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INTRODUCTION 

A. Background 

General Electric Company (GE), on behalf of United Nuclear Corporation (UNC) 1, appreciates 
the opportunity to provide EPA with these comments on the Engineering Evaluation and Cost 
Analysis (EE/CA) for the Northeast Church Rock Mine Site (NECR Mine Site, or Site).  EPA 
released the final EE/CA on May 30, 2009.  EPA subsequently extended the deadline for 
submitting comments until September 9, 2009. 

EPA previously provided an advance draft of the EE/CA to stakeholders, including, on 
December 16, 2008, to UNC/GE.  UNC/GE provided comments on that draft, and have also 
provided their views in other comments and letters.  UNC/GE attach, and fully incorporate by 
reference into these comments, the following comments previously provided to EPA: 

UNC/GE’s comments to EPA Region 9 on the Advance Draft EE/CA, January 23, 2009 
(hereafter “UNC Comments on Draft EE/CA”) (Attachment A) 

UNC/GE’s comments to the EPA National Remedy Review Board on the Advance Draft 
EE/CA, January 14, 2009 (hereafter “UNC/GE Comments to NRRB”) (Attachment B) 

GE’s letter to EPA Region 9 addressing whether the Northeast Church Rock Mill Site is 
Indian Country, December 11, 2008 (Attachment C) 

UNC/GE’s letter to EPA Region 9 on the applicability of the CERCLA permit exemption 
to the UNC Mill Site as a repository for materials removed from the NECR Mine Site, 
March 3, 2009 (Attachment D) 

UNC/GE’s letter to EPA Region 9 addressing whether certain New Mexico regulations 
are applicable or relevant and appropriate to use of the Mill Site as a repository for 
materials removed from the NECR Mine Site, May 5, 2009 (Attachment E) 

UNC/GE’s letter to EPA Region 9 transmitting additional data and information requested 
by EPA in support of the draft EE/CA for the NECR Mine Site, January 10, 2008 
(Attachment F) 

B. 2009 Interim Removal Action 

To address the current concerns of area residents and the Navajo Nation, UNC volunteered to 
perform an interim action to remove impacted soils from reservation land designated as the 
“NECR-1 step-out area.” On July 23, 2009 EPA issued an Action Memorandum for an Interim 
Removal Action to authorize this action (“the 2009 IRA”).  The next day, UNC and GE entered 
into an Administrative Order on Consent with EPA (“the 2009 AOC”) to implement the 2009 IRA.   

The primary elements of the 2009 IRA are as follows: 
                                                 
1 UNC and GE are separate corporations.  UNC is owned by a GE Aviation business unit, GE Engine 
Services—Miami, Inc.  UNC was acquired in 1997, 15 years after all mining operations had ceased.  For 
convenience only, we refer to UNC and GE collectively as “UNC/GE” in these comments. 
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• Remove impacted soils above the IRA Action Level of 2.24 pCi/g from reservation lands 
in the so-called “NECR1 Step-Out Area” and “Unnamed Arroyo #1.” 

• Regrade and cover the mine spoil area located adjacent to reservation lands and 
designated as NECR-1 prior to further addressing it in the EE/CA. 

• Install erosion and sediment controls to convey surface drainage away from adjacent 
reservation lands. 

• Provide temporary relocation during implementation of the IRA to residents of three 
homesites on the reservation to avoid inconvenience to residents. 

• Conduct sampling and investigation of conditions on and immediately adjacent to the 
southern portion of Red Water Pond Road (from the intersection with State Highway 566 
north to unnamed Arroyo #2). 

• Backfill as necessary and revegetate areas impacted by the IRA. 

UNC has begun implementation of this work pursuant to the 2009 AOC, under EPA oversight. 

C. Overview of Comments 

UNC/GE agree with much of EPA’s analysis and evaluation of alternatives in the EE/CA.  
UNC/GE specifically agree with EPA’s conclusion that off-site, out-of-state removal of NECR 
Mine spoils is the least acceptable alternative.  That alternative presents unacceptable risks 
and excessive costs, and EPA correctly rejected it. 

Nonetheless, as discussed below, UNC/GE disagree with several assumptions, positions, and 
conclusions discussed in the EE/CA, including the following: 

• UNC/GE do not agree with EPA’s conclusion that there may be an imminent and 
substantial endangerment at the NECR Mine Site justifying a removal action.  
Completed and ongoing actions at the Site have resolved any potential imminent and 
substantial endangerment. 

• UNC/GE continue to believe that the most appropriate remedy for the NECR Mine Site is 
on-site disposal and capping, which is the presumptive remedy at mine sites exhibiting 
similar characteristics of relatively large-volume, low-concentration mine spoils, and 
indeed as was done at the adjacent Quivira uranium mine. 

• EPA’s background level is incorrectly determined and does not reflect actual area 
conditions; the action level is similarly incorrectly calculated. 

• If EPA selects its currently preferred alternative – construction of a repository on top of 
existing cells at the Mill Site – then EPA should remain flexible in considering alternative 
repository designs that can be shown to be protective and effective.  A properly 
designed and constructed Evapotranspiration Cover System (ECT) will prevent water 
from seeping through the materials and obviates the need for a liner under the 
repository.   
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• It is effective and protective to place so-called “principal threat waste” (PTW) in the Mill 
Site repository.  Out of state disposal of that material is unnecessary and adds no 
additional protectiveness to the remedy. 

• EPA should not include any portion of Red Water Pond Road in this response action.  
Historical information and sampling data show that the conditions on the northern portion 
of Red Water Pond Road, as well as any deeper impacts that may exist along the entire 
road, are related to the nearby Quivira Mine, not the NECR Mine.  In the 2009 AOC, 
EPA recognized that further characterization of Red Water Pond Road is necessary 
before deciding what, if any, actions might be appropriate. 

These and other comments are addressed below.  UNC/GE offer these views with the goals of 
improving the understanding of site conditions and supporting an appropriate remedy for the 
secure disposal of NECR Mine spoils.  

I. There Is No Imminent and Substantial Endangerment That Justifies A Removal 
Action at the NECR Mine Site 

UNC/GE respectfully disagree with EPA’s conclusion in the EE/CA that conditions at the NECR 
Mine Site may present an imminent and substantial endangerment to public health, welfare or 
the environment.  EE/CA, p. 12.  Current conditions at the Site do not present an imminent and 
substantial endangerment, and the 2009 IRA will address any potential short-term risks.   

Under CERCLA, a removal action cannot proceed in the absence of a potential imminent and 
substantial endangerment.  CERCLA §§ 104(a)(1), 106(a).  Removal actions are generally 
limited to 12 months or $2 million.  CERCLA § 104(c)(1).  While certain exceptions are allowed, 
id., the action proposed in the EE/CA goes far beyond those limits; EPA estimates that the 
proposed response action will take 4 years to construct at a cost of more than $44 million.   

EPA has also selected an artificially low background concentration of Ra-226 for NECR, and an 
overly stringent action level.  As a result, EPA overstates the risk posed by the Site, which 
further undercuts EPA’s determination of an imminent and substantial endangerment. 

As to the background level, EPA recognizes that to evaluate the potential exposure attributable 
to the NECR Mine, it is necessary to calculate, and subtract, the background radium levels.  
EPA selected a background concentration for NECR of 1 pCi/g Ra-226, based on the results of 
sampling conducted from a limited area believed to be free of impacts from prior mining 
operations.  As UNC and GE have previously commented, EPA has significantly understated 
the naturally high background levels of radium in the Colorado Plateau generally, and in the 
specific area of the Site particularly.  See UNC/GE Comments on Draft EE/CA, p. 3; UNC/GE 
Comments to NRRB, pp. 5-6.  EPA’s selection of a background level here is inconsistent with its 
determination at other nearby sites.  The background level at the neighboring Quivira Mine has 
been determined to be 4.5 pCi/g.  EPA and the Navajo EPA determined that the background 
level at the nearby Old Church Rock Mine Site is 4.3 pCi/g.  EPA and the NRC approved a soil 
background value of 5.5 pCi/g for Ra-226 at the Homestake Mining Company Mill Site 
approximately 50 miles from NECR.  The lowest nearby background value of which UNC/GE 
are aware is still nearly twice the background level for NECR – 1.9 pCi/g at the Bluewater Mill 
Site in New Mexico.  Most importantly, in 1989 NRC used a background level of 2 pCi/g for 
the NECR site itself when it evaluated UNC’s removal of tailings.  
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In addition, EPA has set an unrealistically and inappropriately low action level in the EE/CA.  
The level proposed by EPA is 2.24 pCi/g, which is significantly lower than accepted regulatory 
levels and the level set for the nearby Quivira Mine.  Rather, EPA should have used the 
UMTRCA standard of 5 pCi/g + background, set forth in 40 C.F.R. Part 192.  That is a health-
based level developed to ensure protective conditions based on an unrestricted use scenario, 
and it has been widely adopted and implemented as a cleanup standard by EPA and others.  
See UNC/GE Comments to NRRB, pp. 6-7.  Even applying EPA’s unrealistically low 
background concentration of 1.0 pCi/g, this calculation would yield an action level of 6 pCi/g 
based on UMTRCA standards.  Employing a more realistic background level would result in a 
more appropriate action level.  The reclamation standard set for the nearby Quivira mine 
equates to approximately 25 pCi/g.  EPA cannot justify a 2.24 pCi/g standard here given these 
facts. 

Instead, EPA based its action level on exaggerated risk assessment scenarios.  As explained in 
UNC/GE’s comments to the NRRB (p. 7), UNC was directed to perform a Human Health Risk 
Assessment that assumed 100% of the meat and eggs, and 50% of homegrown produce 
consumed by local residents, are raised directly within the mine spoils or areas impacted by 
mine spoils.  There is no justification for these scenarios. 

EPA has not incorporated actual site-specific evidence, and its assumptions are inconsistent 
with exposure assumptions in EPA’s Exposure Factors Handbook.  UNC/GE Comments to 
NRRB, p. 7. 

When appropriate background and action levels are applied, it is clear that conditions at NECR 
do not present an imminent and substantial endangerment.  For example, applying an action 
level of 6 pCi/g to current Site conditions, it is evident that current conditions do not present 
unreasonable risks.  The highest levels at the NECR Mine Site are within the fenced, permitted 
boundary of the Mine, and immediately outside that boundary on the steep slopes near the 
Mine.  See EE/CA Figure 1-6.  With the exception of Red Water Pond Road (discussed 
separately below), levels outside the mine permit area are often below EPA’s action level of 
2.24 pCi/g, and are rarely higher than 6 pCi/g.  As expected, the post-remediation radium levels 
in areas around the home sites that were the subject of the 2007 residential “time-critical 
removal action” are very low.  In fact, of the eleven samples that UNC analyzed from the staged 
soils excavated during the residential removal, all were below the UMTRCA unrestricted use 
standard, even using EPA’s conservative background level of 1.0 pCi/g, and the average was 
below EPA’s 2.24 pCi/g action level. 

Moreover, to the extent EPA has concerns with potential short-term exposure to NECR Mine 
spoils, the 2009 IRA that UNC is implementing is addressing them.  The 2009 IRA includes 
returning to the NECR Mine all soils with levels above EPA’s stringent action level of 2.24 pCi/g 
that are potentially attributable to historic activities at the NECR Mine.  Those soils will be 
covered and monitored pending long-term disposition of the materials.   

II. Disposal at the Mine Site Is Protective and Cost-Effective 

As presented in UNC/GE’s comments to the NRRB (pp. 2-3), closure or reclamation in place is 
the accepted, protective practice for mine sites, including uranium mines.  It is the standard 
remedy for mining sites in the State of New Mexico under multiple regulatory programs, such as 
the New Mexico Mining Act and similar state laws and programs.  It is also the standard 
preferred remedy under federal mining laws and CERCLA.  Many mines have been closed with 
in-place reclamation “remedies,” including the Quivira Mine less than ½ mile from NECR, on the 
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Navajo reservation.  Like other mine sites, the NECR Mine involves reclamation of a large 
volume of low-risk mine spoils that makes off-site hauling of materials impractical, unnecessary 
from a protectiveness perspective, higher risk, and not cost-effective.  

The EE/CA evaluates two in-place alternatives:  consolidating and capping the mine spoils in 
situ (Alternative 3), and constructing a new above-ground repository for the spoils on the NECR 
Mine Site (Alternative 4).  Both alternatives (including sub-alternatives) are judged by EPA 
to be protective of human health and the environment.  EE/CA, pp. 41, 45, 52.  EPA also 
concludes that both alternatives will comply with ARARs, will provide an effective, long-term 
solution, and are technically and administratively feasible to implement.  EE/CA, pp. 53-55.   

However, there is a marked difference among the alternatives in terms of cost.  Alternative 3 is 
estimated by EPA to cost between $25.8–28.5MM, and Alternative 4 has an estimated cost 
range of $32–34.7MM.  EE/CA pp. 44, 47.  On the other hand, EPA’s proposed alternative, 
Alternative 5, costs considerably more:  $41.6–44.3MM.  All three remedies are effective; the 
primary differentiator is cost.  Hence, both of the in-place alternatives are more cost-effective 
than the proposed alternative.  In the EE/CA, EPA states that the Alternatives, including 
Alternative 3, offer “similar levels of protection.”  According to the 1985 Preamble to the National 
Contingency Plan (NCP), “. . . if all the remedies examined are equally feasible, reliable, and 
provide the same level of protection, the lead agency will select the least expensive remedy. . . 
.”  50 Fed. Reg. at 47921 (Nov. 20, 1985) (emphasis in original).  Given EPA’s determination 
that the alternatives are similarly protective, EPA should select disposal on the Mine Site as the 
preferred remedial alternative. 

III. Out-of-State Disposal Presents Unacceptable Risks and Excessive Costs 

A. Alternative 2 is Unwarranted 

Alternative 2, as described in the EE/CA, is a 9-year remedy involving the excavation and off-
site disposal – hundreds of miles and several states away – of a massive amount of soil.  UNC 
has consistently maintained that of all the alternatives on the table, Alternative 2 is wholly 
unacceptable and cannot be justified.2  

B. Alternative 2 Will Generate Significant and Unnecessary Risks 

Alternative 2 does not reduce risk, it creates risk.  EPA reaches the same conclusion in the 
EE/CA: 

This alternative would incur more logistical difficulty, has a greater potential of transport 
incidents on the public ways and poses undue hazards to human health and the 
environment based on estimated trucking emissions, as shown on Table 5.3.  With the 
large number of transport miles and possibility of transport incident the alternative 
presents a higher risk to the general public.  Based on these factors Alternative 2 
presents the highest risk.  [EE/CA, p. 56, emphasis added.] 

                                                 
2 Further details of risks and negative impacts of Alternative 2 are discussed in UNC/GE’s Comments on 
the Draft EE/CA, pp. 4-5, and UNC/GE’s Comments to the NRRB, pp. 3-4.  
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EPA’s analysis demonstrates that Alternative 2 is the least appropriate alternative.  Alternative 2 
would involve major long distance trucking of large amounts of material, which is inherently 
risky.  EPA estimates that 871,000 cubic yards (1.26 million tons) of soil would need to be 
excavated from the NECR Mine Site and hauled to a licensed and permitted facility such as the 
U.S. Ecology facility in Grandview, Idaho – a roundtrip of more than 1600 miles through four 
states, and through numerous population centers including Ship Rock, New Mexico; Provo, Salt 
Lake City, and Ogden, Utah; and Twin Falls, Idaho.  Alternative 2 would require more than 
62,000 round-trips by heavy vehicles, adding up to 90 million miles and nearly 2 million hours 
of truck travel.  Based on these facts and a 2-3 day roundtrip for each truck, EPA estimates that 
it would take at least nine years to excavate and haul all of this material to Idaho, more than 
twice as long as the time estimated by EPA for completion of any other alternative under 
consideration. 

Major risks and potential consequences of Alternative 2 include the following: 

• Risks to communities and workers from accidents that may occur during transportation 
such as traffic accidents; resultant spills of material during accidents; and risk of 
releases of materials during transport, 

• Consumption of limited off-site disposal capacity for extremely low-level naturally 
occurring radioactive materials, and 

• Large-scale emissions of greenhouse gases. 

To more fully appreciate these concerns, EPA should consider the National Highway Traffic 
Safety Administration (NHTSA) data on fatality and injury rates attributable to vehicular 
accidents.  Based on the 2006 data obtained from Traffic Safety Facts, 2006 Data: Large Trucks 
(NHTSA, 2008), transport of mine materials to the U.S. Ecology facility would yield a risk of 2 
large truck crashes causing fatalities, and 36 non-fatal large truck crashes.  Implementation of 
Alternative 2 also would result in consumption of more than 49 million gallons of diesel fuel, 
causing emissions of more than 507,000 metric tons of carbon dioxide.  
 
Causing these unwarranted and avoidable impacts is contrary to EPA policy. See Green 
Remediation:  Incorporating Sustainable Environmental Practices into Remediation of 
Contaminated Sites, EPA Pub. No. 542-R-08-002 (April 2008).  According to that analysis, one 
of the “core elements” of green remediation is to “[m]inimize use of heavy equipment requiring 
high volumes of fuel.”  Region 9, in particular, has pioneered EPA's effort to evaluate and 
reduce greenhouse gas emissions from Superfund cleanups, with its “Cleanup-Clean Air 
Initiative.”  On a national level, EPA is working closely with ASTM to develop a “green cleanup 
standard” to encourage the implementation of “net benefit” cleanup solutions that take into 
account the full range of environmental issues associated with cleanups, including climate 
change.  Indeed, just yesterday, EPA released for public comment its “Superfund Green 
Remediation Strategy,” www.epa.gov/superfund/greenremediation/, with a goal of “reduc[ing] 
greenhouse gas (GHG) emissions and other negative environmental impacts that might occur 
during remediation of a hazardous waste site or non-time critical removal actions.”  Strategy, p. 
i.  EPA noted the importance of considering the energy and environmental impacts of remedial 
decisions:  “[W]hen developing options for remedial actions that are consistent with remedial 
action objectives, project managers should consider alternatives that include opportunities for 
reducing the environmental footprint of remedial design and construction activities.”  Strategy, p. 
6. 
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Alternative 2 is the “least green” alternative considered in the EE/CA.  The energy and GHG 
impacts of this Alternative are radically higher than those projected for the other alternatives, 
and are wholly inconsistent with sustainable energy and climate change concerns in the U.S.  
Given EPA's public commitment to “greening” its remedial decisions, the Agency must 
recognize the disproportionate impacts of an extreme, long-haul remedy of huge volumes of soil 
that, if selected, would overwhelm the perceived environmental benefits of the remedy. 
 

C. Alternative 2 is Excessively Costly 

In addition to the risks and impacts discussed above, Alternative 2 is excessively costly.  EPA’s 
revised estimate for Alternative 2 is $293,600,000, nearly an order of magnitude more than the 
next less-expensive option.  Yet, as discussed above, the EE/CA concludes that several of the 
other alternatives are protective of human health and the environment, are implementable, and 
present far fewer risks.   

