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PART I:  DECLARATION OF THE RECORD OF DECISION 
 

1.0 Site Name and Location 
 
USDOE Hanford 200 Area 
 
200-CW-5, 200-PW-1, 200-PW-3 and 200-PW-6 Operable Units 
 
Benton County, Washington 
 
CERCLIS ID: #WA 1890090078 
 
2.0 Statement of Basis and Purpose 
This decision document presents the Selected Remedy for the 200-CW-5, 200-PW-1, 200-PW-3, and 
200-PW-6 Operable Units (OUs), which are part of the Hanford Site, 200 Area, in Benton County, 
Washington.  
 
The selected remedy was chosen in accordance with the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA), as amended by the Superfund Amendments and 
Reauthorization Act of 1986 (SARA), the Hanford Federal Facility Agreement and Consent Order (also 
known as the Tri-Party Agreement), and, to the extent practicable, the “National Oil and Hazardous 
Substances Pollution Contingency Plan” (40 Code of Federal Regulations [CFR] 300) (National 
Contingency Plan [NCP]). This decision is based on the Administrative Record file for these operable 
units.  
 
The State of Washington, through the Washington State Department of Ecology (Ecology), concurs with 
the selected remedy. 
 
3.0 Assessment of Site 
The response action selected in this Record of Decision (ROD) is necessary to protect the public health or 
welfare or the environment from actual or threatened releases of hazardous substances, pollutants, or 
contaminants into the environment. Such a release or the threat of release may present an imminent and 
substantial endangerment to public health, welfare, or the environment.  
 
4.0 Description of Selected Remedy 
 
4.1 Overall Site Cleanup Strategy 
The Central Plateau (200 Area National Priorities List [NPL] site) encompasses approximately 75 mi2 
near the center of the Hanford Site and contains multiple waste sites, contaminated facilities, and 
groundwater contamination plumes. To facilitate cleanup, these waste sites, facilities, and groundwater 
plumes are grouped by geographic areas, process types, or cleanup components into multiple OUs. The 
Central Plateau has been organized into two areas: 
 
• The Inner Area is approximately 10 mi2 (26 km2) in the middle of the Central Plateau encompassing 

the region where chemical processing and waste management activities occurred. Cleanup levels for 
the Inner Area are expected to be based on industrial land use.  
 

• The Outer Area is greater than 65 mi2 (168 km2) and includes much of the open area on the Central 
Plateau where limited processing activity occurred. Cleanup levels in the outer area are expected to be 
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comparable to those being used for waste sites along the Columbia River (River Corridor), which is 
currently based on residential land use, except for the 300 Area, which is industrial land use.  
 

This ROD presents the selected final remedial action for the 200-CW-5, 200-PW-1, 200-PW-3, and 200-
PW-6 OUs which are part of the overall soil remediation effort in the Inner Area. The 200-CW-5, 200-
PW-1, and 200-PW-6 OUs are located in the 200 West Area and the 200-PW-3 OU is located in the 200 
East Area. Groundwater located beneath these OUs in the 200 West Area is being addressed through 
separate CERCLA processes for the 200-ZP-1 and 200-UP-1 groundwater OUs. The remaining Inner 
Area waste sites and 200 East groundwater OUs will be addressed under separate CERCLA processes for 
the appropriate OUs. 
 
4.2 Principal Threat Wastes at the Site 
Principal threat waste is defined as source materials considered to be highly toxic or highly mobile that 
generally cannot be reliably contained or would present a significant risk to human health or the 
environment should exposure occur. They include soils containing significant concentrations of highly 
toxic materials and surface or subsurface soils containing high concentrations of contaminants that are, or 
potentially are mobile due to wind entrainment, volatilization, surface runoff, or sub-surface transport. 
 
In these OUs, the soils contaminated with significant concentrations of plutonium or cesium radionuclides 
are considered principal threat wastes since they are highly toxic contaminants. The NCP  Section 
300.430(a)(1)(iii)(A) establishes an expectation that EPA will use treatment to address the principal 
threats posed by a site wherever practicable. However, there is no feasible technology to practicably treat 
radionuclides that will not result in larger volumes, creating greater impracticability for disposal.  The 
amount of waste disposed  is a limiting factor since plutonium waste generated at 200-PW-1 and 
200-PW-6 waste sites will include transuranic waste, which will be disposed at the Waste Isolation Pilot 
Plant (WIPP), a half-mile deep repository in southern New Mexico that has limited capacity. The 
contaminated soils will be packaged appropriately for on-site disposal at the Hanford Site Environmental 
Restoration Disposal Facility (ERDF) or for off-site disposal at the (WIPP), as appropriate. DOE and 
EPA have determined that the waste remaining in place will not pose an unacceptable risk to human 
health or the environment.  
 
4.3 Major Components of the Selected Remedy 
The selected remedy for the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs addresses soils and 
subsurface disposal structures, two settling tanks, and associated pipelines contaminated primarily with 
plutonium and cesium.   Also, structures and other debris that must be removed in order to conduct 
required remediation will be excavated.  A brief description of the major components of the selected 
remedy is provided below.  
 
4.3.1 Removal, Treatment, and Disposal of Contaminated Soil and Debris 
Removal, Treatment (as needed) and Disposal (RTD) of soil and debris to the specified depths or 
specified cleanup levels will be used to address plutonium-contaminated soils and subsurface structures 
and debris.  This consists of: (1) removing a portion of contaminated soil, structures, and debris; (2) 
treating these removed wastes as required to meet disposal requirements at ERDF, which is located on the 
Hanford Site, or waste acceptance criteria for off-site disposal at WIPP; and (3) disposal at ERDF or 
WIPP. The selected pipelines associated with these OUs will also be excavated and disposed at ERDF. 
Cleanup levels have been selected which are protective of groundwater and the current and reasonably 
expected future industrial land use.The remedy is summarized further  in the bullets below.  
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• The 200-CW-5 OU, also known as the Z-Ditches, will use the RTD approach to excavate 
contaminated soils and debris exceeding cleanup levels to a depth of 15 ft below ground surface (bgs) 
with disposal at ERDF or WIPP, as appropriate. 
 

• Three of the six 200-PW-1 waste sites, also known as the High-Salt Waste Group, will use the RTD 
approach to excavate contaminated soils and debris located to a minimum of 2 feet below the bottom 
of the disposal structure (20 ft – 23 ft bgs), with disposal at WIPP or ERDF, as appropriate. After the 
excavations are filled, an evapotranspiration barrier will be constructed over the remaining waste in 
these waste sites. 

 
• The 200-PW-6 OU and three of the six 200-PW-1 waste sites, also known as the Low-Salt Waste 

Group, will use the RTD approach to excavate contaminated soils and debris to a depth of 22 ft to 
33 ft bgs, with disposal at ERDF or WIPP, as appropriate. After the excavations are filled, an 
evapotranspiration barrier will be constructed over remaining waste in these waste sites. 
 

4.3.2 Soil Vapor Extraction 
A soil vapor extraction (SVE) system was implemented as an expedited response action to remove and 
treat carbon tetrachloride contamination in the vadose zone at waste sites in the High-Salt Waste Group. 
The system has been operating since 1992 and has been effective in removing and treating carbon 
tetrachloride. SVE is being incorporated into the selected remedy. The system will continue to be used 
until vadose zone cleanup levels are met.  
 
4.3.3 Soil Covers 
Soil covers will be used to provide coverage to a depth of at least 15 feet over cesium-contaminated soils. 
This consists of enhancing the existing soil cover with additional backfill where necessary to provide a 
minimum of 15 feet of soil cover at each of the waste sites and then maintaining the soil cover.  

• The 200-PW-3 OU, also known as the Cesium-137 Waste Group, will require that three of the five 
waste sites receive additional backfill to achieve coverage of at least 15 feet depth. Contamination at 
the other two waste sites is deeper than 15 feet from the ground surface and will not require additional 
backfill.  

 
4.3.4 Institutional Controls 
Institutional controls and long-term monitoring will be required for waste sites in the 200-CW-5, 200-
PW-1, 200-PW-3, and 200-PW-6 OUs where contamination is left in place and precludes an unrestricted 
land use. These institutional and land use controls will be required to ensure that activities are consistent 
with and restricted to the reasonably anticipated future industrial land uses for the Inner Area of the 
Central Plateau.  The Department of Energy (DOE) is responsible for implementing, maintaining, 
reporting on, and enforcing the institutional and land use controls required under this ROD. Although 
DOE may later transfer these procedural responsibilities to another party by contract, property transfer 
agreement, or through other means, DOE shall retain ultimate responsibility for remedy integrity and 
institutional controls.  
 
5.0 Statutory Determinations 
Under CERLCA Section 121 and the NCP Section 300.430(f)(5)(ii), the lead agency must select remedies 
that are protective of human health and the environment and comply with applicable or relevant and 
appropriate requirements (ARARs) (unless a statutory waiver is justified), are cost-effective, and use 
permanent solutions and alternative treatment technologies or resource recovery technologies to the 
maximum extent practicable.  In addition, CERCLA includes a preference for remedies that employ 
treatment that permanently and significantly reduces the volume, toxicity, or mobility of hazardous 
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substances, pollutants, or contaminants as a principal element, and a bias against off-site disposal of 
untreated wastes. 
 
The Selected Remedy for the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs is protective of 
human health and the environment, complies with Federal and State requirements that are legally 
applicable or relevant and appropriate to the remedial action, and is cost-effective. The Selected Remedy 
also utilizes permanent solutions and alternative treatment technologies to the maximum extent 
practicable. The remedy for these OUs does not satisfy the statutory preference for treatment as a 
principal element of the remedy because there is no feasible technology to practicably treat radionuclide 
contamination that will not result in larger volumes, creating greater impracticability for disposal. The 
amount of waste disposed  is a limiting factor since plutonium waste generated at 200-PW-1 and 
200-PW-6 waste sites will include transuranic waste, which will be disposed at the WIPP, a half-mile 
deep repository in southern New Mexico that has limited capacity. The contaminated soils will be 
packaged appropriately for on-site disposal at ERDF or for off-site disposal at WIPP, as appropriate. 
 
Because this remedy will result in hazardous substances, pollutants, or contaminants remaining on-site 
above levels that allow for unlimited use and unrestricted exposure, a statutory review will be conducted 
within five years after initiation of remedial action (and at 5 year intervals thereafter), in accordance with 
CERCLA Section 121(c) and NCP Section 300.430(f)(4)(ii), to ensure that the remedy is, or will be, 
protective of human health and the environment.  
 
6.0 ROD Data Certification Checklist 
The information outlined in Table 1 is included in the Decision Summary (Part II) of this ROD. 
Additional information can be found in the Administrative Record for these OUs.  
 

Table 1. 200-CW-5, 200-PW 1, 200-PW-3, and 200-PW-6 OUs ROD Data Certification Checklist 

 

 
 
 
  

Information Location in ROD 

Contaminants of Concern (COCs) and their respective concentrations Section 7 

Baseline risk represented by the COCs Section 7 

Cleanup levels established for COCs and the basis for these levels Table 35 
How source materials constituting principal threat wastes are addressed Section 11 

Current and reasonably anticipated future land use and current and potential future 
beneficial uses of groundwater 

Section 6 

Potential land and groundwater use that will be available at the site as a result of the 
selected remedy 

Section 6 

Estimated capital, annual operations and maintenance, and total present value costs, 
discount rate, and the number of years over which the remedy cost estimates are 
projected 

Section 12.3 

Key factors that led to selecting the remedy Section 12.1 





USEPA Signature for the Record of Decision for the 200-CW-5. 200-PW-l, 200-PW-3. and 200-PW-6

OUs Remedial Action selected by the U.S. Department of Energy and the U.S. Environmental Protection

Agency, wtih concurrence by^the Washington State Department of Ecology.

Daniel D. Opalski S~

Director, Office of Environmental Cleanup, Region 10

U.S. Environmental Protection Agency

Date'
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PART II:  DECISION SUMMARY 
 

This Decision Summary provides an overview of the site characteristics, alternatives evaluated, and the 
analysis of those alternatives for the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs at the 
Hanford Site. It also identifies the selected remedy for these OUs and explains how the remedy fulfills 
statutory and regulatory requirements. Although some of the information in the Decision Summary is 
similar to that in the Declaration, this section discusses the topics in more detail and provides the rationale 
for the “summary declarations.” This section is based on the information that is available in the 
Administrative Record for these OUs.  
 
1.0 Site Name, Location, and Brief Description 
The U.S. Department of Energy’s (DOE’s) Hanford Site is a 586 mi2 (1,527 km2) Federal facility located 
in southeastern Washington State along the Columbia River. The Hanford Site is situated north and west 
of the cities of Richland, Kennewick, and Pasco, an area commonly known as the Tri-Cities. This region 
includes the Tri-Cities and the surrounding communities in Benton, Franklin, and Grant Counties. For 
administrative purposes, the Hanford Site was divided into four National Priority List (NPL) sites under 
CERCLA, one of which is the 200 Area. The CERCLA site identification number for the 200 Area is  
WA 1890090078. The 200 Area is composed of the 200 West Area and 200 East Area as shown in Figure 
1. Also referred to as the Central Plateau, the 200 Area is located on an elevated, flat area, where there are 
no wetlands, perennial streams, or floodplains. 200-CW-5, 200-PW-1, and 200-PW-6 OUs are located in 
the 200 West Area and the 200-PW-3 OU is located in the 200 East Area. 
 
The DOE is the lead agency for remediation of these OUs. The U.S. Environmental Protection Agency 
(EPA) is the lead regulatory agency for remediation of these OUs, as identified in Section 5.6 and 
Appendix C of the Hanford Federal Facility Agreement and Consent Order. 
 
The 200 Area contains approximately 800 waste sites and includes waste management facilities and 
inactive irradiated nuclear fuel reprocessing facilities. The twenty-one waste sites in these OUs are 
associated with subsurface liquid waste handling and disposal at sites that were engineered and 
constructed to receive liquid waste and discharge it into the soil beneath the sites. These facilities are 
primarily the Plutonium Finishing Plant (PFP) and the Plutonium and Uranium Extraction Plant 
(PUREX). Pipes conveyed the liquid waste from nuclear processing facilities to the waste sites. Table 2 
lists the OUs and their respective waste sites as well as the waste groups used to identify the types of 
waste they received. 
 
2.0 Site History and Enforcement Activities 
This section provides background information on past activities at the Hanford Site that have led to the 
current contamination at the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs. In addition, this 
section contains information on how CERCLA has been applied to the cleanup of these OUs.  
 
2.1 Site Operational History 
From 1943 to 1990, the primary mission of the Hanford site was the production of nuclear materials for 
national defense. Operations at the Hanford Site included nuclear fuel manufacturing, reactor operations, 
fuel reprocessing, chemical separation, plutonium and uranium recovery, processing of fission products, 
and waste partitioning. Large volumes of liquid waste were generated from the processing of plutonium at 
various processing and finishing plants in the 200 Area. This process wastewater was discharged to waste 
sites in the 200-PW-1, 200-PW-3, and 200-PW-6 OUs. The processes were intended to recover as much 
plutonium as possible prior to discharge of the waste liquids, but the waste streams still contained low 
levels of plutonium and other contaminants.  
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Figure 1. Hanford Site with Inner and Outer Area 
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Cooling water and steam condensate were discharged to the 200-CW-5 OU waste sites. The cooling water 
and steam condensate systems were designed to isolate those systems from potential contamination 
sources, but occasionally became contaminated because of minor leaks due to corrosion pinholes or 
cracks and process upsets. The liquid waste that contained low levels of plutonium and other 
contaminants discharged to the waste sites in these OUs infiltrated into the ground and contaminated the 
underlying soil. Over time, this facilitated the accumulation of contaminants to form localized areas of 
concentrated contamination.  
 
2.2 Previous Investigations, Interim Actions, Enforcement Activities and Operational   

Activities 
In July 1989, the EPA placed the 100, 200, 300, and 1100 Areas of the Hanford Site on the NPL pursuant 
to CERCLA. In anticipation of the NPL listing, DOE, EPA, and Ecology entered into the Hanford 
Federal Facility Agreement and Consent Order, also known as the Tri-Party Agreement, in May 1989. 
This agreement established a procedural framework and schedule for developing, implementing, and 
monitoring CERCLA response actions on the Hanford Site. The agreement also addresses Resource 
Conservation and Recovery Act of 1976 (RCRA) compliance and permitting.  
 
Previous investigations include the Remedial Investigations (RI) and Feasibility Studies (FS) for these 
OUs. The RI and FS findings for the 200-CW-5 OU were published in the following reports: 

Table 2. Summary of Waste Sites Assigned to Each Waste Group 
Operable Unit Waste Site Waste Group Primary Contaminants  

200-CW-5 216-Z-1D Ditch, North and South 
216-Z-11 Ditch 
216-Z-19 Ditch  
216-Z-20 Tile Field 
UPR-200-W-110 Unplanned Release  
(200-W-207-PL Pipeline) 

Z-Ditches plutonium 239/240, 
americium-241, cesium-137, 
radium-226, strontium-90, 
boron, mercury, PCBs 

200-PW-1 216-Z-1A Tile Field 
216-Z-9-Trench 
216-Z-18 Crib 
(200-W-174-PL Pipeline) 
(200-W-206-PL Pipeline) 

High-Salt plutonium 239/240, 
americium-241, carbon 
tetrachloride, methylene 
chloride 

200-PW-1 
 
 
200-PW-6 

216-Z-1&2 Crib 
216-Z-3 Crib 
216-Z-12 Crib 
216-Z-5 Crib 
(200-W-208-PL Pipeline) 
(200-W-210-PL Pipeline) 

Low-Salt plutonium 239/240, 
americium-241 

200-PW-1 
200-PW-6 

241-Z-361 Settling Tank 
241-Z-8 Settling Tank 
(200-W-205-PL Pipeline) 
(200-W-220-PL Pipeline) 

Settling Tanks plutonium 239/240, 
americium-241 

200-PW-3* 216-A-7 Crib 
216-A-8 Crib 
216-A-24 Crib 
216-A-31 Crib 
UPR-200-E-56 Unplanned Release 

Cesium-137 cesium-137 

200-PW-6 216-Z-8 French Drain 
216-Z-10 Injection/Reverse Well 

Other Sites None Identified 

* Pipelines associated with 200-PW-3 are part of another OU.  
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• 2004: DOE/RL-2003-11, Rev. 0, Remedial Investigation Report for the 200-CW-5 U Pond/Z-Ditches 

Cooling Water Group, the 200-CW-2 S Pond and Ditches Cooling Water Group, the 200-CW-
4 T Pond and Ditches Cooling Water Group, and the 200-SC-1 Steam Condensate Group Operable 
Units. 
 

• 2011: DOE/RL-2004-24, Rev. 0, Feasibility Study for 200-CW-5 Cooling Water Operable Unit.  
 

The RI and FS findings for 200-PW-1, 200-PW-3, and 200-PW-6 OUs were published in these reports: 
 
• 2007: DOE/RL-2006-51, Rev. 0, Remedial Investigation Report for the Plutonium/Organic-Rich 

Process Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 
200-PW-6 Operable Units. 
 

• 2011: DOE/RL-2007-27, Rev. 0, Feasibility Study for the Plutonium/Organic-Rich Process 
Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 200-PW-6 
Operable Units.  
 

Remediation of carbon tetrachloride: Groundwater below the 200 West Area is contaminated with 
carbon tetrachloride and other contaminants from a variety of sources. A remedy for treating the 
groundwater below these OUs is being addressed through actions for those four groundwater OUs. The 
potential for contamination from the soils in the 200-CW-5 and 200-PW-1, 200-PW-3, and 200-PW-6 
OUs to migrate to the groundwater and contribute to the existing groundwater contamination was 
evaluated. Carbon tetrachloride and other volatile contaminants present in the vadose zone were 
determined to pose a potential threat to groundwater at 200-PW-1 OU, but not at the 200-PW-3, 200-PW-
6, or 200-CW-5 OU waste sites.  
 
Since 1992, under an Expedited Response Action for the 200-PW-1 OU, SVE has been used to minimize 
the migration of carbon tetrachloride and other volatile organic compounds (VOCs) in the vadose zone 
away from the 216-Z-9 Trench, the 216-Z-1A Tile Field, and the 216-Z-18 Crib. Between April 1991 and 
September 2009, approximately 81,000 kg (179,000 lb) of carbon tetrachloride were removed by the SVE 
systems (SGW-44694, Performance Evaluation Report for Soil Vapor Extraction Operations at the 200-
PW-1 Operable Unit Carbon Tetrachloride Site, Fiscal Year 2009). This potential groundwater threat at 
the 200-PW-1 OU is being addressed by incorporation of continued use of the existing SVE system in the 
Selected Remedy.  
 
Previous Operational Activities: Several activities were conducted during operations to mitigate risks 
posed by the waste sites: (1) some plutonium-contaminated soils were removed, (2) covers were placed 
over certain waste units, and (3) remedial technologies were tested at certain waste sites. Each of these 
actions is briefly summarized below. 
 
Removal of plutonium-contaminated soils and tank contents: From 1976 through 1977, 0.3 m (1 ft) of 
soil containing about 58 kg (128 lb) of plutonium was removed from the bottom of the 216-Z-9 Trench. 
This action removed roughly half the plutonium mass that had been estimated to be located beneath the 
trench. In addition, from 1974 through 1975, liquids that could be pumped were removed from the 241-Z-
361 and 241-Z-8 Settling Tanks, leaving behind contaminated sludge. 
 
Placement of covers: The Z-Ditches were constructed parallel to one another and operated in sequence; 
therefore, as one ditch was taken out of service, clean soil from the excavation of the new ditch was used 
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to backfill the old ditch. Routine stabilization of these sites has been performed to prevent the spread of 
surface contamination.  
 
Test project for applicability of remedial technology: In 1987, a portion of the 216-Z-12 Crib was 
vitrified as part of an in situ vitrification (ISV) test project, resulting in the formation of a 408,000 kg 
(450 ton) block of vitrified contaminated soil.  
 
3.0 Community Participation 
This section describes how the public participation requirements of CERCLA and the NCP were met in 
the remedy selection process.  
 
The Tri-Party agencies developed the Hanford Site Tri-Party Agreement Public Involvement Community 
Relations Plan (CRP) in April 1990 as part of the overall Hanford Site cleanup process. The CRP was 
designed to promote public awareness of Hanford cleanup activities and investigations and to promote 
public involvement in the decision-making process. The CRP and its subsequent revisions will serve as 
the basis for the current and future public involvement efforts for the 200-CW-5, 200-PW-1, 200-PW-3, 
and 200-PW-6 OUs. 
 
The DOE worked for several years with cooperating agencies to define land use goals for the 
Hanford Site. The cooperating agencies and stakeholders included: the National Park Service; 
Tribal Nations; the States of Washington and Oregon; local, county, and city governments; economic and 
business development interests; environmental groups; and agricultural interests. A 1992 report, The 
Future for Hanford: Uses and Cleanup: The Final Report of the Hanford Future Site Uses Working 
Group (Drummond, 1992) was an early product of the efforts to develop land use assumptions. The report 
recognized that portions of the Central Plateau would be used to some degree for waste management 
activities for the foreseeable future. Following the report, DOE issued the Hanford Comprehensive Land 
Use Plan Environmental Impact Statement (HCP EIS; DOE/EIS-0222-F) and associated HCP EIS Record 
of Decision in 1999 (ROD; 64 FR 61615, Record of Decision: Hanford Comprehensive Land Use Plan 
Environmental Impact Statement). The HCP EIS analyzes the potential environmental impacts of 
alternative land use plans for the Hanford Site and considers the land use implication of ongoing and 
proposed activities. Under the preferred land use alternative selected in the HCP EIS ROD, the Central 
Plateau was designated for industrial use, defined as areas suitable and desirable for TSD of hazardous, 
dangerous, radioactive, and nonradioactive wastes, as well as related activities.  
 
Subsequent to the HCP EIS, the Hanford Advisory Board (HAB) issued HAB Advice #132 (“Exposure 
Scenarios Task Force on the 200 Area” [HAB 132 2002.T]). The HAB acknowledged that some waste 
would remain in the core zone of the Central Plateau when cleanup is complete. The goal identified 
within HAB Advice #132 is that the core zone be as small as possible and not include contaminated areas 
outside the Central Plateau’s fenced areas. HAB Advice #132 further stated that waste within the core 
zone should be stored and managed to make it inaccessible to inadvertent intruding humans and biota, and 
that the DOE should maximize the potential for any beneficial use of the accessible areas of the core 
zone.  The HAB advised that risk scenarios for the waste management areas of the core zone should 
include a reasonable maximum exposure to a worker/day user and to an intruder.  
 
DOE and EPA sought early input from Tribal Nations and the public on the remedial alternatives for 
these waste sites through a public workshop held in April 2008. Input was also received through HAB 
meetings and interactions. The Tribal Nations, the public, and the HAB have been informed of the status 
of remedial action through regular updates and placement of documents in the Administrative Record. 
The Tribal Nations were sent formal letters that offered consultation during the public comment period on 
Proposed Plan. 
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The RI and FS reports and Proposed Plan for these OUs were made available to the public in July 2011. 
They can be found in the Administrative Record file located online at www.hanford.gov. These files are 
also accessible at both the Administrative Record Center and the Public Information Repositories at the 
locations below: 
 
ADMINISTRATIVE RECORD 
U.S. Department of Energy 
Administrative Record Center 
2440 Stevens Center Place, Room 1101 
Richland, WA                                              
 
PUBLIC INFORMATION REPOSITORIES 
(Contains limited documentation, but provides access to the online Administrative Record)  
USDOE Public Reading Room    University of Washington 
Washington State University, Tri-Cities    Suzzallo Library 
Consolidated Information Center, Room 101-L   Government Publications Division 
2770 University Drive      Seattle, WA 98195 
Richland, WA 99352 
 
Portland State University     Gonzaga University 
Branford Price Millar Library    Foley Center 
Science and Engineering Floor     East 502 Boone 
934 SW Harrison      Spokane, WA 99258 
Portland, OR 97205 
 
The following activities were conducted as part of the formal community participation process under 
CERCLA and the NCP § 300.430(f)(3): 
 

• The notice of availability of the Proposed Plan was published in four regional newspapers (Tri-
City Herald, Willamette Week, Hood River News and the Seattle Weekly) on July 5, 2011.  
 

• A public comment period for the Proposed Plan was held from July 5 to August 5, 2011. This 
public comment period was extended to September 6, 2011 in response to requests from the 
public for an extension. 
 

• Public meetings to present and solicit comments on the Proposed Plan with a broader community 
audience were held in: Richland, WA on July 19; Seattle, WA on July 21; Hood River, OR on 
July 26; and Portland, OR on July 27, 2011. 
 

• Responses to the comments received during the Proposed Plan public comment period are 
included in the Responsiveness Summary, which is Part III of this ROD.  
 

4.0 Scope and Role of the Response Action 
This section describes the overall Hanford Site cleanup strategy, including the planned sequence of 
actions, the scope of the problems that the actions will address, and the authorities under which the action 
will be implemented.  
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4.1 Scope of the Response Action 
For administrative purposes, the Hanford Site is divided into four NPL sites under CERCLA, one of 
which is the 200 Area. The contamination problems in the 200 Area are complex due to the multiple 
waste sites, contaminated facilities, and groundwater contamination plumes located therein. As a result, 
these waste sites, facilities, and groundwater plumes are grouped by geographic areas, process types, or 
cleanup components into several OUs. Each OU or, in this case, grouping of OUs, has its own plan of 
study and enforceable schedule that will result in a ROD. The OUs have been prioritized for study and 
scheduled for cleanup in accordance with the Tri-Party Agreement, Part Three, and the Hanford Federal 
Facility Agreement and Consent Order Action Plan (Action Plan).  
 
The 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs are part of the soil remediation effort in the 
200 Area, which is composed of the 200 West Area and the 200 East Area. The 200-CW-5, 200-PW-1, 
and 200-PW-6 OUs are located in the 200 West Area and the 200-PW-3 OU is located in the 200 East 
Area. Remediation of the vadose zone in the 200-PW-1 OU is being done using SVE under an expedited 
response action to treat carbon tetrachloride contamination. SVE will be incorporated into the Selected 
Remedy and will continue until vadose zone cleanup levels are met. Groundwater located beneath these 
soil waste sites in the 200 West Area is being addressed through two separate CERCLA remedial action 
decisions. One is the for the 200-ZP-1 OU ROD (2008) and the other is the 200-UP-1OU decision that is 
currently undergoing the CERCLA remedial action process. The remaining OUs in the 200 Area NPL site 
will be addressed under separate CERCLA actions. These OUs are listed in Table 3.  
 
4.2  Overall Central Plateau Cleanup Plan 
The Central Plateau (200 Area NPL Site) is a complex site. The multiple waste sites, contaminated 
facilities, and groundwater contamination plumes have been grouped into several OUs as listed in Table 
3. Either the CERCLA or CERCLA and RCRA past-practice processes are being followed at these OUs 
to identify and select remedies that address contaminants of concern (COCs) at each OU.  
 

Table 3. Central Plateau Inner Area OUs 
Groundwater OUs Source OUs Facilities Other 
200-ZP-1 
200-UP-1 
200-PO-1 
200-BP-5 

200-PW-1 
200-PW-3 
200-PW-6 
200-CW-5 
200-SW-1 
200-SW-2 
200-IS-1 
200-WA-1 
200-EA-1 

200-CU-1 
200-CP-1 
200-CR-1 
200-CB-1 

200-DV-1 

 
The sequence and timing of remedy development for these OUs are listed in the Tri-Party Agreement 
Action Plan. The facility OUs refer to former operating plants and 200-DV-1 refers to contamination in 
the deep vadose zone primarily around treatment, storage, and disposal (TSD) units. The requirements 
applicable to these TSD units under the Dangerous Waste Program will be established in the Hanford 
Dangerous Waste Permit. 
 
5.0 Site Characteristics 
 
The following sections provide information on the Hanford Site and 200-CW-5, 200-PW-1, 200-PW-3, 
and 200-PW-6 OU characteristics, the conceptual site model (CSM), and on the nature and extent of 
contamination in these OUs.  
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5.1 Site Overview 
The following sections briefly describe the meteorology, topography, and hydrogeologic setting in the 
vicinity of the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs.  
 
5.1.1 Meteorology 
The Hanford Site lies within the semi-arid shrub-steppe Pasco Basin of the Columbia Plateau in 
south-central Washington State. This area is characterized by low annual rainfall of approximately 
17 cm/year (6.8 in/year). Most precipitation occurs during the late autumn and winter, with more than 
one-half of the annual amount occurring from November through February. Snowfall accounts for about 
38 percent of all precipitation from December through February. 
 
The prevailing surface winds on Hanford’s Central Plateau are from the northwest, and occur most 
frequently during the winter and summer. Winds from the southwest also have a high frequency of 
occurrence on the Central Plateau. Windblown dust accompanies strong winds on the Hanford Site.  
 
Average monthly temperatures range from a low of 31°F (-0.7°C) in January to a high of 76°F (24.7°C) in 
July. The record maximum temperature, 113°F (45°C) occurred in 2002 while the record minimum 
temperature, -23°F (-31°C) occurred in 1950. The annual average relative humidity is 55 percent and the 
annual average dew point temperature is 34°F (1°C). 
 
5.1.2 Topography 
The 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites are located in the 200 East and 
200 West Area of the Hanford Site. The 200 Area is located on a broad, relatively flat area that constitutes 
a local topographic high commonly referred to as the Central Plateau. The plateau is a giant flood bar 
(Cold Creek Bar) that was formed during cataclysmic ice-age floods from glacial Lake Missoula. The 
Cold Creek Bar trends generally east-west, with elevations between 197 and 225 m (647 to 740 ft). The 
plateau drops off rather steeply to the north and east into a former flood channel that runs east-southeast, 
with elevation changes of between 15 and 30 m (50 and 100 ft). The plateau gently decreases in elevation 
to the south into the Cold Creek valley. Most of the 200 West Area and the southern half of the 
200 East Area are situated on the Cold Creek Bar, while the northern half of the 200 East Area lies on the 
edge of a former flood channel. A secondary flood channel running south from the main channel bisects 
the 200 West Area.  
 
Waste sites in the 200 West Area are situated on a relatively flat area within the secondary flood channel 
that bisects the 200 West Area. Surface elevations range from approximately 201 to 217 m 
(660 to 712 ft). Waste site surface elevations in the 200 East Area range from about 189 m (620 ft) in the 
northern portion to about 220 m (720 ft) in the southern portion. The ground surface in the 200 East Area 
slopes gently to the northeast. 
 
5.1.3 Geology 
The 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites are located in the Pasco Basin, one 
of several structural and topographic basins of the Columbia Plateau. Basalts of the Columbia River 
Basalt Group and a sequence of suprabasalt sediments underlie the waste sites. From oldest to youngest, 
the major geologic units of interest are the Elephant Mountain Member of the Saddle Mountains Basalt 
Formation, the Columbia River Basalt Group, the Ringold Formation, the Cold Creek Unit (CCU), the 
Hanford formation, and surficial deposits. Figure 2 and   
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Figure 3. Generalized Stratigraphic Column for the 200 Area 
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In the 200 West Area, the vadose zone thickness ranges from 40 to 75 m (132 to 246 ft). Sediments in the 
vadose zone are the Ringold Formation, the CCU, and the Hanford formation. Erosion during cataclysmic 
flooding removed some of the CCU and the Ringold Formation, especially in the northern part of the 
200 West Area. 
 
Historically, and as recently as the early 1990s, perched water has been documented above the CCU at 
locations in the 200 West Area. While liquid waste facilities were operating, localized areas of saturation 
or near saturation were created in the soil column. With the reduction of artificial recharge from waste 
facilities in the 200 Area in 1995, downward flux of liquid in the vadose zone beneath these waste sites 
has been decreasing. 
 
5.1.5 Groundwater 
The top of the unconfined aquifer in the 200 Area occurs within the Ringold Formation, the CCU, or the 
Hanford formation, depending on location. The base of the unconfined aquifer is the top of the Ringold 
Formation Unit 8 (lower mud), or the top of the basalt where Unit 8 is absent at the 200 West Area, and 
the top of the basalt in the 200 East Area. Groundwater in the unconfined aquifer flows from recharge 
areas where the water table is higher (west of the Hanford Site) to areas where it is lower, near the 
Columbia River.  
 
Depth to groundwater in the 200 East Area and vicinity ranges from about 54 m (177 ft) near the former 
B Pond area to about 104 m (340 ft) near the southern boundary of the 200 East Area. The configuration 
of contaminant groundwater plumes indicates that groundwater flows to the northwest in the northern half 
of the 200 East Area and to the east/southeast in the southern half of the 200 East Area. Groundwater 
beneath the 200 West Area occurs primarily in the Ringold Formation. Depth to water varies from about 
40.2 m (132 ft) to greater than 75 m (246 ft). In the 200 West Area, groundwater in the unconfined 
aquifer typically flows from west to east.  
 
Recharge to the unconfined aquifer in the 200 Area is from artificial sources and, less significantly, from 
natural precipitation. According to estimates, 1.7 trillion L (450 billion gal) of liquid waste, some 
containing radionuclides and hazardous chemicals, have been released to the ground at the Hanford Site 
since 1944. Much of this contamination remains in the vadose zone above the water table, but some of the 
more mobile contaminants have reached groundwater. Most sources of artificial recharge were terminated 
in 1995. The current artificial recharge is limited to liquid discharges from sanitary sewers, two 
state-approved land disposal structures (one east of the 200 East Area and one north of the 
200 West Area), and 140 small volume, uncontaminated miscellaneous liquid discharge streams. 
 
5.1.6 Ecology 
Public access to the Hanford Site has been restricted for more than 50 years. The portion of the Site 
occupied by DOE’s nuclear activities is only a small fraction of the total land area. As a result, much of 
Hanford is relatively undisturbed and the ecological resources are abundant. However, much of the 200 
Area was disturbed by industrial activities and has little vegetative cover.  
 
Undisturbed portions of the 200 Area are characterized by sagebrush/ cheatgrass or sagebrush/Sandberg’s 
bluegrass communities. The dominant plants on the Central Plateau are big sagebrush, rabbitbrush, 
cheatgrass, and Sandberg’s bluegrass. Disturbance and active management have either completely 
denuded or significantly reduced the species more typical of undisturbed sites in the 200 Area at each of 
the waste sites in the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs. 
 
The shrub and grassland habitat of the Hanford Site supports many groups of terrestrial wildlife. Species 
may include large animals like Rocky Mountain elk and mule deer; predators such as coyote, bobcat, and 
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badger; and herbivores including deer mice, harvest mice, ground squirrels, voles, and black-tailed 
jackrabbits. The most abundant mammal on the Hanford Site is the Great Basin pocket mouse. Many of 
the rodent species and some predators (badgers) construct burrows on the site. Other non-burrowing 
animals including cottontails, jackrabbits, snakes, and burrowing owls may use abandoned burrows of 
other animals. 
 
The largest mammal potentially frequenting these OUs is the mule deer. Mule deer collect around the 200 
Area, away from the river, and constitute a grouping named the Central Population. The Rattlesnake Hills 
herd of elk inhabiting the Hanford Site primarily occupies the Fitzner-Eberhardt Arid Lands Ecology 
Reserve and private lands adjoining the reserve to the south and west; they are occasionally seen on the 
Central Plateau. 
 
Common upland game bird species in shrub and grassland habitat include chukar, partridge, California 
quail, and ring-necked pheasant. There are also several species of hawk that occur in this habitat, although 
infrequently. There are approximately 17 species of amphibians and reptiles on the Hanford Site. Many 
species of insects occur throughout habitats on the Hanford Site. Butterflies, grasshoppers, and darkling 
beetles are among the most conspicuous of the about 1,500 species of insects identified from specimens 
collected on the Hanford Site.  
 
5.1.7 Cultural Resources 
Much of the 200 Area was altered by Hanford Site operations. The Hanford Cultural Resources 
Laboratory conducted a comprehensive archaeological resources survey of the fenced portions of the 
200 Area during 1987 and 1988. The results do not indicate evidence of cultural resources associated with 
the Native American cultural landscape, early settlers/farming landscape, or archaeological discoveries 
associated with the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs. 
 
5.2 Conceptual Site Model 
A conceptual site model (CSM) documents current and potential future site conditions and illustrates site 
conditions including contaminant sources, release mechanisms, exposure pathways, migration routes, and 
potential human and ecological receptors. The illustrated CSM of human exposure under the industrial 
scenario is shown in Figure 4.  
Figure 5 shows the CSM of human exposure under an unrestricted land use scenario. Although an 
unrestricted land use scenario is not the anticipated land use, the scenario was evaluated for comparison to 
the industrial land use scenario. Plutonium recovery processes resulted in large amounts of liquid waste 
being discharged to the soil. The liquid waste infiltrated the soil and, in some cases, reached groundwater. 
However, only the complete soil exposure pathways are within the scope of this ROD as it only addresses 
contaminated soil OUs; separate RODs for the groundwater OUs will address the groundwater exposure 
pathways shown on the CSM figures. 
 
Pathways for current and future receptors were considered based on how the site is currently used and the 
assumptions about its future industrial use. The term “regular workers” refers to indoor and outdoor 
workers that are not involved in active soil disturbance and could be exposed to surface soil over longer 
durations (25 to 70 years). The term “construction workers” refers to outdoor workers that are involved in 
active soil disturbance (e.g., putting in an underground utility line or constructing a building) and could be 
exposed to soils at depth for much shorter durations. Under current industrial land use and Hanford site-
wide institutional control conditions, only a construction worker has the potential to encounter impacted 
soil. There are no complete and significant pathways for current regular workers. Exposure routes to 
groundwater and surface water are incomplete. 
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Figure 4. Conceptual Site Model of Human Exposure Under an Industrial Scenario 

 
Figure 5. Conceptual Site Model of Human Exposure an Unrestricted Land Use Scenario 

 

Working populations would not come into contact with surface 
water pathways (direct contact with surface water and 

sediment, fish ingestion) during their work activities at the site. 
Therefore, these pathways are incomplete. 
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An unrestricted land use scenario (to future well drillers and subsistence farmers) was evaluated for 
comparison to an industrial land use scenario (to construction workers). Under the unrestricted land use 
scenario, there would be no controls to prevent well drillers from drilling at the waste sites, resulting in a 
potential exposure to contaminants throughout the entire impacted depth interval, as a well would be 
drilled to the water table. Current construction workers and future well drillers would have potentially 
significant exposures through all the direct contact soil pathways (i.e., ingestion, inhalation, dermal 
contact, and external radiation), as depicted in Figure 4 and   
Figure 5, for construction workers and well drillers, respectively. The direct soil pathways for future 
regular industrial workers are identified as potentially complete but insignificant, under the assumption 
that the drill cuttings would not be spread around a place of business. 
 
The unrestricted land use scenario assumes that exposure to soil occurs when a resident establishes a 
residence on the waste site and receives an exposure by direct contact with the soil and through the food 
chain. The direct contact pathway includes potential exposure through external radiation, incidental soil 
ingestion, dermal contact with soil, and inhalation of ambient vapors and dust particulates. The food chain 
pathway includes exposure from ingestion of fruits and vegetables grown in a “backyard” garden and 
consumption of meat (beef and poultry) and milk from livestock raised in a contaminated area. Uptake of 
contamination into crops and livestock is assumed to occur from contamination present in soil and from 
groundwater contaminated by migration of contaminants in the soil. 
 
5.3 Operable Unit Overview 
This section provides a more detailed description of the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 
OUs, the nature and extent of the contamination, and structures associated with the 21 waste sites 
comprising the four OUs, which are located in the Inner Area. The Inner Area is located in the central 
portion of the Hanford Site, as shown in Figure 1. 
 
Figure 6 and Figure 7 show the locations of these operable units.  The 200-CW-5, 200-PW-1 and 200-
PW-6 OUs located in 200 West Area and the 200-PW-3 OU located in 200 East Area are associated with 
subsurface waste handling and disposal sites that were engineered and constructed to dispose of liquid 
waste into the soil beneath the sites. Pipes conveyed the liquid waste from nuclear processing facilities to 
the waste sites. At the cribs, tile field, and French drain, liquid waste was discharged into a layer of gravel 
that drained into the underlying soil and may have drained laterally as well as downward.  
 
The 200-CW-5 OU in the 200 West Area is associated with waste sites that managed cooling water and 
steam condensate from the PFP. The 200-CW-5 OU consists primarily of shallow, open ditches, called Z-
Ditches, which were used for liquid waste disposal; as one ditch was taken out of service, soils excavated 
for its successor trench were used to backfill the older trench. These ditches are constructed along parallel 
routes.  
 
