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1.0 INTRODUCTION 

1.1 BACKGROUND 

Environmental cleanup of contaminated nuclear weapons manufacturing and test sites generates 
radioactive waste that must be disposed. Site cleanup activities throughout the U.S. Department 
of Energy (DOE) complex are projected to continue through 2050. Some of this waste is mixed 
waste (MW), containing both hazardous and radioactive components. In addition, there is a need 
for MW disposal from other mission activities. The Waste Management Programmatic 
Environmental Impact Statement Record of Decision designates the Nevada Test Site (NTS) as a 
regional MW disposal site. The NTS has a facility that is permitted to dispose of onsite- and 
offsite-generated MW until November 30, 2010. There is not a DOE waste management facility 
that is currently permitted to dispose of offsite-generated MW after 2010, jeopardizing the DOE 
environmental cleanup mission and other MW-generating mission-related activities.  

A mission needs document (CD-0) has been prepared for a newly permitted MW disposal facility 
at the NTS that would provide the needed capability to support DOE’s environmental cleanup 
mission and other MW-generating mission-related activities. 

1.2 CONTENT 

This report presents a conceptual engineering design for a MW facility that is fully compliant 
with Resource Conservation and Recovery Act (RCRA) and DOE O 435.1, “Radioactive Waste 
Management.” The facility, which will be located within the Area 5 Radioactive Waste 
Management Site (RWMS) at the NTS, will provide an approximately 20,000-cubic yard waste 
disposal capacity. The facility will be licensed by the Nevada Division of Environmental 
Protection (NDEP). 

The siting and the design of the facility comply with U.S. Environmental Protection Agency 
(EPA) regulations in Title 40 Code of Federal Regulations (CFR) Part 264, “Standards for 
Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities,” which 
identifies the design and operating requirements for owners and operators that dispose of 
hazardous waste in landfills. The siting and design must also comply with the requirements of 
DOE O 435.1, as stated in DOE M 435.1, Chapter IV, “Low-Level Waste Requirements”: 

“Low-level waste determined to contain both source, special nuclear, and byproduct 
material subject to the Atomic Energy Act of 1954, as amended, and a hazardous 
component subject to the Resource Conservation and Recovery Act (RCRA), as 
amended, shall be managed in accordance with the requirements of RCRA and 
DOE O 435.1, Radioactive Waste Management, and this Manual.” 

DOE M 435.1 provides both siting and general design criteria, as well as specific waste 
management controls that shall be part of the radioactive waste management basis for disposal 
facilities:  the performance assessment, composite analysis, disposal authorization statement, 
waste acceptance requirements, and closure and monitoring plan. These management controls 
are established for the Area 5 RWMS, and future performance assessments will include the 
proposed cell’s inventory. 
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The site characteristics for the proposed facility are summarized in Section 2.0 of this report. Site 
selection and the conceptual engineering design for the facility are presented in Sections 3.0 and 
4.0 of this report. In the subsequent sections of this report, the cost estimate and schedule, 
safeguards and security, and environmental safety and health are presented. The conceptual 
engineering design drawings are included as Appendix A of this report. The National 
Environmental Policy Act (NEPA) Environmental Evaluation Checklist is included as 
Appendix B of this report.
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2.0 AREA 5 RWMS CHARACTERISTICS 

The Area 5 Radioactive Waste Management Complex (RWMC) is a 732-acre (ac) site allocated 
for low-level waste (LLW) disposal in northern Frenchman Flat on the NTS. The Area 5 RWMS 
is the operationally active disposal area, located on approximately 144 ac in the southeast corner 
of the RWMC.  

The NTS is a 1,375-square mile (mi2) DOE-operated, restricted-access facility currently used for 
hazardous chemical spill testing, emergency response training, non-nuclear weapons testing, 
radioactive waste management, and environmental technology studies. The NTS is surrounded 
on most of its boundaries and further isolated by U.S. government-controlled land used as a 
military gunnery range and a wildlife refuge.  

The Area 5 RWMS accepts LLW generated by DOE operations and classified LLW generated 
by U.S. government agencies. Categories of waste currently accepted for disposal include 
classified and unclassified LLW and MW generated by the U.S. Department of Energy, National 
Nuclear Security Administration Nevada Site Office (NNSA/NSO) within the state of Nevada.  

The NTS is located between the northern boundary of the Mojave Desert and the southern limits 
of the Great Basin Desert. This “transitional desert” is considered to be typical of either the dry 
mid-latitude or dry subtropical climatic zones. The climate is arid and characterized by low 
precipitation, a large diurnal temperature range, a large evaporation rate, and moderate to strong 
winds. 