As such, under EPA regulations governing remedy selection, EPA cannot select this remedy. 
Alternative 2 clearly and unequivocally does not meet NCP and CERCLA criteria.  EPA 
acknowledges that “[c]ost is a central factor in all Superfund remedy selection decisions.”  The 
Role of Cost in the Superfund Remedy Selection Process, OWSER Publication 9200.3-23FS 
(Sept. 1996), p. 1.  That guidance concludes that “[c]ost is a critical factor in the process of 
identifying a preferred remedy.  In fact, CERCLA and the NCP require that every remedy 
selected must be cost-effective.”  Id., p. 5 (emphasis in original).  The NCP provides that a 
remedy is only cost-effective “if its costs are proportional to its overall effectiveness.”  (40 C.F.R. 
§ 300.430(f)(1)(ii)(D)).  EPA has determined that the alternatives “offer similar levels of 
protection.”  Once alternatives are determined to be similarly protective, cost considerations 
must be a determining factor in selecting one alternative over the other.  Alternative 2 does not 
meet this test.  See discussion of costs, p. 6, supra. 

For all these reasons, EPA properly rejected Alternative 2.   

IV. If EPA Selects Alternative 5A, the “Mill Site Remedy,” the Agency Should Not 
Preclude Designs That Are Protective and Effective 

EPA has proposed Alternative 5A as the Agency’s preferred alternative.  EPA describes the 
major elements of this alternative as follows: 

• Excavation and transport of all mine waste soil with radium above 2.24 pCi/g (10-4), 
except in the ponds, where excavation would be to a maximum depth of 10 feet; the 
waste to be consolidated includes ore and protore, waste rock, building foundations and 
adjacent soil, and contaminated sediment; 

• Consolidation of the mine wastes with a cap and liner in an existing disposal cell on the 
UNC Mill Site, or construction of a new cell at the Mill Site currently under license by the 
NRC.  EPA maintains that if an agreeable design cannot be completed due to 
administrative or technical issues, then the NECR wastes could be placed in a new, 
separate repository on the UNC Mill Site.  This would require a release of property 
currently under NRC oversight.  In this case, the post-removal site control responsibility 
of a new repository would remain with EPA; 

• Shipment of PTW to an off-site licensed disposal facility, such as at Grandview, Idaho, or 
an alternative appropriate facility.  For waste with total uranium concentrations 
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exceeding 500 mg/kg, it may be viable to reprocess the waste at the White Mesa Mill in 
Utah or a similar mill; 

• Site restoration with erosion and stormwater controls, regrading and revegetation for 
future grazing; and 

• Long-term maintenance for a capped repository, which would occupy an estimated 30 
acres and would become part of DOE’s legacy management program in perpetuity. 

UNC/GE agree that it is feasible to use an existing cell on the Mill Site for the permanent 
disposition of the NECR Mine spoils.  However, in several instances EPA has taken an overly 
restrictive approach that artificially constrains options for designing the repository.  UNC/GE are 
prepared to work with EPA to assure that, if EPA selects Alternative 5A, the repository will be 
designed to be protective and effective in the long term, while meeting the CERCLA mandate of 
cost-effectiveness.  With those criteria in mind, UNC/GE offer the following comments on 
Alternative 5A. 

A. A properly designed Evapotranspiration Cover System will provide a 
superior long-term solution compared to a prescriptive cover and liner. 

In the EE/CA, EPA has provided a conceptual approach to the Mill Site repository that includes 
a cap and liner system.  Details would be developed in a statement of work and refined during 
the design stage.  EPA has stated several criteria for design of the cap, which can be 
summarized as follows: 

• Longevity 

• Radon attenuation 

• Revegetation to emulate native plant communities 

• Minimization of water infiltration 

• Minimization of erosion and biointrusion 

UNC/GE agree with EPA’s conceptual criteria for the cap.  The most effective way to achieve 
those criteria is by installing a state-of-the-art Evapotranspiration (ET) cover system.  An ET 
cover consists of a single, vegetated soil layer constructed to represent an optimum mix of soil 
texture, soil thickness, and vegetation cover.  The cover is a monolithic soil layer that has 
adequate soil water storage capacity to retain any infiltrated water until it can be removed via 
evapotranspiration.  ET covers have been deployed throughout the country and are currently 
the preferred cover systems in arid and semi-arid climates. 

A properly designed and constructed ET cover system will not allow any flux of water through 
the cover, and therefore will not allow waste materials to migrate from the repository.  That 
eliminates the need for a liner.  The purpose of a liner is to prevent any water that has passed 
through the cover system and the deposited mine spoils from continuing downward and 
threatening the groundwater beneath the proposed site.  However, if the ET cover system 
prevents flux, then there is no need for a liner. 
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To demonstrate these concepts and the effectiveness of an ET cover system, UNC/GE 
contracted Dr. Stephen Dwyer of Dwyer Engineering LLC in Albuquerque, NM.  Dr. Dwyer is 
former director of DOE’s “Alternative Landfill Cover Demonstration Program,” and consultant to 
and educator for various government agencies including EPA, DOE, BLM, NMED and others on 
landfill design and construction issues. 

Dr. Dwyer’s report, “Conceptual Cover Profile Evaluation,” is attached to these comments 
(Attachment G).  His analysis on the performance of an ET cover system is based on 
conservative modeling, natural analog evaluations, and applicable site-specific field data.  Dr. 
Dwyer’s analysis demonstrates that an ET cover can be designed and constructed for the Mill 
Site repository that will eliminate flux, without the need for a liner.3  

As summarized by Dr. Dwyer, the advantages of ET covers are that they are “composed of 
natural soils and strive to mimic natural processes as opposed to trying to resist them as is the 
case with prescriptive engineered barrier systems.”  As a result, “ET covers are well suited to 
perform over the long-term which is a key goal of any final cover system.” 

Moreover, a liner already exists.  The existing radon barrier cover system on the Mill Site cells 
consists of imported, clean, compacted clay soils.  This existing, four-foot thick cover system 
was designed and confirmed by field testing to achieve greater than 90 percent compaction.  
Based on the texture, compaction, thickness and integrity of the existing cover, it is likely that 
this cover system would meet or exceed any added protectiveness envisioned by the EPA to be 
provided by the two-foot thick, clay liner described in the EECA for Alternative 5A.  To confirm 
this, field or laboratory hydraulic testing of the existing cover system easily could be performed 
during the design process.  UNC/GE strongly recommend that, if a liner is to be required by the 
EPA as part of Alternative 5A, the existing radon barrier cover on the Mill Site cells be evaluated 
as meeting or exceeding any added protectiveness the agency anticipates from a liner. Dr. 
Dwyer’s analysis provides a strong technical basis for using an ET cover system at the Mill Site 
and employing the existing cover on the cells as an effective liner without the need for an 
additional liner.  It is important that EPA not preclude this approach in the final Action 
Memorandum.  EPA must allow adequate flexibility for the best technical approach to designing 
the repository. 

B. If a repository is constructed on the UNC Mill Site, it should utilize the 
current tailings impoundments. 

EPA’s preferred alternative, 5A, would involving constructing the repository on top of the 
existing cells on the Mill Site.  Nonetheless, EPA holds open the possibility that the repository 
could be built elsewhere on the Mill Site.  UNC/GE believe that if the Mill Site is used for the 
repository, placing the materials from the Mine Site over the existing tailings impoundments is 
the preferred approach.  
                                                 
3 UNC/GE note further that the geology directly beneath the Mill Site has relatively impermeable layers 
within it above the groundwater that would further inhibit any potential vertical migration of water.  Indeed, 
EPA concludes in the EE/CA (p. 30) that “[r]ecent analysis by EPA Region 6 has determined that the cells 
are currently not contributing to the groundwater uranium contamination underlying the UNC [Mill] Site.”  
Since the mine spoils have a mean activity level at least an order of magnitude lower than the tailings 
contained in the cells, the additional soils would not increase the risk to groundwater in any event.  
Moreover, spoils will be drier than the optimum moisture content per ASTM D698 and drier than the 
respective soil’s field capacity, and therefore the tendency of any soil water to move will be upward, not 
downward.  
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UNC/GE recommend that EPA consider the following facts: 

• Placement of the mine spoils over the existing tailings impoundments will consolidate the 
waste and reduce the overall footprint on the Mill Site compared to construction of a 
repository elsewhere on the site that would create a new, additional waste footprint, 
contrary to EPA’s “Superfund Green Remediation” strategy. 

• The mine spoils have a lower radon flux than the tailings.  As a result, placing the mine 
spoils over the tailings will create an additional barrier to flux, reducing overall radon 
emissions from the tailings cell. 

• Placement of the mine spoils over the tailings cells will not results in excess settlement.  
Prior to capping of the tailing impoundments, UNC placed seven feet of coarse tailings 
over the existing tailings and compacted the existing tailings to 90 percent of their 
maximum dry density.  The cells were closed more than 15 years ago, and primary 
settlement and secondary consolidation has occurred.  

• Placement of the mine spoils over the tailings will not result in migration of groundwater 
from the tailings.  As a principal matter, the tailings are unsaturated.  Further, as stated in 
the EE/CA, EPA Region 6 has determined that “the cells are currently not contributing to 
the groundwater uranium contamination underlying the Mill Site.”  Also, the mine spoils 
contain very little moisture and, as discussed in report prepared by the Dr. Dwyer, 
installing a properly designed ET cover will essentially eliminate infiltration.  

• The impoundments at the UNC Mill Site are constructed to control surface water 
runoff/run-on consistent with NRC, CERCLA, and DOE requirements.  The deposition of 
mine spoils will not adversely affect the current surface water management controls in 
place for the tailings cells. 

• There are no administrative constraints that would preclude constructing the repository on 
the current impoundments.  UNC/GE have previously commented that no NRC license is 
needed for the repository.  See Attachment D.  Even if that were not the case, an 
amendment to UNC’s existing license could be processed readily.  

For all these reasons, placing the mine spoils on the existing impoundments is the most 
appropriate approach for constructing a repository at the UNC Mill Site. 

C. Off-site disposal of PTW is unnecessary. 

In the EE/CA, EPA has defined “Principal Threat Waste” (PTW) as material containing 
significantly higher Uranium and Ra-226 concentrations and indicates that off-site disposal of 
material that contains 200 pCi/g or more of Ra-226 will lower the average Ra-226 activity level 
at the Mine Site from 42.2 pCi/g to 30.4 pCi/g.  However, based on the data provided in the 
Removal Site Evaluation Report (MWH, October 2007), MWH, on behalf of UNC, has estimated 
that the average Ra-226 activity level at the Site, including PTW, is 29.6 pCi/g.  Therefore, the 
current Ra-226 level is already below the average activity level EPA proposes to achieve by 
removing PTW.   

Even assuming the accuracy of EPA’s calculations, however, it only relates to the definition of 
PTW, not the disposition of PTW.  Merely labeling materials as PTW does not provide 
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justification for separating out those materials for off-site disposal at an out of state facility, 
because all waste above EPA’s action level will be removed from the Mine Site in any event.   

Under Alternative 5A, site material would be consolidated in an existing disposal cell on the 
UNC Mill site, which currently contains coarse and fine tailings with average activity levels of 
154 pCi/g and 547 pCi/g, respectively.  Removal and off-site disposal of an estimated 10,000 
cubic yards of PTW will have no significant effect on the average activity level inside the 
disposal cells following remedy construction, and hence will not have an effect on long-term 
management considerations for the disposal cell.   

In a letter from UNC/GE to EPA dated January 10, 2008, UNC presented a comparison of Ra-
226 activity levels at the NECR site to levels discussed in the Agency’s TENORM From 
Uranium Mining guidance (indicating Ra-226 activity in non-economic materials, or protore, at 
uranium mine sites typically ranges from 30-600 pCi/g).  See Attachment F.  In addition, UNC 
has identified only two other uranium mine sites remediated under CERCLA (as opposed to the 
hundreds of uranium mine sites reclaimed under various state reclamation programs).  Those 
two sites, the Midnite Mine and the White King Mine, had large spoils piles with similar activity 
levels to NECR.  The remedy selected at both those sites was consolidation and capping of 
uranium mine spoils on-site, and did not identify any PTW requiring off-site disposal.  

In light of the added risks associated with off-site transport and disposal of PTW, Alternative 5A 
presents a higher risk than placement of PTW at the Mill Site.  Based on the increased risk and 
higher costs associated with Alternative 5A, EPA should select Alternative 5 over Alternative 5A.   

D. External considerations should not impede use of the Mill Site for the 
repository. 

EPA notes the need to consult and work with the NRC, which exercises jurisdiction over the 
materials in the impoundments at the Mill Site.  UNC/GE previously stated the company’s 
position regarding potential applicability of the CERCLA permit exemption to construction of the 
repository on the Mill Site.  See UNC/GE’s letter to EPA Region 9, March 3, 2009 (attached).  
Regardless of whether EPA adopts that position or concludes that an amendment to the NRC 
license for the Mill Site is required, UNC/GE are prepared to work with both Agencies to ensure 
appropriate standards are applied to the repository. 

UNC/GE also note that the Navajo Nation has taken the position that the Mill Site is “Indian 
Country.”  UNC/GE respectfully disagree. 

UNC/GE do not believe that the recent decision in Hydro Resources, Inc. v. U.S. EPA, No. 07-
9506 (10th Cir., Apr. 17, 2009) (HRI) has any impact on this site.  HRI is inapplicable to this 
situation.  The court in that case reviewed a formal federal determination in the context of the 
Safe Drinking Water Act that the land in question was Indian Country.  No such determination 
has ever been made for the Mill Site; to the contrary, EPA has treated the Mill Site as outside 
Indian Country.  Even accepting the criteria applied by the 10th Circuit,4 a determination of 
Indian Country requires an intensely fact-specific analysis; land does not become Indian 
Country based solely on a party’s claim.  That analysis has not been made here. 

                                                 
4 The 10th Circuit Court of Appeals granted HRI’s petition for en banc rehearing on August 24, 2009.  It 
would be particularly inappropriate to conduct a federal evaluation of whether the Mill Site is Indian 
Country while that review is pending. 
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If the site-specific analysis were made here, it would demonstrate that the Mill Site is not Indian 
Country.  See GE’s letter to EPA dated December 11, 2008, Attachment C.  In that letter, GE 
applies the factors of the previous HRI decision, which lead to the conclusion that the Mill Site, 
based on site-specific factors, is not Indian Country.  The Mill Site has historically been subject 
only to federal regulatory jurisdiction.  It is owned in fee by UNC.  The federal NRC licenses the 
site, and EPA Region 6 oversees groundwater remediation at the Mill Site, as opposed to 
Region 9, which would have oversight if the Mill Site was in Indian Country.  The facts here are 
distinguishable from the facts in that case, and the 10th Circuit in HRI emphasized that its 
holding is narrow and restricted to the facts of that case.  

Further, regardless of any determination of Indian Country, it is not dispositive as to EPA’s 
decision on the proper disposal site for the Mine spoils.   The Mill Site may appropriately be 
used for the repository even if it is considered Indian Country.  Nothing in law or policy provides 
any veto authority to an Indian tribe irrespective of whether the land in question is Indian 
Country, any more than a State may unilaterally determine that no waste may be disposed 
within its boundaries. 

E. EPA should reassess certain proposed ARARs for the Mill Site repository. 

EPA should revise the proposed ARARs in Tables A-1 and A-2 as follows:  
 

1. NESHAPs for radionuclides (40 C.F.R. Part 61, Subpart H) should not be 
identified as “applicable”  requirements.   In Table A-1 of the EE/CA, 40 C.F.R. Part 61, 
Subpart H (the “Subpart H NESHAPs”) is identified as “applicable to activities on the UNC NPL 
site.”   However, the Subpart H NESHAPs are applicable only to facilities “owned or operated by 
the Department of Energy. . . .”  40 C.F.R. § 61.90.  Subpart H expressly does not apply to 
“disposal at facilities subject to . . . 40 C.F.R. Part 192.”   The UNC Mill site is a facility subject to 
the 40 C.F.R. Part 192 requirements for uranium mills.   The Department of Energy does not 
own or operate the UNC Mill site.  Thus, the Subpart H requirements are not applicable at the 
Mill site, and EPA should revise Table A-1 of the EE/CA to delete the reference to applicability.   

 
2. Navajo Nation requirements are not applicable outside of the reservation 

boundary at the NECR Mine Site to activities of non-tribal members.  Tables A-1 and A-2 of the 
EE/CA identify as applicable the substantive requirements of the Navajo Nation Pollution 
Discharge Elimination System program, the Navajo Nation Air Pollution Prevention Act, the 
Navajo Nation Clean Water Act, and the Navajo Nation Endangered Species List.   However, 
under well-established Supreme Court and 10th Circuit precedent, these laws do not apply as a 
general matter to non-tribal members activities outside of the reservation boundary, including 
activities on trust lands such as the NECR mine site.  “[T]he inherent sovereign powers of an 
Indian tribe do not extend to the activities of nonmembers of the tribe.” Montana v. United 
States, 450 U.S. 544, 565 (1981).   The law is clear that tribes have no inherent power to 
regulate non-members outside the boundaries of their reservations.  MacArthur v. San Juan 
County, 497 F.3d 1057, 1071 (10th Cir. 2007) (“Supreme Court precedent clearly limits the 
regulatory authority of tribes – at least that which is derived solely from their inherent 
sovereignty – to the reservation’s borders.”); see also id. (“The notion that inherent sovereignty 
ceases at the reservation’s borders is consistent with [Supreme Court precedent].”); Plains 
Commerce Bank v. Long Family Land and Cattle Company, Inc., et al., 554 U.S. ___ , 128 S.Ct. 
2709, 2720 (June 25, 2008). 
 

3. The references to RCRA “Subtitle C” and “Subtitle D” in the first two rows, 
second column, of Table A-1 should be reversed.  There appears to be an error in the first two 
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rows of Table A-1.  The first row of Table A-1 pertains to “solid wastes,” and thus should 
reference RCRA Subtitle D.  The second row addresses  “hazardous wastes,” and therefore 
should refer to RCRA Subtitle C.   

 
V. The EE/CA Should Not Address Conditions on Red Water Pond Road 

As discussed in UNC/GE’s comments on the Draft EE/CA (pp. 10-11) and as outlined below, 
UNC/GE believe that the vast majority of any impacts along and beneath Red Water Pond Road 
are unrelated to historical operations at NECR.  EPA recognizes that possibility in the Action 
Memo for the 2009 IRA, at page 5: 

Elevated Ra-226 in soils near and beneath Red Water Pond Road may be associated 
with the historical use of this road as a haul road for [the] former mine located to the 
north of the NECR Mine.  Due to the proximity of NECR to the southern portion of 
RWPR and based on local drainage patterns in this area, past operations at the NECR 
Mine could have caused some impacts.  Additional characterization of RWPR is required 
to assess the scope of future removal activities. 