5.4 Sampling Strategy 
Five representative soil sites located in the 200-PW-1, 200-PW-3, and 200-PW-6 OUs were sampled. The 
soil sites were the 216-A-8 Crib, 216-Z-1A Tile Field, 216-Z-8 French Drain, 216-Z-9 Trench, and 
216-Z-10 Injection/Reverse Well. The Remedial Investigation (RI) identified these soil sites as 
representative of the waste sites in these three OUs. RI activities for these OUs were conducted primarily 
from 1999 to 2007. Characterization activities also took place to define the nature and extent of carbon 
tetrachloride contamination around the 200-PW-1 waste sites. To gather additional information about the 
contamination at the 216-A-Crib and 216-Z-9 Trench, characterization activities included drilling vadose 
zone boreholes, subsurface soil and soil-vapor sampling, and borehole and nearby well geophysical 
logging. 
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Figure 6. Location of the 200-CW-5, 200-PW-1, and 200-PW-6 OUs Waste Sites in the 200 West Area 

 
 
 



 

The RI ac
characteri
The RI be
anticipate
activities.
was used 
inclusion 
 
5.5  S
Large vol
finishing p
discharge
recover as
contained
 
Cooling w
and steam
sources, b
cracks and
were disp
Field, as p

Figur

ctivities for th
ization of the 
egan with soil
ed contaminat
 Soil probes w
to identify th
in the investi

ources of Co
umes of liqui
plants in the 2
d to the 200-P
s much pluton

d low levels of

water and stea
m condensate s
but occasional
d process ups
osed of to the
part of norma

re 7. Location

he 200-CW-5 
216-Z-11 Dit

l probe invest
tion area of th
were placed a

he location of 
igation.  

ontamination
id waste were
200 West and
PW-1, 200-PW
nium as possi
f plutonium, a

am condensat
systems were
lly became co
sets. The proc
e ground surfa
al operations. 

n of the 200-PW

OU were con
tch, which wa
tigations to op
he 216-Z-11 D
at transects alo
the backfilled

n 
e generated fro
d 200 East Ar
W-3, and 200
ible prior to d
and other con

e were discha
e designed to i
ontaminated b
cess and cooli
face or to the s
 

 

23 

W-3 OU Wast

 
nducted in 200
as identified a
ptimize place
Ditch to add to
ong the 216-Z
d and parallel

om the proce
reas of the Ce
0-PW-6 OU w
discharge of th
ntaminants.  

arged to the 2
isolate those 
because of mi
ing waters dis
shallow subsu

te Sites in the 

02. The 200-C
as a 200-CW-
ment of a sin
o existing his
Z-11 Ditch an
l 216-Z-1D an

ssing of pluto
ntral Plateau.

waste sites. Th
he waste liqui

200-CW-5 OU
systems from
inor leaks due
scharged to th
urface through

200 East Area

CW-5 RI focu
-5 OU represe
gle borehole 

storical charac
nd ground-pen
nd 216-Z-19 D

onium at vario
. Process was
he processes w
ids, but the w

U waste sites. 
m potential con
e to corrosion
he 200-CW-5 
h ditches or th

a 

 

used on 
entative waste
at the highest
cterization 
netrating rada
Ditches for 

ous processin
te waters wer
were intended

waste streams 

The cooling 
ntamination 

n pinholes or 
OU waste sit
he 216-Z-20 

e site. 
t 

ar 

ng and 
re 
d to 
still 

water 

tes 
Tile 



 
 

24 

The liquid waste that contained low levels of plutonium and other contaminants discharged to the 200-
CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites infiltrated into the ground, contaminating 
the underlying soil. Most soil contamination associated with these 200-PW-1, 200-PW-3 and 200-PW-6 
OU waste sites is located beneath the bottom of the waste sites.  
 
The COCs for soils in 200-PW-1, and 200-PW-6 are: americium-241 and plutonium-239/240; carbon 
tetrachloride and methylene chloride were also identified as COCs for protection of groundwater for 200-
PW-1. The COCs for soils in 200-CW-5 are: americium-241, plutonium-239/240, cesium-137, radium-
226, strontium-90, PCBs, boron, and mercury. The COC for soils in 200-PW-3 is cesium-137.  
 
5.6  Nature and Extent of Contamination 
The following subsections discuss the nature and extent of contamination in these OUs.  
 
5.6.1 200-PW-1 Waste Sites 
The following sections describe the waste sites assigned to the 200-PW-1 OU. Waste sites that received 
high-salt wastes are addressed first, and are the 216-Z-9 Trench, the 216-Z-1A Tile Field, and the 
216-Z-18 Crib. These are followed by the waste sites that received low-salt waste, which are the 216-Z-12 
Crib, the 216-Z-1 Crib, the 216-Z-2 Crib, and the 216-Z-3 Crib. This is followed by a discussion of the 
241-Z-361 Settling Tank. 
 
216-Z-9 Trench 
The 216-Z-9 Trench is about 213 m (700 ft) east of the 234-5Z Building in the 200 West Area of the 
Hanford Site. The surface elevation at the site is approximately 202 m (664 ft). Groundwater is 
approximately 69 m (226 ft) below ground surface (bgs) based on a 2008 well measurement. 
 
The 216-Z-9 Trench consists of a 6.1 m (20 ft) deep open excavation with a 36.5 by 27.4 m (120 by 90 ft) 
concrete cover. The walls of the trench slope inward and downward to the 18 by 9 m (60 by 30 ft) floor 
space, which has a slight slope to the south. The underside of the concrete cover was paved with 
acid-resistant brick/tiles. The cover of the trench is supported by six concrete columns. More than 
4 million liters (1,000,000 gals) of plutonium/organic rich process wastes were discharged to the trench 
between 1955 and 1962. 
 
When the 216-Z-9 Trench was retired in 1962, it had received approximately 50 to 150 kg (110 to 330 lb) 
of plutonium. Mining took place at the 216-Z-9 Trench in 1976 and 1977 to remove plutonium. The upper 
0.3 m (1 ft) of soil was removed from the floor of the trench. The mining operation removed an estimated 
58 kg (128 lb) of plutonium. Based on data acquired during the mining operation, an estimated 38 to 
48 kg (84 to 106 lb) of plutonium remains in the 216-Z-9 Trench. The 6.4 m (21 ft) deep open space 
beneath the concrete cover over the 216-Z-9 Trench remains void of soil and contains only the mining 
equipment. 
 
Based on historical data, the highest concentrations of plutonium and americium are located at the trench 
floor and generally decrease with depth below the floor. For most of the radionuclides detected above 
background levels in soil samples (Np-237, plutonium-238 [Pu-238], Ra-226, Ra-228, Sr-90, Tc-99, 
Th-232, U-234, and U-235), the highest concentrations were at a depth of 14 m (46 ft) bgs or deeper. 
Radioactive contamination in soil samples (predominantly Am-241 and Pu-239/240) was detected to a 
maximum depth of 37.2 m (122 ft) bgs.  
 
Soil vapor samples collected from boreholes drilled in the vicinity of the trench revealed carbon 
tetrachloride at concentrations up to 28,500 ppmv in 1993. Soil samples from boreholes near the 216-Z-9 
Trench revealed carbon tetrachloride dense, nonaqueous phase liquid (DNAPL) in soil of up to 380,000 
μg/kg from 19.4 to 20.1 m (63.5 to 66 ft bgs). At an adjacent borehole, the maximum carbon tetrachloride 
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detected in soil was 390,000 μg/kg in the same silt lens. In general, the highest concentrations of 
contaminants detected in the vadose zone soils have been in fine-grained layers (i.e., silts and the CCU). 
An SVE system has been operated near the 216-Z-9 Trench as an expedited response action. Between 
March 1993 and September 2008, approximately 54,608 kg (120,390 lb) of carbon tetrachloride was 
removed at this location by the SVE system. 
 
At the 216-Z-9 Trench, the discharged effluent volume was greater than soil column pore volume, which 
indicates the volume of effluent released was sufficient to reach the unconfined aquifer during operation 
of this waste site. The data, including soil moisture content measurements, indicates that the 216-Z-9 
Trench is not a significant current source of groundwater contamination. 
 
Table 4 provides a summary of the maximum concentrations of COCs in soil samples at the 216-Z-9 
Trench. 
 

Table 4. Maximum Concentrations of COCs in Soil Samples at the 216-Z-9 Trench 

COC Maximum 
Concentration  

Depth Interval  
(ft bgs)a 

Locationb Top Bottom 

Americium-241 43,478,261 pCi/g 22 22.3 216-Z-9 Trench Floor (1973) 

Plutonium-239/240 404,347,826 pCi/g 22 22.3 216-Z-9 Trench Floor (1973) 

Carbon Tetrachloride (CCl4) 390 mg/kg 64 66 C5336 Boreholeb 

Methylene Chloride 0.14 mg/kg 100 102 299-W15-48 Well 

Source: 
Remedial Investigation Report for Plutonium/Organic-Rich Process Condensate/ Process Waste Group OU: Includes 200-PW-1, 200-PW-3, 
and 200-PW-6 OUs; Appendix E – Data Summary Tables for Waste Sites (DOE/RL-2006-51) 
a. Most of the soil samples collected from the base of the 216-Z-9 Trench in 1973 were analyzed only for Pu-239 and Am-241. 
b. Well 299-W15-48 was drilled at a 32 degree (from vertical) angle underneath the 216-Z-9 Trench. The 299-W15-48 depth intervals 
provided in this table represent the downhole depths (i.e., not converted to vertical depths). 
  

 
As reported in DOE/RL-2006-24, Remedial Investigation Report for the 200-ZP-1 Groundwater 
Operable Unit, no radioactive plumes (or contaminants) above maximum contaminant levels (MCLs) 
have been identified in the groundwater area of the 216-Z-9 Trench. Because the 216-Z-9 Trench received 
large inventories of carbon tetrachloride and nitrate, it is considered to have been a major contributor in 
the past of groundwater contamination in the 200 West Area for these two compounds. 
 
216-Z-1A Tile Field 
The 216-Z-1A Tile Field is located in the 200 West Area about 153 m (500 ft) south of the 
234-5Z Building and immediately south of the 216-Z-1&2 Cribs and is adjacent to the 216-Z-3 Crib. The 
surface elevation at the site is approximately 205 m (673 ft). Groundwater is approximately 69.6 m (228.3 
ft) bgs based on a nearby well measurement in 2008. 
 
The tile field piping is 20 cm (8 in.) diameter vitrified clay pipe placed on a 1.5 m (5 ft) deep gravel bed. 
The distributor pipe consists of a 79 m (260 ft) long north-south trunk or main pipeline with seven pairs 
of 21 m (70 ft) laterals spaced at 11 m (35 ft) intervals in a symmetrical herringbone pattern. The main 
pipeline is a continuous line without perforations. The laterals are divided into 0.3 m (11 in.) long 
segments. The piping system was overlaid with 15 cm (6 in.) of cobbles and 1.5 m (5 ft) of sand 
and gravel. 
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The tile field was used in this configuration from 1949 to 1959. The waste stream discharged to the 
adjacent 216-Z-1&2 Cribs (1949 to 1952) and the 216-Z-3 Crib (1952 to 1959), overflowed to the tile 
field, and consisted of neutral to basic (pH 8 to 10) process waste and analytical and development 
laboratory waste from the Z Plant via the 241-Z-361 Settling Tank. The total volume of waste estimated 
to have overflowed to the 216-Z-1A Tile Field from 1949 to 1959 was approximately 1 million L 
(264,172 gal). 
 
The 216-Z-1A Tile Field initially was taken out of service in March 1959 after low concentrations of 
plutonium were detected in 1958 in the soil at the bottom of a well 46 m (150 ft) deep, and 15 m (50 ft) 
above the water table, near the 216-Z-3 Crib (Well 299-W18-57, 18 m (60 ft) southwest of 216-Z-3). 
The 216-Z-1A Tile Field was receiving overflow from the 216-Z-3 Crib during this time, and was taken 
out of service when the 216-Z-3 Crib was replaced. 
 
In 1964, the 216-Z-1A Tile Field was reactivated to receive plutonium reclamation operation waste 
liquids directly (i.e., the effluent pipelines from the PRF bypassed the 216-Z-1&2 and 216-Z-3 Cribs). 
Two groundwater wells (Wells 299-W18-6 and 299-W18-7) were drilled on the west and east sides, 
respectively, of the tile field to monitor groundwater. From 1964 to 1969, the 216-Z-1A Tile Field was 
operated as a specific retention facility. The tile field was taken out of service in 1969 when it had 
received the prescribed liquid waste volume. 
 
From 1964 to 1969, the 216-Z-1A Tile Field received approximately 5.2 million L (1.37 Mgal) of liquid 
waste from 234-5Z (PFP), the 236-Z PRF, the 242-Z Waste Treatment and Americium Recovery Facility, 
and miscellaneous laboratory waste. Material discharged to the tile field reportedly included 57 kg 
(126 lb) of plutonium, 1 kg (2.2 lb) of Am-241, 270,000 kg (594,000 lb) of carbon tetrachloride, and 
3,000 kg (6,600 lb) of nitrate. The carbon tetrachloride was discharged to the 216-Z-1A Tile Field in 
combination with other organics, as a small entrained fraction of process aqueous wastes, and as DNAPL. 
 
The following significant findings are summarized for the 216-Z-1A Tile Field: 
 

• The highest concentrations of radionuclides (Pu-239/240 and Am-241) in sediments are located 
immediately beneath the tile field, below the distribution pipe. 
 

• The maximum vertical extent of radiological contamination (predominantly Am-241, Pa-233, and 
Pu-239) detected in soil by borehole geophysical logging, is 37 m (121 ft). 
 

• The maximum vertical extent of radioactive contamination detected above background levels in 
soil samples (Am-241, Np-237, Pu-239/240, and Pa-233) from the tile field area was 46.8 m 
(153.5 ft). 
 

• Soil samples from the tile field area revealed a maximum carbon tetrachloride concentration of 
6,561 mg/kg in the CCU in 1993. 
 

An SVE system has been operated near the tile field. Between April 1991 and September 2008, 
approximately 24,772 kg (54,613 lb) of carbon tetrachloride was removed by the SVE system from the 
combined 216-Z-1A/216-Z-18/216-Z-12 Well Field (SGW-40456). 
 
The 216-Z-1A Tile Field has not been considered to be a past source of groundwater contamination, 
because the effluent volume discharged at this site was much less than the soil column pore volume. 
Based on the dispersed carbon tetrachloride vadose zone plume data, there are significant concentrations 
of carbon tetrachloride in the vadose zone adjacent to this site, so it is possible that this site was a past 
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source of groundwater contamination, but it is not a significant current source. Table 5 provides a 
summary of the maximum concentrations of COCs in soil samples at the 216-Z-1A Tile Field. 
 
The total effluent volume (6.2 million L [1.6 Mgal]) discharged to the 216-Z-1A Tile Field over its period 
of operation is about 12 percent of the estimated soil pore volume.  
 

Table 5. Maximum Concentrations of COCs in Soil Samples at the 216-Z-1A Tile Field 

COC Maximum 
Concentration  Location Depth (ft bgs) 

Americium-241 2,590,000 pCi/g 299-W18-149 Well 11.2 

Plutonium-239/240 38,200,000 pCi/g 299-W18-149 Well 11.2 

Carbon Tetrachloride (CCl4) 6,561 mg/kg 299-W18-174 Well  127.1 

Source: 
Remedial Investigation Report for Plutonium/Organic-Rich Process Condensate/ Process Waste Group OU: Includes 200-PW-1, 200-PW-3, 
and 200-PW-6 OUs; Appendix E – Data Summary Tables for Waste Sites (DOE/RL-2006-51). 
 

 
Based on the dispersed carbon tetrachloride vadose zone plume data, it is possible this site was a past 
source of groundwater contamination. However, due to the current unsaturated vadose zone conditions, as 
well as the operation of the SVE system in the vicinity of the 216-Z-1A Tile Field since 1991, the 
remaining contaminants in the vadose zone are not considered a significant current source of groundwater 
contamination.  
 
216-Z-18 Crib 
The 216-Z-18 Crib is located in the 200 West Area, southwest of the 216-Z-1A Tile Field and southeast 
of the 216-Z-12 Crib. The surface elevation at the site is approximately 208.9 m (685.3 ft). Groundwater 
is approximately 72.8 m (239 ft) bgs based on a nearby well measurement from 2008. 
 
The 216-Z-18 Crib is a below grade inactive liquid waste management unit. The 95 by 79 m 
(311 by 259 ft) site consists of five separate, parallel, north-south running trenches (Figure 2-5), each 
63 m by 3 m (207 ft by 10 ft), and approximately 5.5 m (18 ft) deep. Each crib structure has two 8 cm 
(3 in.) diameter distribution pipes placed on a 0.3 m (1 ft) thick bed of gravel at 5.2 m (17 ft) bgs, buried 
under an additional 0.3 m (1 ft) of gravel, covered with a membrane and sand, and backfilled to grade. 
Waste distributor piping in each trench was fed by the primary steel distribution pipe that bisected each 
trench. The crib was designed and operated as a specific retention facility. 
 
The 216-Z-18 Crib was used as a replacement for the 216-Z-1A Tile Field, to receive high-salt, acidic 
(pH 1 to 2.5) aqueous liquid waste and organic liquid waste from the PFP. The waste streams included 
plutonium recovery waste from the 236-Z PRF and americium recovery waste from the 242-Z Waste 
Treatment and Americium Recovery Facility. Carbon tetrachloride was received in the aqueous phase 
liquid and mixed with other organics as a DNAPL. The 216-Z-18 Crib was taken out of service in May 
1973 when discharge of contaminated waste streams to the ground from PFP was discontinued as a matter 
of policy. 
 
The 216-Z-18 Crib received a total of 3,860,000 L (1,020,000 gal) of effluent, constituting approximately 
26 percent of the estimated soil pore volume at the site. Material discharged to the crib reportedly 
included 23 kg (51 lb) of plutonium, 175,000 kg (386,000 lb) of carbon tetrachloride and 500,000 kg 
(1,102,000 lb) of nitrate. The carbon tetrachloride was discharged to the 216-Z-18 Crib in combination 
with other organics, as a small entrained fraction of process aqueous wastes, and as DNAPL. 



 
 

28 

 
SVE has been in operation at the 216-Z-18 Crib since 1992 as an interim action to remove carbon 
tetrachloride from the vadose zone soils. Between 1991 and September 2008, the SVE system has 
removed approximately 24,772 kg (54,613 lb) of carbon tetrachloride.  
 
Wells 299-W18-9 and 299-W18-10 were the only wells that showed contamination above background 
levels; radiological contamination was identified at about 8 to 17 m (26 to 55 ft) bgs. Pu-239 and Am-241 
were identified in Well 299-W18-9 between 7.3 and 20.7 m (24 and 68 ft) bgs, with both showing a 
maximum of approximately 400,000 pCi/g at about 7.3 m (24 ft) bgs. Am-241 concentrations decreased 
with depth to 17.4 m (57 ft) bgs, where they increased to 250,000 pCi/g. Concentrations decreased to the 
tool detection limits below about 20.7 m (68 ft) bgs.  
 
The highest carbon tetrachloride concentration encountered was 1,957 μg/kg in Well 299-W18-249 found 
at a depth of 44.6 m (146.2 ft). The maximum carbon tetrachloride concentrations in the other two wells 
were 861 μg/kg in Well 299-W18-96 (43.8 m [143.8 ft]) and 717 μg/kg in Well 299-W18-247 (41.3 m 
[135.4 ft]). Nitrate was identified in Well 299-W18-96 at 4,400 mg/kg at 25.6 m (84 ft) bgs decreasing to 
<10 mg/kg at 38.1 m (125 ft) bgs. No significant concentrations of carbon tetrachloride or other volatile 
organic compounds (VOCs) were identified during soil vapor sampling conducted for the RI or for SVE 
operations. Shallow (<25 m [82 ft] bgs) soils beneath the crib have not been sampled and analyzed. The 
high nitrate concentration in the shallowest soil sample from within the crib (4,400 mg/kg at 25.8 m 
[84.5 ft] bgs in 299-W18-96) indicates the potential for significant residual nitrate contamination at the 
216-Z-18 Crib. Based on the presence of carbon tetrachloride and nitrate at the CCU, it is possible this 
site was a past source of groundwater contamination. Operation of the SVE system in the vicinity of the 
216-Z-18 Crib since 1993 has reduced residual carbon tetrachloride mass, making future impacts 
associated with natural recharge less likely. 
 
In summary, Pu-239 and Am-241 are most concentrated at the base of the crib, but show evidence of past 
mobility, with lesser concentrations detected at depths of 17.4 and 20.7 m (57 and 68 ft) bgs. Carbon 
tetrachloride is evident in soils beneath the crib (in the single borehole sampled within the crib perimeter), 
extending to the CCU. These results are consistent with contaminant distributions at the nearby high-salt 
waste site, the 216-Z-1A Tile Field, which was replaced by the 216-Z-18 Crib.  
 
216-Z-12 Crib 
The 216-Z-12 Crib is located in the 200 West Area, southwest of the 234-5Z Building and northwest of 
the 216-Z-18 Crib. The surface elevation at the site is approximately 208.3 m (683.6 ft). Groundwater is 
approximately 72.3 m (237.2 ft) bgs based on nearby well measurement in 2008. 
 
The 216-Z-12 Crib is rectangular, 91 by 6 m (300 by 20 ft) at the bottom, and 5.8 m (19 ft) deep. Waste 
entered at 4.6 m (15 ft) bgs through a 30 cm (12 in.) diameter, perforated, vitrified clay pipe that ran the 
length of the crib and rested on a 1.5 m (5 ft) bed of gravel. The pipe was covered with a polyethylene 
barrier and backfilled to grade. In 1968, a 15 cm (6 in.) diameter steel bypass line was installed 9 m 
(30 ft) west of and parallel to the original distribution line to bypass 30.5 m (100 ft) of the original line 
that was plugged. 
 
The 216-Z-12 Crib is a subsurface liquid waste site that was used from 1959 to 1973, as a replacement for 
the 216-Z-3 Crib, to dispose of PFP liquid process waste and analytical and development laboratory waste 
from the 234-5Z Building via the 241-Z-361 Settling Tank. The waste was low-salt and neutral to basic 
(pH 8 to 10) when discharged. In total, the 216-Z-12 Crib received approximately 281,000,000 L 
(74,240,000 gal) of waste. Material discharged to the crib reportedly included 25.1 kg (55 lb) of 
plutonium and 900,000 kg (1,980,000 lb) of nitrate. The 216-Z-12 Crib was taken out of service in May 



 
 

29 

1973 when discharge of contaminated waste streams to the ground from PFP was discontinued as a matter 
of policy.  
 
A soil vapor survey in 1991 indicated the presence of carbon tetrachloride near the 216-Z-12 Crib, and 
SVE has been in operation in the vicinity of the 216-Z-12 Crib since 1995 as an interim action to remove 
carbon tetrachloride from the vadose zone soils. Between 1991and September 2007, the SVE system has 
removed approximately 24,772 kg (54,613 lb) of carbon tetrachloride. 
 
Soil sampling was conducted at the 216-Z-12 Crib in 1980 to evaluate the distribution of plutonium and 
americium. Table 6 lists the maximum Pu-239/240 and Am-241 concentrations for each borehole 
sampled. The data indicate that (1) the highest concentrations of plutonium and americium are in the 
sediments immediately below the crib bottom; (2) concentrations decrease rapidly with depth from the 
crib bottom; and (3) the distributions of plutonium and americium activity are similar. No significant 
concentrations of plutonium or americium were found at depth. The highest carbon tetrachloride soil 
vapor concentration measured was 18 ppmv at a depth of 22 m (72.11 ft).  
 

Table 6. Maximum Pu-239/240 and Am-241 Activity in the 216-Z-12 Crib 

Well 

Well 
Depth 

(ft) 

Pu-239/240 Am-241 
Maximum 
Activity 
(pCi/g) 

Depth 
(ft bgs) 

Maximum 
Activity 
(pCi/g) 

Depth 
(ft bgs) 

299-W18-152 118 23 112.5 4 25.0 
299-W18-153 110 125 21.0 32 21.0 
299-W18-154 20 252,000 18.0 196 18.0 
299-W18-157 110 0.39 75.0 1 100.0 
299-W18-162 30 4,970,000 19.4 965,000 19.4 
299-W18-179 40 1,040,000 17.0 432,000 17.0 
299-W18-180 40 14 27.0 3 27.0 
299-W18-181 135 4,880,000 20.5 952,000 19.3 
299-W18-182 40 2,080,000 20.2 1,660,000 20.2 
299-W18-183 40 8 25.0 1 25.0 
299-W18-184 30 182,000 22.5 122,000 22.5 
299-W18-185 40 3,080,000 19.7 874,000 20.3 
Source: 
Remedial Investigation Report for Plutonium/Organic-Rich Process Condensate/ Process Waste Group OU: Includes 200-PW-1, 200-PW-3, 
and 200-PW-6 OUs; Appendix E – Data Summary Tables for Waste Sites (DOE/RL-2006-51). 
 

 
216-Z-1&2 Cribs 
The 216-Z-1&2 Cribs are located in the 200 West Area, south of the 234-5Z Building, immediately north 
of the 216-Z-1A Tile Field, and west of the 216-Z-3 Crib. The 216-Z-1&2 Cribs are separate cribs but 
operated as one unit. The flow from 216-Z-2 Crib overflowed into 216-Z-1 Crib as part of normal 
operations. The surface elevation at the site is approximately 207.2 m (679.8 ft). Groundwater is 
approximately 71.7 m (235.1 ft) bgs, based on a nearby well measurement in 2008. 
 
The 216-Z-1&2 Cribs are open-bottom, 3.7 m (12 ft) square, 4.3 m (14 ft) tall wooden boxes constructed 
in an excavation that was 4.3 m (14 ft) square at the bottom and 6.4 m (21 ft) deep. To control the 
intrusion of sand into the structure, open joints in the sides and top were caulked and the upper half of the 
structure was lagged with 1.9 cm (0.75 in.) plywood. The two cribs, approximately 5.5 m (18 ft) apart, 
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were connected and fed by a 20 cm (8 in.) diameter SST central pipe with an outlet pipe to the 216-Z-1A 
Tile Field. The 216-Z-2 Crib overflowed into the 216-Z-1 Crib, which overflowed into the 216-Z-1A Tile 
Field. Two risers are visible from the surface of each crib. One is a filtered vent; the other is the stick up 
for a test well (now decommissioned). The 20 cm (8 in.) steel test wells were centered within each crib, 
installed as part of the original construction. Each extended 6.1 m (20 ft) beyond the base of the timber 
structure to a total depth of 12.5 m (41 ft) bgs. 
 
The 216-Z-1&2 Cribs operated from 1949 to 1969. From 1949 to 1952, the two cribs received PFP 
low-salt waste consisting of neutral to basic (pH 8 to 10) process waste and analytical and development 
laboratory waste from the 234-5Z Building via the 241-Z-361 Settling Tank. The 216-Z-1&2 Cribs were 
taken out of service in 1952 because the effluent flow rate to the cribs exceeded the infiltration capacity of 
the cribs, which then overflowed into the 216-Z-1A Tile Field. This low-salt waste stream was discharged 
to the 216-Z-3 Crib, which replaced the 216-Z-1&2 Cribs, from 1952 to 1959 and to the 216-Z-12 Crib, 
which replaced the 216-Z-3 Crib, from 1959 to 1973. 
 
The cribs were used for two brief periods in 1966 and 1967 during work on the central distributor pipe in 
the 216-Z-1A Tile Field; these periods of service were only intended to be for the duration of the 
216-Z-1A pipeline maintenance (ARH-2155). During these two periods, the cribs received very small 
quantities of high-salt waste directly from the PRF in the 236-Z PRF and the 242-Z Waste Treatment and 
Americium Recovery Facility. Significant volumes of organics were not discharged to these cribs during 
these short periods of time. 
 
From 1968 to 1969, the cribs received uranium wastes directly from the 236-Z Building. Final use of the 
cribs to receive uranium waste was concluded in 1969 when the discharge of uranium waste was 
discontinued. The cribs were administratively retired in 1969 and physically isolated when the inlet 
piping was cut and blanked. 
 
In total, the two cribs received approximately 33,700,000 L (10,271,000 gal) of effluent: 33,500,000 L 
between 1949 and 1952 (low-salt wastes), 104,000 L between 1966 and 1967 (high-salt wastes), and 
98,000 L between 1968 and 1969 (low-salt wastes). The effluent volume is roughly 13 times the 
estimated soil pore volume between the base of the cribs and the current water table. An estimate of the 
discharged inventory includes 7 kg (15 lb) of plutonium and 100,000 kg (220,000 lb) of nitrate. 
 
No data were identified regarding the concentration or distribution of nonradiological contaminants in 
soils at these two cribs. The quantity of nitrate and the volume of effluent received suggest the site 
contributed in the past to nitrate contamination in the unconfined aquifer. 
 
In general, the distribution of plutonium and americium in the soils beneath the 216-Z-1&2 Cribs are 
expected to reflect limited radionuclide mobility, similar to that seen at the more extensively 
characterized 216-Z-12 Crib. The data indicates the majority of the plutonium and americium 
contaminant mass is less than 9.4 m (31 ft) bgs, with the highest activities (i.e., >1,000,000 pCi/g) found 
very near the base of the cribs.   
 
216-Z-3 Crib 
The 216-Z-3 Crib is located in the 200 West Area, south of the 234-5Z Building, immediately northeast 
of the 216-Z-1A Tile Field and adjacent to the 216-Z-1&2 Cribs. The surface elevation at the site is 
approximately 207.2 m (679.8 ft). Groundwater is approximately 71.7 m (235.1 ft) bgs based on a nearby 
well measurement in 2008. 
 
The waste distribution system at the 216-Z-3 Crib consists of three corrugated metal culvert sections 
(6.7 m [22 ft] long, 1.2 m [4 ft] in diameter) laid horizontally, end-to-end, within a gravel-filled 
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excavation. Each culvert section was perforated with 2.5 cm (1 in.) diameter holes. The culvert sections 
were placed end-to-end, but it is not clear whether they were physically attached. Wire mesh was welded 
to both ends of the culvert to limit gravel intrusion. The base of the culverts is about 4.5 m (15 ft) below 
grade. 
 
The excavation for the 216-Z-3 Crib was 7.6 m (25 ft) deep and, at its base, 1.5 m (5 ft) wide and 21.3 m 
(70 ft) long. At the base of the excavation, a clam bucket was used to dig two additional holes to a total 
depth of 13.7 m (45 ft) bgs to allow installation of two 20 cm (8 in.) diameter test wells (now 
decommissioned). On placement of the test well casings, the two holes were backfilled with sand up to 
the base of the excavation. These well excavations were likely preferential pathways for infiltrating 
effluent. Gravel was used to fill the excavation to within 2.4 m (8 ft) of the ground surface. The culvert 
sections and associated waste feed and overflow lines (20 cm [8 in.] vitrified clay pipe) were incorporated 
within the gravel. The base of the culverts is 4.5 m (15 ft) below grade, roughly 2.1 m (7 ft) below the top 
of the gravel. The gravel was covered with two layers of asphalt roofing paper and the trench was 
backfilled to grade with clean fill. Well 299-W18-67 is in the western half of the crib and Well 
299-W18-68 is in the eastern half of the crib. Both wells have been decommissioned. A 1.2 m (4 ft) wide, 
1.8 m (6 ft) long, and 10 cm (4 in.) thick concrete slab with penetrating risers is centered over the culvert. 
 
The 216-Z-3 Crib received PFP liquid effluent from 1952 to 1959. The effluent, a low salt waste stream, 
was neutral to basic (pH 8 to 10) and included process waste as well as analytical and development 
laboratory wastes. Effluent was routed through a chemical sewer line from 234-5Z to the 241-Z-361 
Settling Tank, and distributed through pipeline 200-W-210-PL to the western end of the 
216-Z-3 Crib. Overflow from the crib went to the 216-Z-1A Tile Field. 
 
The 216-Z-3 Crib was taken out of service in March 1959 after low concentrations of plutonium were 
detected in 1958 in the soil at the bottom of a well 46 m (150 ft) deep, and 15 m (50 ft) above the water 
table, near the crib (Well 299-W18-57, 18 m (60 ft) southwest of 216-Z-3). The 216-Z-3 Crib was taken 
out of service when the replacement crib, the 216-Z-12 Crib, was placed into service. 
 
The 216-Z-3 Crib received approximately 178,000,000 L (46,992,000 gal) of low-salt waste, which is 
more than 80 times the estimated soil pore volume between the crib base and the current water table 
surface. The pore volume within the crib excavation (below the elevation of the overflow line) is roughly 
270,762 L (71,528 gal). On average, between 1955 and 1958, the volume of effluent discharged to the 
216-Z-3 Crib on a daily basis was approximately 33 percent of the crib pore volume (assumes 30 percent 
porosity). An estimate of the discharged inventory includes 5.7 kg (12.6 lb) of plutonium and 600,000 kg 
(1,320,000 lb) of nitrate. 
 
Physical characterization data from radiological logging results from two test wells are summarized in  

Table 7. Radionuclides Pu-239/240 and Am-241 were detected from the base of the culvert sections 
(approximately 4.6 m [15 ft] bgs) to roughly 8.4 m [27.4 ft] bgs), where logging data suggest the presence 
of fine-grained sediments. The crib floor is 7.6 m (25 ft) bgs. The logged wells are within excavations that 
extended 6.1 m (20 ft) below the base of the crib floor. The highest concentrations of Pu-239/240 and 
Am-241 in the western well, Well 299-W18-67, were found at approximately 5.8 m (18.9 ft) bgs. 
The passive neutron log indicated increased alpha activity between 4.6 and 6.7 m (15 and 22 ft) bgs, with 
the peak at 5.8 m (19 ft) bgs. In Well 299-W18-68, in the eastern part of the crib, the maximum Am-241 
concentration was found at 5.8 m (19.1 ft) bgs, but the maximum Pu-239 concentration was found at 
8.3 m (27.1 ft) bgs. 
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Table 7. Spectral Gamma Logging Results for the 216-Z-3 Crib 

Well Radionuclide 

Depths of 
Detection 

(ft bgs) 

Maximum 
Concentration 

(pCi/g) 

Depth of 
Maximum 

(ft bgs) 
299-W18-67 Am-241 16.9-26.4 230,000 18.9 

299-W18-67 Pu-241 16.9-26.4 3,300,000 18.9 

299-W18-67 Pu-239 15.4-27.4 1,700,000 18.9 

299-W18-67 Pu-240 N/A 400,000 N/A 

299-W18-68 Am-241 17.1-27.6 90,000 19.1a 

299-W18-68 Pu-241 16.1-27.6 473,000 27.1 

299-W18-68 Pu-239 15.6-28.1 480,000 27.1 

299-W18-68 Pu-240 N/A 100,000 N/A 

a. Repeat log data suggest the maximum concentration may be at 8.3 m (27.1 ft) bgs. 
N/A =  Not available; no data provided in the log data report. 

 
At Well 299-W18-68, the highest responses on the passive neutron log, indicative of alpha activity, were 
from 4.9 to 6.4 m (16 to 21 ft) bgs, with a secondary peak 7.3 to 8.5 m (24 to 28 ft) bgs. Based on the 
logging results, all significant plutonium and americium contaminant mass is believed to be located 
between 4.6 and 5.8 m (15 and 29 ft) bgs, with the majority located between 4.9 and 6.4 m (16 and 21 ft) 
bgs. This is somewhat different from the distribution seen at the characterized 216-Z-12 Crib, in that 
much of the plutonium and americium contaminant mass is found at depths shallower than the crib floor. 
This contaminant distribution suggests even less plutonium and americium mobility than seen at the 
216-Z-12 Crib. 
 
Because the effluent volume was more than sufficient to reach groundwater and since there is nitrate 
contamination in the groundwater beneath this waste site, the site is considered a past source of nitrate 
contamination in the unconfined aquifer. 
 
241-Z-361 Settling Tank 
The 241-Z-361 Settling Tank is located approximately 35 m (115 ft) north of the 216-Z-1A Tile Field in 
the 200 West Area, within the boundary of the PFP Complex. The surface elevation at the site is 
approximately 207.2 m (679.8 ft). Groundwater is approximately 72.2 m (236.9 ft) bgs based on a nearby 
well measurement in 2008. 
 
The surface elevation and hydrogeologic conditions at the 241-Z-361 Settling Tank site are the same as 
those for the adjacent 216-Z-1A Tile Field. 
 
The 241-Z-361 Settling Tank is an underground, reinforced-concrete structure 8.5 m (28 ft) long and 
4.5 m (15 ft) wide, with a 1 cm (3/8 in.) thick steel liner. The tank has inside dimensions of 7.9 by 4.0 m 
(26 by 13 ft) with 0.3 m (1 ft) thick walls. The bottom slopes, resulting in an internal height variation 
between 5.2 and 5.5 m (17 and 18 ft). The top is 0.6 m (2 ft) below grade. Two 15 cm (6 in.) diameter 
SST inlet pipes from the 241-Z Facility enter the settling tank from the north. A single 20 cm (8 in.) 
diameter SST pipe exits the tank from the south. Several risers are visible above grade. 
 
The tank served as the primary solids settling tank for low-salt liquid waste from the 234-5Z, 236-Z, and 
242-Z Buildings from 1949 to 1973. Supernatant effluent in the tank was discharged to the 216-Z-1&2, 
216-Z-3, and 216-Z-12 Cribs. Prior to discharge to the tank, the effluent was neutralized in the 241-Z 
sump tanks by adding fly ash, and later sodium hydroxide, to raise the pH to the 8 to 10 range.  
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The 241-Z-361 Settling Tank was taken out of service in May 1973 when discharge of contaminated 
waste streams to the ground from PFP was discontinued as a matter of policy. 
 
The following significant findings are summarized for the 241-Z-361 Settling Tank: 
 
• The settling tank currently contains approximately 75 m3 of sludge. The sludge is contaminated with 

radionuclides (primarily Pu-239), metals, organics, and polychlorinated biphenyls (PCBs). 
 

• Helical piers installed to support tank sampling were surveyed when removed. No radiological 
contamination was detected. 

• The lack of detected radiological contamination on the piers installed beneath the depth of the tank 
bottom, and the apparent stability in the tank sludge level since 1975, suggests that there has been no 
leak of tank contents to the soil column.  
 

• All available information indicates the 241-Z-361 Settling Tank has not leaked, so this site is not 
considered to be a past or current source of groundwater contamination.  
 

A video taken inside of the tank showed that there were cracks in the tank top and some of the reinforcing 
bar had been damaged (Baxter, 2000). Since waste is currently in the tank, it was not possible to make 
determinations about the structural integrity of the tank bottom. While the data indicate that this tank has 
not leaked, the tank structural integrity is such that there is a substantial threat of release to the 
environment. The kilogram quantity of plutonium in the sludge remaining in this tank presents potential 
future risks to human health and the environment.  

 
5.6.2 200-PW-3 Waste Sites 
The following sections describe the waste sites assigned to the 200-PW-3 OU, in the 200 East Area, and 
are presented in the following order: 216-A-8 Crib, 216-A-24 Crib, 216-A-7 Crib, 216-A-31 Crib, and 
UPR-200-E-56. 
 
216-A-8 Crib 
The 216-A-8 Crib is located approximately 177 m (580 ft) east of the A Tank Farm in the 200 East Area, 
at a surface elevation of approximately 198 m (650 ft). Groundwater beneath the 216-A-8 Crib was about 
80 m (261.7 ft) bgs in 2005. 
 
The bottom dimensions of the crib are 259 by 6 m (850 by 20 ft). The long axis of the crib trends to the 
east-northeast. A 61 cm (24 in.) diameter, schedule 20, perforated distribution line extends the length of 
the crib and rests on a 2 m (6.5 ft) thick layer of rock capped by a 30 cm (12 in.) thick layer of gravel. 
The gravel fill is mounded over the distribution line. Two layers of Sisalkraft® building paper cover the 
gravel and prevent overlying native sand backfill from filling the void space. The crib floor was 
excavated to a uniform elevation of 195 m (639.5 ft). The depth of the excavation varied from 4.9 to 
5.8 m (16 to 19 ft.) below the 1955 ground surface. The site was surface stabilized in September 1990 by 
the addition of 0.6 m (2 ft) of clean fill. Water entered the crib through the 216-A-508 Diversion Box, 
located due west of the crib. The crib was permanently isolated in April 1995 by filling the 216-A-508 
Diversion Box with concrete. 
 
The 216-A-8 Crib was initially taken out of service in May 1958 when the discharged volume was 
approaching the inventory limit calculated for Sr-90. In January 1966, the 216-A-8 Crib was reactivated 
when a re-evaluation indicated it had not reached its waste capacity. The crib last received waste in 1985.  
                                                      
® Sisalkraft (building paper) is a registered product name of Fortifiber Corporation, Los Angeles, California. 
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Over its operational life, the 216-A-8 Crib received an estimated 1.15 billion L (303.8 Mgal) of process 
effluent, which is estimated to be greater than 30 times the pore volume beneath the site. The estimated 
discharged inventory for the 216-A-8 Crib included 390.8 kg (861 lb) of uranium; 2,410 Ci of Cs-137; 
128,600 kg (283,500 lb) of TBP; 55,110 kg (121,500 lb) of NPH; and 24,561 Ci of tritium. No organics 
were detected.  
 
The following significant findings are summarized for the 216-A-8 Crib: 
 
• The highest radioactive contamination (Cs-137) associated with the crib was within 8 m (25 ft) of the 

ground surface. 
 

• The maximum depth of radioactive contamination (Cs-137) detected near the crib, by geophysical 
logging techniques, was 76.5 m (251 ft) bgs. However, the source of the contamination at this depth is 
not known. 
 

• Radionuclides were detected above background levels in soil samples beneath the 216-A-8 Crib to 
total depth (80 m [264.5 ft] bgs). 
 

At the 216-A-8 Crib, the discharged effluent volume was greater than the soil column pore volume, which 
indicates the volume of effluent released was sufficient to reach the unconfined aquifer during operation 
of this waste site. However, the 216-A-8 Crib is not considered a significant current source of 
groundwater contamination. 
 
Table 8 provides a summary of the maximum concentrations of COCs in soil samples at the 216-A-8 
Crib. 
 

Table 8. Maximum Concentrations of COCs in Soil at the 216-A-8 Crib 

COC Maximum 
Concentration (pCi/g) 

Depth Interval (ft bgs)  
Top Bottom Location 

Cesium-137 877,000 19 21.5 C4545 Borehole 
Source: 
Remedial Investigation Report for Plutonium/Organic-Rich Process Condensate/ Process Waste Group OU: Includes 200-PW-1, 200-PW-3, 
and 200-PW-6 OUs; Appendix E – Data Summary Tables for Waste Sites (DOE/RL-2006-51). 
  

 
216-A-24 Crib 
The 216-A-24 Crib is located in the 200 East Area, approximately 140 m (460 ft) east of the 
241-AN Tank Farm, and north of the 216-A-8 Crib. Surface elevation at the site is approximately 198 m 
(650 ft). Groundwater is approximately 76 m (249 ft) bgs based on a nearby well measurement in 2008. 
The 216-A-24 Crib is composed of four inline sections, each 107 m (350 ft) long, and each 1.8 m (6 ft) 
lower than the previous section and separated from the next by a soil berm. At its base, the crib is 427 m 
(1,400 ft) long and 6 m (20 ft) wide. Waste was distributed to the crib through a 38 cm (15 in.) diameter 
corrugated galvanized pipe that is perforated on the bottom half. In each section, the waste distribution 
line is placed horizontally in the middle of a 1.3 m (4.3 ft) bed of gravel, which is overlain by a 
polyethylene barrier and enough clean backfill to bring the excavation back to grade. The overlying 
ground surface dips to the east, such that the distribution line is approximately 1.5 m (5 ft) closer to the 
surface at the end of the section than it is at the beginning. The base of the waste distribution pipe ranges 
between 2.7 and 4.3 m (9 and 14 ft) below grade, depending on its location within the section. Eight 
20 cm (8 in.) diameter wells on concrete pads are located on this crib. The wells extend from the bottom 
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of the crib to 0.9 m (3 ft) above grade. In addition, four 38 cm (15 in.) corrugated risers with filter box 
assemblies extend from the distributor pipe to grade. 
 