The Area 5 RWMS is located in one of the most arid and least populated regions of the U.S. 
Annual potential evapotranspiration is approximately 15 times annual precipitation. Approximate 
annual precipitation is 5 inches. Accumulation of chloride in the vadose zone indicates that 
percolation of rainwater below the root zone ceased at least 10,000 to 15,000 years ago. The 
saturated zone occurs more than 790 feet (ft) below the surface. The median travel time through 
the thick dry vadose zone is estimated to be greater than 50,000 years (Shott et al., 1998). 
Transport of contaminants to the uppermost aquifer is extremely unlikely under current climatic 
conditions. The arid conditions at the site have undoubtedly contributed to the low population 
density of the region, which is among the lowest in the U.S.  

No permanent surface water is present within Frenchman Flat, with the exception of small 
artificial impoundments and Cane Spring, which issues from a perched aquifer recharged from 
infiltration through fractures in the nearby mountains. Cane Spring is approximately 9 miles (mi) 
southwest of the Area 5 RWMS. Alluvial fans within Frenchman Flat are cut by numerous 
arroyos that drain storm runoff to the playa. Water that accumulates on the playa typically 
evaporates or infiltrates, or both, within a short period of time. Frenchman Flat Playa is 
approximately 4 mi southeast of the Area 5 RWMS. 

Flood analyses for the 25-year and 100-year storm events have been conducted for the Area 5 
RWMS (Shott et al., 1998). Although the southwest corner of the Area 5 RWMS is within the 
100-year floodplain, most of the 92-Acre Area is outside the floodplain delineation. Disposal 
units within the Area 5 RWMS are protected from offsite flooding events by a RCRA-compliant 
berm and channel system capable of conveying flood flows from a 25-year, 24-hour storm event. 
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3.0 SITE SELECTION 

Three locations within the Area 5 RWMC were screened (the North, East, and South sites) for 
siting the new RCRA cell. The locations were screened against the location standards presented 
in 40 CFR 264.18 as well as the following criteria:  

• Site within or outside the existing 25-year, 24-hour flood berm 
• Proximity to power  
• Availability of adjacent land for future expansion 
• Impacts to existing facilities/operations 

The East site is near power and within the flood berm. However, it is outside the designated 
nuclear facility boundary. Changing these boundaries to include the East site was determined to 
be cost prohibitive. The South site is within the flood berm and near existing power. The South 
site was excluded, however, due to its relatively small area that would not allow for expansion of 
the facility. The North site was selected as the proposed site for its large available area within the 
flood berm and its relatively close proximity to power. Area 5 RWMS operations personnel were 
included in the screening process and also conducted a site walk-down of the proposed areas. 

The site selection criteria for a RCRA hazardous disposal facility are presented in 
40 CFR 264.18, “Location Standards.” The considerations for site selection include the 
following:  

• Seismic considerations  
• Floodplains  
• Salt dome formations, salt bed formations, underground mines, and caves 

The 1998 Area 5 RWMS Performance Assessment concluded that seismic activity was not a 
significant concern for the Area 5 RWMS (Shott et al., 1998). This judgment was based on the 
following: 

• Maximum predicted magnitudes and peak accelerations for seismicity are not significant 
concerns for the engineered structures (unlined pits and trenches in alluvium with a 
monolayer soil cover) used for shallow-land disposal of LLW. 

• The return periods for large-magnitude earthquakes (> 5.8 magnitude) are long and 
exceed 10,000 years (infrequent events relative to 1,000-year compliance period). 

• There is no surface evidence of recent faulting in the vicinity of the Area 5 RWMS. 

• There is a low likelihood of a future seismic event centered at the facility.  

• It is unlikely that the facility will be compromised by future seismic activity. 

The 100-year flood zone delineation map for the Area 5 RWMS (Shott et al., 1998), developed 
using methods used by the Federal Emergency Management Agency (FEMA) as stipulated in 
40 CFR 270.14, shows that the candidate site for the new RCRA cell is in FEMA Zone X. This is 
outside the 100-year flood hazard zone. 
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The last criteria of 40 CFR 264.18 is not relevant since the site is located over a thick zone of 
alluvium underlying all of Area 5 RWMC. 

Therefore, it is concluded that the site selected for the new RCRA cell meets the siting criteria of 
40 CFR 264.18. 

