 (-t e:x1t3ct:onw.1!1~. t inJQdl~ l'f91~ LX trtatmtnt) 

Coct Ostrlbutic>n; Ca ~.al 00,1s incur 11'1 oat o, Ol.M ~,~ inViiO t to S. o«Joc:iecosttln w.ar 6 

Unff Cos=: Tobi 

20 oo .i 1,soo A,sum~6-inc.iid1~e1u HOPE tooon(!f n,)li.eupwater tnUQu ot g~e,. rn~ 

20.00 

20 00 

h: an~1~alled 00$1 Total OO!lf 1ndUdes B 3%WAsa.le, 1.tX Or'l 1/2. Olihe:unll cos: 

8,932 A,....,,, 6-in:lldimotr,r HOPE tor 15 gpm flow ••<hw•fl rn, IHn inslallo::! oost 
Totai ooStinC'lJOOS: a~WA H lC!!> Ill.on 1/2 d lhQ. ori\ 00,1 

41,£80 A~~ul"lh~ G-lnch dlamQfU HDPE lor 15 gpm llt'lW 93.ct, weN Thi$ I~ '90 lnshl!OO oost 
l otal oost lnctuoas a3'4 WA siles tax on V2 d lhe urii cost 

21,2so 21,2so E-stlm 1100 from <»signor lrto,malloo 
20.00 a332 A5!:UTI86•1nch diam~~ HOPE fQf 15 gpm 110¥\ ~chwetl Thb Is an ins\.tlQ'.J OO;l 

~--,,-,-.,_-3-4- T ~b t 00,1 lncli.Jdra! 8. 3% WA sales tax.on 1/2 d !he Uiil: C¢S1 

' OOUM 
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