The 216-A-24 Crib was constructed to replace the 216-A-8 Crib liquid waste site. It received low-salt, 
neutral to basic radioactive vapor condensate from the 241-A, 241-AX, 241-AY, and 241-AZ Tank 
Farms. After the crib was constructed, surface condensers were installed in the tank farms, which greatly 
reduced the waste volume discharged to the crib. As a result, most of the waste volume was discharged to 
the first two of the four crib sections. Over its operational life, the 216-A-24 Crib received an estimated 
820 million L (216.5 Mgal) of process effluent. The estimated discharged inventory for the 
216-A-24 Crib included 65 kg (143 lb) of uranium, 401 Ci of Cs-137, 21,420 kg (47,200 lb) of tributyl 
phosphate (TBP), 9,192 kg (20,300 lb) of normal paraffin hydrocarbon, and 8,798 Ci of tritium. 
The 216-A-24 Crib was taken out of service in December 1965 when it had reached its waste capacity. 
The site was surface stabilized in 1988.The volume of effluent discharged to the site was more than 14 
times the soil pore volume between the bottom of the crib and the current water table surface. On the 
basis of the five wells monitoring the 216-A-24 Crib, measurable movement of radionuclides disposed to 
the ground was detected in all wells during crib operations. After waste disposal to the crib was 
terminated, radiation intensity increased in the lower portion of the sediment column in Well 299-E26-7. 
These data indicate breakthrough to the groundwater could have occurred from the first and second 
sections of the crib. 
 
The site evaluation was conducted using geophysical logging results from 28 boreholes in and around the 
crib, and general information about the fate and transport of similar types of waste discharged to the 
216-A-8 Crib. 
 
Eighteen boreholes are located within the crib boundary; five of which penetrate the crib floor. 
Scintillation probe profiles from these wells reflect the waste discharge history. Wells 299-E26-4, 
299-E26-5, and 299-E26-6 monitor the first and second sections of the crib. These sections received most 
of the volume and total beta activity discharged during 1958 and 1959. The profiles from these wells 
show high radiation intensity from these discharges. After December 1959, the volume and the amount of 
radioactive effluent sent to the crib were greatly reduced. The condensate was later rerouted to the third 
and fourth crib sections. Wells E26-2 and E26-3 monitor these sections of the crib and, in 1976, 
scintillation profiles showed radiation intensity at background levels. 
 
The six boreholes in Table 9 show some level of Cs-137 contamination from ground surface to depths of 
at least 15.2 m (50 ft), with the highest concentrations being found somewhere between 4.6 and 7.0 m (15 
and 23 ft) bgs. All six also showed notably elevated concentrations somewhere in the interval between 9.1 
and 15.2 m (30 and 50 ft) bgs, although these concentrations were orders of magnitude lower than the 
borehole maximums. Logging data indicate the Cs-137 has not spread laterally outside the crib 
boundaries except as documented at the UPR-200-E-56 site to the north, where relatively minor activity 
levels (Cs-137 <100 pCi/g) have been detected. 
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Table 9. Logging Results for Wells of Interest at the 216-A-24 Crib 

 
216-A-7 Crib 
The 216-A-7 Crib is located in the 200 East Area, approximately 40 m (130 ft) east of the 
241-A Tank Farm and 23 m (75 ft) southwest of the 216-A-1 Crib. The surface elevation at the 
216-A-7 Crib is approximately 206.4 m (677 ft). Groundwater is approximately 84.4 m (276.9 ft) bgs, 
based on water level measurements at a nearby well in 2008. 
 
The 216-A-7 Crib was constructed in a 4.9 m (16 ft) deep excavation with a 3 by 3 m (10 by 10 ft) base. 
Perforated 15 cm (6 in.) vitrified clay pipe was used to distribute discharged liquids within the crib. 
The base of this piping is about 3.7 m (12 ft) below the current ground surface. Approximately 2.1 m 
(7 ft) of coarse rock (≥ 7.6 cm [3 in.] diameter) lie between the pipe and the native soils at the base of the 
excavation, which is about 5.8 m (19 ft) below the current ground surface. 
 
The 216-A-7 Crib received aqueous liquid discharges in 1956 and 1957 and was replaced by the 
241-A-302B Catch Tank in 1959. In November 1966, the crib received a one-time discharge of the 
organic inventory used for a 6-month process test at PUREX. The crib was deactivated in 1966, and 
isolated by blanking the effluent pipeline. In total, the site received approximately 326,000 L (86,100 gal) 
of effluent, of which 246,000 L (65,000 gal) was received in 1966.  
 
The 216-A-1 and 216-A-7 Cribs shared a common radiological surface contamination area. In 1992, 
contaminated surface soil in the vicinity of these two cribs was scraped and consolidated on top of the 
216-A-1 and 216-A-7 Cribs. The entire area was then stabilized (covered) with 46 to 61 cm (18 to 24 in.) 
of uncontaminated backfill, increasing the surface elevation by about 1 m (3 ft). 
 
A 46 m (150 ft) deep dry well (299-E25-54) was installed at the site in 1955 to allow monitoring of 
radionuclides in the subsurface. It is located within the surface footprint of the crib, but approximately 
4.5 m (15 ft) east of the crib base. Cs-137 was detected continuously from 1.9 to 3.1 m (6.3 to 10.4 ft) 
bgs. The highest activity levels were detected between 2.2 and 2.5 m (7.3 and 8.3 ft) bgs, with a 
maximum of approximately 600 pCi/g at 2.5 m (8.4 ft) bgs. Uranium-238 was detected at 8 m (28 ft), 
10 m (34 ft), and continuously from 11 m (38 ft) to 1 m (42 ft) bgs, with a maximum concentration of 
about 18 pCi/g at 11 m (39 ft). 
 

Location 

Maximum Cs-137  
Concentration 

(pCi/g) 

Depth of Maximum 
Concentration  

(ft bgs) 
299-E26-60 Well, head end of Section 1 700,000 17.1 
299-E26-74 Well, eastern half of Section 1 1,000,000 16.0 

299-E26-71 Well, 11 m (35 ft) north of 299-E26-74 Well 217,000 18.9 

299-E26-61 Well, head end of Section 2 180,000 20.2 

299-E26-62 Well, head end of Section 3 340 19 

299-E26-63 Well, head end of Section 4 16,000 19.2 

Source: 
Remedial Investigation Report for Plutonium/Organic-Rich Process Condensate/ Process Waste Group OU: Includes 200-PW-1, 200-PW-3, 
and 200-PW-6 OUs; Appendix E – Data Summary Tables for Waste Sites (DOE/RL-2006-51). 
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216-A-31 Crib 
The 216-A-31 Crib is located in the 200 East Area, roughly 125 m (410 ft) south of PUREX and 19 m 
(61 ft) south of the 216-A-2 Crib. The surface elevation at the 216-A-31 Crib is roughly 217 m (712 ft). 
Groundwater is approximately 95 m (312 ft) bgs, based on water level measurements at a nearby 
well measurement in 2008. 
 
The 216-A-31 Crib is 21 by 3 m (70 by 10 ft) at the bottom and 7.3 m (24 ft) deep. A 7.6 cm (3 in.) 
diameter SST perforated distribution pipe was placed horizontally 6.4 m (21 ft) below grade in the upper 
portion of a 0.9 m (3 ft) thick bed of gravel. The gravel was covered with polyethylene sheeting and 5 cm 
(2 in.) of sand, and the crib was backfilled to grade. 
 
The 216-A-31 Crib was a below grade liquid waste site that was used from 1964 to 1966 to dispose of 
organic, low-salt, neutral to basic liquid waste from the 202-A Building L Cell, via the 241-A-151 
Diversion Box. This waste stream had previously been discharged to the 216-A-2 Crib. The inventory 
discharged to the 216-A-31 Crib is estimated to include 371 Ci of Cs-137, 19,800 kg (43,700 lb) of TBP, 
and 8,491 kg (18,700 lb) of NPH. The 216-A-31 Crib was taken out of service in November 1966 because 
the PUREX organic waste was no longer being discharged to the ground.  
 
The effluent volume was between 10,000 L (2,600 gal) and 30,545 L (8,070 gal), which is less than 
1 percent of the estimated total soil pore volume between the bottom of the crib and the current water 
table surface. This ratio indicates that the effluent did not migrate any significant distance below the crib. 
Because Cs-137 typically sorbs to soil immediately below the release point, concentrations are expected 
to be highest at 7.3 m (24 ft) bgs. Cesium-137 concentrations are expected to decrease with depth and, 
due to the small discharge volume, notable concentrations are not expected to extend more than a few 
meters beyond the crib floor.  
 
UPR-200-E-56 Unplanned Release 
The UPR-200-E-56 site is located immediately north of the 216-A-24 Crib in the 200 East Area. The site 
has a surface elevation of approximately 196 m (643 ft). Groundwater is approximately 74 m (243 ft) bgs, 
based on nearby a well measurement in 2008. 
 
The site originated as a sloping excavation intended to generate clean borrow material for backfilling 
around the then new, below grade 241-AN tanks. The final excavation ranged from 1.5 to 6.1 m 
(5 to 20 ft) deep (estimated), and was 131 m (430 ft) long, and an average of 33.5 m (110 ft) wide. During 
radiation monitoring performed in June 1979, the excavation was found to be moist and radioactively 
contaminated. The moisture and contamination appears to be effluent waste from the adjacent 
216-A-24 Crib that had seeped laterally over the surface of a 10 cm (4 in.) thick hardpan crust 
approximately 4.6 m (15 ft) bgs.  
 
Upon discovery of contamination, the pit was refilled with contaminated soil retrieved from the 241-AN 
tanks location and UPRs associated with the 241-C Tank Farm and the 200 East Area. These soils are 
expected to have low-level radioactive contamination that is homogeneously distributed as a result of 
mixing of soils during transfers. The site then was covered with 15 to 20 cm (6 to 8 in.) of clean soil. In 
1985, contaminated soil from the 244-A Lift Station (UPR-200-E-100) was disposed at this site and the 
site was restabilized with 0.6 m (2 ft) of clean soil. 
 
Since this waste site was an unplanned release, neither the volume of effluent that migrated laterally from 
the 216-A-24 Crib to UPR-200-E-56, nor the associated contaminant inventory is known. The 
contaminant inventory contained in the soils imported from other sites also is not known. 
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In 2005 and 2006, spectral gamma geophysical logging was performed on six of the seven wells within 
the perimeter of UPR-200-E-56. Cesium-137 was the only manmade radionuclide detected. The highest 
Cs-137 concentrations identified were 80 pCi/g at 3.8 m (12.5 ft) bgs in Well 299-E26-66, and 46 pCi/g at 
2.7 m (9 ft) bgs in Well 299-E26-69.  
 
The identified Cs-137 concentrations are more than 61 m (200 ft) above groundwater. The volume of 
effluent that initially migrated to the site from the 216-A-24 Crib is not known, but residual contaminant 
distribution suggests it was readily retained within the upper 15 m (50 ft). 
 
5.6.3  200-PW-6 Waste Sites 
The following sections describe the waste sites assigned to the 200-PW-6 OU, located in the 
200 West Area, and are presented in the following order: 216-Z-8 French Drain, 216-Z-10 Injection/ 
Reverse Well, 241-Z-8 Settling Tank, and 216-Z-5 Crib. 
 
216-Z-8 French Drain 
The 216-Z-8 French Drain is located east of the 234-5Z Building, and approximately 94 m (308 ft) 
northwest of the 216-Z-9 Trench in the 200 West Area. The surface elevation at the site is approximately 
205.2 m (673.2 ft). Groundwater is approximately 70.2 m (230.4 ft) bgs based on a nearby well 
measurement in 2008. 
 
The French drain bottom dimensions form a 1.5 by 1.5 m (5 by 5 ft) square with angled walls. The bottom 
0.9 m (3 ft) of the excavation is backfilled with clean, graded gravel. A seal of building paper was laid 
over the gravel with a 0.9 m (3 ft) diameter hole to match the two sections of a 0.9 m (3 ft) vitrified clay 
pipeline placed end-to-end over the hole. A concrete collar was poured around the bottom of the clay 
pipeline, on the top of the building paper. The clay pipeline was filled with gravel and capped with 
building paper and a wire mesh reinforced-concrete slab to seal the top of the structure. The overflow pipe 
from the 241-Z-8 Settling Tank entered through the center of the concrete cap of the French drain. Woven 
wire mesh was placed at the opening of the pipe into the French drain to ensure a void space at the waste 
inlet. The entire structure was backfilled, resulting in the top of the structure being 2.5 m (8 ft) below 
grade. Waste overflow entered the gravel-filled excavation at 4.4 m (14 ft) below grade from the 
241-Z-8 Settling Tank. The total volume filled with gravel in the French drain was more than 4 m3 
(141 ft3). The French drain was designed assuming a net porosity of 30 percent, such that more than 
1,000 L (265 gal) of solution could be accommodated. This was sufficient capacity to permit the waste 
solution to percolate into the sediments beneath the French drain between batch discharges of waste and 
rinse water from the 241-Z-8 Settling Tank.  
 
The 216-Z-8 French Drain received low-level plutonium contaminated waste from the 234-5Z Building 
from 1955 to 1962. No organic waste was discharged to the 216-Z-8 French Drain. The waste stream was 
dilute and neutral, with no fission or activation product content, and was relatively low in both disposal 
rate and total disposal volume. It is estimated that 9,590 L (2,530 gal) of liquid waste containing an 
estimated 48.2 g (1.7 oz) of plutonium overflowed from the 241-Z-8 Settling Tank to the 216-Z-8 French 
Drain by the time it was retired in 1962. 
 
A characterization well (299-W15-202) was drilled in 1980, and soil samples were collected to define the 
plutonium and americium distribution beneath the 216-Z-8 French Drain (RHO-RE-EV-46P). The well 
was located less than 1 m (3 ft) south of the 216-Z-8 French Drain, and was drilled to 53.6 m (176 ft) bgs. 
A maximum value of 457 pCi/g of Am-241 was reported at 6.1 m (20 ft) bgs, near the bottom of the 
216-Z-8 French Drain. A maximum Pu-239 value of 4,620 pCi/g was reported at 7.6 m (25 ft) bgs. 
Results indicate that plutonium and americium were sorbed onto sediments within a few meters beneath 
the French drain. The data indicates that the nature and extent of contamination are confined to a shallow 
vadose zone region directly adjacent to the 216-Z-8 French Drain. 
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216-Z-10 Injection/Reverse Well 
The 216-Z-10 Injection/Reverse Well is approximately 30.5 m (100 ft) east of the 231-Z Building in the 
200 West Area. The surface elevation at the site is approximately 206.3 m (676.8 ft). Groundwater is 
approximately 71.3 m (234 ft) bgs based on nearby Well 299-W15-1 on February 27, 2008. Groundwater 
was approximately 58.8 m (193 ft) bgs at nearby Well 299-W15-1 in 1945. 
 
The 216-Z-10 Injection/Reverse Well was drilled in September 1944. The well was 0.15 m (6 in.) in 
diameter and constructed of Schedule 40 steel pipe. The drilling log reported depth to bottom at 45.7 m 
(150 ft) bgs, with a capped flange extending approximately 0.31 m (1 ft) above grade. Three inlet pipes 
enter the well at 1.5 m (5 ft), 1.8 m (6 ft), and 2.1 m (7 ft) bgs. Historical drawings suggest that a 1.3 cm 
(0.5 in.) copper tube extends from ground surface to 0.6 m (2 ft) bgs, where it enters the 216-Z-10 
Injection/Reverse Well, and may extend to the well bottom. The well was perforated from 36 to 45.7 m 
(118 to 150 ft) bgs, with a cement plug in the bottom.  
 
The 216-Z-10 Injection/Reverse Well received process and laboratory waste from the 231-Z Building via 
the 231-Z-151 Sump between February and June 1945. It is estimated that 988,000 L (260,000 gal) of 
liquid containing up to 50 g (1.6 oz) of plutonium was discharged to the well at approximately 76 L/min 
(20 gal/min). No other radionuclides were reported to have been released to the 216-Z-10 
Injection/Reverse Well. During drilling of nearby Well 299-W15-42, it was estimated the depth to the 
highest recorded water table in the area of the 216-Z-10 Injection/Reverse Well was 58 m (191 ft) bgs. 
This suggests the water table did not rise near the 216-Z-10 Injection/Reverse Well perforated interval in 
later years. 
 
The 216-Z-10 Injection/Reverse Well was taken out of service in June 1945 because the well had been 
plugged with sludge. In 1947, three monitoring wells (299-W15-59, 299-W15-60, and 299-W15-61) were 
drilled 4.6 m (15 ft) from the 216-Z-10 Injection/Reverse Well for the collection of characterization soil 
samples. The wells were drilled to 53.3 m (175 ft) bgs, which was 7.6 m (25 ft) below the bottom of the 
reverse well. 
 
Characterization soil samples were collected at a minimum frequency of every 1.5 m (5 ft), and every 
0.3 m (1 ft) where contamination was suspected to exist. Contamination, specifically plutonium, was not 
detected in any of the soil samples. In 2005, passive-neutron logging to detect alpha contamination was 
conducted in these three monitoring wells, and the results confirm that plutonium has not moved 4.6 m 
(15 ft) laterally from the injection/reverse well toward the soil borings. Cesium-137 was detected near the 
ground surface and at a few locations near its minimum detection level of approximately 0.2 pCi/g.  Any 
residual radionuclide contamination at the 216-Z-10 Injection/Reverse Well appears to be confined within 
the 9.1 m (30 ft) diameter lateral circle formed by the three vadose zone wells, and near the vertical 
perforated zone of the injection/reverse well. 
 
241-Z-8 Settling Tank 
The 216-Z-8 Settling Tank is located in the 200 West Area, roughly 61 m (200 ft) east of the 
234-5Z Building and 91 m (300 ft) west-northwest of the 216-Z-9 Trench. The surface elevation at the 
site is approximately 205.2 m (673.2 ft). Groundwater is approximately 70.2 m (230.4 ft) bgs based on a 
nearby well measurement in 2008. 
 
The 241-Z-8 Settling Tank is a cylindrical tank that is 12.2 m (40 ft) long and 2.4 m (8 ft) in diameter. It 
is constructed of 0.8 cm (0.31 in.) thick steel or wrought iron plate, and oriented horizontally at about 
1.8 m (6 ft) below grade. The tank was fed by two 3.8 cm (1.5 in.) diameter SST pipes that enter the 
western end of the tank about 15 cm (6 in.) below the tank top. A single pipeline exits the opposite end of 
the tank, to direct overflow to the 216-Z-8 French Drain, approximately 11 m (36 ft) to the east. 
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The 241-Z-8 Settling Tank was in service from 1955 to 1962, receiving pH neutral effluent waste from 
back flushes of the RECUPLEX feed filters. Silica gel was added to the waste stream as a settling agent, 
and the effluent was flushed to the 241-Z-8 Settling Tank with nitric acid. Overflow from the tank was 
piped to the 216-Z-8 French Drain. It was 1957 before the volume of effluent discharged to the tank 
surpassed the tank capacity (58,500 L [15,435 gal]) and liquids might have begun overflowing to the 
216-Z-8 French Drain. Physical measurements of the tank contents in 1959 showed the tank had reached 
its overflow capacity, indicating that waste was overflowing to the 216-Z-8 French Drain. 
 
The 241-Z-8 Settling Tank was taken out of service in June 1962. Based on available records, the tank is 
assumed to have been filled to overflow capacity when it was taken out of service. 
 
April 1974 surveillance data reported the tank contents as 29,000 L (7,650 gal) of liquids and 1,880 L 
(500 gal) of sludge. Because the tank was expected to be at capacity, the 27,580 L (7,285 gal) shortfall 
suggested a tank leak may have occurred, prompting efforts to remove residual tank liquids. Laboratory 
analysis of samples collected at the time of the surveillance and in May 1974 suggested a residual 
plutonium inventory of between 8 g and 1,444 g. Liquids present in the tank had a pH of 6. 
 
All pumpable liquid was removed from the tank, and the tank was flushed with 18,800 L (5,000 gal) 
“fifty percent caustic solution,” leaving approximately 18 cm (7 in.) of sludge, equivalent to 1,880 L (500 
gal). A sample of this sludge collected in October 1974 contained a pH of 6.1 and a plutonium 
concentration of 0.02 g/L. This concentration, averaged across the residual sludge volume, would indicate 
a residual plutonium inventory of about 38 g. Based on the variability in plutonium concentrations 
detected in the earlier sludge sampling event, the total plutonium inventory in the residual sludge is 
estimated to be no more than 1,500 g, and may be less than one-half that amount. 

The 241-Z-8 Settling Tank was characterized in 1984 (RHO-RE-EV-46 P) by installation of four wells 
south of the tank to a depth of 7.6 m (25 ft) bgs (Wells 299-W15-198, 299-W15-199, 299-W15-200, and 
299-W15-201). Two sediment samples were collected from each well at 4.6 and 6.1 m (15 and 20 ft) bgs. 
In addition, four core samples were collected south of the tank from 0 to 30 cm (0 to 12 in.) bgs. The 
maximum plutonium concentration detected was 44 pCi/g in the sample from 0 to 15 cm (0 to 6 in.) bgs. 
The investigation identified no significant contamination in the soil column, suggesting that no leak had 
occurred. Since waste is currently in the tank, it was not possible to make determinations about the 
structural integrity of the tank bottom. While the data indicate that this tank has not leaked, the tank 
structural integrity is such that there is a substantial threat of release to the environment. The kilogram 
quantity of plutonium in the sludge remaining in this tank presents potential future risks to human health 
and the environment 

 
216-Z-5 Crib 
The 216-Z-5 Crib is in the 200 West Area, approximately 36 m (118 ft) east-northeast of the 
231-Z Building. The surface elevation at the site is approximately 207 m (678 ft). Groundwater is 
approximately 71.3 m (234 ft) bgs based on a nearby well measurement in 2008. 
 
The 216-Z-5 Crib was a liquid waste site that was used from 1945 to 1947 to dispose of 231-Z Building 
process waste that accumulated in the 231-W-151 Vault. The crib consists of two inline, interconnected 
3.8 m (12 ft) square, 1.2 m (4 ft) deep wooden sump boxes that are open at the bottom. Each box was 
placed at the bottom of a 5.5 m (18 ft) deep rectangular excavation that was approximately 4.3 m (14 ft) 
square at the base, and then covered with fill to bring the site back to original grade. The two boxes were 
roughly 20 m (65 ft) apart on center. The crib was oriented north-south and effluent was piped in from the 
southern end. The crib was deactivated by capping the inlet line from the vault. The site was stabilized 
(a layer of clean soil added to the ground surface) in 1990.The 216-Z-5 Crib was taken out of service in 
February 1947 because the soil porosity had been sealed by the sludge in the waste discharged to the crib.  
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In total, the 216-Z-5 Crib received 31,000,000 L (8,184,000 gal) of effluent. The discharged inventory 
was estimated to include 340 g (0.75 lb) of plutonium and 100,000 kg (220,000 lb) of nitrate. In 2007, a 
reevaluation of inventory discharged from the 231-Z Building derived a similar estimate for plutonium 
and a lower estimate for nitrate. 
 
Eight wells were drilled around the first crib structure in 1947 to assess plutonium distribution in the 
soils. None penetrated the bottom of the crib structures. Soil analyses indicated only 0.5 g (0.02 oz.) of 
the plutonium inventory could be accounted for and the remainder of the plutonium discharged to this crib 
remains directly beneath the crib bottom. Geophysical logging of six of these wells in 2005 supported the 
results of the 1947 effort, detecting no plutonium or other alpha emitters in the soil column.  
 
The volume of effluent received 31,000,000 L (8,000,000 gal) is approximately 43 times the soil pore 
volume between the base of the crib and the current water table surface. This suggests mobile waste 
constituents, such as nitrate, could easily have reached the unconfined aquifer. However, discharges to the 
soil have been discontinued and significant future impacts are not expected. 
 
Plutonium (and americium from decay of Pu-241) are expected to be sorbed to soils directly under the 
crib. Based on data from similar sites, most of the contaminant mass is expected to be between 5.5 and 
6.7 m (18 and 22 ft) bgs. 
 
5.6.4  200-CW-5 Waste Sites 
The 200-CW-5 OU waste sites, also known as the Z-ditches, are the 216-Z-1D Ditch, 216-Z-11 Ditch, 
216-Z-19 Ditch, 216-Z-20 Tile Field, and UPR-200-W-110 Unplanned Release.  
 
216-Z-1D Ditch  
The 216-Z-1D Ditch operated from 1944 to 1959. It was 1,295 m (4,249 ft) long and 0.6 m (2 ft) deep, 
with a bottom width of 1.2 m (4 ft), side slopes of 2.5:1, and a minimum grade of 0.05 percent 
(WHC-EP-0707). Originally, the ditch flowed from a headwall located approximately 60 m (196 ft) east 
of Building 231-Z. In 1949, after approximately 4 years of operations and as part of Building 234-5Z 
(Z Plant) construction, the north 526 m (1,725 ft) section of this ditch was abandoned, backfilled, and 
replaced with process sewer piping that was routed around 234-5Z facility security fencing. A new 
headwall was constructed approximately 457 m (1,500 ft) downstream where the new pipeline emptied 
into the remaining south portion of the ditch. The south portion continued to operate until 1959 and had 
the potential to receive cooling water waste containing constituents associated with the additional 
processes that occurred at the 231-Z Plutonium Isolation Plant after 1949.  
 
The north portion of the 216-Z-1D Ditch reportedly did not contain significant contamination when it was 
abandoned in 1949 and, according to data gathered in 1981, is significantly less contaminated than the 
south portion of the 216-Z-1D Ditch. The coil failures that were a major source of cooling water waste 
stream contamination in later years had not yet developed, and no reports of process-upset discharges 
have been identified. Open ditches were routinely surveyed for radiological contamination to control the 
potential spread of windblown contamination. In 1981, sampling at the north end of the 216-Z-1D Ditch 
identified a maximum plutonium concentration of less than 70 pCi/g. The early plutonium purification 
process in the 231-Z Plutonium Isolation Plant that produced the early 216-Z-1D Ditch waste streams was 
a tightly controlled process due to the high value of the concentrated plutonium product being processed. 
At that time, process waste streams were segregated with regard to their potential to contain plutonium 
with major plutonium-containing waste streams being recycled directly back to 224-T Concentration 
Facility. The cooling water waste streams did not have a recognized potential to contain plutonium. All 
other secondary waste streams having a potential to contain plutonium were sent to the 231-W-151 Sump 
where they were analyzed, neutralized, and either recycled back to the 224-T Concentration Facility for 
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reprocessing, or, if the plutonium was not considered recoverable, disposed to the 216-Z-4 Trench, 
216-Z-5 Crib, 216-Z-6 Crib, and/or 216-Z-10 Injection/Reverse Well. Waste containing plutonium was 
not expected to have been disposed to the 216-Z-1D Ditch.   
 
216-Z-11 Ditch  
The 216-Z-11 Ditch operated from 1959 to 1971 and was constructed to replace the 216-Z-1D Ditch after 
high plutonium contamination was discovered in the portion below the new headwall. As with the other 
Z-Ditches, it is presumed that the 216-Z-11 Ditch was retired due to evidence of unacceptable levels of 
surface contamination obtained during operations. The 216-Z-11 Ditch was excavated immediately east 
of and parallel to the south portion of the 216-Z-1D Ditch and was of similar length (approximately 
797 m [2,615 ft] long), width (1.2 m [4 ft] at the bottom), and depth (0.6 m [2 ft] deep). Material 
excavated for 216-Z-11 Ditch construction was used to backfill the 216-Z-1D Ditch to grade.  
 
216-Z-19 Ditch 
In April 1971, the 216-Z-11 Ditch was retired and replaced with the 216-Z-19 Ditch. The 216-Z-19 Ditch 
was dug west of and parallel to the 216-Z-1D and 216-Z-11 Ditches and operated from 1971 to 1981. 
Excavation material was used to backfill the 216-Z-11 Ditch to grade. The 216-Z-19 Ditch was similar to 
that of the previous ditches, except that it was 1.2 m (4 ft) deep.  
 
In 1971, during construction of the 216-Z-19 Ditch, contaminated sediments approximately 130 m 
(427 ft) from the 216-Z-1D Ditch were inadvertently excavated. Consequently, this portion of the ditch 
was shifted approximately 10.6 m (35 ft) west. The contaminated sediments were reburied in a trench dug 
parallel to and east of the 216-Z-11 Ditch, currently designated UPR-200-W-110 Unplanned Release site.   
 
In late March 1976, an accidental release of contamination occurred in the 216-Z-19 Ditch and efforts 
were made to contain the contaminants in the ditch. A series of three earthen dams were constructed at 
intervals along the portion of the ditch to raise the ditch water level above the original contaminated water 
line and to stop contaminated waste water from reaching the 216-U-10 Pond. A water sprinkler system 
was installed between the lowermost dam and the 216-U-10 Pond to control the spread of windblown 
contamination by preventing this portion of the ditch from drying out. Thereafter, waste water never 
reached the pond. In March 1978, the sprinklers were shut down and the dams were removed, but the 
remaining surface water infiltrated the soil column before reaching the pond. Consequently, from 1976 
until 1981 when the 216-Z-19 Ditch ceased receiving effluent, waste stream contaminants were disposed 
to the soil column. Waste water was diverted from the 216-Z-19 Ditch to the 216-Z-20 Tile Field shortly 
afterward. 
 
Deactivation and stabilization of the Z-Ditches area began in 1981, following construction of the 
216-Z-20 Tile Field as the primary Z Plant waste water disposal facility. The 216-Z-19 Ditch was covered 
with 0.6 to 1 m (2 to 3 ft) of clean soil. The concrete headwalls, vegetation, and miscellaneous 
unsalvageable equipment were incorporated into the ditch bottom. At the same time, the previously buried 
216-Z-1D and 216-Z-11 ditches received an additional 0.15 to 0.30 m (0.5 to 1.0 ft) of clean fill. The 
Z-Ditches area likely has 0.30 to 0.6 m (1 to 2 ft) of accumulated stabilizing soil cover over the ditch 
backfill material. The entire Z-Ditch Complex was reposted as an Underground Radioactive Materials 
Area. 
 
216-Z-20 Tile Field  
The 216-Z-20 Tile Field operated from 1981 to 1995. It was used to dispose of similar effluent that had 
previously been routed via the ditches to the 216-U-10 Pond. The 216-Z-20 Tile Field is an unlined, 
subsurface disposal site that is 463 by 3 m (1,519 by 10 ft) at the base of the unit with a depth of 2.9 m 
(9.5 ft). Three perforated polyvinyl chloride (PVC) pipes run the length of the ditch in a bed of gravel that 
was backfilled with clean gravel and soil. The 216-Z-20 Tile Field received cooling water, steam 
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condensate, storm sewer runoff, and/or building and chemical drain waste from Building 234-5Z 
(Z Plant), 231-Z Plutonium Isolation Plant, Building 291-Z, 232-Z Waste Incinerator Facility, 
236-Z Plutonium Reclamation Facility, and 2736-Z Plutonium Storage Building.  
 
The site received effluent volume of 3.8 billion L (1 billion gal) with an effluent volume to 
soil-pore-volume ratio of 173:1. The estimated site inventory for plutonium is less than 1 g (0.03 oz), 
and inventories for cesium, americium, and strontium are estimated at 1 Ci or less. A total of 1 Ci of 
Am-241 and 2 Ci of Pu-239 were released to the crib in 1985 from contamination of process cooling. 
Further, such releases were prevented by installation of secondary coolant loops.  
 
UPR-200-W-110  
UPR-200-W-110 Unplanned Release is a narrow, one-time use disposal trench located immediately east 
of and parallel to the 216-Z-11 Ditch. This trench was used to dispose of spoils containing 
216-Z-1D Ditch sediments and clean backfill material inadvertently excavated from the 216-Z-1D Ditch 
during 216-Z-19 Ditch construction in 1971. The trench is 129.5 m (425 ft) long and 4.6 m (15 ft) deep. 
The bottom 2 m (7 ft) of the trench was filled with the spoils material and filled to grade with clean 
backfill. Consequently, this site contains similar waste constituents as the other Z-Ditches. No inventory 
is reported for this site. This trench is within the same underground radioactive material zone as the other 
Z-Ditches. 
 
200-CW-5 OU Nature and Extent of Contamination 
Three of the 200-CW-5 waste sites ( 216-Z-1D (south portion), 216-Z-11, and 216-Z-19 Ditches) were 
analyzed collectively as one contiguous contamination area. Radionuclides were not detected above 
screening levels below soil depths of approximately 5.3 m (17.5 ft) bgs. Sampling results show that these 
waste sites have relatively little chemical contamination and the primary radionuclides are relatively 
immobile in soil. The highest concentrations are found in the areas that correspond to the ditch bottoms 
and the interval down to 1 to 1.8 m [3 to 6 ft] below the ditch bottom. Below this interval of high 
concentrations, plutonium and americium concentrations decrease with depth. 
 
A summary of the maximum concentrations of contaminants in the Z-Ditches in the zone from 0.6 to 
5.3 m (2 to 17.5 ft) bgs is shown in Table 10. Radionuclide contamination in the Z-Ditches begins at a 
depth of about 0.6 m (2 ft) bgs. From 0.6 to 1.2 m (2 to 4 ft) bgs, there are small amounts of Cs-137 and 
Sr-90 and occasionally significant quantities of Pu-239/240 (40,000 pCi/g found at the 216-Z-11 Ditch in 
1981) and Am-241 (9,500 pCi/g found at the 216-Z-19 Ditch in 1979). The highest concentrations of 
plutonium and americium were reported in the 216-Z-19 Ditch and the 216-Z-1D Ditch from 1.2 to 5.3 m 
(4 to 17.5 ft) bgs. Cesium-137 also is present at high concentrations (66,000 pCi/g) at this depth. The 
exception to these results is found at the north end of the 216-Z-1D Ditch where analytical sampling and 
geophysical logging at two locations show Pu-239/240 and Am-241 at concentrations of less than 100 
pCi/g. Concentrations of all contaminants decrease with depth and radionuclide contamination is less than 
1 pCi/g below 5.3 m (17.5 ft) bgs. The maximum Pu-239/240 concentration was reported as 
13,000,000 pCi/g at the south end of the 216-Z-19 Ditch. However, this concentration is orders of 
magnitude higher than contaminant levels generally reported for this area and appears to be a localized 
contamination effect and a statistical outlier. 
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A total of 12 samples were analyzed for Ra-226. Ra-226 was detected at a concentration of 5,200 pCi/g at 
the 216-Z-19 Ditch. Ra-226 was detected at a concentration of 5,000 pCi/g at the 216-Z-19 Ditch U Pond 
inlet (Delta). Both of these detections were at an original depth of 2.1 m (7 ft) bgs, and a corrected depth 
of 9 ft bgs after the 2 ft of stabilized material. The remaining 10 Ra-226 measurements were at 
concentrations ranging between 0.4 pCi/g and 1.1 pCi/g. 
 
The gross gamma and passive neutron detector logging results showed agreement with the spectral 
gamma logging data, both of which identified a major zone of contamination at approximately 2.9 m 
(9.5 ft) bgs.  
 
Am-241 and Pu-239 are present in UPR-200-W-110. The maximum plutonium concentration from a set of 9 
boreholes in and around the UPR-200-W-110 site of 3,300 (+/-1,000) pCi/g and Am-241 at 400 pCi/g, were 
measured in a borehole located near the center and bottom of the trench at 3.8 m (12.5 ft) bgs. Screening 
data showed less than 1,000 pCi/g at the other UPR boreholes. The screening results confirm the presence of 
plutonium and americium in UPR-200-W-110, but at lower concentrations than the Z-Ditches because of 
mixing contaminated sediments with clean backfill during the excavation and reburial activities.  
 
6.0 Current and Potential Future Site and Resource Uses 
This section discusses the current and reasonably anticipated future land uses at the 200-CW-5, 200-PW-
1, 200-PW-3, and 200-PW-6 OUs, as wells as the current use and future beneficial groundwater use of the 
groundwater located beneath these OUs. Land use forms part of the basis for exposure assessment 
assumptions and risk characterization conclusions.  
 
 

Table 10. Maximum COC Concentrations in 200-CW-5 Waste Sites 

COC 
Maximum 

Concentration 
Sample Location 

(Ditch) Sample Date 
Sample Depth 

(ft bgs)a 
Cesium-137 66,000 pCi/gb 216-Z-19 1976 7 

Americium-241 7,870,000 pCi/gc 216-Z-19 1976 7 

Strontium-90 216 pCi/g 216-Z-19 3/24/76 7 

Plutonium-239 780,000 pCi/g 216-Z-1D 1959 8 

Plutonium-239/240 13,000,000 pCi/g 216-Z-19 5/1979 4 

Radium-226 5,200 pCi/g 216-Z-19 4/21/76 7 

Aroclor 1254 52 mg/kg 216-Z-11 2002 7.5 to10 

Aroclor 1260 78 mg/kg 216-Z-11 2002 7.5 to 10 

Boron 24 mg/kg 216-Z-11 2002 7.5 to 10 

Mercury 166 mg/kg 216-Z-11 4/24/02 7.5 to 10 

a. Sample depths shown are depths bgs at the time of sampling. Contamination now 1 to 0.6 m (2 ft) deeper at locations sampled before 
1981 due to addition of stabilization material. 
b. Decayed value for Cs-137 was used from 2003 (DOE/RL-2003-11, Remedial Investigation for the 200-CW-5 U Pond/Z Ditches Cooling 
Water Group, the 200-CW-2 S Pond and Ditches Cooling Water Group, the 200-CW-4 T Pond and Ditches Cooling Water Group, and the 
200-SC-1 Steam Condensate Group Operable Units). Cesium-137 has a half-life of only 30 years and decayed value was used because 
concentrations have diminished significantly since sample collection. 
c. Americium value shown is the value measured at the time of sample analysis and does not reflect radioactivity decay or Pu-241 ingrowth 
since then. 
d. All nonradiological soil sample results from 2002 RI sampling of Borehole C3808. 
bgs = below ground surface 
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6.1  Current Land Use 
All current land-use activities associated with the Inner Area of the Central Plateau are industrial in 
nature. The facilities located in the Inner Area processed irradiated fuel from the plutonium-production 
reactors in the 100 Area. Most of the facilities directly associated with fuel reprocessing are now inactive 
and awaiting final disposition. The Plutonium Finishing Plant (PFP) is currently being demolished. 
Several waste management facilities operate in the Central Plateau, including permanent waste disposal 
facilities such as ERDF, low-level radioactive waste burial grounds, and RCRA-permitted mixed-waste 
trenches. Construction of the high-level waste treatment facilities in the Central Plateau began in 2002. 
The 200 East Area is the planned disposal location for the vitrified low-activity tank wastes. Non-Hanford 
Site DOE organizations and the U.S. Department of the Navy use the 200 East TSD units. In addition, US 
Ecology, Inc. operates a commercial low-level radioactive waste disposal facility on a 40-ha (100-ac) 
tract of land at the southwest corner of the 200 East Area that is leased to Washington State.  
 
6.2  Anticipated Future Land Use 
The reasonably anticipated future land use for the Inner Area of the Central Plateau is industrial (DOE 
worker) for at least 50 years and then industrial (DOE or non-DOE worker) thereafter.  
 
The DOE worked for several years with cooperating agencies to define land-use goals for the Hanford 
Site. The cooperating agencies and stakeholders included the National Park Service, Tribal Nations, the 
states of Washington and Oregon, local county and city governments, economic and business 
development interests, environmental groups, and agricultural interests. A 1992 report, The Future for 
Hanford: Uses and Cleanup – The Final Report of the Hanford Future Site Uses Working Group, was an 
early product of the efforts to develop land-use assumptions. The report recognized that the Central 
Plateau would be used to some degree for waste management activities for the foreseeable future. 
Following the report, DOE issued the Hanford Comprehensive Land-Use Plan Environmental Impact 
Statement (HCP EIS [DOE/EIS-0222-F]) and associated HCP EIS ROD (64 FR 61615) in 1999. The 
HCP EIS presents the potential environmental impacts of alternative land-use plans for Hanford and 
presents the land-use implication of ongoing and proposed activities. Under the preferred land-use 
alternative selected in the HCP EIS ROD, the Central Plateau was designated for industrial exclusive use, 
defined as areas suitable and desirable for TSD of hazardous, dangerous, radioactive, and nonradioactive 
wastes, as well as related activities.  
 
The Tri-Party agencies have agreed that the reasonably anticipated future land use for the Inner Area of 
the Central Plateau is industrial land use and includes TSD of hazardous, dangerous, radioactive, and 
nonradioactive wastes.  As long as residual contamination remains above levels that allow for unrestricted 
use, institutional controls will be required.  
 
6.3  Current Ground and Surface Water Uses  
Groundwater below the Central Plateau is currently contaminated and not withdrawn from the aquifer for 
beneficial use (drinking water or industrial use). An alternate source of water derived from the Columbia 
River is provided to current industrial workers conducting activities on the Central Plateau.  
The Columbia River is the second largest river in the contiguous United States in terms of total flow and 
is the dominant surface-water body on the Hanford Site. The Columbia River is the principal source of 
drinking water for the Tri-Cities and the Hanford Site. In addition, the river is used regionally for 
irrigation and recreation, which includes fishing, hunting, boating, water skiing, diving, and swimming.  
 
6.4 Potential Future Ground and Surface Water Uses  
Groundwater located beneath the 200-CW-5, 200-PW-1, and 200-PW-6 OUs is part of the 200-ZP-1 
groundwater OU. The NCP establishes the expectation that EPA will return usable ground waters to their 
beneficial uses wherever practicable and within a reasonable time frame given the particulars of the site 
(40 CFR § 300.430(a)(1)(iii)(F)). The EPA generally defers to state agency definitions of useable 
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groundwater provided under the various comprehensive state groundwater protection programs 
(CSGWPPs) administered by the states across the country.  
 
Based on physical yield and natural water quality, the State of Washington, through its groundwater 
protection program, has determined that the aquifer setting for the 200-ZP-1 OU meets the Washington 
Administrative Code (WAC) definition for potable groundwater, and for beneficial use, and has been 
recognized by the State as a potential source of domestic drinking water. However, it is unlikely that the 
200-ZP-1 OU groundwater will be used as a drinking water source in the future because drinking water is 
provided from a central water treatment facility.  
 
Current uses of the Columbia River are anticipated to continue in the future. The remedial actions for the 
200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs will prevent contaminants from reaching the 
groundwater, which will also protect the Columbia River and its ecological resources from degradation 
and unacceptable impact caused by migration of contaminants originating from these OUs.  
 
7.0 Summary of Site Risks 
This section of the ROD summarizes the site risks associated with the 200-CW-5, 200-PW-1, 200-PW-3, 
and 200-PW-6 OUs, as identified in the baseline risk assessment. This section of the ROD includes 
information on the human health risk assessment (HHRA) and ecological risk assessment and states the 
basis for taking action at the site.  
 
7.1  Summary of Human Health Risk Assessment 
The human health risk assessments for these waste sites were developed to quantitatively evaluate both 
the cancer risks and noncancer health hazards from exposure to radionuclides and nonradioactive 
contaminants present at the waste sites. The baseline risk assessment evaluates risks under current 
industrial land use conditions, assuming no remedial action was taken, and under unrestricted land use 
conditions. It provides the basis for taking action and identifies the contaminants and exposure pathways 
that need to be addressed by the remedial action. This section of the ROD summarizes the results of the 
baseline risk assessment for these waste sites. 
 