EPA previously acknowledged in its May 30, 2007, Memorandum entitled “Request for a Time-
Critical Removal Action at the NECR Residential Site #2” that Kerr-McGee used Red Water 
Pond Road as a haul road for the Quivira Mine, and that “[m]ine materials were likely dispersed 
by the haul trucks during hauling of mine materials in and out of the [Quivira mine] area.”  

UNC has agreed to conduct additional characterization of Red Water Pond Road pursuant to 
the 2009 AOC.   Any further decisions regarding that road should await that characterization. 

In addition: 

• The NECR Mine is geographically remote from Red Water Pond Road; wind and surface 
water runoff from NECR are unlikely to have transported radionuclides to this area. 

• A topographic high is present immediately to the south of the road, obstructing both wind 
transport and surface water drainage from the NECR Site. 

• Results from the RSE investigation show statistically higher activity levels along Red 
Water Pond Road than in areas between the NECR Mine Site and reservation, indicating 
that a source other than NECR has caused the impacts to Red Water Pond Road.  See 
EE/CA Fig. 1-6, and UNC/GE’s letter of February 28, 2009, providing a statistical 
analysis of sampling results along Red Water Pond Road. 

• Although Quivira reclaimed the surface of its mine, the extent of the reclamation effort is 
poorly documented, and the reclamation standard was significantly higher than the 
action level that EPA has proposed for NECR.  The Bureau of Land Management (BLM, 
1990) required that Quivira reclaim this mine so that gamma radiation levels would be 
reduced to below 50 uR/hr above background in surface areas around the roadways, 
mine ponds, vent holes, fence lines, etc., and 57 uR/hr above background for surfaces of 
the mine spoils area.  A value of 50 uR/hr is approximately equivalent to 23.7 pCi/g and 
the value of 57 uR/hr is approximately equivalent to 27 pCi/g, approximately an order of 
magnitude above the action level proposed by EPA for NECR.  Letter from A. Abee, 
BLM, to Quivira Mining Co., Oct. 9, 1990.  Hence, the activity recently measured along 
Red Water Pond Road likely is due to historic or ongoing deposition from the Quivira 
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mine, as well as approved cleanup levels at that site, and therefore the road as well as 
the area immediately adjacent to it should be excluded from this removal action. 

Finally, UNC/GE are aware that EPA reached out to parties historically associated with the 
Quivira Mine to initiate discussions on their potential liability.  UNC/GE support that effort, and 
believe that a separate action, including all potentially responsible parties, is the proper forum 
for addressing Red Water Pond Road, not artificially including it within the NECR Mine Site. 

CONCLUSION 

UNC/GE appreciate the opportunity to present these comments to EPA.  We look forward to 
continuing to work with EPA, the Navajo Nation, and other stakeholders to ensure that the spoils 
at the NECR Mine Site are contained in a protective and cost-effective manner.   
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I. INTRODUCTION AND OVERVIEW 

United Nuclear Corporation (UNC) appreciates the opportunity to provide EPA with these 
comments on the Advance Draft of the Engineering Evaluation and Cost Analysis (Draft EE/CA) 
for the Northeast Church Rock Mine Site (NECR Mine Site, or Site).  EPA provided the Draft 
EE/CA to UNC through GE on December 16, 2008. 

UNC believes that the Draft EE/CA is a positive step forward to address conditions at the NECR 
Mine Site, and agrees with much of EPA’s analysis and evaluation of alternatives.  Nonetheless, 
as discussed below, there are some assumptions and positions in the EE/CA with which UNC 
disagrees.  UNC submits these comments with the goals of improving the understanding of site 
conditions and supporting EPA’s consideration of appropriate, cost-effective response action 
alternatives.  These comments are not exhaustive; UNC may expand these views and provide 
additional comments when EPA formally issues the EE/CA for public comment and proposes a 
preferred Alternative for the NECR Mine Site.  UNC is attaching its recent comments to the 
National Remedy Review Board (NRRB), which it incorporates by reference. 

UNC’s Interest in the NECR Mine and Mill Sites 

UNC has a direct and immediate interest in the evaluation of response actions for the NECR 
Mine Site.  Although UNC is no longer engaged in any mining activities, UNC was the historic 
operator of the NECR mine from approximately 1968 to 1982.  UNC’s operations at the site are 
detailed in the Site Assessment Report and the Final Removal Site Evaluation Report, prepared 
for UNC in 2003 and 2007, respectively.  Also as discussed in those documents, UNC 
conducted mine closure activities at the NECR mine between 1986 and 1994, pursuant to its 
mining lease and under supervision of the U.S. Nuclear Regulatory Commission (NRC).  UNC 
has conducted site evaluations at the NECR Mine Site and, in 2007, conducted a short-term 
removal action disposing of contaminated soils from residential areas on the Navajo reservation 
north of the NECR site, as directed by EPA.   

The majority of the surface estate of the NECR Mine is located on land owned and held in trust 
by the United States for the Navajo Nation.  Newmont Realty Corp. owns the minerals estate in 
those areas.  UNC owns both the surface and mineral estate on a small portion of the former 
mine site, including most or all of the former storage area (“the boneyard”) and the Non-
Economic Materials Storage Area (NEMSA).  The UNC-owned property at and adjacent to the 
Mine Site comprises approximately 61.2 acres located in the Southeast corner of section 34.  
EPA has identified UNC as the sole PRP at the NECR Mine Site, and looks to UNC to perform 
the selected remedy.  In addition, UNC is the fee owner of the Church Rock Mill Site (the Mill 
Site), a former uranium mill situated on Section 2 that is contiguous to the NECR Mine Site.  Ore 
from the NECR Mine was processed at the Mill Site.  As a result, UNC is a significant 
stakeholder at the NECR Mine Site. 

Summary of Comments 

UNC generally supports EPA’s analysis of alternatives in the EE/CA, particularly the evaluation 
of and conclusion that Alternative 2 (Excavation and Disposal Offsite of All Wastes) is the 
highest risk and highest cost alternative.  EPA’s evaluation of alternatives demonstrates that, 
with the exception of Alternative 2, several alternatives meet EPA’s criteria for selection of a 
removal action, based on protection of human health and the environment, effectiveness, and 
implementability.  Alternative 2 cannot be justified, particularly given the inherently low risks 
posed by the NECR Mine Site.  It is an extreme remedy that would require the offsite 
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transportation of massive amounts of soil, posing real transportation-related risks and impacts 
due to energy consumption and the generation of greenhouse gases (GHGs).  It is also an order 
of magnitude more costly than the next less-expensive alternative.  In accordance with EPA 
guidance and the National Contingency Plan (NCP), therefore, the Agency should eliminate 
Alternative 2 from further consideration. 

UNC continues to believe that the best remedy for the NECR Mine Site is either of the on-site 
alternatives, Alternative 3 (On-site Consolidation and Covering of Mine Wastes) or Alternative 4 
(Lined and Capped Repository on the NECR Mine Site).  On-site remediation is the standard 
remedy for mining sites in the State of New Mexico under multiple regulatory programs, such as 
the New Mexico Mining Act and similar state laws and programs.  It is also the standard 
preferred remedy under federal mining laws and CERCLA.  Hundreds of mines in and near the 
Navajo reservation have been closed with on-site reclamation remedies, including the Quivira 
Mine, located on the Navajo reservation less than one-half mile from the NECR site.  We are  
aware of only a few offsite disposal remedies for mine reclamation in the entire United States.  
Thus, any offsite remedy would be a substantial departure from historic practices and federal 
and state policy. 

Most importantly, EPA concludes in the Draft EE/CA that on-site remediation would protect 
human health and the environment and would meet other criteria for removal actions.  The Draft 
EE/CA concludes that Alternative 3 (on-site consolidation and capping on the mine site) “will 
protect human health and the environment as the mine wastes exceeding the Action Level 
would be consolidated and covered on the NECR Mine Site.”  Draft EE/CA, p. 40.  Alternative 3 
will also comply with ARARs.  Id.  The Draft EE/CA draws the same conclusions with respect to 
Alternative 4 (construction of an above-ground repository on the mine site).  Id., pp. 43-44. 

In this particular circumstance, though, UNC is the fee owner of the adjacent Mill Site. This 
presents an opportunity for designing a remedy that removes mine spoils from Trust lands, 
places them in a fenced and secured area, eliminates the risks of long distance transportation, 
and is still “on-site” under CERCLA and the NCP.  As a result, UNC remains willing in concept 
to implement some version of Alternative 5 (Above-Ground Repository On the UNC Mill 
Facility).  However, EPA should reconsider the appropriate action level, and should not impose 
sub-alternatives or design features that make no difference in protectiveness of the remedy 
(e.g., excessive cap requirements, imposition of a liner, or a requirement to separate and haul a 
subset of spoils). 

II. THRESHOLD COMMENTS 

A. UNC, and Not General Electric Company, is the Appropriate Party-in-Interest at the 
NECR Mine and Mill Sites 

General Electric Company (GE) is submitting these comments on behalf of UNC, which is the 
appropriate party-in-interest at the NECR Mine Site.  See United States v. Bestfoods, 524 U.S. 
51 (1998).  In 1997, a GE subsidiary acquired Greenwich Air Services for its aircraft engine 
servicing business.  Greenwich Air Services had recently acquired UNC.  UNC historically 
operated the NECR Mine Site, and continues to exist as a corporation in good standing.  GE 
never owned or operated the NECR Mine Site or the Mill Site, nor did it ever manage waste 
disposal activities at these Sites. 
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B. EPA’s Determination of Background Radium Levels at NECR is Inconsistent With 
Background Concentrations in the Area 

EPA selected a background concentration for NECR of 1 pCi/g, based on the results of 
sampling conducted from a limited area believed to be free of impacts from prior mining 
operations.  However, actual background levels vary widely in this region.  NECR is located in a 
geologic area (the Colorado Plateau) of high natural uranium mineralization, where background 
levels are often higher than 1 pCi/g.  See EPA’s Technical Report on Technologically Enhanced 
Naturally Occurring Radioactive Materials from Uranium Mining (TENORM Report), April 2008, 
Vol. 1, Figure 1-1 and pages 1-12 and 4-3 (“sites selected for uranium mining will generally 
have higher levels of natural background”).  Other EPA documents cite 2 pCi/g as average 
background of RA-226 in soil on the Colorado plateau.  Significantly higher background levels 
were established at two other sites in the vicinity of NECR:  background at the Quivira mine just 
north of NECR is 4.5 pCi/g; background at the Old Church Rock Mine south of NECR is 4.3 
pCi/g). Radiological Scoping Survey Summary Report for the Old Church Rock Mine Site, 
September 2007. 

UNC has provided additional comments regarding the background determination in the attached 
NRRB submittal at p. 5.  Please refer to those comments for additional details. 

C. EPA’s Proposed Clean-Up Standard is Overly Conservative 

The 2.24 pCi/g RA-226 action level in the draft EE/CA is overly stringent and does not consider 
site-specific conditions that significantly affect potential risk to human health.  The RA-226 
action level would be one of the lowest levels for any uranium cleanup in the country, including 
cleanups conducted in heavily populated residential areas.  The UMTRCA unrestricted use 
standard set forth in 40 C.F.R. Part 192 (5 pCi/g + background) is an appropriate action level for 
the Site and has been widely used by EPA and other federal and state regulatory agencies at 
other sites.  Please refer to the attached comments to the NRRB at p. 5 and 7 for further 
discussion of this issue. 

III. KEY ISSUES 

A. Alternative 2 (Excavation and Disposal Offsite of All Wastes) Should Be Deleted 
From Further Consideration 

1. Alternative 2 is Unwarranted 

Alternative 2 is a nine-year remedy involving excavation and offsite disposal of a massive 
volume of soil.  This extreme and unprecedented remedy is wholly unwarranted from a risk-
based perspective.  As the discussion above shows, the Draft EE/CA concludes that there are 
no unacceptable risks relating to on-site disposal.  Given that conclusion, there is no inherent 
risk that justifies excavating and removing huge volumes of soil. 

2. Alternative 2 Will Generate Significant and Unnecessary Risks 

Far from eliminating risk, Alternative 2 creates risk.  EPA describes Alternative 2 in the Draft 
EE/CA as follows: 

This Alternative would incur more logistical difficulty, has a greater 
potential of transport incidents on the public ways and poses 
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undue hazards to human health and the environment option 
based on trucking carbon emissions, as shown on Table 5.3.  With 
the large number of transport miles and possibility of transport 
incident the Alternative presents a higher risk to the general 
public.  Based on these factors Alternative 2 presents the 
highest risk [of the alternatives considered].  [Emphasis 
added.] 

UNC agrees with these conclusions. Moreover, Alternative 2 is an unprecedented departure 
from mine cleanups implemented under CERCLA, as well as mine cleanup and reclamation 
under the Navajo Nation's abandoned mine program and under numerous State programs. 

EPA’s analysis demonstrates that Alternative 2 is the least appropriate alternative.  Alternative 2 
would involve major long distance trucking of large amounts of material, which is inherently 
risky.  EPA estimates that 871,000 cubic yards (1.26 million tons) of soil would need to be 
excavated from the NECR Mine Site and hauled to a licensed and permitted facility such as the 
U.S. Ecology facility in Grandview, Idaho – a roundtrip of more than 1600 miles through four 
states, and through numerous population centers including Ship Rock, New Mexico; Provo, Salt 
Lake City, and Ogden, Utah; and Twin Falls, Idaho.  Alternative 2 would require more than 
62,000 round-trips, adding up to 90 million miles and nearly 2 million hours of truck travel.  
Based on these facts and a 2-3 day roundtrip for each truck, EPA estimates that it would take at 
least nine years, in the best of circumstances, to excavate and haul all of this material to Idaho.   

Major risks and potential consequences of Alternative 2 include the following: 

• Risks to communities and workers from accidents that may occur during transportation 
such as traffic accidents; resultant spills of material during accidents; and risk of 
incidental releases of materials during transport, 

• Consumption of limited offsite disposal capacity for extremely low-level naturally-
occurring radioactive materials, and 

• Large-scale emissions of greenhouse gases. 

To more fully appreciate these concerns, one should consider the National Highway Traffic 
Safety Administration (NHTSA) data on fatality and injury rates attributable to vehicular 
accidents.  Based on the 2006 data obtained from Traffic Safety Facts, 2006 Data: Large Trucks 
(NHTSA, 2008), transport of mine materials to the U.S. Ecology facility would yield a risk of 2 
large truck crashes causing fatalities, and 36 non-fatal large truck crashes. 

Implementation of Alternative 2 also would result in consumption of more than 49 million gallons 
of diesel fuel, causing emissions of more than 507,000 metric tons of carbon dioxide.  Causing 
these unwarranted and avoidable impacts is contrary to EPA policy.  See Green Remediation:  
Incorporating Sustainable Environmental Practices into Remediation of Contaminated Sites, 
EPA Pub. No. 542-R-08-002 (April 2008).  According to that analysis, one of the “core elements” 
of green remediation is to “[m]inimize use of heavy equipment requiring high volumes of fuel.”  
Region 9, in particular, has pioneered EPA's effort to evaluate and reduce greenhouse gas 
emissions from Superfund cleanups, with its “Cleanup-Clean Air Initiative.” 
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Alternative 2 is the “least green” Alternative considered in the EE/CA.  The energy and GHG 
impacts of this Alternative are radically higher than those projected for the other alternatives, 
and are wholly inconsistent with sustainable energy and climate change concerns in the U.S. 

3. Alternative 2 is Excessively Costly 

Alternative 2 is the highest cost alternative, presenting costs that are grossly disproportionate to 
the other alternatives evaluated in the EE/CA (est. $292MM.)  The next most expensive option, 
Alternative 4A, is nearly an order of magnitude less (EPA estimate of $33.4MM).  Yet, as 
discussed above, the Draft EE/CA concludes that several of the other alternatives are protective 
of overall human health and the environment, are implementable, and present far fewer risks.   

Given these determinations, Alternative 2 does not meet NCP and CERCLA criteria.  EPA 
acknowledges that “[c]ost is a central factor in all Superfund remedy selection decisions.”  The 
Role of Cost in the Superfund Remedy Selection Process, OWSER Publication 9200.3-23FS 
(Sept. 1996), p. 1.  That guidance concludes that “[c]ost is a critical factor in the process of 
identifying a preferred remedy.  In fact, CERCLA and the NCP require that every remedy 
selected must be cost-effective.”  Id., p. 5 (emphasis in original).  The NCP provides that a 
remedy is only cost-effective “if its costs are proportional to its overall effectiveness.” (40 C.F.R. 
§ 300.430(f)(1)(ii)(D)).  Alternative 2 does not meet this test. 

In fact, the NCP provides that an Alternative can be screened out of further consideration 
altogether, when it provides “effectiveness and implementability similar to that of another 
Alternative by employing a similar method of treatment or engineering control, but at greater 
cost” (40 C.F.R. § 300.430(e)(7)(iii)), or when an Alternative has costs that are “grossly 
excessive compared to the overall effectiveness” of other alternatives.  Id.  Based on this, 
Alternative 2 should no longer be considered an acceptable option.1 

Finally, in light of the excessive costs of and excessive implementation time for Alternative 2, 
UNC questions whether EPA could lawfully adopt this Alternative as a CERCLA removal action 
or whether, under the statute and the NCP, Alternative 2 is properly characterized as a remedial 
action.  Under Section 104(b) of CERCLA, removal actions are generally limited to $2 million or 
12 months.  UNC does not believe that a response action estimated by EPA to cost $292 million 
and to take nine years to implement can be characterized as a removal action.2 

B. Offsite Disposal of “Principal Threat Waste” is Unnecessary 

The so-called “principal threat waste” (PTW) can be safely and effectively contained in a 
repository on the Mine or Mill Site. There is no appropriate basis for requiring offsite, out-of-state 
disposal of these materials. 

It has been standard practice in mine closure projects to dispose of mine spoils on site.  The 
common and generally accepted practice has been to minimize potential exposure by placing 

                                                
1
 While these authorities primarily discuss the role of costs in the selection of remedial action, they are 

plainly relevant to an evaluation of the costs of long-term removal actions like the one at hand.  The 
EE/CA is an Engineering Evaluation/Cost Analysis, and EPA guidance requires the consideration of cost 
in analyzing long-term removal actions. 
2
 The fundamental problems with Alternative 2 should also be reflected in Table 5.1, “Summary of 

Comparative Analysis of Removal Action Alternatives.”  We have proposed specific changes to that table 
in Section IV.A of these comments, “Specific Issues.” 
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material with higher activity levels in the center of a reclaimed area or cell, surrounded by 
materials of lower activity and, in some cases, covered by imported fill. 