The siting requirements under DOE M 435.1 are similar to criteria of 40 CFR 264.18 for flood 
plains, tectonically active areas, or zones of water table fluctuation. In addition, DOE M 435.1 
also requires selecting locations where radionuclide migration pathways are predictable and 
erosion and surface runoff can be controlled. As stated in DOE M 435.1, Chapter IV, the general 
siting criterion addresses long-term stability and maintenance: “low-level waste disposal 
facilities shall be sited to achieve long-term stability and to minimize, to the extent practical, the 
need for active maintenance following final closure.” These requirements are met in that the 
proposed cell will be located in a currently operating LLW facility at the NTS, the Area 5 
RWMS.
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4.0 CONCEPTUAL ENGINEERING DESIGN 

The proposed conceptual design satisfies both the prescriptive design standards for hazardous 
waste disposal under RCRA and the general design criteria for LLW disposal under 
DOE M 435.1. 

RCRA regulations in 40 CFR 264 (subparts 264.300 to 264.317 inclusive) identify design and 
operating requirements. These regulations involve requirements for the installation of two or 
more liners and a leachate collection and removal system (LCRS) as well as a leachate detection 
system (LDS) above and between the liners to protect human health and the environment. 
Likewise, Nevada Administrative Code (NAC) 444 adopts and implements EPA’s RCRA 
regulations in the state of Nevada. NDEP reviews and approves RCRA permits in Nevada. 

DOE M 435.1, Chapter IV, also provides general design criteria for LLW disposal facility 
design. These design criteria address, at a minimum, confinement, stability, and control of water. 
Chapter IV states the following: 

• Confinement:  LLW systems and components shall be designed to maintain waste 
confinement. 

• Stability:  LLW disposal facilities shall be designed to achieve long-term stability and to 
minimize to the extent practical the need for active maintenance following final closure. 

• Control of Water:  LLW disposal facilities shall be designed to minimize to the extent 
practical the contact of waste with water during and after disposal. 

DOE M 435.1 does not prescribe design criteria; rather, the protection of public health and safety 
are achieved when the proposed disposal facility meets the prescribed performance objectives for 
a compliance period of 1,000 years, as demonstrated in the performance assessment and 
composite analysis of the facility, and in the closure and monitoring plan. To achieve the same 
end result, that of protection of public health and safety, RCRA relies on a prescribed design for 
the facility and the closure cover and post-closure monitoring for a 30-year period. 

In this section, the proposed conceptual design for the new RCRA cell in the Area 5 RWMS is 
evaluated for the prescriptive design criteria under RCRA. It is demonstrated that the proposed 
conceptual design of the proposed MW cell is fully compliant with the requirements under 
EPA’s RCRA regulations in 40 CFR 264 as well as the requirements in NAC 444, which adopts 
those of RCRA. 

4.1 CONCEPTUAL DESIGN CONCEPT 

The design concept is based on NDEP-approved landfill designs at the hazardous waste facility 
operated by the U.S. Ecology Nevada Inc. (USEN) in Beatty, Nevada. Beatty is approximately 
60 mi east of the Area 5 RWMS, located in a similar hydrogeologic and climatic setting.  
 
Under NDEP permit NEV HW0019, USEPA ID#NVT330010000, USEN’s Beatty facility has 
three Subtitle C landfills. These consist of Trench 10 (closed), Trench 11 (existing operating 
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trench), and Trench 12 (under construction), with a combined design capacity of 4.01 million 
cubic yards (AquAeTer Inc., 2007).  
 
The Area 5 RWMS RCRA cell design is adopted from the final design for USEN’s Trench 12, 
which has a total capacity of 1.65 million cubic yards. Trench 12 has a footprint of 11.2 ac. The 
trench is approximately 1,350 ft long with a width varying from 225 ft to 430 ft. The trench will 
extend 75 ft below the ground surface at 0.5:1.0 (horizontal to vertical) slopes, and upon 
completion will rise 75 ft above the original ground surface.  
 
In contrast, the proposed new cell at the Area 5 RWMS will have an approximate capacity of 
20,000 cubic yards, with trench base dimensions of 150 ft by 300 ft, and a depth of 
approximately 20 ft below the ground surface.  
 
The typical base liner system of USEN’s Trench 12 and the Area 5 RWMS RCRA cell are 
compared in Table 4-1 below. 