7.1.1 Identification of Contaminants of Concern 
The nature and extent of contamination are discussed in Section 5.6 of this ROD. Based on this 
information and the results of the risk assessment, the COCs for soils in 200-PW-1, and 200-PW-6 are: 
americium-241 and plutonium-239/240; carbon tetrachloride and methylene chloride were also identified 
as COCs for protection of groundwater for 200-PW-1. The COCs for soils in 200-CW-5 are: americium-
241, plutonium-239/240, cesium-137, radium-226, strontium-90, PCBs, boron, and mercury. The COC 
for soils in 200-PW-3 are cesium-137.  
 
Two other contaminants at the 200-PW-1 and 200-PW-6 waste sites, technetium-99 and nitrate, were 
identified as contaminants of interest by the Ecology. DOE and EPA have determined that these 
contaminants do not pose an unacceptable risk based on fate and transport modeling results and process 
knowledge of the type of liquid waste discharged at these waste sites. However, at the request of Ecology, 
additional sampling will be conducted to confirm contaminant levels as part of the remedial design.  
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7.1.2 Exposure Point Concentrations 
Under the industrial scenario, there are no complete and significant pathways for regular workers. For this 
reason, construction worker pathways were used to calculate exposure point concentrations (EPCs). 
Construction worker exposure pathways include potentially significant exposures to all the direct-contact 
soil pathways (i.e., ingestion, inhalation, dermal contact, and external radiation). However, the dermal 
pathway for soil is insignificant for all contaminants. Construction worker exposure from contact with 
soil was evaluated for each waste site, except the 216-Z-9 Trench. Contaminated soil at the 216-Z-9 
Trench does not begin until below the bottom of the trench (more than 6.1 m [20 ft] bgs), and the trench 
area is currently capped with a concrete cover. Construction activities are assumed to be limited to the top 
15 ft of soil. Therefore, no construction worker exposures are expected at the 216-Z-9 Trench. A 
summary of EPCs used to estimate the risk at the 200-PW-1, 200-PW-3, and 200-PW-6 OUs for each 
COC are provided in Table 11. 
 

Table 11. Summary of Soil Exposure Point Concentrations for Current Construction Worker at                  
200-PW-1, 200-PW-3, and 200-PW-6 

COC EPC Units EPC Rationale Number of 
Samples 

216-Z-1A Tile Field (High Salt) 
Am-241* 2,028,358 pCi/g 95% Chebyshev (Mean, Sd) UCL 17 
Pu-239/240 15,509,199 pCi/g 95% Chebyshev (Mean, Sd) UCL 17 
Pu-239 12,637,125 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) -- 
Pu-240 2,872,074 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) -- 

216-Z-8 French Drain (Other) 
Am-241 457 pCi/g Maximum, adjusted gamma exceeds maximum 8 
Pu-239/240 4,620 pCi/g Maximum, adjusted gamma exceeds maximum 8 
Pu-239 3,764.44 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) -- 
Pu-240 855.56 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) -- 

216-A-8 Crib (Cesium Sites) 
Cs-137 877,000 pCi/g Maximum at depth 5.8 to 6.6 m (19 to 21.5 ft) bgs Shallowest 
Pu-239/240 55.7 pCi/g Maximum at depth (19 to 21.5) ft bgs Maximum 

concentration 
selected 

Pu-239 45.39 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) 
Pu-240 10.31 pCi/g Ratio of 4.4:1 (Pu-239:Pu-240) 
Notes: 
* Americium-241 statistical analysis was done on the historical data set. 
bgs = below ground surface 
COC = contaminant of concern 
EPC = exposure point concentration 
UCL = upper confidence limit 

 
 
For the construction worker, exposure is typically to a depth of 4.6 m (15 ft) bgs. However, all of the data 
were used for 216-Z-8 French Drain because only eight samples are available and the contamination is 
spread in a relatively small area over the 5m to 11m [16 ft  to 35ft]-bgs depth interval of contamination 
present at this site. In some cases, the ProUCL output recommends use of the maximum concentration 
rather than a 95 percent upper confidence limit (UCL) where the data sets are small, as was the case with 
216-Z-8 French Drain. A 95 percent UCL is a value that, when calculated repeatedly for randomly 
drawn subsets of site data, equals or exceeds the true mean 95 percent of the time. The 95 percent UCL 
is not accurate when calculated with limited amounts of data since it can result in a value greater than the 
highest measured or modeled concentration.  
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Table 12 is a summary of the EPCs for the 200-CW-5 OU. For the direct contact exposure pathway for 
soils, EPCs were calculated using concentrations directly measured in soil. For the inhalation route, 
modeling was performed to estimate nonradiological constituent concentrations in air from particulate or 
vapor emissions from soil.  
 
 

Table 12. Summary of Exposure Point Concentrations for COCs at 200-CW-5 
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Americium-241 286 284 99% 0.014 7.87E+06 30,656 202,640 97.5% KM 
(Chebyshev) UCL* 

Cesium-137 187 184 98% 0.0021 66,041 371 2,571 97.5% KM 
(Chebyshev) UCL* 

Plutonium-239 + 
Plutonium-239/240 281 279 99% 0.001 7.80E+05 8,257 28,291 97.5% KM 

(Chebyshev) UCL* 

Radium-226 12 12 100% 0.4 5,200 851 5,200 Max. Detect 

Strontium-90 30 23 77% 0.28 216 19 95.18 99% KM 
(Chebyshev) UCL* 

 
 
7.1.3 Exposure Assessment 
The potential pathways for exposure under an industrial land use scenario are depicted in the CSM in 
Figure 4. An unrestricted land use scenario is depicted in the CSM in  

Figure 5. Although an unrestricted land use scenario is not the anticipated land use, the scenario was 
evaluated for comparison to the industrial land use scenario.  More information is available in Appendix 
A of the Feasibility Study for the Plutonium/Organic-Rich Process Condensate/Process Waste Group 
Operable Unit: Includes the 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units (DOE/RL-2007-27) 
and in Section 3 of the Remedial Investigation Report for the 200-CW-5 U Pond/Z Ditches Cooling Water 
Group, the 200-CW-2 S Pond and Ditches Cooling Water Group, the 200-CW-4 T Pond and Ditches 
Cooling Water Group, and the 200-SC-1 Steam Condensate Group Operable Units 
(DOE/RL-2003-11).Based on the current and reasonably anticipated future land use, which is industrial 
use for the Inner Area of the Central Plateau, worker exposures (adults) were identified as a potentially 
exposed population. 
 
Under industrial land use conditions, two worker populations (regular worker [i.e., no active soil 
disturbance] and construction worker) could theoretically come into contact with contaminants in 
impacted soil. DOE and EPA agreed that cleanup values would be based on the most conservative worker 
exposure scenario, which is based on an industrial worker who would encounter long-term exposure to 
contamination in soil. The cleanup values are based on a 70 kg (150 lbs) industrial worker who has 250 
days of exposure to shallow zone soils over a 25-year exposure duration. The industrial worker scenario 
assumes the workplace is the key source of contaminant exposure with 6 hours per day spent indoors and 
2 hours per day spend outdoors. Potential routes of exposure to soil include direct external exposure, 
incidental soil ingestion, and inhalation of dust generated from wind or maintenance activities.  
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Baseline risk assessments are based on the assumption that no remedial action is being taken (e.g., no 
maintenance, no institutional controls); however, that is not reflective of the current situation at these 
waste sites where there are ongoing actions. Currently, because soil impacts are to subsurface soil, contact 
with impacted soil by current regular industrial workers is not occurring. In addition, the existing 
institutional control programs at the Hanford Site preclude unprotected worker contact (e.g., by current 
construction workers) with any of the impacted soils at these OUs. Therefore, under current site 
conditions, there are no complete exposure pathways and thus no significant exposure to impacted soil by 
industrial workers at the waste sites covered by this ROD. 

 
While land use is anticipated to remain industrial for the foreseeable future, because the radionuclides 
present in these soils have very long half-lives subsistence farming population was also evaluated for 
comparison to the industrial land use scenario. Under this scenario, subsistence farmers (adults and 
children) could theoretically come into contact with contaminants in impacted soil and groundwater. 
Native American populations (adults and children) were also evaluated for informational purposes and 
could theoretically come into contact with contaminants in impacted soil and groundwater. Although the 
Native American risk scenarios were not consistent with the anticipated future land use, they are 
evaluated to assist interested parties in providing input on the remedial alternatives. Native American 
scenarios developed specifically by the Yakama Nation and the Confederated Tribes of the Umatilla 
Indian Reservation (CTUIR) were evaluated and are located in Appendix G of the Feasibility Study 
(DOE/RL-2007-27).  
 
7.1.4 Toxicity Assessment 
The purpose of the toxicity assessment is to weigh the available and relevant evidence regarding the 
potential for contaminants to cause adverse health effects in exposed individuals and to provide 
a quantitative estimate of the relationship between the magnitude of exposure and the likelihood of 
adverse effects (EPA 540/1-89/002). 
 
Cancer Effects 
The cancer slope factor (SF) (expressed as [mg/kg-day]-1) expresses excess cancer risk as a function of 
dose. The dose-response model is based on high- to low-dose extrapolation and assumes there is no lower 
threshold for the initiation of toxic effects. Specifically, cancer effects observed at high doses in 
laboratory animals or from occupational or epidemiological studies are extrapolated using mathematical 
models to low doses common to environmental exposures. These models are essentially linear at low 
doses, so no dose is without some risk of cancer. Table 13 presents the cancer SFs for each of the 
nonradionuclide COCs at the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs. 
 

Table 13. Carcinogenic Toxicity Criteria for the Nonradionuclide COCs 

COC 

Oral Cancer: 
Slope Factor 
(mg/kg-day)-1 

Inhalation 
Cancer: 

Slope Factor 
(mg/kg-day)-1 

Tumor 
Type 

EPA Cancer 
Classification Reference 

Aroclor 1254b 2 -- Liver (rats) B2 IRISc 
Carbon tetrachloride 0.13 0.053 Liver (mice) B2a IRISc 

Methylene chloride 0.0075 0.0016 Liver (mice) B2a IRISc 
a. Group B2 = probable human carcinogen (sufficient evidence in animals, inadequate or no evidence in humans) 
b. Carcinogenic toxicity information is not published by EPA for Aroclor 1254. However, all aroclors are considered potentially carcinogenic. 
Cancer risk from Aroclor 1254is assessed using the oral cancer slope factor for Aroclor 1260. 
c. IRIS = Integrated Risk Information System - Online Database (EPA 2007) 
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The SFs for radionuclides are incremental cancer risks resulting from exposure to radionuclides through 
inhalation, ingestion, and external exposure pathways. The SFs represent the probability of cancer 
incidence as a result of unit exposure to a given radionuclide averaged over a lifetime. Table 14 presents 
the cancer SFs for the radionuclide COCs. These values are from the HEAST (EPA 540/R-97-036) update 
on April 16, 2001, which is based on Federal Guidance Report No. 13 (EPA 402-R-99-001).  
 
The EPA has classified all radionuclides as known human carcinogens based on epidemiological studies 
of radiogenic cancers in humans (EPA 402-R-99-001). Cancer SFs for radionuclides are central tendency 
estimates of the age-averaged increased lifetime cancer risk. This is in contrast to the methodology for 
nonradionuclide SFs, where upper-bound estimates of cancer potency are often used 
 

Table 14. Radionuclide Toxicity Criteria for COCsa 

Radionuclide COC 

Ingestion 
(Risk/pCi) Inhalation  

(Risk/pCi) 
External  

(Risk/yr per pCi/g) Soil Food Water 
Am-241 2.17E-10 1.34E-10 b 2.81E-08 2.76E-08 

Cs-137 4.33E-11 3.7E-11 b 1.19E-11 5.32E-10 

Pu-239 2.76E-10 1.74E-10 b 3.33E-08 2.00E-10 

Pu-240 2.77E-10 1.74E-10 b 3.33E-08 6.98E-11 

Ra-226 7.29E-10 5.14E-10 b 1.15E-08 2.29E-08 

Sr-90 9.18E-11 6.88E-11 b 1.05E-10 4.82E-10 

Tc-99 7.66E-12 4.00E-12 2.80E-12 1.41E-11 8.14E-11 
a. EPA classifies all radionuclides as Group A, known human carcinogens. Values are from EPA’s Health Effects Assessment Summary Tables 
(EPA 540/R-97-036), update April 16, 2001, which is based on Federal Guidance Report No. 13 (EPA 402-R-99-001). 
b. Radionuclide not evaluated by this pathway. 
 
Non-Cancer Effects 
Chronic reference doses (RfDs) are defined as an estimate of a daily exposure level for the human 
population, including sensitive subpopulations, which are likely to be without appreciable risk of 
non-cancer effects during a lifetime of exposure (EPA 402-R-99-001). Chronic RfDs are specifically 
developed to be protective for long-term exposure to a contaminant and are generally used to evaluate the 
potential non-cancer effects associated with exposure periods of 7 years to a lifetime. The RfDs are 
expressed as mg/kg-day and are calculated using lifetime average body weight and intake assumptions. 
Table 15 presents the non-cancer toxicity criteria for nonradionuclide COCs. 
 
The RfD values are derived from experimental data on the no-observed-adverse-effect level (NOAEL) or 
the lowest-observed-adverse-effect level (LOAEL) in animals or humans. Chronic RfDs, as discussed 
above, are used in the evaluation of Hanford worker exposures because the long-term exposure (7 years to 
a lifetime) to relatively low-contaminant concentrations are of greatest concern for that population. 
However, for the construction worker scenario evaluated in this assessment, EPA guidance (EPA 
530-F-02-052) recommends evaluating construction exposures over a 1-year duration. A 1-year 
timeframe is defined by EPA 540/1-89/002 as a subchronic exposure (i.e., lasting between 2 weeks and 
7 years). Chronic RfDs are designed to be protective over a lifetime and reflect the safe dose level for 
chronic, rather than subchronic, exposures. Therefore, construction worker non-cancer hazards should be 
evaluated using subchronic RfDs (cancer risks are not affected because all cancer risks are evaluated 
based on lifetime exposure). 
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Table 15. Noncarcinogenic Chronic and Subchronic Toxicity Criteria for COCs  

Contaminant 

Chronic 
RfD 

(mg/kg-day) 
Toxic 

Endpoint 
Critical 
Study 

Chronic 
RfD UFa 

RfD 
Source 

Adjustment from 
Chronic to 
Subchronic 

Subchronic 
RfD 

(mg/kg-day) 
Inhalation Exposures 
Carbon 
tetrachloride Noneb -- -- -- -- -- -- 
Methylene 
chloride 8.6E-01 Hepatotoxicity 2-year chronic 

rat 100 HEAST NC NC 

Oral Exposures 
Aroclor-1254 0.00002 Autoimmune 

Effects 
Chronic 
Primate 300 IRIS NC NC 

Boron 
0.2 Developmental 

Short term 
developmental 
Toxicity  

66 IRIS Based on BMDL NC 

Carbon 
tetrachloride 7.0E-04 Liver lesions Subchronic rat 1,000 IRIS 

Used unadjusted 
NOAEL; removed UF 
of 10 for subchronic 
to chronic.c 

1.0E-02 

Mercuryd 0.0003 Autoimmune 
Effects Subchronic rat 1,000 IRIS NC NC 

Methylene 
chloride 6.0E-02 Liver toxicity Chronic rat 100 IRIS NC NC 

a. EPA indicates there are generally five areas of uncertainty where an application of a UF may be warranted: 
1. Variation between species (applied when extrapolating from animal to human). 
2. Variation within species (applied to account for differences in human response and sensitive subpopulations). 
3. Use of a subchronic study to evaluate chronic exposure. 
4. Use of a LOAEL, rather than a NOAEL. 
5. Deficiencies in the database. 

b. There is no non-cancer toxicity criteria for this contaminant for this pathway. 
c. EPA adjusted the 5-day/week exposure of the NOAEL to a 7-day NOAEL to account for continuous exposure (chronic), rather than 
subchronic, exposures. 

BMDL = Benchmark Dose Methodology Level 
IRIS  = EPA Integrated Risk Information System (online database) (EPA 2007) 
HEAST = Health Effects Assessment Summary Tables 
LOAEL = lowest-observed-adverse-effect level 
NC  = not calculated (subchronic criteria were not derived for these contaminants because these contaminants were not selected as 
COCs for the    subchronic pathways) 
NCEA = EPA's National Center for Environmental Assessment 
RfD  = reference dose 
UF  = uncertainty factor 
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In this assessment, subchronic criteria would apply to both well driller and construction worker 
exposures; however, radionuclides were not evaluated for the well driller since a well driller exposure 
time is limited to the time it takes to drill a well (approximately 5 days). Subchronic criteria were used to  
evaluate nonradionuclide contaminants for well drillers. The subchronic criteria were obtained from the 
following sources: 
 
HEAST: Subchronic criteria from HEAST were used if the chronic RfD has not been updated since 1997 
(i.e., the subchronic criteria are based on the same critical study as the chronic criteria). 
 
IRIS: Where the chronic criteria have been updated since 1997 and are in IRIS database, the IRIS file was 
reviewed. If a UF was used to decrease a chronic value to account for subchronic to chronic exposure, 
that UF was removed to obtain a subchronic criteria. In addition, if the NOAEL or LOAEL was adjusted 
from a 5-day exposure to a 7-day exposure, that adjustment was removed to reflect the worker population 
of concern (see Sections 4.4.2 and 4.4.3 in EPA/630/P-02/002F). 
 
NCEA (EPA’s toxicity research arm): Where the source of the chronic criteria is the NCEA (this 
information is listed on the EPA Region 9 PRG list), the backup documentation that NCEA used to derive 
the chronic criteria was reviewed to evaluate whether sufficient information was provided to make an 
adjustment to the chronic value as described above. 
 
7.1.5 Risk Characterization 
Human Health Baseline Risk Assessment Results 
For carcinogens, risks are generally expressed as the incremental probability of an individual’s 
developing cancer over a lifetime as a result of exposure to the carcinogen. These risks are probabilities 
that are usually expressed in scientific notation (e.g., 1x10-6). An excess lifetime cancer risk (ELCR) of 
1x10-6 indicates that an individual experiencing the reasonable maximum exposure estimate has a 1 in 
1,000,000 chance of developing cancer as a result of site-related exposure. This is referred to as the 
“ELCR” because it would be in addition to the risks of cancer individuals face from other causes such as 
smoking or exposure to too much sun. The change of an individual’s developing cancer from all other 
causes has been estimated to be as high as one in three. For contaminants that are known or suspected to 
cause cancer, acceptable exposure levels are generally concentration levels that represent an ELCR range 
to an individual of one in 1,000,000 (10-6) to one in 10,000 (10-4).  
 
Although unrestricted use is not the anticipated future land use for these waste sites, an unrestricted land 
use scenario was evaluated for comparison to the industrial land use scenario. The results of this baseline 
risk assessment indicate that concentrations of radiological contaminants in soil from Z-Ditches (200-
CW-5), High-Salt (200-PW-1), Low-Salt (200-PW-1 and 200-PW-6), and Cesium-137 (200-PW-3) 
Waste Groups pose an unacceptable cancer risk (greater than 10-4) under an unrestricted land use 
scenario. These estimated baseline human health risks are presented in Concentrations of nonradiological 
contaminants in soil (metals and PCBs) from the Z-Ditches (200-CW-5) exceed unrestricted land use soil 
cleanup standards defined in WAC 173-340-740(3)(b). The results from this comparison are presented in 
Table 17. Risks from PCBs were estimated by comparing the concentration in waste site soil with the 
cleanup standard defined for the unrestricted land use soil cleanup standards defined in WAC 173-340-
740(3)(b). 
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Table 16.  
 
Concentrations of nonradiological contaminants in soil (metals and PCBs) from the Z-Ditches (200-CW-
5) exceed unrestricted land use soil cleanup standards defined in WAC 173-340-740(3)(b). The results 
from this comparison are presented in Table 17. Risks from PCBs were estimated by comparing the 
concentration in waste site soil with the cleanup standard defined for the unrestricted land use soil cleanup 
standards defined in WAC 173-340-740(3)(b). 
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Table 16. Summary of Baseline Human Health Risks Developed with an Unrestricted Land Use Scenario 
Contaminant ELCR % Contribution 

216-Z-1A Tile Field (High-Salt) 
Americium-241 1.8 in 1,000 ~15% 
Plutonium-239 8 in 1,000 ~67% 
Plutonium-240 2.2 in 1,000 ~19% 
Total ELCR 1.2 in 100  

216-Z-8 French Drain (Other) 
Americium-241 4.0 in 10,000,000 2.8% 
Plutonium-238 1.9 in 10,000,000 1.3% 
Plutonium-239 1.1 in 100,000 79% 
Plutonium-240 2.3 in 1,000,000 17% 
Total ELCR 1.4 in 100,000  

216-Z-9 Trench (High-Salt) 
Americium-241 6.5 in 1,000 4.6% 

Carbon Tetrachloride 4.8 in 100,000 <1% 
Europium-152 2.2 in 10,000 <1% 
Neptunium-237 1.6 in 10,000 <1% 

Nickel-63 5.9 in 1,000,000 <1% 
Plutonium-238 3.9 in 100,000 <1% 
Plutonium-239 1.1 in 10 78% 
Plutonium-240 2.4 in 100 17% 

Protactinium-231 3.1 in 1,000,000 <1% 
Radium-226 2.2 in 10,000 <1% 
Radium-228 3.2 in 100,000 <1% 
Strontium-90 1.1 in 10,000 <1% 
Thorium-228 5.8 in 100,000 <1% 
Total ELCR 1.4 in 10  

216-A-8 Crib (Cesium-137 Sites) 
Cesium-137 6.5 in 10 ~99% 

Neptunium-237 3.3 in 1,000,000 <1% 
Radium-228 6.6 in 10,000 <1% 
Thorium-228 2.8 in 10,000 <1% 
Total ELCR 6.5 in 10  

Z-Ditches 
Americium-241 1.2 in 10 14% 

Cesium-137 5.0 in 100 5.6% 
Plutonium-238 5.2 in 10,000 <1% 
Plutonium-239 1.3 in 100 1.5% 
Radium-226a 7.1 in 10 79% 
Radium-228 4.7 in 100,000 <1% 
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Contaminant ELCR % Contribution 
Strontium-90 3.3 in 1,000 <1% 
Thorium-228 4.6 in 1,000,000 <1% 
Thorium-230 9.8 in 1,000,000 <1% 
Thorium-232 1.1 in 10,000 <1% 
Uranium-238 1.2 in 1,000,000 <1% 
Total ELCR 0.9 in 10  

a. Radium-226 risks at the Z-Ditches are likely overestimated due to uncertainty associated with the maximum concentration 
sample result which was used to establish the EPC. 

 
 
 

Table 17. Summary of Baseline Human Health Risks: Comparison to WAC 173-340-740(3)(b) 

Contaminant 
Concentration in Soil 

(mg/kg)* 

WAC 173-340-740  
Carcinogen Cleanup Level 

(mg/kg) 
Z-Ditches 

PCBs (Aroclor 1254) 52 0.5 
PCBs (Aroclor 1260) 78 0.5 

* The concentration in soil used in this assessment is the maximum concentration detected. 
 
 

 
The ELCR results for the two Tribal exposure scenarios are similar to the risks presented in Table 18 for 
the unrestricted land use scenario.  
 
The potential for noncarcinogenic effects is evaluated by comparing an exposure level over a specified 
time period (e.g. lifetime) with a reference dose (RfD) derived for a similar exposure period. An RfD 
represents a level that an individual may be exposed to that is not expected to cause any deleterious effect. 
The ratio of exposure to toxicity is called a hazard quotient (HQ). An HQ<1 indicated that a receptor’s 
dose of a single contaminant is less than the RfD, and that toxic carcinogenic effects from that chemical 
are unlikely. The Hazard Index (HI) is generated by adding the HQs for al chemical(s) of concern that 
affect the same target organ (e.g. liver) or that act through the same mechanism of action within a medium 
or across all media to which a given individual my reasonably be exposed. An HI<1 indicates that, based 
on the sum of all HQs from different contaminants and exposure routes, toxic noncarcinogenic effects 
from all contaminants are unlikely. An HI>1 indicates that site-related exposures may present a risk to 
human health. For these waste sites, non-cancer hazards due to chemicals in soil never exceeded an 
hazard index (HI) of 1. 
 
Baseline Human Health Risk Assessment Results for all Scenarios 
 
Baseline Results for 200-PW-1, 200-PW-3, and 200-PW-6 OUs 
Although unrestricted use is not the anticipated future land use for these waste sites, an unrestricted land 
use scenario was evaluated for comparison to the industrial land use scenario. Volatile or radiological 
emissions from subsurface soil are insignificant for workers. Under industrial land use conditions, 
impacted soil is covered by at least 1.8 m (6 ft) of non-impacted soil. In the event that construction 
workers disturbed soil down to 4.6 m (15 ft) at the High-Salt or Cesium-137 waste sites, they could 
encounter contamination. Under that unlikely scenario, health risks would exceed 1 x 10-4. Risks from 
digging in soil at the 216-Z-8 French Drain were less than 1 x 10-6. Risks from subsurface soil exposures 
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at the 216-Z-1A Tile Field (High-Salt sites) were driven by plutonium-239, followed by plutonium-240, 
then americium-241. Risks from subsurface soil at the 216-A-8 Crib (Cesium-137 sites) are driven by 
cesium-137. There are no nonradionuclides in soil that are a health concern for construction workers. 
Construction workers were not evaluated for exposure to subsurface soil at the 216-Z-9 Trench, due to 
the depth to impacted soil and because the area is covered with a concrete cover; however, if 
construction workers were to disturb soil beneath the bottom of the trench, construction worker risks 
would likely exceed 1 x 10-4. Table 18 summarizes the cancer risks from exposure to contaminants in 
soil under an industrial land use scenario (current construction worker) and under an unrestricted land 
use scenario (future well driller and subsistence farmer). Current construction worker risks also represent 
future construction worker risks since the primary risk drivers are long-lived radionuclides. Non-cancer 
hazards due to chemicals in soil never exceeded an HI of 1. 
 

Table 18. Summary of Risks from Soil 

Radionuclide 
or Contaminant 

Current 
Construction 

Worker 
Future Well 

Driller 
Future 

Subsistence Farmer 
Soil Soil  Soil Producea 

216-Z-1A Tile Field (High-Salt) 
Am-241 3E-03 3E-06 1E-03 3E-04 
Np-237b -- -- 6E-06 6E-07 
Pu-239 3E-02 5E-07 1E-03 7E-03 
Pu-240 6E-03 1E-07 2E-04 2E-03 
Totalc 4E-02 3E-06 2E-03 9E-03 

216-Z-8 French Drain (Other) 
Am-241 1E-07 2E-09 2E-08 2E-07 
Pu-238 1E-08 4E-12 7E-09 5E-08 
Pu-239 7E-07 7E-10 2E-06 9E-06 
Pu-240 1E-07 2E-10 3E-07 2E-06 
Totalc 9E-07 2E-09 3E-06 1E-05 

216-Z-9 Trench (High-Salt) 
Ac-227b 

Construction worker not 
evaluated at  

216-Z-9 

-- 1E-05 6E-07 
Am-241 7E-06 4E-03 8E-04 
Eu-152 1E-10 1E-07 3E-11 
Ni-63 4E-12 7E-09 2E-06 

Np-237 7E-08 2E-04 1E-05 
Pa-231b -- 2E-06 1E-06 
Pb-210b -- 6E-07 3E-05 
Pu-238 8E-10 2E-06 1E-05 
Pu-239 7E-06 2E-02 9E-02 
Pu-240 2E-06 3E-03 2E-02 
Ra-226 8E-08 2E-04 2E-05 
Ra-228 5E-16 3E-13 2E-13 
Sr-90 5E-12 5E-09 3E-07 
Tc-99 6E-21 1E-18 1E-14 

Th-228 1E-15 9E-13 3E-15 
Th-230 3E-11 5E-08 2E-07 
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Radionuclide 
or Contaminant 

Current 
Construction 

Worker 
Future Well 

Driller 
Future 

Subsistence Farmer 
Soil Soil  Soil Producea 

U-235b -- 8E-07 1E-08 
Radionuclide totalc 2E-05 2E-02 1E-01 

Cadmium 
 

1E-12 1E-09 -- 
Carbon tetrachloride 2E-06 5E-05 1E-03 

Chemical totalc 2E-06 6E-05 1E-03 

216-A-8 Crib (Cesium-137 Sites) 
C-14 -- -- 6E-16 6E-16 

Cs-137 5E-02 7E-06 2E-02 4E-04 
Np-237 7E-08 1E-09 3E-06 3E-07 
Pu-239 1E-07 1E-11 3E-08 2E-07 
Pu-240 2E-08 3E-12 6E-09 4E-08 
Ra-228 1E-07 8E-15 6E-12 3E-12 
Tc-99 -- -- 4E-24 3E-20 

Th-228 1E-07 2E-14 2E-11 5E-14 
Totalc 5E-02 7E-06 2E-02 4E-04 

Total (500 years) c 7E-07 4E-11 2E-06 2E-07 
Total (1,000 yearsc) 2.E-07 3E-13 1E-06 9E-08 

Notes: 
a. Produce grown in impacted soil is the only food chain evaluated for soil. 
b. This radionuclide was not on the original COPC list, but is included here because it is a daughter product with risk greater than 1E-7. 
c. Totals are calculated using unrounded values. 
-- = indicates incomplete pathway or not applicable  
  

Risks from radionuclide soil exposures were modeled up to 1,000 years in the future to evaluate 
radioactive decay and in growth of daughter products. For the three High-Salt sites, risks are driven by 
plutonium-239, plutonium-240, and americium-241 (true for all soil scenarios), cumulative risks at 
future time horizons are not significantly different than current risks. This is due to the fact that the 
half-lives of the plutonium isotopes are so long. Although at the 216-A-8 Crib where cesium-137 is the 
risk driver for all soil scenarios, risks are significantly lower at future time horizons due to the relatively 
short half-life (approximately 30 years) of cesium-137. 
 
An unrestricted land use scenario was evaluated for comparison to the industrial scenario. Under the 
unrestricted land use scenario, it is assumed humans could encounter groundwater and subsurface soil 
brought to the surface as drill cuttings from drilling a groundwater well.  
 
In summary, risks from exposure to soils at the 216-Z-8 French Drain are below levels that are a health 
concern. Risks from soil exposures at the 216-Z-1A Tile Field (High-Salt sites) and 216-A-8 Crib 
(Cesium-137 sites) are similar and exceed 1 x 10-4 for construction workers and subsistence farmers. 
Radionuclide risks from soil exposures at the 216-Z-9 Trench were the highest for the four waste sites 
evaluated, with risks of 2 x 10-5 for well drillers and 1 x 10-1 for subsistence farmers. Plutonium-239 and 
americium-241, followed by plutonium-240, were the risk drivers in soil for the High-salt sites, and 
cesium-137 was the risk driver in soil at the 216-A-8 Crib. 
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Subsistence farmer risks were highest for ingestion of produce, followed by ingestion of soil, ingestion 
of groundwater, consumption of dairy products, and consumption of beef. 
 
Baseline Results for 200-CW-5 OU 
Data evaluated for the Z-Ditches baseline risk assessment considered  a subsistence farmer  and an 
industrial worker exposure scenario, assuming no remedial action was taken, and included the sample 
results from the shallow zone soils (0 to 4.6 m [15 ft] bgs). The baseline risk assessment concluded there 
was a potential risk to human health and the environment. Table 19 presents a summary of this 
assessment.  
 

Table 19. 200-CW-5 Waste Site Risk Summary 
  

Risk Element Z-Ditches 
Do the Z-Ditches meet the WAC 173-340-745(5)(b)(iii)(B) Standard Method C industrial soil cleanup levels for 
chemicals?a 
Are concentrations less than WAC 173-340-745?  No  
Constituents that exceed WAC 173-340-745  Aroclor-1260 

Do the Z-Ditches meet the WAC 173-340-740(3)(b) Standard Method B soil cleanup levels for chemicals?b 
Are concentrations less than WAC 173-340-740? No 
Constituents that exceed WAC 173-340-740 Aroclor-1254, Aroclor-1260 

Do the Z-Ditches exceed the EPA upper risk threshold of 10-4 for radionuclides for the subsistence farmer exposure 
scenario?c 
ELCR at 0 year 9.0 × 10-1 
Primary radionuclides that contribute ELCR, 0 year Ra-226, Am-241, Cs-137 
ELCR at 150 years  9.2 × 10-1 
Primary radionuclides that contribute ELCR, 150 years Ra-226, Am-241 
ELCR at 1,000 years  4.6 × 10-1 
Primary radionuclides that contribute ELCR, 1,000 years Ra-226, Am-241, Pu-239 

Do the Z-Ditches exceed the EPA upper risk threshold of 10-4 for radionuclides for the industrial worker exposure 
scenario?d 
ELCR at 0 year 6.1 × 10-1 
Primary radionuclides that contribute ELCR, 0 year Pu-239, Ra-226 
ELCR at 150 years  5.7 × 10-1 
Primary radionuclides that contribute ELCR, 150 years Pu-239, Ra-226 
ELCR at 1,000 years  4.7 × 10-1 
Primary radionuclides that contribute ELCR, 1,000 years Pu-239, Ra-226 

Do the Z-Ditches meet standards for soil concentrations protective of groundwater – chemicals? 
Are groundwater protection standards exceeded based on initial screening? Yese 
Chemicals exceeding WAC 173-340-747(4) Aroclor-1254, Aroclor-1260 
Chemicals predicted to reach groundwater above WAC 173-340-720 Nonef  
Groundwater protection required? No 

Do the Z-Ditches meet standards for soil concentrations protective of groundwater – radionuclides? 
Are groundwater protection standards exceeded based on initial screening? Nog 
Radionuclides predicted to reach groundwater above MCL Nonef 
Groundwater protection required? No 

Do the Z-Ditches meet ecological screening values – chemicals? 
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Risk Element Z-Ditches 

Are concentrations less than Table 749-3 values? Noh 
Constituents that exceed Table 749-3 values Aroclor-1254, Aroclor-1260, Boron, 

Mercury 
Ecological protection required? Yes 

Do the Z-Ditches meet ecological screening values – radionuclides? 
Are concentrations less than BCGs? Noi 
Constituents that exceed BCGs Am-241, Cs-137, Pu-239, Pu-239/240, 

Ra-226, Sr-90 
Ecological protection required? Yes 

a. Based on comparison of waste site soil concentrations to WAC 173-340-745(5)(b)(iii)(B), Standard Method C industrial soil cleanup levels, 
Table B-2 provides comparison results. 
b. Based on comparison of waste site soil concentrations to WAC 173-340-740(3)(b), Standard Method B soil cleanup levels. Table B-1 
provides comparison results. 
c. Based on RESRAD calculation of radiological risk to a subsistence farmer assuming waste site soil contamination extends from the ground 
surface to 4.6 m (15 ft) bgs. RESRAD input parameters are listed in Table B-7. Calculation results are summarized in Table B-7. Details of the 
RESRAD evaluation are discussed in Appendix D. 
d. Based on RESRAD calculation of radiological risk to an industrial worker assuming waste site soil contamination extends from the ground 
surface to 4.6 m (15 ft) bgs. Table B-6 lists the RESRAD input parameters. Table B-8 summarizes calculation results. 
e. Initial screening based on comparison of waste site soil concentrations to soil concentrations protective of groundwater calculated in 
accordance with WAC 173-340-747(4), “Deriving Soil Concentrations for Groundwater Protection, Fixed Parameter Three-Phase Partitioning 
Model.” Table B-12 provides comparison results. 
f. Based on results of STOMP fate and transport modeling that indicates groundwater protection standards (federal MCLs and state cleanup 
levels based on WAC 173-340-720 “Groundwater Cleanup Standards”) will not be exceeded within 1,000 years. Contaminants modeled with 
STOMP are listed in Table B-14. Details of the STOMP modeling are discussed in Chapter 4 of DOE/RL-2003-11. 
g. Initial screening based on results of RESRAD soil-to-groundwater pathway calculation indicating that no radionuclides in waste site soil 
would reach groundwater within 1,000 years. RESRAD input parameters are listed in Table B-5. Calculation results are summarized in Table 
B-13. Subsequent numerical modeling with STOMP (DOE/RL-2003-11 Chapter 4) was performed to confirm the results obtained with 
RESRAD. 
h. Based on comparison of waste site soil concentrations to soil concentrations specified in WAC 173-340-900, “Tables,” Table 749-3, 
“Ecological Indicator Soil Concentrations (mg/kg) for Protection of Terrestrial Plants and Animals.” Table B-10 provides comparison results. 
i. Based on comparison of waste site soil concentrations to soil concentrations listed in DOE-STD-1153-2002, A Graded Approach for 
Evaluating Radiation Doses to Aquatic and Terrestrial Biota, Table 6.4, “Biota Concentration Guides (BCGs) for Water and Soil (in Special 
Units) for Use in Terrestrial System Evaluations.” Table B-11 provides comparison results. 
Sources: 
ANL, 2007, RESRAD for Windows, Version 6.4. 
DOE/RL-2003-11, Remedial Investigation for the 200-CW-5 U Pond/Z Ditches Cooling Water Group, the 200-CW-2 S Pond and Ditches 
Cooling Water Group, the 200-CW-4 T Pond and Ditches Cooling Water Group, and the 200-SC-1 Steam Condensate Group Operable Units. 
PNNL-11217, STOMP: Subsurface Transport Over Multiple Phases: Theory Guide.  
BCG = biota concentration guide 
ELCR = excess lifetime cancer risk 
EPA = U.S. Environmental Protection Agency 
MCL = maximum contaminant level 
RESRAD = RESidual RADioactivity (dose model) (ANL 2007) 
STOMP = Subsurface Transport Over Multiple Phases (fate and transport model) (PNNL-11217) 
 
 
7.1.6 Uncertainties 
Estimating and evaluating health risk from exposure to environmental contaminants is a complex process 
with inherent uncertainties. Uncertainty reflects limitations in knowledge, and simplifying assumptions 
must be made to quantify health risks. Some key areas of uncertainty evaluated in the risk assessment are 
discussed below. 
 
For construction worker exposure-to-soil calculations, characterization of the top 4.6 m (15 ft) was 
limited, with few samples representing that depth horizon because the shallower soil has not been 
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impacted. Therefore, use of exposure concentrations from the deepest soil depth that construction workers 
would likely encounter has potentially resulted in risks that are biased as high because the majority of 
a construction worker’s exposure would be to the shallower, uncontaminated soil. 
 
In some instances the limited sample size resulted in using the maximum observed concentrations as the 
EPC. These concentrations likely do not represent concentrations actually present in significant areas of 
the waste sites. In the case of radium-226 in the Z-Ditches Waste Group, use of this conservative 
assumption, which likely results an overly high assumed exposure concentration, is compounded by the 
uncertainty of the sample result itself. In this case, it is suspected to be overestimated by potentially 
several orders of magnitude due to the interference from other alpha-emitters.  
 
7.2 Summary of Ecological Risk Assessment 
A screening-level ecological risk assessment was conducted to identify contaminants, receptors, and 
exposure pathways that should be considered in the development of remedial alternatives. The feasibility 
studies for these OUs determined that there are no risks to endangered species. The process for estimating 
site-related ecological risks includes the following: 
 

• Problem Formulation―a qualitative evaluation of contaminant release, migration, and fate; 
identification of contaminants of potential ecological concern; identification of receptor 
organisms, exposure pathways, and ecological effects of the contaminants; and selection of 
endpoints for further study, if warranted. 
 

• Screening-Level Exposure and Effects Assessment―a quantitative evaluation of ecological risks 
involving comparison of exposure point concentrations in soil with ecological benchmark 
concentrations. 
 

• Risk Characterization―estimation of potential adverse ecological effects.  
 

Problem Formulation 
Vegetation in the 200 Area is characterized by native shrub steppe, interspersed with large areas of 
disturbed ground dominated by annual grasses and forbs. The undisturbed portions of the 200 Area are 
characterized by sagebrush/cheatgrass or sagebrush/Sandberg’s bluegrass communities. The dominant 
plants on the Central Plateau 200 Area are big sagebrush, rabbit brush, cheat grass, and Sandberg’s 
bluegrass. The shrub and grassland habitat of the Hanford Site supports many groups of terrestrial 
wildlife. Mammals common to the 200 Area, including badgers, Great Basin pocket mice, and deer mice, 
are known to burrow in soil and can excavate significant amounts of soil as they construct their burrows. 
Burrowing by these mammals can potentially unearth buried contaminants. Soil macro-invertebrates at 
the Hanford Site, including darkling beetles and harvester ants, also burrow, and can excavate potentially 
contaminated soils. In addition, soil macro-invertebrates may be consumed by birds and mammals, which 
would then potentially receive an exposure.  
 
Many of the waste sites in the 200 Area have been backfilled with clean soil and planted with crested or 
Siberian wheatgrass to stabilize surface soil, control soil moisture, or displace more invasive deep-rooted 
species like Russian thistle. In addition, contaminated portions of the 200 Area are actively managed by 
monitoring, removing deeply rooted vegetation, and controlling burrowing mammals and insects. 
However, determining if cleanup is needed to protect ecological receptors involved assessing potential 
ecological risks under baseline conditions. In this case, baseline conditions included the assumptions that 
the soil covers would no longer be maintained and that other active management methods would no 
longer be performed. 
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Initially, the screening-level assessment of ecological risks involved developing the conceptual model of 
ecological exposure pathways, and comparing that model to site conditions. This comparison was 
performed to determine if there could potentially be complete exposure pathways from site contaminants 
to ecological receptors. Any waste sites where contaminants might be present in shallow soil (less than 
4.6 m [15 ft]) that is potentially accessible to ecological receptors, have a potential complete ecological 
exposure pathway. The depth of 4.6 m (15 ft) reflects the standard point of compliance for ecological 
protection as described in the state of Washington’s regulations for cleanup for protection of ecological 
receptors (WAC 173-340-7490[4][b], “Terrestrial Ecological Evaluation Procedures”). This depth is 
based on unrestricted use where human activities could bring contamination to the biologically active 
zone. The physical dimensions of the waste sites and the distribution of soil contaminants detected in 
them were considered with respect to the biologically active zone. The results from this comparison 
indicated that potentially complete ecological exposure pathways could be present at several of the waste 
sites in the High-Salt (200-PW-1), Low-Salt (200-PW-1 and 200-PW-6), Settling Tanks (200-PW-1 and 
200-PW-6), Cesium-137 (200-PW-3), and Ditches (200-CW-5) Waste Groups. 
 
Screening-Level Ecological Exposure and Effects Assessment 
The next step in the screening-level ecological risk assessment is an evaluation of the potential ecological 
exposures and effects. The potential ecological exposure pathways that could exist at these waste sites 
included the potential for the following: 
 
• Accumulation of radionuclides and inorganics by burrowing of invertebrates and animals into 

contaminated soils. 
 

• Exposures to insect-eating birds and mammals from ingestion of burrowing invertebrates and animals 
that have accumulated radionuclides and inorganic contaminants. 
 

• Accumulation by deep-rooted plants of contaminants in soils that are subsequently incorporated into 
surface soil through wind action and rainfall. 
 

• Exposures of wildlife from ingestion of radionuclides and nonradioactive contaminants in 
contaminated soil that has been exhumed and brought to the surface by burrowing invertebrates and 
animals. 
 