Extensive sampling results show that uranium and RA-226 levels at NECR are consistent with 
levels measured at other uranium mine sites.  EPA’s April 2008 TENORM Report provides data 
for 40+ uranium mine sites that indicates that uranium levels in low-grade ore are consistently 
>200-300 mg/kg and for some mine sites greater than 600 mg/kg.  At the Midnite mine site in 
WA, mine spoils with RA-226 levels ranging up to 880 pCi/g were capped on-site.3  In contrast 
to these leave-behind values in the hundreds of pCi/g at other mine sites, the draft EE/CA 
proposes identification and offsite disposal of PTW at NECR to reduce the average leave-
behind RA-226 activity concentration from 42.2 pCi/g to 30.4 pCi/g.  The repository can easily 
be designed to achieve the same level of protectiveness without segregating PTW and hauling it 
away. 

Transport of PTW to a facility in Utah for beneficial reuse, while preferable to disposal in Idaho, 
would nonetheless present similar external cost, risk, and exposure issues as discussed above 
for Alternative 2.  The adverse effects associated with such removal would present greater risk 
of harm than potential radiological exposures associated with capping the PTW at the Mine or 
Mill sites. 

Disposal of PTW with the other NECR materials is particularly appropriate if EPA selects the Mill 
Site remedy. The Mill Site is a large, secured area with no access to the public or livestock.  As 
a result, there is no realistic potential for exposure to PTW contained at the Mill Site. 

C. The Mill Site Provides an Appropriate Location for a Repository for Materials From 
the NECR Mine Site 

1. An Engineered Liner is Unnecessary For the Repository 

A liner is not needed at the Mill Site in light of the lack of rainfall in the area and the 
characteristics of the material to be disposed.  The climate in the area is arid, with average 
annual precipitation of only 11 inches and net pan evaporation of approximately 54 inches.  
Additionally, the impacted materials have a very low moisture content (on average <5%).  
Therefore minimal infiltration through a repository would occur.  Infiltration can also be 
effectively controlled through the construction of an evapotranspiration (ET) cover with a 
capillary break, which as discussed at p.8 of the attached NRRB comments, would significantly 
reduce infiltration versus the cover system proposed by EPA in the EE/CA and would eliminate 
the need for a liner.  In fact many uranium mill sites and hazardous waste sites undergoing 
closure are incorporating ET covers and do not include a base liner.  For example, an unlined 
cell with an ET cover is planned for the stabilization of Moab Title I uranium mill tailings at the 
Crescent Junction, Utah, disposal site (Final Remedial Action Plan, February 2008).  Also, EPA 
Region 9 approved an ET cover for the Operating Industries Inc. hazardous waste landfill, a 
Superfund site located in southern California (Analysis and Design of Evapotranspirative Cover 
for Hazardous Waste Landfill, Journal of Geotechnical and Geoenvironmental Engineering, May 
2003).  As a follow-up to our discussion on January 20th, UNC will provide additional 
information on the use and acceptance of ET covers. 

                                                
3
 At that site, EPA relied on the NCP and its RI/FS guidance to find that the protore and waste rock did 

not constitute PTW because it “is not highly concentrated and the toxicity and mobility of contaminants 
associated with this material is largely a function of the amount of material exposed.”  See Midnite Mine 
Record of Decision, September 2006. 
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2. Disposal of PTW at the Mill Site is Protective and Appropriate 

Because 50 pCi/g is protective of a site maintenance worker, and because the surficial cover 
material would contain no more than 2.24 pCi/g RA-226, removing PTW to reduce the average 
RA-226 concentration from 42.2 pCi/g to 30.4 pCi/g will not result in any meaningful reduction in 
risk.  Consistent with the EE/CA and with UMTRCA standards, the cap would be constructed 
and maintained to provide reasonable assurance that releases of Radon-220 would not exceed 
an average release rate of 20 pCi per square meter per second regardless of whether PTW 
material is transported offsite.  The cap therefore would account for any higher activity levels 
associated with materials EPA has identified as PTW in the EE/CA. 

UNC strongly believes that a liner is not necessary for disposal of NECR materials, even if they 
include PTW.  But if EPA nonetheless decides to require a liner at the Mill Site, it then is 
abundantly clear from a risk perspective that segregation and offsite disposal of PTW is not 
required.   EPA should allow the disposal of all mine wastes in the disposal area, including 
PTW.  Disposal of all mine wastes, including PTW, will be protective without a liner.  If, despite 
the lack of technical or legal rationale, EPA requires the offsite shipment of PTW, then EPA 
should allow beneficial re-use or disposal of those materials at the closest available location, 
and EPA would have no legitimate basis to require a liner at the Mill Site repository. 

3. UMTRCA Standards Should Apply to Design of the Repository 

Because access to a repository built on UNC property will be restricted in perpetuity, the use of 
material containing up to 6 pCi/g (UMTRCA unrestricted use standard + EPA’s background 
determination) as cover material would be conservative and would not present any 
unacceptable risk.  The October 2007 Removal Site Evaluation Report concluded that a RA-226 
concentration of 50 pCi/g is within EPA’s risk management range of 1E-06 to 1E-04 for a site 
maintenance worker.  Disposal on the Mill Site in this fashion not only is consistent with 
UMTRCA standards, but it avoids the risks and carbon emissions associated with transporting 
borrow material from an offsite source.  Please see the attached comments to the NRRB at p. 6 
for further discussion. 

4. No License Amendment or Permits Will Be Required for a Mill Site Disposal 
Remedy 

The Draft EE/CA suggests that NRC would need to amend UNC’s license for the Mill Site in 
order to implement Alternative 5, and that this could cause “administrative hurdles.”  Draft 
EE/CA, pp. 49, 54.  UNC does not believe this to be accurate. Because the Mill Site is adjacent 
to the Mine Site, activities necessary to support the response action would not require permits 
or similar administrative approvals due to the permit exemption in Section 121(e)(1) of 
CERCLA. 

Section 121(e)(1) provides that “[n]o Federal, State, or local permit shall be required for the 
portion of any removal or remedial action conducted entirely onsite.”  42 U.S.C. § 9621(e)(1).  
The purpose of the permit exemption is to facilitate the progress of cleanups by eliminating 
potentially burdensome and time consuming administrative requirements, while ensuring that 
underlying substantive requirements are achieved.  “CERCLA Compliance with Other Laws 
Manual,” OSWER Directive No. 9234.1-01 (Aug. 8. 1988), p. 1-11.  The NCP, 40 C.F.R. 
§ 300.400(e), provides as follows: 
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No federal, state, or local permits are required for on-site 
response actions conducted pursuant to CERCLA sections 104, 
106, 120, 121, or 122.  The term on-site means the area extent of 
contamination and all suitable areas in very close proximity to the 
contamination necessary for implementation of the response 
action. 

EPA most recently argued for an expansive reading of the permit exemption in its defense of a 
challenge to the consent decree for the Hudson River PCBs Site.  In the consent decree, EPA 
had concluded that a parcel of land on the Champlain Canal, 1.4 miles away from the work area 
(the Hudson River), was nonetheless “on-site,” because it was near the work area and the 
activities to be conducted on the Canal land – construction of a sediment de-watering facility – 
were integral to the remedial action (dredging in the Hudson River). 

The Second Circuit agreed with the United States.  As the court noted in its opinion: 

While EPA has indicated that “very close proximity” will generally 
mean adjacent to the contamination site, see 55 Fed. Reg. 8666, 
8690 (March 8, 1990), it is plain from examples cited at the time of 
the [NCP] regulation’s promulgation that the “very close proximity” 
limitation within the definition of “on-site” was intended to afford 
EPA some flexibility in identifying proximate sites necessary to 
achieve CERCLA objectives. 

Town of Fort Edward v. United States, No. 06-5535-cv (2nd Cir., Jan. 3, 2008) (Summary Order 
at 4).  The Mill Site plainly meets the NCP criteria for application of the permit exemption.  
The two parcels are historically linked: uranium ore extracted from the NECR Mine was milled at 
the Mill Site.  The Mill Site is adjacent to the NECR Mine Site (the two parcels share a common 
border), which satisfies the NCP criterion of proximity and EPA’s own regulatory definition.  
If EPA selects the Mill Site remedy, it is clearly “necessary for implementation of the response 
action,” satisfying the second NCP criterion, as well. 

Longstanding EPA guidance makes clear that the CERCLA permit exemption includes all forms 
of administrative requirements, not just those actually labeled as “permits.”  EPA explained the 
distinction between substantive and administrative requirements in its guidance document 
“CERCLA Compliance with Other Laws Manual,” supra, at pages 1-11 to 1-12: 

Section 121(e) of CERCLA codifies EPA’s earlier policy that on-
site response actions may proceed without obtaining permits.  
This permit exemption allows the response action to proceed in an 
expeditious manner, free from potential lengthy delays of approval 
by administrative bodies.  This permit exemption applies to all 
administrative requirements, whether or not they are actually 
styled as “permits.”  [Emphasis added.] 

*   *   * 

Administrative requirements are those mechanisms that facilitate 
the implementation of the substantive requirements of a statute or 
regulation.  Administrative requirements include the approval of, or 
consultation with, administrative bodies, consultation, issuance of 



   9 

permits, documentation, reporting, recordkeeping, and 
enforcement.  In general, administrative requirements are made 
effective for purposes of a particular environmental or public 
health program. 

The requirement to obtain or amend a license from the NRC is clearly an “administrative 
requirement” in that it facilitates the implementation of the substantive requirements of the 
NRC’s regulatory program.  As a result, no licensing requirements attach to the disposal of 
NECR materials on the Mill Site. 

EPA should state its determination that the Mill site is “on-site” for the purpose of the permit 
exemption when it issues the EE/CA for public comment, and delete the discussion concerning 
potential administrative hurdles posed by this alternative. 

D. Some of EPA’s Proposed Applicable or Relevant and Appropriate Requirements 
(ARARs) Are Not ARARs 

EPA should delete or clarify the following requirements identified in ARARs Tables A-1, A-2 and 
A-3, as well as in EPA’s evaluation of compliance with ARARs: 

1. NESHAPs for Radionuclides (40 C.F.R. Part 61, Subpart H) are not 
Applicable 

The Mill site is expressly excluded from 40 C.F.R. Part 61, Subpart H requirements (“Subpart H 
requirements”). 

Table A-1 of the EE/CA states that the requirements of Subpart H are “applicable to activities on 
the UNC NPL site.”  To the contrary, Subpart H requirements only apply to a facility “owned or 
operated by the Department of Energy. . . .“  40 C.F.R. § 61.90.  Subpart H expressly does not 
apply to “disposal at facilities subject to . . . 40 C.F.R. Part 192.” 

The Department of Energy does not own or operate the UNC Mill site.  Thus, the Subpart H 
requirements are not applicable at the Mill site.  Instead, the Mill site is subject to Subpart D, 40 
C.F.R. Part 192, which  “applies to the management of uranium byproduct materials under 
section 84 of the Atomic Energy Act of 1954 . . . during and following processing of uranium 
ores. . . .” 

2. Navajo Nation Laws 

Navajo laws are generally neither “applicable” or “relevant and appropriate” (ARARs) under 42 
U.S.C. §121(d) of CERCLA on fee lands outside the reservation, and on non-Trust lands 
outside the reservation.  UNC will provide a further analysis of Navajo Nation ARARs in 
comments when the final EE/CA is available for public comment. 

3. New Mexico Hazardous Waste Management Regulations Do Not Apply to 
Mining Wastes 

ARARs Table A-3 identifies the New Mexico hazardous waste management regulations at 
NMAC 20.4 as potentially applicable to “wastes that are subject to the Act.”  The “Requirement 
Synopsis” column in Table A-3 properly recognizes that “source, special nuclear and byproduct 
material” are excluded from New Mexico and federal hazardous waste regulation.  That column   



   10

should further specify that waste from the extraction, beneficiation and processing of ores and 
minerals, including uranium ore, are excluded from New Mexico and federal hazardous waste 
regulation.  40 C.F.R. § 261.4(b)(7); NMAC 20.4.1.200 (incorporating by reference 40 C.F.R. 
Part 261). 

E. The EE/CA Should Not Address Conditions on Red Water Pond Road 

On November 20, 2008, UNC submitted a Work Plan to EPA for conducting an interim removal 
action on the step out area on the reservation to address impacts potentially related to the 
NECR site.  The Work Plan proposed removing materials from the unnamed arroyo to the 
confluence with the east-west running arroyo and removing shallow soils above the action level 
on the reservation.  The proposed limits for shallow soil removal were south to the border with 
the NECR Mine Site, west to the unnamed arroyo, north to the east-west running arroyo, east to 
50 feet west of Red Water Pond Road.  However, on Table 3.1 of the EE/CA, EPA has included 
Red Water Pond Road in its volume calculations.  UNC does not believe that impacts at Red 
Water Pond Road are related to NECR. 

EPA’s unilateral order for the Homesite Removal Action (paragraph 7.a) noted that the area in 
the vicinity of the home sites, including Red Water Pond Road, is located on the former Kerr-
McGee Quivira mine lease area a short distance to the north/northeast of the NECR mine.  
More specifically, EPA’s May 30, 2007 Memorandum entitled “Request for a Time-Critical 
Removal Action at the NECR Residential Site #2” (Action Memo) acknowledges that Kerr-
McGee used Red Water Pond Road as a haul road and that “[m]ine materials were likely 
dispersed by the haul trucks during hauling of mine materials in and out of the [Quivira mine] 
area.”  In addition, the roadbed itself may have been constructed using waste rock or non-
economic material from the Quivira mine.  

In light of these facts, there is no basis for EPA to presume that the NECR Mine is the source of 
any elevated levels of radium-226 or radium-228 adjacent to and on Red Water Pond Road.  In 
addition: 

• The NECR Mine is geographically remote from Red Water Pond Road and wind and 
surface water runoff from NECR are unlikely to have transported radionuclides to this 
area. 

• A topographic high is present immediately to the south of the road, obstructing both wind 
transport and surface water drainage from the NECR site. 

• Results from the RSE investigation show higher activity levels along Red Water Pond 
Road than in areas between the NECR Mine Site and reservation, indicating that a 
source other than NECR has caused the impacts to Red Water Pond Road. 

• EPA must consider that, although Quivira reclaimed the surface of its mine, the extent of 
the reclamation effort is poorly documented, and the reclamation standard was 
significantly higher than the action level that EPA has proposed for NECR.  The Bureau 
of Land Management (BLM, 1990) required that Quivira reclaim this mine so that gamma 
radiation levels would be reduced to below 50 uR/hr above background in surface areas 
around the roadways, mine ponds, vent holes, fence lines, etc., and 57 uR/hr above 
background for surfaces of the mine spoils area.  A value of 50 uR/hr is approximately 
equivalent to 23.7 pCi/g and the value of 57 uR/hr is approximately equivalent to 27 
pCi/g, approximately an order of magnitude above the action level proposed by the 
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Region for NECR.  Letter from A. Abee, BLM, to Quivira Mining Co., Oct. 9. Hence, the 
activity recently measured along Red Water Pond Road likely is due to historic or on-
going deposition from the Quivira mine, and therefore the road as well as the area 
immediately adjacent to it should be excluded from this removal action.  

As we discussed on January 20th, UNC will provide additional information and analysis 
supporting its comments with respect to Red Water Pond Road. 
 

F. The Draft EE/CA Appropriately Reflects the Navajo’s Consultative Role at the 
NECR Mine Site in the EE/CA Process, Rather Than a Concurrence or Veto Role 

The Draft EE/CA states that EPA has consulted with the Navajo Nation and has considered the 
Navajo’s interests in the preparation of the EE/CA.  Draft EE/CA, p. 2.  The consultative role of 
Indian tribes under CERCLA does not provide tribes with veto power over EPA’s selected 
response action, nor does it contemplate formal concurrence on EPA’s eventual selection of a 
response action.  In accordance with EPA guidance the Navajo Nation’s consultative role in this 
situation is limited to the evaluation of response actions on the NECR Mine Site itself.  It does 
not extend to the Mill Site, which is privately-held fee land. 

EPA Region 9 policy recognizes that Indian tribes, like states, do not have veto power or formal 
rights of concurrence for EPA’s selected response actions: 

[U]nder the National Contingency Plan, neither states nor tribes 
have a right of concurrence on EPA’s selection of a Record of 
Decision for remedy selection. 

EPA Region 9 Memorandum, Approach to Consultation with Tribal Governments Regarding 
Non-Enforcement Related Matters (October 25, 2005).  While this language pertains to remedial 
actions, there is no basis to distinguish the tribal role in EPA’s selection of a removal action 
under an Action Memorandum. 

EPA has cited the federal government’s trust responsibility for Native Americans as part of its 
rationale for providing consideration of Navajo views on the preferred alternatives.  The general 
rule is that government agencies can fulfill the trust duty by compliance with statutes in the 
same way as for non-Indians.  US v. Mitchell, 463 U.S. 206, 103 S.Ct. 2961 (1983); Morongo 
Band of Mission Indians v. FAA, 161 F.3d 569 (1998).  There can be no trust responsibility for 
activities and remedies involving the Mill Site, as it is on private fee land outside the reservation 
and outside “Indian Country.”  See Alaska v. Native Village of Venetie, 522 U.S. 520 (1998).  
Regardless of the land ownership in question, the trust responsibility does not create a coequal 
regulatory relationship or any veto or concurrence authority by an Indian tribe. 

EPA also cites its Policy for the Administration of Environmental Programs on Indian 
Reservations (November 11, 1984) (“Indian Policy”).  However, that policy only applies to 
reservation lands, not to trust lands like the NECR Mine Site or private lands like the Mill Site.  
Even if it were to apply, the Indian Policy notes that the federal trust responsibility only 
“assure[s] that tribal concerns and interests are considered whenever EPA’s actions and/or 
decisions may affect reservation environments.”  EPA Indian Policy, § 5 (emphasis added). 

The steps that EPA has taken to involve the Navajo Nation in this process go beyond what is 
required under the law and EPA policy.  Ultimately, EPA has an independent obligation under 
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CERCLA and the NCP to select a response action for the NECR Mine Site that meets relevant 
statutory and regulatory criteria. 

IV. SPECIFIC ISSUES/CORRECTIONS 

A. EPA Should Revise Table 5.1, to Reflect Fundamental Problems With Alternative 2 

• Table 5.1 does not reflect the serious technical feasibility and services issues associated 
with Alternative 2 identified in the text.  The Draft EE/CA (p. 55) recognizes that the 
availability of low level radiation material haulers available is more finite than for other 
materials, and that the number and duration of truck trips required is very high.  The 
Draft EE/CA further states that “the number of specialized transporting resources is also 
very high,” that securing adequate trucking resources for nine work seasons “will be a 
challenge,” and that Alternative 2 will “incur more logistical difficulty” than other 
alternatives.  Id.  To the contrary, the summary in Table 5.1 summarizes Alternative 2 as 
“Technically and administratively feasible. Services and materials are commercially 
available.” The Table should be modified to reflect the text. 

• Under protection of human health and the environment, EPA should state that 
Alternative 2 will result in substantial carbon emissions from the almost 100 million miles 
and 2 million hours of truck travel necessary for implementation of this alternative.  
Additionally, Alternative 2 does not eliminate maintenance as stated on the Table; it 
simply shifts maintenance to another location. 