Table 4-1 Liner Characteristics 

Layers from Working Surface 
Down USEN’s Trench 12 Area 5 RWMS RCRA Cell 

Operations layer 30-inch alluvium 
12 inches modified Type II 
aggregate underlain by 6 inches of 
sand bedding 

LCRS Double-sided geocomposite Geotextile/geonet 

Liner 80 mil high density polyethylene 
(HDPE) geomembrane 80 mil HDPE geomembrane 

LDS Double-sided geocomposite Geotextile/geonet 
Liner 60 mil HDPE geomembrane 60 mil HDPE goemembrane 

Subgrade Geosynthetic clay liner (GCL) above 
9-inch prepared subgrade 

GCL above 9-inch prepared 
subgrade 

 

4.2 DESIGN DRAWINGS 

The following design drawings for the conceptual design of the Area 5 RWMS RCRA cell are 
included in Appendix A: 

• Document Transmittal Sheet 
• Document No. 08105-SPC-C01:  Outline Specifications 
• Document No. 08105-G-0001:  Title Sheet 
• Document No. 08105-C-1002:  Overall Location Maps 
• Document No. 08105-C-1003:  Proposed Site Plan 
• Document No. 08105-C-3001:  Typical Sections and Details 
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4.3 ANALYSIS OF THE CONCEPTUAL DESIGN 

Subparts 264.301 through 264.317 of 40 CFR 264 Subpart N, “Landfills,” are listed below: 

• § 264.301 Design and operating requirements 
• § 264.302 Action leakage rate 
• § 264.303 Monitoring and inspection 
• § 264.304 Response actions 
• § 264.309 Surveying and recordkeeping 
• § 264.310 Closure and post-closure care 
• § 264.312 Special requirements for ignitable or reactive waste 
• § 264.313 Special requirements for incompatible wastes 
• § 264.314 Special requirements for bulk and containerized liquids 
• § 264.315 Special requirements for containers 
• § 264.316 Disposal of small containers of hazardous waste in overpacked drums 

(lab packs) 
• § 264.317 Special requirements for hazardous wastes FO20, FO21, FO22, FO23, FO26, 

and FO27 

The proposed conceptual design is discussed in terms of the criteria of 40 CFR 264.301. The 
final design and permit application will thoroughly address all requirements. The design and 
operating requirements in 40 CFR 264.301 include the following: 

(a) Specification for the liner system, including materials for liners, subbase for the liner to 
provide support for the liner, LCRS, LDS, sumps with dedicated pumps 

(b) Exemptions from (a) subject to approval of the Regional Administrator 

(c) Requirements for two or more liners, and leachate collection and removal systems for 
facilities built or expanded past July 1992 

(d) Alternative design and operating practices, subject to approval by the Regional 
Administrator 

(e) Waiver from double liner requirements of (c) subject to approval by the Regional 
Administrator 

(f) Exemptions from (c) for any replacement landfills 

(g) Requirement to design, construct, operate, and maintain a run-on control system capable 
of preventing flow onto the active portion of the landfill during peak discharge from at 
least a 25-year storm 

(h) Requirement to design, construct, operate, and maintain a runoff management system to 
collect and control at least the water volume resulting from a 24-hour, 25-year storm 

(i) Collection and holding facilities (e.g., tanks or basins) associated with run-on and runoff 
control systems must be emptied or otherwise managed expeditiously after storms to 
maintain design capacity of the system 
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(j) If the landfill contains any particulate matter which may be subject to wind dispersal, the 
owner or operator must cover or otherwise manage the landfill to control wind dispersal 

(k) The Regional Administrator will specify in the permit all design and operating practices 
that are necessary to ensure that the requirements of this section are satisfied 

The proposed conceptual design is fully compliant with 264.301 (a) and (c). The final design and 
the permit application for the new cell will address compliance with all relevant and applicable 
requirements listed above. 

The proposed site plan on Drawing 08105-C-1003 shows the trench cut into the alluvium with a 
base 150 ft wide and 300 ft long and a minimum working surface depth of 20 ft. The approach 
ramp to the trench is on an 8-percent slope, and the trench bottom is sloped at 2 percent. The side 
slopes of the trench will be 3:1 (horizontal: vertical). A leachate collection holding tank is placed 
west of the cell, which is connected through piping to the LCRS and LDS sumps. 

The site plan shows the security fence around the cell and the 20-ft wide access road to the cell. 
The existing flood control berm north of the cell provides the necessary run-on protection from a 
25-year, 24-hour storm, built for RCRA compliance of the Pit 3 MW unit currently operating 
under an interim status. 