Ecological risks potentially associated with these exposure pathways were assessed by comparing 
contaminant concentrations in soil with ecological screening levels. The ecological screening levels for 
radionuclides were Biota Concentration Guides (BCGs), developed by DOE using international 
consensus standards for protection of plants and wildlife from exposure to radiation. The ecological 
screening levels for nonradionuclides were Ecological Indicator Soil Concentrations developed by the 
state of Washington. Contaminant concentrations within the top 4.6 m (15 ft) of soil at the Z-Ditches were 
compared with ecological screening levels. Under the current conditions, contaminants were not sampled 
within the biologically active zone at the High-Salt, Low-Salt, Settling Tanks, and Cesium-137 waste 
sites, so no comparison with ecological screening levels was performed; however, an evaluation of site 
information indicates that contaminants could be present within the biologically active zone at these sites. 
Therefore, for purposes of determining if cleanup action is needed, a more conservative approach was 
taken by assuming that complete ecological exposure pathways and ecological risks could be present at 
these waste sites. The comparison of contaminant concentrations in soil at the Z-Ditches with ecological 
screening levels is presented in Table 20. 
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7.2.1 Ecological Risk Characterization 
The results of the comparison of contaminant concentrations in soil to the ecological screening levels 
indicate the potential for unacceptable ecological exposures at 200-CW-5 (Z-Ditches), as shown in Table 
20. A comparable approach for conservatively addressing the risks at the remaining sites was determined 
to be appropriate. This analysis provides the basis for action to address ecological risk.   
 

Table 20. Comparison of Contaminant Concentrations in Soil to Ecological Screening Levels (Z-Ditches) 
Contaminant Units Contaminant Concentration in Soila Ecological Screening Levelb  

200-CW-5 (Z-Ditches) 

PCBs (Aroclor 1254) mg/kg 52 0.65 
PCBs (Aroclor 1260) mg/kg 78 0.65 
Boron mg/kg 24 0.5 
Mercury mg/kg 0.66 0.1 
Americium-241 pCi/g 202,640 4,000 
Cesium-137 pCi/g 2,570 20 
Plutonium-239/240 pCi/g 28,291 6,000 
Radium-226 pCi/g 5,200 50 
Strontium-90 pCi/g 95 20 
a. The concentration in soil used in this assessment is the 95% upper confidence limit on the average concentration in waste site soil, which 
represents an RME or the maximum concentration detected.   
b. The ecological screening levels for nonradioactive contaminants are “Ecological Indicator Soil Concentrations for Protection of Terrestrial 
Plants and Animals,” defined in WAC Table 749-3 (WAC 173-340-7493, “Site-Specific Terrestrial Ecological Evaluation Procedures”). The 
ecological screening levels for radionuclides are BCGs listed in DOE-STD-1153-2202, A Graded Approach for Evaluation Radiation Doses to 
Aquatic and Terrestrial Biota.  
 

 
 
7.2.2 Summary of Groundwater Protection Evaluation 
The potential migration of contaminants to groundwater was evaluated for the waste groups. For the 200-
CW-5 OU (Z-Ditches), the evaluation indicated that there were no contaminants that would migrate 
through the soil that could affect groundwater above the federal maximum contaminant levels (MCLs) 
within 1,000 years (fate and transport models were run for 1,000 years). For the remaining OUs, 
groundwater protection screening values were exceeded for some volatile contaminants. A fate and 
transport evaluation of volatile and nonvolatile soil contaminants identified that carbon tetrachloride and 
methylene chloride are the only volatile contaminants that could potentially migrate through the soil and 
only from the 216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib (High-Salt waste sites) and 
impact groundwater above the federal MCLs within 1,000 years. In addition, technetium-99 was the only 
radionuclide and nitrate was the only nonradioactive contaminant that was retained as potential 
groundwater contaminants. 
 
7.3 Basis for Action  
The response action selected in this Record of Decision (ROD) is necessary to protect the public health or 
welfare or the environment from actual or threatened releases of hazardous substances, pollutants, or 
contaminants into the environment. Such a release or the threat of release may present an imminent and 
substantial endangerment to public health, welfare, or the environment. Remedial action is not required at 
the 216-Z-8 French Drain and the 216-Z-10 Injection/Reverse Well because they have limited 
contamination and do not pose an unacceptable risk to human health and the environment.  
 
A response action is necessary for the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs because of 
the following conditions: 
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• The cumulative excess carcinogenic risk from radionuclides to an individual exceeds acceptable 
10-4 risk levels. 
 

• Without remedial action, contaminants in these OUs would exceed risk threshold values for the 
anticipated future industrial land use. 

 
8.0 Remedial Action Objectives 
This section presents the remedial action objectives (RAOs) for the 200-CW-5, 200-PW-1, 200-PW-3, 
and 200-PW-6 OUs. Since the reasonably anticipated future land use is industrial, the industrial worker 
scenario was considered in developing the RAOs. The RAOs are descriptions of what the remedial action 
is expected to accomplish.  The associated cleanup levels for COCs are provided in Section 12, Table 35.  
 
8.1  Specific Remedial Action Objectives 
The RAOs are listed below. 
 
• RAO 1—Prevent unacceptable risk to human health and ecological receptors associated with 

radiological exposure to waste, soil, or debris contaminated above risk-based criteria, by removing 
the source or eliminating the pathway. 
 

• RAO 2—Prevent unacceptable risk to human and ecological receptors associated with 
nonradiological exposure to waste, soil, or debris contaminated above risk-based criteria by removing 
the source or eliminating the pathway. 
 

• RAO 3—Control the sources of potential groundwater contamination to support the Central Plateau 
groundwater goal of protecting the beneficial uses of groundwater, including protecting the Columbia 
River from adverse impacts. 
 

8.2  Basis and Rationale for Remedial Action Objectives  
The RAOs are based on the anticipated future industrial land use for these OUs, which are located in the 
Inner Area of Hanford’s Central Plateau. All current land-use activities associated with the Central 
Plateau are industrial in nature. Several waste management facilities operate in the Central Plateau, 
including permanent waste disposal facilities such as ERDF, low-level radioactive waste burial grounds, 
and RCRA-permitted mixed-waste trenches. The current and reasonably anticipated future land use for 
the Inner Area of the Central Plateau is industrial (DOE worker) for at least 50 years and then industrial 
(DOE or non-DOE worker) thereafter.  
 
Groundwater located beneath the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs is part of four 
groundwater OUs (200-ZP-1, 200-UP-1, 200-BP-5 and 200-PO-1 groundwater OUs) and will be 
remediated through CERCLA actions for those OUs. Groundwater in the Central Plateau is currently 
contaminated and not withdrawn from the aquifer for beneficial use (drinking water or industrial use). An 
alternate source of water derived from the Columbia River is provided to current industrial workers 
conducting activities on the Central Plateau. 
 
Current uses of the Columbia River are anticipated to continue in the future. The remedial action for the 
200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs will prevent contaminants from reaching the 
underlying groundwater, which will also protect the Columbia River and its ecological resources from 
degradation and unacceptable impact caused by migration of contaminants originating from the OUs 
covered by this ROD.  
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8.3 Purpose of Remedial Action Objectives 
RAO 1 addresses unacceptable risk to human health and ecological receptors associated with radiological 
exposure to waste, soil, or debris contaminated above risk-based criteria. Risks are addressed by 
removing the source or eliminating the pathway. 
 
RAO 1 is satisfied for radiological COCs when the following objectives are met: 
 

• Prevent direct contact exposure to radiological COCs by industrial workers in the top 4.6 m 
(15 ft) of the waste site that would exceed an ELCR of 1 in 10,000. 
 

• Prevent direct contact exposure to radiological COCs by terrestrial receptors (wildlife, plants, and 
biota) that would exceed a dose rate of 0.1 rad/day. 
 

With respect to this RAO, the risk drivers are americium-241 and plutonium-239/240 at the 200-PW-1 
OU and 200-PW-6 OU waste sites and cesium-137 at the 200-PW-3 OU waste sites. RAO 1 can be 
achieved by maintaining at least 4.6 m (15 ft) of separation between the ground surface and contaminated 
soils exceeding the risk-based cleanup levels. Institutional controls are part of the selected remedy and 
will maintain the integrity of and prohibit activities that could damage or lessen the performance of 
evapotranspiration caps and soil covers used to achieve this separation. For 200-CW-5, this RAO will be 
achieved by removing soils that are up to 15 ft bgs that exceed the applicable risk-based cleanup levels.  
 
RAO 2 addresses unacceptable risk to human and ecological receptors associated with nonradiological 
exposure to wastes or soil contaminated above risk-based criteria. Risks are addressed by removing the 
source or eliminating the pathway.  
 
RAO 2 is satisfied for nonradiological COCs when the following objectives are met: 
 

• Prevent direct contact exposure to nonradiological COCs in the top 4.6 m (15 ft) of the waste sites 
that would exceed the WAC 173-340-745(5)(b), Standard Method C industrial soil cleanup based 
on an ELCR of 1 in 100,000 or an individual hazard quotient (HQ) of 1 or a total hazard index 
(HI) of 1. 
 

• Prevent direct contact exposure to nonradiological COCs by terrestrial receptors (wildlife, plants, 
and biota), that would exceed an individual ecological HQ of 1 or a total ecological HI of 1. 
 

RAO 3 addresses protecting the beneficial uses of groundwater, including protecting the Columbia River, 
from adverse impacts. This is done by controlling the sources of potential groundwater contamination. 
With respect to this RAO, the risk-drivers at 200-PW-1 are carbon tetrachloride and methylene chloride. 
Although the remedial investigation determined that technetium-99 and nitrate were within an acceptable 
risk range, they are considered as contaminants of interest and will be included in associated monitoring 
plans. The 200-CW-5 OU has no contaminants at levels that would migrate to cause adverse impacts to 
groundwater.  
 
RAO 3 is satisfied for nonradiological COCs when the soil concentrations are less than 
WAC 173-340-747 soil concentrations for groundwater protection. RAO 3 is satisfied for radiological 
COCs when fate and transport modeling demonstrates that soil concentrations would not impact 
groundwater above MCLs.  
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Protection of the Columbia River from contaminants in these waste sites is achieved through the 
groundwater protection objective. There is no surface water in the immediate vicinity of the waste sites 
that requires a separate remedial action objective. 
 
9.0 Description of Alternatives 
This section describes the remedial alternatives developed for the 200-CW-5, 200-PW-1, 200-PW-3, and 
200-PW-6 OUs that were evaluated in their respective feasibility studies (DOE/RL-2004-24 and 
DOE/RL-2007-27). A total of 21 waste sites are located within these four OUs. The waste sites have been 
grouped into six waste groups based on the similar process liquid waste type, primary contaminants, and 
similarities in the distribution of contaminants in the subsurface. Remedial alternatives were considered 
for each waste group, which resulted in a combination of alternatives for the selected remedy. The 
remedial alternatives are discussed by waste group, which are the Z-Ditches, High-Salt, Low-Salt, 
Settling Tanks, Cesium-137, and Other Sites Waste Groups and associated pipelines. The remedial 
alternatives evaluated are the following: 
 

• No Action Alternative 
• Maintain and Enhance Existing Soil Cover 
• Engineered Surface Barrier (Barrier Alternative) 
• In Situ Vitrification 
• Removal, Treatment, and Disposal 

 
These remedial alternatives also include the use of institutional controls, which include non-engineered 
instruments such as administrative or legal measures to protect human health and the environment from 
exposure to contamination. Institutional controls may be used as part of a remedy to prevent or limit 
exposure to hazardous substances, pollutants, or contaminants where waste is left in place and precludes 
an unrestricted land use. The current implementation, maintenance, and periodic inspection requirements 
for the current institutional controls at the Hanford Site are described in approved work plans and in the 
Sitewide Institutional Controls Plan (DOE/RL-2001-41) that was prepared by DOE and approved by EPA 
and Ecology in 2002. The Sitewide Institutional Controls Plan also serves as a reference for the selection 
of institutional controls in the future. 
 
9.1  Description of Remedy Components 
9.1.1 No Action Alternative 
This alternative would leave a waste site “as is” (i.e., in its current state). No institutional controls or 
maintenance would be implemented or continued and no active remedial action would be taken to address 
potential threats to human health and the environment; therefore, there are no distinguishing 
protectiveness or implementation features associated with this alternative. The NCP requires 
consideration of a No Action alternative to provide a baseline to compare against other alternatives 
(40 CFR 300.430(e)(6)). 
 
9.1.2 Maintain and Enhance Existing Soil Cover (MEESC) 
This alternative was only considered for the Cesium-137 Waste Group since it would not be protective if 
implemented at other waste sites. This alternative would leave all contamination in place at the waste site 
and include the maintenance of, or enhancement of the soil cover with additional clean fill (as 
appropriate), to isolate the waste from direct contact exposure. 
 
Treatment/Containment Components 
No treatment components are included. This is a containment remedy that would leave all contamination 
in place. The approximate size of the soil covers over waste sites in the Cesium-137 Waste Group are 
listed in Table 21.  
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Table 21 Size of Soil Covers Under MEESC Alternative 

Cesium -137 Waste Group 
Total Area for Soil Cover 

ha (ac) 
216-A-7 0.08 (0.2) 
216-A-8 0.36 (0.9) 
216-A-24 0.49 (1.2) 
216-A-31 0.08 (0.2) 
UPR-200-E-56 1.13 (2.8) 
Total 2.14 (5.3) 

 
 
Institutional Controls 
ICs (e.g., land use restrictions) would be used to limit access or intrusion by humans. The DOE is 
responsible for implementing, maintaining, reporting on, and enforcing institutional and land-use 
controls. Although DOE may later transfer these procedural responsibilities to another party by contract, 
property transfer agreement, or through other means, DOE shall retain ultimate responsibility for remedy 
integrity and institutional controls.  
 
Operations and Maintenance 
This alternative requires long-term maintenance of the soil cover to ensure a 15 ft soil thickness remains 
over the waste sites. This would include long-term environmental surveillance. 
 
9.1.3 Engineered Surface Barrier (Barrier Alternative) 
This alternative would leave all contamination in place at the waste site; an engineered surface barrier 
would be constructed over the waste site to create a minimum of 4.6 m (15 ft) of separation between the 
contaminated soil and the ground surface. The conventional engineered surface barrier would be modified 
to include an evapotranspiration barrier layer to limit the natural infiltration of precipitation and to 
provide an added level of protection to human health and the environment. For waste sites containing 
long-lived plutonium contamination in 200-PW-1 and 200-PW-6, a physical barrier component would be 
added into the design to reduce inadvertent access to the contamination. This component would include a 
layer of coarse, fractured basalt rock. Waste sites constructed with voids would have the voids filled with 
material that would prevent collapse of the structure.  
 
Treatment/Containment Components 
No treatment components are included. This is a containment remedy that would leave all contamination 
in place. The Barrier alternative provides no treatment for radionuclides, but prevents access to 
contamination through engineering controls as discussed above. 
 
Institutional Controls 
ICs (e.g., land use restrictions) would be used to limit access or intrusion by humans. The DOE is 
responsible for implementing, maintaining, reporting on, and enforcing institutional and land-use 
controls. Although DOE may later transfer these procedural responsibilities to another party by contract, 
property transfer agreement, or through other means, DOE shall retain ultimate responsibility for remedy 
integrity and institutional controls  
 
Operations and Maintenance 
This alternative requires long-term maintenance of the barrier to ensure effectiveness of the barrier and to 
ensure a 15 ft barrier thickness remains over the waste sites. This would include long-term environmental 
surveillance. 
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9.1.4 In Situ Vitrification 
In Situ Vitrification was only considered for the High Salt and Low Salt waste groups. This alternative is 
not applicable to the Cesium-137 waste group.  Melting and then solidifying the contaminated soil 
reduces the volume by about 30 percent because it eliminates the pore space of the soil and gravel. 
The subsidence area would be backfilled with clean soil fill to match the surrounding grade and then 
replanted with native vegetation. 
 
Treatment/Containment Components 
This alternative would reduce the availability and mobility of radionuclides and hazardous substances by 
applying an electric current sufficient to melt the soil and turn it into a chemically stable, leach-resistant 
glass block. A vacuum hood is placed over the treated area during melting to collect off-gasses, which are 
treated before release. 
 
Institutional Controls 
ICs (e.g., land use restrictions) would be used to limit access or intrusion by humans. The DOE is 
responsible for implementing, maintaining, reporting on, and enforcing institutional and land-use 
controls. Although DOE may later transfer these procedural responsibilities to another party by contract, 
property transfer agreement, or through other means, DOE shall retain ultimate responsibility for remedy 
integrity and institutional controls  
 
Operations and Maintenance 
In areas where the glass block would be within 15 ft of the ground surface, a barrier would be  
placed over the site to break the direct exposure pathway to the block. This barrier would require long-
term maintenance and monitoring to measure effectiveness and to ensure a 15 ft barrier thickness remains 
over the waste sites. This would include long-term environmental surveillance. 
 
9.1.5 Removal, Treatment, and Disposal (RTD) 
Conceptually, the RTD process for this alternative consists of five steps: 
 

• Remove and stockpile clean overburden for backfilling. 
 

• Remove contaminated soils and debris and place in waste containers. 
 

• Haul waste containers to assay/screening station and then to the Environmental Restoration and 
Disposal Facility (ERDF)  located onsite at the Hanford Site or to the Waste Isolation Pilot Plant 
(WIPP) for offsite disposal, as appropriate. 
 

• Backfill excavation with clean fill and compact. 
 

• Construct ET barrier as necessary and replant surface with native vegetation. 
 

Five RTD options were evaluated to accommodate a range of removal objectives for 
plutonium-contaminated soils from the High-Salt and Low-Salt Waste Groups. Each of these options 
for removal of contaminated soils includes complete removal of the subsurface waste disposal 
structures. Only four of the RTD options were retained. Option D was evaluated but was not retained 
because this option and Option E are similar in the depth of excavation that would be required for 
remediation for the High-Salt and Low-Salt waste sites. 
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− Option A―Remove the highest concentrations of contaminants by removing soils at least 0.6 m 
(2 ft) below the bottom of a waste site. The removal depths for this option range from 20 to 31 
feet bgs for the High Salt and Low Salt Waste Group sites. This option was not applicable to the 
Cesium-137 Waste Group sites.  
 

− Option B―Remove contaminated soils that could result in a direct contact risk to industrial 
workers and that are less than 4.6 m (15 ft) below the current ground surface. This option only 
applies to one High-Salt waste site (216-Z-1A Tile Field) and three cesium-137 waste sites (216-
A-7 Crib, 216-A-8 Crib, and UPR-200-E-56 Unplanned Release). The removal depths for this 
option range from 15 to 23 feet bgs.  
 

− Option C―Remove a significant portion of plutonium contamination based on an evaluation of 
soil contaminant concentration with depth. The removal depths for this option range from 20 to 
36 feet bgs.  
 

− Option E―Remove contaminated soils with concentrations resulting in a direct contact risk 
greater than a 10-4 risk level so that long-term ICs at a waste site are not necessary. The removal 
depths for this option range from 22 to 90 feet bgs.  

 
Treatment/Containment Components 
This alternative would remove a portion of the contaminated soil and debris; treat the waste to meet 
disposal criteria (if necessary); and then dispose of the waste. The approximate size of the ET barriers 
over waste sites in the High-Salt and Low-Salt Waste Groups are listed in Table 22.  
 
 

Table 22. Size of ET Barriers over High-Salt and Low-Salt Waste Groups 

High-Salt Waste Group 
Total Area for ET Barriers 

ha (ac) 
 216-Z-1A 0.57 (1.4) 
216-Z-9 0.12 (0.3) 
216-Z-18 0.74 (1.84) 
Total 1.43 (3.54) 

Low-Salt Waste Group  
216-Z-1 & 2 0.14 (0.34) 
216-Z-3 0.10 (0.25) 
216-Z-12 0.23 (0.57) 
216-Z-5 0.07 (0.17) 
Total 0.54 (1.33) 

 
Institutional Controls 
ICs (e.g., land use restrictions) would be used to limit access or intrusion by humans. The DOE is 
responsible for implementing, maintaining, reporting on, and enforcing institutional and land-use 
controls. Although DOE may later transfer these procedural responsibilities to another party by contract, 
property transfer agreement, or through other means, DOE shall retain ultimate responsibility for remedy 
integrity and institutional controls  
 
Operations and Maintenance 
Evapotranspiration barriers would be required over the High Salt waste group. These barriers would 
require long-term maintenance to maintain the integrity of the remedy and ensure continued 
protectiveness. This would include long-term environmental surveillance. 
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9.1.6 Sludge Removal and Tank Stabilization 
This alternative was only considered for the Settling Tank Waste Group since it is not applicable to the 
other waste sites. This alternative would remove, stabilize, and dispose of the sludge from the 241-Z-361 
Settling Tank and 241-Z-8 Settling Tank at an approved disposal facility. The tanks would then be 
grouted for stabilization. 
 
Treatment/Containment Components 
This alternative would remove the sludge from the tanks, treat the waste to meet disposal criteria (if 
necessary), and then dispose of the waste. 
 
Institutional Controls 
ICs (e.g., land use restrictions) would be required to limit access or intrusion by humans. The DOE is 
responsible for implementing, maintaining, reporting on, and enforcing institutional and land-use 
controls. Although DOE may later transfer these procedural responsibilities to another party by contract, 
property transfer agreement, or through other means, DOE shall retain ultimate responsibility for remedy 
integrity and institutional controls  
 
Operations and Maintenance 
There are no operations, maintenance, or monitoring requirements required for this alternative.  
 
9.2 Common Elements of Each Alternative 
Elements common to most of the above alternatives include the following: 
 
• Institutional controls, long-term monitoring, and maintenance will be required under all alternatives 

because none of the alternatives meet standards that would allow unrestricted use and unlimited 
exposure. 
 

• SVE will be required to address contamination from carbon tetrachloride and other VOCs at three of 
the high-salt waste sites. Continued operation of this system is necessary for protection of 
groundwater resulting from VOCs at the high-salt waste sites. Continued use of the existing SVE 
system will be incorporated into the selected remedy.  

 
10.0 Comparative Analysis of Alternatives 
This section of the ROD summarizes the comparative analysis of alternatives presented in the respective 
feasibility studies for the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs (DOE/RL-2004-24 and 
DOE/RL-2007-27). The major objective of the analysis was to evaluate the relative performance of the 
alternatives with respect to the nine CERCLA evaluation criteria, as described in 40 CFR 
300.430(f)(5)(i), so the advantages and disadvantages of each alternative are clearly understood. 
The nine CERCLA evaluation criteria are as follows: 
 
• Overall protection of human health and the environment 
• Compliance with applicable or relevant and appropriate requirements (ARARs) 
• Long-term effectiveness and permanence 
• Reduction of toxicity, mobility, or volume through treatment 
• Short-term effectiveness 
• Implementability 
• Cost 
• State acceptance 
• Community acceptance 
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The first two criteria, overall protection and compliance with ARARs, are defined under CERCLA as 
“threshold criteria.” Threshold criteria must be met for an alternative to be eligible for selection. The next 
five criteria are defined as “primary balancing criteria.” These criteria are used to weigh major trade-offs 
among alternatives. The last two criteria, state acceptance and community acceptance, are defined as 
“modifying criteria.” In the final comparison of alternatives to select a remedy, both balancing criteria 
and modifying criteria are considered. The criteria were considered for each alternative at each waste 
group in these OUs which are the Z-Ditches, High-Salt, Low-Salt, Cesium-137, and Settling Tanks Waste 
Groups. Alternatives for the Other Sites waste group (216-Z-10 Injection/Reverse Well and 216-Z-8 
French Drain) were not evaluated because these waste sites have limited contamination and do not pose a 
risk to human health and the environment. Table 28 through Table 31 at the end of this section show 
summaries of the comparative analysis.  
 
10.1 Overall Protection of Human Health and the Environment 
Overall protection of human health and the environment addresses whether each alternative provides 
adequate protection of human health and the environment by considering how risks posed through each 
exposure pathway are eliminated, reduced, or controlled through treatment, engineering controls, and/or 
institutional controls. 
 
For the Z-Ditches, four  alternatives (RTD, Barrier, a combination of ISV with RTD and a barrier, and a 
combination alternative of ISV with a barrier) meet the threshold criteria for protection of human health 
and the environment by eliminating, reducing, or controlling risks posed by the waste sites through 
removal and/or treatment of contaminated soil, and/or engineering controls. Although each of these four 
alternatives would provide adequate protection from exposure due to direct contact or soil 
ingestion/inhalation, perpetual cap maintenance would be required to ensure total protectiveness of each 
remedy including a barrier. A breach of the cap would potentially expose individuals to contamination 
and possibly allow migration of contaminants to the groundwater beneath the waste site. The No Action 
and Maintain and Enhance Existing Soil Cover with ICs alternatives are not protective of human health 
and the environment and were not retained. 
 
For the High-Salt Waste Group, the Barrier is protective of human health and the environment using 
evapotranspiration and physical barriers to minimize the potential for exposure to human or 
environmental receptors. ISV is protective of human health and the environment because it would break 
the exposure pathway by solidifying the contaminants in a glass block. The RTD alternatives remove 
contamination to varying depths to minimize the potential for an exposure at the waste sites. Each of these 
alternatives, except RTD (Option E), will require long-term ICs to maintain protectiveness. The No 
Action alternative does not meet the threshold criteria, as it is not protective of human health and the 
environment and was not retained. 
 
For the Low-Salt Waste Group, the Barrier, ISV, and RTD alternatives meet the threshold criteria for 
protection of human health and the environment. The No Action alternative does not meet the threshold 
criteria because it is not protective and was not retained. 
 
For the Cesium-137 Waste Group, the Maintain/Enhance Existing Soil Cover (MEESC) and RTD 
alternatives (Options B and C) meet the threshold criteria for protection of human health and the 
environment. The No Action alternative does not meet the threshold criteria because it is not protective 
and was not retained. 
 
For the Settling Tanks, the Sludge Removal and Tank Stabilization option meets the threshold criteria for 
overall protection of human health and the environment. The No Action alternative does not meet the 
threshold criteria because it is not protective and was not retained. 
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10.2 Compliance with Applicable or Relevant and Appropriate Requirements 
Section 121(d) of CERCLA and 40 CFR 300.430(f)(1)(ii)(B) require that remedial actions at CERCLA 
sites at least attain legally applicable or relevant and appropriate Federal and state requirements, 
standards, criteria, and limitations, which are collectively referred to as ARARs, unless such ARARs are 
waived under CERCLA Section 121(d)(4). Compliance with ARARs addresses whether a remedy will 
meet all of the ARARs or provide a basis for invoking a waiver. 
 
Applicable requirements are those cleanup standards, standards of control, and other substantive 
requirements, criteria, or limitations promulgated under Federal environmental or state environmental or 
facility siting laws that specifically address a hazardous substance, pollutant, contaminant, remedial 
action, location, or other circumstance found at a CERCLA site. Only those state standards that are 
identified by a state in a timely manner and that are more stringent than Federal requirements may be 
applicable. Relevant and appropriate requirements are those cleanup standards, standards of control, and 
other substantive requirements, criteria or limitations promulgated under Federal environmental or state 
environmental or facility siting laws that, while not “applicable” to a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at a CERCLA site, address problems or 
situations sufficiently similar to those encountered at the CERCLA site that their use is well suited to the 
particular site. Only those state standards that are identified in a timely manner and are more stringent 
than Federal requirements may be relevant and appropriate.  
All of the alternatives that met the criteria for overall protection of human health and the environment 
also comply with ARARs. The ARARs are the same for all of the alternatives.  
 
10.3 Long-Term Effectiveness and Permanence 
Long-term effectiveness and permanence refers to expected residual risk and the ability of a remedy to 
maintain reliable protection of human health and the environment over time, after RAOs have been met. 
This criterion includes the consideration of residual risk that will remain onsite following remediation and 
the adequacy and reliability of controls. 
 
For the Z-Ditches, the RTD alternative provides the greatest long-term effectiveness because 
contaminants are removed from the ground, treated if necessary, and disposed of in an approved facility. 
The barrier decreases the mobility of the contaminants and limits contact therewith; however, it requires 
long-term maintenance to remain effective.  
 
For the High-Salt waste group, the RTD alternatives (Options A, B, and C) ranked moderately well 
because they remove varying amounts of contaminants from the soil; however, ICs would still be required 
since waste will be left in place. RTD Option E ranks higher because all contaminated soil would be 
removed. Because RTD Option A and Option C propose excavation to depths greater than 4.6 m (15 ft) 
bgs, they would remove any contamination that poses a threat to human health or ecological receptors. By 
removing these soils, the exposure pathway is interrupted for the industrial worker scenario and 
ecological receptors.  
 
For the Low-Salt waste group, RTD Option C and Option E rank high for long-term effectiveness because 
these options would remove all contamination that poses a threat to human health or ecological receptors. 
The Barrier, ISV, and RTD Option A alternatives leave contamination in place meaning ICs restricting 
land-use would still be required; therefore, they only rank as performing moderately well. 
For the Cesium-137 waste group, the MEESC and RTD alternatives (Options B and C) leave some 
contamination in place, meaning ICs restricting land-use would still be required; therefore, these options 
only rank as performing moderately well. 
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For the Settling Tanks waste group, the alternative evaluated ranks high for long-term effectiveness since 
the contaminated sludge will be removed and the tanks will be grouted for stabilization. 
 
10.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 
The reduction of toxicity, mobility, or volume through treatment criterion assesses the anticipated 
performance of the treatment technologies that may be included as part of a remedial action. 
For the Z-Ditches, the ISV/RTD/Barrier and ISV/Barrier alternatives rank moderately well for reduction 
in toxicity, mobility, and volume through treatment because they both treat contaminated material (i.e., 
PCBs) using vitrification to reduce mobility. The barrier decreases the amount of water that infiltrates into 
the contaminated soil, which potentially reduces the mobility of contaminants. For the ISV/Barrier 
alternative, the barrier provides additional protection of human health and the environment. 
 
For the High-Salt waste group, the Barrier alternative reduces the amount of water that infiltrates into the 
subsurface, which may reduce mobility, but it does not reduce contaminant toxicity or volume. ISV 
captures contaminants in a glass block, reducing volume of the contaminated media and potentially 
reducing their mobility, but it does not reduce toxicity. The RTD alternatives reduce the amount of 
contaminated soil in the environment. However, the RTD alternative does not reduce toxicity or volume. 
Therefore, each alternative ranks as performing moderately well for this criterion.  
 
For the Low-Salt waste group, none of the alternatives are effective in reducing the mobility of plutonium 
or americium, the primary contaminants, as they are not mobile under existing or anticipated conditions. 
Therefore, all alternatives are ranked as performing less well for this criterion. 
 
For the Cesium-137 waste group, none of the alternatives are effective in reducing the mobility of cesium, 
the primary contaminant, as it is not mobile under existing or anticipated conditions. Therefore, all 
alternatives are ranked as performing less well for this criterion. 
 
For the Settling Tanks waste group, treatment is not a component of sludge removal and tank grouting; 
therefore, it is ranked as performing less well. However, sludge removed from the tanks will need be 
packaged to meet waste disposal criteria for the Waste Isolation Pilot Plant (WIPP).  
 
10.5 Short-Term Effectiveness 
Short-term effectiveness addresses the period of time needed to implement the remedy and any adverse 
impacts on human health and the environment that may be posed during construction and implementation 
of the remedy. 
 
For the Z-Ditches, High-Salt, and Low-Salt waste group, the Barrier alternative ranks highest for short-
term effectiveness because it provides lower potential for worker and environmental exposure to 
contaminants than the RTD alternatives that include excavation of contaminated material, which could 
potentially result in an exposure. In addition, a Barrier can be constructed in a relatively short period of 
time compared to that needed to implement ISV or RTD.  
 
For the Cesium-137 waste group, the MEESC alternative ranks highest for short-term effectiveness 
because it provides lower potential for worker and environmental exposure to contaminants than the RTD 
alternatives that include excavation of contaminated material, which could potentially result in an 
exposure. 
 
For the Settling Tanks waste group, the alternative ranks moderately well since the removal of the sludge 
from the Settling Tanks will require significant contaminated material handling requirements for worker 
safety and environmental protection. 
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10.6 Implementability 
Implementability addresses the technical and administrative feasibility of a remedy from design through 
construction and operation, including the availability of services and materials needed to implement the 
remedy. 
 
For the Z-Ditches, the Barrier alternative ranks high for implementability because it is a proven 
technology and relatively easy to construct with readily available construction methods and materials. The 
RTD alternative ranks moderately well because contaminated soils that are excavated must be packaged 
to meet disposal requirements at the appropriate disposal facility, which will be either ERDF or WIPP. 
The implementability of ISV is ranked low because of the challenges of applying the technology over a 
relatively large area.  
 
For the High-Salt waste group, the Barrier alternative ranks high for implementability because it is a 
proven technology and relatively easy to construct with readily available construction methods and 
materials. The RTD alternatives rank moderately well because contaminated soils that are excavated must 
be packaged to meet transportation and WIPP disposal requirements. Wastes that do not qualify as 
transuranic waste for disposal at WIPP will be disposed of at ERDF.  The RTD Option E ranked lowest 
for implementability because of the challenges of excavating to 27 m (90 ft).The implementability of ISV 
also ranked lowest because of the challenges of applying the technology below a depth of 7.6 m (25 ft) 
and over a relatively large area.  
 
For the Low-Salt waste group, the Barrier alternative ranks high for implementability because it is a 
proven technology and relatively easy to construct with readily available construction methods and 
materials. The RTD alternatives (Options A, C, and E) all rank moderately well because contaminated 
soils that are excavated must be packaged to meet transportation and WIPP disposal requirements. The 
implementability of ISV is ranked low because of the challenges of applying the technology over a 
relatively large area.  
 
For the Cesium-137 waste group, the MEESC alternative ranks high for implementability because it is 
relatively easy to construct with readily available construction methods and materials. The RTD 
alternatives rank moderately well because additional measures are required to excavate contaminated soils 
and package them to meet ERDF disposal requirements.  
 
For the Settling Tanks waste group, the alternative ranks moderately well since the sludge will require 
packaging to meet transportation and WIPP disposal requirements.  
 
10.7 Cost 
For the Z-Ditches, the Barrier alternative is the lowest cost alternative, RTD is the next lowest cost 
alternative, followed by the combination alternatives, ISV/Barrier and ISV/RTD/Barrier. Table 23 shows 
a cost summary for the Z-Ditches. 
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Table 23. Cost Summary for the Z-Ditches Waste Group 

Alternatives 

Costs ($ millions)a 

Capital Total O&Mb Present Worth 

216-Z-1D Ditch, 216-Z-11 Ditch, 216-Z-19 Ditch, 216-Z-20 Tile Field, and UPR-200-W-110 Unplanned 
Release 

RTD $60.4 $0 $58.1 

Barrier $9.4 $285.1 $19.6 

ISV/RTD/Barrier $338.9 $283.4 $318 

ISV/Barrier $296.9 $284 $287 

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The actual costs are 
expected to range from -30 to +50 percent of these estimated values. Major changes to assumed remedial action scope can result in 
remedial action costs outside of this range. Present Worth calculations are based on 1,000 years. 
b. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs and include 1,000 year IC/O&M, where applicable.  
 
 

 
For the High-Salt waste group, the Barrier alternative has the lowest cost followed by RTD Option B, 
ISV, and RTD Options A, C, and E. RTD Option B is lower because this option only applies to one High-
Salt waste site (216-Z-1A Tile Field).The costs associated with final disposal include estimated costs for 
disposal at the WIPP for any transuranic waste that is generated. Table 24 shows a cost summary for the 
High-Salt waste group. 
 

Table 24. Cost Summary for the High-Salt Waste Group 

Alternatives 

Cost ($ millions)a 

Capitalb Total O&Mc Present Worthb 

216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib 
Barrier $12.3 $107.5 $19.1 

ISV $115.1 $107.4 $94.0 

RTD (Option A) $112.2 $107.5 $107.2 

RTD (Option B) $78.1 $107.5 $77.5 

RTD (Option C) $642.5 $107.4 $577.0 

RTD (Option E) $895.5 $6.6 $786.3 

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The costs are 
expected to range from -30 percent to +50 percent of these estimated values. Major changes to remedial action scope can result in 
remedial action costs outside of this range. Present Worth calculations are based on 1,000 years.  
b. Capital and Present Worth costs include WIPP disposal costs.  
c. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs and include 1,000 year IC/O&M, where applicable. 
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For the Low-Salt waste group, the Barrier alternative has the lowest cost, followed by the ISV, and then 
the RTD alternatives. The RTD Option A alternative would cost less than Options C and E because less 
soil would be excavated. Table 25 shows a cost summary for the Low-Salt waste group. 
 

Table 25. Cost Summary for the Low-Salt Waste Group 

Alternatives 

Cost ($ millions)a 

Capitalb Total O&Mc Present Worth b 

216-Z-1&2 Crib, 216-Z-3 Crib, 216-Z-12 Crib and 216-Z-5 Crib 
Barrier $4.2 $171.0 $10.1 

ISV $17.8 $171.0 $23.7 

RTD (Option A) $61.8 $171.0 $67.7 

RTD (Option C) $81.4 $171.0 $89.3 

RTD (Option E) $81.4 $0 $81.4 

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The costs are 
expected to range from -30 percent to +50 percent of these estimated values. Major changes to remedial action scope can result in remedial 
action costs outside of this range. Present Worth calculations are based on 1,000 years. 
b. Capital and Present Worth Costs include WIPP disposal costs. 
c. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs and include 1,000 year IC/O&M, where applicable. 
   

 
For the Cesium-137 waste group, the MEESC alternative has the lowest cost, followed by the RTD 
alternatives. RTD Option B has lower costs because less contaminated soil would be excavated than for 
RTD Option C. Table 26 shows a cost summary for the Cesium-137 waste group.  
 

Table 26. Cost Summary for the Cesium-137 Waste Group 

Alternatives 

Cost ($ millions)a 

Capital Total O&Mb Present Worth 

216-A-7 Crib, 216-A-8 Crib, 216-A-24 Crib, 216-A-31 Crib and UPR-200-E-56 Unplanned Release 
Maintain/Enhance Existing Soil Cover $4.4 $68.0 $11.1 

RTD (Option B) $13.2 $63.9 $19.6 

RTD (Option C) $22.7 $63.9 $29.1 

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The costs are expected to 
range from -30 percent to +50 percent of these estimated values. Major changes to remedial action scope can result in remedial action costs 
outside of this range. Present Worth calculations are based on 350 years. 
b. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs and include 1,000 year IC/O&M, where applicable. 
c. The No Action alternative is not ranked because it does not meet the threshold criteria. 
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A cost summary for the Settling Tanks waste group is shown in Table 27. Table 28 through Table 31 at 
the end of this section show summaries of the comparative analysis. 
 