• Alternative 2 does not reduce the toxicity, mobility or volume of the NECR mine spoils as 
stated on the Table.  Under the NCP, reduction of toxicity, mobility or volume is a 
distinguishing factor when it is achieved through treatment or recycling.  See, e.g., 40 
C.F.R. § 300.430(e)(9)(iii)(D). 

• The energy consumption and greenhouse gas emissions are radically higher for 
Alternative 2 than those projected for the other alternatives.  Short term risks arising 
from the massive number of high mileage truck trips, and associated road maintenance, 
noise, traffic, potential for accidents, and risk of spills are much greater for Alternative 2 
than other alternatives.  EPA should revise Table 5.1 to reflect the Draft EE/CA's 
statement that Alternative 2 “presents the highest risk” of the alternatives (p. 55), and 
that it will take the longest time to implement. 

B. EPA Should Correct Certain Errors and Omissions in the Draft EE/CA 

1. In the Executive Summary, EPA states that the Mine Site is “located within Navajo 
Nation Tribal Trust Lands.”  Page vii.  However, a portion of the Mine Site is fee land owned by 
UNC.  UNC suggests that EPA revise the paragraph to state: 

United Nuclear Corporation (UNC) conducted operations at a 
uranium mine on the NECR Mine Site from 1968-1982.  
The majority of the surface estate of the NECR Mine Site is 
located on land owned and held in trust by the United States for 
the Navajo Nation.  Newmont Realty Corporation owns the 
mineral estate in those areas.  UNC owns both the surface and 
mineral estate on a portion of the former mine site, including most 
or all of the boneyard and NEMSA areas.  The UNC-owned 
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property comprises approximately 61.2 acres located in the 
Southeast corner of section 34.  In addition, UNC is the fee owner 
of the Church Rock Mill Site (the “Mill Site”).  The Mill Site is a 
former uranium mill situated on Section 2 that is contiguous to and 
southeast of the NECR Mine Site.  Ore from the NECR Mine was 
processed at the Mill Site. 

2. UNC requests that EPA revise the second paragraph on Page vii.  The site ponds were 
used as “mine-water settling ponds” and not as “wastewater processing ponds.” 

3. UNC requests that EPA revise the third paragraph on Page vii.  The reference to 
“contaminated water from dewatering activities” should be revised to indicate “ground water 
from mine dewatering activities.” 

4. In addressing background in the Executive Summary, the Draft EE/CA states the 
“worldwide (crustal) average of radium in soil is 1.0 pCi/g.” Page viii.  The EE/CA should 
acknowledge that RA-226 background levels are generally higher on the Colorado plateau 
(reportedly 2 pCi/g average), as recognized in several EPA documents.  See also the attached 
comments to the NRRB at Page 5 for further details. 

5. UNC requests that EPA revise the discussion in the third paragraph on Page 2 regarding 
land use.  The Mine Site is fenced and is not currently used for grazing.  The site is part of a 
1,817 grazing permit (Contract No. CP-06-16-173) the Bureau of Indian Affairs issued to Alta A. 
Yazzie, Delbert Yazzie, and Tony Tom.  The permit holders do not reside adjacent to the NECR 
Mine Site. 

6. UNC requests that EPA revise the discussion regarding the home site removal action to 
more accurately describe the two separate removal actions.  The home site removal action is 
discussed in the Executive Summary on Page vii, 4th paragraph; on Page 6 under Section 1.3.3; 
and on Page 15, 4th paragraph.  The text should clarify that EPA conducted two home site 
removal actions.  EPA issued UNC an order to dispose of soils excavated by EPA from Home 
Sites 4, 6, 7, 8, and 9 (comprising of three residences) located west of Red Water Pond Road.  
EPA then conducted a second removal and disposal action from an additional home site located 
east of Red Water Pond Road.  EPA did not involve UNC in the second removal action, which 
was in proximity to the Quivira former haul road and mine. 

7. The first bullet under Section 1.3.2 should be revised to read, “Removal of contaminated 
sludge or sediments from the mine water settling ponds, the sandfill areas, and the sediment 
pad area.” 

8. UNC requests that EPA revise the last sentence on Page 5, under Section 1.3.1, to 
accurately reflect that UNC continues to operate recovery wells in Zone 3 of the Gallup 
Formation. 

9. The first sentence of the last paragraph of Section 1.5.1 on Page 9 states “Cleanup 
activities have removed or buried some of the waste tailings.”  While tailings sands were 
pumped into the mine stopes under permit to provide additional mine stability, UNC removed 
tailings from surface areas at NECR to NRC’s satisfaction as part of its mine closure activities 
(see NRC letter of October 31, 1989).  Mine spoils, not tailings, are the focus of this EE/CA.  
This sentence should therefore be stated more generically, i.e., “Cleanup activities have 
removed or buried some of the mine wastes.” 
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10. In discussing site restoration activities and capping in various sections (e.g., Section 
3.3.3 and 3.4.3) EPA assumes clean backfill will be available from a local source.  UNC 
observes that the background and cleanup levels have been set so low in the Draft EE/CA that 
it cannot be assumed that clean backfill will be able to be sourced locally in the quantities 
required for capping, site restoration, etc., and this may significantly increase costs, delay 
cleanup, and impact all of the active removal alternatives. 

11. On Page 24, EPA references conducting a Natural and Cultural Resources Survey by a 
Navajo Nation Archeologist.  UNC requests that the text be revised to indicate that a Navajo 
Nation Archeologist conducted a Natural and Cultural Resources Survey of the 125-acre Mine 
Permit Area in 2005. 

12. Consistent with the comments above regarding Red Water Pond Road, UNC requests 
that EPA revise the description of the residential “step-out” area on Page 10 to eliminate 
reference to Red Water Pond Road. 

V. CONCLUSION 

EPA should select on-site remediation at the NECR Mine Site, the concept behind both 
Alternative 3 and 4.  The draft EE/CA concludes that these alternatives are protective of human 
health and the environment, satisfy ARARs, are implementable, and are cost-effective.  As a 
result, CERCLA and the NCP mandate on-site remediation.  It is for good reason that on-site 
remediation is the accepted remedial approach for mine sites across the country.  The 
inherently low risks presented by large-volume, low concentration soils associated with historic 
mine activities are best dealt with in place. 

However, because UNC is a fee owner of the adjacent Mill site, UNC has indicated to EPA its 
conceptual willingness to site a repository for the NECR mine spoils on its adjacent mill 
property, off Tribal land in a fenced and secured facility.  That remedy provides a redundant 
level of protection given the already low risks of in-situ remediation.  Nonetheless, should EPA 
select Alternative 5 (Mill site disposal), EPA should reconsider the appropriate action level.  EPA 
also should not impose sub-alternatives or design features that do not make the response 
action any more protective of human health and the environment (e.g., excessive cap 
requirements, imposition of a liner, or a requirement to separate and haul a subset of spoils). 

There can be no doubt that Alternative 2 – long-haul, offsite disposal – is unacceptable.  This 
approach would break unjustifiably with the established methods for addressing mine waste.  
The risks, and the environmental and energy impacts associated with this Alternative would be 
unavoidable and severe.  It would take nine years to implement, and the costs are an order of 
magnitude above the next less-costly alternative.  In short, EPA cannot lawfully justify selection 
of that Alternative under CERCLA and the NCP and should delete it from further consideration 
in the EE/CA. 
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March 3, 2009 
 
Harrison Karr, Esq. 
Office of Regional Counsel 
U.S. Environmental Protection Agency 
75 Hawthorne Street 
Mail Code:  ORC-3 
San Francisco, CA  94105 
 
SUBJECT: Applicability of CERCLA “Permit Exemption” to Mill Site Remedy for NECR Mine Site 

Removal Action 
 
Dear Mr. Karr: 
 
On behalf of United Nuclear Corporation (UNC), GE would like to take this opportunity to provide you 
with its views on whether a Nuclear Regulatory Commission (NRC) license amendment would be 
required if EPA selects a remedy for the Northeast Church Rock Mine Site (NECR) that includes 
disposal of NECR mine spoils at the adjacent UNC-owned Mill Site (the Mill Site). 
 
The particular issue that we address is applicability of the CERCLA “permit exemption” to EPA’s 
response action for the NECR Mine Site, to the extent it involves disposal on the Mill Site.  As a general 
matter, Section 121(e) of CERCLA exempts the need to obtain permits (including federal permits) for 
“on-site” response actions.  Consequently, the central question is whether the Mill Site is considered 
to be “on-site” (i.e., part of the NECR Mine Site) for the limited purpose of disposing of remediation 
materials from the NECR Mine Site  on the Mill Site.    Because the NRC license addresses only 
remediation of the Mill Site, we believe that it is not applicable to the current situation, which only 
addresses a remedy for mine spoils from the NECR Site. 
 
In its Draft Engineering Evaluation/Cost Analysis (EE/CA) identifying remedy options for the NECR 
Mine Site, EPA noted that should the response action include disposal at the Mill Site, “[t]he current 
UNC [NRC] license would need to be amended.”  Draft EE/CA, p. 49.  GE respectfully disagrees.  We 
think it is clear that, as a legal matter, the CERLCA permit exemption in §121(e) obviates the need for 
UNC to seek an amendment to UNC’s NRC license at the Mill Site for these limited purposes, as 
discussed below.  We also provide you with our thoughts on whether there are larger implications for 
EPA exercising its CERCLA authority at NRC sites in general.  For the purposes of this discussion, we 
assume that the remedy that EPA eventually selects for the NECR Mine Site will include disposal of 
NECR mine spoils on the Mill Site. 
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Introduction and Background 

 
This case presents unique facts compared to the typical Superfund site and remedy selection 
process.  The NECR Mine Site is on Indian trust land (surface only) adjacent to the Navajo reservation 
in northwest New Mexico.  It is not an NPL site.  Although New Mexico is part of EPA Region 6, EPA 
Region 9 has the lead for all Navajo reservation, allotment, and tribal trust lands, including NECR.   
 
Adjacent to NECR is the former UNC Mill Site, which is on UNC privately owned fee property outside 
the reservation.  Because the Mill Site is not on Navajo lands, EPA Region 6 is the lead EPA region.  
UNC has an NRC license for nuclear source materials (and its byproducts) at the Site, including the 
tailings processing area and the tailings ponds, as well as any surface and groundwater impacted by 
radioactive materials.   
 
The Mill Site is on the CERCLA National Priorities List (NPL).  EPA Region 6 has entered into a site-
specific Memorandum of Understanding (MOU) with NRC providing that NRC will take the lead for 
remediation efforts on the surface, and EPA will take the lead on groundwater.  In addition, we are 
aware of a national MOU between EPA and NRC for cooperation for decommissioning and 
decontaminating NRC licensed sites.   
 
We analyze these issues because of the serious implications to implementing the NECR remedy 
should a NRC license amendment be required on the Mill Site.  As our analysis shows, a license 
amendment is not required by CERCLA, as implemented by the National Contingency Plan (NCP).  
Moreover, imposing those requirements here would contravene the fundamental intent of CERCLA to 
expedite cleanups.  This same policy is the basis for the CERCLA permit exemption.  The process by 
which licenses are amended under NRC regulations also would provide a possible opportunity to 
challenge the CERCLA remedy, in contravention of the government’s staunch defense of the bar on 
pre-enforcement review in CERCLA §113(h).  Nor is it necessary:  the type of environmental review, 
public comment and consideration of alternatives that is built into the NRC licensing process is 
already conducted by EPA in its evaluation of response actions under CERCLA.  To the extent that the 
licensing process involves NEPA review, EPA policy (upheld by courts) is that CERCLA provides the 
functional equivalent of NEPA review.  See, e.g., Schalk v. Reilly, 900 F.2d 1091 (7th Cir. 1990); North 
Shore Gas Co. v. EPA, 930 F.2d 1239 (7th Cir. 1991); Oil, Chemical and Atomic Workers International 
Union, AFL-CIO v. Richardson, 214 F.3d 1379 (D.C. Cir. 2000).  
 
We also emphasize the limited purpose of applying the CERCLA permit exemption in this instance.  
The only issue is whether the permit exemption eliminates the need to seek a license amendment 
from the NRC to implement the NECR Mine Site response action.  As to the source and byproduct 
materials currently on the site, , NRC retains its full Atomic Energy Act (AEA) authority (subject to the 
MOUs it has entered into with EPA) to address decommissioning and management. 
     
Analysis of applicability of the CERCLA permit exemption involves several questions.  The first two 
questions address the basic applicability of the permit exemption to the Mill Site remedy, namely, 
whether disposal of the NECR Mine Spoils on the Mill Site is an “on-site” response action, and whether 
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the license amendment itself is a “permit.”  The succeeding questions address whether there is 
anything unique about the jurisdictional relationship between EPA and the NRC at this site that 
affects application of the permit exemption.  Therefore, we address each of these issues in turn: 

 
1. Is the Mill Site “on-site,” within the meaning of the CERCLA permit exemption, for purposes 

of the NECR Mine Site response action? 
 

2. Is the NRC license amendment a “permit” within the meaning of the permit exemption? 
 
3. Does NRC’s jurisdiction over nuclear source and byproduct materials affect the 

applicability of the CERCLA permit exemption? 
 
4. Does the NRC license provision requiring a license amendment for activities “causing 

environmental impact” take precedence over the CERCLA permit exemption? 
 
5.  Do the EPA/NRC MOUs affect applicability of the permit exemption? 

 
1. Is the Mill Site “on-site,” within the meaning of the CERCLA permit exemption, for 

purposes of the NECR Mine Site response action? 
 
Section 121(e), the CERCLA permit exemption, was added to CERCLA in 1986 as part of the Superfund 
Amendments and Reauthorization Act (SARA).  It provides that “[n]o Federal, State, or local permit 
shall be required for the portion of any removal or remedial action conducted entirely onsite.”  EPA 
has consistently interpreted the term “entirely onsite” to include areas near the area of 
contamination that are necessary for implementing the response action.  That is the position that 
EPA took in both the proposed and final amendments to the NCP after SARA.  For example, in the 
proposed amendments, EPA stated that the exemption would apply to action conducted on an area 
not physically contiguous to the site, if that area and the site were “within reasonably close proximity 
to one another.”  Id.  The Agency’s approach was pragmatic, emphasizing the practical need for 
flexibility “in order to provide expeditious response to site hazards.”  53 Fed. Reg. 51406 (Dec. 21, 
1988).   

 
That approach informed the final NCP amendments, as well.  As promulgated, 40 CFR § 400.300(e)(1) 
provides: 
 

No federal, state, or local permits are required for on-site response actions conducted 
pursuant to CERCLA sections 104, 106, 120, 121, or 122.  The term on-site means the areal 
extent of contamination and all suitable areas in very close proximity to the contamination 
necessary for implementation of the response action. 
 

Thus, EPA adopted a two-part test for determining if a response action is “on-site”:  proximity to the 
contamination, and necessity for implementation of the response action. 
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The courts have upheld EPA’s definition of “on-site.”  In the first such case, the NCP amendments 
were challenged in the D.C. Circuit, including specifically EPA’s expansive definition of “on-site.”  Ohio 
v. EPA, 997 F.2d 1520 (D.C. Cir. 1993).  The petitioners argued that “on-site” should be defined with 
“exactly the same parameters as the area of the contamination, essentially paralleling the CERCLA 
definition of a ‘facility.’”   997 F.2d at 1549.  The court rejected that narrow view, and upheld EPA’s 
definition, concluding that in the absence of a statutory definition, EPA’s interpretation was 
reasonable and entitled to judicial deference, especially in light of CERCLA’s goal of expediting 
cleanup of hazardous waste sites.  The court concluded that “[t]he statutory scheme is meant to 
transcend artificial geographical and legal distinctions in order to facilitate remedial action.”  997 
F.2d at 1549.  

In the years following the Ohio case, EPA has broadly applied the NCP definition to bring non-
contiguous areas within the definition of “on-site.”  It is commonplace, for example, for EPA to site 
groundwater pump-and-treat systems at appropriate areas down-gradient from CERCLA sites, 
without getting federal or state air permits.   
 
Perhaps the most expansive example of EPA’s approach arises from the Hudson River NPL site 
remedy in New York.  In that case, the United States defended a Consent Decree challenge by the 
Town of Fort Edward, which argued that the facility to be used for processing Hudson sediments – 
1.4 miles away from the river – was not “on-site.”  Fort Edward complained that this construction 
stripped the town of its permitting and approval authority over siting, construction and operation of 
the processing facility.  The district court entered the Consent Decree over the Town’s objections, and 
on appeal the Second Circuit also rejected the town’s position.  Town of Fort Edward v. United States, 
No. 06-5535-cv (2nd Cir., Jan. 3, 2008).  As explained by the Second Circuit: 

 
While EPA has indicated that “very close proximity” will generally mean adjacent to the 
contamination site, see 55 Fed. Reg. 8666, 8690 (March 8, 1990), it is plain from examples 
cited at the time of the [NCP] regulation’s promulgation that the “very close proximity” 
limitation within the definition of “on-site” was intended to afford EPA some flexibility in 
identifying proximate sites necessary to achieve CERCLA objectives.  [p. 4] 

 
EPA, through the Department of Justice, vigorously defended the Hudson Consent Decree against 
Fort Edward’s challenge.  First, the EPA argued that in the context of the site, 1.4 miles was within the 
NCP criterion of “proximity to the contamination.”  “EPA chose the location for the sediment 
processing/transfer facility in order to maximize remedial efficiency and efficacy, while staying as 
close as possible to the dredging.”  Brief of Plaintiff-Appellee United States in Town of Fort Edward v. 
United States, supra, p. 19.  The government argued that the facility satisfied the NCP criterion of 
necessity as well, based simply on the site’s physical attributes (adequate acreage and proximity to 
rail lines).  Id., pp. 23-24.  Finally, the government argued the need for a broad interpretation of “on-
site”: 

 
EPA’s selection of the Energy Park location for the sediment processing/transfer facility here 
is consistent with the rationale for the regulation defining the term “on-site:” including areas 
in very close proximity to the contamination necessary for the remediation gives EPA the 
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flexibility it needs to deal with sites where it is difficult or impossible to confine remedial 
activities solely to the area of contamination.  [Id., p. 24] 

 
For purposes of implementing the NECR Mine Site remedy, the Mill Site easily fits within the 
administrative and judicial precedent discussed above.  It satisfies the first prong of the NCP 
definition in that the Mill Site is “in very close proximity” to the NECR Mine.  Specifically, the NECR 
Mine Site and the Mill Site are adjacent.  It also satisfies the second prong as well, namely that it is 
“necessary for implementation of the response action.”  It has the necessary physical attributes to 
serve as a disposal location.  Once EPA decides that the Mill Site is the best location for disposal of 
the NECR Mine spoils, it is “necessary” to implement the response action. 