Drawing 08105-C-3001 shows profile cross sections of the trench with a double liner system, 
which covers the trench base and side walls and is anchored into a trench around the cell 
periphery, as required under 40 CFR 264.301. A minimum of 12-inch thick modified aggregate 
underlain by a 6-inch thick sand layer will provide the working surface for the trench. Below that 
lies a layer of geotextile/geonet to serve as the LCRS, sloped 2 percent towards a primary sump 
with a dedicated sump pump. Per 40 CFR 264.301, the slope is greater than 1 percent, and the 
geotextile/geonet will provide a transmissivity of 3×10−5 square meters per second or more. As 
required under 40 CFR 264.301 (a) (2), the final design and operating conditions in the permit 
will ensure that the leachate depth over the liner does not exceed 1 ft. An 80-mil high density 
polyethylene (HDPE) geomembrane serves as the top liner. The top liner will prevent the 
migration of hazardous constituents into the liner during the active life and post-closure care 
period. Below the top liner is a layer of geotextile/geonet, which serves as the LDS. A secondary 
liner made up of 60-mil HDPE will be placed below the LDS. Below the secondary liner will be 
a geosysthetic clay liner (GCL), placed over the excavated and backfilled trench bottom, serving 
as the base. As required by 40 CFR 264.301, this base would be capable of providing support to 
the liner and resistance to pressure gradients above and below the liner to prevent liner failure 
due to settlement, compression, or uplift.  

The design provides for two sumps for the LCRS and the LDS, with dedicated sump pumps, 
which will operate automatically when the level of leachate exceeds prescribed settings in order 
to avoid leachate depths exceeding allowable levels. The sump pumps will direct the leachate to 
holding tanks installed at ground level next to the cell, through riser pipes. The flow capacities of 
the LCRS and LDS and the holding tanks will be determined in the final design through 
water-budget calculations assuming a 25-year, 24-hour storm event. 
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5.0 COST ESTIMATE AND SCHEDULE 

A rough order of magnitude (ROM) cost estimate ranges from $8,500,000 to $12,600,000. 
The costs are for design and construction of the new disposal cell only. Operating costs and costs 
for closure of the cell after operation is completed are not included in this estimate. 

The cost breakdown for the 4-year planning period is shown in Table 5-1. 

Table 5-1 Cost Breakdown 

Fiscal Year (FY) 2008 2009 2010 2011 
ROM estimate $66,528 $3,433,472 $7,000,000 $1,800,000 

The current target dates for major project milestones are shown in Table 5-2. 

Table 5-2 Project Schedule 

Activity Target Date Fiscal Year 
Critical Decision 0, Approve 
Mission Need  

February 2009 FY2009 

Critical Decision 1, Alternative 
Selection and Cost Range  

February 2009 FY2009 

Receive permit approval May 2010 FY2010 
Critical Decision 2/3, Approve 
Performance Baseline and 
Construction 

May 2010 FY2010 

Complete cell construction December 2010 FY2011 
Critical Decision 4, Start of 
Operations 

January 2011 FY2011 
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6.0 SAFEGUARDS AND SECURITY  

A security assessment has been completed for the Area 5 RWMC. A security plan is in the 
process of being finalized. The assessment and plan contain Official Use Only material and are 
therefore not included in this report. These documents can be obtained by contacting 
NNSA/NSO Safeguards and Security. 
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7.0 ENVIRONMENTAL SAFETY AND HEALTH 

7.1 NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) ACTIONS 

The location of the proposed facility is within the existing Area 5 RWMC. This site is within a 
Hazard Category 2 nuclear facility.  

A NEPA Environmental Evaluation Checklist has been completed to address waste disposal 
operations and encompasses the proposed project. The completed checklist is included as 
Appendix B of this report. 

7.2 SAFETY AND HEALTH PLAN 

A preliminary screening level analysis indicates that the addition of the facility would not 
involve a Major Modification to the Area 5 RWMC; therefore, a Preliminary Documented Safety 
Analysis is not required. The addition of the new facility will be reflected in the annual updates 
of the existing Documented Safety Analysis/Technical Safety Requirements for the Area 5 
RWMC. 
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APPENDIX A 

Conceptual Engineering Design Drawings 

Document Transmittal Sheet 

Document No. 08105-SPC-C01: Outline Specifications 

Document No. 08105-G-0001: Title Sheet 

Document No. 08105-C-1002: Overall Location Maps 

Document No. 08105-C-1003: Proposed Site Plan 

Document No. 08105-C-3001: Typical Sections and Details 
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APPENDIX B 

NEPA Environmental Evaluation Checklist 
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