Table 27. Cost Summary for the Settling Tanks Waste Group 

Alternatives 
Cost ($ millions)a 

Capitalb Total O&Mc Present Worthb 

241-Z-361 Settling Tank and 241-Z-8 Settling Tank 
Sludge Removal and Tank Stabilization $33.4 $0 $39.6 

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The costs are 
expected to range from -30 percent to +50 percent of these estimated values. Major changes to remedial action scope can result in 
remedial action costs outside of this range. Present Worth calculations are based on 1,000 years. 
b.  Capital and Present Worth Costs include WIPP disposal costs. 
c. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs. 
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Table 28. Comparative Analysis Summary for the Z-Ditches Waste Group 

Criteria N
o 
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216-Z-1D Ditch, 216-Z-11 Ditch, 216-Z-19 Ditch, 216-Z-20 Tile Field, and UPR-200-W-110 Unplanned Release 
Threshold Criteria 
Overall Protection of 
Human Health and the 
Environment 

No No Yes Yes Yes Yes 

Compliance with 
ARARs 

No No Yes Yes Yes Yes 

Balancing Criteria 

Long-Term 
Effectiveness and 
Permanence 

NA NA Minimal long-term risks 
because contaminated soil 
would be removed 

Moderate long-term risks 
because all contaminated 
soil would be left in place 
under the barrier 

Minimal long-term risks since 
contaminated soil is removed 
or vitrified and left in place 

Moderate long-term risks 
because contaminated 
soil is vitrified and left in 
place 

Reduction in Toxicity, 
Mobility, and Volume 
through Treatment 

NA NA No reduction, but removes 
contaminated soil from the 
environment 

Restricts water infiltration 
which reduces mobility, 
but there is no treatment, 
waste remains in place 

Vitrification and a barrier 
reduce contaminant mobility 

Vitrification and a barrier 
reduce contaminant 
mobility 

Short-Term 
Effectiveness 

NA NA Moderate risks because 
contaminated soils are 
excavated and packaged 

Lowest short-term risks 
because work is not 
intrusive 

Moderate risks because 
contaminated soils are 
excavated and packaged and 
from worker risk associated 
with ISV 

Moderate risks because 
of worker risk associated 
with ISV 
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Implementability NA NA Relatively implementable, 
but requires excavation 
and disposal of 
contaminated soil 

Relatively easy to construct Less implementable due to 
challenges associated with ISV 

Less implementable due 
to challenges associated 
with ISV 

Cost (in millions) 

Capital NA NA $60.4 $9.4 $338.9 $296.9 

Total O&Mb NA NA $0 $285.1 $283.4 $284 

Present Worth NA NA $58.1 $19.6 $318 $287 

Modifying Criteria 

State Acceptance NA NA Yes No No No

Community Acceptance NA NA Yes No No No

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The actual costs are expected to range 
from -30 to +50 percent of these estimated values. Major changes to assumed remedial action scope can result in remedial action costs outside of this 
range. Present Worth calculations are based on 1,000 years. 
b. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs and include 1,000 year IC/O&M, where applicable.  
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Table 29. Comparative Analysis Summary for the High-Salt Waste Group 
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216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib 
Threshold Criteria 
Overall Protection 
of Human Health 
and the 
Environment 

No Yes Yes Yes Yes Yes Yes 

Compliance with 
ARARs 

No Yes Yes Yes Yes Yes Yes 

Balancing Criteria 

Long-Term 
Effectiveness and 
Permanence 

NA Moderate long-
term risks because 
all contaminated 
soil would be left 
in place under the 
barrier 

Moderate long-
term risks because 
contaminated soil 
is vitrified and left 
in place 

Moderate long-
term risks because 
not all of the 
contaminated soil 
would be removed 

Moderate long-
term risks because 
not all of the 
contaminated soil 
would be removed 

Moderate long-
term risks because 
not all of the 
contaminated soil 
would be removed 

Minimal long-term 
risks because 
enough 
contaminated soil 
would be removed 
that ICs would not 
be required 

Reduction in 
Toxicity, Mobility, 
and Volume 
through Treatmentc 

NA Restricts water 
infiltration which 
reduces mobility 

Restricts water 
infiltration which 
reduces mobility 

No reduction, but 
removes 
contaminated soil 
from the 
environment 

No reduction, but 
removes 
contaminated soil 
from the 
environment 

No reduction, but 
removes 
contaminated soil 
from the 
environment 

No reduction, but 
removes 
contaminated soil 
from the 
environment 

Short-Term 
Effectiveness 

NA Lowest short-term 
risks because 
work is not 
intrusive 

Moderate risks 
because of worker 
risk associated 
with ISV 

Moderate risks 
because 
contaminated soils 
are excavated and 
packaged 

Moderate risks 
because 
contaminated soils 
are excavated and 
packaged 

Moderate risks 
because 
contaminated soils 
are excavated and 
packaged 

Moderate risks 
because 
contaminated soils 
are excavated and 
packaged 
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Implementability NA Relatively easy to 
construct 

Less 
implementable 
due to challenges 
associated with 
ISV 

Relatively 
implementable, but 
requires excavation 
and disposal of 
contaminated soil 

Relatively 
implementable, but 
requires excavation 
and disposal of 
contaminated soil 

Relatively 
implementable, but 
requires excavation 
and disposal of 
contaminated soil 

Less implementable 
since excavation 
would be needed to 
depths >90 ft 

Cost (in millions) 

Capital NA $12.3 $115.1 $112.2 $78.1 $642.5 $895.5 

Total O&Mb NA $107.5 $107.4 $107.5 $107.5 $107.4 $6.6 

Present Worth NA $19.1 $94.0 $107.2 $77.5 $577.0 $786.3 

Modifying Criteria 

State Acceptance NA No No Yesd No Yes Yes

Community 
Acceptance 

NA No No Noe No Yese Yese

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The actual costs are expected to range 
from -30 to +50 percent of these estimated values. Major changes to assumed remedial action scope can result in remedial action costs outside of this 
range. Present Worth calculations are based on 1,000 years. 
b. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs and include 1,000 year IC/O&M, where applicable.  
c. Carbon tetrachloride and other VOCs are being removed by SVE and are subject to treatment 
d. Ecology recommended RTD-Option C as the preferred alternative in a letter to EPA’s National Remedy Review Board dated  July 2010. Ecology also 
concurs with the use of RTD-Option A as part of the selected remedy.  
e. Public comments on the Proposed Plan supported an RTD option that would remove nearly all or all of the plutonium-contaminated sediments at the High-
Salt Waste Group, as in RTD Options C and E. RTD-Option A was selected as the final remedy for this waste group since it meets the threshold criteria and 
provides the best balance of the CERCLA balancing criteria and modifying criteria considerations. 
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Table 30. Comparative Analysis Ranking Summary for the Low-Salt Waste Group 
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216-Z-1&2 Crib, 216-Z-3 Crib, 216-Z-12 Crib and 216-Z-5 Crib 
Threshold Criteria 
Overall Protection of 
Human Health and the 
Environment 

No Yes Yes Yes Yes Yes 

Compliance with 
ARARs 

No Yes Yes Yes Yes Yes 

Balancing Criteria 

Long-Term 
Effectiveness and 
Permanence 

NA Moderate long-
term risks 
because all 
contaminated soil 
would be left in 
place under the 
barrier 

Moderate long-
term risks 
because 
contaminated 
soil is vitrified 
and left in place 

Moderate long-term risks 
because not all of the 
contaminated soil would 
be removed 

Minimal long-term 
risks because enough 
contaminated soil 
would be removed 
that ICs would not be 
required 

Minimal long-term risks 
because enough 
contaminated soil would be 
removed that ICs would not 
be required 

Reduction in Toxicity, 
Mobility, and Volume 
through Treatment 

NA Restricts water 
infiltration which 
reduces mobility 

Restricts water 
infiltration 
which reduces 
mobility 

No reduction, but 
removes contaminated 
soil from the environment 

No reduction, but 
removes 
contaminated soil 
from the environment 

No reduction, but removes 
contaminated soil from the 
environment 

Short-Term 
Effectiveness 

NA Lowest short-term 
risks because 
work is not 
intrusive 

Moderate risks 
because of 
worker risk 
associated with 
ISV 

Moderate risks because 
contaminated soils are 
excavated and packaged 

Moderate risks 
because 
contaminated soils 
are excavated and 
packaged 

Moderate risks because 
contaminated soils are 
excavated and packaged 
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Implementability NA Relatively easy to 
construct 

Less 
implementable 
due to challenges 
associated with 
ISV 

Relatively 
implementable, but 
requires excavation and 
disposal of contaminated 
soil 

Relatively 
implementable, but 
requires excavation 
and disposal of 
contaminated soil 

Relatively implementable, 
but requires excavation and 
disposal of contaminated 
soil 

Cost (in millions) 

Capital NA $4.2 $17.8 $61.8 $81.4 $81.4 

Total O&Mb NA $171.0 $171.0 

 

$171.0 $171.0 $0 

Present Worth NA $10.1 $23.7 $67.7 $81.4 $81.4 

Modifying Criteria 

State Acceptance NA NA No No Yes Yes

Community Acceptance NA NA No No Yes Yes

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The actual 
costs are expected to range from -30 to +50 percent of these estimated values. Major changes to assumed remedial action scope can 
result in remedial action costs outside of this range. Present Worth calculations are based on 1,000 years. 
b. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs and include 1,000 year IC/O&M, where 
applicable.  
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Table 31. Comparative Analysis Summary for the Cesium-137 Waste Group 

Criteria N
o 

A
ct

io
n 

M
ai

nt
ai

n/
E

nh
an

ce
 

E
xi

st
in

g 
So

il 
C

ov
er

 
(M

E
E

SC
) 

R
T

D
 (O

pt
io

n 
B

) 

R
T

D
 (O

pt
io

n 
C

) 

216-A-7 Crib, 216-A-8 Crib, 216-A-24 Crib, 216-A-31 Crib and UPR-200-E-56 Unplanned Release 
Threshold Criteria 
Overall Protection of 
Human Health and the 
Environment 

No Yes Yes Yes 

Compliance with 
ARARs 

No Yes Yes Yes 

Balancing Criteria 

Long-Term 
Effectiveness and 
Permanence 

NA Moderate long-term risks because 
all contaminated soil would be 
left in place under the soil cover 

Moderate long-term risks because 
not all of the contaminated soil 
would be removed 

Moderate long-term risks because not all of 
the contaminated soil would be removed 

Reduction in Toxicity, 
Mobility, and Volume 
through Treatment 

NA Reduces water infiltration which 
reduces mobility 

No reduction, but removes 
contaminated soil from the 
environment 

No reduction, but removes contaminated soil 
from the environment 

Short-Term 
Effectiveness 

NA Lowest short-term risks because 
work is not intrusive 

Moderate risks because 
contaminated soils are excavated 
and packaged 

Moderate risks because contaminated soils 
are excavated and packaged 

Implementability NA Relatively easy to construct Relatively implementable, but 
requires excavation and disposal of 
contaminated soil 

Relatively implementable, but requires 
excavation and disposal of contaminated soil 
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Cost (in millions) 

Capital NA $4.4 $13.2 $22.7 

Total O&Mb NA $68.0 $63.9 $63.9 

Present Worth NA $11.1 $19.6 $29.1 

Modifying Criteria 

State Acceptance NA Yes Yes Yes

Community Acceptance NA Yes Yes Yes

a. These cost estimates are based on the best available information for the site-specific anticipated remedial actions. The actual 
costs are expected to range from -30 to +50 percent of these estimated values. Major changes to assumed remedial action scope can 
result in remedial action costs outside of this range. Present Worth calculations are based on 1,000 years. 
b. Total O&M costs presented as total Nondiscounted Annual and Periodic Costs and include 1,000 year IC/O&M, where 
applicable.  
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10.8  State Acceptance 
The State of Washington Department of Ecology (Ecology) provided the following state acceptance 
statement for inclusion in this ROD:  

Ecology is the supporting regulatory agency for remedial actions at the 200-CW-5, 200-PW-1, 200-PW-
3, and 200-PW-6 Operable Units (OUs). Under Washington's Resource Conservation and Recovery Act 
of 1976 (RCRA)-authorized Hazardous Waste Management Act (HWMA) and Dangerous Waste 
Regulations, Ecology has corrective action jurisdiction over the 200-CW-5, 200-PW-1, 200-PW-3, and 
200-PW-6 OUs concurrent with Comprehensive Environmental Response Conservation, and Liability Act 
of 1980 (CERCLA). Under the Hanford Facility Dangerous Waste Permit (Site-wide Permit),  Ecology 
allows for work under other cleanup authorities or programs to be used to satisfy corrective action 
requirements, provided such work protects human health and the environment: Site-wide Permit 
Condition II.Y.2. Ecology specifically accepts work under the Tri-Party Agreement and the CERCLA 
program as satisfying corrective action requirements, subject to certain reservations (Site-wide Permit 
Condition II.Y.2.a). These reservations include a qualification that "a final decision about satisfaction of 
corrective action requirements will be made in the context of issuance of a final ROD," Sitewide Permit 
Condition II.Y.2.a.ii. 
 
In addition to jurisdiction asserted under the permit, certain HWMA corrective action requirements are 
"applicable or relevant and appropriate requirements" (ARARs) under CERCLA.  Ecology has evaluated 
protection of human health and the environment by considering how the selected remedy will address 
state corrective action requirements under the Washington Administrative Code (WAC) 173-303-
64620(4). This regulation provides that corrective action must, at a minimum, be consistent with certain 
provisions of Washington's Model Toxics Control Act (MTCA) regulations, including the requirements for 
state remedial investigation/feasibility study (RI/FS) in WAC 173-340-350, and the remedy selection 
requirements of WAC 173-340-360.   
 
Ecology agrees that the selected remedy is consistent with the remedy selection requirements of WAC 
173-340-360.  In reaching this conclusion, Ecology agrees that US DOE has collected sufficient 
information to identify and evaluate cleanup alternatives for the 200-CW-5, 200-PW-1, 200-PW-3, and 
200-PW-6 OUs, consistent with WAC 173-340-350.  Ecology believes, however, that further sampling of 
nitrate and technetium-99 is necessary to confirm that nitrate levels do not pose an unacceptable risk to 
groundwater. 
 
Ecology understands that further site characterization for nitrate and technetium-99 (also called “post-
ROD confirmatory sampling” and “verification sampling”) will be described in a future Remedial 
Design Report/Remedial Action Work Plan approved by EPA.  Ecology and the U.S. Environmental 
Protection Agency Region 10 entered into a Memorandum of Understanding (MOU), effective 27 August 
1996, concerning Hanford Federal Facility Agreement and Consent Order.  The MOU indicates that 
Ecology will generally not be involved with EPA-lead operable units after the ROD is issued.  For these 
operable units, Ecology will request an EPA briefing on the post-ROD sampling as EPA develops data 
quality objectives (DQOs).  Ecology will provide feedback on these draft DQOs.  Also, Ecology 
anticipates requesting that US DOE conduct the post-ROD sampling using a methods-based approach 
analyzing & reporting on all constituents within a given analytical method, compared to analyzing & 
reporting specific contaminants of interest within an analytical method.  Ecology anticipates that by 
being briefed on and providing feedback on DQOs, and by requesting methods-based analysis and 
reporting, the proposed remedy will be consistent with WAC 173-340-410, “Compliance monitoring 
requirements”. 
 
Ecology further concurs with the decision that the 241-Z-361 and 241-Z-8 Settling Tanks “will be 
managed using the CERCLA past-practice process,” subject to the following comments.  Assuming it is 
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confirmed that these tanks hold mixed waste and that the material in the tanks was not disposed of prior 
to the effective date of hazardous waste regulation, Ecology maintains that the tanks are subject to 
closure under Washington’s RCRA-authorized state hazardous waste program, as implemented through 
the Hazardous Waste Management Act (HWMA), chapter 70.105 RCW, and Dangerous Waste 
Regulations, chapter 173-303 WAC.  While the material within the tanks has undoubtedly been 
“discarded,” it is at this point still being determined whether it was “disposed of” as defined under 
RCRA during the 1970s.  See 42 U.S.C. § 6903(3); see also, WAC 173-303-040.  If it was not disposed of 
in the 1970s, then the material has continued in storage after the effective date of applicable HWMA 
requirements and RCRA regulation, which makes both the material in the tanks and the tanks themselves 
subject to HWMA requirements.  Even if it was disposed of prior to the effective date of hazardous waste 
regulation, HWMA closure requirements are still relevant and appropriate under CERCLA to the 
disposition of the tanks and their contents.  Ecology therefore agrees with the inclusion of WAC 173-303-
610(2) (defining closure standards) as an ARAR.  Ecology expects that detailed closure requirements 
based on this ARAR will be developed in conjunction with the RD/RA work plan.  In the event HWMA 
requirements are determined to be applicable, Ecology believes that it can accept a CERCLA action that 
implements closure actions in conformance with the ARAR as satisfying closure under the HWMA, and 
Ecology will develop a framework for implementing this approach in the pending renewal of the Hanford 
Sitewide Permit. 
 
Periodic review of cleanup actions is listed as a corrective action requirement at WAC 173-303-
64620(4)(e).  The corrective action requirement for consistency with the WAC 173-340-420 requirements 
for periodic review can be satisfied by the CERCLA requirement for 5-year review of CERCLA RODs.  
For the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs, Ecology has identified several elements 
that it believes will need to be addressed in the CERCLA 5-year review: 
 
1. Extent of nitrate contamination, re-evaluation of potential impact to groundwater, and evaluation of 

protectiveness of selected remedy for nitrate in soil-to-protect groundwater (WAC 173-340-747). 
2. Evaluating effectiveness of soil vapor extraction of carbon tetrachloride, and whether selected 

remedy will achieve a reasonable restoration time frame (WAC 173-340-360(4)). 
3. Extent of technetium-99 contamination, re-evaluation of potential impact to groundwater, and 

evaluation of protectiveness of selected remedy for technetium-99 in terms of ability to not exceed the 
Method A cleanup level for Gross Beta particle activity in groundwater (WAC 173-340-900, Table 
720-1). 

4. Evaluation of the sampling and analysis results from post-ROD to support the protectiveness 
determination required for the CERCLA 5-year ROD review. 

 
This ROD does not set precedents for other RODs on the Central Plateau, as every CERCLA decision 
must be evaluated on its own merit.  
 
The public comment period and responsiveness summary address the public’s concerns.  After evaluating 
the remedy, the state has determined that the selected remedy described in section 12 is acceptable as a 
final remedy, subject to the above comments. 

10.9  Community Acceptance 
Numerous comments were received on the proposed plan. The public voiced concerns over 
implementation of a final remedial action that will leave waste, particularly long-lived plutonium 
contamination, in place. Other concerns were the use of barriers and soil covers, maintaining institutional 
controls over the long term. The public’s comments, along with the agency responses, are included in the 
Responsiveness Summary in Part III of this ROD.  
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11.0 Principal Threat Waste 
Principal threat waste is defined as source materials considered to be highly toxic or highly mobile that 
generally cannot be reliably contained or would present a significant risk to human health or the 
environment should exposure occur. They include soils containing significant concentrations of highly 
toxic materials and surface or subsurface soils containing high concentrations of contaminants that are, or 
potentially are mobile due to wind entrainment, volatilization, surface runoff, or subsurface transport.  
The NCP states that “EPA expects to use treatment to address the principal threats posed by a site, 
wherever practicable” (40 CFR § 300.430(a)(1)(iii)(A)). At these waste sites, the soils contaminated with 
significant concentrations of plutonium or cesium radionuclides are considered principal threat wastes 
since they are highly toxic contaminants. EPA has a preference to treat principal threat waste, wherever 
practicable. However, there is no feasible technology to practicably treat radionuclides that will not result 
in larger volumes of waste, creating greater impracticability for disposal.  The contaminated soils will be 
packaged appropriately for on-site disposal at the Hanford Site Environmental Restoration Disposal 
Facility (ERDF) or for off-site disposal at the Waste Isolation Pilot Plant (WIPP), as appropriate.  
The amount of waste disposed  is a limiting factor since plutonium waste generated at 200-PW-1 and 
200-PW-6 waste sites will include transuranic waste, which will be disposed at the WIPP, a half-mile 
deep repository in southern New Mexico that has limited capacity. Transuranic mixed waste disposed at 
WIPP is exempt from treatment standards promulgated pursuant to section 3004(m) of the Solid Waste 
Disposal Act (42 U.S.C. 6924(m)) and shall not be subject to the land disposal prohibitions in section 
3004(d), (e), (f), and (g) of the Solid Waste Disposal Act (the WIPP Land Withdrawal Act (LWA) of 1992, 
Pub. L. No. 102-579, § 9, 106 Stat. 4777, as amended by the National Defense Authorization Act for 
Fiscal Year 1997, Pub. L. No. 104-201, 110 Stat. 2422).  While radiological constituents from the 
Hanford waste stream that are disposed at WIPP will not be treated, the deep geologic disposal in a dry, 
220 million-year-old salt bed has many of the same benefits as treatment with respect to permanence and 
control of migration. The selected remedy consists of an evapotranspiration barrier over plutonium 
contaminated soils and a soil cover over cesium-contaminated soils, which will protect human health and 
the environment from future unacceptable risk. DOE and EPA have determined that the waste remaining 
in place will not be an unacceptable risk to human health or the environment. 
 
12.0 Selected Remedy 
This ROD presents the selected final remedial action for the 200-CW-5, 200-PW-1, 200-PW-3, and 200-
PW-6 OUs in the Hanford Site, 200 Area, Benton County, Washington, in accordance with CERCLA, as 
amended by SARA, and to the extent practicable, the NCP. This decision is based on the information 
contained in the Administrative Record, which includes the public comments on the Proposed Plan for 
these OUs. An expedited response action is currently ongoing in the 200-PW-1 OU to address carbon 
tetrachloride contamination through use of a soil vapor extraction system. Use of the SVE system will be 
incorporated into the final remedial action. The following subsections provide a summary of the rationale 
for the selected remedy, the description of the selected remedy, the summary of estimated remedy costs, 
and expected outcomes of the selected remedy.  
 
12.1 Summary of the Rationale for the Selected Remedy 
As part of the evaluation, several key factors influenced selection of the selected remedy including the 
following:  
 
• The location of the waste sites within the Central Plateau of the Hanford Site where they are adjacent 

to long-term waste disposal facilities. 
 

• The depth to groundwater at the waste sites 40m to 75m (132 ft- 246 ft) in the 200 West Area and 
54m to 104 m (177 ft- 340 ft) in the 200 East Area. 
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• The semiarid climate of the area that has an average annual precipitation of 17 cm (6.8 in.).  
 
• The anticipated industrial land-use for these waste sites. 

 
• The minimal risk reduction associated with removing plutonium-contaminated soils at greater depths.  

 
• Public acceptance of a remedy that removes contaminated soil. A barrier alternative would also be 

protective of human health and the environment.  
 

The 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs consist of 21 waste sites that have been 
grouped together into six waste groups (Z-Ditches, High-Salt, Low-Salt, Settling Tanks, Cesium-137, and 
Other Sites) based on liquid waste type, primary contaminants, and similarities in the distribution of 
contaminants in the subsurface. A remedial approach that would best address the type of contamination 
present was selected for each of these waste groups. The two waste sites in the Other Sites Group were 
determined to have limited contamination and do not pose a risk to human health and the environment; 
therefore, there is no basis for action at these waste sites. Table 32 shows a brief summary of the selected 
remedial actions for each waste group.  
 
 

Table 32. Summary of Remedial Actions Selected by Waste Group 

Waste 
Group Selected Remedy 

Z-Ditches RTD with disposal at ERDF or WIPP, as appropriate. 

High-Salt RTD—Option A: Remove soil to 0.6 m (2 ft) below the bottom of the disposal structure to 20 ft – 23 ft bgs. Plutonium 
waste will be disposed of at WIPP or ERDF, as appropriate. SVE to treat  VOCs. Use of evapotranspiration barriers.   

Low-Salt RTD—Option C: Remove soil up to a depth of 22 ft - 33 ft at each waste site. Plutonium waste will be disposed of at 
WIPP or ERDF, as appropriate. Use of evapotranspiration barriers.   

Cesium-137 Maintain/ Enhance Soil Cover. Maintain a 15 ft thickness of soil cover over these waste sites. 

Settling Tanks Sludge Removal and Tank Stabilization. 

Other Sites No action since these waste sites do not pose a risk to human health and the environment 

 
 
 
Removal, treatment (if necessary), and disposal (RTD) of contaminated soil and structures was the 
preferred alternative for the Z-Ditches waste group. The basis for selecting this alternative is that it 
reduces site risk through removal of contamination from the waste sites to levels that are protective of the 
current and reasonably expected future land use. This alternative is cost-effective relative to other 
alternatives, taking into account the reduction of overall site risk achieved and reduction of the cost of 
long-term ICs and maintenance.  
 
Contaminated soil removed from the High-Salt Waste Group is anticipated for disposal at WIPP, which is 
a greater cost than disposal at ERDF. The RTD Option A alternative was identified as the preferred 
alternative for the High Salt waste group over RTD Option C because it is protective of the current and 
reasonably expected future land use and the incremental cost of retrieving and disposing of the additional 
quantity of contaminated soils under Option C are disproportionate to the reduction in risks posed to 
human health and the environment. The construction of an evapotranspiration barrier over the waste sites 
after RTD is complete will control the amount of precipitation that infiltrates into the remaining 
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contaminated media, thereby reducing the potential migration of contaminants and providing protection 
of groundwater. 
 
For the Low-Salt waste group, the RTD Option C alternative was selected over the RTD Option A 
alternative because excavating to 10.1 m (33 ft) under RTD Option C instead of stopping at 9.5 m (31 ft), 
would remove an estimated 90 percent of the plutonium contamination beneath these waste sites and is 
cost effective. This is different from the High-Salt Waste Group because removing a significant portion of 
plutonium contamination at the High-Salt Waste Group would require digging an additional 13 to 16 feet.  
The construction of an evapotranspiration barrier over the waste sites after RTD is complete will control 
the amount of precipitation that infiltrates into the remaining contaminated media, thereby reducing the 
potential migration of contaminants and providing protection of groundwater. 
 
The Maintain/Enhance Existing Soil Cover (MEESC) alternative was selected for the Cesium-137 waste 
group because it will provide a minimum of 4.6 m (15 ft) of cover over the waste which will break 
environmental pathways to humans and ecological receptors, is protective of the current and reasonably 
expected land use, and is cost effective. The MEESC alternative ranked high for implementability 
because it is relatively easy to construct soil cover with readily available construction methods and 
materials while the RTD alternative ranked moderately well because additional measures are required to 
excavate contaminated soils and package them to meet ERDF disposal requirements. The MEESC 
alternative was also the lowest cost alternative considered. Since the cesium contamination at these waste 
sites is not mobile under existing or anticipated conditions, all the alternatives considered do not include 
waste treatment and therefore do not provide for the reduction of toxicity, mobility, or volume through 
treatment. 
 
12.2  Detailed Description of the Selected Remedy 
A brief summary of the selected remedy for the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs is 
listed in Table 32. A detailed description of the major remedy components for each waste group is 
provided in this section.  
 
12.2.1 Z-Ditches Waste Group Remedy Components 
Removal, treatment to meet disposal requirements (if needed), and disposal of contaminated soils at 
ERDF or WIPP, as appropriate, will be applied to the Z-Ditches Waste Group which consists of the 216-
Z-1D Ditch, 216-Z-11 Ditch, 216-Z-19 Ditch, 216-Z-20 Tile Field, and UPR-200-W-110 Unplanned 
Release in accordance with an approved remedial design/remedial action (RD/RA) work plan.  
For the Z-Ditches Waste Group, the excavation will remove contaminated soil located from 0 to 15 ft bgs 
that exceeds cleanup levels for plutonium 239/240, americium-241, cesium-137, radium-226, strontium-
90, PCBs, boron, and mercury.  
 
The RTD process for this waste group requires: 
 

• Removal and stockpiling of clean overburden for backfilling. 
 

• Removal of contaminated soils and debris to a depth of 15 ft bgs that exceed the cleanup levels 
identified in Table 35 for contaminants specified above.  

 
• Removal of structures and other debris within the excavation areas. This includes the 200-W-207-

PL pipeline associated with this waste group. 
 

• Sampling during design to confirm the extent of excavation required. 
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• Placement of contaminated soil and debris in waste containers. 
 

• Screening of waste in containers to determine if it qualifies for disposal at ERDF. If transuranic 
waste is present in the containers, it will be packaged to meet waste disposal criteria for disposal 
at WIPP. 

 
• Treatment of waste to meet disposal requirements (if needed). 

• Sampling for plutonium 239/240, americium-241, cesium-137, radium-226, strontium-90, PCBs, 
boron, and mercury to verify the remediation meets the cleanup levels identified in Table 35 after 
excavation is complete and before backfilling occurs. 
 

• Sampling of nitrate, at the request of Ecology, to confirm that nitrate levels do not pose an 
unacceptable risk to groundwater. Sampling will be done in accordance with a sampling and 
analysis plan that will be part of the RD/RA work plan. In the event sampling indicates 
contaminant levels do pose an unacceptable risk to groundwater, then the CERCLA process will 
be used to modify the remedy as necessary to protect groundwater.   
 

• Backfilling of the excavations with clean fill followed by compaction and revegetation. 
 
 

12.2.2 High-Salt Waste Group Remedy Components 
Removal, treatment to meet disposal requirements (if needed), and disposal of contaminated soils at 
ERDF or WIPP, as appropriate, will be applied to the High-Salt Waste Group which consists of the 216-
Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib in accordance with an approved RD/RA work plan.  
For the High-Salt Waste Group, the excavation will remove soils located to 6.1 m (20 ft) bgs at the 216-
Z-1A Tile Field, 7 m (23 ft) bgs at the 216-Z-9 Trench, and 6.1 m (20 ft) bgs at the 216-Z-18 Crib. 
The selected RTD (Option A) process for this waste group requires: 
 

• Removal and stockpiling of clean overburden for backfilling. 
 

• Removal of soils and debris to 6.1 m (20 ft) bgs at the 216-Z-1A Tile Field, 7 m (23 ft) bgs at the 
216-Z-9 Trench, and 6.1 m (20 ft) bgs at the 216-Z-18 Crib. This includes the 200-W-174-PL and 
200-W-206-PL pipelines and removal of the above-grade structures at the 216-Z-9 Trench. 
 

• Removal of structures and other debris within the excavation areas or that must be removed in 
order to conduct required remediation. This may include removal of parts of the 200-W-178 
pipeline from the 241-Z building to the 3rd bend in the 200-W-178-PL pipeline.  The 200-W-178 
pipeline is part of a Dangerous Waste Management Unit (DWMU) and any necessary removal of 
parts of the 200-W-178 pipeline will satisfy applicable or relevant and appropriate requirements 
for DWMUs.   
 

• Placement of contaminated soil and debris in waste containers.  
 

• Screening of waste in containers to determine if it qualifies as transuranic waste. Waste that 
qualifies as transuranic waste will be packaged to meet waste disposal criteria for disposal at 
WIPP. Other waste will be packaged to meet disposal criteria for disposal at ERDF.  

 
• Treatment of waste to meet disposal requirements (if needed). 
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• Sampling of nitrate and technetium-99, at the request of Ecology, to confirm that contaminant 
levels do not pose an unacceptable risk to groundwater. Sampling will be done in accordance with 
a sampling and analysis plan that will be part of the RD/RA work plan. In the event sampling 
indicates contaminant levels do pose an unacceptable risk to groundwater, then the CERCLA 
process will be used to modify the remedy as necessary to protect groundwater.  
 

• After excavating to the specified depths in these waste sites, plutonium-239/240 levels will be 
assessed in accordance with a sampling and analysis plan that will be part of the RD/RA work 
plan. DOE will consider removing additional plutonium-contaminated soil from these waste sites.  

 
• Backfilling of the excavations with clean fill, followed by compaction. 

 
• Construction of evapotranspiration (ET) barriers over each waste site. ET barrier construction 

will include planting the barrier surface with vegetation.  
 

The ET barriers will be constructed in accordance with an approved RD/RA work plan. The barrier will 
cover the entirety of each waste site it addresses to minimize infiltration into and through contaminated 
soil remaining in those waste sites, prevent vapor buildup within the surface barrier, and inhibit plant and 
animal intrusion into the remaining waste. The integrity of the barrier will be monitored in accordance 
with an approved Operations and Maintenance (O&M) plan. 
 
An SVE system was constructed and operated under an expedited response action to address carbon 
tetrachloride contamination at the High-Salt Waste Group (Action Memo: Expedited Response Action 
Proposal for 200 West Carbon Tetrachloride Plume, 1992). The SVE system requirements are being 
incorporated as part of the selected remedy. SVE will be used to address carbon tetrachloride and 
methylene chloride contamination. Soil vapor concentrations presented in Table 35 will be further refined 
and assessed to ensure soil cleanup levels, which are protective of groundwater, are met.  DOE will 
continue to implement the SVE system in accordance with the expedited response action until the RD/RA 
Work Plan is approved. 
 
12.2.3 Low-Salt Waste Group Remedy Components 
Removal, treatment to meet disposal requirements (if needed), and disposal of contaminated soils at 
ERDF or WIPP, as appropriate, will be applied to the Low-Salt Waste Group which consists of the 216-
Z-1&2 Crib, 216-Z-3 Crib, 216-Z-12 Crib and 216-Z-5 Crib in accordance with an approved RD/RA 
work plan. 
 
For the Low-Salt Waste Group, the excavation will remove soils located to 7.6 m (25 ft) bgs at the 216-Z-
1&2 Crib, 10.1 m (33 ft) bgs at the 216-Z-3 Crib, 6.7 m (22 ft) bgs at the 216-Z-5 Crib, and 7.3 m (24 ft) 
bgs at the 216-Z-12 Crib.  
 
The RTD (Option C) process for this waste group requires: 
 

• Removal and stockpiling of clean overburden for backfilling. 
 

• Removal of soils and debris to 7.6 m (25 ft) bgs at the 216-Z-1&2 Crib, 10.1 m (33 ft) bgs at the 
216-Z-3 Crib, 6.7 m (22 ft) bgs at the 216-Z-5 Crib, and 7.3 m (24 ft) bgs at the 216-Z-12 Crib.  
 

• Removal of structures and other debris within excavation areas or that must be removed in order 
to conduct required remediation. This includes the 200-W-208-PL and 200-W-210-PL pipelines.  
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• Placement of contaminated soil and debris in waste containers  
 

• Screening of waste in containers to determine if it qualifies for offsite disposal at the Waste 
Isolation Pilot Plant (WIPP). Waste that does not meet waste acceptance criteria for WIPP will be 
sent to the Hanford Environmental Restoration and Disposal Facility (ERDF). 

 
• Treatment of waste to meet disposal requirements (if needed). 

• Backfilling of the excavations with clean fill, followed by compaction. 
 

• Construction of evapotranspiration (ET) barriers over each waste site. The requirements for these 
ET barriers are the same as for the High-Salt Waste Group.   

 
12.2.4 Cesium-137 Waste Group Remedy Components 
The use of soil covers over contaminated soils will be applied at the Cesium-137 Waste Group which 
consists of the 216-A-7 Crib, 216-A-8 Crib, 216-A-24 Crib, 216-A-31 Crib and UPR-200-E-56 
Unplanned Release in accordance with an approved RD/RA work plan. 
 
For the Cesium-137 Waste Group, the soil covers will provide a minimum of 4.6 m (15 ft) of 
uncontaminated soil cover over each waste site. 
 
 Soil cover for this waste group requires: 
 

• Addition of soil, as necessary, to waste sites to achieve a minimum 4.6 m (15 ft) of cover, at the 
216-A-7 Crib, 216-A-8 Crib, and the UPR-200-E-56 Unplanned Release waste sites. 
 

• Maintenance of a 4.6m (15ft) thickness of soil cover.  
 

12.2.5 Settling Tanks Waste Group Remedy Components 
Removal of sludge followed by tank stabilization will be applied to the Settling Tank Waste Group which 
consists of the 241-Z-361 Settling Tank and 241-Z-8 Settling Tank in accordance with an approved 
RD/RA work plan.   
 
The sludge removal and tank stabilization process for this waste group requires: 
 

• Removal of sludge from the tanks. 
 

• Packaging of sludge to meet waste disposal criteria for disposal at WIPP.  
 

• Screening of waste in container to confirm it meets the requirements for disposal at WIPP. Waste 
in containers that does not meet WIPP disposal criteria will be treated if necessary and sent to 
ERDF. 
 

• Verification of removal of tank contents prior to grouting will be conducted in accordance with 
the RD/RA work plan.  
 

• Grouting of empty tanks with a suitable fill material to remove the potential for collapse. Tanks 
will remain in place.  
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In addition, remediation of the tanks will be conducted to satisfy substantive requirements for closure of 
dangerous waste tanks.   
 
12.2.6 Other Sites Waste Group Remedy Components 
The two waste sites in the Other Sites Group, the 216-Z-8 French Drain and 216-Z-10 Injection/Reverse 
Well, were determined to have limited contamination and do not pose a risk to human health and the 
environment; therefore, no action has been selected for these waste sites. 
 
12.2.7 Institutional Controls Component 
Institutional controls are non-engineering instruments, such as administrative and/or legal controls, that 
are designed to prevent exposure to contamination by limiting land or resource use. Cleanup at the 200-
CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs will effectively remove or isolate contaminants and 
break exposure pathways for industrial use which is the current and reasonably expected future use of the 
waste sites addressed by this ROD. Therefore, land use will be restricted indefinitely to industrial uses. In 
addition, use of groundwater located beneath these OUs will be restricted for the foreseeable future until 
drinking water standards are achieved. Human exposure to residual contamination must be limited to 
those levels calculated to be protective under the industrial exposure scenario. In addition, certain 
activities will be prohibited to ensure that the remedy is protected and that the groundwater and Columbia 
River water quality are protected as well. Hence, institutional controls are an integral part of the selected 
remedy.  
 
The DOE is responsible for implementing, maintaining, reporting on, and enforcing the institutional and 
land-use controls required under this ROD. Although DOE may later transfer these procedural 
responsibilities to another party by contract, property transfer agreement, or through other means, DOE 
shall retain ultimate responsibility for remedy integrity and institutional controls. The current 
implementation, maintenance, and periodic inspection requirements for the institutional controls at the 
Hanford Site are described in approved work plans and in the Sitewide Institutional Controls Plan 
(DOE/RL-2001-41) that was prepared by DOE and approved by EPA and Ecology in 2002 as updated 
and approved by EPA and Ecology, One requirement listed in the Sitewide Institutional Controls Plan is 
the commitment to notify EPA and Ecology immediately upon discovery of any activity that is 
inconsistent with the land-use designation of the site.  
 
No later than 180 days after the ROD is signed, DOE shall update the Sitewide Institutional Controls Plan 
to include the institutional controls required by this ROD and specify the implementation and 
maintenance actions that will be taken, including periodic inspections. The revised Sitewide Institutional 
Controls Plan shall be submitted to EPA and Ecology for review and approval as a Tri-Party Agreement 
primary document. The DOE shall comply with the Sitewide Institutional Controls Plan as updated and 
approved by EPA and Ecology.  
 
The following institutional control performance objectives are required to be met as part of this remedial 
action. Land-use controls will be maintained at the waste sites until EPA authorizes the removal of 
restrictions where contamination is at such levels to allow for unrestricted use and unlimited exposure. 
Institutional controls required until EPA authorizes the removal of restrictions where contamination is at 
such levels to allow for unrestricted use and unlimited exposure are:   
 

1) The DOE shall control access to the waste sites to prevent unacceptable exposure of humans to 
contaminants in the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs. Visitors entering any 
of these OUs will be required to be badged and escorted at all times.  
 

2) The DOE shall post and maintain warning signs at the waste sites in these OUs that caution 
visitors and workers of potential hazards from contaminants below the ground surface.  
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3) In the event of any unauthorized access to the site (e.g. trespassing), DOE shall report such 

incidents to the Benton County Sheriff’s Office for investigation and evaluation of possible 
prosecution.  
 

4) The DOE shall prohibit activities that are not industrial in nature, and prohibit drilling, 
excavation, or use of soils at these waste sites.  
 

5) The DOE shall prohibit use of groundwater located beneath the 200-CW-5, 200-PW-1, 200-PW-
3, and 200-PW-6 OUs for the foreseeable future until drinking water standards are achieved.  
 

6) DOE shall maintain the integrity of and prohibit activities that could damage or lessen the 
performance of required ET caps and soil covers.  
 

7) The DOE shall report annually on the effectiveness of institutional controls for the 200-CW-5, 
200-PW-1, 200-PW-3, and 200-PW-6 OUs as specified in the Hanford Sitewide Institutional 
Controls Plan or an alternative reporting frequency specified by EPA.  
 

8) The DOE shall provide notice to EPA at least six months prior to any transfer or sale of the land 
in the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs so EPA can be involved in 
discussions to ensure that appropriate provisions are included in the transfer terms or conveyance 
documents to maintain effective ICs. If it is not possible for DOE to notify EPA at least six 
months prior to any transfer or sale, then the DOE will notify EPA as soon as possible but no later 
than 60 days prior to the transfer or sale of any property subject to ICs. In addition to the land 
transfer notice and discussion provisions above, the DOE further agrees to provide EPA with 
similar notice, within the same time frames, as to federal-to-federal transfer of property. The 
DOE shall provide a copy of executed deed or transfer assembly to EPA.  
 

9) The DOE shall prevent the development and use of 200-CW-5, 200-PW-1, 200-PW-3, and 200-
PW-6 OUs for residential housing, elementary and secondary schools, childcare facilities and 
playgrounds.  
 

10) Land use controls will be maintained as long as the contamination remains at levels that do not 
allow for unrestricted use and unlimited exposure and shall not be removed without the prior 
authorization of EPA. 
 

12.2.8 Land Use Control Boundary  
For federal facility RODs, EPA requires the inclusion of a land use control boundary map. The land use 
control boundaries for the 200-CW-5, 200-PW-1, and 200-PW-6 OUs are shown in Figure 8 and the land 
use control boundary for 200-PW-3 is shown in Figure 9.  
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Figure 8. 200-CW-5, 200-PW-1, 200-PW-6 OU IC Boundaries 
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Figure 9. 200-PW-3 Waste Site IC Boundaries 
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12.2.9 Long-term Operations and Maintenance Component 
Following construction of the ET barriers over the waste sites in the High-Salt and Low-Salt Waste 
Groups and soil covers over waste sites in the Cesium-137 Waste Group, long-term surveillance and 
maintenance will be implemented at the completed ET barriers and soil covers.  

Surveillance, operations, and maintenance will include operation and maintenance of the SVE system  
and inspecting and repairing the ET barriers, maintaining a minimum 4.6 m (15 ft) depth of soil covers,  
maintaining peripheral components (e.g. fences and signs), and addressing observable degradation (e.g., 
subsidence, erosion, loss of vegetative cover, and biotic intrusion). An operations and maintenance plan 
and monitoring plans will be developed by DOE and submitted to EPA for approval and implementation 
and periodically updated as needed.  

 
12.2.10 Five-Year Review Component 
A review (in accordance with CERCLA § 121(c) and 40 CFR § 300.430[f][4][ii]) is required at a 
minimum every five years after initiation of the selected remedial action if a remedy is selected that 
results in hazardous substances, pollutants or contaminants remaining at the site above levels that allow 
for unlimited use and unrestricted exposure. Because the selected remedy will not achieve levels that 
allow for unlimited use and unrestricted exposure, five-year reviews will be required in accordance with 
CERCLA and the NCP. Reviews will begin within five years after the initiation of the remedial action to 
help ensure that the selected remedy is protective of human health and the environment.  
 
12.3 Summary of the Estimated Remedy Costs 
The summary of costs for the selected remedy is shown in Table 33. Table 33 presents the estimated 
capital, total operations and maintenance, and present worth for the selected remedy, in non-discounted 
dollars. Present worth calculations are based on 1,000 years of institutional controls and operations and 
maintenance costs, Table 34 gives a more detailed breakdown of the capital costs for each waste group.  
The information in the cost estimate summary tables is based on the best available information regarding 
the anticipated scope of the selected remedy. The cost elements and the resulting present worth cost 
estimate provide an order-of-magnitude engineering cost estimate that is expected to be +50% to -30% of 
the actual project cost. Changes in the cost elements are likely to occur because of new information and 
data collected during the engineering design of the selected remedy. Major changes will be documented in 
the form of a memorandum in the Administrative Record file, an explanation of significant difference, or 
a ROD amendment, as appropriate.  
 

Table 33. Estimated Capital, Operations & Maintenance, and Present Worth Costs 
Costs Summary 

Waste Site Grouping Preferred Alternative 
Cost ($ millions) 

Capital a Total O&Mb Present Worth 
Z-Ditches RTD $60.7 $0.0 $58.4 
High-Salt RTD - Option A $114.9 $107.5 $109.8 
Low-Salt RTD - Option C $81.9 $171.0 $89.3 
Cesium-137 MESC/IC $4.4 $68.0 $11.1 

Settling Tanks 
Sludge Removal and Tank 
Stabilization $41.1 $0.0 $41.1 
Total $303 $346.5 $309.7 
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Table 34. Capital Costs Breakdown (Non-Discounted Values) 

Costs  
Waste Groups 

Z-Ditches High-Salt Low-Salt Cesium-137 Settling Tanks 
Mobilization/ 
Demobilization $1,356,188 $2,871,649 $2,335,282 $1,380,213 na 
Monitoring & 
Sampling $3,350,828 $2,164,581 $1,592,224 $17,005 na 
Site Work $3,818,419 $513,790 $412,827 $159,290 $608,900 
Soil Excavation & 
Treatment $42,502,137 $29,054,936 $23,048,773 $0 $17,495,791 
Site Improvements na $820,600 $230,626 $600,934 na 
Construction Staff $3,716,276 $2,107,604 $941,472 $621,960 $1,683,736 
Project Management $2,298,533 $616,917 $551,031 $384,847 $1,403,114 
Sub Total $57,042,381 $38,150,077 $29,112,236 $3,164,249 $18,104,691 
Contingency (25%) (a) $9,537,519 $7,278,059 $791,063 $9,957,580b 
Sub Total na $47,687,596 $36,390,295 $3,955,312 $28,062,271 
WIPP na $54,800,000 $42,500,000 na $6,200,000 
Cap na $6,900,000 na na na 
Remedial Design $3,422,543 $2,861,256 $2,483,755 $474,638 $2,244,982 
Total $60,464,924 $112,248,852 $81,374,050 $4,429,950 $39,594,103 
Costs (Pipelines) 
Associated Pipeline 
Total Costs $268,102 $2,617,871 $495,933 na $1,495,869 
Total Project 
Capital Cost $60,733,026 $114,866,723 $81,869,983 $4,429,950 $41,089,972 
Annual Average 
O&M Costc $0 $107,500 $171,000 $68,000 $0 
Notes: 
a. contingency costs for Z-Ditches waste group were incorporated into line items in the capital cost and not 
calculated as a separate line item.  
b. The percentage used for contingency value for settling tanks was 55% instead of the 25%. 
c. The annual average O&M costs is the Total O&M costs presented as total Nondiscounted Annual and Periodic 
Costs divided by 1,000 years.  
na – information is not applicable 
 
 
 
12.4 Expected Outcomes of the Selected Remedy 
The purpose of this response action is to control risks posed by direct contact with soil and to minimize 
migration of contaminants to groundwater. The expected outcome of the selected remedy is to remediate 
the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs to a level that is protective of human health 
and the environment given current and anticipated future use as an industrial land use area. The RD/RA 
work plan will be submitted to EPA for formal review on or before September 30, 2015. The removal, 
treatment (if needed), and disposal of contaminated soil portion of the selected remedy is expected to take 
2 to 5 years to complete after the start of remedy implementation. SVE will continue to run until carbon 
tetrachloride levels no longer pose a threat to human health and the environment. Institutional controls 
will need to be maintained and enforced by DOE since the remaining contamination will not allow for 
unrestricted use and unlimited exposure.  



 
 

99 

The selected remedy is expected to achieve remedial action objectives when removal, treatment (if 
needed), and disposal of contaminated soils, evapotranspiration barrier construction, soil cover 
enhancement, and SVE activities are complete. The final cleanup levels listed in Table 35establish 
acceptable exposure levels for specific contaminants and exposure pathways that are protective of human 
health, the environment, and groundwater. 
 