 
For EPA to determine that the Mill Site is not “on-site” for purposes of the implementing the NECR 
Mine Site remedy would be a clear departure from this body of administrative and judicial precedent 
implementing the permit exemption.  It would also be sharply at odds with the position of the 
Department of Justice in the Hudson case and elsewhere.  
 
2. Is the NRC license amendment a “permit” within the meaning of the CERCLA permit 

exemption? 
 

If disposal on the Mill Site is “on-site,” then the next question is whether an NRC license is a “permit,” 
since both CERCLA and the NCP use the word “permit” to describe the exemption.  The terms “permit” 
and “license” are interchangeable.  The Merriam-Webster OnLine Dictionary defines “permit” as “a 
written warrant or license granted by one having authority.”  http://www.merriam-
webster.com/dictionary/permit%5B2%5D (emphasis added).  In addition, longstanding EPA guidance 
makes clear that the CERCLA permit exemption includes all forms of administrative requirements, not 
just those actually labeled as “permits.”  EPA explained the distinction between substantive and 
administrative requirements in its guidance document “CERCLA Compliance with Other Laws 
Manual,” at pages 1-11 to 1-12: 

 
Section 121(e) of CERCLA codifies EPA’s earlier policy that onsite response actions may 
proceed without obtaining permits.  This permit exemption allows the response action to 
proceed in an expeditious manner, free from potential lengthy delays of approval by 
administrative bodies.  This permit exemption applies to all administrative requirements, 
whether or not they are actually styled as “permits.”  [Emphasis added.] 
 

      * * * 
 

Administrative requirements are those mechanisms that facilitate the implementation of the 
substantive requirements of a statute or regulation. Administrative requirements include the 
approval of, or consultation with, administrative bodies, consultation, issuance of permits, 
documentation, reporting, recordkeeping, and enforcement.  In general, administrative 
requirements are made effective for purposes of a particular environmental or public health 
program. 
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The requirement to obtain or amend a license from the NRC is an “administrative requirement” in 
that it facilitates the implementation of the substantive requirements of the NRC’s regulatory 
program.  As a result, it squarely fits within EPA’s definition of “permit.”  Further, given that EPA has 
identified the substantive requirements of any license amendment as ARARs, there can be no 
concern that the public would lose any protective conditions that would otherwise be imposed 
through the license process.  

3. Does NRC’s jurisdiction over nuclear source and byproduct materials affect the 
applicability of the CERCLA permit exemption? 

NRC is authorized to issue licenses for source materials and byproduct material under the AEA and 
implementing regulations.   NRC’s regulations establish specific criteria for the reclamation and final 
decommissioning of tailings and other regulated wastes produced by the milling process, and for the 
license termination process.  Nothing in the AEA or NRC’s licensing regulations precludes the 
application of the CERCLA § 121(e) permit exemption to NRC licensed sites.  Nor does CERCLA provide 
any type of special exception to the permit exemption for NRC-regulated facilities.  Thus, the CERCLA 
permit exemption should still apply to a CERCLA response action.   
 
4. Does the NRC license provision requiring a license amendment for activities “causing 

environmental impact” take precedence over the CERCLA permit exemption? 

UNC’s Mill Site source materials license from NRC provides:  

Before engaging in any activity likely to cause an environmental impact not previously 
assessed by the NRC, the licensee shall prepare and record an environmental evaluation of 
such activity. When the evaluation indicates that such activity may result in a significant 
adverse environmental impact that was not previously assessed or that is greater than that 
previously assessed, the licensee shall provide a written evaluation of such activities, and 
obtain prior approval of the NRC in the form of a license amendment. 

NRC Source Materials License, Condition 13.   This license condition does not require a license 
amendment to place NECR spoils at the Mill Site.  The EPA/NRC National MOU requires NRC to defer 
to EPA when, like here, EPA is undertaking CERCLA actions involving hazardous substances that are 
outside of NRC’s jurisdiction.  Because the NECR mine spoils are not source or byproduct materials 
subject to NRC’s regulatory jurisdiction (see response to Issue #1 above), disposal of those materials 
incident to EPA’s CERCLA remedy at the Mine Site is not subject to license requirements.   
 
The process for obtaining an NRC license amendment is lengthy and complicated:  
 
(1)  In its application, UNC would have to make a showing on how the proposed change in the 
license would affect the safety of workers, the public and the environment.  We believe that this is 
already addressed through the CERCLA remedy process criteria.  
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(2)  UNC then would be required to develop and submit an “Environmental Report” analyzing the 
environmental impacts of alternatives.  Again, this has already been addressed through the CERCLA 
process, including evaluation of the NCP criteria.   
 
(3)  UNC would then have to conduct a NEPA process, which is lengthy and subject to judicial 
challenge.   As noted, CERCLA provides the functional equivalence of NEPA review.   
 
(4) NRC would conduct a public consultation process, similar to the efforts already made by EPA 
in its stakeholder meetings and discussions with other agencies. 
 
(5)  NRC would then make a determination as to whether the proposed amendment has a 
“significant impact” on the environment, findings that EPA will make in its Action Memorandum.  The 
NRC’s determination, however, is typically subject to judicial challenge.  That would set up a clear 
conflict between judicial review of NRC license decisions and the CERCLA bar on pre-enforcement 
review of any remedy challenge.  
 
This process could take a year and likely longer, during which time the NECR remedy would be in 
limbo and little if any work would proceed.  Because these considerations are already addressed in 
the CERCLA process, there is no justification for such delay or for opening up a potential avenue for 
pre-enforcement judicial review of a CERCLA remedy.   
 
5. Do the EPA/NRC MOUs affect the applicability of the CERCLA permit exemption?  

EPA and NRC have entered into two MOUs that pertain to the Mill Site.  In 2002, EPA and NRC entered 
into a national, non-site specific MOU regarding “Consultation and Finality on Decommissioning and 
Decontamination of Contaminated Sites” (the “2002 MOU”).    In 1988, EPA Region 6 and NRC Region 9 
entered into a site-specific MOU addressing “Remedial Action at the UNC-Churchrock Uranium Mill,” 
53 Fed. Reg. 37887-37889 (September 28, 1988) (the “Mill Site MOU”).  The 2002 MOU supports the 
proposition that a license amendment is not required for disposal of NECR mine spoils at the Mill Site, 
and the Mill Site MOU does not address the unique circumstances presented by the NECR Mine Site 
remedy.  

A. The 2002 MOU 

The 2002 MOU applies when a facility is licensed by the NRC and is undergoing decommissioning 
and decontamination, or has completed decommissioning and the NRC has terminated its 
license.  2002 MOU, p.1; see OERR Memorandum Distributing MOU Between EPA and NRC, p.1 
(October 9, 2002) (OSWER No. 9295-8-06a) (the “OERR Memorandum”) (“This MOU is limited to the 
coordination between EPA, when acting under its Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) authority, and NRC, when a facility licensed by the NRC is 
undergoing decommissioning, or when a facility has completed decommissioning, and the NRC has 
terminated its license.”).  The OERR Memorandum notes,  

[T]he MOU does not address EPA’s role at sites that are being addressed under CERCLA (e.g., a 
site where a removal action is occurring or that is listed on the National Priorities List (NPL)) or 
under RCRA Corrective Action authorities, except when NRC is decommissioning a facility or 
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when NRC has completed decommissioning a facility and terminated its license at the same 
site. The MOU provides new guidance only when EPA, acting under CERCLA authority, and 
NRC need to consult during the decommissioning and decontamination process as part of 
NRC’s license termination of a facility.  [Emphasis added.]  

It further states: 

The MOU does not govern how response actions (e.g., removal or remedial) are conducted 
under CERCLA authority at either NPL or non-NPL sites. Response actions conducted under 
CERCLA authority should continue to use the CERCLA response action approach.  
[Emphasis in original.] 

Id., Section II, Limits to MOU Applicability at CERCLA Sites.    

Under the unique facts of this situation, the Mill Site would be brought into the response action as a 
disposal site; the action is not designed to address conditions at the Mill Site.  The disposal of NECR 
mine spoils is a CERCLA response action that “should continue to use the CERCLA approach.” The 
permit exemption is an integral part of the CERCLA approach.  

Further supporting this view, EPA and NRC agreed that EPA will not defer to NRC when EPA is 
addressing materials that are outside of NRC’s jurisdiction.  The 2002 MOU provides:  

NRC will defer to EPA regarding matters involving hazardous materials not under NRC’s 
jurisdiction. 

     **** 

EPA will resolve any CERCLA concerns involving hazardous substances outside of NRC’s 
jurisdiction at NRC licensed sites, including concerns involving hazardous constituents that 
are not under the authority of NRC.  

NRC has previously determined that the material remaining at NECR is not byproduct material.  See 
Garcia, Pete J., NRC Memorandum dated October 31, 1989, “Cleanup of Tailings at the Northeast 
Church Rock Mine.”1  EPA confirms in the draft EE/CA that “[NECR mine wastes] would not be 
classified under Title II [of UMTRCA].”  The NECR mine spoils are also not source material.  10 C.F.R. 
§40.4; See New Mexico Mining Commission v. UNC,57 P.3d 862 (N.M. App. 2002)(holding that “neither 
the unrefined and unprocessed ore [at the NECR Mine Site nor UNC’s activities with respect to the 
unrefined and unprocessed ore were regulated by NRC.)  Therefore, the NECR mine spoils are 
“outside of NRC’s jurisdiction” despite being at the NRC licensed site, and as such, any lead given to 
NRC in the 2002 MOU would not extend to the disposal of NECR mine spoils under EPA’s CERCLA 
action.  

  

                                                           
1 “Based on the equilibrium ratio and U-nat data provided by the licensee, the staff concludes that UNC has 
adequately removed remaining byproduct material from the mine site.  No further action is therefore 
necessary.” 
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B. The Mill Site MOU 
 
Under the Mill Site MOU, NRC is the lead regulatory agency for byproduct material (tailings) 
reclamation and closure activities.  EPA ensures ARARs are attained, and is the lead for addressing 
groundwater outside the disposal area.  Despite this division of responsibility for remediation of the 
Mill Site, each agency retains responsibility for assuring compliance with its specific regulatory 
requirements.  EPA and NRC agree to cooperate in the oversight of reclamation and remedial activity 
at the UNC site.   
  
Because the MOU is limited to determining reclamation and closure activities for the NRC-regulated 
materials at NRC licensed areas, the MOU is not dispositive here, where the activity in question is a 
remedy for the NECR Mine Site, a non-NRC regulated site.   Although the area for disposal of NECR 
materials is at the NRC licensed site, any effect of the NECR remedy on the Mill site reclamation and 
closure will be addressed through imposition of substantive requirements of a license amendment in 
the ARAR process for the NECR remedy.   Thus, the NECR removal action, including disposal of NECR 
Mine spoils at the Mill Site, is distinguishable from the remedial action occurring at the Mill Site.  
  

Broader Implications 
 

As the discussions regarding the MOUs indicate, EPA in certain circumstances has deferred to NRC 
jurisdiction over licensed materials, although for the Mill Site, EPA has already made an exception to 
the deferral policy by placing the site on the NPL.  Beyond that, the facts here are truly unique, and 
do not fit into the paradigm contemplated by the MOUs or NRC licensing requirements.  This is not a 
decision on how to remediate conditions at the Mill Site.  It is a decision to conduct a response action 
at the NECR site that will use the Mill Site as an effective disposal area.  As a result, decision-making 
for this response action should be driven by the fundamental principles governing CERCLA actions, 
namely to expedite cleanups and avoid procedural delays imposed by permitting requirements.  The 
salient points supporting the conclusion that the CERCLA permit exemption precludes the need for 
an NRC license amendment are: 
 

• The NRC license governs the reclamation and closure of NRC regulated materials at the Mill 
Site only;  not CERCLA actions for the NECR mine site that may occur on part on the Mill Site. 

 
• Under the 2002 national MOU, NRC should defer to EPA and EPA’s CERCLA approach for the 

NECR site, including the permit exemption provision.   
 
• The Mill Site MOU speaks only to the reclamation and decommissioning process for the Mill 

Site NRC regulated materials, not to CERCLA remedies for the adjacent NECR. 
 
• Requiring a license amendment, with its NEPA process and potential opportunity for litigation, 

would duplicate the EE/CA environmental review process and risks circumventing the CERCLA 
bar on pre-enforcement review. 
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• A determination by EPA that the Mill Site is not “on-site” for purposes of the permit exemption 
would be wholly inconsistent with the United States’ legal position in the Hudson River case, 
the NCP, and EPA guidance.  

 
• Requiring a license amendment would significantly delay the implementation of the NECR 

remedy, in contravention of a basic tenet of CERCLA:  expediting CERCLA response actions.  
 
• Any substantive requirements of a license amendment will be incorporated through the 

ARARs process, thus ensuring the same protections as if an amendment were obtained, but in 
a more expedited and efficient way. 

  
GE is convinced that the permit exemption in CERCLA §121(e) applies to any NECR remedy that 
would include disposal at the Mill Site.  Given the uniqueness of this situation, we do not see any 
precedential impacts on the national level or any conflict with the MOUs that are currently in place. 
 
I hope you find this helpful. We would be more than happy to discuss this with you and answer any 
questions you may have. 
 
Sincerely, 
 
 
 
Jane W. Gardner 
Senior Counsel/Strategic Advisor 
 
 
 cc:   Randy McAlister, GE 
 Roger Florio, GE 
 Gene Lucero, Latham & Watkins 
 Sam Gutter, Sidley Austin 
 Robert Lawrence, Davis Graham & Stubbs 
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EXECUTIVE SUMMARY 
The Northeast Church Rock (NECR) Mine Site is to be closed and reclaimed in 
accordance with the Comprehensive Environmental Response, Compensation 
and Liability Act (CERCLA) and consistent with the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP).  EPA has published guidance in 
its 1993 “Guidance on conducting Non-Time-Critical Removal Actions under 
CERCLA.”  An Engineering Evaluation/Cost Analysis (EE/CA) was prepared by 
the United States Environmental Protection Agency (EPA), Region 9 to evaluate 
Non-Time-Critical Removal Action (NTCRA or “removal action”) alternatives for 
soil and sediment (mine wastes) at the Northeast Church Rock (NECR) Mine 
Site.  The preferred alternative from this EECA includes excavation and removal 
of mine soil waste from designated areas; deposition of this material on an 
existing disposal cell or construction of a repository on the mill facility and 
covering this soil with an approved cover system.  It also includes transporting 
removed principal threat mine waste off-site to an off-site landfill such as that 
located in Grandview, ID.  All disturbed areas are then to be revegetated and 
stabilized against erosion and storm water.   
This paper describes an Evapotranspiration (ET) Cover System that is capable of 
meeting the stated design objectives described in the EECA while producing a 
net zero flux.  The ET cover concept is described in section 2.  The expected 
performance of the cover system is based on: 

1. Unsaturated flow modeling described in section 3; 
2. Natural analog studies described in section 4; and 
3. Applicable field data described in section 5. 

Modeling was performed to evaluate an ET Cover profile utilizing native soil and 
vegetation and typical climate data for the site.  The results demonstrated that a 
soil profile less than 2-ft (61 cm) thick will produce a net zero flux.  That is, no 
precipitation will penetrate the cover and move into the underlying buried mine 
soil waste.  Because the design requires long-term effectiveness, extreme 
climate conditions were also evaluated.  The wettest year on record that occurred 
in 1906 produced more than double the average precipitation volume for the 
year.  Using this weather data, a cover profile less than 3-ft (91 cm) thick using 
the coarsest soils tested would also produce a net zero flux.  Further sensitivity 
analyses using very conservative assumptions demonstrated that even if the 
wettest year on record occurred in consecutive years that a cover profile less 
than 3-ft (91 cm) would still produce a net zero flux. 
Natural analog studies performed at the site provide evidence that the effective 
maximum penetration depth for precipitation for typical climatic conditions is less 
than 2-ft (61 cm).  Calcium carbonate and gypsum were identified in significant 
concentrations at a depth of about 18-in (45 cm) revealing that these salts 
generally precipitated out at this maximum soil depth.  Furthermore, native 
vegetation rooting depths were also found within this upper 18-in (45 cm) of soil 
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reinforcing that this is the maximum depth of precipitation infiltration for typical 
site conditions. 
Finally, a summary of applicable field data was provided that demonstrated an 
ET Cover will outperform a prescriptive cover containing a clay barrier layer and 
geosynthetic membrane at this site.  The ET Cover will also provide more 
stability and longer-term performance than a cover containing a product with a 
limited lifespan. 
This paper summarizes the evaluation of a conceptual ET cover profile for 
hydraulic performance only based on a combination of measured field data, data 
from the literature, and assumed values.  This paper does not describe a final 
cover design.  The data used to evaluate the cover profile will be refined for final 
design.  Furthermore, the final cover profile will be enhanced to include erosion 
resistance and biointrusion protection as warranted. 
 
 
1.0 INTRODUCTION 
An Engineering Evaluation/Cost Analysis (EE/CA) was prepared by the United 
States Environmental Protection Agency (EPA), Region 9 to evaluate Non-Time- 
Critical Removal Action (NTCRA or “removal action”) alternatives for soil and 
sediment (mine wastes) at the Northeast Church Rock (NECR) Mine Site.  The 
site is located about 16 miles northeast of Gallup in McKinley County, New 
Mexico.  The site is a semi-arid climate averaging about 12-inches of 
precipitation per year at an elevation of about 7000-ft above sea level.  The 
vegetation is generally categorized as a pinyon-juniper landscape with shrubs 
and native grasses.  The near surface soil is predominantly a clay loam. 
The NECR mine was an underground Uranium mine active from 1968 to 1982, 
when it went to stand-by status. The primary ore mined was coffinite. The 
primary elements of the Preferred Alternative from the EECA include:  

• Excavation and transport of all mine waste soil with radium above 2.24 
pCi/g (10-4), except in the ponds, where we would excavate to a 
maximum depth of 10 feet; · The waste to be consolidated includes ore 
and protore, waste rock, building foundations and adjacent soil, and 
contaminated sediment; · Consolidation of the mine wastes with a cap and 
liner in an existing disposal cell on the UNC mill site, or construction of a 
new cell at the UNC mill facility currently under license by the U.S. Nuclear 
Regulatory Commission (NRC); 

• Principal threat mine wastes taken to an off-site licensed controlled 
disposal facility, such as at Grandview, ID, or an alternative appropriate 
facility. For waste with total Uranium concentrations exceeding 500 mg/kg, 
it may be viable to reprocess the waste at the White Mesa Mill in Utah or a 
similar mill; 
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• Site restoration with erosion and storm water controls, regrading and 
revegetation for future grazing; and 

• Long-term maintenance for capped repository, which would occupy an 
estimated 30 acres and would become part of DOE’s legacy management 
program in perpetuity. 

According to the EE/CA, if an agreeable design cannot be completed due to 
administrative or technical issues, then the NECR wastes could be placed in a 
new, separate repository on the UNC Mill Site. This would require a release of 
property currently under NRC oversight. In this case, the PRSC responsibility of 
a new repository would remain with EPA. 
 