Table 35. Final Cleanup Levels for 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 Soils 

COC Final Cleanup Level Basis for Cleanup Levelb Risk at Cleanup Level 
Plutonium-239-240 765 pCi/gc Human Health (Industrial Use) Cancer risk < 1 x 10-4 c, d 

Americium-241 940 pCi/g Human Health (Industrial Use) Cancer risk = 1 x 10-4 d 

Cesium-137 17.7 pCi/g Human Health (Industrial Use) Cancer risk = 1 x 10-4 d 

Radium-226 4 pCi/g Human Health (Industrial Use) Cancer risk = 1 x 10-4 d 

Strontium-90 20 pCi/g Ecological Receptor Protection HQ = 1 

PCBs 0.65 mg/kg Ecological Receptor Protection HQ = 1 

Boron 0.5 mg/kg Ecological Receptor Protection HQ = 1 

Mercury 0.1 mg/kg Ecological Receptor Protection HQ = 1 

Carbon Tetrachloride 100 ppmva Groundwater Protection Excess Lifetime Cancer Risk = 
1 x 10-5  e Methylene Chloride 50 ppmva Groundwater Protection 

a. Soil vapor concentrations will be further refined and assessed to ensure they are protective of groundwater. 
 b. Cleanup levels are based on an industrial land use scenario. When cleanup levels for ecological receptors or groundwater 
protection were lower than human health protection, the lower value was used as the final cleanup level. 
c. The preliminary remediation goal identified in the FSs based on 10-4 risk was 2,900 pCi/g for plutonium 239-240. However, DOE 
has agreed to a more conservative value of 765 pCi/g for this remedial action. 
d. Final verification sampling for radiological contaminants at the Z-Ditches Waste Group will be evaluated to confirm that the 
aggregate risk level is less than 1 x 10-4. 
e. The DOE will cleanup up COCs for the 200-PW-1 OU subject to WAC 173-340, “Model Toxics Control Act-Cleanup” (carbon 
tetrachloride and methylene chloride), so the total excess lifetime cancer risk from carbon tetrachloride and methylene chloride does 
not exceed 1 x 10-5 at the conclusion of the remedy. 
 

 

 
13.0 Statutory Determinations 
Under CERCLA Section 121 and the NCP Section 300.430(f)(5)(ii), the lead agency must select remedies 
that are protective of human health and the environment, comply with ARARs (unless a statutory waiver 
is justified), are cost-effective, and use permanent solutions and alternative treatment technologies or 
resource recovery technologies to the maximum extent practicable. In addition, CERCLA includes a 
preference for remedies that employ treatment that permanently and significantly reduces the volume, 
toxicity, or mobility of hazardous substances, pollutants, or contaminants as a principal element, and a 
bias against offsite disposal of untreated wastes.  
CERCLA Section 121(c) and the NCP Section 300.430(f)(4)(ii) requires review, at least every five years, 
to determine if adequate protection of human health and the environment is being maintained in those 
instances where remedial actions result in hazardous substances, pollutants, or contaminants remaining 
onsite above levels that allow for unlimited use and unrestricted exposure.  
The preamble to the NCP states that when noncontiguous facilities are reasonably close to one another 
and wastes at these sites are compatible for a selected treatment or disposal approach, CERCLA Section 
104(d)(4) allows the lead agency to treat these related facilities as one site for response purposes and, 
therefore, allows the lead agency to manage waste transferred between such noncontiguous facilities 
without having to obtain a permit. The 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs and ERDF 
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are reasonably close to one another, and the wastes are compatible for the selected disposal approach. 
Therefore, the two sites are considered to be a single site for response purposes. Wastes determined to be 
transuranic waste will be sent offsite to WIPP, as appropriate. The subsections below summarize the basis 
for determining the selected remedy for these OUs meets the statutory requirements.  
 
13.1 Protection of Human Health and the Environment 
The selected remedy for remediation of the 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 OUs will 
be protective of human health and the environment through removal, treatment (if needed), and disposal 
of contaminated soils, evapotranspiration barriers, soil covers, institutional controls, and long-term 
monitoring. These portions of the selected remedy will eliminate the exposure pathways for workers to 
encounter contaminated soil, thus controlling the potential exposure pathways from ingestion, inhalation, 
dermal contact, and external radiation. Additionally, exposure pathways to ecological receptors will be 
removed. 
 
Continued operation of the SVE system will remove carbon tetrachloride and other volatile organics that 
pose a threat to groundwater. Sludge removal and stabilization of the two settling tanks in these OUs will 
address any future potential exposure risks posed by the sludge they contain by removing the sludge, 
treating it as needed, and shipping it to the Waste Isolation Pilot Plant for final disposal. The 
evapotranspiration barrier will inhibit water infiltration and reduce contaminant migration to groundwater, 
thereby protecting groundwater.   
 
The selected remedy will reduce the excess lifetime cancer risk (ECLR) to within the acceptable health-
protective 10-4 to 10-6 risk range for industrial use, and will achieve the threshold protective hazard 
quotient of 1 for non-cancer health effects. The selected remedy will also protect the Columbia River and 
its ecological resources from degradation and unacceptable impact caused by contaminants originating 
from these OUs by removing and controlling migration of potential sources of contamination.  
 
13.2 Compliance with ARARs 
The NCP Sections 300.430(f)(5)(ii)(B) and (C) require that a ROD describe the Federal and state ARARs 
that the selected remedy will attain and any ARARs the remedy will not meet, the waiver invoked, and 
the justification for any waivers. All Federal and state ARARs will be met upon completion of the 
selected remedy, and no ARARs are being waived.  
 
The ARARs are the substantive provisions of any promulgated Federal environmental or more stringent 
state environmental or facility siting standards, requirements, criteria, or limitations that are determined to 
be legally applicable or relevant and appropriate for a CERCLA site or action. Applicable requirements 
are those cleanup standards, standards of control, and other substantive requirements, criteria, or 
limitations promulgated under Federal environmental or state environmental or facility siting laws that 
specifically address a hazardous substance, pollutant, contaminant, remedial action, location or other 
circumstance found at a CERCLA site (40 CFR § 300.5). Relevant and appropriate requirements are those 
cleanup standards, standards of control, and other substantive requirements, criteria, or limitations 
promulgated under Federal environmental or state environmental or facility siting laws that, while not 
legally “applicable” to circumstances at a particular CERCLA site, address problems or situations 
sufficiently similar to those encountered at the site that their use is well-suited (40 CFR § 300.5). A 
definitive list of the ARARS that are to be complied with by the selected remedy is provided in Table 36 
and Table 37. Table 36 lists the Federal requirements and Table 37 lists Washington State requirements.  
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Table 36. Federal Applicable or Relevant and Appropriate Requirements for the Selected Remedy 

ARAR Citation 
ARAR 
or TBC Requirement Rationale for Use 

“National Primary Drinking Water Regulations,” 40 CFR 141 
“Maximum Contaminant Levels 
for Organic Contaminants,” 
40 CFR 141.61 

ARAR Establishes MCLs that are drinking water 
criteria designed to protect human health 
from the potential adverse effects of 
organic contaminants in drinking water. 

The groundwater beneath the these OUs is not 
currently used for drinking water. However, Central 
Plateau groundwater is considered a potential 
drinking water source and, because the groundwater 
discharges to the Columbia River (which is used for 
drinking water), the substantive requirements in 40 
CFR 141.61 for organic constituents are relevant 
and appropriate. This requirement is chemical-
specific. The selected remedy must prevent 
migration of contaminants that could cause MCL 
exceedances in groundwater. 

“Maximum Contaminant Levels 
for Inorganic Contaminants,” 
40 CFR 141.62 

ARAR Establishes MCLs that are drinking water 
criteria designed to protect human health 
from the potential adverse effects of 
inorganic contaminants in drinking water. 

The groundwater beneath the these OUs is not 
currently used for drinking water. However, Central 
Plateau groundwater is considered a potential 
drinking water source and, because the groundwater 
discharges to the Columbia River (which is used for 
drinking water), the substantive requirements in 40 
CFR 141.62 for inorganic constituents are relevant 
and appropriate. This requirement is chemical-
specific. The selected remedy must prevent 
migration of contaminants that could cause MCL 
exceedances in groundwater 

“Maximum Contaminant Levels 
for Radionuclides,” 
40 CFR 141.66 

ARAR Establishes MCLs that are drinking water 
criteria designed to protect human health 
from the potential adverse effects of 
radionuclides in drinking water. 

The groundwater beneath the these OUs is not 
currently used for drinking water. However, Central 
Plateau groundwater is considered a potential 
drinking water source and because the groundwater 
discharges to the Columbia River (which is used for 
drinking water), the substantive requirements in 40 
CFR 141.66 for radionuclides are relevant and 
appropriate. This requirement is chemical-specific. 
The selected remedy must prevent migration of 
contaminants that could cause MCL exceedances in 
groundwater 

“Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, Distribution in Commerce, and Use Prohibitions,” 40 CFR 761 
“Applicability” 
  Specific 
  Subsections: 
  40 CFR 761.50(b)(1) 
  40 CFR 761.50(b)(2) 
  40 CFR 761.50(b)(3) 
  40 CFR 761.50(b)(4) 
  40 CFR 761.50(b)(7) 
  40 CFR 761.50(c) 

ARAR These regulations establish standards for 
the storage and disposal of PCB wastes. 

The substantive requirements of these regulations 
are relevant and appropriate to the storage and 
disposal of PCB liquids, items, remediation waste, 
and bulk product waste at >50 ppm. The specific 
subsections identified from 40 CFR 761.50(b) 
reference the specific sections for the management 
of PCB waste type. The disposal requirements for 
radioactive PCB waste are addressed in 40 CFR 
761.50(b)(7). This requirement is chemical-specific. 

Federal Historic Laws  
Archeological and Historic 
Preservation Act of 1974, et seq. 
16 USC 469a-1 through 469a-
(2)d 

ARAR Requires that remedial actions at 
200-PW-1/3/6 OU 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. 

Archeological and historic sites have been 
identified within the 200 Areas; therefore, the 
substantive requirements of this act are applicable 
to actions that might disturb these sites. This 
requirement is location-specific. 

National Historic Preservation 
Act of 1966, et seq. 
16 USC 470, Section 106 

ARAR Requires Federal agencies to consider the 
impacts of their undertaking on cultural 
properties through identification, evaluation 
and mitigation processes, and consultation 
with interested parties. 

Cultural and historic sites have been identified 
within the 200 Areas, and therefore the substantive 
requirements of this act are applicable to actions 
that might disturb these types of sites. This 
requirement is location-specific. 
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ARAR Citation 
ARAR 
or TBC Requirement Rationale for Use 

Native American Graves 
Protection and Repatriation Act 
of 1990, 
25 USC 3001, et seq. 

ARAR Establishes Federal agency responsibility 
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. This 
requirement is location-specific. 

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

ARAR Prohibits actions by Federal agencies that 
are likely to jeopardize the continued 
existence of listed species or result in the 
destruction or adverse modification of 
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. This 
requirement is location-specific. 

“National Emission Standard for Asbestos,” 40 CFR 61, Subpart M; “Applicability,” 40 CFR 61.140 
“Standard for Demolition and 
Renovation,”  
40 CFR 61.145 

ARAR Specifies that facilities are to be inspected 
for the presence of asbestos before 
demolition. The standard defines 
regulated asbestos-containing materials 
and establishes removal requirements 
based on quantity present and handling 
requirements. These requirements also 
specify handling and disposal 
requirements for regulated sources that 
have the potential to emit asbestos. 
Specifically, no visible emissions are 
allowed during handling, packaging, and 
transport of asbestos-containing 
materials. 

Although asbestos-containing materials are not 
anticipated, substantive requirements of this 
standard are applicable, should this remedial action 
include abatement of asbestos and 
asbestos-containing materials on pipelines or buried 
asbestos. As a result, there is a potential to emit 
asbestos to unrestricted areas, and the 
requirements for the removal, handling, and 
packaging of asbestos apply. This requirement is 
chemical-specific. 

“Standard for Waste Disposal 
for Manufacturing, Fabricating, 
Demolition, Renovation, and 
Spraying Operations,”  
40 CFR 61.150 

ARAR Identifies the requirements for the removal 
and disposal of asbestos from demolition 
and renovation activities. 

Although asbestos-containing materials are not 
anticipated, the substantive requirements of this 
standard are applicable, should asbestos-containing 
material be located during remedial action activities 
of associated pipelines and buried asbestos. This 
requirement is chemical-specific. 

ARAR = applicable or relevant and appropriate requirement 
CFR = Code of Federal Regulations 
DOE = U.S. Department of Energy 
MCL = maximum contaminant level 
PCB = polychlorinated biphenyl 
ppm = parts per million 
TBC = to-be-considered 
WAC = Washington Administrative Code 
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Table 37. State Applicable and Relevant or Appropriate Requirements for the Selected Remedy 

ARAR Citation 
ARAR 
or TBC Requirement Rationale for Use 

“Dangerous Waste Regulations,” WAC 173-303 
“Identifying Solid Waste,”  
WAC 173-303-016 

ARAR Identifies those materials that are and are not 
solid wastes. 

Substantive requirements of these regulations are 
applicable, because these define how to determine 
which materials are subject to the designation 
regulations. Specifically, materials that are generated 
for removal from the CERCLA site during the remedial 
action would be subject to substantive requirements for 
identification of solid waste to ensure proper 
management. This requirement is action-specific. 

“Recycling Processes 
Involving Solid Waste,”  
WAC 173-303-017 

ARAR Identifies materials that are and are not solid 
wastes when recycled. 

Substantive requirements of these regulations are 
applicable, because these define how to determine 
which materials are subject to the designation 
regulations. Specifically, materials that are generated 
for removal from the CERCLA site during the remedial 
action would be subject to the procedures for 
identification of solid waste to ensure proper 
management. This requirement is action-specific. 

“Designation of Dangerous 
Waste,”  
WAC 173-303-070(3) 

ARAR Establishes the method for determining 
whether a solid waste is, or is not, a 
dangerous waste or an extremely hazardous 
waste. 

Substantive requirements of these regulations are 
applicable to materials encountered during the remedial 
action. Specifically, solid waste that is generated for 
removal from the CERCLA site during this remedial 
action would be subject to the dangerous waste 
designation substantive requirements to ensure proper 
management. This requirement is action-specific. 

“Excluded Categories of 
Waste,”  
WAC 173-303-071 

ARAR Describes those categories of wastes that are 
excluded from the requirements of WAC 
173-303 (excluding WAC 173-303-050, 
“Department of Ecology Cleanup Authority”). 

The conditions of this requirement are applicable to 
remedial actions in the  OUs addressed by the ROD, 
should wastes identified in WAC 173-303-071 be 
encountered. This requirement is action-specific. 

“Closure and Post-
Closure” 
WAC-173-303-610 [2] 

ARAR Describes RCRA closure and postclosure 
performance standards. 

Substantive requirements of these regulations are 
ARARs for TSD units encountered during the remedial 
action This requirement is action-specific. 

“Conditional Exclusion of 
Special Wastes,”  
WAC 173-303-073 

ARAR Establishes the conditional exclusion and the 
management requirements of special wastes, 
as defined in WAC 173-303-040, “Definitions.” 

Substantive requirements of these regulations are 
applicable to materials encountered during the remedial 
action. Specifically, the substantive standards for 
management of special waste are applicable to the 
interim management of certain waste that will be 
generated during the remedial action. This requirement 
is action-specific. 

“Requirements for 
Universal Waste,”  
WAC 173-303-077 

ARAR Identifies those wastes exempted from 
regulation under WAC 173-303-140 and 
WAC 173-303-170 through 173-303-9907 
(excluding WAC 173-303-960, “Special 
Powers and Authorities of the Department”). 
These wastes are subject to regulation under 
WAC 173-303-573, “Standards for Universal 
Waste Management.” 

Substantive requirements of these regulations are 
applicable to materials encountered during the remedial 
action. Specifically, the substantive standards for 
management of universal waste are applicable to the 
interim management of certain dangerous waste that 
will be generated during the remedial action. This 
requirement is action-specific. 

“Recycled, Reclaimed, 
and Recovered Wastes,”  
WAC 173-303-120 
  Specific Subsections: 
  WAC 173-303-120(3) 
  WAC 173-303-120(5) 

ARAR These regulations define the requirements for 
recycling materials that are solid and 
dangerous waste. Specifically, 
WAC 173-303-120(3) provides for the 
management of certain recyclable materials, 
including spent refrigerants, antifreeze, and 
lead-acid batteries. 
WAC 173-303-120(5) provides for the 
recycling of used oil. 

Substantive requirements of these regulations are 
applicable to certain materials that might be 
encountered during the remedial action. Recyclable 
materials that are exempt from regulation as dangerous 
waste and that are not otherwise subject to CERCLA as 
hazardous substances can be recycled and/or 
conditionally excluded from certain dangerous waste 
requirements. This requirement is action-specific. 

“Land Disposal ARAR This regulation establishes state standards for The substantive requirements of this regulation are 
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ARAR Citation 
ARAR 
or TBC Requirement Rationale for Use 

Restrictions,”  
WAC 173-303-140(4) 

land disposal of dangerous waste and 
incorporates, by reference, Federal 
land-disposal restrictions of 40 CFR 268 that 
are applicable to solid waste that is 
designated as dangerous or mixed waste in 
accordance with WAC 173-303-070(3). 

applicable to dangerous/mixed waste encountered 
during the remedial action. The actual offsite treatment 
of such waste would not be an ARAR to this remedial 
action, but instead would be subject to all applicable 
laws and regulations. This requirement is 
action-specific. 

“Requirements for 
Generators of Dangerous 
Waste,”  
WAC 173-303-170 

ARAR Establishes the requirements for dangerous 
waste generators. 

Substantive requirements of these regulations are 
applicable to materials encountered during the remedial 
action. Specifically, the substantive standards for 
management of dangerous/mixed waste are applicable 
to the interim management of certain waste that will be 
generated during the remedial action. For purposes of 
this remedial action, WAC 173-303-170(3) includes the 
substantive provisions of WAC 173-303-200, 
“Accumulating Dangerous Waste On-Site,” by 
reference. WAC 173-303-200 further includes certain 
substantive standards from WAC 173-303-630, “Use 
and Management of Containers,” and 
WAC 173-303-640, “Tank Systems,” by reference. This 
requirement is action-specific. 

“Requirements,” 
WAC 173-303-64620(4) 

ARAR Requires Corrective Action to be “consistent 
with” specified section in WAC 173-340 

The substantive portions of this regulation establish 
minimum requirements for HWMA corrective action. 

“On-site containerized 
storage, collection and 
transportation standards 
for solid waste” WAC 173-
304-200 
 

ARAR Establishes the requirements for the onsite 
storage of solid wastes that are not 
radioactive or dangerous wastes. 

Substantive requirements of these regulations are 
applicable to materials encountered during the remedial 
action. Specifically, nondangerous, nonradioactive solid 
wastes (i.e., hazardous substances that are only 
regulated as solid waste) that will be containerized for 
removal from the CERCLA site would be managed at 
the Hanford Site according to the substantive 
requirements of this standard. This requirement is 
action-specific. 

“Model Toxics Control Act–Cleanup,” WAC 173-340 
“Ground Water Cleanup 
Standards,” 
“Standard Method B 
Potable Ground Water 
Cleanup Levels,” WAC 
173-340-720(4)(b)(iii)(A) 
and (B)  
And  
“Adjustments to Cleanup 
Levels,”  
WAC 173-340-720(7)(b) 

ARAR  
 
 
Use of Method B equations 720-1 and 720-2 
to calculate groundwater cleanup levels for 
noncarcinogens and carcinogens, 
respectively.  
 
 
Requires an adjustment downward of Method 
B groundwater cleanup levels based on an 
existing state or federal cleanup standard so 
that the total excess cancer risk does not 
exceed 1 x 10-5 and the hazard index does 
not exceed 1.

The groundwater beneath these OUs is not currently 
used for drinking water. However, Central Plateau 
groundwater is considered a potential drinking water 
source and, because the groundwater discharges to the 
Columbia River (which is used for drinking water), the 
substantive requirements in the specified subsections 
are relevant and appropriate with respect to prevention 
of migration of contaminants to the groundwater. This 
requirement is chemical-specific. 

“Soil Cleanup Standards 
for Industrial Properties,” 
WAC 173-340-745(5)(b) 

ARAR Establishes the process and methods used to 
evaluate direct contact risk to human health 
and the environment and to develop cleanup 
standards for soil and other environmental 
media. 

Soil in these OU contains contaminants that require 
remediation. The substantive requirements of the 
specified subsections are ARARs to developing cleanup 
standards for the selected remedy. This is a chemical-
specific requirement. 

“Deriving Soil 
Concentrations for Ground 
Water Protection,” WAC 
173-340-747(3) 

ARAR Establishes the process and methods used to 
evaluate soil concentration that may cause an 
impact to human health and the environment 
through the groundwater and to develop 
cleanup standards for soil and other 
environmental media. 

Soil in these OUs contains contaminants that require 
remediation. The substantive requirements of the 
specified subsections are ARARs to developing cleanup 
standards for the selected remedy. This is a chemical-
specific requirement. 

“Site-specific Terrestrial ARAR  Establishes the process and methods used to Soil in these OUs contains contaminants that require 



 
 

105 

ARAR Citation 
ARAR 
or TBC Requirement Rationale for Use 

Ecological Evaluation 
Procedures,” WAC 173-
340-7493(3) 

evaluate soil concentration that may cause an 
impact to terrestrial ecology and to develop 
cleanup standards for soil and other 
environmental media. 

remediation. The substantive requirements of the 
specified subsections are ARARs to developing cleanup 
standards for the selected remedy. This is a chemical-
specific requirement. 

“Solid Waste Handling Standards,” WAC 173-350 
“On-Site Storage, 
Collection and 
Transportation Standards,”  
WAC 173-350-300 

ARAR Establishes the requirements for the 
temporary onsite storage of solid waste in a 
container and the collecting and transporting 
of the solid waste. 

The substantive requirements of this rule are relevant 
and appropriate to the Hanford Site collection and 
temporary storage of solid wastes at these  remediation 
waste sites. Compliance with this regulation is being 
implemented in phases for existing facilities. This 
requirement is action-specific. 

“Minimum Standards for Construction and Maintenance of Wells,” WAC 173-160 
“What Are the Minimum 
Standards for Resource 
Protection Wells and 
Geotechnical Soil 
Borings?” 
WAC 173-160-400 

ARAR Identifies the minimum standards for resource 
protection wells and geotechnical soil borings. 

To the extent that wells are required for monitoring, the 
substantive requirements of these regulations are 
ARARs. These requirements are action-specific. 

“What Are the General 
Construction 
Requirements for 
Resource Protection 
Wells?” 
WAC 173-160-420 

ARAR Identifies the general construction 
requirements for resource protection wells. 

 

“What Are the Minimum 
Casing Standards?” 
WAC 173-160-430 

ARAR Identifies the minimum casing standards.  

“What Are the Equipment 
Cleaning Standards?” 
WAC 173-160-440 

ARAR Identifies the equipment cleaning standards.  

“What Are the Well 
Sealing Requirements?” 
WAC 173-160-450 

ARAR Identifies the well sealing requirements.  

“What Is the 
Decommissioning Process 
for Resource Protection 
Wells?” 
WAC 173-160-460 

ARAR Identifies the decommissioning process for 
resource protection wells. 

 

“General Regulations for Air Pollution Sources,” WAC 173-400 
“General Standards for 
Maximum Emissions,”  
WAC 173-400-040 and 
“Requirements for New 
Sources in Attainable or 
Unclassifiable Areas,” 
WAC 173-400-113 

ARAR Methods of control shall be employed to 
minimize the release of air contaminants 
associated with fugitive emissions resulting 
from materials handling, construction, 
demolition, or other operations. Emissions are 
to be minimized through application of best 
available control technology. 

Substantive requirements of these standards are 
relevant and appropriate to this remedial action, 
because there may be visible, particulate, fugitive, and 
hazardous air emissions and odors resulting from 
decontamination, demolition, and excavation activities. 
As a result, standards established for the control and 
prevention of air pollution are relevant and appropriate. 
These requirements are action-specific. 

“Controls for New Sources of Toxic Air Pollutants,” WAC 173-460 
“Applicability,” 
WAC 173-460-030 and 
“Control Technology 
Requirements,” 
WAC 173-460-060 

ARAR Requires that new sources of air emissions 
provide the emission estimates identified in 
this regulation. 

Substantive requirements of these standards are 
applicable to this remedial action, because there is the 
potential for toxic air pollutants to become airborne as a 
result of decontamination, demolition, and excavation 
activities. As a result, standards established for the 
control of toxic air contaminants are relevant and 
appropriate. These requirements are action-specific. 

“Ambient Impact 
Requirement,” 
WAC 173-460-070 

ARAR Requires that when applying for a notice of 
construction, the owner/operator of a new 
toxic air pollutant source that is likely to 
increase toxic air pollutant emissions shall 

The substantive requirements of this standard are 
applicable to remedial actions in these OUs, should the 
remedial action result in the treatment of the soil or 
debris that contains contaminants of concern identified 
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ARAR Citation 
ARAR 
or TBC Requirement Rationale for Use 

demonstrate that emissions from the source 
are sufficiently low to protect human health 
and safety from potential carcinogenic and/or 
other toxic effects. 

in the regulation as a toxic air pollutant. This 
requirement is action-specific. 

“Ambient Air Quality Standards and Emission Limits for Radionuclides,” WAC 173-480 
“General Standards for 
Maximum Permissible 
Emissions,” 
WAC 173-480-050(1) 

ARAR Whenever another Federal or state regulation 
or limitation in effect controls the emission of 
radionuclides to the ambient air, the more 
stringent control of emissions shall govern. 

The substantive requirements of this standard are 
applicable in that the more stringent aspect of Federal or 
state emission limitation is specified as governing. This 
requirement is action-specific. 

“Emission Monitoring and 
Compliance Procedures,” 
WAC 173-480-070(2) 

ARAR Requires that radionuclide emissions 
compliance shall be determined by 
calculating the dose to members of the public 
at the point of maximum annual air 
concentration in an unrestricted area where 
any member of the public may be. 

The substantive requirements of this standard are 
applicable to remedial actions involving disturbance or 
ventilation of radioactively contaminated areas or 
structures, because airborne radionuclides may be 
emitted to unrestricted areas where any member of the 
public may be. This requirement is action-specific. 

“Radiation Protection – Air Emissions,” WAC 246-247  
“National Standards 
Adopted by Reference for 
Sources of Radionuclide 
Emissions,” 
WAC 246-247-
035(1)(a)(ii) 

ARAR Establishes requirements equivalent to 
40 CFR 61, Subpart H. Radionuclide airborne 
emissions from the facility shall be controlled 
so as not to exceed amounts that would 
cause an exposure to any member of the 
public of greater than 10 mrem/yr effective 
dose equivalent. 

Substantive requirements of this standard are applicable 
because a remedial action may include activities such 
as excavation, decontamination, and stabilization of 
contaminated areas and equipment, and operation of 
exhausters and vacuums, each of which may provide 
airborne emissions of radioactive particulates to 
unrestricted areas. As a result, requirements limiting 
emissions apply. This is a risk-based standard for the 
purposes of protecting human health and the 
environment. These requirements are action-specific. 

“General Standards,” 
WAC 246-247-040(3) 
WAC 246-247-040(4) 

ARAR Emissions shall be controlled to ensure that 
emission standards are not exceeded. 
Actions creating new sources or significantly 
modified sources shall apply best available 
controls. All other actions shall apply 
reasonably achievable controls. 

Substantive requirements of this standard are applicable 
because fugitive, diffuse, and point source emissions of 
radionuclides to the ambient air may result from 
remedial activities, such as excavation of contaminated 
soils and operation of exhauster and vacuums, 
performed during the remedial action. This standard 
exists to ensure compliance with emission standards. 
These requirements are action-specific. 

“Monitoring, Testing, and 
Quality Assurance” 
WAC 246-247-075(1) and 
–(2) and –(4) 

ARAR Establishes the monitoring, testing, and 
quality assurance requirements for 
radioactive air emissions from major sources. 
Effluent flow rate measurements shall be 
made and the effluent stream shall be directly 
monitored continuously with an inline detector 
or representative samples of the effluent 
stream shall be withdrawn continuously from 
the sampling site following the specified 
guidance. The requirements for continuous 
sampling are applicable to batch processes 
when the unit is in operation. Periodic 
sampling (grab samples) may be used only 
with lead agency prior approval. Such 
approval may be granted in cases where 
continuous sampling is not practical and 
radionuclide emission rates are relatively 
constant. In such cases, grab samples shall 
be collected with sufficient frequency so as to 
provide a representative sample of the 
emissions. When it is impractical to measure 
the effluent flow rate at a source in 

Substantive requirements of this standard are applicable 
when fugitive and nonpoint source emissions of 
radionuclides to the ambient air may result from 
activities, such as excavation of contaminated soils and 
operation of exhauster and vacuums, performed during 
a remedial action. This standard exists to ensure 
compliance with emission standards. This requirement 
is action-specific. 
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ARAR Citation 
ARAR 
or TBC Requirement Rationale for Use 

accordance with the requirements or to 
monitor or sample an effluent stream at a 
source in accordance with the site selection 
and sample extraction requirements, the 
facility owner or operator may use alternative 
effluent flow rate measurement procedures or 
site selection and sample extraction 
procedures as approved by the lead agency. 
Emissions from nonpoint and fugitive sources 
of airborne radioactive material shall 
be measured. 
Measurement techniques may include, but 
are not limited to, sampling, calculation, 
smears, or other reasonable method for 
identifying emissions as determined by the 
lead agency. 

“Monitoring, Testing, and 
Quality Assurance,” 
WAC 246-247-075(3) 

ARAR Methods to implement periodic confirmatory 
monitoring for minor sources may include 
estimating the emissions or other methods as 
approved by the lead agency. 

Substantive requirements are applicable when fugitive 
and diffuse emissions from any excavation and related 
activities occur and will require periodic confirmatory 
measurements to verify low emissions. This requirement 
is action-specific. 

“Monitoring, Testing, and 
Quality Assurance,” 
WAC 246-247-075(8) 

ARAR Facility (site) emissions resulting from 
nonpoint and fugitive sources of airborne 
radioactive material shall be measured. 
Measurement techniques may include 
ambient air measurements, or inline radiation 
detector or withdrawal of representative 
samples from the effluent stream, or other 
methods as determined by the lead agency. 

Substantive requirements are applicable when fugitive 
and diffuse emissions of airborne radioactive material 
due to excavation and related activities occur and will 
require measurement. This requirement is action-
specific. 

ALARA = as low as reasonably achievable 
ARAR = applicable or relevant and appropriate requirement 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
CFR = Code of Federal Regulations 
OU = operable unit 
TBC = to be considered 
WAC = Washington Administrative Code 
 
13.3 Cost Effectiveness 
The selected remedy combines elements that remove a significant amount of the contaminated soil, 
continues to remove carbon tetrachloride and other volatile organics from the environment, and provides 
long-term protection of the groundwater and Columbia River. While other alternatives, such as a barrier, 
would cost significantly less at the High-Salt and Low-Salt Waste Groups, the selected remedy provides 
greater long-term effectiveness since it is removing contaminated soils from the soil column. It has been 
determined that, in accordance with Section 300.430(f)(1)(ii)(D) of the NCP, the selected remedy 
provides overall effectiveness proportional to its costs because it balances removal of contaminated soil 
with evapotranspiration barriers, soil covers, worker safety, and cost.  
 
13.4  Use of Permanent Solutions and Alternative Treatment Technologies to the Maximum 

Extent Practicable 
The EPA and DOE have determined that the selected remedy represents the maximum extent to which 
permanent solutions and treatment technologies can be used in a practicable manner for the200-CW-5 
200-PW-1, and 200-PW-6 OUs.  The amount of plutonium-contaminated soils that were selected for 
retrieval and disposal under the selected remedy was balanced with the reduction in risk and the 
incremental cost of retrieving and disposing of additional soils. This does not result in a reduction of 
toxicity or volume through treatment of the plutonium contaminated soils; however, the use of an 
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evapotranspiration barrier at the 200-PW-1 and 200-PW-6 waste sites controls the amount of precipitation 
that infiltrates the contaminated media, which reduces contaminant mobility. Plutonium contaminated 
soils that qualify as transuranic waste will be sent for disposal at WIPP. Plutonium-contaminated soils 
that do not qualify as transuranic waste will be packaged to meet waste disposal criteria and disposed of at 
ERDF. 
 
For the cesium-contaminated sites in 200-PW-3, all the alternatives considered included the use of 
institutional controls since waste would remain in place and preclude unrestricted use and unlimited 
exposure.  None of the alternatives for the cesium waste sites were considered effective in reducing the 
mobility of cesium as it is not mobile under existing or anticipated conditions nor did they result in a 
reduction in toxicity or volume through treatment.   The use of a soil cover at the cesium-contaminated 
waste sites resulted in a selected remedy that will ensure potential exposure pathways are broken.  
 
State acceptance and Community acceptance heavily supported using the most robust remedy possible to 
remediate these OUs. EPA and DOE have determined that the selected remedy provides the best balance 
of trade-offs in terms of the five balancing criteria, while also considering the statutory preference for 
treatment as a principal element, bias against off-site treatment and disposal, and considering state and 
community acceptance. The selected remedy removes a substantial amount of contaminated soil for 
disposal at WIPP. The selected remedy provides adequate short-term effectiveness and is technically 
implementable. There are no special implementability issues that set the selected remedy apart from any 
of the other alternatives evaluated. The services and materials required to implement this remedy are 
readily available and use current technologies.  
 
13.5 Preference for Treatment as a Principal Element 
Principal threat waste is defined as source materials considered to be highly toxic or highly mobile that 
generally cannot be reliably contained or would present a significant risk to human health or the 
environment should exposure occur. They include soils containing significant concentrations of highly 
toxic materials and surface or subsurface soils containing high concentrations of contaminants that are, or 
potentially are mobile due to wind entrainment, volatilization, surface runoff, or subsurface transport.  
 
The NCP states that “EPA expects to use treatment to address the principal threats posed by a site, 
wherever practicable” (40 CFR § 300.430(a)(1)(iii)(A)). At these waste sites, the soils contaminated with 
significant concentrations of plutonium or cesium radionuclides are considered principal threat wastes 
since they are highly toxic contaminants. EPA has a preference to treat principal threat waste, wherever 
practicable. However, there is no feasible technology to practicably treat radionuclides that will not result 
in larger volumes of waste, creating greater impracticability for disposal. The amount of waste disposed  
is a limiting factor since plutonium waste generated at 200-PW-1 and 200-PW-6 waste sites will include 
transuranic waste, which will be disposed at the WIPP, a half-mile deep repository in southern New 
Mexico that has limited capacity. 
 
The contaminated soils will be packaged appropriately for on-site disposal at the Hanford Site 
Environmental Restoration Disposal Facility (ERDF) or for off-site disposal at the Waste Isolation Pilot 
Plant (WIPP), as appropriate. DOE and EPA have determined that the waste remaining in place will not 
pose an unacceptable risk to human health or the environment. 
 
13.6  Five-Year Review Requirements 
A review, in accordance with CERCLA Section 121 (c) and 40 CFR 300.430[f][4][ii], is required at a 
minimum  every five years if a remedy is selected that results in hazardous substances, pollutants or 
contaminants remaining at the site above levels that allow for unrestricted use and unlimited exposure. 
Since the selected remedy will not achieve levels that allow for unrestricted use and unlimited exposure, 
DOE and EPA will conduct five-year reviews in accordance with CERCLA Section 121(c) and NCP 
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Section 300.430(f)(4)(ii)). Reviews will begin no later than five years after the initiation of the remedial 
action to help ensure the selected remedy is protective of human health and the environment.  
 
14.0 Documentation of Significant Changes  
No significant changes were made to the remedy.  
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PART III: RESPONSIVENESS SUMMARY 
 
1.0 Introduction 
This responsiveness summary was prepared in accordance with the requirements of Section 117(b) of 
CERCLA, as amended. The purpose of this responsiveness summary is to summarize and respond to 
significant public comments on the Proposed Plan for remediation of the 200-CW-5, 200-PW-1, 200-PW-
3, and 200-PW-6 OUs on the Hanford Site.  
 
2.0 Community Involvement 
A formal public comment period on the Proposed Plan, originally scheduled to run from July 5 through 
August 5, 2011, was extended through September 6, 2011 in response to requests from stakeholders. 
Individuals sent written comments through the mail or electronically. Written comments were also 
collected at the four public meetings held in Richland, WA, Seattle, WA, Hood River, OR, and Portland, 
OR. The public meetings and comment period were publicized in the Tri-City Herald, Seattle Weekly 
Hood River News, and Willamette Weekly. A fact sheet was mailed to the Hanford mailing list and sent 
electronically on the Hanford Listserv.  
 
3.0 Comments and Responses 
318 comments were received from 122 individuals and groups covering a wide range of topics and 
varying perspectives. The public comments were separated out and aggregated into the following general 
categories: 
 

• Excavate and Remove All Plutonium 
• Remove All Cesium 
• Dig Deeper Than Two Feet in the High-Salt Waste Sites 
• Ship Plutonium Off-Site 
• Plutonium Is Mobile 
• Don’t Rely On Barriers/Caps 
• Government Is Not Long-term Stewardship 
• Don’t Rely On Institutional Controls 
• Modeling for Seismic Activity, Floods, Climate Change 
• Insufficient Scientific Data 
• Support for Leaving Cesium in Place 
• Public Involvement Process 
• Other Comments on the Proposed Plan 
• General Comments 

 
Appendix A provides all the public comments received on the Proposed Plan, sorted by the categories 
listed above. A summary of significant public comments is provided below and agency responses are 
provided in the bold italicized text.  
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EXCAVATE AND REMOVE ALL PLUTONIUM 

Excavate and Removal All Plutonium Comment Summary 

Some commenters identified issues with the long half-life of plutonium (24,000 years), carcinogenic risks 
from exposure to plutonium, long time frames that institutional controls would be required when 
plutonium is left in place, the potential for plutonium to reach groundwater and the Columbia River, and 
the level of protectiveness of the preferred alternative presented in the Proposed Plan. 

Some commenters stated that budget limitations should not be the deciding factor on how much 
plutonium contamination is removed. Regarding cleanup, comments included the following: there is more 
risk reduction when more plutonium is removed; plutonium belongs in a deep geologic repository; partial 
removal of plutonium is not sufficient or at least 90% should be removed; and cleanup levels for 
plutonium should be as stringent as levels identified for other locations.  

Some commenters discussed the need for surgical removal of plutonium at the Z-Ditches Waste Group 
instead of methods that would intentionally mix clean soil and contaminated soil during excavation. Other 
concerns were future dangers of someone attempting to retrieve plutonium from these waste sites and 
risks to individuals who may use the area for subsistence farming. 

Response to comments:  

The Tri-Party agencies recognize that plutonium is a dangerous contaminant that must be remediated 
carefully to protect human health and the environment and that institutional controls would be used, 
as part of the selected remedy, over long time frames where plutonium is left in place. Concern over 
plutonium reaching groundwater and the Columbia River is understandable. However, plutonium is 
not currently entering the Columbia River from the Hanford Site. Monitoring programs are in place to 
monitor if any contaminants from Hanford are entering the Columbia River and to identify any need 
for additional actions to protect human health and the environment from unacceptable risk. 

The Tri-Party agencies also recognize that many members of the public would prefer to have all or 
nearly all of the plutonium contamination removed from the High-Salt Waste Group.  DOE and EPA 
do not agree that all plutonium contamination should be sent to WIPP for disposal and have 
determined that the plutonium contamination that will remain in place after the selected remedy is 
implemented will not pose an unacceptable risk to human health and the environment. The selected 
remedy will remove approximately 90% of the plutonium contamination in the Low-Salt Waste Group 
and almost all of the plutonium contamination from the Z-Ditches and Settling Tanks Waste Groups. 
For the High-Salt Waste Group, soils located two feet below the bottom of the disposal structure, where 
the highest concentrations of plutonium are located, will be removed. After excavating to the specified 
depths in these waste sites, plutonium-239/240 levels will be assessed. DOE will consider removing 
additional plutonium-contaminated soil from these waste sites. 

At waste sites in the Z-Ditches Waste Group, traditional excavation methods will be used to remove 
contaminated soils as part of the selected remedy. Clean overburden will be removed and stockpiled for 
backfilling. Subsequent excavation using traditional excavation methods will result in plutonium-
contaminated soil being removed with some clean soil. This is not an intentional “blending” of clean 
and contaminated soil, but rather a result of the traditional excavation methods that are used for 
digging up soil. As contaminated soil is removed and packaged for disposal, waste in containers will be 
screened  to determine if it meet ERDF waste acceptance criteria as low-level waste or if the waste has 
plutonium concentrations greater than 100 nCi/g. Since Hanford waste is a result of defense-related 
activities, waste containers that have plutonium concentrations greater than this value qualify as 
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transuranic waste and can be disposed in the approved geologic repository. Transuranic waste will be 
sent to WIPP for disposal. 

 The EPA and DOE did evaluate the removal of contaminated soils that pose an unacceptable risk at 
waste sites in the High-Salt and Low-Salt Waste Groups. This was evaluated under Removal, Treat (if 
necessary) and Dispose – Option E in the feasibility study. This cleanup alternative was evaluated 
along with the other alternatives that were identified through the CERCLA process. There are nine 
criteria that must be considered when evaluating cleanup alternatives under CERCLA. The first two 
criteria, known as “threshold criteria”, are the overall protection of human health and the 
environment and compliance with (or qualification for a waiver from) Applicable or Relevant and 
Appropriate Requirements (ARARs). The next five criteria, known as “balancing criteria”, allow for a 
comparison of the relative performance of each alternative against these criteria. These criteria are: 
long-term effectiveness and permanence; reduction of toxicity, mobility, or volume through treatment; 
short-term effectiveness; implementability; and cost. The last two criteria, known as “modifying 
criteria”, are State acceptance and community acceptance. The selected remedy meets the threshold 
criteria and provides the best balance of the CERCLA balancing criteria and modifying criteria 
considerations.  

The land where the waste sites addressed in this Proposed Plan and ROD are located is considered an 
industrial-use area and will have the necessary land-use restrictions for land that has contamination in 
place that does not allow for unrestricted use and unlimited exposure.  

It is important to note that cost is only one factor that is considered for deciding how much plutonium-
contaminated soil to remove. While cost was a factor in selecting the remedy, budget limitations were 
not.  A remedy must be protective of human health and the environment and comply with (or qualify 
for a waiver from) ARARs in order to be selected for implementation. After the plutonium-
contaminated soil is removed in accordance with the selected remedy at the High-Salt and Low-Salt 
Waste Groups, the waste sites will be backfilled with clean soil and covered with an evapotranspiration 
barrier which will provide further isolation from humans and the environment.  

The current and anticipated future land use for this area is industrial. The selected remedy and final 
cleanup level for plutonium were developed based on this anticipated industrial land use. Waste will 
remain in place that will not allow for unlimited use of the land (e.g., no residential or farming 
activities). Institutional controls will be used to prohibit activities that would disturb the soil at these 
waste sites to prevent potential human exposure to contamination and to protect the integrity of the 
remedy. DOE is ultimately responsible for maintaining institutional controls at the Hanford Site, even 
if the land is transferred to another owner.  