1.1 Regulatory Status 
EPA identified a list of Applicable, Relevant and Appropriate Requirements 
(ARARs) for the site in the EECA.  As stated in the EECA, the main objective of 
this removal action is to mitigate risks posed to human health and the 
environment by on-site contamination and to restore the land for use by nearby 
residents and the Navajo Nation. EPA’s characterization of the Site identified the 
primary environmental concern to be radiological contamination. According to 
EPA, the presence of Radium and Uranium could pose a risk to the air quality by 
emitting radon, alpha, beta and gamma radiation. Persons traversing the Site 
may be exposed to contaminated dust by inhalation or ingestion of contamination 
adsorbed to particulate matter. Incidences of direct contact with natural and 
mechanically generated dust during these activities account for known 
contamination exposure scenarios faced at the Site. According to the EPA’s 
NECR Removal Site Evaluation Report (RSE) radium is present in significantly 
elevated concentrations in soil and sediment.  Because the contaminants have 
been transported via wind and water processes to areas around or adjacent to 
the site, humans, EPA states that plants and animals may experience exposures 
through the food chain, air or surface or groundwater. 
Stated objectives from the EECA for the cover system to be deployed over the 
deposited mine soil waste include: 

• Cover longevity; 
• Radon attenuation; 
• Rooting medium; 
• Minimize flux; 
• Minimize erosion; 
• Limit biointrusion. 

 
 
2.0 ET COVER CONCEPT 
An ET Cover consists of a single, vegetated soil layer constructed to represent 
an optimum mix of soil texture, soil thickness, and vegetation cover (Dwyer et al 
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2006).  The ET Cover is a monolithic soil layer that has adequate soil water 
storage capacity to retain any infiltrated water until it can be removed via ET 
(Figure 1).  ET Covers have been deployed throughout the country and are 
currently the predominate cover systems in arid and semi-arid climates.  The 
EPA maintains a fact sheet on ET Covers available on the internet 
(http://www.clu-
n.org/download/remed/epa542f03015.pdf#search='evapotranspiration%20epa%2
0fact%20sheet). 

Runoff

Transpiration

ET

Topsoil/Surface Treatment

Soil

Precipitation

 
Figure 1 

Typical ET Cover Profile 
 
The ET Cover is based on the “store and release” concept whereby the cover soil 
is designed to act like a sponge.  Any infiltrated water is held in this “sponge” until 
it can be released via ET.  ET is defined as the combination of evaporation from 
the soil surface and transpiration through vegetation.  Previous research has 
shown that a simple soil cover can be very effective at minimizing percolation 
and erosion (Khire 1995, Scanlon et al. 2002, Dwyer 2003, Benson et al, 2005, 
Dwyer et al 2006).   

Evaporation 
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ET provides the mechanism to remove stored water from the cover soil layer.  
Water can move upward in response to matric potential gradients induced from 
evaporation drying the upper portion of the cover soil layer.  Matric potential 
gradients can be many orders of magnitude greater than the gradient component 
due to gravity.  Evaporation from the surface will decrease the water content and 
increase the matric potential of the soil, resulting in an upward matric potential 
gradient and inducing upward flow. 
Plant transpiration also relies upon matric potential gradients to remove water 
from the cover soil layer.  Figure 2 shows the large matric potential difference 
between the soil and atmosphere.  In dry environments, the total potential 
difference between soil moisture and atmospheric humidity can be up to 1000 
atmospheres (bars) (Hillel 1998).  The largest portion of this overall potential 
difference occurs between the leaves and the atmosphere.  The larger the soil-
plant-atmosphere potential gradient, the more effective an ET Cover System can 
be.  For this reason, well-vegetated cover systems are very effective in regions 
where the demand for water is greater than the supply of water because these 
regions are characterized by large potential evapotranspiration compared to 
precipitation. 
 

Leaves
(-15 bar)

Air (up to -1000 bar)

Stem

Crown

Roots (-3 bar)

Soil Water (-0.3 bar)

 
Figure 2 

TYPICAL SOIL-PLANT-ATMOSPHERE WATER POTENTIAL VARIATION  
(Hillel 1998) 
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In summary, ET covers are composed of natural soils and strive to mimic natural 
processes as opposed to trying to resist them as is the case with prescriptive 
engineered barrier systems.  For this reason ET covers are well suited to perform 
over the long-term which is a key goal of any final cover system. 
The primary reason ET Covers perform well in dry climates such as the NECR 
site is that the demand for water referred to as potential evapotranspiration (PET) 
is much greater than the supply of water or precipitation.  Figure 3 shows a 
graphical representation of the site’s PET versus precipitation for each month of 
an average precipitation year.  It can be seen that the demand for water is 
greater for all months than the supply of water.   
 

 
Figure 3 

MONTHLY PRECIPITATION VS. PET FOR FT. WINGATE, NM 
 
 
3.0 MODELING 
Historically, HELP (Schroeder et al, 1994) has been the software utilized to 
predict water balance in landfill systems including the final cover.  However, it is 
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now recognized that this software has its limitations (ITRC 2003).  Software more 
applicable for the analyses of water flow within an alternative earthen cover 
system is based on the Richard’s Equation (ITRC 2003).  The Richards Equation 
is as follows: 
 

 

Where: 

K is the hydraulic conductivity,  

ψ is the pressure head,  

z is the elevation above a vertical datum,  

θ is the water content, 

t is time, and  

 
 
UNSAT H (Fayer 2000) has been one of the most commonly used unsaturated 
flow packages for soil cover designs and was therefore used in this exercise to 
predict the water balance through the cover profile.  UNSAT H is an unsaturated 
modeling software that was designed specifically for earthen covers.  It has been 
recommended for use on alternative earthen covers in the ITRC (2003) and EPA 
(2004) design guidance documents.   
UNSAT H was used to determine a cover profile based on the Dwyer et al (2006) 
“Point of Diminishing Returns.”  This method addresses the intent of landfill 
closure regulations regarding minimization of flux through the cover system.  The 
cover profile is modeled utilizing an upper boundary condition composed of site-
specific climate data; the minimum depth of cover soil is established at the point 
where flux is minimized or steady state conditions are established.  This depth is 
considered the minimum cover depth required to minimize percolation.  That is, 
the cover’s “point of diminishing returns” is established at a depth whereby an 
additional inch of soil will no longer reduce the flux through that cover profile.   
 

3.1 OVERVIEW OF UNSAT-H 
UNSAT-H has been used to design many recent alternative earthen cover 
designs (Dwyer 2003).  UNSAT-H is a one-dimensional, finite-difference 
computer program developed at the Pacific Northwest National Laboratory by 
Fayer and Jones (1990).  UNSAT-H can be used to simulate the water balance 
of earthen covers as well as soil heat flow (Fayer 2000).  UNSAT-H simulates 
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water flow through soils by solving Richards' Equation and simulates heat flow by 
solving Fourier's heat conduction equation. 
A schematic illustration showing how UNSAT-H computes the water balance is 
shown in Figure 4.  UNSAT-H separates precipitation falling on an earthen cover 
into infiltration and overland flow. The quantity of water that infiltrates depends on 
the infiltration capacity of the soil profile immediately prior to rainfall (e.g., total 
available porosity).  Thus, the fraction of precipitation shed as overland flow 
depends on the saturated and unsaturated hydraulic conductivities of the soil 
included in the final cover.  If the rate of precipitation exceeds the soil’s infiltration 
capacity, the excess water is shed as surface runoff. UNSAT-H does not 
consider absorption and interception of water by the plant canopy or the effect of 
slope and slope-length when computing surface runoff since it is a 1-dimensional 
model. 
 
 

Surface Layer 

           Node 

Barrier Layer 

Flux:
Rate of infiltration, if raining, or  
Rate of evaporation, if not raining 

Percolation 

Precipitation Evaporation 

Overland Flow 

UNSAT-H MODEL 

z 

D 

Boundary Condition (z = 0, t > 0): 

Governing Partial Differential Equation: 
∂ψ ∂θ −∂ 

∂τ ∂ z= KT ∂ z -S(z,t) Κψ q vT + +

Boundary Condition (z = D, t  > 0): 

Unit Gradient: ∂ψ 
∂ z = 0 

 
Figure 4 

SCHEMATIC REPRESENTATION OF WATER BALANCE COMPUTATION BY 
UNSAT-H (modified from Khire 1995) 

 
Water that has infiltrated a soil profile during an UNSAT-H simulation moves 
upward or downward as a consequence of gravity and matric potential.  
Evaporation from the cover surface is computed using Fick's law.  Water removal 
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by transpiration of plants is treated as a sink term in Richards' equation.  
Potential evapotranspiration (PET) is computed from the daily wind speed, 
relative humidity, net solar radiation, and daily minimum and maximum air 
temperatures using a modified form of Penman's equation given by Doorenbos 
and Pruitt (1977).  Soil water storage is computed by integrating the water 
content profile.  Flux from the lower boundary is via percolation.  UNSAT-H, 
being a one-dimensional program, does not compute lateral drainage. 
 
3.2 INPUT PARAMETERS 

A set of input parameters were developed for simulations using UNSAT-H for the 
ET cover profile.  These parameters were developed based on field and 
laboratory measurements, values from the literature, and assumed values.  This 
data will be refined for the final cover design.  The cover profiles modeled were 
1-dimensional and conservatively assumed to be flat.  This is a conservative 
assumption since the planned deployment of the soil cover profiles is on sloped 
surfaces where infiltration is decreased because some of the precipitation 
contacting the surface runs off.  
 
3.2.1 MODEL GEOMETRY 

The model geometry was based on the expected depth of the cover system.  
Multiple soils were evaluated based on field measurements made in borrow 
areas 1 and 2 (Figure 5).  

 
Figure 5 

Borrow Site Locations 

Borrow 1

Borrow 2
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3.2.2 BOUNDARY CONDITIONS 

The profiles were modeled multiple times using various climate data as an upper 
boundary condition.  Weather data available through the United States 
Department of Commerce, National Climate Data Center was evaluated 
(http://cdo.ncdc.noaa.gov/pls/plclimprod/poemain.accessrouter?datasetabbv=SO
D&countryabbv=&georegionabbv=).  There were five nearby weather stations 
utilized from Ft. Wingate to Gallup, NM.  These data sets provided for weather 
from 1896 to the present.  Two climate scenarios were initially evaluated: (a) 
average climate year (1949) consisting of an annual precipitation of 11.7 inches 
(29.7 cm) of precipitation distributed similar to that found in figure 3; and (b) an 
extreme climate scenario consisting of the wettest year on record (1906) with an 
annual precipitation of 23.8 in (60.4 cm) of precipitation.  This extreme year 
represents a year with more than double the average annual precipitation for the 
site.  The National Climate Data Center summary for the site stated that the 
wettest year on record occurred in 1941 and was 21.5 in (54.7 cm) of 
precipitation, but a detailed analysis of the daily values found that the year of 
1906 was more extreme.  The precipitation depth in 1906 was 23.8 in (60.4 cm).  
The PET during this period was calculated via New Mexico State University’s 
Potential and Actual Crop Evapotranspiration Wizard.  This software package 
available on the internet at http://weather.nmsu.edu/pet/JS_pet.htm was utilized 
to calculate daily PET values based on the daily weather data from 1997.  The 
maximum and minimum daily temperatures, daily precipitation value, site latitude, 
and a site specific calibration coefficient of 0.16 were input parameters used to 
calculate PET (Samani and Pessarkli, 1986).  The Samani method used to 
calculate PET correlates very well with the Penman method utilized within 
UNSAT H (Samani and Pessarkli, 1986).   

The flow of water across the surface and lower boundary of the cover profile of 
interest is determined by boundary condition specifications.  For infiltration 
events, the upper boundary was set to a maximum hourly flux (representative of 
local conditions).  For these runs it was conservatively set to 0.4 inches (1 cm) 
per hour that produced minimal runoff while maximizing infiltration.  The UNSAT-
H program partitions PET into potential evaporation (Ep) and potential 
transpiration (Tp).  Potential evaporation is estimated or derived from daily 
weather parameters (Fayer 2000).  Potential transpiration is calculated using a 
function (Equation 1) that is based on the value of the assigned leaf area index 
(LAI) and an equation developed by Ritchie and Burnett (1971) as follows: 

Tp = PET [a + b(LAI)c]  where d ≤ LAI ≤ e Equation 1 
where: 

a,b,c,d, and e are fitting parameters; 
a = 0.0, b = 0.52, and c = 0.5, d = 0.1, and e = 2.7 (Fayer 
2000) 
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The UNSAT-H program then partitioned the daily PET values into Ep and Tp.  Tp 
was calculated using a function developed by Equation 1 above.  The PET or 
climatic demand for water versus the amount of rain is graphically presented 
above in Figure 3 for an average climate year. 
The lower boundary condition used was set as a unit gradient.  This boundary 
condition was placed deep in the soil profile modeled; well beneath the cover and 
any transient moisture activity to ensure it had no impact on predicting the depth 
that produces the “point of diminishing returns”. 
 

3.2.3 VEGETATION DATA 
Vegetation will generally increase ET from the cover because a plant’s matric 
potential or suction is orders of magnitude higher than that of the soil (Figure 2).  
The input parameters representing vegetation include the LAI, rooting depth and 
density, root growth rate, the suction head values that corresponds to the soil’s 
field capacity, wilting point, and water content above which plants do not 
transpire because of anaerobic conditions.  The onset and termination of the 
growing season for the site are defined in terms of Julian days.  A percent bare 
area is also defined in the UNSAT H model and is often based on visual 
observation of undisturbed areas near the evaporation ponds.  The maximum 
rooting depth should be based on expected vegetation characteristics.  The root 
length density (RLD) in UNSAT H is assumed to follow an exponential function 
such as that defined in Equation 2: 

RLD = a exp(-bz) + c Equation 2 
where: 

a,b, and c are fitting parameters 
z = depth below surface 

The parameters used for the RLD functions in Equation 2 were: a = 0.315, 
b=0.0073, and c = 0.076 (Fayer 2000).  The time required for maximum rooting 
depth establishment was set at full depth beginning on day 1.  The rooting depth 
was conservatively set at 2-feet (60 cm) based on field observations.  This is very 
conservative given roots from pinyon and juniper as well as the native shrubs 
and grasses can easily reach depths much greater than this.  
An average LAI of 1.8 was used (Dwyer 2003).  The onset and termination of the 
growing season for the site were Julian days 75 and 299, respectively.  The LAI 
was transitioned from 0 to 1.8 starting with Julian day 75 to 135.  Day 135 
through 250, the full LAI equal to 1.8 was utilized.  The LAI was then transitioned 
down from 1.8 to 0 from Julian day 250 to 299.  This was conservative since it is 
realistic that plants can transpire year round at this site.  An average percent 
bare area of 75% was used in the UNSAT H model based on visual observation 
of native vegetation in the surrounding area.  The assumed percent bare area of 
75% essentially reduces the maximum LAI to 0.45 (25% of 1.8). 
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3.2.4 SOIL PROPERTIES RELATED TO VEGETATION 
Suction head values corresponding to the wilting point, field capacity, and a head 
value corresponding to the water content above which plants do not transpire 
because of anaerobic conditions were defined.  Matric potential or suction heads 
are generally written as positive numbers, but in reality are negative values.  
Consequently, the higher the value, the greater the soil suction.  The maximum 
water content a soil can hold after all downward drainage resulting from 
gravitational forces is referred to as its field capacity.  Field capacity is often 
arbitrarily reported as the water content at about 10.8 ft (330-cm) of matric 
potential head (Jury et al. 1991).  Below field capacity, the hydraulic conductivity 
is assumed to be so low that gravity drainage becomes negligible and the soil 
moisture is held in place by suction or matric potential. 
Not all of the water stored in the soil can be removed via transpiration.  
Vegetation is generally assumed to reduce the soil moisture content to the 
permanent wilting point, which is typically defined as the water content at 656.2 ft 
(20,000 cm) of matric potential head for native grasses.  This 656.2 ft (20,000 
cm) value was conservatively used although some shrubs present near the site 
could remove water from the soil to a suction of 3280.8 ft (100,000 cm) (Hillel 
1998).  Evaporation from the soil surface can further reduce the soil moisture 
below the wilting point toward the residual saturation, which is the water content 
at an infinite matric potential.  The head corresponding to the water content 
below which plant transpiration starts to decrease was defined as 32.2 ft (1000 
cm) (Fayer 2000).  The head value corresponding to the water content above 
which plants do not transpire because of anaerobic conditions was defined at 4-
in (10 cm) based on the assumed moisture characteristic curves for the utilized 
soil hydraulic properties. 
 

3.2.5 SOIL PROPERTIES 
Two separate borrow sources were evaluated for use as cover soil.  The particle 
size characteristics of these soils are summarized in table 1. 

Table 1 
SUMMARY OF PARTICLE SIZE CHARACTERISTICS1 (AMEC 2008) 

Description  Gravel Coarse 
Sand 

Medium 
Sand 

Fine 
Sand 

Silt Clay USDA 
Classific
ation 

Borrow 1 0 0.2% 1.4% 34.2% 30.5% 33.6% Clay 
Loam 

Borrow 2 0 0 2.6% 43.6% 24.1% 29.6% Sandy 
Clay 
Loam 

1ASTM C422-63 
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Soil hydraulic properties were obtained based on grain size distributions of soil 
samples summarized in AMEC (2008).  This data was then used to classify the 
soil according to the United States Department of Agriculture (USDA) soil 
classification system (Table 1 and Figure 6).  Data from Rawls et al (1982) was 
then utilized for the classified soils to determine their unsaturated and saturated 
hydraulic properties (Table 2).  For the final cover design, these properties will be 
laboratory and/or field measured for the specific borrow soil to be used.  For this 
conceptual cover profile evaluation, it was felt that values from the literature for 
the specific soils planned for use in the cover system should be satisfactory to 
provide an indication of cover performance.   

 
Figure 6.  USDA Soil Classification 

Sand: Soil particles between 0.05 and 2.0 mm in size 
Silt: Soil particles between 0.002 mm and 0.05 mm 

Clay: Soil particles smaller than 0.002 mm (2 microns) in size  
 
The Mualem conductivity function was used to describe the unsaturated 
hydraulic conductivity of the soils.  The van Genuchten ‘m’ parameter for this 
function is assumed to be‘1-1/n’; ‘n’ being one of the established van Genuchten 
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parameters.  The initial soil conditions were expressed in terms of suction head 
values that correspond to the average moisture content between each soil layer’s 
field capacity and permanent wilting point determined from each respective soil 
layer’s moisture characteristic curve.  The initial suction value for cover soil 
modeled UNSAT H was set at a value of 10,000 cm (Table 2).  To help minimize 
any biases associated with the assumed initial suction value for the cover soil, 
the average precipitation year was modeled for 10 consecutive years using the 
final year to report predicted results. 
 

Table 2 
SOIL HYDRAULIC PROPERTIES (Rawls et al 1982) 

Van Genuchten Parameters 
Soil 

Depth 
BGS1 

Ksat 
(cm/hr) θs θr 

α 
(1/cm) n 

Borrow 1 0 to 6 in 2.3E+01 0.075 0.39 0.039 1.194 

 6 to 18 in 2.3E+00 0.075 0.39 0.039 1.194 

 below 18 in 2.3E-01 0.075 0.39 0.039 1.194 

Borrow 2 0 to 6 in 4.3E+01 0.068 0.33 0.036 1.25 

 6 to 18 in 4.3E+00 0.068 0.33 0.036 1.25 

 below 18 in 4.3E-01 0.068 0.33 0.036 1.25 
1 BGS = below ground surface 

 
Each soil type {clay loam and sandy clay loam}, was individually modeled to 
determine its applicability as a cover soil.  It is understood that hydraulic 
properties such as a soil’s initial saturated hydraulic conductivity can change with 
time, often increasing in response to external factors such as wet/dry cycles, 
freeze/thaw cycles, and biointrusion (Dwyer 2003).  The computer simulations 
performed attempted to take these potential future soil changes into account by 
altering the hydraulic conductivity value of the given soil texture based on its 
depth below ground surface (BGS).  Initial runs for each soil type consisted of 
three layers: a loosely placed upper soil (top 6-inches [15 cm]) over a loose soil 
(6 to 18-inch depth [15 to 45 cm]) over a moderately compacted thicker soil layer 
(below 18-inch [45 cm] depth).  The loosely placed upper cover soil layer was set 
at 6-in (15 cm) deep with a saturated hydraulic conductivity of two orders of 
magnitude greater than that shown for the moderately compacted soil because it 
is assumed this layer will be scarified for seeding; is where the majority of roots 
reside; and is most affected by freeze/thaw and wet/dry cycles.  The next layer 
was set at a saturated hydraulic conductivity of one order of magnitude greater 
than that applied to the moderately compacted soil because it is believed the soil 
density at this depth will relax with time due to freeze/thaw and wet/dry cycles 
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resulting in an increased saturated hydraulic conductivity; and the majority of the 
remainder of the roots not in the upper 6-inches resides in this layer.  The bottom 
layer utilized the saturated hydraulic conductivity value that is representative of 
the representative soil classification (Rawls et al 1982). 
 

3.3 MODELING RESULTS 
Percolation results from the redistribution of water through a soil profile in 
response to gradients in the energy state of the water.  Flux is defined as the 
percolation rate through a given soil profile.  Other mechanisms that might induce 
water redistribution, such as geothermal gradients and barometric pressure 
fluctuations, have been shown to be minor contributors to water flow in most 
instances (Jones 1978, Gee and Simmons 1979).  Water redistribution is 
dependent on the soil profile hydraulic properties.  The following sections 
describe results of specific profiles modeled. 
 
3.3.1 AVERAGE CLIMATE YEAR 
UNSAT H was used to estimate the minimum depth of cover required.  This set 
of output data is intended to satisfy the applicability of the soils evaluated for use 
as a cover soil and determine a minimum cover thickness.   The depth of cover 
soil required to minimize flux is based on the Point of Diminishing Returns 
(PODR) Method developed by Dwyer et al (2006).  The ‘point of diminishing 
returns’ is defined as the depth at which flux is minimized; that is, the depth at 
which an additional increment of soil will no longer reduce the flux.  This method 
allows for the determination of the minimum cover profile depth for a given soil to 
satisfy the intent of the regulations governing covers: minimize flux.  The PODR 
depth is summarized in Table 3. 

Table 3 
Minimum Cover Depth Required: Average Climate Weather 

Soil Sample Point of Diminishing Returns (PODR) 
depth & Depth that Minimizes Flux 

Clay Loam (Borrow 1) 22 in (57 cm) 

Sandy Clay Loam (Borrow 2) 22 in (57 cm) 

 
For the average climate data, both soil textures produced a zero flux at the 
PODR depth (Figures 7 and 8).  This depth is achieved for both soil textures at a 
depth of 22-in (57 cm) below ground surface (BGS).  That is, an ET Cover with a 
depth of at least 22-in (57 cm) will yield a net zero flux when subjected to typical 
climatic conditions at the site with native soils and vegetation. 
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Figure 7 

PODR:  Clay Loam Soil with Average Climate Data 
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Figure 8 

PODR:  Sandy Clay Loam Soil with Average Climate Data 

PODR = 57 cm 

PODR = 57 cm 
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3.3.2 EXTREME CLIMATE YEAR 
The same cover profiles and soil textures were then modeled utilizing the wettest 
year on record as the upper boundary condition.  The wettest year on record 
occurred in 1906 and produced more than twice the average depth of 
precipitation: 23.8 in (60.4 cm).  Ten average weather years were modeled in 
front of this extreme year to minimize any biases in the output from assumed 
initial conditions. The corresponding PODR depths are summarized in Table 4. 

Table 4 
Minimum Cover Depth Required: Extreme Climate Weather 

Soil Sample Depth that Produces Minimum Flux 

Clay Loam (Borrow 1) 27.6 in (70 cm) 

Sandy Clay Loam (Borrow 2) 35.4 in (90 cm) 

 
Utilizing the extreme climate data, both soil textures produce a zero flux at the 
point of diminishing returns (Figures 9 and 10).  The PODR depth is achieved for 
clay loam using the wettest year on record at 27.6-in (70 cm).  The PODR depth 
is achieved for sandy clay loam using the wettest year on record at 35.4-in (90 
cm).  That is, an ET Cover with a depth of less than 3-ft (91 cm) for either soil 
texture will yield a net zero flux when subjected to this extreme climatic condition 
for the site with native soils and vegetation. 

0

50

100

150

200

250

300

0 5 10 15 20

C
ov

er
 D

ep
th

 B
G

S 
(c

m
)

Annual Flux (cm)

Borrow 1 Soil: Soil Depth v. Annual Flux
Wettest Year on Record

 
Figure 9 

PODR:  Clay Loam Soil with Wettest Year on Record 

PODR = 70 cm 
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Figure 10 

PODR:  Sandy Clay Loam Soil with Wettest Year on Record 
 

3.4 SENSITIVTY ANALYSES 
Two of the design objectives stated in the EECA for any cover system is that it 
minimize flux and remain effective for a minimum of 1000 years (at least 200 
years).  This paper evaluates a conceptual profile of native soils and vegetation 
for deployment at the NECR site.  It does not take into account erosional or 
biointrusion aspects of a cover that will be included in the final design profile.   
To help address the water balance of the cover profile for a long-period of time, a 
sensitivity analysis of the modeled cover input parameters and boundary 
conditions were evaluated.  It was found that the native soils are an excellent 
source for cover material and that any of the evaluated soils are adequate to 
minimize flux.  The aforementioned analyses revealed that the most sensitive 
item for this site is the upper boundary condition or the climate data utilized.   
The following sensitivity analysis summarizes the model output for the two soil 
textures (clay loam and sandy clay loam) evaluated under another climate 
scenario.  The wettest year on record was modeled in back-to-back years.  
Although this scenario is extreme and highly unlikely given the past weather data 
available, this scenario reveals that even under this overly conservative scenario; 
the cover profile still performs very well.  The same soil profiles evaluated in 
sections 3.1 to 3.3 were utilized while only altering the climate data.  An average 
climate year was modeled for ten consecutive years prior to the back-to-back 

PODR = 90 cm 
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wettest year on record evaluation to minimize biases from assumed initial 
conditions.   
The wettest year on record (1906) was modeled with output summarized in 
section 3.3.2.  This wettest year was then placed in consecutive years to 
evaluate the output and the ability of the soil profile to continue to minimize flux.  
Table 5 summarizes the depth of the PODR for each previous scenario including 
this extreme sensitivity analysis.  The data provided in table 5 is that from the 
final year of each respective analysis.  Table 6 provides a summary of the water 
balance variables for each respective analysis. 

Table 5 
Sensitivity Analysis Results 

Depth of PODR Sensitivity Analysis 
Climate Data Used Clay Loam (Borrow 1) Sandy Clay Loam (Borrow 2)

Average Year  22 in (57 cm) 22 in (57 cm) 

Wettest Year on Record 27.6 in (70 cm) 35.4 in (90 cm) 

Wettest Year on Record  

2 consecutive years 

31.5 in (80 cm) 43.3 in (110 cm) 

 

Table 6 
Sensitivity Analysis Water Balance Results 

Year Precipitation PET Transpiration Evaporation Runoff
Average 

Year 
11.7 in (29.7 

cm) 
58.0 in 

(147.3 cm)
1.4 in (3.7 cm) 10.3 in (26.1 

cm) 
0 

Wettest 
Year on 
Record 

23.8 in (60.4 
cm) 

59.0 in 
(149.9 cm)

4.0 in (10.1 cm) 18.7 in (47.6 
cm) 

0 

Wettest 
Year on 

Record: 2 
consecutive 

years 

23.8 in (60.4 
cm) 

59.0 in 
(149.9 cm)

4.2 in (10.8 cm) 19.5 in (49.4 
cm) 

0 

 
Figures 11 and 12 provide a graphical summary of the PODR depth for each 
respective sensitivity analyses.  It can be seen in Figure 11 that for clay loam 
soil, even if the wettest year on record occurred in consecutive years; flux would 
be minimized at a relatively shallow depth.  Figure 12 shows that although sandy 
loam soil will allow infiltration to move deeper in the soil profile, a de minimus flux 
is achieved at a relatively shallow depth. 
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Figure 11 

PODR for Sensitivity Analyses:  Clay Loam Soil 
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Figure 12 
PODR for Sensitivity Analyses:  Sandy Clay Loam Soil 
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4.0 NATURAL ANALOGS 
Conventional engineering approaches for designing landfill covers often fail to 
fully consider ecological processes.  Natural ecosystems effective at capturing 
and or redistributing materials in the environment have evolved over millions of 
years.  Consequently, when contaminants are introduced into the environment, 
ecosystem processes begin to influence the distribution and transport of these 
materials, just as they influence the distribution and transport of nutrients that 
occur naturally in ecosystems (Hakonson et al., 1992).  As the ecological status 
of the cover changes, so will performance factors such as water infiltration, water 
retention, ET, soil erosion, gas diffusion, and biointrusion.  The objective in 
constructing an effective landfill is to design the cover so that subsequent 
ecological change will enhance and preserve the encapsulating system.  
Consideration of natural analogs can enhance a cover design by disclosing what 
properties are effective in a given environment or what processes may lead to 
possible modes of failure.  These factors can in turn be avoided during the 
design and construction phases.  Natural analog studies provide clues from past 
environments as to possible long-term changes in engineered covers.  Analog 
studies involve the use of logical analogy to investigate natural and 
archaeological occurrences of materials, conditions, or processes that are similar 
to those known or predicted to occur in some part of the engineered cover 
system (Waugh 1994). 
An objective for designing a cover for the NECR site, given the longevity 
requirements, is to accommodate long-term environmental processes with the 
goal of sustaining performance with as little maintenance as possible. The 
performance of any NECR cover will change in the long term as the 
environmental setting inevitably evolves in response to natural processes. 
Understanding how environmental conditions may change is crucial to designing, 
constructing, and maintaining long-term cover systems.  Effective modeling and 
performance assessment require scenarios based on both current and possible 
future environmental settings.  Natural analog studies help identify and evaluate 
likely changes in environmental processes that may influence the performance of 
engineered covers; processes that cannot be addressed with short-term field 
tests or existing numerical models (Chatters et al 1990, Waugh et al. 1994).   
 
4.1 NATURAL ANALOG EVALUATION 
One application for analog studies (Suter et al 1993, Mulder and Haven 1995, 
Dwyer 1997, Waugh and Smith 1997) is to assess the effectiveness of 
undisturbed native soil profiles on or near the NECR mine site.  Trenching west 
of the existing tailings covers and borrow area 1 (Figure 5) in an undisturbed 
area was performed.  This allowed for a cursory evaluation of the typical 
maximum depth of infiltration.  The depth of vegetation roots from native grasses 
and shrubs were noted as well as the depth of calcium carbonate deposits or 
formation of a caliche layer (Figure 13).  Soils in semiarid and arid regions 
commonly have carbonate-rich horizons at some depth below the surface.  The 
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position of the CaCO3 bearing horizon is therefore related to depth of leaching, 
which, in turn, is related to climate (Birkeland 1984). 
The origin of carbonate horizons involves carbonate-bicarbonate equilibria 
(Birkeland 1984), as shown by the following reactions: 

CO2 + H2O 
 g l 

↑↓ 

CaCO3 + H2CO3 ⇔ Ca2+ + 2HCO3
- 

 c aq aq aq 
Carbon dioxide partial pressures in soil air are 10 to more than 100 times that in 
the atmosphere; this decreases the pH, which, in turn, increases CaCO3 
solubility.  The partial pressure of C02 is high as a result of C02 produced by root 
and microorganism respiration and organic matter decomposition.  Thus, one 
would expect the highest C02 partial pressure to be associated with the A horizon 
located near the surface, with values diminishing down to the base of the zone of 
roots.  In arid and semi-arid regions, the quantity of water leaching through the 
soil is also generally greater near the surface than at depth.  Thus, as the water 
moves vertically through the soil, the Ca+ and HCO3- content might increase to 
the point of saturation after which further dissolution of CaCO3 is not possible.  
Combining the effects of high C02 partial pressure and downward-percolating 
water, we might visualize the formation of a CaCO3-rich horizon as follows.  In 
the upper zone of the soil, Ca2+ may already be present or may be derived by 
weathering of calcium-bearing minerals.  Due to plant growth and biological 
activity, C02 partial pressure is high and forms HCO3- upon contact with water.  
Water leaching through the profile can carry the Ca2+ and HCO3- downward in the 
profile.  Precipitation of CaCO3 to form a caliche horizon would take place by a 
combination of decreasing C02 partial pressure below the zone of rooting and 
major biological activity and the progressive increase in Ca2+ and HCO3- 
concentrations with depth in the soil solution as the water percolates downward 
and water is lost by ET.  The position (depth) of the CaCO3

- bearing horizon is 
therefore related to depth of leaching, which, in turn, is related to the climate. 
Figure 13 shows the sidewall of an excavated trench from an undisturbed site 
west of borrow area 1 (Figure 5).  The concentrations of salts found dramatically 
increased in concentrations at about 18-inches (45 cm) BGS revealing that this is 
the typical maximum infiltration depth for precipitation at this site.  Extreme 
infiltration events could potentially move deeper than this 18-inch depth, but as 
the area dried this moisture would likely move back up in the profile and be 
removed via ET.  The moisture being drawn upward after an extreme infiltration 
event is a consequence of the energy gradients produced by the site-specific 
extreme climatic demand for water or PET as illustrated in figures 2 and 3.  This 
is another advantage of ET Covers – they allow for moisture beneath a cover 
profile to move up and be removed from the profile via ET.  Figure 14 shows a 
chunk of calcium carbonate removed from this depth since the Figure 13 does 
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not have a pronounced visible interface between topsoil and caliche and/or 
gypsum.  A site near Albuquerque, NM (about 90 miles west of the NECR site) 
that has similar vegetation, climate, and elevation as the NECR site shows a 
more visible interface between topsoil and calcium carbonate. 

 

 
Figure 13 

Sidewall of Excavated Trench Showing Salt Deposits @ 18-inch BGS 
 

Calcium carbonate and gypsum 
deposits increase with depth 
having significant 
concentrations at about 18-
inches of depth BGS. 
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Figure 14 

Chunk of Calcium Carbonate Removed from Trench Shown in Figure 13 
 

Topsoil / Caliche
Layer Interface

 
Figure 15 

CaCO3/Soil Interface at Shallow Depth at site near Albuquerque, NM 
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A more visible natural analog at the NECR site is the position of native vegetation 
roots found in the trench excavated in an undisturbed area.  The trench was 
placed where roots from grasses, shrubs, and trees were visible.  As seen in 
Figure 16, the majority of roots are found in the upper 18-inches of the soil 
profile, while a few woody roots penetrate deeper.  The roots in the upper soil 
profile such as the native grasses tend to extract moisture content to soil suction 
values of about 20,000 cm or the wilting point for these plants.  Shrubs and trees 
can extract moisture from the soil at higher suction values up to 100,000 cm 
(Hillel 1998).  These roots tend to move downward during dry periods when the 
upper soil moisture is very dry and the suction values are very high.  Thus the 
few deeper woody roots from trees and shrubs are not indicative of typical 
infiltration depths but rather the plant’s ability to extract moisture at deeper 
depths during drier periods.  The plants in the upper 18-inches as seen by the 
large volume are indicative of typical infiltration depths where moisture is more 
easily extracted from soil higher in moisture content and lower in suction values 
such as after a precipitation event. 
 

 
Figure 16 

Native Vegetation Root Depth 
 



DWYER ENGINEERING, LLC 

 30

5.0 FIELD DATA 
The EPA and States in the Western United States have permitted multiple 
alternative cover systems based on applicable field data.  Applicable field data is 
available on the EPA web site (http://www.clu-
in.org/download/remed/epa542f03015.pdf#search='evapotranspiration%20epa%
20fact%20sheet); the EPA’s Alternative Cover Assessment Program (ACAP) 
web site (ftp://ftp.dri.edu/pub/ACAP/); and EPA Technology Innovation web site 
(http://cluin.org/products/altcovers/). 
One of the most widely used data sets is that from a large-scale demonstration 
performed at Sandia National Laboratory in Albuquerque, NM.  This project 
evaluated alternative covers side-by-side with prescriptive cover profiles (Dwyer 
2003).  This study was referred to as the Alternative Landfill Cover 
Demonstration (ALCD).  There were six cover designs being tested in this 
demonstration project: two baseline cover profiles (prescriptive RCRA Subtitle 'D' 
and Subtitle 'C' Covers respectively) and four alternative cover designs (an ET 
Cover, two different Capillary Barrier System designs, and a cover featuring a 
Geosynthetic Clay Liner (GCL)).  This study was endorsed by the Western 
Governors Association and was reviewed annually for its technical merit by a 
consortium of regulators and technical experts such as the National Academy of 
Science. 
The demonstration allowed for testing of the cover profiles under both ambient 
and stressed conditions.  During stress tests of the cover profiles, water was 
evenly applied to the plots to evaluate the subsequent water balance variables 
for each cover profile.  Extreme summer events were simulated such as severe 
thunderstorms as well as winter and spring events such as large snow falls and 
expedited melting of snow during low transpiration periods. 
The results showed that a well designed ET Cover composed of 3.5 ft (107 cm) 
of native soil performed as well as or better than a prescriptive cover over 5-ft 
(152 cm) thick containing a 2-ft (61 cm) thick clay barrier layer and 
geomembrane.  A capillary barrier profile also performed very well.  Both the 
capillary barrier and ET Cover produced zero flux after the vegetation on them 
matured. 
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Figure 17 

Cumulative Percolation for the Six Test Covers 
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Figure 18 

Annual Flux for the Six Test Covers
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