The Tri-Party agencies understand that some members of the public are concerned about the 
possibility of someone trying to access the residual plutonium-contaminated soil in the future. 
Institutional controls will prohibit access to the plutonium-contaminated soil which, after 
implementation of the selected remedy, will be located deeper than 15 feet below the ground surface.   
Since contamination will remain in place that will not allow for unlimited land use, CERCLA requires 
that the selected remedy be reviewed no less often than every five years to ensure that human health 
and the environment are being protected by the remedial action. If, based on a five-year review, further 
action at the site is determined appropriate, such action will be taken. Please see the “Government Is 
Not Long-Term Stewardship” section for additional agency responses related to this concern.  Please 
see the “Regulatory Standards” section for agency responses regarding cleanup levels for plutonium. 
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REMOVE ALL CESIUM 

Remove All Cesium Comment Summary 

Some commenters stated that they preferred the removal of cesium contaminated soil over a capping 
remedy for the following reasons: removal is more protective; contaminated soil is more secure when 
disposed of at ERDF; and capping is not effective.  

Response to comments: The Tri-Party agencies recognize that some members of the public prefer to 
remove cesium-contaminated soil rather than leave it in place. When selecting a remedy, the Tri-Party 
agencies must select a remedy that meets the threshold criteria and provides the best balance of the 
CERCLA balancing criteria and modifying criteria considerations. The selected remedy for the 
Cesium-137 Waste Group to maintain/enhance the existing soil cover (MEESC) meets the threshold 
criteria and provides the best balance of the CERCLA balancing criteria and modifying criteria 
considerations. The 15 ft depth of the soil cover is effective in eliminating environmental pathways 
from biological activity, such as from plant roots or burrowing animals and from workers coming in 
direct contact with contamination.  

 

DIG DEEPER THAN 2 FEET AT THE HIGH-SALT WASTE SITES 

Dig Deeper Than 2 Feet Comment Summary 

Comments received on dealing with digging deeper that 2 feet are specific to the High-Salt Waste Group. 
Multiple commenters stated that digging to 2 feet below the bottom of a waste site is not sufficient and 
that long-term protectiveness is not achievable for the High-Salt Waste Group if enough plutonium 
contamination remains in the soil. It was also stated that an observational approach should be used to 
determine how deep to dig at the High-Salt waste sites or that the same approach used at the Low-Salt 
Waste Group, which is to remove approximately 90% of the contaminated soils, be used. One commenter 
went on to state that the Proposed Plan did not provide sufficient data to support digging to 2 feet below 
the bottom of a waste site when the Feasibility Study states that plutonium is found to depths of 121 ft. 
This commenter continued by stating that cleanup should be based on contaminant concentration levels 
and not on the depth to contaminants.  

Commenters expressed concern over plutonium-contaminated soils potentially being used to make 
nuclear bombs in the future and also the potential harm these soils pose to future generations. 

Response to comments: The Tri-Party agencies acknowledge that the public generally prefers digging 
deeper than 2 ft below the bottom of a waste site for the High-Salt Waste Group and that there is 
concern over the protectiveness of leaving plutonium-contaminated soils in place.  

Risk evaluations were conducted as part of the CERLCA process to identify the source of the risk and 
exposure pathways to humans and the environment. When these pathways are broken, the risk is 
eliminated. Pathways are identified by considering the current and reasonably anticipated future land 
use for the area, which is industrial use. Institutional controls will be used to prohibit activities that 
would disturb the soil at these waste sites to prevent potential human exposure to contamination and to 
protect the integrity of the remedy.  

No complete exposure pathways or unacceptable risks will remain after implementation of the selected 
remedy. Regular workers, meaning Hanford Site workers not involved in digging activities, are not at 
risk since there are no complete pathways to contamination under an industrial scenario. A 
construction worker could potentially be at risk since they could come into contact with contaminated 
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soil when conducting digging activities. Exposure pathways for construction workers via contact with 
contaminated soil would be through ingestion, inhalation, dermal contact, and external radiation. 
However, the institutional controls of the selected remedy will break the pathways to construction 
workers and eliminate the unacceptable risk.  Further removal of contamination at greater depths will 
not achieve additional protectiveness.  Under the selected remedy, after the contaminated soil is 
removed, the waste sites will be backfilled with clean soil to a minimum depth of 15 feet which is 
effective in eliminating environmental pathways to contaminated soils from biological activity, such as 
from plant roots or burrowing animals.  

The DOE and EPA have determined that the plutonium that will remain in place after the selected 
remedy is implemented will not pose an unacceptable risk to human health and the environment. The 
selected remedy for the High-Salt Waste Group, (removal of contaminated soil to a depth of 2 feet 
below the bottom of the disposal structures, construction of an evapotranspiration barrier, and use of 
institutional controls consistent with industrial land use) meets the threshold criteria and provides the 
best balance of the CERCLA balancing criteria and modifying criteria considerations. After excavating 
to the specified depths in these waste sites, plutonium-239/240 levels will be assessed. DOE will 
consider removing additional plutonium-contaminated soil from these waste sites. 

Please see the “Use of the Observational Approach” and “Excavate and Remove All Plutonium” 
sections for additional agency responses.  

 

SHIP PLUTONIUM OFF-SITE 

Ship Plutonium Off-Site Comment Summary 

Some commenters stated that more or even all plutonium contaminated soil should be disposed in a deep 
geologic repository, such as WIPP, regardless of the additional costs since they believe it provides a more 
permanent remedy. Commenters stated this is due to the long-half life of plutonium and the potential for 
plutonium-contaminated soils to migrate now or in the future. Commenters also stated that plutonium 
should be moved away from the Columbia River. 

Response to comments: The Waste Isolation Pilot Plant (WIPP) in Carlsbad, New Mexico is where the 
US disposes of the nation's defense-related transuranic radioactive waste. Plutonium contaminated 
soils removed from the Hanford Site must qualify as “transuranic waste” in order to be accepted at 
WIPP. This means the contaminated soil and debris must have alpha-emitting TRU radionuclides 
possessing half-lives greater than 20 years and in concentrations greater than 100 nCi/g. Under the 
selected remedy, any contaminated soil and debris that are excavated and packaged for disposal that 
qualify as TRU waste will be sent to WIPP for disposal. Contaminated soil and debris that are 
excavated and packaged for disposal that do not qualify for disposal at WIPP will be disposed of at 
Hanford’s Environmental Restoration and Disposal Facility (ERDF).  

Some plutonium will remain in place as part of the selected remedy. The risks from the plutonium that 
remains were evaluated as documented in the Remedial Investigation and Feasibility Study 
(RI/FS)(DOE/RL-2007-27). Based on that information, DOE and EPA have determined that the 
plutonium that will remain in place after the selected remedy is implemented will not pose an 
unacceptable risk to human health and the environment and that the selected remedy will protect the 
Columbia River and its ecological resources from degradation and unacceptable impact associated 
with hazardous substances, pollutants or contaminants originating from these waste sites. 
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PLUTONIUM IS MOBILE 

Plutonium Is Mobile Comment Summary 

Some commenters stated that plutonium is mobile and that it can travel to groundwater and the Columbia 
River. Commenters also stated that there is no certainty that plutonium will remain immobile over the 
long-term. Some commenters stated that plutonium is currently reaching the Columbia River or will reach 
it in a relatively short period of time.  Some commenters expressed concern over the potential for future 
unexpected exposures.  

Response to comments: The Tri-Party agencies agree that the mobility of plutonium can be affected by 
certain environmental conditions. However, we do not agree that plutonium is mobile under the 
environmental conditions at these waste sites. The presence of plutonium at depths to approximately 
110 feet at the High-Salt waste sites was due to the driving force of large amounts of highly acidic 
liquid discharges during active operations. Liquid disposal of highly acidic waste is no longer 
occurring at these waste sites and the average precipitation rate is low at 6.8 in/year. Based on its 
insolubility and strong sorption to sediments, and the pH of the soil at these waste sites, plutonium is 
highly immobile. Since the plutonium at these waste sites is highly immobile, it does not pose an 
unacceptable risk to groundwater or the Columbia River. 

Some plutonium will remain in place under the selected remedy. The waste sites where plutonium will 
remain will be covered with an evapotranspiration barrier which will minimize water infiltration and 
also reduce the potential for contaminant migration with water flow. The risks from the plutonium that 
remains were evaluated as documented in the RI/FS (DOE/RL-2007-27). Based on that information, 
DOE and EPA have determined that the selected remedy meets the threshold criteria and provides the 
best balance of the CERCLA balancing criteria and modifying criteria considerations. The plutonium 
that will remain in place after the selected remedy is implemented will not pose an unacceptable risk to 
human health and the environment. The selected remedy will protect groundwater, the Columbia River 
and its ecological resources from degradation and unacceptable impact associated with hazardous 
substances, pollutants or contaminants originating from these waste sites. 

Please see the “Excavate and Remove All Plutonium” section for responses regarding plutonium 
reaching the Columbia River and the “Do Not Rely on Institutional Controls” section for responses 
regarding future unexpected exposures. 

DO NOT RELY ON BARRIERS/CAPS 

Do Not Rely On Barriers/Caps Comment Summary 

Some commenters stated that caps are not sufficient because they cannot be maintained in perpetuity and 
will deteriorate over time. Some commenters also stated that these waste sites are located too close to the 
Columbia River for caps to be considered. Some commenters stated lateral water movement is possible 
and trenched walls to stop water flow should be used. One commenter stated that surface barriers should 
not impede soil vapor extraction activities.  

Response to comments:  The Tri-Party agencies recognize that many members of the public generally 
prefer to remove contaminated soil rather than leave it in place. When selecting a remedy, DOE and 
EPA must select a remedy that is protective of human health and the environment, meets the other 
threshold criterion, and provides the best balance of the CERCLA balancing criteria and modifying 
criteria considerations. The selected remedy for the Cesium-137 Waste Group is to maintain or 
enhance the existing soil cover (MEESC). The selected remedy for the Cesium-137 Waste Group to 
maintain/enhance the existing soil cover (MEESC) meets the threshold criteria and provides the best 
balance of the CERCLA balancing criteria and modifying criteria considerations. The cesium-137 
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contamination is not mobile under existing or anticipated conditions and will not pose an unacceptable 
risk to groundwater or the Columbia River under the Selected Remedy. The 15 ft depth of the soil cover 
is effective in eliminating environmental pathways from biological activity, such as from plant roots or 
burrowing animals, and from workers coming in direct contact with contamination. Institutional 
controls will prohibit activities to prevent potential human exposure to contamination and to protect 
the integrity of the remedy. The soil cover will need to be maintained as long as there is unacceptable 
risk from these waste sites.   

The selected remedy for the Low-Salt and High-Salt Waste Groups consist of constructing an 
evapotranspiration (ET) barrier after the excavated area is backfilled with clean soil. The ET barriers  
will be made from natural materials (i.e., nothing man-made) and covered with vegetation. ET barriers 
in semi-arid climates like that at the Hanford Site make use of high evaporation, high transpiration 
and native plants to maintain low soil moisture levels, which minimize water infiltration. Minimizing 
water infiltration also reduces the potential for contaminant migration with water flow. This barrier 
will keep workers from coming in direct contact with the remaining contamination and will also 
eliminate environmental pathways.  The ET barriers will need to be maintained as long as there is 
unacceptable risk from these waste sites.  Since the plutonium at these waste sites is highly immobile, it 
does not pose an unacceptable risk to groundwater or the Columbia River. Due to the low precipitation 
rate at the Hanford Site (6.8 in/yr), lateral water movement in the soil column will not be a significant 
transport mechanism for contamination located beneath the ET barriers. Soil vapor extraction (SVE) 
will be used to address carbon tetrachloride and methylene chloride contamination, the contaminants 
that were identified at threats to groundwater, at waste sites in the High-Salt Waste Group in 
conjunction with the other parts of the selected remedy.  The ET barriers will not impede SVE 
activities.  

DOE and EPA have determined that the selected remedy is protective of human health and the 
environment, complies with ARARs, and provides the best balance of the CERCLA balancing criteria 
and modifying criteria considerations. Since contamination will remain in place that will not allow for 
unlimited land use, CERCLA requires that the selected remedy be reviewed no less often than every 
five years to ensure that human health and the environment are being protected by the remedial action. 
If, based on a five-year review, further action at the site is determined appropriate, such action will be 
taken. 

Please see the “Excavate and Remove All Plutonium” section for responses regarding plutonium 
reaching the Columbia River. 

 

GOVERNMENT IS NOT LONG-TERM STEWARDSHIP 

Government Is Not Long-Term Stewardship Comment Summary 

Some commenters stated that the remedy cannot be dependent on the existence of government hundreds 
or thousands of years into the future. Some commenters stated this is because plutonium has a half-life of 
24,000 years, making it impossible to guarantee protectiveness of a remedy that consists of maintaining 
institutional controls 240,000 years into the future.  

Some commenters stated that a more conservative approach should be selected since long time frames 
have high levels of uncertainty and it would be cheaper to remove the contamination than to guard it in 
perpetuity.  

Response to comments: The Tri-Party agencies understand there is some public concern over the 
ability to maintain control of the Hanford Site far into the future. We acknowledge that there is 
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uncertainty associated with the future of society beyond hundreds of years into the future. However, 
when cleanup decisions are made those decisions follow the CERLCA process which requires the 
appropriate amount of scientific data and analysis as well as the appropriate consideration of the nine 
CERCLA criteria.  

Institutional controls are part of the selected remedy and will be maintained. The land where these 
waste sites are located is considered an industrial-use area and will have appropriate land-use 
restrictions for land that has contamination in place that does not allow for unlimited land use. DOE is 
ultimately responsible for maintaining institutional controls at the Hanford Site for as long as 
necessary, even if the land is transferred to another owner.  

Since contamination will remain in place that will not allow for unlimited land use, CERCLA requires 
that the selected remedy be reviewed no less often than every five years to ensure that human health 
and the environment are being protected by the remedial action. If, at any time based on a five-year 
review, further action at the site is determined appropriate to ensure protectiveness , such action can be 
taken. 

 

DO NOT RELY ON INSTITUTIONAL CONTROLS (ICs) 

Do Not Rely On Institutional Controls Comment Summary 

Some commenters stated that ICs should not be relied on due to the uncertainty in the ability to maintain 
ICs over 1,000 years into the future. Some commenters stated that it cannot be assumed that Hanford’s 
Central Plateau will never be developed for residential use. Other commenters stated that Tribal nations 
may want to use the land in the future and questioned if there was an analysis of exposure from 
contamination originating from the 200 Area to Native American tribes exercising treaty rights or 
agricultural-related exposures to those using land beyond fenced portions of the 200 area.  

Response to comments: Institutional controls will be used as part of the selected remedy to prevent or 
limit exposure to hazardous substances, pollutants, or contaminants in a manner that is protective of 
human health. Institutional controls are a necessary part of this remedy because contamination will 
remain in place that will not allow for unrestricted use of the land and unlimited exposure. CERCLA 
cleanup standards consider the reasonably anticipated future land use. The future reasonably 
anticipated land use for these waste sites is for industrial use. The DOE worked for several years with 
cooperating agencies to define land use goals for the Hanford Site. The cooperating agencies and 
stakeholders included: the National Park Service; Tribal Nations; the States of Washington and 
Oregon; local, county, and city governments; economic and business development interests; 
environmental groups; and agricultural interests. A 1992 report, The Future for Hanford: Uses and 
Cleanup: The Final Report of the Hanford Future Site Uses Working Group (Drummond, 1992) was 
an early product of these efforts to develop land use assumptions. The report recognized that portions 
of the Central Plateau would be used to some degree for waste management activities for the 
foreseeable future. This, in part, affected  the 1999 Hanford Comprehensive Land-Use Plan 
Environmental Impact Statement (DOE/EIS-0222-F) and associated ROD where DOE designated the 
Central Plateau as an industrial land use area suitable and desirable for the treatment, storage, and 
disposal of hazardous, dangerous, radioactive, and nonradioactive wastes, as well as related activities. 

Industrial cleanup standards are different from residential cleanup standards because industrial 
cleanup standards consider the amount of time people are in the area and the types of activities that 
occur under industrial use. Residential cleanup standards allow for unrestricted activities on the land 
after cleanup occurs.  The feasibility studies for these waste sites analyzed a number of risk scenarios 
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to compare against the industrial scenario.  This includes a Native American Exposure scenario which 
is located in Appendix F (DOE/RL-2004-24) for the Z-Ditches Waste Group and in Appendix G 
(DOE/RL-2007-27) for the other waste groups. The selected remedy includes using evapotranspiration 
(ET) barriers to minimize water infiltration which reduces contaminant migration and soil covers to 
break environmental pathways that could result in human contact with contamination. The ET 
barriers will also minimize contamination migration that could result in unacceptable exposures in 
areas beyond the waste sites.  Also, institutional controls will be used to prohibit activities that would 
disturb the soil at these waste sites to prevent potential human exposure to contamination and to 
protect the integrity of the ET barrier and soil covers which are part of the selected remedy. 

DOE and EPA recognize the public skepticism with maintaining ICs over many years into the future.  
ICs are required to be maintained as long as necessary for the selected remedy to be protective.   
However, since contamination will remain in place that will not allow for unlimited land use, CERCLA 
requires that the selected remedy be reviewed no less often than every five years to ensure that human 
health and the environment are being protected by the remedial action. If, based on a five-year review, 
further action at the site is determined necessary to be protective of human health and the 
environment, such action will be taken. 

 

MODELING FOR SEISMIC ACTIVITY, FLOODS, AND CLIMATE CHANGE 

Modeling For Seismic Activity, Floods, and Climate Change Comment Summary 

Some commenters stated that seismic activity, flooding, and other natural disasters should be considered 
when developing and evaluating cleanup alternatives. Some commenters stated that events such as glacial 
flooding, earthquakes, and severe storms will occur on the Hanford Site and any remedy selected should 
address risks posed from those events.  

Response to comments: The Tri-Party agencies understand public concern over the potential for 
natural disasters at the Hanford Site. The probability of these types of disasters occurring were 
considered. Large Columbia River floods have occurred in the past, but the likelihood of recurrence of 
large-scale flooding has been reduced by the construction of several (7) flood control/water-storage 
dams upstream of the Hanford Site.  Major floods on the Columbia River are typically the result of 
rapid melting of the winter snowpack over a wide area augmented by above-normal precipitation.  
Evaluation of flood potential was conducted, in part, through the concept of the probable maximum 
flood.  

The probable maximum flood for the Columbia River downstream of Priest Rapids Dam has been 
calculated to be greater than a 500-year flood scenario. This flood would inundate parts of the 
Hanford Site adjacent to the Columbia River, but the central portion of the Hanford Site, where these 
operable units are located, would remain unaffected. Potential dam failures on the Columbia River 
have also been evaluated. The Army Corps of Engineers evaluated a number of scenarios on the effects 
of failures of Grand Coulee Dam.  The remainder of the areas along the Columbia River and nearly all 
of Richland, WA would be flooded, but the central portion of the Hanford Site, where these operable 
units are located, would not be flooded. 

The Tri-Party agencies acknowledge public concern over the consideration of seismic activity when 
selecting a remedy. There is an active program for seismic monitoring at Hanford, the Hanford 
Seismic Assessment Program (HASP), to maintain instrumentation (or other means) to detect and 
record the occurrence and severity of seismic events. The program provides interpretations of seismic 
events from the Hanford Site and vicinity, locates and identifies sources of seismic activity, monitors 
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changes in the historical pattern of seismic activity, and builds a “local” earthquake database that is 
permanently archived.   

Once the waste sites are remediated, the potential effect of seismic events on the remediated waste sites 
will be minimal (e.g. structures will be removed, voids filled, soil covers and ET barriers can be 
repaired). Seismic events should have no effect on plutonium chemistry, and thus should have no 
direct effect on plutonium mobility. Potential seismic effects are considered in design and placement of 
evapotranspiration barriers over a remediated site, as necessary. 

DOE and EPA have selected a remedy that is protective of human health and the environment, meets 
the other threshold criterion and provides the best balance of the CERCLA balancing criteria and 
modifying criteria. The probability of natural disasters occurring at the Hanford Site was evaluated 
and considered. Regarding events that may occur on a geologic time scale, such as glacial flooding, the 
Tri-Party agencies acknowledge that there is uncertainty associated with environmental conditions that 
far into the future. However, when cleanup decisions are made those decisions follow the CERLCA 
process which requires the appropriate amount of scientific data and analysis as well as the 
appropriate consideration of the CERCLA criteria. Since contamination will remain in place that will 
not allow for unlimited land use, CERCLA requires that the selected remedy be reviewed no less often 
than every five years to ensure that human health and the environment are being protected by the 
remedial action. If, based on a five-year review, further action at the site is determined appropriate, 
such action can be taken. 

 

INSUFFICIENT SCIENTIFIC DATA 

Insufficient Scientific Data Comment Summary 

Some commenters stated that there is not sufficient characterization data to select a remedy for these 
waste sites, particularly for the Settling Tanks, Z-Ditches and High-Salt Waste Groups. One commenter 
stated that no data was presented on the values of contaminant concentrations at various depths or cost 
information for removing contaminated soil at various depths. Some commenters stated the data available 
for the waste sites were dated and that new data should be collected before proceeding. Other commenters 
stated that potential risks to groundwater were not evaluated and that a baseline risk assessment could not 
be fully conducted without additional information.  

Response to comments: The Tri-Party agencies recognize public concern over the amount of scientific 
data that was used to determine risks and select an appropriate remedy for these waste sites. Following 
the CERCLA process, DOE conducted an assessment of the nature and extent of contamination and 
the associated health and environmental risks (in the Remedial Investigation) and developed and 
analyzed the range of potentially viable cleanup alternatives for these operable units (in the Feasibility 
Study). The scientific data included use of historical data such as process history. For the Settling 
tanks, historical data on the tank contents is one valid source of information since there have been no 
leaks from the tank to date and long-lived radionuclides remain. For the Z-Ditches and High-Salt 
Waste Groups, there have been no major contaminant transport mechanisms (such as large volumes of 
liquid discharges) since operations ceased to cause the contamination to migrate.  The long-lived 
radionuclide contamination is still present, making process history a valuable source of information 
for characterizing these waste sites. DOE and EPA have determined that the existing data and 
information is sufficient to make this remedy decision.  
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The Tri-Party agencies acknowledge public concern with age and amount of data used to characterize 
the Settling-Tanks, Z-Ditches, and High-Salt Waste Group. Characterization information is available 
for each waste site, including information on contaminant concentrations, in their respective FS 
documents (Chapter 2 in DOE/RL-2004-24 and Chapter 2 in DOE/RL-2007-27). The information in 
the FS document is intended to provide a synopsis of all the available information on the waste sites. 
Typically, highly technical documents are used to write the FS, but are not included in their entirety. 
Appendix C of the FS (DOE/RL-2007-27) provides the cost estimates for the remedial alternatives 
identified for potential implementation. The cost estimates in the FS were developed in accordance 
with EPA guidance (EPA/540/R-00/002 A Guide to Developing and Documenting Cost Estimates 
During the Feasibility Study, OSWER 9355.0-75.) The cost estimates did not identify costs for remedial 
alternatives that were not identified during the RI/FS process. Appendix F of the FS (DOE/RL-2007-
27) provides an evaluation of the amount of risk reduction achieved when removing soil to various 
depths under an unrestricted land use scenario at the High-Salt Waste Group, which was used to 
evaluate the remedial alternatives that were considered. Appendix E of the FS (DOE/RL-2007-27) 
provides an evaluation of groundwater protection from all potential contaminants of concern. The 
baseline risk assessment was conducted with sufficient data and information.  

 

SUPPORT FOR LEAVING CESIUM IN PLACE  

Support For Leaving Cesium In Place Comment Summary 

Some commenters expressed support for the maintain or enhance soil cover (MEESC) remedy for the 
Cesium-137 Waste Group. Some commenters stated that they supported the MEESC alternative if it 
would allow for the removal of more plutonium contamination.  

Response to comments: DOE and EPA agree and have selected the maintain/enhance the existing soil 
cover (MEESC ) remedy as part of the selected remedy for the Cesium-137 Waste Group. The Tri-Party 
agencies acknowledge that the public generally prefers to have more plutonium contamination 
removed, but the plutonium waste sites were assessed independently of the Cesium-137 Waste Group. 

 

PUBLIC INVOLVEMENT PROCESS 

Public Involvement Process Comment Summary 

Some commenters stated that information on the waste sites is not easily accessible and that it is difficult 
to find documents in the Administrative Record. Some commenters also stated that the information 
presented in the Proposed Plan and technical documents is complex and difficult to understand. Some 
commenters suggested increasing outreach efforts and advertising for meetings and providing 30 to 45 
days of advance notice for upcoming meetings. One commenter stated that the Tri-Party Agencies failed 
to provide the minimum thirty days of public notice for public meetings as prescribed in the Hanford 
Community Relations Plan and that not all key documents were publically available. An additional 
comment was that the original notices simply identified the operable units to be addressed which did not 
make clear to the public that plutonium and cesium discharge sites were to be addressed.   

Response to comments: Public involvement is important to the Tri-Party agencies. We strive to include 
our stakeholders and the public in the decision-making process at Hanford. The remedial investigation 
reports and feasibility studies developed as part of the CERCLA decision-making process present 
highly technical information. We agree that these technical documents need to be publically available 
during the public comment period on the Proposed Plan and allow at least 30 days for the public to 
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review these documents.   The technical documents that support the basis for alternatives presented in 
the Proposed Plan are long and complex. This is particularly true for the waste sites located in these 
operable units due to the complexity of each waste site. The Proposed Plan and fact sheet are a high 
level summary of the technical documents and are meant for a general audience and are not intended 
to present highly technical information in detail. The Tri-Party agencies recognize the difficulty 
readers may have had with the Proposed Plan due to the complexity of and manner in which the 
information was presented.  

The Hanford public involvement team engaged stakeholders and the public throughout the CERCLA 
process for selecting this remedy. For example, a stakeholder call was held on June 15, 2011 to 
measure interest in public meetings and to discuss meeting locations.  The Tri-Party agencies strive to 
provide the public with early notification (30 to 45 days notice) of upcoming public comment periods 
and meetings whenever possible, as described in the Hanford Community Relations Plan. However, 
this is not a legal requirement.   Situations occur when it is not possible to provide early notification. In 
those cases, notice is provided by the Tri-Party agencies as soon as definitive information is available. 
The public meetings for the Proposed Plan were advertised in advance in four regional newspapers (in 
a major circulation newspaper in each city where a meeting was to be held), on the www.hanford.gov 
website, and through the Hanford electronic listserv and mail list. A formal public comment period on 
the Proposed Plan, originally scheduled to run from July 5 through August 5, 2011, was extended 
through September 6, 2011 in response to requests from stakeholders. A fact sheet with a more reader-
friendly title, “Reference Guide on the Remediation of Waste Sites in Hanford’s Central Plateau”, 
indicating the nature of the proposed cleanup was sent through the Hanford electronic listserv and 
mail list on July 5, 2011. The fact sheet also listed the date and location of public meetings on the 
Proposed Plan. A reminder was sent out on the Hanford electronic listserv on August 18, 2011 with 
information on how to access the Proposed Plan, related links to key technical documents, and a video 
of the public meeting held in Seattle, WA.  

The Tri-Party agencies encourage individuals to contact agency representatives with any concern or 
questions they have. During the public comment period, members of the public contacted DOE and 
EPA representatives by phone and email to discuss the Proposed Plan and to request additional 
information. These requests were met in a timely manner.   

 

REGULATORY STANDARDS 

Some commenters stated that the Resource Conservation and Recovery Act (RCRA) applies to waste sites 
in these OUs, particularly the Settling Tanks and Z-Ditches Waste Groups. One commenter questioned 
the integrity of the settling tanks and indicated that the tanks should be removed. Some commenters stated 
that Hanford should use the same plutonium cleanup values that have been used at other cleanup sites in 
the nation. A commenter stated that carbon tetrachloride originating from these waste sites is still 
contaminating groundwater. Other commenters expressed concern over whether the cleanup values 
identified in the Proposed Plan will provide groundwater protection. A commenter questioned why 
different risk considerations are used for nonradionuclide and radionuclide contaminants. One commenter 
stated that the State has more rigorous cleanup standards and that those should be used over the federal 
cleanup standards. Another commenter stated that this remedial action cannot proceed without the 
completion of the Tank Closure and Waste Management Environmental Impact Statement (EIS) and 
indicated that the proposed plan failed to consider the cumulative impact from all the waste sites in these 
units and related similar wastes sites on the Central Plateau.  

Response to comments: The Tri-Party agencies recognize that some members of the public believe the 
Resource Conservation and Recovery Act (RCRA) applies to the Settling Tanks and Z-Ditches Waste 
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Groups. The Tri-Party agencies agree that the settling tanks present a substantial  threat of release that 
requires action to protect human health and the environment and need to be remediated in a manner 
that complies with all substantive requirements for closure of a dangerous waste tank.  As the settling 
tanks are remediated, the cleanup actions will comply with the substantive requirements of the State 
Hazardous Waste Management Act, Dangerous Waste Regulations for closure of a dangerous waste 
tank as applicable or relevant and appropriate requirements (ARARS.)  The tanks would only be 
removed if necessary to comply with substantive closure requirements.  Dangerous waste closure 
requirements have been included as an ARAR.   

The Z-Ditches waste sites were used to dispose of cooling water from the Plutonium Finishing Plant. 
Unlike liquid discharges from plutonium processing activities, the cooling water did not come into 
direct contact with chemicals used during plutonium processing. The 216-Z-19 Trench and 216-Z-20 
Trench operated after RCRA was enacted in 1976. However, there is no evidence that these Z-Ditches 
were used to dispose of dangerous waste.  

 The Tri-Party agencies also recognize that the public is concerned with the final cleanup level for 
plutonium. While many contaminants have standardized cleanup levels across the nation, there is no 
national cleanup level identified for plutonium. When cleanup of a site deals with plutonium 
contamination, the appropriate cleanup value is developed based on protecting human health and the 
environment, the specific conditions of that site, and the anticipated land use. This is why there are 
varying cleanup values for plutonium at different locations across the nation.   The selected remedy 
and final cleanup level for plutonium were developed from EPA guidance and methodology based on 
Hanford Site conditions where these waste sites are located and the anticipated industrial land use. 
The respective FSs and Proposed Plan identified 2,900 pCi/g as the preliminary remediation goal for 
plutonium 239/240.  However, for the final cleanup level in the selected remedy, DOE has agreed to 
use a more conservative value of 765 pCi/g.  

The potential migration of hazardous substances, pollutants or contaminants to groundwater was 
evaluated for each waste site.  This evaluation identified carbon tetrachloride and methylene chloride 
as the only contaminants that could potentially migrate through the soil from waste sites in the High-
Salt Waste Group and impact groundwater at unacceptable risk levels. The cleanup levels for these 
contaminants are specified in the ROD.  These values will provide for the protection of groundwater. 
The other contaminants of concern (COCs) were not identified as posing a threat to groundwater based 
on screening levels and fate and transport modeling. Soil vapor extraction is currently being conducted 
at High-Salt Waste Group and will be implemented as part of the selected remedy to continue to 
address unacceptable risk from carbon tetrachloride and methylene chloride. Although nitrate and 
technetium-99 were determined to not pose an unacceptable risk to groundwater, sampling will be 
conducted at Ecology’s request to confirm that these contaminant levels do not pose an unacceptable 
risk to groundwater. 

Risks are calculated differently for nonradionuclide and radionuclide contaminants. The target cancer 
risk range of 1x10-4 to 1x10-6 used to evaluate carcinogenic risks from radionuclides is based on the 
acceptable risk range identified under CERCLA. The target cancer risk level of 1x10-5 used to evaluate 
multiple non-radionuclide contaminants is stated in Washington Administrative Code (WAC 173-340), 
also referred to as the Model Toxics Control Act (MTCA).  WAC regulations do not address cancer 
risks from radionuclides. Cleanup levels for all contaminants of concern in this ROD were established 
consistent with the CERCLA and MTCA.  

As described in EPA's ROD guidance (EPA 540-R-98-031), this ROD presents an overall site 
cleanup plan including the relationship between CERCLA and other remediation activities at 
the site.  In accordance with EPA's Framework for Cumulative Risk Assessment (EPA/630/P-
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02/001F) the risk assessment evaluated the multiple contaminants, both chemical and 
radiological, that human or ecological receptors could be exposed to at these sites.  The risk 
assessment combined the toxicities and risk from all chemicals and from all exposure routes 
(such as inhalation and ingestion) for a cumulative hazard to establish the basis for action, 
and to establish cleanup levels.  Likewise for radionuclides, cumulative risk was evaluated for 
these sites. The Tri-Party agencies do not agree that this remedial action cannot proceed 
without completion of the Tank Closure and Waste Management EIS.  The remedy was 
selected in accordance with CERCLA and the NCP. The EIS covers a specific scope including 
closure of Hanford’s single-shell and double-shell tanks and on-going waste management 
activities. However, the EIS has no direct bearing on the evaluations conducted as part of this 
cleanup decision.  

 

USE OF OBSERVATIONAL APPROACH 

Use Of Observational Approach Comment Summary 

Some commenters expressed support for use of the observational approach at waste sites in the High-Salt 
Waste Group. Some commenters stated that the observational approach would be ideal for dealing with 
the removal of plutonium-contaminated soil and that it is a more effective and efficient process for 
determining the appropriate depth of contaminated soil removal.  

Response to comments: The Tri-Party agencies acknowledge that some members of the public support 
use of the observational approach when removing plutonium contaminated soil at waste sites in the 
High-Salt Waste Group. For the High-Salt Waste Group, soils that are located up to 2 ft below the 
bottom of the waste site (6.1 m (20 ft) bgs at the 216-Z-1A Tile Field, 7 m (23 ft) bgs at the 216-Z-9 
Trench, and 6.1 m (20 ft) bgs at the 216-Z-18 Crib) will be removed. This area represents soil with the 
highest concentrations of plutonium. The DOE and EPA have determined that the plutonium that will 
remain in place after the selected remedy is implemented will not pose an unacceptable risk to human 
health and the environment. However, based on public comment, it has been determined that after 
excavating to the specified depths in these waste sites, plutonium-239/240 levels will be assessed. DOE 
will consider removing additional plutonium-contaminated soil from these waste sites.  

     

OTHER COMMENTS ON THE PROPOSED PLAN 

Other Comments On The Proposed Plan Comment Summary 

Some commenters thanked the Tri-Party agencies for their efforts on this cleanup decision or for the 
opportunity to provide comment on the Proposed Plan. Some commenters expressed support of the 
remedies identified for the Z-Ditches and Low-Salt Waste Groups, pipelines, and the use of soil vapor 
extraction at the High-Salt Waste Group. Some commenters asked for clarification on the remedy for the  
Settling Tanks and cost tables presented in the Proposed Plan. Another commenter stated that WIPP 
disposal costs should not be included since these costs are not part of the Hanford DOE office budget.  

Response to comments: The Tri-Party agencies would like to thank those who provided comment on 
the Proposed Plan and acknowledge those comments that expressed support of portions of the selected 
remedy. The selected remedy for the Settling Tanks Waste Group includes removal of the remaining 
contents (including any liquid and sludge) and grouting of the tanks for stabilization, and will satisfy 
substantive closure requirements for dangerous waste tanks. The cost tables presented in the Proposed 
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Plan show present worth calculations based on 350 years for the Cesium-137 Waste Group to 1,000 
years for the Low-Salt and High-Salt Waste Groups and include estimated disposal costs at WIPP, 
where applicable. WIPP costs were included in the Proposed Plan in order to fully present the full 
range of life-cycle costs for each alternative. This was done in part in response to HAB advice #207 
regarding Criteria for Development of the Proposed Plan for 200-PW-1,3,6  (available at 
http://www.hanford.gov/files.cfm/HABAdv_207.pdf) which specifically requested life-cycle costs be 
provided.  

 

GENERAL COMMENTS 

General Comments Summary 

General comments that were not specific to a particular part of the Proposed Plan were also received. 
Some commenters expressed concern with the following: if the protectiveness of the remedy is limited to 
protection of workers; increases in cancer risks if groundwater from the central part of Hanford is used; 
threats to the Columbia River; and possibility of major nuclear accidents occurring at Hanford in the 
future. Some commenters also share personal stories regarding their experiences with people who were 
exposed to radiation and their concern that others may also suffer from future radiation exposure from 
Hanford. Some commenters stated vitrification technology should be used and one commenter asked for 
the meaning of the “ET” abbreviation.  

Comments that were not directly related to this decision dealt with shipping of waste to the Hanford Site, 
ending nuclear power, and supporting alternative energy.  

 
Response to comments: When determining how contaminated waste sites will be cleaned up, CERCLA 
requires that the selected remedy be protective of human health and the environment. The Tri-Party 
agencies have determined that the selected remedy is protective of human health and the environment, 
including, but not limited to, workers since industrial use is the current and reasonably expected future 
land use, the public living near Hanford and throughout the Pacific Northwest,  groundwater on the 
Hanford Site, and the Columbia River and its ecological resources.  

The groundwater located on the Hanford Site is contaminated and not suitable for use. Under other 
CERCLA RODs, remedies are being implemented to clean the contaminated water; however, 
restrictions on using the groundwater will continue to be in place until the water is safe for 
consumption. The Tri-Party agencies agree that the risks from using Hanford’s groundwater are not 
acceptable and will be restricted from use until it reaches drinking water standards.  The selected 
remedy will protect groundwater, the Columbia River and its ecological resources from degradation 
and unacceptable impact associated with hazardous substances, pollutants or contaminants originating 
from these waste sites. 

The Tri-Party agencies agree that the Columbia River is vital to the Pacific Northwest region. One of 
the main priorities of the Tri-Party agencies is to protect the Columbia River from contamination 
originating from the Hanford Site. The main way contamination can potentially reach the river is from 
the migration of contaminated groundwater. Extensive groundwater monitoring is done on the 
Hanford Site to monitor for this migration. This information is located in the Hanford Site Annual 
Groundwater Monitoring and Performance Reports which are available at 
http://www.hanford.gov/page.cfm/SoilGroundwaterAnnualReports. If Hanford-related contamination 
from areas on Hanford not addressed by this ROD is moving towards or reaching the river at levels 
that would pose an unacceptable risk to human health or the environment, actions will be taken to 
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address the contamination. For people who would like more information on the Columbia River in 
general, the State of the River Report for Toxics is a summary of contaminants in the Columbia River 
Basin. It describes all sources of contamination in the region, not just contamination from the Hanford 
Site. This report is available at http://yosemite.epa.gov/r10/ecocomm.nsf/Columbia/SoRR/. 
 
The Tri-Party agencies understand public concern over the potential for major nuclear accidents at the 
Hanford Site. One key difference between Hanford and nuclear power plants is that there are no active 
Hanford Site nuclear power plants. The nine nuclear reactors that were part of Hanford plutonium-
production activities have all been shut down and eight of the reactors have been cocooned (to allow 
radioactive materials to decay) and the surrounding structures removed. One nuclear reactor, B-
Reactor, has not been cocooned since the radioactive materials have been removed and it is used as 
part of guided tours and is a national historic landmark.  
 
There is a commercial low-level radioactive waste disposal facility, US Ecology, Inc., that leases land 
on the Hanford Site. DOE and EPA are not involved with the activities at US Ecology; however, the 
Washington State Department of Ecology and Washington State Department of Health are responsible 
for interacting with US Ecology. More information is available at US Ecology’s website at  
http://www.americanecology.com/richland.htm or at Ecology’s website at 
http://www.ecy.wa.gov/programs/nwp/llrw/llrw.htm.  Energy Northwest operates the Columbia 
Generating Station, a commercial nuclear power plant, located north of Hanford’s 300 Area. This 
commercial power plant is licensed through the Nuclear Regulatory Commission and is not part of 
Hanford cleanup activities. More information on the plant is available at Energy Northwest’s website 
at http://www.energy-northwest.com/generation/cgs/. 
 
 The Tri-Party agencies would like to thank those commenters who shared their experiences of those 
who suffered from radiation exposure. 
  
In-situ vitrification was considered as a possible remedial alternative to address contamination at the 
Z-Ditches, Low-Salt, and High-Salt Waste Groups. Vitrification was not suitable for implementation 
for these waste groups due to the distribution of contaminants. At the Z-Ditches and Low-Salt Waste 
Group, the contamination was relatively shallow; thus, the Tri-Party agencies determined it was better 
to remove the contamination instead of vitrifying it in place. At the High-Salt Waste Group, the 
contamination is relatively deep, which makes using vitrification technology difficult to implement. As 
a result, the Tri-Party agencies determined that vitrification was not as implementable as other 
technologies considered. After analyzing all the remedial alternatives using the CERCLA criteria, the 
Tri-Party Agencies determined that vitrification did meet threshold criteria but did not provide the best 
balance of the balancing and modifying criteria and it was thus not selected as the final remedy.  
 
“ET” stands for evapotranspiration. This abbreviation was used to describe the evapotranspiration 
barrier that will be constructed over the waste sites that have plutonium contamination remaining in 
place. The purpose of using an ET barrier is to reduce the amount of water that will infiltrate through 
the soil column that could potentially cause contaminants to migrate with water flow.  
 
The Tri-Party agencies understand the public’s concern with  the shipping of wastes to the Hanford 
Site. Currently, the Hanford Site is receiving no offsite waste except for what was decided in a court 
settlement agreement between the Department of Energy (DOE) and the State of Washington in 2006. 
This agreement is available at www.hanford.gov/orp/uploadfiles/settlement-agreement.pdf. 
 
 
The Tri-Party agencies acknowledge public comments on ending nuclear power and supporting 
alternative energy. Thank you for your comments 
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ACRONYMS 
 

ARAR applicable or relevant and appropriate requirement 

bgs below ground surface 

BRA baseline risk assessment 

CCU Cold Creek Unit 

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

CFR Code of Federal Regulations 

COC contaminant of concern  

COPC contaminant of potential concern 

CSM conceptual site model 

CTUIR Confederated Tribes of the Umatilla Indian Reservation 

CW Cooling Water 

DBBP dibutyl butyl phosphate 

DNAPL dense, nonaqueous phase liquid 

DOE  U.S. Department of Energy 

DOE-RL DOE Richland Operations Office, also known as RL 

Ecology Washington State Department of Ecology 

ELCR excess lifetime cancer risk 

EPA U.S. Environmental Protection Agency 

ERDF Environmental Restoration Disposal Facility 

ESA Endangered Species Act of 1973 

ET evapotranspiration 

FS feasibility study 

HAB Hanford Advisory Board 

HCP EIS Hanford Comprehensive Land Use Plan Environmental Impact 
Statement 

HI hazard index 

HQ hazard quotient 
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ICs institutional controls 

ISV in situ vitrification 

MCL maximum contaminant level 

MEESC maintain and/or enhance existing soil cover 

NCP  National Contingency Plan 

NPH normal paraffin hydrocarbon 

NPL  National Priorities List 

O&M operations and maintenance 

OSWER Office of Solid Waste Emergency Response 

OU  operable unit 

PCB polychlorinated biphenyl 

PFP Plutonium Finishing Plant 

ppmv parts per million by volume 

PRF Plutonium Reclamation Facility 

PRG preliminary remediation goal 

PUREX Plutonium Uranium Extraction 

PW Process Water 

RAO remedial action objective 

RBC risk based concentration 

RCRA Resource Conservation and Recovery Act of 1976 

RECUPLEX Recovery of Uranium and Plutonium by Extraction 

RESRAD RESidual RADioactivity (dose model) 

RfD  reducing reference dose 

RI  remedial investigation 

RME reasonable maximum exposure 

ROD record of decision 

RTD  removal, treatment, and disposal 

SLERA screening level ecological risk assessment 

SVE  soil vapor extraction 

TBP tributyl phosphate 

TSD  treatment, storage, and disposal 
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UPR unplanned response 

USFWS U.S. Fish and Wildlife Service 

VOC volatile organic compound 

WAC Washington Administrative Code 

WIPP  Waste Isolation Pilot Plant 
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